
Introduction

Exercise therapy is a regular component in the management
of various (chronic) disorders, such as musculoskeletal,
neurological, cardiovascular, and respiratory disorders
(Chartered Society of Physiotherapy 2001, ACCP/AACVPR
Pulmonary Rehabilitation Guidelines Panel, American
College of Chest Physicians, American Association of
Cardiovascular and Pulmonary Rehabilitation 1997, Gordon
et al 2004, Pina et al 2003, Woolf et al 2004). Exercise
therapy involves the prescription of muscular contraction and
bodily movement ultimately to improve the overall function
of the individual and to help meet the demands of daily living
(Tan and Horn 1998).

There is no up-to-date overview of the effectiveness of
exercise therapy compared with no treatment or an alternative
treatment (Beckerman et al 1993a, Beckerman et al 1993b,
Bouter et al 1992, Herbert et al 2001). Such an overview will
help: care providers to choose the most appropriate treatment
option; policy makers in making decisions concerning health
care; and research agencies in setting priorities in the field of
physiotherapy. Our objective was therefore to assess and
summarise the available evidence on the effects of exercise
therapy in a best-evidence summary of systematic reviews.

Method

Searching One reviewer (NS) searched computerised
bibliographical databases (MEDLINE 01/1966–03/2002,
PEDro 03/2002, CINAHL 01/1990–07/2002, EMBASE
01/1990–08/2002, Cochrane Library Issue 3 2002, Current

Contents 01/1999–07/2002, Biological Abstracts
01/1999–07/2002, Elsevier Biobase 01/1999–07/2002,
PASCAL 01/1999–07/2002, MEDLINE in PROCESS
01/1999–07/2002, and DocOnline (NPI) 10/1988–03/2002),
using an approach based on the comprehensive search
strategy outlined by Hunt and McKibbon (1997). The
following specific subject (MeSH) headings and free text
words were used to identify reviews of exercise therapy: pain,
physical education and training, physical fitness, relaxation,
physical endurance, physical therapy, exercise, motion
therapy, and physiotherapy. In addition, references from
retrieved reviews were screened.

Selection  We included systematic reviews that met the
following criteria: (i) the full text of the systematic review is
published and it is based on a transparent and reproducible
protocol (at least reporting on inclusion criteria, search
date(s), and database(s)); (ii) at least one randomised
controlled trial is included in the review; (iii) exercise therapy
is compared with no treatment, other conservative types of
treatment (e.g. steroid injections), surgery, or some other type
of exercise therapy (e.g. flexion versus extension exercises);
(iv) at least one clinically relevant outcome measure is
included (e.g. pain, activities of daily living (ADL), walking
distance, return to work) is included; (v) the results and
conclusions are presented separately for each diagnosis; (vi)
reviews are written in English, German or Dutch; (vii) the
focus is on patients with disorders of the following: the
musculoskeletal system and connective tissue, the nervous
system and sense organs, the respiratory system, and the
cardiovascular system (excluding coronary heart diseases),
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*Duplicates came from Green et al (1998, 2002), Koes et al (1991a, 1991b), Lacasse et al (1997a, 1997b), Ram et al (2000,
2002), van Baar et al (1998a, 1999, 2001), van den Ende et al (1998, 2002), and van Tulder et al (1999, 2000a, 2002b). †Two of
the 3 systematic reviews on the effectiveness of exercise therapy for cystic fibrosis had quality scores of at least 60 points out of
100. ‡In one review (<60 points) exercise therapy was investigated for both asthma and COPD therefore the sum of the
individual sub-categories add up to more than the total category; §In one review (≥ 60 points) exercise therapy was investigated
for both neck and low back pain therefore the sum of the individual sub-categories add up to more than the total category. 

Figure 1. Selection of systematic reviews.

Computerised searches
PubMed (n = 1544)
Cochrane Library (n = 270)
PEDro (n = 425)
Doc-Online NPi (n = 56)
EMBASE (n = 858)
CINAHL (n = 833)
Current Contents (n = 10)
Biological Abstracts (n = 10)
Elsevier Biobase (n = 4)
PASCAL (n = 6)
MEDLINE in PROCESS (n=1)

4017 titles with abstracts were screened by one reviewer

228 full text reviews retrieved and read by two independent and
blinded reviewers

Selected for the review (n = 104, including 9 duplicates)*
1 Respiratory system (n = 18)

Cystic fibrosis (n = 2/3)†
Chronic obstructive pulmonary diseases (n = 5/11)‡
Asthma (n = 2/4)‡
Bronchiectasis (n = 1/1)

2 Nervous system and sense organs (n = 9)
Parkinson’s disease (n = 3/6)
Multiple sclerosis (n = 0/1)
Cerebral palsy (n = 0/1)
Tetraplegia (n = 0/1)

3 Cardiovascular system (n = 18)
Cerebrovascular accident (n = 3/11)
Intermittent claudication (n = 4/7)

4 Musculoskeletal system and connective tissue (n = 50)
Low back pain (n = 10/21)§
Neck pain (n = 6/6)§
Shoulder pain (n = 3/4)
Hip/knee osteoarthritis (n = 3/7)
Ankylosing spondylitis (n = 1/2)
Rheumatoid arthritis (n = 1/2)
Fybromyalgia (n = 0/1)
Patellofemoral pain syndrome (n = 0/2)
Repetitive strain injury (n = 1/1)
Carpal tunnel syndrome (n = 0/1)
Temporomandibular joint disc displacement (n = 0/1)
Mix of musculoskeletal disorders (n = 1/3)

Excluded articles (n = 3789)

Excluded (n = 124)
no systematic review (n = 63)
no RCTs included in SR (n = 11)
no exercise therapy (n = 41)
no clinically relevant outcome measures 
(n = 2)
data not presented for each diagnosis 
(n = 1)
systematic review not written in English,
German, or Dutch (n = 1)
disorder not topic of this review (n = 5)



according to the International Classification of Diseases
(ICD-10) are the topic of this summary (Anonymous 1992).

To determine whether a review should be included, the
abstracts of all identified articles were read by one reviewer
(NS). If there was any doubt, the full article was retrieved and
read by two reviewers, independently. The articles were
blinded for authors, journal, acknowledgements, and year of
publication by a research assistant who was not involved in
this study in any other way (KJ, see acknowledgements).
Disagreements between reviewers about the final selection of
the articles were discussed and resolved in a consensus
meeting.

Quality assessment The quality of the systematic reviews
was assessed according to the list of criteria developed by
Assendelft et al (1995). This list consists of criteria for the
selection of studies (30 points), assessment of the
methodological quality of randomised controlled trials (20
points), description of the interventions (15 points), data
presentation (20 points), and evaluation (15 points) (see
Appendix I). The maximum quality score is 100 points. A
total of 13 independent, blinded reviewers (see authors’
affiliations) participated in the final selection and assessment
of the quality of the systematic reviews. One reviewer (NS)
assessed all systematic reviews and 12 other reviewers (MEB,
SMAB, AH, SHJK, GK, TL, RPSP, MR, CT, CBT, APV,
DAWMW) each evaluated a selection of the included
reviews. Disagreements were discussed and resolved in a
consensus meeting. If consensus could not be reached, a third
reviewer (RWJGO) made the final decision.

The systematic reviews were categorised according their
quality score: good quality (≥ 80 points), reasonable quality
(60–79 points), moderate quality (40–59 points), poor quality
(20–39 points), and very poor quality (< 20 points). Our
conclusions regarding the effectiveness of exercise therapy
are based on the results of reasonable quality (60–79 points)
or good quality (≥ 80 points) systematic reviews (De Vet et al
2001).

Data extraction An overview of each systematic review (≥
60 points) was made, including the research question(s) and
details of all the randomised controlled trials investigating
exercise therapy included in the systematic review
(interventions in the experimental and control group,
methodological quality, sample size (statistical power),
outcome measures, timing of outcome assessment, and
effectiveness of the exercise therapy (statistical
significance)).

The conclusions reported in each systematic review were
discussed with a panel of experts in the field of
physiotherapy, general practice, rehabilitation medicine, and
epidemiology (JHA, RAB, JD, PJMH, RABO, ST, HCWV).
For each systematic review, categorisation of the conclusions
was based on the following two research questions:

A What is the effectiveness of exercise therapy, compared
to no treatment, a placebo, or a wait-and-see policy?

B What is the effectiveness of exercise therapy, compared
to other treatments (e.g. steroid injections)? Is one
specific type of exercise therapy more effective than
others?

The following are all the possible conclusions that could be
drawn for Question A:

• Exercise therapy is effective, compared to no treatment,
placebo, or a wait-and-see policy (positive).

• Exercise therapy is not effective, compared to no
treatment, placebo, or a wait-and-see policy (negative).

• Exercise therapy is less effective than no treatment,
placebo, or a wait-and-see policy (harmful).

• There is insufficient evidence to support or refute the
effectiveness of exercise therapy, compared to no
treatment, placebo, or a wait-and-see policy (insufficient
evidence).

• There is insufficient evidence, but there are indications
to support the effectiveness of exercise therapy,
compared to no treatment, placebo, or a wait-and-see
policy (insufficient evidence but indications).

The following are all the possible conclusions that could be
drawn for Question B:

• Exercise therapy is effective, compared to other
treatments (positive).

• Exercise therapy is equally effective, compared to other
treatments (equal).

• Exercise therapy is less effective, compared to other
treatments (negative).

• There is insufficient evidence to support or refute the
effectiveness of exercise therapy, compared to other
treatments (insufficient evidence).

• There is insufficient evidence, but there are indications
to support the effectiveness of exercise therapy,
compared to other treatments (insufficient evidence but
indications).

If the panel felt that the conclusions were not sufficiently
justified by the data presented in the systematic review at
issue, the conclusions reported in the systematic review were
not endorsed, and the panel drew its own conclusions about
the effectiveness of exercise therapy. In such cases, the
panel’s conclusions were based on randomised controlled
trials that were of good methodological quality (≥ 50% of the
quality score reported in the systematic review) with large
sample sizes (smallest group n ≥ 50).

For each disorder, the panel’s final conclusions with regard to
the effectiveness of exercise therapy were based on the
conclusions of all available systematic reviews. If the
conclusions of the systematic reviews were conflicting, the
sources of discordance among the conclusions of systematic
reviews were explored (Jadad et al 1997). The panel based its
final conclusions on the most complete systematic review,
using the decision tool described by Jadad et al (1997).

Results

Selection of studies The results of our search strategy are
presented in a flow chart (Fig. 1). Out of a total of 4017
abstracts, 228 reviews were considered to be potentially
eligible for our best-evidence summary. Reviewing the full
text resulted in the inclusion of 104 systematic reviews,
including nine duplicates. The systematic reviews have been
marked with an asterisk in the reference list.

Quality assessment The overall inter-rater agreement for the
quality assessment was 86% (Cohen’s Kappa 0.73). Most of
the disagreements were caused by differences in
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Table 1. Results and conclusions of systematic reviews (quality score ≥ 60 points) on the effectiveness of exercise therapy 
(n = 45)a

Systematic reviewb Disease Scorec No. RCTs Qualityd Conclusions Dissente Conclusions 
SR Panel

A B A B A B A B
Thomas et al (1995) Cystic fibrosis 66 3 7 2 5 + ? No + ?
Bradley & Moran (2002) Cystic fibrosis 75 3 4 0 0 ? ? No ? ?
Ram et al (2000, 2002) Asthma 70 8 NA 0 NA ? NA No ? NA
Holloway & Ram (2002) Asthma 64 3 3 1 0 ? ? No ? ?
Bradley et al (2002) Bronchiectasis 64 2 1 0 0 ? ? No ? ?
Smith et al (1992) COPD, asthma 65 12 3 10 2 - ? Yes ? ?

and bronchitis
Lacasse et al (1996) COPD 70 14 NA 14 NA + NA No + NA
Lacasse et al (1997a, COPD 62 6 18 0 2 + ? No + ?
1997b)
Cambach et al (1999) COPD 64 12 2 2 0 + ? No + ?
Lacasse et al (2002) COPD 71 23 NA 6 NA + ? No + ?
De Goede et al (2001) Parkinson’s dis. 65 5 3 2 2 + ? Yes ? (ind) ?
Deane et al (2002b) Parkinson’s dis. 64 NA 7 NA 5 NA ? No NA ?
Deane et al (2002a) Parkinson’s dis. 66 11 NA 5 NA ? ? No ? (ind) ?
Kwakkel et al (1997) CVA 61 3 5 0 0 ? ? No ? ?
van der Lee et al (2001) CVA 79 1 12 1 9 ? ? (ind) No ? (ind) ? (ind)
Snels et al (2002) CVA 62 NA 2 NA 1 NA ? No ? ?
Brandsma et al (1998) Inter. claudication 69 5 5 4 5 ? ? No ? (ind) ?
Robeer et al (1998) Inter. claudication 76 6 6 5 6 + + Yes ? (ind) ?
Girolami et al (1999) Inter. claudication 66 6 NA 6 NA + NA No + NA
Leng et al (2002) Inter. claudication 74 6 6 3 2 + ? No + ?
van der Heijden et al Neck & back pain 73 1 0 0 0 ? ? No ? ?
(1995)f

Aker et al (1996) Neck pain 69 7 6 6 6 ? ? No ? ?
Hurwitz et al (1996) Cervical spine dis. 72 1 4 0 2 ? ? No ? ?
Kjellman et al (1999) Neck pain 63 4 6 1 1 ? ? No ? ?
Philadelphia Panel (2001b) Neck pain 71 3 NA 0 NA + NA Yes ? ?
Gross et al (2002) Neck disorders 76 0 1 0 1 ? ? No ? ?
van der Heijden et al (1997) Shoulder disorders 66 2 4 1 1 ? ? No ? ?
Green et al (1998, 2002) Shoulder disorders 75 0 3 0 0 ? ? No ? ?
Philadelphia Panel (2001c) Shoulder pain 66 1 NA 0 NA ? NA No ? NA
Konijnenberg et al (2001) RSI 75 2 4 1 2 ? ? No ? ?
Dagfinrud & Hagen (2002) Ankyl. spondylitis 84 1 2 1 1 ? ? No ? (ind) ?
van Baar et al Hip and knee 87 8 4 4 3 +g ? No +g ?
(1998a, 1999, 2001) osteoarthritis
Philadelphia Panel (2001a) Knee pain 72 6 NA 3 NA + NA No + NA
Fransen et al (2002) Knee osteoarthritis 78 11 3 7 2 + ? No + ?
van den Ende et al Rheumatoid arth. 74 4 2 3 2 ? ? No ? ?
(1998, 2002)
Koes et al (1991a, 1991b) Low back pain 66 5 14 3 1 ? ? No ? ?

(not specified)
van der Heijden et al Neck & back pain 73 0 2 0 0 ? ? No ? ?
(1995)f

Scheer et al (1995) Low back pain 63 5 5 4 4 ? ? No ? ?
(< 4 weeks)

van Tulder et al (1997) Low back pain 69 5 8 2 0 - ? No - ?
(≤ 6 weeks)
Low back pain 69 6 16 2 4 + ? No + ?
(> 12 weeks)

Hilde & Bo (1998) Low back pain 69 5 8 1 4 ? ? No ? ?
(> 4 weeks)

van Tulder et al Low back pain 83 3 11 2 3 - ? No - ?
(1999, 2000a, 2002b) (≤ 12 weeks)



interpretation when discussing the power of the randomised
controlled trials (see Appendix I, item L) and the
heterogeneity of randomised controlled trials and outcomes
(items N1, N2, N3, N4).

The mean (standard deviation) quality score of 95 systematic
reviews (excluding the duplicate reviews) was 56 (17),
ranging from 17 to 88 points (see Appendix II in the addenda
at the AJP website, www.physiotherapy.asn.au/AJP). The
most prevalent flaws were associated with the assessment of
the methodological quality of the individual randomised
controlled trials in the systematic review (items D1, D2, D5,
D6, F, G), the data presentation (items J1, J2, J3, J4, L) and
the evaluation of the results (items N1, N3, N4). There were
45 systematic reviews with a quality score of at least 60
points. These reviews investigated the effectiveness of
exercise therapy for cystic fibrosis, chronic obstructive
pulmonary disease (COPD), asthma, bronchiectasis,

Parkinson’s disease, cerebrovascular accident (CVA),
intermittent claudication, osteoarthritis, ankylosing
spondylitis, rheumatoid arthritis, repetitive strain injury
(RSI), neck pain, shoulder pain, and low back pain.
Systematic reviews investigating the effectiveness of exercise
therapy for patients with fibromyalgia, patellofemoral pain
syndrome, carpal tunnel syndrome, temporomandibular joint
displacement, multiple sclerosis, and cerebral palsy had low
quality scores (< 60 points) (Baker and Tickle-Degnen 2001,
Crossley et al 2001, Dodd et al 2002, Feuerstein et al 1999,
Kropmans et al 1999, Rossy et al 1999, Stiller and Huff 1999,
Zomerdijk et al 1998). Consequently, these disorders will not
be discussed.

For each systematic review (≥ 60 points), the quality score,
the total number of randomised controlled trials, the number
of high quality randomised controlled trials, the conclusions
reported in the review, and the final conclusions of the panel
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Low back pain 83 8 19 3 10 + ± No + ±
(> 12 weeks)
Low back pain 83 1 4 1 0 ? ? No ? ?
(mixed group)

van Tulder et al (2000b) Low back pain 81 11 13 3 3 + ? No + ?
(> 12 weeks)h

Guzman et al (2001) Low back pain 72 1 9 0 4 ? ? No ? ?
(> 12 weeks)i

Philadelphia Panel (2001d) Low back pain 72 4 NA 2 NA + NA Yes ? NA
(< 4 weeks)
Low back pain 72 3 NA 1 NA + NA No + NA
(4–12 weeks)
Low back pain 72 8 NA 2 NA + NA No + NA
(> 12 weeks)

van Tulder et al (2002a) Low back pain 88 3 2 1 1 ? ? No ? ?
(≤ 12 weeks)j

Low back pain 88 6 5 1 1 ? ? No ? ?
(> 12 weeks)j

Low back pain 88 1 2 0 0 ? ? No ? ?
(mixed group)j

Beckerman et al (1993a) Musculo. dis. 62 NA NA NA NA NA NA No NA NA

aBecause there are nine duplicates, the number of systematic reviews presented in this table is 45. Duplicates came from van
Tulder et al (1999, 2000a, 2002b), Koes et al (1991a, 1991b), Green et al (1998, 2002), van Baar et al (1998a, 1999, 2001), van
den Ende et al (1998, 2002), Ram et al (2000, 2002) and Lacasse et al (1997a, 1997b). bThe systematic reviews are ranked in
order of publication (for each disorder), equally ranked reviews are ordered alphabetically. cTotal quality score of the systematic
review; the quality score is calculated as the sum of all items. dNumber of randomised controlled trials of high quality based on
the methodological quality presented in the systematic review; RCTs with at least 50% of the maximum quality score were
regarded as ‘high quality’. eDisagreement between the conclusions in the systematic review and the conclusions of the panel.
fThe systematic review of van der Heijden (1995) investigated exercise therapy for patients with low back pain and neck pain and
is therefore presented twice in this table. gConclusions were drawn regarding the effectiveness of exercise therapy for patients
with knee osteoarthritis; only one large (smallest group > 50) RCT of methodological good quality (≥ 50% quality scores)
investigated the effectiveness of exercise therapy for hip osteoarthritis and found positive results on pain, observed disabilities,
and patients, global assessment. hRCTs investigated the effectiveness of cognitive behavioural therapy (exercise therapy is
included). iRCTs investigated the effectiveness of multidisciplinary biopsychosocial rehabilitation (exercise therapy is included).
jRCTs investigated the effectiveness of back schools (exercise therapy is included).
A, these columns contain data relating to the effectiveness of exercise therapy compared to no treatment, a placebo or a wait-
and-see policy. Ankyl. Spondylitis = ankylosing spondylitis. B, these columns contain data relating to the effectiveness of exercise
therapy compared to another treatment. ?(ind) = insufficient evidence to support the effectiveness of exercise therapy, but there
are indications to support the effectiveness of exercise therapy. Cervical spine dis. = cervical spine disorders. Inter. Claudication
= intermittent claudication. Musculo. dis. = musculoskeletal disorders. NA = not applicable (was not investigated in the review).
Parkinson’s dis. = Parkinson’s disease. RCT = randomised controlled trial. Rheumatoid arth. = rheumatoid arthritis. RSI =
repetitive strain injury. + = Exercise therapy is effective. ? = Insufficient evidence to support or refute the effectiveness of exercise
therapy. ± = Exercise therapy is equally effective compared to other treatments. – = Exercise therapy is not effective compared to
no treatment.



are presented in Table 1. In five cases the panel disagreed
with the authors of the systematic review with regard to the
conclusions. These disagreements were mainly caused by
inadequate reporting of the results of the randomised
controlled trials in the systematic review (Philadelphia Panel
2001d, Robeer et al 1998) or because the conclusions were
based on both randomised controlled trials and controlled
clinical trials (De Goede et al 2001, Philadelphia Panel
2001b). In one systematic review the overall conclusions
were drawn for a very heterogeneous patient population,
namely patients with COPD, asthma, and bronchitis (Smith et
al 1992).

Characteristics of the systematic review Details of each
systematic review (≥ 60 points), including the research
question(s), information on randomised controlled trials, the
conclusions of the authors, and the final conclusions of the
panel are presented in the Appendix III (see addenda at the
AJP website, www.physiotherapy.asn.au/AJP).

Cystic fibrosis Three systematic reviews investigated the
effectiveness of exercise therapy for patients with cystic
fibrosis (Boyd et al 1994, Bradley and Moran 2002, Thomas
et al 1995). Based on the results of two reasonable quality
systematic reviews, we concluded that exercise therapy in
addition to percussion, vibration, and postural drainage, has
beneficial effects on FEV1 (Forced Expiration Volume within
one second) (Bradley and Moran 2002, Thomas et al 1995).
The exercise therapy consisted of aerobic exercises (e.g.
swimming), strength training exercises, and inspiratory
muscle training. It is unclear whether exercise therapy is also
effective for outcome measures such as quality of life. There
is insufficient evidence to support or refute the effectiveness
of exercise therapy, compared to no treatment (no randomised
controlled trials available), or compared to treatment
consisting of percussion, vibration, and postural drainage, or
other treatments for patients with cystic fibrosis.

Asthma Four systematic reviews investigated the
effectiveness of exercise therapy for patients with asthma
(Ernst 2000, Gosselink and Wagenaar 1993a, Gosselink and
Wagenaar 1993b, Holloway and Ram 2002, Ram et al 2002,
Ram et al 2000). Based on the results of two reasonable
quality systematic reviews (Holloway and Ram 2002, Ram et
al 2002, Ram et al 2000), we concluded that there is
insufficient evidence to support or refute the effectiveness of
exercise therapy for children and adults with asthma,
compared to no treatment or other conservative treatments.

Bronchiectasis With regard to bronchiectasis, we found only
one reasonable quality systematic review (Bradley et al
2002). Due to the strict selection criteria applied in this
systematic review, only two randomised controlled trials with
poor quality reporting (abstract only) were included. Based
on the results of this review, we concluded that there is
insufficient evidence to support or refute the effectiveness of
exercise therapy for patients with bronchiectasis.

Chronic obstructive pulmonary disease (COPD) During the
period 1992–2002, 11 systematic reviews on the effectiveness
of exercise therapy for COPD were published (Bekkering et
al 1998, Cambach et al 1999, Chavannes and Vollenberg
2002, Devine and Peacy 1996, Gosselink and Wagenaar
1993a, Gosselink and Wagenaar 1993b, Lacasse et al 1996,
Lacasse et al 1997a, Lacasse et al 1997b, Lacasse et al 2002,
Lötters et al 2002, Ries et al 1997, Smith et al 1992). Based
on the results of five reasonable quality systematic reviews

(Cambach et al 1999, Lacasse et al 1996, Lacasse et al 1997a,
Lacasse et al 1997b, Lacasse et al 2002, Smith et al 1992) we
concluded that exercise therapy, consisting of aerobic
exercises (e.g. walking, cycling) and strengthening exercises,
is effective in improving the maximum and functional
exercise capacity and quality of life of patients with COPD.
Exercise therapy in a supervised program is probably more
effective than exercise therapy in an unsupervised program,
which showed no beneficial effects, compared to no treatment
(Lacasse et al 2002). However, there were no randomised
controlled trials included in the systematic reviews that
directly compared the effectiveness of supervised exercise
therapy to unsupervised exercise therapy. There is insufficient
evidence to support or refute the effectiveness of a specific
type of exercise therapy. There is also insufficient evidence to
draw conclusions with regard to the effectiveness of exercise
therapy, compared to other conservative treatments.

Parkinson’s disease Six systematic reviews investigated the
effectiveness of exercise therapy for patients with Parkinson’s
disease (Deane et al 2002a, Deane et al 2002b, Deane et al
2002c, De Goede et al 2001, Nieuwboer et al 1994,
Rubinstein et al 2002). Based on the results of three
reasonable quality systematic reviews (Deane et al 2002a,
Deane et al 2002b, De Goede et al 2001), we concluded that
there is insufficient evidence to support or refute the
effectiveness of exercise therapy for patients with Parkinson’s
disease. There are indications that intensive exercise therapy,
consisting of general mobility activities focussing on balance,
posture, walking, range of motion, fine motor dexterity, and
functional exercises has positive effects on the activities of
daily living for patients with Parkinson’s disease. However,
this is based on randomised controlled trials with poor
methodological quality or randomised controlled trials with
small sample sizes (Comella et al 1994, Gauthier et al 1987,
Patti et al 1996).

Cerebrovascular accident (CVA) Eleven systematic reviews
investigated the effectiveness of exercise therapy in patients
who had suffered a stroke (CVA) (de Bie et al 1995, Hiraoka
2001, Kwakkel et al 1997, Langhorne et al 1996, Ottenbacher
and Jannell 1993, Pedro-Cuesta et al 1992, Pomeroy and
Tallis 2000, Schoppink et al 1996, Snels et al 2002, van der
Lee 2001, van der Lee et al 2001). Based on the results of
three reasonable quality systematic reviews (Kwakkel et al
1997, Snels et al 2002, van der Lee et al 2001), we concluded
that there is insufficient evidence to support or refute the
effectiveness of exercise therapy for patients who had
suffered a stroke or for patients with hemiplegic shoulder
pain, compared to no treatment or other conservative
treatments. There are indications that (time-) intensive
exercise therapy has more positive effects on the activities of
daily living in patients who had suffered a stroke than less
intensive exercise therapy. The exercise therapy consisted of
neuromuscular facilitation and functional exercises, focusing
on training of toilet transfers, rising from a sitting position,
and walking. However, this was based on randomised
controlled trials with poor methodological quality (Peacock et
al 1972, Sivenius et al 1985, Smith et al 1981, Werner and
Kessler 1996). More research is needed to confirm these
results.

Intermittent claudication Seven systematic reviews
investigated the effectiveness of exercise therapy in patients
with intermittent claudication (Brandsma et al 1998, Gardner
and Poehlman 1995, Girolami et al 1999, Leng et al 2002,
Neill 1999, Radack and Wyderski 1990, Robeer et al 1998).
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Based on the results of four reasonable quality systematic
reviews (Brandsma et al 1998, Girolami et al 1999, Leng et al
2002, Robeer et al 1998), we concluded that exercise therapy
is effective for patients with intermittent claudication,
compared to no treatment. Exercise therapy consisted of
(treadmill) training in walking, and lower limb strengthening
exercises (e.g. stair climbing). The patients were encouraged
to continue with daily walking exercises at home until they
felt moderate pain. There are also indications that exercise
therapy is more effective in improving maximal walking time
than angioplasty (Creasy et al 1990) (Weighted Mean
Difference (WMD) = 3.30 minutes; 95% CI 2.21 to 4.39) or
antiplatelet therapy (Mannarino et al 1991) (WMD  = 1.06
minutes; 95% CI 0.15 to 1.97), and there are indications that
exercise therapy is equally as effective as surgery (Lundgren
et al 1989) (WMD = -1.66 minutes; 95% CI -4.55 to 1.23).
However, this was based on randomised controlled trials that
either had small sample sizes or the methodological quality
was not described in the review (unclear) (Creasy et al 1990,
Lundgren et al 1989, Mannarino et al 1991). No conclusions
can be drawn with regard to the effectiveness of a specific
type of exercise therapy for patients with intermittent
claudication.

Osteoarthritis Seven systematic reviews investigated the
effectiveness of exercise therapy for patients with knee or hip
osteoarthritis (Fransen et al 2002, McCarthy and Oldham
1999, Pendleton et al 2000, Petrella 2000, Philadelphia Panel
2001a, Puett and Griffin 1994, van Baar et al 1998a, Van Baar
et al 1999, van Baar et al 2001). Based on the results of three
reasonable or good quality systematic reviews, we concluded
that exercise therapy, consisting of strengthening, stretching,
and functional exercises, is effective for patients with knee
osteoarthritis, compared to no treatment (Fransen et al 2002,
Philadelphia Panel 2001a, van Baar et al 1998a, van Baar et
al 1999, van Baar et al 2001). There are indications that
exercise therapy (e.g. strengthening and stretching exercises,
functional training, and ADL instruction) is effective for
patients with hip osteoarthritis. However, this is based on one
large randomised controlled trial with good methodological
quality (van Baar et al 1998b). There is insufficient evidence
to support or refute the effectiveness of a specific type of
exercise therapy (individual, group therapy, or hydrotherapy)
for patients with knee or hip osteoarthritis.

Ankylosing spondylitis Two systematic reviews investigated
the effectiveness of exercise therapy for patients with
ankylosing spondylitis (Ammer 1997, Dagfinrud and Hagen
2002). Based on one good quality systematic review
(Dagfinrud and Hagen 2002), we concluded that there are
indications to support the effectiveness of exercise therapy,
compared to no treatment for patients with ankylosing
spondylitis. The exercise therapy consisted of functional
exercises and exercises to improve mobility, strength, and
endurance, using normal movement patterns and
proprioceptive neuromuscular facilitation. The patients
received disease education and were encouraged to continue
their exercises daily at home. However, this was based on
only one small good quality randomised controlled trial
(Kraag et al 1990). No conclusions can be drawn with regard
to the effectiveness of exercise therapy, compared to other
types of exercise therapy or other treatments.

Rheumatoid arthritis Two systematic reviews investigated
the effectiveness of exercise therapy for patients with
rheumatoid arthritis (Augustinus et al 2000, van den Ende et
al 1998, van den Ende et al 2002). Based on one reasonable

quality systematic review, we concluded that there is
insufficient evidence to support or refute the effectiveness of
exercise therapy for patients with rheumatoid arthritis (van
den Ende et al 1998, van den Ende et al 2002).

Repetitive strain injury With regard to repetitive strain
injury, we found only one reasonable quality systematic
review (Konijnenberg et al 2001). We concluded that there is
insufficient evidence to support or refute the effectiveness of
exercise therapy for patients with repetitive strain injury.

Neck pain We found six systematic reviews investigating the
effectiveness of exercise therapy for patients with non-
specific neck pain (Aker et al 1996, Gross et al 2002, Hurwitz
et al 1996, Kjellman et al 1999, Philadelphia Panel 2001b,
van der Heijden et al 1995). Based on the results of these six
reasonable quality systematic reviews, we concluded that
there is insufficient evidence to support or refute the
effectiveness of exercise therapy, compared to no treatment or
other conservative treatments, for patients with (non-specific)
neck pain.

Shoulder pain During the period 1997–2002, four systematic
reviews on the effectiveness of exercise therapy for shoulder
pain were published (Green et al 1998, Green et al 2002,
Johansson et al 2002, Philadelphia Panel 2001c, van der
Heijden et al 1997). Based on the results of three reasonable
quality systematic reviews (Green et al 1998, Green et al
2002, Philadelphia Panel 2001c, van der Heijden et al 1997),
we concluded that there is insufficient evidence to support or
refute the effectiveness of exercise therapy for patients with
shoulder pain or shoulder complaints.

Low back pain A total of 21 systematic reviews, published
between January 1985 and July 2002, investigated the
effectiveness of exercise therapy (also exercise therapy
including cognitive behavioural therapy, back school,
multidisciplinary rehabilitation) in patients with low back
pain (Elders et al 2000, Di Fabio 1995, Faas 1996, Guzman et
al 2001, Hilde and Bo 1998, Koes et al 1991a, Koes et al
1991b, Koes et al 1995, Maier-Riehle and Härter 2001,
Ottenbacher and Di Fabio 1985, Philadelphia Panel 2001d,
Scheer et al 1995, Scheer et al 1997, Smith et al 2002, van
Duijvenbode 1996, van Duijvenbode 1999, van Tulder et al
1997, van Tulder 1999, van Tulder et al 2000a, van Tulder et
al 2000b, van Tulder et al 2002a, van Tulder et al 2002b,
Weinhardt et al 2001). Ten systematic reviews had reasonable
or good scores for quality (Guzman et al 2001, Hilde and Bo
1998, Koes et al 1991a, Koes et al 1991b, Philadelphia Panel
2001d, Scheer et al 1995, van Tulder et al 1997, van Tulder
1999, van Tulder et al 2000a, van Tulder et al 2000b, van
Tulder et al 2002a, van Tulder et al 2002b).

For patients with acute low back pain (< 6 weeks) there is no
difference in the effectiveness of exercise therapy (e.g.
stretching, strengthening, extension/flexion exercises),
compared to no treatment, care provided by a general
practitioner, or manipulations (high velocity techniques). For
patients with sub-acute (6 to 12 weeks) and chronic (> 12
weeks) low back pain, we concluded that exercise therapy is
effective compared to no treatment. The exercise therapy
consisted of aerobic exercises (e.g. walking, jogging), and
intensive strengthening exercises for the abdomen and trunk
muscles. Exercise therapy (e.g. aerobic exercises, progressive
muscle relaxation) in combination with cognitive behavioural
therapy is also more effective than no treatment for patients
with chronic low back pain.
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For patients with chronic (> 12 weeks) low back pain,
exercise therapy (e.g. strengthening exercises) is more
effective than continued care provided by a general
practitioner, and equally as effective as conventional
physiotherapy (e.g. traction, massage, ultrasound,
mobilisation exercises, hot and cold packs). There is
insufficient evidence to support or refute the effectiveness of
a particular type of exercise therapy for patients with sub-
acute or chronic low back pain. There are indications that
intensive multidisciplinary bio-psychosocial rehabilitation
with functional restoration (including intensive aerobic
exercises, stretching exercises, and muscle relaxation
therapy) is more effective than physical training plus back
school for patients with chronic low back pain. However, this
was based on only one good quality randomised controlled
trial with a short and long-term follow-up (Bendix et al 1995).

There are indications that exercise therapy, consisting of
abdominal strengthening exercises, in addition to back
school, is effective for patients with chronic low back pain,
compared to back school without exercise therapy. However,
this was also based on only one randomised controlled trial
with good methodological quality (Klaber-Moffett et al
1986). There is insufficient evidence to support or refute the
effectiveness of cognitive behavioural therapy plus exercise
therapy compared to other conservative treatments for
patients with chronic low back pain. There is also insufficient
evidence to draw conclusions with regard to the
(in)effectiveness of back schools for patients with acute, sub-
acute or chronic low back pain.

Discussion

Exercise therapy is effective for patients with knee
osteoarthritis, sub-acute and chronic low back pain, cystic
fibrosis, COPD, and intermittent claudication. Furthermore,
there are indications that exercise therapy is effective for
patients with ankylosing spondylitis, hip osteoarthritis, and
Parkinson’s disease, and also for patients who have suffered a
stroke. We concluded that there is insufficient evidence to
support or refute the effectiveness of exercise therapy for
patients with neck pain, shoulder pain, RSI, rheumatoid
arthritis, asthma, and bronchiectasis. Exercise therapy is not
effective for patients with acute low back pain. Based on the
available literature, we found no evidence that exercise
therapy is harmful or that it provoked harmful side effects.
However, systematic reviews provide little information on the
safety aspects of exercise therapy. This is mainly due to the
inadequate reporting of adverse effects in randomised
controlled trials (Ernst and Pittler 2001).

For certain diseases (fibromyalgia, patellofemoral pain
syndrome, carpal tunnel syndrome, temporomandibular joint
displacement, multiple sclerosis, cerebral palsy), only
systematic reviews with low scores for quality (< 60 points)
were available (Baker and Tickle-Degnen 2001, Crossley et al
2001, Dodd et al 2002, Feuerstein et al 1999, Kropmans et al
1999, Rossy et al 1999, Stiller and Huff 1999, Zomerdijk et
al 1998). For these disorders, we recommend that systematic
reviews be carried out using methods that accord to the
current state of knowledge (Egger et al 2001).

Although a number of systematic reviews were of reasonable
or good quality, there was still insufficient evidence to draw
firm conclusions with regard to the (in)effectiveness of
exercise therapy for neck pain, shoulder pain, repetitive strain
injury, rheumatoid arthritis, asthma, and bronchiectasis. This

was mainly due to the contradictory results, the poor
methodological quality of the randomised controlled trials,
inadequate reporting, small sample sizes, and the large
variation in outcome measures and study populations. We
recommend that searches be conducted for new published,
large randomised controlled trials of good quality (since the
last search date of the most recent systematic review of
reasonable or good quality) on the effectiveness of exercise
therapy for the following disorders: neck pain, shoulder pain,
RSI, rheumatoid arthritis, asthma, and bronchiectasis. If no
new randomised controlled trials have been published, or the
retrieved randomised controlled trials are of poor
methodological quality, we recommend that a new, large
randomised controlled trial with good methodological quality
be carried out.

We found indications to support the effectiveness of exercise
therapy for patients with ankylosing spondylitis, hip
osteoarthritis, Parkinson’s disease and patients who had
suffered a stroke, but more randomised controlled trials are
needed to confirm these results.

With regard to the disorders for which exercise therapy
appeared to be effective, it still remains to be determined
whether exercise therapy should be included in a supervised
or an unsupervised program, and whether exercise at home is
sufficient or referral should be made to a physiotherapist.
There is also insufficient evidence to support or refute the
effectiveness of specific types of exercise therapy for almost
all disorders. More research is also needed to investigate how
the short-term effectiveness of exercise therapy can be
maintained in the long-term. Programs or methods with
which care-providers could encourage the compliance of
patients with home exercises and motivate them to continue
their exercises in the future would be very useful.

This best-evidence summary of systematic reviews has a
number of limitations. First, different weights were applied to
the five quality criteria, including the selection of studies,
methodological quality assessment of the randomised
controlled trials, description of the intervention, data
presentation, and evaluation. Total quality scores were
calculated by summing up the weights of all quality items.
The advantage of using an overall quality score is its
simplicity, but methodologically it is debatable. If equal
weights were applied to each quality item, the division of
systematic reviews into good, reasonable, moderate, poor,
and very poor quality would be quite similar, and the final
conclusions with regard to the effectiveness of exercise
therapy would still be the same.

Second, the choice of the cut-off point for reasonable or good
quality was arbitrary. The quality of the reporting of the
results of systematic reviews with low scores for quality (< 60
points) was often too poor to draw conclusions with regard to
the effectiveness of exercise therapy. If, for example, the cut-
off point was set at 50 points, another 11 reviews would have
been included. However, our conclusions with regard to the
effectiveness of exercise therapy for the disorders discussed
in this review would remain the same (data not shown). We
could only draw new conclusions with regard to the
effectiveness of exercise therapy for patellofemoral pain
syndrome.

Third, our conclusions were based on statistically significant
differences, rather than clinically relevant differences.
Unfortunately, based on the results presented in the

Australian Journal of Physiotherapy 2005  Vol. 5178

Smidt et al: Effectiveness of exercise therapy: A best-evidence summary of systematic reviews



systematic reviews, it was not possible to calculate effect
sizes. Therefore, the clinically relevant differences were not
taken into account in our conclusions.

Finally, a few systematic reviews on the same topic reported
conflicting conclusions. However, based on the guidelines
developed by Jadad et al (1997), explaining differences in
research questions, assessment of the quality of randomised
controlled trials, number of randomised controlled trials, and
statistical methods for data-analysis, the panel succeeded in
drawing clear conclusions.

In conclusion, exercise therapy has been shown to be
effective for a wide range of (chronic) disorders.
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Appendix 1. Criteria for the assessment of the quality of the systematic reviews.
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Criteria Maximal points

Study selection (30)

A Description of inclusion and exclusion criteria of the systematic review

1 Study setting(s) included (i.e. industry, general practice, hospital) 2

2 Interventions type(s) included 2

3 Outcome type(s) included (i.e. pain, general improvement, disability questionnaire) 2

4 Years covered 2

5 Language(s) covered 2

B Search strategy

1 Established bibliographic database included (Medline (or PubMed), and at least one other database) 5

2 Additional efforts to locate non-indexed randomised clinical trials (RCTs) (e.g. reference tracking, 
correspondence with experts, manual search of non-indexed journals) 5

C Emphasis on RCTs: RCTs only, or results or RCTs discussed separately from other study designs 10

Methodological Quality Assessment (20)

D Assessment (of the validity) of RCTs included that is explicit (reproducible by readers of the review) regarding:

1 Similarity of treatment groups at baseline (prognostic factors) 2

2 Similarity of treatment characteristics (co-interventions) 2

3 Adequacy of treatment of missing values (dropouts, loss to follow-up) 2

4 Blinding of outcome assessment 2

5 Relevance of outcome measures 2

6 Adequacy of statistical analysis (i.e. intention-to-treat analysis) 2

E Number of reviewers (at least two independent reviewers) 4

F Blinding of reviewer(s): (blinded for source of article: journal, year of the trial, publication, institute) 2

G Agreement of reviewer(s): reported (quantitatively in percentage agreement or Kappa statistics) and acceptable 
(cut-off Kappa statistics > 0.60, where Kappa statistics is not reported look at percentage agreement, which 
should be at least 80%). In the event of reviewer, use of an assessment list with established reliability. 2

Intervention (15)

H Description of (index) intervention(s) (exercises) per RCT

1 Description of therapeutic exercise (i.e. strength, endurance and cardiovascular fitness, mobility 3
and flexibility, stability, relaxation, coordination, balance, and functional skills)

2 Profession or training of care provider 1

3 Treatment frequency or number of treatments 2

4 Duration of treatment period 2

I Description of control intervention(s): per RCT

1 Type (e.g. conservative treatments, wait-and-see policy, surgery) 3

2 Treatment frequency or number of treatments 2

3 Duration of treatment period 2

Data Presentation (20)

J Outcome presentation (for the most important (clinical relevant) outcome measures)

1 The original data of the main outcome(s) are presented separately per RCT per group 5

2 Presentation of the mean difference (effect size, standardised mean differences, weighted mean differences) 
or ratio of outcome(s) (relative risk, risk difference, odds ratio) between intervention group(s) and 
control group(s) 3

3 Presence of confidence interval (i.e. 95% CI) or standard deviation (SD) per RCT 3

4 Graphic presentation of the most important outcome(s) (indicating outliers and distribution) per RCT
(presentation of a tree plot, meta-analysis) 3



Australian Journal of Physiotherapy 2005  Vol. 51 85

Smidt et al: Effectiveness of exercise therapy: A best-evidence summary of systematic reviews

K Adequate summary of research findings: statistical pooling of the most important outcome(s); discussion of the 
reason why pooling is not indicated or warranted; or pooling of the subset considered to be valid and 
similar enough 3

L Discussion of the power of negative RCTs

1 Calculation (quantitative) of the power of each RCT 3

or

2 Narrative elaboration (qualitative) on the power of each negative RCT 2

or 

3 Overall narrative elaboration on the power of the negative RCTs (i.e. remarks about small sample sizes) 1

Evaluation (15)

M Overall conclusion regarding the aggregated level of available RCTs on the effectiveness of the (index) 
intervention presented 5

N Discussion of heterogeneity of RCTs and outcomes

1 Identification of relevant subgroups (e.g. age, study setting, disease classification) with explicit motivation 4

2 Discussion of variety of treatment modalities in the intervention groups (i.e. high dose exercises) 2

3 Discussion of variety of treatment modalities in control groups (placebo, existing modality) 2

4 Discussion of relationship between methodological quality of RCTs and outcome 2

Total 100
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Exercise, physical activity, and self-determination
theory: A systematic review
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Abstract

Background: Motivation is a critical factor in supporting sustained exercise, which in turn is associated with
important health outcomes. Accordingly, research on exercise motivation from the perspective of self-determination
theory (SDT) has grown considerably in recent years. Previous reviews have been mostly narrative and theoretical.
Aiming at a more comprehensive review of empirical data, this article examines the empirical literature on the
relations between key SDT-based constructs and exercise and physical activity behavioral outcomes.

Methods: This systematic review includes 66 empirical studies published up to June 2011, including experimental,
cross-sectional, and prospective studies that have measured exercise causality orientations, autonomy/need support
and need satisfaction, exercise motives (or goal contents), and exercise self-regulations and motivation. We also
studied SDT-based interventions aimed at increasing exercise behavior. In all studies, actual or self-reported exercise/
physical activity, including attendance, was analyzed as the dependent variable. Findings are summarized based on
quantitative analysis of the evidence.

Results: The results show consistent support for a positive relation between more autonomous forms of motivation
and exercise, with a trend towards identified regulation predicting initial/short-term adoption more strongly than
intrinsic motivation, and intrinsic motivation being more predictive of long-term exercise adherence. The literature is
also consistent in that competence satisfaction and more intrinsic motives positively predict exercise participation
across a range of samples and settings. Mixed evidence was found concerning the role of other types of motives
(e.g., health/fitness and body-related), and also the specific nature and consequences of introjected regulation. The
majority of studies have employed descriptive (i.e., non-experimental) designs but similar results are found across
cross-sectional, prospective, and experimental designs.

Conclusion: Overall, the literature provides good evidence for the value of SDT in understanding exercise behavior,
demonstrating the importance of autonomous (identified and intrinsic) regulations in fostering physical activity.
Nevertheless, there remain some inconsistencies and mixed evidence with regard to the relations between specific
SDT constructs and exercise. Particular limitations concerning the different associations explored in the literature are
discussed in the context of refining the application of SDT to exercise and physical activity promotion, and
integrating these with avenues for future research.

Introduction
Physical activity and exercise, when undertaken regu-
larly, are highly beneficial for health, and for physical
and psychological well-being [e.g., [1]. Yet, only a mi-
nority of adults in modern societies reports engaging in
physical exercise at a level compatible with most public
health guidelines [2]. For instance, 2009 data indicate

that, on a typical week, 60% of adults in Europe
engaged in no physical exercise or sports [3]. In the
US, less than 50% of adults are considered regularly
physically active [4] while in Canada new accelerometer
data shows that only 15% of adults meet national phys-
ical activity recommendations [5]. Such findings sug-
gest that many people lack sufficient motivation to
participate in the 150 minutes of moderately intense
exercise or physical activitya per week recommended
[6]. Indeed, approximately 40% of Europeans agree with
the statement: “Being physically active does not really
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interest me – I would rather do other things with my
spare time” [3].
Lack of motivation can broadly be explained by two

orders of factors. First, as highlighted in the previous
statistic, people may not be sufficiently interested in exer-
cise, or value its outcomes enough to make it a priority
in their lives [7]. Many individuals experience competing
demands on their time from educational, career, and
family obligations, possibly at the expense of time and
resources that could be invested in exercising regularly.
Second, some people may not feel sufficiently competent
at physical activities, feeling either not physically fit
enough or skilled enough to exercise, or they may have
health limitations that present a barrier to activity [8].
Whether it be low interest or low perceived competence,
the physical activity participation data indicate that many
people are either unmotivated (or amotivated), having no
intention to be more physically active, or are insuffi-
ciently motivated in the face of other interests or
demands on their time.
In addition to those who are unmotivated, another

source of short-lived persistence in exercise behaviors
comes from people who do express personal motivation
to exercise regularly, yet initiate exercise behaviors with
little follow through. Specifically, a significant percentage
of people may exercise because of controlled motiva-
tions, where participation in activities like going to the
gym or running regularly is based on a feeling of “having
to” rather than truly “wanting to” participate [7]. Con-
trolled forms of motivation, which by definition are not
autonomous (i.e., they lack volition), are predominant
when the activity is perceived primarily as a means to an
end and are typically associated with motives or goals
such as improving appearance or receiving a tangible re-
ward [9]. One hypothesis then is that the stability of
one’s motivation is at least partially dependent on some
of its qualitative features, particularly the degree of per-
ceived autonomy or of an internal perceived locus of
causality [10]. That is, the level of reflective self-
endorsement and willingness associated with a behavior
or class of behaviors should be associated with greater
persistence. An utilitarian approach to exercise (and to
exercise motivation), such as might be prevalent in fit-
ness clubs or other settings where exercise is externally
prescribed, could thus be partially responsible for the
high dropout rate observed in exercise studies [e.g., [11].
In fact, the pervasiveness of social and medical pressures
toward weight loss, combined with externally prescrip-
tive methods may be ill-suited to promote sustained
increases in population physical activity levels.
In sum, large numbers of individuals are either un-

motivated or not sufficiently motivated to be physically
active, or are motivated by types of externally-driven
motivation that may not lead to sustained activity. This

highlights the need to look more closely at goals and
self-regulatory features associated with regular participa-
tion in exercise and physical activity. Self-determination
theory (SDT) is uniquely placed among theories of
human motivation to examine the differential effects of
qualitatively different types of motivation that can
underlie behavior [12]. Originating from a humanistic
perspective, hence fundamentally centered on the fulfill-
ment of needs, self-actualization, and the realization of
human potential, SDT is a comprehensive and evolving
macro-theory of human personality and motivated be-
havior [12]. In what follows we will briefly describe key
concepts formulated within SDT (and tested in SDT em-
pirical studies) that are more relevant to physical activity
and exercise, all of which will be implicated in our em-
pirical review.
First, SDT distinguishes between intrinsic and extrinsic

types of motivation regulating one’s behavior. Intrinsic
motivation is defined as doing an activity because of its
inherent satisfactions. When intrinsically motivated the
person experiences feelings of enjoyment, the exercise of
their skills, personal accomplishment, and excitement
[13]. To different degrees, recreational sport and exercise
can certainly be performed for the associated enjoyment
or for the challenge of participating in an activity. In con-
trast to intrinsic motivation, extrinsic motivation refers to
doing an activity for instrumental reasons, or to obtain
some outcome separable from the activity per se. For ex-
ample, when a person engages in an activity to gain a
tangible or social reward or to avoid disapproval, they
are extrinsically motivated. SDT, however, conceptualizes
qualitatively different types of extrinsic motivation, that
themselves differ in terms of their relative autonomy.
Some extrinsic motives are relatively heteronomous,
representing what in SDT are described as controlled
forms of motivation. For example, externally regulated
behaviors are those performed to comply with externally
administered reward and punishment contingencies. Also
controlled are extrinsic motivations based on introjected
regulation, where behavior is driven by self-approval.
Controlled forms of extrinsic motivation are expected
within SDT to sometimes regulate (or motivate) short-
term behavior, but not to sustain maintenance over time
[14]. Yet not all extrinsic motives are controlled. When a
person does an activity not because it is inherently fun or
satisfying (intrinsic motivation), but rather because it is of
personal value and utility, it can represent a more autono-
mous form of behavioral regulation. Specifically in SDT,
identified and integrated forms of behavioral regulation
are defined as those in which one’s actions are self-
endorsed because they are personally valued. Examples
include exercising because one values its outcomes and
desires to maintain good health [7]. Thus, in SDT, these
different forms of motivation are conceptualized as lying
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along a continuum from non-autonomous to completely
autonomous forms of behavioral regulation.
Third, SDT introduces the concept of basic psycho-

logical needs as central to understanding both the satisfac-
tions and supports necessary for high quality, autonomous
forms of motivation. Specifically SDT argues that there are
basic psychological needs for autonomy, competence, and
relatedness, all of which are conceived as essential and
universal nutriments to psychological health and the de-
velopment of internal motivation. Satisfaction of these
basic needs results in increased feelings of vitality and
well-being [15]. Like any other activity, engaging in
sports and exercise can be more or less conducive to hav-
ing one’s psychological needs realized [16]. For example,
experiences of competence vary upon success or failure
at challenging physical tasks or as a function of feedback
from, for example, a fitness professional. Perceptions of
personal connection (relatedness) with others (e.g., fellow
members of a fitness class or weight loss program) can
vary greatly as a function of the interpersonal environ-
ment. Feelings of autonomy (versus feeling controlled)
differ as a function of communication styles in exercise
settings. According to SDT, in fact, need fulfillment in
any context is closely associated with the characteristics
of that social milieu, that is, whether important others
support the needs for autonomy (e.g., take the perspec-
tive of the client/patient, support their choices, minimize
pressure), relatedness (e.g., create an empathetic and
positive environment, show unconditional regard), and
competence (e.g., limit negative feedback, provide opti-
mally challenging tasks). The concept of need support is
thus thought to largely explain individual differences in
the development and enactment of motivation across the
lifespan [12]. Consequently, the design of health behavior
change interventions that enhance satisfaction of partici-
pants’ basic needs is a matter of much interest in SDT
studies, including in the area of exercise and physical ac-
tivity [17,18].
More recently, goal contents have also been explored

from an SDT perspective in relation to a range of beha-
viors, including exercise [e.g., [19,20]. It should be noted
that most authors have referred to goal contents in exer-
cise contexts as motives, or more specifically participation
motives [e.g., [64,79]. Operationally both terms are identi-
cal and we will use them interchangeably herein. Whereas
intrinsic motivation and the various forms of extrinsic
motivation represent the regulatory processes underlying
a behavior, motives or goal contents are the outcomes
that individuals are pursuing by engaging in the behavior
[12]. Goal contents are differentiated according to the ex-
tent to which their pursuit is likely to satisfy basic psy-
chological needs. Specifically, SDT distinguishes intrinsic
goals (e.g., seeking affiliation, personal growth, or health)
as those thought to be more closely related to the

fulfillment of basic psychological needs, from extrinsic
goals (e.g., seeking power and influence, wealth, or social
recognition) that are thought to be associated with “sub-
stitute needs” which are neither universal nor truly es-
sential to well-being and personal development. Factor
analytic studies have borne out this theoretical distinc-
tion, and a number of studies have shown the predicted
differential consequences of intrinsic versus extrinsic
goal importance [21,22]. Within the domain of exercise
and physical activity, extrinsic goals (e.g., when exercise
is performed primarily to improve appearance) or intrin-
sic goals (e.g., to challenge oneself or to improve/
preserve health and well-being) can clearly be distin-
guished. It should be noted that different goals or motives
towards a given activity often naturally co-exist in the same
person, some being more intrinsic, some less. Similar to
what occurs with motivational regulations (which can have
more or less autonomous elements, see more below), it
is the relative preponderance of certain types of motives
versus others which is thought to determine more or less
desirable outcomes [e.g., [19,20].
Finally, SDT also proposes that people have disposi-

tional tendencies, named causality orientations [14]
which describe the way they preferentially orient to-
wards their environments, resulting in characteristic
motivational and behavioral patterns. Although some
people may be more inclined to seek out and follow their
internal indicators of preference in choosing their course
of action, others may more naturally tend to align with
external directives and norms, while still others may re-
veal to be generally amotivated, more passive, and unre-
sponsive to either internal or external events that could
energize their actions [12]. Although this topic has not
been explored at length in previous research, these
orientations can manifest themselves (and be measured)
in exercise and physical activity contexts and the Exer-
cise Causality Orientation Scale has been developed to
measure individual differences in orientations around ex-
ercise [9].
Previous review papers of the topic of SDT and physical

activity have primarily focused on describing the rationale
for the application of this particular theoretical frame-
work to physical activity behaviors, reviewing illustrative
studies [7,23,24]. Meanwhile, the SDT-related exercise
empirical research base has grown considerably in recent
years, warranting a more comprehensive and systematic
review of empirical data. Systematic reviews and meta-
analyses of empirical studies provide the highest level of
evidence for the appraisal and synthesis of findings from
scientific studies. Accordingly, the present review
includes 66 empirical studies published up to June 2011
that assessed relations between SDT-based constructs or
interventions and exercise outcomes. We included experi-
mental and cross-sectional studies that have measured
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exercise causality orientations, autonomy/need support
and need satisfaction, exercise motives or goals, and exer-
cise self-regulations and motivation. We also studied
SDT-based interventions as predictors of exercise behav-
ioral outcomes. Figure 1 depicts a general model of SDT
and exercise, where its major constructs and theoretical
links are highlighted.

Methods
Data sources and procedure
This review is limited to articles written in English and
published in peer-reviewed journals covering adult sam-
ples. Research on autonomy and exercise in adolescents
and children (typically based in school and physical edu-
cation) was excluded, as well as studies with competitive
athletic samples. Both are specific settings and were con-
sidered distinct from leisure-time or health-related exer-
cise participation in adults, the focus of this review. The
review includes both cross-sectional and longitudinal
studies, investigating clinical and/or general population
samples, and using diverse quantitative methodological
approaches. A systematic literature search of studies pub-
lished between 1960 and June 2011 was undertaken on
the computerized psychological and sport databases Psy-
cINFO and SportDiscus. The following strategy was used:
TX (autonomous motivation OR autonomous regulation
OR intrinsic motivation OR controlled regulation OR au-
tonomy OR self-determination OR treatment regulations
OR goals OR motives OR basic needs OR autonomy-
supportive climate) AND TX (physical activity OR
exercise OR exercise behavior OR leisure-time physical
activity) Limiters were: Scholarly (peer-reviewed) jour-
nals; English Language; Adulthood (> 18 yr); Specific

subjects: exercise OR motivation OR self-determination.
This search yielded 660 articles. Abstracts were read
and, of those, all potentially relevant full manuscripts
were retrieved (n= 73). At this stage, studies were
excluded which did not include either SDT variables or
physical activity variables (accounting for most of the
excluded studies), that used non-adult samples, and that
reported achievement/performance outcomes related to
PE classes. Next, reference lists of retrieved articles, previ-
ous review articles on the topic, and books were also
reviewed, and manual searches were conducted in the
databases and journals for authors who regularly publish
in this area. This search yielded 11 additional manuscripts,
totaling 84 potentially relevant manuscripts. Next, manu-
scripts were read and the following inclusion criteria used
to select the final set of manuscripts: inclusion of non-
athletic samples; outcomes included exercise/physical ac-
tivity behaviors; reported direct associations between self-
determination variables and physical activity outcomes. A
total of 66 studies fulfilled all inclusion criteria and thus
were included in this review. Of these, ten were experi-
mental, eleven prospective, forty-two cross-sectional, and
three used mixed designs.
Studies were initially coded with a bibliography num-

ber, but independent samples (K) were considered as the
unit of analysis in the current review since a few studies
used the same sample while other studies reported ana-
lyses on multiple samples. Data tables (Table 1) were
constructed and encompassed sample characteristics of
study populations, motivational predictors of exercise
behavior, instruments of assessment, exercise-related
outcomes, research designs, and statistical methods used
to test the associations.

Figure 1 General SDT process model for exercise behavior. Adapted from the general health process model (Ref Ryan et al., Europ Health
Psych, 2009), this graph includes the 5 groups of variables analyzed in this review as exercise predictors and their expected relationships (in a
simplified version). Although this review only covers direct relationships between each class of variables (e.g., need satisfaction in exercise) and
exercise behaviors, since few articles have simultaneously tested various steps of this model, the SDT model for exercise assumes that a sizable
share of variance of exercise associated with SDT variables may be explained via indirect or mediating mechanisms, as depicted. See Discussion
for more details.
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Table 1 Description of reviewed studies

Reference Design Sample Measures Significant Predictors Outcomes Analysis/Observations

Size (%F) Features Location

I. Exercise self-regulations and related measures

Th�gersen-
Ntoumani
& Ntoumanis,
2006 [52]

Cross-sectional 375 (51) Exercisers
(Mean 38.7 yr)

UK Exercise
self-regulations
(BREQ) + amotivation
(AMS)

MV: IM (+) a, ID (+) a,b, INTR (+) a;
EXT (−) a,b, AMOT (−) a

Exercise stages of
change a; Exercise
relapses (fewer) b

Multivariate logistic
regressions, adjusting
for sex and age;
Manovas

Rose et al.,
2005 [56]

Cross-sectional 184 (55) Healthy adults
(17–60 yr)

UK Exercise
self-regulations
(BREQ)

MV: IM (+) a, ID (+), INTR (+),
EXT (−)

Exercise stages
of change

Discriminant function
analysis (IM was
redundant); Manovas a

Ingledew et al.,
2009 [79]

Cross-sectional 251 (52) University
Students
(Mean 19.5 yr)

UK Exercise
self-regulations
(BREQ-2)

MV: IM (+), ID (+), INTR (n.s.),
EXT (n.s.)

Self-reported
exercise (measure
analogous to LTEQ)

Partial Least Squares
Analysis (PLS); Mediation
analysis

Edmunds et al.,
2006 [44]

Cross-sectional 369 (52) Healthy
individuals
(Mean 31.9 yr)

UK Exercise
self-regulations
(BREQ)

MV: IM (n.s.), ID (+), INTR (+),
EXT (−)

Self-reported
exercise (total and
strenuous PA; LTEQ)

Multiple regressions;
Mediation analysis. No
associations with mild/
moderately intense PA.BIV: IM (+), ID (+), INTR (+),

EXT (n.s.)

Wilson et al.,
2006 [85]

Cross-sectional 139 (64) Undergraduate
students
(Mean 19.5 yr)

Canada Exercise extrinsic
self-regulations
(BREQ) and Integrated
Regulation scale
(INTEG)

MV: INTEG (+), ID (+), INTR (+),
EXT (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations;
Multiple regression
analysis

BIV: INTEG (+), ID (n.s.), INTR (n.s.),
EXT (n.s.)

McDonough
et al., 2007 [50]

Cross-sectional 558 (72) Exercise
self-regulations
(BREQ)

MV: RAI (+) Self-reported
exercise (LTEQ)

Bivariate correlations;
SEM; Mediation analysis.
Only RAI was tested in
multivariate analysis.

BIV: RAI (+), IM (n.s.), ID (+),
INTR (n.s.), EXT (n.s.)

Daley & Duda,
2006 [55]

Cross-sectional 409 (61) Undergraduate
students
(19.9 yr)

UK Exercise
self-regulations
(BREQ-2)

MV: IM (+), ID (++), INTR (+);
EXT (− M); AMOT (− F)

Exercise stages of
change; Physical
activity status (from
inactive to active)

Discriminant function
analysis

Wilson et al.,
2004 [45]

Cross-sectional 276 (64) Undergraduate
students
(20.5 yr)

Canada Exercise
self-regulations
(BREQ-2)

MV: IM (n.s.); ID (+),
INTR (+ F; - M), EXT (n.s.),
AMOT (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations;
Multiple regressions
analysis

BIV: IM (+); ID (+), INTR (+ F),
EXT (n.s.), AMOT (n.s.)

Markland,
2009 [9]

Cross-sectional 102 F Healthy individuals
(Mean 29.2 yr)

UK Exercise
self-regulations
(BREQ-2)

MV: IM (+), ID (+), AMOT (n.s.) Self-reported
exercise (LTEQ)

Bivariate correlations;
Multiple regression/
mediation (Preacher &
Hayes): INTR and EXT
not analyzed.

BIV: IM (+), ID (+), INTR (+),
EXT (n.s.), AMOT (−)
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Table 1 Description of reviewed studies (Continued)

Ingledew &
Markland,
2008 [46]

Cross-sectional 252 (48) Office workers (Mean 40 yr) UK Exercise
self-regulations
(BREQ-2)

MV: IM (n.s.), ID (+), INTR (n.s.),
EXT (−)

Self-reported
exercise (measure
analogous to LTEQ)

Bivariate correlations; SEM

BIV: IM (+), ID (+), INTR (n.s.),
EXT (−)

Peddle et al.,
2008 [43]

Cross-sectional 413 (46) Colorectal cancer
survivors
(Mean 60 yr)

Canada Exercise
self-regulations
(BREQ-2)

MV: IM (n.s.), ID (+), INTR (+),
EXT (n.s.), AMOT (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations;
Path analysis

BIV: IM (+), ID (+), INTR (+),
EXT (n.s.), AMOT (−)

Landry &
Solmon,
2004 [86]

Cross-sectional 105 F African-American
(Mean 56 yr)

USA Exercise
self-regulations
(BREQ)

MV: IM (+), ID (+), INTR (−),
EXT (n.s.)

Exercise stages
of change;
exercise categories

Anovas; Discriminant
function analysis

BIV: RAI (+); IM (+), ID (+),
INTR (n.s.), EXT (n.s.)

Milne et al.,
2008 [87]

Cross-sectional 558 F Breast cancer
survivors
(Mean 59 yr)

Australia Exercise
self-regulations
(BREQ-2)

MV: IM (+), ID (+), INTR (n.s.),
EXT (n.s.), AMOT (n.s.)

Self-reported exercise
(LTEQ); exercise
categories (meeting
vs. not meeting
guidelines)

Anovas; Hierarchical
regression analysis

BIV: IM (+), ID (+), INTR (n.s.),
EXT (−), AMOT (−)

Mullan &
Markland,
1997 [57]

Cross-sectional 314 (49.7) Healthy individuals
(Mean 35–40 yr)

UK Exercise
self-regulations
(BREQ)

MV: IM (+), ID (+), INTR (n.s.),
EXT (n.s.)

Exercise stages
of change

Anova (RAI was
analyzed); Discriminant
function analysis;

BIV: RAI (+)

Lewis & Sutton,
2011 [48]

Cross-sectional 100 (50) 95% undergraduates,
members of a
university gym; age
not specified

UK Exercise
self-regulations
(BREQ-2)

MV: IM (+); ID (n.s.), INTR (n.s.),
EXT (−), AMOT (n.s.)

Exercise frequency Bivariate correlations;
Multiple regression
analysis

BIV: IM (+); ID (+), INTR (+),
EXT (−), AMOT (−)

Markland &
Tobin, 2010 [88]

Cross-sectional 133 F Exercise referral
scheme clients
(Mean 54.5 yr)

UK Exercise
self-regulations
(BREQ-2)

BIV: IM (+), ID (+), INTR (n.s.),
EXT (n.s.), AMOT (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations

Wilson et al.,
2002 [49]

Cross-sectional 500 (81) Aerobic exercisers
(Mean 34 yr)

Canada Exercise
self-regulations
(BREQ)

BIV: IM (+), ID (+), INTR (+),
EXT (−)

Self-reported
exercise (LTEQ)

Bivariate correlations.
Differences between
PA intensities.

Sebire et al.,
2009 [19]

Cross-sectional 410 (71) Exercisers
(Mean 41.4 yr)

UK Exercise
self-regulations
(BREQ)

MV: RAI (+) Self-reported
exercise (LTEQ)

Bivariate correlations;
Hierarchical regression
analysisBIV: RAI (+)

Brickell &
Chatzisarantis,
2007 [42]

Cross-sectional 252 (61) College students
(Mean 23.2 yr)

Canada Exercise
self-regulations
(BREQ)

MV: IM (n.s.), ID (+), INTR (n.s.),
EXT (n.s)

Self-reported
exercise (LTEQ)

Multiple regression
analysis

BIV: IM (+), ID (+), INTR (+),
EXT (n.s)

Edmunds et al.,
2006 [51]

Cross-sectional 339 (53) Symptomatic vs
asymptomatic for
exercise dependence
(Mean 32.1 yr)

UK Exercise
self-regulations
(BREQ) and
Integrated
Regulation scale
(INTEG)

MV: Symptomatic: INTR
(+ tendency); Asymptomatic:
ID (+). Remaining variables
not significant.

Self-reported exercise
(total and strenuous
PA; LTEQ)

Multiple regressions.
No associations with
moderately intense PA.
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Table 1 Description of reviewed studies (Continued)

Moreno et al.,
2007 [89]

Cross-sectional 561 (53) Healthy adults
(Mean 31.8 yr)

Spain Exercise
self-regulations
(BREQ-2)

MV: IM (n.s.), ID (−), INTR (n.s.),
EXT (−), AMOT (−)

Exercise duration
(0-45 min vs. 45-60 min
vs. > 60 min)

Manovas

Hall et al.,
2010 [90]

Cross-sectional 470 (54) Adults
(Mean 44.9 yr)

Canada Exercise
self-regulations
(BREQ-2);
Self-reported
exercise (LTEQ)

BIV: IM (+), ID (+), INTR (+),
EXT (n.s.), AMOT (−)

Exercise status
(active vs. inactive)

Anovas

Standage et al.,
2008 [91]

Cross-sectional 52 (50) University students
(Mean 22 yr)

UK Exercise
self-regulations;
Autonomous and
controlled
motivations
(BREQ)

MV: AutMot (+),
CtMot (n.s.)
BIV: IM (+),
ID (+), INTR (n.s.), EXT (n.s),
AutMot (+), CtMot (n.s.)

Accelerometry Bivariate correlations;
Sequential regression
analysis

Duncan et al.,
2010 [41]

Cross-sectional 1079 (57) Regular exercisers
(Mean 24.2 yr)

Canada Exercise
self-regulations
(BREQ-2) + Integrated
reg. scale

MV: IM (n.s.), INTEG (+),
ID (+)*, INTR (n.s.),
EXT (n.s), AMOT (n.s)

* PA frequency;
PA intensity;
PA duration (LTEQ)

Bivariate correlations;
Multiple regression
analysis

BIV: IM (+), INTEG (+),
ID (+), INTR (+), EXT (− F)*,
AMOT (−)

Sorensen et al.
2006 [54]

cross-sectional 109 (59) Psychiatric patients
(Mean age group
31–49 yr)

Norway Exercise regulations
(based on BREQ)

MV: IM (+), ID (n.s.), INTR (n.s.),
EXT (n.s.)

Self-reported
exercise level

Bivariate correlations;
Logistic regressions

BIV: IM (+), ID (n.s.), INTR (n.s.),
EXT (−)

Puente &
Anshel,
2010 [77]

Cross-sectional 238 (57) College students
(Mean 20.4 yr)

USA Exercise
self-regulations
(SRQ-E)

MV: RAI (+) Exercise frequency Bivariate correlations;
SEM

BIV: RAI (+)

Halvary et al.,
2009 [76]

Cross-sectional 190 (44) Healthy adults
(Mean 21.8 yr)

Norway Autonomous
motivation
(SRQ)

MV: AutMot (+) Exercise frequency
and duration

Bivariate correlations;
SEM; Mediation analysis

BIV: AutMot (+)

Wilson et al.,
2006 [29]

Cross-sectional 220; 220 (56) Cancer survivors
(Mean 60–64 yr)
vs non-cancer
(Mean 50 yr)

Canada Autonomous
and controlled
motivation
(TSRQ-PA)

MV: AutMot (+), CtMot (−) in
both samples

Self-reported exercise
(min/wk of MVPA)

Bivariate correlations;
Multiple regression
analysis

BIV: AutMot (+), CtMot (n.s.)
in both samples

Hurkmans et al.,
2010 [92]

Cross-sectional 271 (66) Patients with
Rheumatoid
Arthritis
(Mean 62 yr)

Netherlands Exercise
self-regulations
(TSRQ-PA).
Adated RAI.

MV: RAI (+) Self-reported
exercise (SQUASH)

Bivariate correlations;
Multiple regression
analysisBIV: RAI (+)

Lutz et al.,
2008 [93]

Cross-sectional 535 (60) University students
(Mean 20 yr)

USA Exercise
self-regulations
(EMS). Adapted RAI.

MV: RAI (+) Self-reported
exercise (LTEQ)

Bivariate correlation;
Preacher & Hayes
mediation analysisBIV: RAI (+)
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Table 1 Description of reviewed studies (Continued)

Wininger,
2007 [28]

Cross-sectional 143; 58 (76) Undergraduates
(Mean 21–22 yr)

USA Exercise
self-regulations
(EMS)

MV *: IM (+), INTEG (+), ID (+),
INTR (+), EXT (n.s.), AMOT (−)

* Exercise stages of
change; ** Distance
walked on treadmill

Bivariate correlations;
Manovas

BIV **: IM experience
sensations (+), INTEG (n.s.),
ID (n.s.), INTR (n.s.), EXT (n.s.),
AMOT (−)

Craike, M.,
2008 [47]

Cross-sectional 248 (53) Healthy adults
(Mean 48 yr)

Australia Exercise
self-regulations
(based on BREQ
and EMS)

MV: IM (+), ID (n.s.),
INTR (n.s.), EXT (−)

Self-reported LTPA SEM

Tsorbatzoudis
et al., 2006 [94]

Cross-sectional 257 (55) Healthy adults
(Mean 31 yr)

Greece Exercise
self-regulations
(SMS)

MV: IM (+), ID (+), INTR (+),
EXT (−), AMOT (−)

Exercise frequency
(from the least to
the most frequent)

Multivariate analysis
of variance; multiple
regressions

Chatzisarantis
& Biddle,
1998 [95]

Cross-sectional 102 (50) University employees
(Mean 40 yr)

UK Behavioral
regulations for PA
(SMS adaptation)

MV: Autonomous group
(vs controlled) based on
RAI scores (+)

Self-reported
exercise (LTEQ)

SEM

Matsumoto &
Takenaka,
2004 [96]

Cross-sectional 486 (53) Healthy individuals
(Mean 45 yr)

Japan Exercise
self-regulations
(SDMS); profiles of
self-determination

BIV: IM (+), ID (+), INTR (+),
EXT (n.s.) AMOT (−);
Self-determined profile (+)

Exercise stages
of change

Bivariate correlations
and cluster analysis

McNeill et al.,
2006 [97]

Cross-sectional 910 (80) Healthy individuals
(Mean 33 yr)

USA Intrinsic and
extrinsic motivations
(MPA)

MV: Intrinsic motivation (+);
Extrinsic motivation for
social pressure

Self-reported exercise
(minutes of walking,
and MVPA)

SEM. Indirectly through
self-efficacy.

Russell & Bray,
2009 [98]

Cross-sectional
and prospective
(6 + 6wk)

68 (13) Cardiac rehabilitation
outpatients
(Mean 64.9 yr)

Canada Exercise
self-regulations
(BREQ-2)

MV: RAI (+) Self-reported exercise
(7Day-PAR)

Bivariate correlations;
Multiple regression
analysisBIV: RAI (+)

Russell & Bray,
2010 [99]

Cross-
sectional and
Observational
(14wk)

53 M Exercise cardiac
rehabilitation
patients
(Mean 62.8 yr)

Canada Exercise
self-regulations
(SRQ-E)

MV: AutMot (+) Exercise frequency;
duration (+);
volume (+) – 7Day-PAR

Bivariate correlations;
Hierarchical regression
analysisBIV: AutMot (+), CtMot (n.s.)

Fortier et al.,
2009 [100]

Prospective
(6mo)

149 F Healthy adults
(Mean 51.8 yr)

Canada Exercise
self-regulations
(TSRQ-adapted)

MV: AutMot (n.s.) Duration, Frequency, and
Energy Expenditure
(CHAMPS)

Bivariate correlations;
Mediation/regression
analysisBIV: AutMot (n.s.),

CtMot (n.s.)

Rodgers et al.,
2010 [31]

Prospective 1572 (60) Initiate vs. long-term
exercisers
(Mean 22–51 yr)

Canada Exercise
self-regulations
(BREQ)

MV: IM (+), ID (+), INTR (n.s.),
EXT (−) overtime for initiates,
but< to regular exercisers

Self-reported exercise
(LTEQ); Initiate vs.
long-term exercisers

Manovas. Total N from
6 samples: initiates
(60, 134, 38, 84), regular
exercisers (202, 1054)

Barbeau et al.,
2009 [101]

Prospective
(1mo)

118 (65) Healthy adults
(Mean 19 yr)

Canada Exercise
self-regulations
(BREQ-2)

MV: AutMot (+),
CtMot (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations;
Path analysis

BIV: AutMot (+),
CtMot (n.s.)

Hagger et al.,
2006 [35]

Prospective
(4wk)

261 (64) University students
(Mean 24.9 yr)

UK Relative autonomy
index (based on
PLOC scale)

BIV: RAI (+) Self-reported
exercise (frequency)

Bivariate correlations;
SEM
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Table 1 Description of reviewed studies (Continued)

Hagger et al.,
2006 [34]

Prospective
(4 wk)

261 (64) Exercise sample
of university students
(Mean 24.9 yr)

UK Relative autonomy
index (based on
PLOC Scale)

BIV: RAI (+) Self-reported
exercise (frequency)

Bivariate correlations

Kwan et al.,
2011[53]

Prospective
(4 wk)

104 (58) Undergraduate
students; active
(Mean 18.2 yr)

USA Exercise
self-regulations
(BREQ-2)

BIV: IM (+), ID (n.s.),
INTR (n.s.), EXT (n.s.),
AMOT (n.s.), RAI (n.s)

Self-reported
exercise (online diary)

Bivariate correlations

Edmunds et al.,
2007 [38]

Prospective
(uncontrolled
intervention)
(3mo)

49 (84) Overweight/Obese
patients (Mean BMI:
38.8; Mean 45 yr)
on an exercise scheme

UK Exercise
self-regulations
(BREQ-2); Integrated
regulation subscale
(EMS)

MV: IM (n.s.), INTEG (+),
ID (−)*, INTR (+)*,
EXT (n.s.)

Self-reported
exercise (LTEQ);

Bivariate correlations;
Multilevel regression
analysis.* ID and INTR
multivariate outcomes
resulted from net
suppression; thus, not
considered by the authors.

BIV: ID (+), INTR (−)

Wilson et al.,
2003 [58]

Experimental
(12wk)

53 (83) Adults (Mean 41.8 yr;
BMI: 19.9 ± 3.0 kg/m2)

Canada Exercise
self-regulations
(BREQ)

MV: IM (+), ID (+) Self-reported
exercise (LTEQ)

Bivariate correlations;
Multiple regression
analysis. IM and ID
increased from pre-
to post-exercise program

BIV: IM (+), ID (+),
INTR (n.s.), EXT (n.s.)

Sweet et al.,
2009 [102]

Experimental
(12mo)

234 (38) Inactive with type 2
diabetes (Mean 53 yr)
on an exercise
program

Canada Exercise
self-regulations
(BREQ)

MV: AutMot (+) Amount of
PA (kcal/month)

Bivariate correlations;
Regression/Mediation
analysis

BIV: AutMot (+)

Fortier et al.,
2011 [36]

Experimental
(13wk); RCT

120 (69) Inactive patients
(Mean 47.3 yr):
intensive vs. brief
PA intervention

Canada Exercise
self-regulations
(BREQ-2)

BIV: IM, ID, INTR, EXT,
and RAI were not
significant predictors

Self-reported
exercise (LTEQ)

Bivariate correlations

Fortier et al.,
2007 [17]

Experimental
(13wk); RCT

120 (69) Autonomy supportive
vs brief PA counseling
(Mean 47.3 yr)

Canada Treatment
self-regulations
(TSRQ-PA)

MV: AutMot (+) Self-reported
exercise (LTEQ)

Bivariate correlations;
Path/Mediation analysis

BIV: AutMot (n.s.)

Levy & Cardinal,
2004 [40]

Experimental
(2mo); RCT

185 (68) Adults (Mean 46.8 yr);
SDT-based mail
intervention
vs. controls

USA Exercise
self-regulations
(EMS)

MV: IM, INTEG, ID, INTR, EXT,
and AMOT were not
significant predictors

Self-reported
exercise (LTEQ)

Manovas with repeated
measures

Mildestvedt
et al., 2008 [68]

Experimental
(4wk); RCT

176 (22) Cardiac rehabilitation
patients (Mean 56 yr):
SDT-based vs
standard rehab
treatment

Norway Autonomous
and controlled
motivations
(TSRQ)

BIV: AutMot (+); CtMot (n.s.) Self-reported exercise
(composite score);
exercise intensity

ANOVAs with repeated
measures

Silva et al.,
2010 [33]

Experimental
(12mo); RCT

239 F OW/Obese women
(Mean 38 yr);
SDT-treatment
vs controls

Portugal Exercise
self-regulations
(SRQ-E)

MV: IM (+)*, ID (n.s.), INTR (n.s.),
EXT (n.s.)

Self-reported exercise:
MVPA * (7-day PAR);
lifestyle PA index

Bivariate correlations;
PLS analysis; Mediation
analysis

BIV: IM (+), ID (+), INTR (+),
EXT (n.s.)

Silva et al.,
2010 [32]

Experimental
(1 yr + 2y
follow-up); RCT

221 F OW/Obese women
(Mean 38 yr);
SDT-treatment
vs controls

Portugal Exercise
self-regulations
(SRQ-E) at 1 yr
and 2 yr

MV: AutMot 2 yr (+),
INTR 2 yr (n.s.), EXT 2 yr (n.s.)

2-yr self-reported
exercise: MVPA
(7-day PAR)

Bivariate correlations;
PLS analysis; Mediation
analysis

BIV: AutMot 1 and 2 yr (+),
INTR 2 yr (+), EXT 2 yr (n.s.)
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Table 1 Description of reviewed studies (Continued)

II. Exercise-related psychological need satisfaction

Puente & Anshel,
2010 [77]

Cross-sectional 238 (57) College students
(Mean 20.4 yr)

USA Basic Psychological
Needs Scale
(BPNS); Perceived
Competence
Scale (PCS)

MV: Competence (+) Exercise frequency Bivariate correlations;
SEM; Relatedness not
measured.BIV: Autonomy (n.s.),

Competence (+)

Edmunds et al.,
2006 [44]

Cross-sectional 369 (52) Healthy individuals
(Mean 31.9 yr)

UK Psychological need
satisfaction
(BNSWS adapted)

MV: Autonomy (n.s.),
Competence (+),
Relatedness (n.s.)

Self-reported exercise
(total and strenuous
PA; LTEQ)

Bivariate correlations;
Regression analysis;
mediation analysis

BIV: Autonomy (+),
Competence (+),
Relatedness (+)

Edmunds et al.,
2006 [51]

Cross-sectional 339 (53) Symptomatic vs
asymptomatic for
exercise dependence
(Mean 32.1 yr)

UK Psychological need
satisfaction
(BNSWS adapted)

BIV: Autonomy (n.s.),
Competence (+),
Relatedness (n.s.)

Self-reported
exercise (total and
strenuous PA; LTEQ)

Bivariate correlations.
No associations with
mild/moderately intense
PA

Peddle et al.,
2008 [43]

Cross-sectional 413 (46) Colorectal cancer
survivors (Mean 60 yr)

Canada Psychological need
satisfaction (PNSE)

BIV: Autonomy (+),
Competence (+),
Relatedness (+)

Self-reported
exercise (LTEQ)

Bivariate correlations

McDonough
et al., 2007 [50]

Cross-sectional 558 (72) Recreational dragon
boat paddlers (Mean 45 yr)

Canada Exercise need
satisfaction (PNSE)

MV: Autonomy (−),
Competence (+)

Self-reported
exercise (LTEQ)

Bivariate correlations;
SEM

BIV: Autonomy (n.s.),
Competence (+),
Relatedness (n.s.)

Sebire et al.,
2009 [19]

Cross-sectional 410 (71) Exercisers
(Mean 41.4 yr)

UK Exercise need
satisfaction (PNSE)

BIV: Exercise need
satisfaction
(composite score) (+)

Self-reported
exercise (LTEQ)

Bivariate correlations

Milne et al.,
2008 [87]

Cross-sectional 558 F Breast cancer
survivors
(Mean 59 yr)

Australia Perceived
competence (PCS)

MV: Competence (+) Self-reported
exercise (LTEQ);
Exercise categories
(meeting vs.
not meeting
guidelines)

Anovas; Hierarchical
regression analysis

BIV: Competence (+)

Halvary et al.,
2009 [76]

Cross-sectional 190 (44) Healthy adults
(Mean 21.8 yr)

Norway Perceived
competence (PCS)

MV: Competence (n.s.) Exercise frequency
and duration

Bivariate correlations;
SEM/Mediation analysis

BIV: Competence (+)

Vlachopoulos &
Michailidou,
2006 [103]

Cross-sectional 508 (50) Greek adults
(Mean 30 yr)

Greece Psychological needs
satisfaction
in exercise (BPNES)

MV: Autonomy (n.s.),
Competence (+);
Relatedness (n.s.)

Exercise frequency SEM

Markland &
Tobin, 2010 [88]

Cross-sectional 133 F Exercise referral
scheme clients

UK Autonomy need
(LCE); Perceived
Competence
(IMI); Relatedness
(8-item scale)

BIV: Autonomy (+),
Competence (+),
Relatedness (n.s.)

Self-reported
exercise (LTEQ)

Bivariate correlations
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Table 1 Description of reviewed studies (Continued)

Russell & Bray,
2009 [98]

Cross-sectional
and prospective
(6 + 6wk)

68 (13) Cardiac rehabilitation
outpatients
(Mean 64.9 yr)

Canada Exercise need
satisfaction (PNSE)

BIV: Autonomy (n.s.),
Competence (+)*,
Relatedness (n.s.)

Self-reported
exercise (7Day-PAR)
at 3wk and 6wk*
follow-up

Bivariate correlations

Barbeau et al.,
2009 [101]

Prospective
(1mo)

118 (65) Healthy adults
(Mean 19 yr)

Canada Exercise need
satisfaction (PNSES)

BIV: Autonomy (+),
Competence (+),
Relatedness (+)

Self-reported
exercise (LTEQ)

Bivariate correlations

Hagger et al.,
2006 [34]

Prospective
(4 wk)

261 (64) Exercise sample
of university students
(Mean 24.9 yr)

UK Psychological need
satisfaction

BIV: Psychological need
satisfaction (composite
score) (+)

Self-reported
exercise (frequency).

Bivariate correlations

Edmunds et al.,
2007 [38]

Prospective
(uncontrolled
intervention)
(3mo)

49 (84) OW/Obese patients
(BMI: 38.75;
Mean 45 yr)

UK Psychological need
satisfaction (PNSS)

MV: Autonomy (n.s.),
Competence (n.s.);
Relatedness (n.s.)

Self-reported
exercise (LTEQ);
(Increase in relatedness
overtime)

Multilevel regression
analysis; Paired T-tests

Fortier et al.,
2007 [17]

Experimental
(13 wk); RCT

120 (69) Healthy adults
(Mean 47.3 yr)

Canada Perceived
Competence (PCES)

MV: Competence (+) Self-reported
exercise (LTEQ)

Path analysis; Mediation
analysis

Levy & Cardinal,
2004 [40]

Experimental
(2mo); RCT

185 (68) Adults (Mean 46.8 yr);
SDT-based mail
intervention vs. controls

USA Perceived autonomy
satisfaction (LCE)

MV: Autonomy (+ F),
Competence (n.s.),
Relatedness (n.s.)

Self-reported
exercise (LTEQ)

Manovas with repeated
measures

Silva et al.,
2010 [33]

Experimental
(12mo); RCT

239 F OW/Obese women
(Mean BMI: 31.5; Mean
38 y); SDT-based weight
loss treatment vs controls

Portugal Perceived autonomy
satisfaction (LCE);
Competence (IMI)

BIV: Autonomy (+),
Competence (+)

Self-reported exercise:
MVPA (7-day PAR);
lifestyle PA index

Bivariate correlations

III. Exercise motives and related measures

Ingledew et al.,
2009 [79]

Cross-sectional 251 (52) University Students
(Mean 19.5 yr)

UK Exercise
motives (EMI-2)

MV: Intrinsic motives: Stress
management (+), Affiliation (+),
Challenge (+); Extrinsic: Health/
fitness (+); body-related (n.s.)

Self-reported
exercise (measure
analogous to LTEQ)

Partial Least Squares
Analysis (PLS); Mediation
analysis

Ingledew &
Markland,
2008 [46]

Cross-sectional 252 (48) Office workers
(Mean 40 yr)

UK Exercise
motives (EMI-2)

BIV: Intrinsic motives (n.s.),
Extrinsic motives: health/
fitness (+) and body-related (−)

Self-reported
exercise (measure
analogous to LTEQ)

Bivariate correlations

Frederick & Ryan,
1993 [59]

Cross-sectional 376 (64) Healthy individuals
(Mean 39 yr)

USA Exercise
motives (MPAM)

Intrinsic motives: interest/
enjoyment (+); competence (+);
Extrinsic motives: body-
related (+)

Self-reported
exercise (levels,
intensity)

Differences between PA
categories; correlations
and Manovas

Frederick et al.,
1996 [104]

Cross-sectional 118 (68) College students
(Mean 22 yr)

USA Exercise motives
(MPAM-r)

MV: Extrinsic: body-related (+ M) Self-reported
exercise: frequency,
volume

Bivariate correlations;
Multiple regression
analysisBIV: Intrinsic motives (+ F),

Extrinsic: body-related (+ M)

Buckworth et al.,
2007 [30] a

Cross-sectional 184;220 (60) University students
(Mean 18–22 yr)

USA Exercise motives
(EMI and IMI;
total and subscales)

Intrinsic motives (except
choice) (+); Extrinsic motives
(except tangible rewards) (+)

Exercise stages
of change

Anovas and profile
analysis

Sebire et al.,
2009 [19]

Cross-sectional 400 (73) Exercisers
(Mean 41.4 yr)

UK Exercise goal content
(GCEQ)

MV: Intrinsic motives (+) Self-reported
exercise (LTEQ)

Bivariate correlations;
Hierarchical regression
analysisBIV: Intrinsic motives (+)
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Table 1 Description of reviewed studies (Continued)

Segar et al.,
2006 [64]

Cross-sectional 59 F Healthy adults
(Mean 45.6 yr)

USA Body and non-body
shape motives for
exercise (via inductive,
qualitative methods)

BIV: Body motives (−); non-body
shape motives (+).

Self-reported
exercise (LTEQ)

Hierarchical regression
analysis

Sit et al.,
2008 [105]

Cross-sectional 360 F Chinese adults
(30–59 yr)

China Exercise motives
(MPAM-r)

MV: Intrinsic motives :
competence/challenge (+),
interest/enjoyment (+);
Extrinsic: fitness/health (+);
appearance (n.s.)

Exercise stages
of change

Manovas

Davey et al.,
2009 [106]

Cross-sectional 134 (66) Employees
(estimated mean
age between
25–44 yr)

New Zeland Exercise motives
(based on MPAM-r
and SMS)

MV: Intrinsic motives:
enjoyment (+), competence/
challenge (+); Extrinsic:
appearance (−); Fitness (n.s.)

Total number
of steps in 3wk

Multiple regression
analysis

Segar et al.,
2008 [65]

Prospective 156 F Healthy women
(Mean 49.3 yr)

USA Extrinsic and Intrinsic
goals (based on a list
of goals and on
cluster analysis)

MV: Intrinsic goals (+);
Extrinsic goals: weight
maintenance/toning (−);
health benefits (−)

Self-reported
exercise (LTEQ)

Linear mixed model

Ingledew et al.,
1998 [107]

Prospective
(3mo)

425 (34) Government
employees
(Mean 40 yr)

UK Exercise
motives (EMI-2)

MV: Intrinsic motives:
enjoyment (+); Extrinsic:
body-related (+ action; -
maintenance); health pressures
(+ preparation; - action/
maintenance)

Exercise stages
of change

Discriminant function
analysis

Ryan et al.,
1997 [27] a

Prospective
(10wk)

40 (80) University students
and employees
(Mean 21 yr)

USA Exercise motives
(MPAM)

MV: Intrinsic motives:
enjoyment (+), competence (+);
body-related motives (n.s.)

Reduced dropout
and attendance to
exercise classes

Manovas and multiple
regressions

Ryan et al.,
1997 [27] b

Prospective
(10wk)

155 (57) New fitness center
members (Mean 19.5 yr)

USA Exercise motives
(MPAM-R)

MV: Intrinsic motives:
enjoyment (+), competence (+),
social interactions (+); Extrinsic
motives: fitness (n.s.),
appearance (n.s.)

Attendance to and
duration of exercise
workout

Manovas and multiple
regressions

Buckworth et al.,
2007 [30] b

Experimental
(10wk)

142 (66) College Students
(Mean 21.3 yr)

USA Exercise motives
(EMI and IMI);

BIV: Intrinsic motives:
effort/competence (+)
and interest/enjoyment (+);
Extrinsic motives:
appearance (+) *

Exercise patterns
(from stable inactive
to stable active);
Activity vs. Lecture
(no activity) Classes *

Anovas with repeated
measures.

IV. Perceived need support

Peddle et al.,
2008 [43]

Cross-sectional 413 (46) Colorectal cancer
survivors
(Mean 60 yr)

Canada Perceived need
support
(PAS, based on
HCCQ-short)

BIV: Need support (+) Self-reported
exercise (LTEQ)

Bivariate correlations

Milne et al.,
2008 [87]

Cross-sectional 558 F Breast cancer
survivors
(Mean 59 yr)

Australia Perceived need
support
(mHCCQ)

MV: Need support (+)BIV:
Need support (+)

Self-reported
exercise (LTEQ);
exercise categories
(meeting vs. not
meeting guidelines)

Anovas; Hierarchical
regression analysis
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Table 1 Description of reviewed studies (Continued)

Hurkmans et al.,
2010 [92]

Cross-sectional 271 (66) Patients with
Rheumatoid Arthritis
(Mean 62 yr)

Netherlands Perceived need
support
(HCCQ-mod)

MV: Need support (n.s.) Self-reported
PA (SQUASH)

Bivariate correlations;
Multiple regression
analysisBIV: Need support (n.s.)

Halvary et al.,
2009 [76]

Cross-sectional 190 (44) Healthy adults
(Mean 21.8 yr)

Norway Perceived need
support
(SCQ based on
HCCQ)

BIV: Need support (+) Exercise frequency
and duration

Bivariate correlations

Markland & Tobin,
2010 [88]

Cross-sectional 133 F Exercise referral
scheme clients

UK Need support
(15-item scale)

BIV: Need support (n.s.) Self-reported
exercise (LTEQ)

Bivariate correlations

Puente & Anshel,
2010 [77]

Cross-sectional 238 (57) College students
(Mean 20.4 yr)

USA Exercise need
support
(SCQ)

BIV: Need support (+) Exercise frequency Bivariate correlations

Russel & Bray,
2010 [99]

Cross-sectional
and prospective
(14wk)

53 M Exercise cardiac
rehabilitation
patients
(Mean 62.8 yr)

Canada Perceived
need support
(HCCQ-short)

MV: Need support (n.s.) Exercise frequency;
duration (+);
volume – 7Day-PAR

Bivariate correlations;
Hierarchical regression
analysisBIV: Need support (+)

Levy et al.,
2008 [108]

Prospective
(8-10wk)

70 (37) Injured exercisers in
rehabilitation
(Mean 33 yr;
69% recreational)

UK Perceived need
support (HCCQ)

MV: Need support (+) a, c Exercise adherence: a

clinical, b home-based; c

attendance

Bivariate correlations;
Manovas

BIV: Need support (+) a, c

Edmunds et al.,
2007 [38]

Uncontrolled
Prospective
(3mo)

49 (84) OW/Obese patients (BMI:
38.75; Mean 45 yr)
on an exercise scheme

UK Perceived need
support (HCCQ)

MV: Need support (n.s.) Self-reported
exercise (LTEQ);

Multilevel regression
analysis

Fortier et al.,
2007 [17]

Experimental
(13 wk); RCT

120 (69) Autonomy
supportive vs. brief
PA counseling
(Mean 47.3 yr)

Canada Perceived need
support (HCCQ)

BIV: Need support Self-reported
exercise (LTEQ)

Bivariate correlations

Mildestvedt et al.,
2008 [68]

Experimental
(4wk); RCT

176 (22) Cardiac rehabilitation
patients (Mean 56 yr):
autonomy supportive
vs. standard rehab

Norway Perceived need
support (mHCCQ)

MV: Need support (n.s.) Self-reported
exercise (composite
score); exercise
intensity

Manovas with
repeated measures

Silva et al.,
2010 [33]

Experimental
(12mo); RCT

239 F OW/Obese women
(Mean BMI: 31.5;
Mean 38 y):
SDT-based WL
treatment vs. controls

Portugal Perceived need
support (HCCQ)

MV: Need support (+) Self-reported
exercise: MVPA
(7-day PAR); lifestyle
PA index

Bivariate correlations;
PLS/mediation analysis

BIV: Need support (+)

Silva et al.,
2010 [32]

Experimental
(1 yr + 2y
follow-up); RCT

221 F OW/Obese
women (Mean BMI:
31.5; Mean 38 y):
SDT-based WL
treatment vs. controls

Portugal Perceived need
support (HCCQ)

BIV: Need support (+) Self-reported
exercise: MVPA
(7-day PAR)

Bivariate correlations
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Table 1 Description of reviewed studies (Continued)

V. Exercise Causality Orientations

Rose et al.,
2005 [56]

Cross-sectional 375 (51) Volunteers (17–60 yr) UK Exercise causality
orientations
(ECOS)

MV: Autonomy O. (+),
Controlling O. (− F), and
Impersonal O. (−)

Exercise stages
of change

Discriminant function
analysis. Gender
differences

Kwan et al.,
2011[53]

Prospective
(4 wk)

104 (58) Undergraduate
students; active
(Mean 18.2 yr)

USA Exercise causality
orientations
(ECOS)

BIV: Autonomy O. (+),
Controlling O. (−), and
Impersonal O. (n.s.)

Self-reported
exercise
(online diary)

Bivariate correlations

VI. SDT-based Interventions and other SDT-related measures

Edmunds et al.,
2008 [39]

Experimental
(10wk)

55 F Exercisers
(Mean 21 yr)

UK Exercise
self-regulations
(BREQ-2); Need
support (PESS);
Basic needs
(PNSS); Exercise
attendance

Groups: SDT-
based exercise
classes vs.
traditional
exercise
classes

Higher
perceived need
support,
autonomy and
relatedness
needs;
Competence (+),
INTRO (+)
and amotivation
(−) overtime
for both groups

Higher
exercise
attendance

Multilevel regression
analysis

Fortier et al.,
2007 [17]

Experimental
(13wk); RCT

120 (69) Healthy adults
(Mean 47.3 yr)

Canada Exercise
self-regulations
(TSRQ-PA); Perceived
Competence (PCES);
Need Support
(HCCQ); Self-reported
exercise (LTEQ)

Groups:
autonomy
supportive vs.
brief PA
counseling

Higher perceived
need support,
autonomous
motivation
overtime

Higher reported
exercise overtime

Ancovas

Fortier et al.,
2011 [36]

Experimental
(13wk); RCT

120 (69) Inactive primary
care patients (Mean
47.3 yr): intensive vs.
brief PA counseling
intervention

Canada Exercise
self-regulations
(BREQ-2);
Self-reported
exercise (LTEQ)

Groups:
autonomy
supportive -
intensive vs.
brief PA
counseling

Higher perceived
need support,
autonomous
motivation
overtime

Higher reported
exercise overtime

Ancovas

Mildestvedt et al.,
2008 [68]

Experimental
(4wk); RCT

176 (22) Cardiac rehabilitation
patients (Mean 56 yr):
autonomy supportive
vs. standard rehab

Norway Exercise
self-regulations
(TSRQ);
Perceived need
support (mHCCQ);
Self-reported exercise

Groups:
autonomy
supportive vs.
standard rehab

No significant
differences

No significant
differences

Anovas with repeated
measures

Levy & Cardinal,
2004 [40]

Experimental
(2mo); RCT

185 (68) Adults (Mean 46.8 yr);
SDT-based mail
intervention vs.
controls

USA Exercise
self-regulations (EMS);
Perceptions of
autonomy (LCE);
Competence (PSPP);
Self-reported
exercise (LTEQ)

Groups:
SDT-based
mail vs.
controls

Women only:
increase in
perception of
autonomy

Women only:
increase
self-reported
exercise

Anovas with repeated
measures
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Table 1 Description of reviewed studies (Continued)

Silva et al.,
2010 [18]

Experimental
(12mo); RCT

239 F OW/Obese women
(Mean BMI: 31.5;
Mean 38 y); RCT

Portugal Exercise
self-regulations
(SRQ-E); Need support
(HCCQ); Perceived
autonomy (LCE);
Self-reported exercise
(MVPA, lifestyle, steps)

Groups:
SDT-based
weight loss
treatment
vs. controls

Higher need
supportive
climate,
autonomy
satisfaction, IM,
IDENT,
INTRO

Higher reported
exercise
(all measures)

Effect sizes; T-tests

Silva et al.,
2011 [32]

Experimental
(1 yr + 2y
follow-up); RCT

221 F OW/Obese women
(Mean BMI: 31.5;
Mean 38 y); RCT

Portugal Exercise
self-regulations
(SRQ-E) at 1 yr and
2 yr; Need support
(HCCQ); Self-reported
exercise (MVPA)

Groups:
SDT-based
weight loss
treatment
vs. controls

Higher 2-yr EXT,
INTRO and
autonomous
regulations

Higher
2-yr reported
exercise

Effect sizes; T-tests

Legend: F, female; M, male ; BIV, uni/bivariate associations; MV, multivariate associations; IM, intrinsic motivation; INTEG, integrated regulation; ID, identified regulation; INTR, introjected regulation; EXT, external
regulation; AMOT, amotivation; RAI, relative autonomy index; AutMot, autonomous motivations; CtMot, controlled motivations; Autonomy O., autonomy orientation; Controlling O., controlling orientation; Impersonal O.,
impersonal orientation; (+), positive association; (-), negative association; (n.s.), not significant. Superscript letters are used to signal associations between specific predictors and outcomes (check the ‘significant
predictors’ and ‘outcomes’ columns when applied). (*) is used when specific comments need to be made (check the ‘observations’ column on those cases).
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Organization of SDT predictors
Studies were generally organized based on the self-
determination theory process model, depicted in Figure 1.
The goal of the present manuscript was not to test this
model per se, which would involve a considerably larger
analysis. Instead, we focused exclusively on relations be-
tween each of these categories of variables and exercise
outcomes (described below). Results concerning exercise
self-regulations are listed first, followed by findings report-
ing the association between psychological needs satisfac-
tion and exercise behavioral outcomes. Next, results
concerning the measures of exercise motives/goals are
reported, followed by findings regarding the association
between perceived need support and exercise. Exercise
causality orientation studies are listed last. In addition, we
also identified interventions based on SDT and analyzed
their effects on exercise outcomes.

Exercise-related outcomes
Exercise behavior was evaluated through self-reported
measures (e.g., 7-day Physical Activity Recall (PAR) [25],
Godin Leisure-Time Exercise Questionnaire (LTEQ) [26])
in a total of 55 independent samples (78%). Three stud-
ies (representing 4 original samples) used accelerometry
or pedometry to measure physical activity (6%). Mea-
sures of stages of change for exercise participation were
employed in 13 samples (18%). A few other indicators
were also used in some cases (8%), namely exercise at-
tendance, number of exercise relapses, and exercise
dropout.

Data coding and analyses
Summary tables were created based on the analysis of
the available data (Tables 2 and 3). Sample characteristics
(i.e., sample size, age, gender) were summarized using a
tallying system and resulted in total counts (see Table 2).
The percentage of independent samples presenting each
characteristic from the total number of samples was also
included. A summary of the evidence for each SDT-
based construct was determined through a calculation of
the percentage of independent samples supporting each
association, based on whether the association was statis-
tically significant or not (see Table 3). In all studies, sig-
nificance level was set at 0.05. The measures of
association varied across the studies’ statistical methods,
as indicated in the column “observations” in Table 1, in-
cluding correlation and multiple regression coefficients,
t-test or ANOVA group differences (e.g., between active
and inactive groups), discriminant function coefficients,
and structural equation model path coefficients, among
others. Because many studies included bivariate associa-
tions (or direct paths in structural models) and also
multivariate associations (in regression or in structural
models), these were analyzed separately (see Table 2). A

sum code was built for each motivational construct based
on the following classification system: Positive (++) for
percentage K ≥75% and (+) for percentage K between 50-
75% showing positive associations in both bivariate and
multivariate tests; 0/+ or 0/- when the evidence was split
between no association (0) and either positive or negative
associations, respectively; and (?) for other results indi-
cating inconsistent findings or indeterminate results due
to a small number of studies available).

Results
Characteristics of studies and samples
The 66 located studies comprised a total of 72 inde-
pendent samples. The number of samples was higher
than the total number of studies because some studies

Table 2 Summary of samples characteristics

Characteristics Samples K (%)

Sample size

< 100 13 (18.0)

100-300 38 (52.8)

300-500 12 (16.7)

≥ 500 9 (12.5)

Gender

Women only 11 (15.3)

Men only 1 (1.4)

Men and Women – Combined 46 (63.9)

Men and Women – Separately 14 (19.4)

Location

Western countries 70 (97.2)

Non-western countries 2 (2.8)

Mean age, years

≤24 21 (29.2)

25-44 28 (38.8)

45-64 22 (30.6)

≥ 65 1 (1.4)

Design

Cross-Sectional 45 (62.5)

Longitudinal – Observational 16 (22.2)

Longitudinal – Experimental 9 (12.5)

Mixed Method 2 (2.8)

Exercise Data Collection

Self-reported Exercise 56 (77.8)

Exercise Stages of Change 13 (18.1)

Accelerometry/pedometry 4 (5.6)

Other* 6 (8.3)

Total K 72

Note: *Exercise relapses, weekly attendance, exercise adherence (home;
clinical), exercise dropout.
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analyzed data originating from more than one sample
(two samples: [27], [28], [29]; three samples: [30]; six
samples: [31]). On the other hand, 7 studies were pub-
lished using data from three original samples ([18,33,32];
[35,34]; [17,36]). A summary of the demographic charac-
teristics of participants and samples is reported in Table 2.
Samples tended to be mixed gender and included a range
of populations (e.g., healthy individuals, chronic disease
patients, overweight/obese individuals, exercisers), pre-
dominantly from Western cultures (97%), and mainly aged
between 25–65 years-old.
From the studies eligible for this review, 53 (K= 57)

analyzed associations between self-regulations and exer-
cise behavioral outcomes, 17 studies (K= 17) investigated
the relations between basic psychological needs and exer-
cise, 12 studies (K= 15) tested the associations between
motives and exercise, and 13 studies (K= 12) included
measures of perceived need support and evaluated its pre-
dictive effect on exercise-related outcomes (see Table 3).

Seven intervention studies, corresponding to 6 actual
interventions, were identified. It should be noted that
relations reported in the intervention studies were also
analyzed in the other sections (e.g., regulations, need
support, etc.)

Motivational predictors of exercise-related outcomes
Exercise behavioral regulations. A total of 57 samples (53
studies) analyzed associations between regulations and
exercise behavior. Of these, 37 were used in cross-
sectional designs, 10 in prospective designs, 7 in experi-
mental studies, and 2 in mixed designs. Regulations
were assessed with different instruments (53% with the
Behavioural Regulation in Exercise Questionnaire (BREQ)
and with Markland and Tobin’s revised version (BREQ-2)
[37] and reported results in several ways: Relative auton-
omy was evaluated as a composite score (e.g., the Relative
Autonomy Index (RAI), by which individual regulations
are weighted and summed to give an index of the extent

Table 3 Summary of associations between SDT predictors and exercise-related outcomes

% K Supporting associations

Predictors # of Studies K + - 0 Sum code

Exercise Regulations/Motivations

Intrinsic motivation 26 (22) 37 (24) 62 (92) 0 (0) 38 (8) +

Integrated regulation 6 (3) 8 (4) 62 (75) 0 (0) 38 (25) +

Identified regulation 27 (24) 38 (26) 74 (85) 2 (0) 24 (15) +

Introjected regulation 26 (25) 37 (27) 30 (52) 5 (4) 65 (44) 0/+

External regulation 26 (24) 37 (26) 0 (0) 43 (23) 57 (77) 0/-

Amotivation 10 (11) 14 (13) 0 (0) 36 (69) 64(31) 0/-

Relative autonomy (e.g., RAI) 8 (13) 8 (12) 88 (83) 0 (0) 12 (17) ++

Autonomous regulations 10 (10) 11 (11) 91 (82) 0 (0) 9 (18) ++

Controlled regulations 4 (6) 5 (7) 0 (0) 60 (0) 40 (100) 0/-

Need-Supportive Climate 6 (11) 6 (11) 50 (73) 0 (0) 50 (27) +

Psychological Needs in Exercise

Autonomy 4 (9) 5 (10) 20 (50) 20 (0) 60 (50) 0/+

Competence 8 (12) 9 (13) 56 (92) 0 (0) 44 (8) +

Relatedness 4 (7) 4 (8) 0 (38) 0 (0) 100 (62) 0

Composite score* 0 (2) 0 (2) 0 (100) 0 (0) 0 (0) ?

Exercise Motives/Goals

Intrinsic 7 (5) 8 (8) 100 (75) 0 (0) 0 (25) ++

Health/fitness 6 (1) 6 (1) 33 (100*) 33 (0) 33 (0) ?

Body-related 7 (5) 8 (8) 25 (63) 25 (12) 50 (25) 0/+

Exercise Causality Orientations

Autonomy* 1 (1) 2 (1) 100 (100) 0 (0) 0 (0) ?

Controlling* 1 (1) 2 (1) 0 (0) 50 (100) 50 (0) ?

Impersonal* 1 (1) 2 (1) 0 (0) 100 (0) 0 (100) ?

Legend: Results derived from multivariate analyses and uni/bivariate analyses (in parenthesis) are presented. K, number of samples. Positive (++) was used for
percentage K ≥75% and (+) for percentage K between 50-75% for both bivariate and multivariate associations; 0/+ or 0/- when the evidence was split between no
association (0) and either positive or negative associations, respectively; (?) for other results indicating inconsistent findings or indeterminate results (i.e., when
only a small number of studies were available, marked with *).

Teixeira et al. International Journal of Behavioral Nutrition and Physical Activity 2012, 9:78 Page 17 of 30
http://www.ijbnpa.org/content/9/1/78



A

C

E

B

D

F

Figure 2 (See legend on next page.)

Teixeira et al. International Journal of Behavioral Nutrition and Physical Activity 2012, 9:78 Page 18 of 30
http://www.ijbnpa.org/content/9/1/78



to which a person’s behavior is more or less autono-
mously regulated) in 23% of the cases (none of which
were experimental designs); autonomous and controlled
regulations were grouped and analyzed as two higher-
level types of regulation in 21% and 14% of the cases, re-
spectively. All major forms of regulation were assessed
and discriminated in 71% of the cases.
Nearly all studies using measures of relative autonomy

(8 of 9 K) reported positive associations with exercise be-
havior while studies investigating autonomous and con-
trolled forms of regulation (K= 11 and K= 5, respectively)
also found consistent, positive associations favoring au-
tonomous regulations as a predictor of exercise outcomes
(82/91%, depending on whether bivariate or multivariate
analysis is used). On the other hand, 3 independent sam-
ples (60%) showed negative associations in multivariate
models for non self-determined regulations, all others
(40%) showing no association. In bivariate analyses,
results for controlled regulations unanimously showed no
association. Results were similar across different study
designs, suggesting consistent positive effects of autono-
mous regulations on exercise behavior, and either nega-
tive or null effects associated with controlled regulations.
In one study with longer-term follow-up measurements,
prospective associations between regulations and exercise
behavior were reported [33] (see also Figure 2). The
authors found that both 12 and 24-month autonomous
regulations, but not controlled regulations, mediated the
effects of a SDT-based intervention on self-reported exer-
cise at 24 months [32].
Specific results concerning the separate autonomous

types of motivation showed positive associations be-
tween identified regulation and exercise behavior in 28
samples (74%) in multivariate analyses and 22 samples
(85%) in bivariate analyses. The only exception was a
study by Moreno et al. where the mean value for identi-
fied regulation was lower in a group reporting 60+ min
of exercise than among those who exercised less than
60 min (presumably each day; no details are provided).
Of note also are the mixed results found by Edmunds
et al. (2007) displaying negative associations for identi-
fied regulations in a multilevel model, but positive cross-

sectional associations at each of the 3 times points. The
authors indicated that the multilevel results “should be
ignored as they are a consequence of net suppression”
[38]; pg.737]. In 3 studies that analyzed identified regula-
tions [36,40,39], no significant association emerged.
Regarding intrinsic motivation, positive associations with
exercise behavior were reported in 23 or 22 independent
samples (62% or 92%), in multivariate or bivariate ana-
lyses respectively. No study reported negative associa-
tions and results were consistent independent of study
design. Few studies have tested the role of integrated
regulation, but it appears to positively predict exercise
behavior. Of 8 samples analyzed, 62-75% found positive
associations with physical activity, with increased
consistency found in bivariate analyses.
In an attempt to further clarify which single self-

determined type of motivation is more closely related
with behavior outcomes, a comparative analysis between
identified and intrinsic motivation findings was under-
taken. Twenty-five studies (K= 31) reported significant
associations for both variables, of which 12K were
derived from multivariate analysis, 5K from correlational
analysis, and 4K from both types of analysis. Seven stud-
ies (K= 7) found associations for identified regulation in
multivariate analysis, but only bivariate associations
for intrinsic motivation [44,45-43,42,41]. Three studies/
samples showed the converse [48,47,33], reporting asso-
ciations for intrinsic motivation in multivariate analysis
and only correlational bivariate associations for identi-
fied regulation. It should be noted that no study tested
whether the differences between the association coeffi-
cients (for identified regulation vs. intrinsic motivation)
with exercise were significant. Wilson et al. (2002) inves-
tigated bivariate predictors of different physical activity
intensities [49] and found that at mild intensities, asso-
ciations were significant only for identified regulation;
for moderately intense and strenuous exercise, both
identified regulation and intrinsic motivation were sig-
nificant predictors. Three additional studies/samples
showed significant associations only for identified regu-
lation [50,51,38]. In another study (K= 1) this regulation
was the only variable predicting fewer exercise relapses

(See figure on previous page.)
Figure 2 Title. Self-reported minutes of moderate and vigorous exercise per week as a function of exercise autonomous motivation.
Analysis includes 141 participants of the PESO trial [67] and data reports to variables assessed at 12 months (intervention end), 24 months (1 year
follow-up with no contact) and 36 months (2-year follow-up). The time-point values in exercise and motivational variables at each assessment
period were used (not change). Values used for tertile-split groups of autonomous motivation were calculated including all subjects (intervention
and control groups collapsed), adjusting for experimental group membership. Autonomous motivation includes the identified regulation and
intrinsic motivation subscales of the Exercise Self-Regulation Questionnaire [84]. Self-reported exercise was assessed with the 7-day Physical Activity
Recall interview [25] and quantifies moderate and vigorous structured physical activity (METs> 3) performed in the previous week (or typical of
the previous month if previous week was atypical, see reference 27 for more details). Panels B, D, and F show cross-sectional associations
(variables assessed at the same time point) and panels A, C, and E show “prospective” associations (motivation assessed one year earlier than
exercise). F for one-way ANOVA with letters in bar indicating multiple comparisons with Bonferroni post-hoc tests (different letters indicate
different means, p< .05).
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[52]. On the other hand, two studies found significant
associations only for intrinsic motivation [54,53].
For integrated regulation, only 6 studies (K= 8) were

available. Comparing results for integrated versus identi-
fied regulations no differences were found in the pat-
terns of association for all but one study [85] where
there was a significant bivariate association with exercise
for integrated but not identified regulation. Comparing
results between integrated regulation and intrinsic mo-
tivation, two studies show integrated regulation, but not
intrinsic motivation, as a significant predictor of exercise
in multivariate models [41,38] whereas in a different
study the opposite trend was observed using bivariate
associations [28].
All studies measuring stages of change for exercise par-

ticipation (K= 7) showed that autonomous regulations
increased across stages, being the highest in the action/
maintenance stages. However, only one study formally
tested differences for regulations’ means across stages of
change [52]. They found that for identified regulation
there was a progressive increase from preparation to ac-
tion to maintenance stage (ANOVA F= 25.1, p< 0.001)
whereas for intrinsic motivation, maintenance had sig-
nificantly higher means than both preparation and action
stages (F = 27.5, p< 0.001). Five of these studies used the
BREQ/BREQ-2 and 4 of these used discriminant function
analysis. In these 4 studies, identified regulation loaded
slightly stronger than intrinsic motivation on the primary
discriminant functions distinguishing across stages of
change. Authors tended to conclude that identified regu-
lation played a more important role in exercise adher-
ence when the full range of stages of change is
considered. Finally, in a study examining change in be-
havioral regulations among exercise initiates, Rodgers
et al. showed that both identified and intrinsic motivation
increased overtime and that, compared to regular exerci-
sers, initiates’ levels of identified and intrinsic motiva-
tions remained below regular exercisers’ levels even after
6 months of physical activity [31]. Authors also con-
cluded that identified motivation appeared to increase
faster than intrinsic motivation in these early stages of
exercise adoption [31].
Results from multivariate analysis concerning the con-

trolled types of motivation showed negative associations
between external regulation and exercise behavior in 16
independent samples (43%). The remaining samples
(57%) showed no associations. The trend for the absence
of an association between external regulation and exer-
cise was more apparent in bivariate analysis (77%).
Regarding external regulation across stages of change,
results show that external regulation generally decreases
across stages, being higher in the preparation/action
stages than in the maintenance stage. Furthermore, when
comparing genders, results suggest that among males

external regulation is negatively associated with exercise
in the latter stages of change (i.e., maintenance) whereas
among female there is no association at this stage.
Regarding introjected regulation, multivariate analysis

showed positive associations with physical activity in 11
independent samples (30%), 1 study (K=2) found nega-
tive associations (5%) and all others showed no associ-
ation (65%). Bivariate results pointed in a similar
direction, but showed more positive associations (52%).
Despite the positive associations with exercise behaviors,
the strength of association for introjected regulation
appears to be lower compared to self-determined types
of motivation, as reported in several studies [e.g., [55,49].
A closer look into the way introjected regulation predicts
exercise participation over time shows mixed findings.
Rodgers et al. (2010) studied initiate exercisers and found
significant, but small, increases in introjection overtime,
noting that these changes occurred mainly in the early
stages of exercise participation [31]. Increases in intro-
jected regulation were also observed across stages of
change in 5 of 7 independent samples, although these
were only significant in one case [e.g., [52]. In contrast,
Silva and colleagues showed that although introjected
regulation was cross-sectionally associated with exercise
at 12- and 24-month time points, 12-month regulation
did not prospectively predict (nor did it mediate) 24-
month exercise outcomes [33,32].
A possible gender effect might be relevant to under-

stand these mixed findings regarding introjected regula-
tions. In effect, a closer examination of all the studies
that explored gender differences with respect to the asso-
ciation between exercise regulations and behavior sug-
gests that introjected regulation may be more positively
associated with exercise among females, whereas among
males the association is negative or zero [e.g., [45,41].
Within the studies examining differences across stages,
results suggest that introjection is relevant for both gen-
ders in the action stage, but that in the maintenance
stage it is more relevant for women than for men [56,55].
It should be noted that only two studies reported associa-
tions for men: one showed a positive association in the
action stage and negative in the maintenance stage [55]
and another study showed a tendency towards a positive
association in the action/maintenance stage [57]. For
studies with mixed samples and not reporting gender dif-
ferences (the majority) the associations are mixed. Ex-
perimental studies confirm this pattern of mixed results,
some showing increases in introjected regulation over
the course of an exercise program [e.g., [39] and some
showing no significant changes [e.g., [58]. One notes that
null or unreliable results from introjection are theoretic-
ally expected within SDT, in which introjection is seen as
an unstable basis for motivation without positive long-
term utility.
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Regarding amotivation, 5 independent samples (36%)
showed negative associations with exercise outcomes in
multivariate analysis; the remaining studies (K= 9) showed
no associations. Correlational analysis showed negative
associations in 9 samples (69%) and no association in 4
samples (31%).
Need satisfaction. A total of 17 samples/studies were

used to analyze the associations between basic psycho-
logical needs and exercise behavior. Ten samples were
evaluated in cross-sectional designs, 3 within prospective
studies and 3 in experimental designs. One study used
mixed methods (cross-sectional and prospective). Differ-
ent instruments were used to assess basic needs, a fact
that does not facilitate the comparison of results be-
tween studies. The Psychological Need Satisfaction for
Exercise Scale [16] was adopted in 24% of the cases and
was the most frequently used measure. Competence was
assessed in 14 (82%) independent samples, autonomy in
11 (65%) samples, and relatedness in 9 (53%) independ-
ent samples. An examination of the specific multivariate
results for each basic need showed that perceived com-
petence was positively associated with physical activity
in 56% of the independent samples, while the remaining
samples showed no association (44%). The pattern of as-
sociation was much clearer in correlational analysis with
12 samples (92%) reporting positive associations.
Regarding autonomy need satisfaction, findings were
mixed and generally ranged from no association (60% in
multivariate analysis) to moderate positive or negative
associations (20% for each). Nevertheless, positive corre-
lations were reported in 5 studies/samples (50%) using
bivariate analysis. Regarding relatedness, multivariate
results consistently reported an absence of associa-
tions with exercise behavior (K= 4, 100%). Correlations
showed a similar pattern, even though a general trend
towards a positive association with exercise behavior was
identified (38%). No negative associations with exercise
outcomes were observed for the perceived fulfillment of
any of the 3 needs. A composite score was created to as-
sess overall exercise psychological need satisfaction in 2
(of 17) samples; positive associations with exercise be-
havior were reported in both cases.
Exercise motives. A total of 12 studies (K= 15) investi-

gated the associations between motives (or goal con-
tents) and exercise behavior. Of these studies, 8 were
cross-sectional, 3 prospective, and 1 used a mixed design
(cross-sectional and experimental). Regarding the instru-
ments used to measure exercise motives, there is some
inconsistency: the Motives for Physical Activity Measure
(MPAM) or MPAM revised/adapted versions [59,27] of
it were used in 6 independent samples (40%), 3 samples
(20%) measured exercise motives using the Exercise
Motivations Inventory - 2 (EMI-2) [60], and in other 3
samples (20%) the Intrinsic Motivation Inventory (IMI)

[61] was employed to evaluate intrinsic motives and the
Extrinsic Motivation Inventory (Lee’s EMI) [62] to meas-
ure extrinsic motives. Sebire and colleagues (2009) [19]
used the recently developed Goal Content for Exercise
Questionnaire [63] while Segar and colleagues used an
inductive, qualitative method to assess exercise motives
in one study [64], and performed a cluster analysis to
identify homogeneous groups of goals, intrinsic and ex-
trinsic, in another study [65].
Multivariate results showed that intrinsic motives (e.g.,

challenge, affiliation, enjoyment) were positively asso-
ciated with exercise behavior in all samples (K= 8,
100%). A similar trend was observed in correlations
(75%). Regarding body-related motives, multivariate
findings were mixed regardless of the statistical analysis
performed: in multivariate analysis, 25% of the samples
showed positive associations and 25% reported negative
associations; in correlational analysis, a general trend to-
wards a positive association was identified (63%). The pat-
tern of association was less clear for health/fitness motives
with 33% showing positive associations, 33% showing
negative associations, and other 33% not finding any asso-
ciation. There was only one study/sample performing cor-
relational analysis to explore the links between health
motives and exercise [46]; positive associations were
reported. As expected from theory, controlled motives
(social recognition, appearance/weight) did not predict, or
negatively predicted, exercise participation [46].
Perceived need support. Environments perceived as

more need-supportive were positively associated with
increased levels of self-reported physical activity in 3 (of
6) independent samples tested with multivariate analysis
(50%). This increased to 73% (K= 8) in correlational ana-
lysis. The remaining studies/samples showed no associ-
ation. In the majority (67%) of independent samples
perceived need support was assessed using the Health
Care Climate Questionnaire [66].
SDT-based Interventions. To date, only a few interven-

tions have been designed to promote exercise-related
behaviors by specifically increasing personal autonomy
in the form of exercise autonomous self-regulation in
adults [e.g., [17,40,68,39,67,69]. Some of these trials are
still ongoing and all have been conducted in Western
cultures. Of 7 interventions (with available data), 6
(86%) found significant differences favoring the SDT-
based intervention group for perceived autonomy sup-
port, need satisfaction, and autonomous and introjected
regulations for exercise, as well as greater self-reported
exercise. In addition, one of these interventions found
gender differences, reporting significant increases in per-
ceived autonomy support and self-reported exercise only
for women [40]. In contrast, there was one study in a
clinical setting that did not find significant differences
in perceived autonomy support and exercise behavior
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between autonomy support group and controls [68].
The authors argued that their additional individual SDT-
based 4-week intervention, added to standard cardiac
rehabilitation, might have been too limited (i.e., an in-
sufficient number of sessions) to achieve significant
between-group differences.
Edmunds and colleagues tested a SDT-based interven-

tion in an exercise setting, examining the effect of an
autonomy-supportive teaching style on female exercisers’
psychological needs, motivational regulations, and exer-
cise behaviors during a 10-wk exercise program [39].
They found that the intervention increased autonomous
self-regulation, need satisfaction, and attendance [39]. Al-
though not a randomized controlled trial, results were
similar to those obtained in several RCTs. For instance,
Fortier et al. [17] tested an autonomy-promoting counsel-
ing protocol for promoting physical activity in sedentary
primary care patients in a 13-week RCT. Results showed
that the intervention was successful in changing autono-
mous self-regulation to reach activity goals (vs. a brief
counseling protocol) and that higher autonomous regula-
tion for exercise mid-intervention predicted higher levels
of physical activity at the end of the intervention in the
intervention group. The longest RCT to date to evaluate
autonomy support, need satisfaction, motivation, and ex-
ercise behaviors was implemented in 239 overweight
women, through 30 weekly group sessions for about
1 year, with a 2-year follow-up [67]. A few features of this
study clearly distinguish it from the remaining interven-
tion studies reviewed (see Table 2, table VI): larger sample,
considerably longer intervention and follow-up assess-
ments up to 3 years, and the use of mediation analysis to
predict long-term changes in physical activity. Results
showed that the intervention was perceived as need-
supportive, it increased perceptions of competence and
autonomy for exercise, increased autonomous regulations
(and to a lesser degree introjected regulation, but not ex-
ternal regulation), and increased exercise behavior [18].
Exercise level was clearly associated with level of autono-
mous motivation for all subjects, both concurrently and
prospectively, as depicted in Figure 2. Only autonomous
regulations were found to mediate the intervention effect
on exercise in the long-term [33,32].

Discussion
The aim of this review was to examine the empirical lit-
erature on the relations between SDT-based constructs
and exercise and physical activity. The review demon-
strates the recent growth in the application of this theory
to the study of exercise and physical activity motivation,
with 53 of the 66 papers identified being published in the
last five years. The theory has been applied to a wide range
of physical activity contexts including recreational exer-
cise, weight loss programs and clinical populations, and

across a range of ages. The majority of studies employed
cross-sectional designs but comparable results are found
across cross-sectional, prospective, and experimental
designs.

Behavioral regulation and exercise
The vast majority of studies included an examination of
the relations between behavioral regulation and exercise
behavior. Of these, most included some or all of the indi-
vidual regulations specified within SDT whereas others
have collapsed autonomous and controlled forms of regu-
lation into summary scales or adopted the RAI. The
results show consistent support for a positive relation be-
tween more autonomous forms of motivation and exercise
behavior, whether single regulation, summary measures,
or the RAI are used. Intervention studies are also clearly
supportive as are studies examining the endorsement of
different forms of behavioral regulation across the stages
of change, consistently showing that more self-determined
regulations distinguish between individuals in the later
stages from those in the early stages.
When considering the more autonomous forms of be-

havioral regulation separately, positive associations for
identified regulation are found slightly more consistently
in comparison to intrinsic motivation in multivariate
analyses, whereas intrinsic motivation is somewhat more
consistently predictive of exercise behavior in bivariate
analyses. A similar trend was found for integrated regu-
lation versus intrinsic motivation, but based on much
fewer studies. This could be interpreted as suggesting
that, independent of other regulatory motives, identified
regulation (or integrated regulation) is the single best
correlate of exercise. This notwithstanding, the SDT
continuum of motivation [10] suggests that regulations
that are more closely located in the continuum of auton-
omy specified by SDT (such as identified and integrated
regulation, and intrinsic motivation) are expected to
share some degree of variance, highlighting the theoret-
ical expectation that regulatory factors are often simul-
taneously operative. This renders the question of which
sub-type of autonomous motivation is more important
in explaining and promoting exercise behaviors difficult
to solve. Nonetheless, a number of authors have dis-
cussed this issue, attempting to explain results “favoring”
either identified or intrinsic motivation. For example,
Mullan et al. [57] argued that intrinsic motivation alone
is unlikely to sustain long-term regular engagement in
exercise, given all the organization and commitment it
entails. Edmunds et al. [44] suggested that because sus-
taining a physically active lifestyle presumably requires a
high degree of effort, often for mundane or repetitive ac-
tivities, regulation by identification with the outcomes
may be more important than exercising for fun and en-
joyment, or to challenge oneself. Finally, Koestner and
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Losier (2002) proposed that in behavioral domains that
require engagement in a range of different activities that
vary in their intrinsic appeal, internalization of the value
of the outcomes of the activities is likely to lead to
greater persistence than being intrinsically motivated
[70]. Clearly exercise is one such behavioral domain.
Because health promotion campaigns typically market

exercise more in terms of health-related outcomes than
in terms of its intrinsic value, the primary source of self-
determined motivation among active individuals might
derive from a valuing of these outcomes, even if they
also find exercise intrinsically enjoyable [55]. Conversely,
in contexts where enjoyment in and genuine interest for
exercise is emphasized over the outcomes, one might ex-
pect intrinsic motivation to be more salient to indivi-
duals. In support of this, in Silva et al.’s intervention that
explicitly emphasized enjoyment, mastery and challenge
rather than the outcomes of exercise, intrinsic motiv-
ation was a more consistent predictor than identified
regulation of moderate and vigorous exercise [33].
Clearer definitions of the nature of the exercise beha-
viors under investigation (type, intensity, volume, dur-
ation, time in the same activity), which may vary within
and among studies, and their potential appeal to the in-
dividual may shed additional light onto this issue. Some
types of physical activity may be inherently intrinsically
motivating for many individuals, especially when they in-
volve self-chosen optimal challenges that can help
people enjoy the sense of autonomy and mastery, factors
that underpin intrinsic motivation.
As Daley and Duda [55] point out, most of the re-

search showing a stronger effect for identified regulation
has been cross-sectional and a few studies, including ex-
perimental studies lasting for several years, have shown
intrinsic motivation to be critical for longer-term en-
gagement [44,32]. Furthermore, a major limitation in
interpreting findings concerning a benefit for either
identified regulation or intrinsic motivation is that where
associations for both have been found, authors have not
conducted statistical tests to determine the unique
effects of each type of regulation, nor whether the larger
effect is in fact statistically significant. Given also the
lack of longitudinal or experimental studies to determine
whether differential benefits for the two types of regula-
tion might emerge over time, it would be advisable for
the time being to recommend fostering both identifica-
tion and intrinsic motivation in order to promote opti-
mal behavioral outcomes. Both of these autonomous
forms of motivation share common antecedents in terms
of support for autonomy and competence. Identification
could be specifically promoted by emphasizing the per-
sonal instrumental value of exercising with regard to
health, optimal functioning, and quality of life. At the
same time, intrinsic motivation could be promoted by

emphasizing fun, skill improvement, personal accom-
plishment, and excitement while exercising. Furthermore,
the focus should be not only on the amount of exercise
performed, or long-term adherence per se, but also on the
enhanced well-being and vitality associated with exercise.
Indeed, intrinsic motivation has been shown to be not
only related to persistence at a task but also with psycho-
logical health and improved well-being [15].
The results for more controlled forms of regulation

are mixed. No studies have found a positive association
for controlled motivation at the summary level of ana-
lysis, nor for external regulation at the individual regula-
tion level. However, while a substantial number of
studies found a negative association, the majority found
no association. There is a trend for external regulation
to be negatively associated with exercise in the later
stages of change among males, but no association among
females, suggesting that more active males might re-
spond more negatively to social pressures to exercise.
Concerning introjected regulation specifically, results

are split between positive and null relations with exercise,
with a clear predominance of the latter in multivariate
analyses. This internally controlling form of regulation is
generally theorized to be associated with more maladap-
tive outcomes such as negative affect, feelings of guilt,
and lowered self-esteem [12]. People who feel internally
pressured to exercise are likely to experience some de-
gree of guilt or shame if they do not exercise, and the po-
tential to enjoy it and experience the positive well-being
consequences of this behavior will be decreased. Further-
more, research examining the motivating forces behind
exercise dependence, which is considered to be maladap-
tive, has found introjected regulation to be the strongest
predictor of this type of dependence [51]. Nonetheless,
the periodic finding of a positive relation between intro-
jection and adaptive behavioral outcomes in both exer-
cise and other behavioral domains has been attributed to
the partial internalization of external pressures from, for
example, health promotion messages [52] or parental
expectations [71].
When energized primarily by introjected motives, ex-

ercise participation may occur at some cost to psycho-
logical health, a factor most exercise adherence studies
have not quantified. By contrast, recent evidence in
overweight women showed that a summary measure of
controlled exercise regulation (including introjected and
external regulation items) was unrelated to psychological
well-being, although controlled motivation to participate
in obesity treatment predicted lower quality of life and
self-esteem, and higher state anxiety [72]. A more
refined analysis of introjected forms of motivation,
breaking it into an approach-orientated motivation (to
seek positive feelings such as self-aggrandizement and
pride) and an avoidance-oriented motivation (to avoid
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negative feelings such as shame, guilt, and anxiety) could
help clarify the role of introjected regulation on psycho-
logical and possibly also on behavioral outcomes [20].
Introjected avoidance regulation has been shown to yield
more negative psychological correlates, including less
engagement in school or poorer sports performance
than introjected approach regulation [73]. The former
was also more strongly associated with identified regula-
tion than the latter. To our knowledge, studies have not
yet addressed the differential association of these sub-
types of introjected regulation with exercise behavior
adoption or persistence.
The studies reviewed here also show a trend for an in-

crease in introjection over time in the longitudinal or ex-
perimental studies, or across stages of change. However,
observed (or assumed) increases in introjection with
time do not necessarily mean that this variable explains
or mediates increases in exercise. For instance, introjec-
tion has been found to be significantly associated with
exercise when both were measured at the same time
point, but not prospectively [32], suggesting that regula-
tion by introjection may not lead to sustained exercise
behavior. Furthermore, and despite observed increases
in introjected regulation as a result of an SDT-based
intervention [18], only autonomous motivation was pre-
dictive of long-term moderate and vigorous exercise in
mediation analysis [32]. Unfortunately, there is only one
study [32] reporting such long-term prospective associa-
tions between experimentally-induced changes in motiv-
ation and exercise behavior.
Our analysis of the relation between introjection and

exercise for those studies reporting associations separ-
ately for males and females provides some evidence for a
gender effect. Where such effects occur, introjection
appears to be more positively associated with exercise
among women, whereas among men there is a negative
association or no association, especially in the mainten-
ance stage of change. Some studies also report no differ-
ences. Given the pervasive societal and media pressures
on women to have a slim and toned physique [74], this
is perhaps not surprising. In the majority of studies, gen-
der differences are not reported, making it difficult to
draw firm conclusions but the trends we observe here
for both introjection and external regulation suggest that
future research would do well to consider possible gen-
der differences rather than assuming no such differences
and collapsing data across gender.
Finally, with regard to behavioral regulations and exer-

cise, unsurprisingly no studies found a positive associ-
ation between amotivation and exercise. The remaining
studies showed either a predominance of null findings
(nearly 70% in multivariate analyses) or negative associa-
tions (64% in bivariate analyses). Closer examination of
these studies shows a trend for a sample effect. In all five

studies showing no association the samples comprised
either non-exercisers or a mixture of non-exercisers and
exercisers, while the majority of studies showing nega-
tive associations comprised regular exercisers. Further-
more, it is noteworthy that fewer studies have assessed
amotivation in comparison to those assessing the other
regulations. This is understandable given that amotiva-
tion refers to the absence of both intrinsic and extrinsic
motivation and represents a complete lack of self-
determination and volition with respect to the target be-
havior [12]. Therefore one would expect to rarely see
highly amotivated individuals in exercise settings. Add-
itionally, different authors have put forth the hypothesis
that individuals could also be autonomously motivated
to not participate in exercise upon consideration, per-
haps even when they can perceive some value in the be-
havior [7,20]. In some respect, they would be
“autonomously amotivated” towards exercising. To the
extent this would occur, it might also confound the asso-
ciation between amotivation and exercise, since these
individuals might not score high on typical amotivation
items such as “I don’t see the point in exercising” and “I
think that exercising is a waste of time”, despite behind
sedentary. It should also be noted that, empirically, it is
difficult to distinguish amotivation from a lack of con-
trolled or autonomous regulation [46]. Hence, including
amotivation along with controlled and autonomous
regulation in the same model might introduce a con-
found and could help explain the absence of associations
in multivariate analyses.

Need satisfaction and exercise
Rather less attention has been paid to examining the
associations between satisfaction of psychological needs
and exercise than for behavioral regulations. The use of
different instruments to assess basic need satisfaction
(both domain-general and domain-specific measures),
differences in the number of needs assessed, and their
combined or separate analyses do not facilitate easy
comparison of results across studies. Generally, compe-
tence satisfaction has been the most frequently assessed
need and the literature shows consistent support for a
positive association with exercise. In this review, twice
as many studies reported bivariate associations between
need satisfaction and exercise, compared to multivariate
analyses. In bivariate analyses, no studies report a nega-
tive association between autonomy and exercise and the
remaining results are split equally between positive and
null associations whereas multivariate results are more
mixed. Results for relatedness satisfaction are also mixed
in bivariate analyses, although again no studies found a
negative association with exercise. The exercise context
might explain a lack of association for relatedness satis-
faction. In some contexts, engaging in solitary exercise
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being the most obvious, the need for relatedness might
simply not be an issue. Inconsistency in the measures
used to assess the needs, and therefore their operational
definitions, and a lack of applicability of particular scales
to different exercise contexts might be concealing posi-
tive associations for autonomy.
In interpreting the results for need satisfaction and ex-

ercise, it is important to note that only direct effects of
need satisfaction on exercise (whether from bivariate or
multivariate association or direct paths in structural mod-
els) were considered in the present review, a fact that does
not consider their indirect effects. In fact, theorizing
within SDT stresses that the internalization of behavioral
regulations is fostered by the satisfaction of basic psycho-
logical needs, and thus autonomous regulations would
mediate associations between need satisfaction and be-
havioral outcomes. In current interpretations of medi-
ation analysis, a significant association between an
independent and a dependent variable is not a necessary
condition for the possible occurrence of significant indir-
ect (i.e., mediated) effects between them [75]. This high-
lights the importance of conducting more sophisticated
analyses, such as path analysis or structural equation
modeling, to clarify the mediating role of need satisfaction
in the development of self-determined motivation. In-
deed, going beyond the simple direct associations between
behavioral regulations or need satisfaction and exercise
(which are the main focus of this review), it is important
to note that several studies have tested one or more parts
of SDT’s proposed motivational sequence(s) for physical
activity behaviors (see Figure 1). Relations from perceived
autonomy support to exercise behavior, via psychological
needs and regulatory styles have been tested (in part or
all) in several studies and in general these confirm the
proposed sequences [17,44,43,77,76,38,33]. In one case
this was tested with a longitudinal randomized controlled
trial using structural equation modeling [33,32], which
empirically supported the motivational sequence proposed
by SDT (i.e., need-supportive health care climate -> need
satisfaction -> autonomous exercise regulation -> exer-
cise behaviors).

Participation motives and exercise
Following some early work in the 1990s, there has been
a resurgence of research in recent years on the role of
exercise participation motives or goal contents. The ra-
tionale for this is that some motives (e.g., affiliation, skill
development) are more intrinsically-oriented and likely
to be experienced as autonomous whereas others (e.g.,
body-related motives such as weight or appearance man-
agement) are more extrinsic and likely to be experienced
as internally controlling. Studies show a consistent posi-
tive association between more intrinsic motives and exer-
cise. Findings for fitness/health and body-related motives

are mixed. For fitness/health, although no studies found a
negative association, an absence of association is more
frequently found than positive associations. This might
reflect different ways in which fitness/health motives have
been operationalized. Health/fitness motives can reflect
health pressures or threats (e.g., medical advice) or be
associated with drives for thinness or an attractive image.
Yet health and fitness motives can also reflect more posi-
tive concerns such as general health promotion, increas-
ing physical strength for performing daily activities,
reducing pain (e.g. lower back pain or discomfort in
joints), or feeling more energy and vitality. Thus, concep-
tually, being concerned about health or fitness per se
cannot be easily defined as either intrinsic or extrinsic,
as it depends on what the motive means to the individ-
ual [78].
Similarly, results for body-related motives results are

also mixed, despite a preponderance of both positive and
null findings, relative to negative associations. For a more
in-depth understanding of the relation between participa-
tion motives and exercise, the characteristics of exercise
participation (e.g. type, intensity, total volume) and type
of sample need to be taken into account. For example,
Frederick and Ryan (1993) compared individuals whose
primary physical activity was a sport with individuals
whose primary physical activity was a non-sport fitness
activity [59]. The sport participants had higher interest/
enjoyment and competence motives whereas the fitness
participants had higher body-related motives. Further-
more, the apparent positive (at least in the short term)
role of these motives on exercise may then be mediated
by the development of introjected regulation. Ingledew
et al. [79,46] found that body related motives were asso-
ciated with introjections and a recent study [41] found
that introjected regulation predicted exercise intensity
among females.

It is important to note, as Markland and Ingledew
pointed out [46], that holding controlled motivations is
not necessarily problematic, motivationally speaking, as
long as self-determined regulations are also held. It has
been suggested [20], for example, that a person may strive
for a physically appealing body (an “extrinsic” motive) be-
cause her partner praises her good looks (controlled mo-
tivation) and at the same time she may personally value a
fit appearance (autonomous motivation). Thus, although
intrinsic goals tend to be pursued for autonomous reasons
and extrinsic goals tend to be pursued for controlled rea-
sons [81], the content of, and reasons for pursuing aspira-
tions can be empirically crossed. Therefore, exercise
promotion programs should take care not to explicitly or
implicitly denigrate appearance/weight motive or any
other motive for exercising, which may lead individuals to
perceive that their autonomy is threatened, with conse-
quent defiance and dropout [46]. Instead, acknowledging
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the validity of individuals’ motives in a need-supportive
context may ultimately promote movement away from
controlled regulations toward more autonomous commit-
ments to be active.

Experimental studies
It is encouraging to see that in more recent years
researchers have turned their attention to experimental
studies evaluating interventions based on SDT princi-
ples. However, all but one were shorter than 3 months
in duration and involved a small amount of contact time
with the participants, in some cases amounting to ap-
proximately 2–3 in-person sessions. The remaining con-
tacts were performed via telephone [e.g., [17,68,69], and
one of these interventions relied solely on email booster
messages to promote self-determined motivation and be-
havior change [40]. By contrast, one intervention pro-
vided substantially more contact time, (thirty 2-hour
group sessions for about 1 year [18,67]). Not surpris-
ingly, intensity, depth, and strategies used to promote
personal autonomy and the development of intrinsic
motivation for exercise also varied among these inter-
ventions. Some interventions were limited to strategies
such as encouraging participants to make their own
choices, providing information, setting realistic goals,
and/or encouraging participants to seek and find forms
of social support [e.g., [17,40]. Others included a more
comprehensive set of strategies, more fully embracing
SDT propositions [18,39,67] including providing a clear
rationale for behavior change, acknowledging ambiva-
lence and internal conflict, providing a menu of options,
minimizing controlling influences (e.g., use of pressure,
demands, and extrinsic rewards), and promoting compe-
tence through optimal challenge and giving informative
feedback [18,33,32]. In sum, existing interventions are
limited in number and highly varied. Longer and more
comprehensive longitudinal interventions are needed,
especially those which work toward the development of
autonomous motivation, allow more time for changes in
motivational and behavioral processes to take place, and
assess whether those changes (and associations) persist
in the long-term.

Conclusions
Overall, this review provides good evidence for the value
of SDT in understanding and promoting exercise behav-
ior. The clearest finding of this review concerns the
beneficial role of developing autonomous self-regulation,
be it predominantly via autonomous forms of extrinsic
regulation (i.e., identified and integrated regulation) or
enhanced intrinsic motivation. The present literature is
consistent in showing that all forms of autonomous regu-
lation predict exercise participation across a range of
samples and settings. There is also increasing evidence

that a motivational profile marked by high autonomous
motivation is important to sustain exercise behaviors
over time, although the pool of studies supporting this
inference is limited. Longer-term studies and follow-ups
will be especially important in evaluating the relative effi-
cacy of identified versus intrinsic regulations in exercise
maintenance. For the moment, evidence is consistent
with the hypothesis that reporting well-internalized ex-
trinsic regulations, such as personally valuing certain out-
comes of exercise, is a particularly important factor for
initial adoption (when cognitive factors such as rationally
weighing pros and cons may be decisive but experiential
knowledge of exercise may be limited). Conversely, there
is some indication that a predominance of intrinsic mo-
tivation (i.e., valuing the actual experience of exercise) is
especially important for longer-term exercise participa-
tion. It is also important to highlight the strong co-
variance between identified/integrated regulations and in-
trinsic motivation, especially since these different forms of
autonomous motivation share some common antecedents
that would be applied in intervention settings.
We suspect future studies may come to identify signifi-

cant moderating factors for the role of specific regulations
on exercise adherence, such as age, gender, previous health
conditions, or social norms and social desirability. For in-
stance, current public campaigns against obesity may have
enhanced the perceived utility of exercise for weight con-
trol and health (as a preventive or treatment “medicine”),
inadvertently minimizing experiential rewards of exercise
such as social interaction, expression of personal skills
and abilities, self-development, or pure enjoyment. The
experiential qualities of exercise were highlighted as a
critical factor for adherence in a recent review of media-
tors of physical activity behavior change [82]. On this
note, it is perhaps no coincidence that in the current pub-
lic health dialogue about “exercise as medicine”, physical
activities not typically associated with the term “exercise”
such as playing sports, dancing, or outdoor exploration
activities are rarely mentioned. From a public health/
exercise promotion perspective, this could be a limiting
factor if such activities, rich in their intrinsic appeal al-
though less likely to be monitored and supervised, are not
considered viable options in professionals’ exercise pre-
scriptions or as targets of public policy promotions.
Again, future research with long-term outcomes and also
exploring predictors of different forms of exercise should
help elucidate these issues.
Two additional conclusions can be derived from the

present review. One is that having more intrinsic partici-
pation motives or goals associated with exercise, such as
affiliation and social engagement, challenge, and skill de-
velopment, is clearly associated with greater exercise
participation. Since these motives are associated with in-
trinsic motivation [22,34], it may be especially important
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that health professionals are trained in distinguishing the
“signs” of intrinsic (vs. extrinsic) motives in their
patients and promoting them at every opportunity, aim-
ing at long-term exercise maintenance. The other is that
reporting increased perceived competence for exercise is
also positively predictive of more adaptive exercise be-
havioral outcomes. Together, the previous findings have
important implications for practice. It serves as evidence-
based support for health professionals to strive not only
to provide sufficient structure and optimal challenge to
promote feelings of mastery and competence in their cli-
ents and patients, but also to encourage professionals to
actively explore with the people they counsel reasons to
be physically active that go beyond the most common
motives such as improved body shape and attractiveness.
Finally, as we discussed previously, the consequences of
health and fitness-related motives, including weight loss,
are perhaps more complex and likely moderated by
other motivational aspects.
Limitations in the collective body of work are worthy

of consideration as they bear on avenues for future re-
search. A major limitation concerns the heterogeneity of
the samples in the majority of studies. Heterogeneity
within samples with regard to such factors as age, gen-
der, weight or body composition, and fitness status may
be contributing to variability across studies. While gen-
eral motivational patterns are likely to remain constant
(e.g., autonomous motivation being more likely to pro-
mote long-term exercise adherence), there may be much
to learn by examining motivational profiles that are spe-
cific to different demographic groups or to individuals at
different stages of change for exercise. For instance, a re-
cent study [63] highlights the existence of different pat-
terns of motivation between long-term exercisers versus
beginners. Similarly, more enduring individual differ-
ences could be explored. Only one study has examined
the relations between exercise causality orientations and
exercise, and none have explored general causality orien-
tations, despite the fact that such individual difference
measures have been shown to predict adaptive outcomes
in other health-related contexts [e.g., [108]. Finally, SDT
has a history of strong experimental work on motiv-
ational factors but experimental work in the exercise do-
main itself could be expanded to better examine the
causal mechanisms and process aspects of motivation
for physical activity. Cross-sectional research is now
abundant, and generally supportive, but it needs to be
complemented with more applied intervention and
translational studies that adequately model, implement,
and evaluate key hypotheses about why and how indivi-
duals adopt and sustain more physically active lifestyles.
The methodology used in this review may also limit its

conclusions. First, unpublished studies, evidence from
grey literature, and data from non-English publications

were not included. Although this is a frequent occur-
rence in scientific systematic review papers, it may pro-
vide an incomplete account of all studies in this area.
Second, the way in which results from each study were
classified and quantified (see Table 3) is somewhat arbi-
trary and subject to criticism and various interpretations.
Third, as stated before, the decision to only evaluate dir-
ect paths is also inherently limiting considering that the
distal effects of some variables on behavior is thought to
be mediated by other intermediate variables. Unfortu-
nately, few studies are available to assess these more
complete causal paths. Finally, our definition of “behav-
ioral variable” to describe the outcome of choice, lump-
ing together self-report and direct measures of behavior,
and also attendance and stages of change is clearly not
without reproach. Although we felt this was the best de-
cision considering the relative paucity of studies for vari-
ous measures, future studies might want to be more
specific and/or selective in their outcomes of choice.
In sum, it is clear that the exercise domain has pro-

vided fertile ground for testing SDT’s precepts. While
testing and developing theory is a worthwhile activity in
its own right, the real significance of SDT will be rea-
lized if it can be employed to actually make a positive
difference in peoples’ lives. In this regard, the growing
evidence for the utility of SDT-based interventions for
promoting the adoption and maintenance of exercise is
a significant advance. Future studies would do well to in-
clude biological markers of successful exercise-related out-
comes such as increased fitness and reductions in disease
risk factors. Similarly, studies that include markers of psy-
chological well-being and mental health, such as self-
esteem, vitality, and symptoms of anxiety and depression
symptomatology would also be useful, given that accord-
ing to SDT only autonomously regulated behaviors can
translate into enhanced psychological wellness. Extending
SDT´s applicability beyond behavioral engagement in
exercise to actual improvements in health and well-
being would thus be another important step for SDT
research to influence health care policy and delivery.

Endnotes
aExercise outcomes covered in this review include

what is normally termed “exercise” (purposeful and for-
malized leisure-time physical activity, often with the goal
of improving fitness or health) but also, in a few cases,
less structured forms of exercise (e.g., walking minutes),
energy expenditure measures, and accelerometry data
(which cannot distinguish between different forms of activ-
ity). Although the term “physical activity” would aptly cover
the entire range of outcomes in this review, “exercise” is a
more specific term to what the large majority of studies
measured, with the use of instruments such as the Godin
Leisure Time Exercise Questionnaires (LTEQ, used in 55
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independent samples [77.5%]). For this reason, we will use
the two terms indiscriminately in this review.
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Abstract

Background: There is strong research evidence for falls prevention among older people in the community setting,
although most is from Western countries. Differences between countries (eg sunlight exposure, diet, environment,
exercise preferences) may influence the success of implementing falls prevention approaches in Asian countries
that have been shown to be effective elsewhere in the world. The aim of this review is to evaluate the scope and
effectiveness of falls prevention randomized controlled trials (RCTs) from the Asian region.

Method: RCTs investigating falls prevention interventions conducted in Asian countries from (i) the most recent
(2012) Cochrane community setting falls prevention review, and (ii) subsequent published RCTs meeting the same
criteria were identified, classified and grouped according to the ProFANE intervention classification. Characteristics
of included trials were extracted from both the Cochrane review and original publications. Where ≥2 studies
investigated an intervention type in the Asian region, a meta-analysis was performed.

Results: Fifteen of 159 RCTs in the Cochrane review were conducted in the Asian region (9%), and a further 11
recent RCTs conducted in Asia were identified (total 26 Asian studies: median 160 participants, mean age:75.1,
female:71.9%). Exercise (15 RCTs) and home assessment/modification (n = 2) were the only single interventions with
≥2 RCTs. Intervention types with ≥1 effective RCT in reducing fall outcomes were exercise (6 effective), home
modification (1 effective), and medication (vitamin D) (1 effective). One multiple and one multifactorial intervention
also had positive falls outcomes. Meta-analysis of exercise interventions identified significant benefit (number of
fallers: Odds Ratio 0.43 [0.34,0.53]; number of falls: 0.35 [0.21,0.57]; and number of fallers injured: 0.50 [0.35,0.71]); but
multifactorial interventions did not reach significance (number of fallers OR = 0.57 [0.23,1.44]).

Conclusion: There is a small but growing research base of falls prevention RCTs from Asian countries, with exercise
approaches being most researched and effective. For other interventions shown to be effective elsewhere,
consideration of local issues is required to ensure that research and programs implemented in these countries are
effective, and relevant to the local context, people, and health system. There is also a need for further high quality,
appropriately powered falls prevention trials in Asian countries.
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Background
Falls are recognized as a major cause of death and grow-
ing burden of disease world-wide [1, 2]. There has been
strong growth in the available research evidence from
randomized controlled trials investigating interventions
to reduce falls among older people living in the commu-
nity, with the most recent (2012) Cochrane review
reporting 159 studies with 79,193 participants [3]. How-
ever, data from several developed countries indicate that
despite this high volume of quality research, that key na-
tional indicators such as rates of falls related hospitaliza-
tions continue to increase (for example, in Australia,
trend data from 1999 to 2013 indicate an average 2% in-
crease in age-standardized fall related hospitalizations
per year) [4–6]. Importantly, if rates of fall related hospitali-
zations remain stable or increase, then with aging popula-
tions this means substantial growth in actual case numbers
of people being hospitalized due to falls (see Fig. 8.3 in [4]).
Population aging is occurring at differing rates between

countries [7]. Japan is the “oldest” country in the world,
with 26% of its population aged over 65 years [8]. Many
developed countries already have more than 15% of their
population aged greater than 65 years, [8] and are expected
to exceed 20% by 2050. In contrast, many developing
countries in Asia such as Malaysia, Thailand, Indonesia,
Cambodia, Vietnam and the Philippines have less than 10%
of their population aged more than 65 years [9, 10].
However, Asia is home to 60% of the world’s population,
[8] and has the fastest aging population of any region in
the world [11]. There is a need for a strong preventive ap-
proach to minimize the risk of falls and associated injuries
as countries’ aging populations grow.
The available research provides mixed evidence about the

magnitude of the problem of falls between countries. While
it is widely accepted from prospective, large scale represen-
tative samples in a number of Western countries that be-
tween 30 and 39% of the population aged greater than 65
will experience one or more falls in a 12 month period,
[12–14] the proportion of older people reporting falls in
the limited number of studies in Asian countries has gener-
ally been lower and considerably varied (14–34%, median
18%) [15–17]. Limitations to the design of most of these
studies in Asian countries include utilizing retrospective
data collection (recall of falls in the preceding 12 months),
and lack of representative sampling. There may also be
some cultural factors influencing whether or not a fall will
be reported by an older person, [18] which may contribute
to varying and under-reporting of falls outcomes.
Factors contributing to falls risk may also vary between

countries and cultures [18, 19]. Differences in intrinsic fac-
tors may include sunlight exposure, diet, stature, exercise
patterns and preferences, and knowledge and attitudes to-
wards ageing and falls prevention. For example, in a recent
qualitative study of older people in Thailand, falls prevention

was not noted as a perceived benefit of exercise, and some
family and cultural values were considered to be potential
barriers to older people becoming involved in exercise [20].
Another qualitative study in India reported that older people
often considered falls were random events, and not consid-
ered a health priority [21]. A study in China reported fatalis-
tic perceptions about falls being common among older
people, low levels of knowledge about falls prevention inter-
ventions were evident, and falls were often hidden from fam-
ily and doctors, and were not often discussed openly [22].
Differences in extrinsic factors also exist, including the home
and outdoor environment, and footwear [17, 21, 23]. Type of
housing and flooring surfaces vary substantially across Asia,
and outdoor environments such as footpaths are often
poorly maintained or non-existent. A study in China
highlighted environmental factors such as adequate lighting
on stairs and adequate step width as protective of falls (and
therefore poor lighting and narrow step width as risk factors
for falls) [17]. Additionally, there can be differences in health
services and systems, and engagement of older people in
these. Focus is often on treatment of acute health conditions,
and less on preventative care.
The growing evidence highlighting different rates of falls

and potential falls risk factors between countries raises the
question of whether interventions that have been shown to
be effective in one country may need some tailoring if being
introduced into countries that have considerable diversity
to the country where the intervention was shown to be ef-
fective. One recent scoping review has considered this issue
in the context of falls prevention studies that have been
conducted in South East Asian countries [23]. This review
reported some unique aspects of socioeconomic, geograph-
ical and cultural differences of South East Asian countries,
and identified limited quality research investigating falls
prevention interventions in this region. However, the ma-
jority of the studies reported were non-randomized trials,
studies were limited to only South East Asian countries,
and there was no quality assessment of the included stud-
ies. The objective of our systematic review paper was to re-
view the randomized controlled trial research evidence
conducted among older people living in the community
across the Asian region to identify (1) the type and number
of falls prevention interventions shown to be effective in
Asian populations; and (2) gaps for future research investi-
gating falls prevention interventions in Asian countries.

Methods
The 2012 community setting falls prevention Cochrane re-
view was used as the basis for this review as it is the most
recent and extensive systematic review and meta-analysis
available on this topic [3]. Studies in the Cochrane review
were categorized as to whether the study was undertaken
in an (i) Asian, or (ii) non-Asian country. Additionally, a
systematic review of the falls prevention literature published
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since the 2012 Cochrane review was also conducted, to
identify more recent falls prevention RCTs conducted in
the Asian region. This update component was guided by
the Additional file 1: PRISMA checklist to ensure the
results are reported systematically [24].
Intervention types were classified according to the

Prevention of Falls Network Europe (ProFaNE) classifica-
tion as (i) single interventions, (ii) multiple interventions
(two or more single interventions, applied to all partici-
pants), and (iii) multifactorial interventions (two or more
interventions, targeted to an individual’s risk factor profile,
often based on a falls risk assessment process – different
participants receive a different mix of interventions) [25].
Single interventions were further classified as described in
the ProFANE classification as (a) exercise, (b) medication,
(c) psychological, (d) environmental/assistive technology,
(e) interventions to increase participant knowledge, (f)
surgical interventions (eg cataract surgery, cardiac pace-
maker surgery), (g) interventions to address incontinence,
and (h) fluid or nutritional therapy. This intervention clas-
sification system was used in the 2012 Cochrane review,
[3] and was also used to classify the more recent RCTs.

Eligibility criteria for RCTs published since 2012 Cochrane
review
The additional studies included in this review met the fol-
lowing eligibility criteria: peer reviewed articles published
from January 2012 – November 2016; studies undertaken
in Asia; randomized controlled trials; people aged 60 years
and over – at least 50% of the sample; living in the
community, and reporting at least one falls outcome.

Information sources for additional RCTs
Studies were identified from six databases: Medline (Pro-
quest), CINAHL, PubMed, PsycINFO, SPORTDiscus and
Scopus for the time period described above. Reference lists
from the included articles were also scanned. Only papers in
English were included, no unpublished data, conference pro-
ceedings, books, poster abstracts or theses were included.

Search strategy for additional RCTs
The search strategy used a mix of keywords which could
be identified in the title and/or abstract. The search
strategy included fall* [Title/abstract] AND communit*
[Title/abstract] AND RCT [Title/abstract] OR randomi*
controlled trial [Title/abstract]. There were differences
between the databases for language and syntax, and
where this occurred only the abstract was searched.

Study selection for additional RCTs
Study selection was a three-stage process, stage one in-
volved one author (KF) screening all of the additional
identified papers based on their titles; stage two involved
screening abstracts according to the eligibility criteria;

and stage three involved two independent researchers
(KF and EB) screening full articles. Where disagreements
occurred the two researchers discussed the reasons for
their decision, referring back to the eligibility criteria
throughout the process, until they reached consensus.

Data collection process
Characteristics of the intervention programs undertaken in
Asian countries were retrieved from original publications
independently by two of the researchers (KH and EB/KF).
Comparing characteristics of the interventions (eg for exer-
cise – type, duration, frequency) provided an opportunity
to explore factors that may have contributed to the success
or failure of different interventions in Asian populations.

Study quality assessment for additional RCTS (post 2012
Cochrane review)
The Cochrane Collaboration’s risk of bias tool [26] was
used by two researchers (KF and EB) independently to as-
sess methodological quality of each paper (study quality of
the Cochrane review papers can be accessed in the
Cochrane review). Categories assessed by the tool include
sequence generation, allocation concealment, blinding
(staff, participants and outcome assessors), incomplete
outcome data, selective outcome reporting and other
sources of bias [26]. Risk of bias was assessed as “low risk”,
“medium risk” or “high risk” [26]. Where disagreement
occurred between the two assessors a third assessor (EJB)
also assessed those domains, discussed with the two inde-
pendent assessors their outcomes and came to a
consensus.

Analysis
Extracted data from all the Asian studies were tabulated,
and overall sample demographics and characteristics of
the interventions undertaken in Asian countries summa-
rized, to assist in interpretation of the primary outcomes.
The primary analyses for this paper involved meta-analysis

of falls outcomes (e.g. number of falls) by intervention type
(according to the ProFaNE classification) where there were
two or more randomized controlled trials conducted in
Asian countries with comparable data.
For the meta-analyses, number of participants and

events (falls, fallers, non-injurious falls) for each group
were sourced from all original articles (including
Cochrane review articles). RevMan 5.3 software was used
to conduct the analyses and generate the forest plots,
using a Mantel-Haenszel’s fixed effect model (with odds
ratios and 95% confidence intervals calculated) [27].
Visual inspection of the forest plots and the I2 statistic
were used to assess heterogeneity. When heterogeneity
was deemed as high (I2 > 50%) a random effects model
was applied. Where a study had two intervention groups
and one control group, the intervention groups (i.e.

Hill et al. BMC Geriatrics  (2018) 18:3 Page 3 of 21



dichotomous data) were summed (as recommended by
Cochrane) for both the outcome (e.g. number of falls) and
the sample size independently [27]. Subgroup analysis was
undertaken where two or more programs/services within
the intervention type could be grouped, for example Tai
Chi within exercise interventions. Studies with group
differences in baseline characteristics were omitted. Statis-
tical significance was considered at p ≤ 0.05. Some studies
reported more than one single intervention arm compared
to a control arm. In these cases, if separate falls data were
reported for each of the single interventions, then these
were reported separately in the tables and meta-analyses.

Results
Of the 159 randomized controlled trials reported in the
2012 Cochrane review [3], 15 (9%) were conducted in
Asian countries (Japan, n = 6; [28–33] Taiwan n = 6;
[34–39] Thailand, n = 2; [40, 41] and China/Hong Kong,
n = 1 [42]). The remaining 144 published randomized
trials were from non-Asian countries, including the
United States of America (n = 34, 21%), Australia (n = 27,
17%), the United Kingdom (n = 27, 17%), Canada (n = 12,
8%), the Netherlands (n = 9, 6%), New Zealand (n = 6, 4%),
Germany (n = 6, 4%), and other parts of Europe (n = 16,
11%). Several other studies were conducted across two or
more countries (n = 4), although none of these included
countries in Asia. Table 1 reports the number of random-
ized trial interventions classified by ProFaNE classification
type, between Asian and non-Asian populations.
An additional 11 RCTs were identified that were con-

ducted in Asian populations, met the inclusion criteria for
the community based falls prevention Cochrane review,
and were published after the 2012 Cochrane review (Japan
n = 6; [43–48] Taiwan n = 2; [49, 50] and China/Hong
Kong, [51] Malaysia [52] and Singapore [53] n = 1 each).
See Fig. 1 for study selection flowchart to identify papers
after 2012. Seven of the additional studies published since
the 2012 review were exercise interventions.
Combining the Asian studies in the 2012 Cochrane

review and subsequent Asian RCTS, the only single inter-
vention types that had more than one randomized
controlled trial conducted in Asia were exercise (n = 15),
and environment (home hazard assessment and modifica-
tion, n = 2 [38, 48]). There were also five multiple interven-
tion studies [34, 37, 41, 50, 53] (two with two or more
single intervention arms included as separate single inter-
ventions in the single intervention analyses [34, 37]) and
four multifactorial intervention studies conducted in Asia
[35, 36, 39, 40].

Samples
Overall, the sample size for the studies in Asia included in
the 2012 Cochrane review were relatively small (median
150, minimum 52, maximum 1043) (Table 2), whereas for

the full Cochrane review [3], the median sample size
across all randomized trials irrespective of where the trial
was conducted was 230 (minimum 10, maximum 9940).
The more recent Asian randomised controlled trials (pub-
lished since the Cochrane review) have been substantially
larger than those pre-2012 (median sample size 196, mini-
mum 68, maximum 710). The samples were mixed in terms
of the age inclusion criteria, with two studies including
people aged over 50 years [28, 52], five had samples aged
≥60 years [37, 39, 41, 49, 51], 14 had samples aged ≥65 years
[29, 32–36, 38, 42, 44, 45, 47, 48, 50, 53], three samples were
aged ≥70 years [30, 40, 46], one sample was aged ≥73 years
[31], and one sample was aged ≥75 years [43]. The average
age of participants across the included studies in Asia was
75.1 years, and samples were on average 71.9% female (five
studies had female only samples [29–31, 46, 51]).

Intervention types
Table 1 reports details of individual intervention types
conducted in Asia relative to the rest of the world, while
Table 2 summarizes the main characteristics of the trials
conducted in Asia, grouped by intervention type, includ-
ing details of whether or not the intervention was effective
in reducing the rate of falls or number of people falling.

Single interventions
Exercise interventions
Fifteen trials from Asia reported results for an exercise
intervention as a single intervention, with only six
reporting one or more positive fall related outcomes
[31, 42–44, 46, 49]. The exercise trials generally had small
sample sizes (60% n < 70, median sample size n = 105).
Three of the effective exercise programs used Tai Chi (20%
of all exercise trials) either as the sole intervention [42, 49]
or combined with other balance and strength exercises
[31]. In contrast, only five of the 51 (10%) exercise trials
from the 2012 Cochrane review conducted outside of Asia
involved Tai Chi. The other effective exercise approaches in
Asian studies used an obstacle course [43], a multi-target
stepping program [44], and a group balance and strength
training program [46]. Only one of the ineffective exercise
trials used Tai Chi, [34] other ineffective programs used
home programs, [29, 38, 52] group programs (balance [47]
or multimodal [45]), a group exercise program combined
with trail walking, [33] combined group and home based
program, [28] and a square stepping program [32]. Effective
exercise programs ranged from 24 to 52 weeks duration,
and had from 1 to 8 times per week of recommended exer-
cise (included both supervised and home-based sessions).
In a separate review, Sherrington and colleagues

reviewed 54 randomized controlled trials evaluating ex-
ercise interventions to reduce falls, and identified several
key criteria that appeared to differentiate effective from
ineffective falls prevention trials [54]. Two of the key
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criteria related to: (1) the exercise intervention having a
moderate to high challenge to balance; and (2) a mini-
mum of 50 h overall exercise dosage. Of the six effective
exercise trials in Asia, four (67%) met both of these cri-
teria [31, 42, 46, 49]. The other two effective exercise
studies [43, 44] met the “challenge to balance” criteria,
but involved substantially less than the 50 h duration.
Three of the ineffective exercise studies met both of
Sherrington’s criteria, but were likely to be

underpowered (sample sizes of 57 [29], 68 [52] and 93
[47]). Most of the remaining ineffective exercise inter-
ventions did not meet the dosage criteria, although the
majority met the balance challenge criteria. Although
adherence to the exercise programs was reported in ten
of the studies, the method of reporting was variable,
making comparisons difficult. The study by Huang and
colleagues reported high attrition in the Tai Chi group
(52%) over the five month intervention [34]. All except
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Hill et al. BMC Geriatrics  (2018) 18:3 Page 6 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

SI
N
G
LE

IN
TE
RV
EN

TI
O
N
S

Ex
er
ci
se

Su
zu
ki
et

al
.,

20
04

(J
ap
an
)

Ø
[3
1]

N
=
52
;

W
om

en
on

ly
.

M
ea
n
ag
e
=
78
;

Pa
rt
ic
ip
at
in
g
in

ge
ro
nt
ol
og

y
lo
ng

itu
di
na
ls
tu
dy
.

RC
T.

G
ro
up

ex
er
ci
se

pr
og

ra
m

st
re
ng

th
,b

al
an
ce
,

w
al
ki
ng

,T
ai
C
hi
,

su
pp

le
m
en

te
d
by

ho
m
e
ex
er
ci
se

pr
og

ra
m
.

Pa
m
ph

le
t
an
d
ad
vi
ce

on
fa
lls

pr
ev
en

tio
n.

G
ro
up

–
10

×
1
ho

ur
se
ss
io
n
×
6
m
on

th
s;

H
om

e
–
30

m
in

3
x/
w
ee
k.

75
.3
%

av
er
ag
e
at
te
nd

an
ce

at
ex
er
ci
se

cl
as
se
s.

Fo
llo
w
-u
p
at

8
an
d
20

m
on

th
s
fo
r
fa
lls

da
ta
.

20
m
on

th
da
ta

re
po

rt
ed

in
th
e
C
oc
hr
an
e
re
vi
ew

.

✓ •
F
–
Ra
R
=
0.
35

[0
.1
4,
0.
88
]

•
FR

–
RR

=
0.
25

[0
.0
8,
0.
78
]

In
te
rv
en

tio
n
gr
ou

p
si
gn

ifi
ca
nt

im
pr
ov
em

en
ts
on

ta
nd

em
w
al
ki
ng

,F
un

ct
io
na
lR

ea
ch

an
d
kn
ee

ex
te
ns
io
n
po

w
er
.

Ba
l✓

D
os
e
✓

W
oo

et
al
.,

20
07

(H
on

g
Ko

ng
,

C
hi
na
)
[4
2]

N
=
18
0
(9
0
m
en

an
d
90

w
om

en
);

M
ea
n
ag
e
69

ye
ar
s,

ra
ng

e
65
–7
4.

RC
T
w
ith

bl
oc
k

ra
nd

om
iz
at
io
n
by

ge
nd

er
.

(1
)
24

fo
rm

Ya
ng

st
yl
e

Ta
iC

hi
(2
)
Re
si
st
an
ce

ex
er
ci
se
s

w
ith

th
er
a-
ba
nd

.

U
su
al
ca
re
.

(1
)
Ta
iC

hi
24

fo
rm

,
3
x/
w
ee
k
×
12

m
on

th
s

(2
)
Re
si
st
an
ce

ex
er
ci
se

3
x/
w
ee
k
12

m
on

th
s

(a
rm

lif
tin

g,
hi
p
ab
du

ct
io
n,

he
el
ra
is
e,
hi
p
fle
xi
on

,
hi
p
ex
te
ns
io
n,

sq
ua
tt
in
g

an
kl
e
do

rs
ifl
ex
io
n)
.

H
ig
h
co
m
pl
ia
nc
e
–

Ta
iC

hi
81
%
,r
es
is
ta
nc
e

tr
ai
ni
ng

76
%
.

12
m
on

th
fo
llo
w
-u
p.

(1
)
✓

(2
)
x

•
(1
)
FR

–
RR

=
0.
48

[0
.2
9,
0.
80
]#
#

•
(2
)
FR

-
0.
77

[0
.5
2,
1.
14
]

N
o
si
gn

ifi
ca
nt

be
tw

ee
n
gr
ou

p
di
ffe
re
nc
es

fo
r
st
re
ng

th
,

ba
la
nc
e
or

fle
xi
bi
lit
y
m
ea
su
re
s.

Su
b-
gr
ou

p
an
al
ys
is
in

w
om

en
id
en

tif
ie
d
si
gn

ifi
ca
nt
ly
re
du

ce
d

ra
te

of
lo
ss

of
to
ta
lh

ip
bo

ne
m
in
er
al
de

ns
ity

in
bo

th
ex
er
ci
se

gr
ou

ps
re
la
tiv
e
to

co
nt
ro
lg

ro
up

.

(1
)
Ba
l✓

D
os
e
✓

(2
)
Ba
l?

(n
ot

cl
ea
r

st
ar
tin

g
po

si
tio

n
or

ha
nd

su
pp

or
t)

D
os
e
✓

Li
n
et

al
.,

20
07

(T
ai
w
an
,r
ur
al
/

ag
ric
ul
tu
ra
l

ar
ea
)
[3
8]

N
=
15
0,
re
ce
nt

fa
lle
rs
.

51
%

fe
m
al
e.

M
ea
n
ag
e
=
76
.8
ye
ar
s.

RC
T.

(1
)
H
om

e
ex
er
ci
se

w
ith

ph
ys
io

(in
di
vi
du

al
iz
ed

fle
xi
bi
lit
y,
st
re
ng

th
&

ba
la
nc
e
ex
er
ci
se
s)

(2
)
H
om

e
sa
fe
ty

as
se
ss
m
en

t
an
d
m
od

ifi
ca
tio

n
by

pu
bl
ic
he

al
th

w
or
ke
r

(s
ee

be
lo
w

fo
r
re
su
lts
)

Ed
uc
at
io
n
an
d
so
ci
al
vi
si
t

ev
er
y
2
w
ee
ks

w
ith

pu
bl
ic

he
al
th

w
or
ke
r
+
fa
lls

pr
ev
en

tio
n
br
oc
hu

re
.

(1
)
40
–6
0
m
in
,3

x/
w
ee
k

×
4
m
on

th
s,
ph

ys
io

vi
si
t

ev
er
y
2
w
ee
ks

(2
)
30
–4
0
m
in

vi
si
t
ev
er
y

2
w
ee
ks

to
pe

rfo
rm

sa
fe
ty

as
se
ss
m
en

t
an
d
m
ak
e

re
co
m
m
en

da
tio

ns
.

A
ss
es
sm

en
t
at

2
an
d

4
m
on

th
s
fo
r
qu

al
ity

of
lif
e,
de

pr
es
si
on

an
d

ph
ys
ic
al
pe

rfo
rm

an
ce

m
ea
su
re
s.

A
dh

er
en

ce
to

ex
er
ci
se

pr
og

ra
m

no
t
re
po

rt
ed

.

x
(e
xe
rc
is
e)

•
F
–
Ra
R
=
0.
67

[0
.3
5,
1.
28
]

Ex
er
ci
se

gr
ou

p
ha
d
si
gn

ifi
ca
nt

im
pr
ov
em

en
ts
on

Fu
nc
tio

na
l

Re
ac
h,

Ti
ne

tt
iP

O
M
A
,a
nd

fe
ar

of
fa
lli
ng

th
an

th
e
Ed
uc
at
io
n

gr
ou

p.

(1
)
H
om

e
ex
er
ci
se

pr
og

ra
m

Ba
l✓

D
os
e
x

Sh
ig
em

at
su

et
al
.,
20
08

(J
ap
an
)
[3
2]

N
=
68
.

63
%

fe
m
al
e.

M
ea
n
ag
e
69

ye
ar
s,
ra
ng

e
65
–7
4.

RC
T.

Sq
ua
re

st
ep

pi
ng

ex
er
ci
se
,

in
cl
ud

ed
fo
rw

ar
d,

ba
ck
w
ar
d,

la
te
ra
l,
an
d
ob

liq
ue

st
ep

pi
ng

pa
tt
er
ns

on
a
th
in

fe
lt
m
at
,

ad
de

d
ch
al
le
ng

e
af
te
r

fa
m
ili
ar
ity

by
w
al
ki
ng

on
to
es
;a
nd

in
cr
ea
se
d
co
m
pl
ex
ity

of
st
ep

pa
tt
er
n.

Su
pe

rv
is
ed

ou
td
oo

r
w
al
ki
ng

pr
og

ra
m

-
40

m
in
,

1
x/
w
ee
k
×
12

w
ee
ks
,

em
ph

as
is
on

in
cr
ea
si
ng

st
ep

s.

70
m
in
,2

x/
w
ee
k
×

12
w
ee
ks
.

A
dh

er
en

ce
:S
qu

ar
e

st
ep

pi
ng

ex
er
ci
se

–
91
%

of
se
ss
io
ns
,o

ut
do

or
w
al
ki
ng

–
84
%

of
se
ss
io
ns
.

Fa
lls

da
ta

fo
llo
w
ed

up
fo
r
8
m
on

th
s.

x •
F
–
Ra
R
=
0.
70

[0
.2
3,
2.
13
]

•
FR

–
RR

=
0.
64

[0
.2
1,
1.
95
]

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

th
e
Sq
ua
re

st
ep

pi
ng

ex
er
ci
se

gr
ou

p
on

le
g
ex
te
ns
io
n
po

w
er
,

fo
rw

ar
d/
ba
ck
w
ar
d
ta
nd

em
w
al
ki
ng

,s
te
pp

in
g
w
ith

bo
th

fe
et
,s
im

pl
e/
ch
oi
ce

re
ac
tio

n
tim

e,
an
d
pe

rc
ei
ve
d

he
al
th

st
at
us
.

Ba
l✓

D
os
e
x

Iw
am

ot
o
et

al
.,

20
09

(J
ap
an
)

Ø
[2
8]

N
=
68
.

A
tt
en

di
ng

or
th
op

ae
di
c

cl
in
ic
s.

90
%

fe
m
al
e.

A
ge

>
50

(m
ea
n

ag
e
=
76
.4
ye
ar
s)
.

RC
T.

C
al
is
th
en

ic
s,
ba
la
nc
e,

po
w
er

an
d
w
al
ki
ng

ex
er
ci
se
s
(h
om

e
ba
se
d,

bu
t
3
x/
w
ee
k
su
pe

rv
is
io
n

in
cl
in
ic
).

U
su
al
ca
re
.

D
ai
ly
ex
er
ci
se
,w

ith
su
pe

rv
is
io
n
in

cl
in
ic

3
x/
w
ee
k
×
30

m
in
.

D
ur
at
io
n
of

ex
er
ci
se

5
m
on

th
s.

Ex
er
ci
se

ad
he

re
nc
e

re
po

rt
ed

as
10
0%

.
x •
FR

–
RR

=
0.
11

[0
.0
1,
1.
52
]#

St
ud

y
re
po

rt
s
si
gn

ifi
ca
nt

re
du

ct
io
n
in

fa
lls
,b

ut
ef
fe
ct

no
t
si
gn

ifi
ca
nt

in
C
oc
hr
an
e
re
vi
ew

.
Si
gn

ifi
ca
nt

im
pr
ov
em

en
t

in
fle
xi
bi
lit
y,
ba
la
nc
e,
m
ob

ili
ty

an
d
ga
it
m
ea
su
re
s
in

th
e

ex
er
ci
se

gr
ou

p
re
la
tiv
e
to

th
e
co
nt
ro
lg

ro
up

.

Ba
l✓

D
os
e
x

Hill et al. BMC Geriatrics  (2018) 18:3 Page 7 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

Ka
m
id
e
et

al
.,

20
09

(J
ap
an
)

Ø
[2
9]

N
=
57
.

10
0%

fe
m
al
e.

A
tt
en

di
ng

em
pl
oy
m
en

t
ag
en

cy
(fo

r
lig
ht

w
or
k

or
vo
lu
nt
ee
r
ac
tiv
ity
).

A
ge

>
65

(m
ea
n
ag
e
=

71
ye
ar
s)
.

RC
T.

1
×
1
h
ed

uc
at
io
n
se
ss
io
n

(fo
cu
s
on

os
te
op

or
os
is

fra
ct
ur
e
pr
ev
en

tio
n
an
d

ex
er
ci
se
)
an
d
1
h
tr
ai
ni
ng

fo
r
ho

m
e
ex
er
ci
se
;t
he

n
ho

m
e
ba
se
d
ex
er
ci
se

pr
og

ra
m

(fl
ex
ib
ili
ty
,b

al
an
ce
,s
tr
en

gt
h

an
d
im

pa
ct

ex
er
ci
se
s)
.

U
su
al
ca
re
.T
he

ra
pi
st

co
nt
ac
t
by

ph
on

e
or

m
ai
le
ac
h
3
m
on

th
s.

3
da
ys
/w

ee
k
×
6
m
on

th
s.

N
o
ho

m
e
vi
si
ts
by

th
er
ap
is
t
re

ex
er
ci
se

pr
og

ra
m
,b

ut
co
nt
ac
t

by
ph

on
e
or

m
ai
l

m
on

th
ly
to

su
pp

or
t

m
ot
iv
at
io
n.

Ex
er
ci
se

ad
he

re
nc
e
-

82
%

of
ex
er
ci
se

pa
rt
ic
ip
an
ts

co
m
pl
et
ed

th
e
st
ud

y.
O
f
th
es
e,
91
%

pe
rfo

rm
ed

ex
er
ci
se
s
at

le
as
t
tw

ic
e
w
ee
kl
y.

Fo
llo
w
-u
p
ov
er

12
m
on

th
s.

x •
FR

–
RR

=
0.
38

[0
.0
2,
7.
91
]

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

Ti
m
ed

U
p
an
d
G
o
in

ex
er
ci
se

gr
ou

p
re
la
tiv
e
to

th
e
co
nt
ro
l

gr
ou

p.

Ba
l✓

D
os
e
✓

Ya
m
ad
a
et

al
.,

20
10

(J
ap
an
)

Ø
[3
3]

N
=
60
.

%
fe
m
al
e
no

t
st
at
ed

.
A
ge

>
65

(m
ea
n
ag
e

ap
pr
ox

80
ye
ar
s)
.

RC
T.

Ex
er
ci
se

cl
as
s
+
m
ul
ti-

co
m
po

ne
nt

tr
ai
lw

al
ki
ng

pr
og

ra
m
.V
ar
ia
bi
lit
y
in

ho
w

pr
og

ra
m

w
as

im
pl
em

en
te
d

to
ad
d
ch
al
le
ng

e
an
d

m
ot
iv
at
io
n.

Ex
er
ci
se

cl
as
s
+

si
m
pl
e
in
do

or
w
al
ki
ng

pr
og

ra
m
.

Ex
er
ci
se

cl
as
s
1
x/
w
ee
k

×
16

w
ee
ks

(6
0
m
in
,

in
cl
ud

ed
ae
ro
bi
c,
st
re
ng

th
,

ba
la
nc
e
an
d
fle
xi
bi
lit
y
ex
er
ci
se
s)
.

Tr
ai
lw

al
ki
ng

in
vo
lv
ed

w
al
ki
ng

to
se
t
fla
gs

in
or
de

r,
ch
an
gi
ng

di
re
ct
io
n,
fo
cu
s
on

sp
ee
d.

30
m
in
/s
es
si
on

.
In
do

or
w
al
ki
ng

pr
og

ra
m

w
as

30
m
in
/s
es
si
on

.

A
dh

er
en

ce
–
m
ed

ia
n
fo
r

bo
th

gr
ou

p
10
0%

x •
F
–
Ra
R
=
0.
45

[0
.1
4,
1.
49
]

•
FR

–
RR

=
0.
45

[0
.1
8,
1.
13
]

St
ud

y
re
po

rt
ed

re
du

ce
d

fa
lls

at
6
m
on

th
s,
no

t
su
st
ai
ne

d
at

12
m
on

th
s.

C
oc
hr
an
e
re
vi
ew

ut
ili
ze
d

12
m
on

th
s
fa
lls

da
ta
.

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t

in
Ti
m
ed

U
p
an
d
G
o,
w
al
ki
ng

ta
sk
,a
nd

du
al
ta
sk

ga
it
ta
sk
s

fo
r
Tr
ai
lw

al
ki
ng

gr
ou

p
re
la
tiv
e

to
in
do

or
w
al
ki
ng

gr
ou

p.

Tr
ai
lw

al
ki
ng

pr
og

ra
m

Ba
l✓

D
os
e
x

N
B
–
bo

th
gr
ou

ps
re
ce
iv
ed

m
ul
tim

od
al

ex
er
ci
se

cl
as
s.

H
ua
ng

et
al
.,

20
10

(T
ai
w
an
)

Ø
[3
4]

N
=
26
1
ra
nd

om
iz
ed

,
N
=
16
3
fo
llo
w
-u
p.

48
%

fe
m
al
e
af
te
r
lo
ss

to
fo
llo
w
-u
p.

A
ge

>
65

(m
ea
n
ag
e
=

71
ye
ar
s)
.

C
lu
st
er

RC
T
(b
y
vi
lla
ge

).
5
m
on

th
in
te
rv
en

tio
n

an
d
12

m
on

th
po

st
in
te
rv
en

tio
n
fo
llo
w
-u
p.

(1
)
Ed
uc
at
io
n
(fa
lls

ris
k

fa
ct
or
s,
an
d
re
du

ci
ng

fa
lls

ris
k)

(2
)
Ta
iC

hi
(3
)
C
om

bi
ne

d
ed

uc
at
io
n

+
Ta
iC

hi
as

ab
ov
e.

N
ot

de
sc
rib

ed
.

(1
)
5
×
1
h
gr
ou

p
se
ss
io
ns

ac
ro
ss

5
m
on

th
s.

(2
)
40

m
in

se
ss
io
ns
,3

x/
w
ee
k

×
5
m
on

th
s.

(3
)
C
om

bi
ne

d
ed

uc
at
io
n

an
d
Ta
iC

hi
pr
og

ra
m
.

18
m
on

th
fo
llo
w
-u
p
fo
r

fa
lls

da
ta
.

H
ig
h
dr
op

-o
ut

ra
te
s

ov
er

5
m
on

th
in
te
rv
en

tio
n

pe
rio

d
–
ed

uc
at
io
n
(5
2%

),
Ta
iC

hi
(5
2%

),
Ed
uc
at
io
n
+
Ta
iC

hi
(3
4%

),
co
nt
ro
l(
6%

).

(2
)
x

•
FR

–
RR

=
0.
51

[0
.0
2,
12
.4
9]

C
oc
hr
an
e
re
vi
ew

us
ed

ra
w

da
ta

at
5
m
on

th
s
on

ly
,a
s

18
m
on

th
ra
w

da
ta

no
t

pr
ov
id
ed

.C
oc
hr
an
e
re
vi
ew

re
po

rt
s
al
li
nt
er
ve
nt
io
ns

as
no

n-
si
gn

ifi
ca
nt

(a
lth

ou
gh

co
m
bi
ne

d
ed

uc
at
io
n
an
d

Ta
iC

hi
re
po

rt
ed

as
ef
fe
ct
iv
e

in
re
du

ci
ng

fa
lls

at
5
m
on

th
s,

an
d
al
lt
hr
ee

in
te
rv
en

tio
ns

as
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

at
18

m
on

th
s
in

th
e
pa
pe

r).
Se
co
nd

ar
y
m
ea
su
re
s
on

ly
co
m
pa
re
d
pr
e
–p

os
t

(w
ith

in
gr
ou

p)
.

(2
)
Ta
iC

hi
Ba
l✓

D
os
e
x

Ya
m
ad
a
et

al
.

20
12

(J
ap
an
)

Ø
[4
3]

N
=
15
7.

87
.8
%

fe
m
al
e.

A
ge

≥
75

ye
ar
s

(m
ea
n
ag
e
85
.5
ye
ar
s)
.

A
ll
pa
rt
ic
ip
an
ts
(in
te
rv
en

tio
n
an
d

co
nt
ro
lg

ro
up

s)
re
ce
iv
ed

45
m
in

of
gr
ou

p
tr
ai
ni
ng

se
ss
io
ns

1
x

w
ee
kl
y
(s
tr
en

gt
h,

ba
la
nc
e,

ca
rd
io
va
sc
ul
ar
,f
le
xi
bi
lit
y
ex
er
ci
se
s)
.

In
ad
di
tio

n,
th
e
in
te
rv
en

tio
n
gr
ou

p
un

de
rt
oo

k
a
co
m
pl
ex

ob
st
ac
le

co
ur
se

ne
go

tia
tio

n
pr
og

ra
m

ea
ch

se
ss
io
n
(fi
nd

in
g
m
ar
ke
r
to

w
al
k
to
,

di
re
ct
io
n
ch
an
ge

s,
av
oi
di
ng

ob
st
ac
le
s)
.

Sa
m
e
m
ai
n
ex
er
ci
se

cl
as
s
as

in
te
rv
en

tio
n

gr
ou

p,
bu

t
un

de
rt
oo

k
an

ad
di
tio

na
ls
im

pl
e

ob
st
ac
le
co
ur
se

ne
go

tia
tio

n
pr
og

ra
m

(6
tr
ia
ls
/
se
ss
io
n
of

15
m

w
al
kw

ay
w
ith

ob
st
ac
le
s
in
te
rs
pe

rs
ed

al
on

g
w
al
kw

ay
).

24
w
ee
ks
,o

nc
e
w
ee
kl
y

se
ss
io
ns
.T
w
o
tr
ia
ls
of

fin
di
ng

15
m
ar
ke
rs
/s
es
si
on

in
ad
di
tio

n
to

co
m
m
on

ex
er
ci
se

pr
og

ra
m

on
ce

w
ee
kl
y,
45

m
in

du
ra
tio

n)
.

M
ed

ia
n
ad
he

re
nc
e
in

bo
th

gr
ou

ps
–
96
%
.

N
o
si
gn

ifi
ca
nt

di
ffe
re
nc
e

be
tw

ee
n
gr
ou

ps
on

ba
la
nc
e
an
d
m
ob

ili
ty

m
ea
su
re
s
af
te
r
in
te
rv
en

tio
n

(e
xc
ep

t
fo
r
a
co
m
pl
ex

ob
st
ac
le
ne

go
tia
tio

n
ta
sk
,

w
ith

th
e
In
te
rv
en

tio
n

gr
ou

p
ac
hi
ev
in
g
si
gn

ifi
ca
nt
ly

gr
ea
te
r
im

pr
ov
em

en
t
th
an

th
e
C
on

tr
ol

gr
ou

p)
.

✓ Fa
lle
rs
–
2
in

in
te
rv
en

tio
n

gr
ou

p
(2
.8
%
),
an
d
19

(2
6.
0%

)
in

th
e
co
nt
ro
l

(s
im

pl
e
ob

st
ac
le
co
ur
se

gr
ou

p)
.

IR
R
fo
r
fa
lls

in
th
e
co
nt
ro
lg

ro
up

re
la
tiv
e
to

in
te
rv
en

tio
n
gr
ou

p
w
as

9.
37

(2
.2
6–

38
.7
7)
.

IR
R
fo
r
fa
ll-
re
la
te
d
fra
ct
ur
es

in
th
e
co
nt
ro
lg

ro
up

re
la
tiv
e
to

in
te
rv
en

tio
n
gr
ou

p
w
as

7.
89

(1
.0
1–
61
.4
9)
.

Ba
l✓

D
os
e
x

(c
om

pa
rin

g
di
ffe
re
nc
e
in

ex
er
ci
se

tim
e

be
tw

ee
n

tw
o
gr
ou

ps
)

Ya
m
ad
a
et

al
.,

20
13

(J
ap
an
)

Ø
[4
4]

N
=
26
4.

57
.3
%

fe
m
al
e.

A
ge

≥
65

ye
ar
s

(m
ea
n
ag
e
76
.7
ye
ar
s)
.

A
ll
pa
rt
ic
ip
an
ts
(In
te
rv
en

tio
n

an
d
C
on

tr
ol

gr
ou

ps
)
re
ce
iv
ed

30
m
in

of
gr
ou

p
tr
ai
ni
ng

se
ss
io
n

(2
x
w
ee
kl
y
×
30

m
in
,a
er
ob

ic
,

st
re
ng

th
,b

al
an
ce

an
d
fle
xi
bi
lit
y

Sa
m
e
m
ai
n
ex
er
ci
se

cl
as
s
as

in
te
rv
en

tio
n

gr
ou

p,
bu

t
un

de
rt
oo

k
an

ad
di
tio

na
l

Tw
ic
e
w
ee
kl
y
fo
r

24
w
ee
ks
.

To
ta
lt
im

e
sp
en

t
w
al
ki
ng

on
th
e
m
at

du
rin

g
th
e
M
ul
ti-
ta
sk

In
te
rv
en

tio
n
gr
ou

p
ac
hi
ev
ed

si
gn

ifi
ca
nt

im
pr
ov
em

en
t
re
la
tiv
e

to
C
on

tr
ol

gr
ou

p
in

✓ Fa
lle
rs
:1
3
In
te
rv
en

tio
n

pa
rt
ic
ip
an
ts
(1
1.
6%

)
an
d
39

(3
3.
0%

)
in

th
e

Ba
l✓

D
os
e
x

Hill et al. BMC Geriatrics  (2018) 18:3 Page 8 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

ex
er
ci
se
s)
.I
n
ad
di
tio

n,
th
e

In
te
rv
en

tio
n
gr
ou

p
un

de
rt
oo

k
a
M
ul
ti-
ta
sk

St
ep

pi
ng

ac
tiv
ity

ea
ch

se
ss
io
n,
th
at

in
vo
lv
ed

va
rie
d
st
ep

pi
ng

pa
tt
er
n
al
on

g
a
w
al
kw

ay
,

at
co
m
fo
rt
ab
le
sp
ee
d.

St
ep

pi
ng

In
te
rv
en

tio
n

w
as

1
to

2
m
in
/t
as
k,

re
pe

at
ed

4
tim

es
/s
es
si
on

(t
ot
al
ad
di
tio

na
lt
im

e
of

M
ul
ti-
ta
sk

St
ep

pi
ng

/
se
ss
io
n
w
as

5
to

7
m
in
).

w
al
k
tim

e
an
d
Ti
m
ed

U
p
an
d
G
o.

C
on

tr
ol

gr
ou

p
fe
ll
du

rin
g
th
e

12
-m

on
th

fo
llo
w
-u
p
pe

rio
d.

IR
R
fo
r
fa
lls

in
th
e
In
te
rv
en

tio
n

gr
ou

p
re
la
tiv
e
to

th
e
C
on

tr
ol

gr
ou

p
w
as

0.
35

(0
.1
9–
0.
66
).

Fa
ll-
re
la
te
d
fra
ct
ur
es
:3

pa
rt
ic
ip
an
ts

in
th
e
In
te
rv
en

tio
n
gr
ou

p
ha
d

fa
ll
re
la
te
d
fra
ct
ur
es

co
m
pa
re
d

to
13

pa
rt
ic
ip
an
ts
in

th
e

C
on

tr
ol

gr
ou

p
RR

fo
r
fa
ll-
re
la
te
d
fra
ct
ur
es

in
th
e
In
te
rv
en

tio
n
gr
ou

p
re
la
tiv
e

to
th
e
C
on

tr
ol

gr
ou

p
w
as

0.
22

(0
.0
6–
0.
80
).

O
ht
ak
e
et

al
.

20
13

(J
ap
an
)

[4
5]

N
=
19
6.

83
.5
%

fe
m
al
e.

A
ge

>
65

ye
ar
s

(m
ea
n
ag
e
=
83
.6
ye
ar
s)
.

Bo
th

in
te
rv
en

tio
n
an
d

co
nt
ro
lg

ro
up

re
ce
iv
ed

a
he

al
th

ed
uc
at
io
n
pr
og

ra
m

on
fa
lls

pr
ev
en

tio
n.

In
te
rv
en

tio
n
gr
ou

p
al
so

un
de

rt
oo

k
a
gr
ou

p
ba
se
d

ex
er
ci
se

pr
og

ra
m

(s
tr
en

gt
h,

ba
la
nc
e
an
d

fle
xi
bi
lit
y)
.

H
ea
lth

ed
uc
at
io
n

pr
og

ra
m

on
fa
lls

pr
ev
en

tio
n

(s
am

e
pr
og

ra
m

al
so

de
liv
er
ed

to
in
te
rv
en

tio
n
gr
ou

p)

8
w
ee
k
ex
er
ci
se

pr
og

ra
m

on
ce

w
ee
kl
y
(2
0–
30

m
in
),

to
ge

th
er

w
ith

1–
2
x
w
ee
kl
y

ho
m
e
ex
er
ci
se

pr
og

ra
m

8.
9%

of
th
e
ex
er
ci
se

gr
ou

p
dr
op

pe
d
ou

t
af
te
r
ba
se
lin
e

as
se
ss
m
en

t.
97
%

pa
rt
ic
ip
at
io
n

ra
te

in
th
e
gr
ou

p
ex
er
ci
se

se
ss
io
ns
,p

ar
tic
ip
an
ts
al
so

di
d
on

av
er
ag
e
3.
8
da
ys
/

w
ee
k
of

ho
m
e
ex
er
ci
se
.

x Sm
al
ln

um
be

r
of

fa
lle
rs
in

ea
ch

gr
ou

p
–
In
te
rv
en

tio
n
gr
ou

p
n
=
7
(7
.6
%
);
an
d
in

th
e
co
nt
ro
l

gr
ou

p
n
=
9
(1
2.
1%

)
(p
=
0.
32
3)
.

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
in

Fu
nc
tio

na
lR

ea
ch

an
d
fa
lls

ef
fic
ac
y

in
th
e
in
te
rv
en

tio
n
gr
ou

p
re
la
tiv
e

to
co
nt
ro
lg

ro
up

.

Ba
l✓

D
os
e
x

Ki
m

et
al
.,

20
14

(J
ap
an
)

Ø
[4
6]

N
=
10
5.

10
0%

fe
m
al
e.

A
ge

>
70

ye
ar
s

(m
ea
n
ag
e
=
77
.8
ye
ar
s)
.

Pa
rt
ic
ip
an
ts
ha
d
on

e
or

m
or
e
fa
lls

in
th
e
pa
st
ye
ar
.

G
ro
up

ba
se
d
st
re
ng

th
an
d
ba
la
nc
e
ex
er
ci
se

pr
og

ra
m
.

3
m
on

th
he

al
th

ed
uc
at
io
n

se
ss
io
ns

(6
0
m
in
s
ea
ch

m
on

th
).

3
m
on

th
gr
ou

p
pr
og

ra
m

tw
ic
e
w
ee
kl
y
×
60

m
in
,

th
en

4–
12

m
on

th
s
1
x

m
on

th
ly
gr
ou

p
ex
er
ci
se

pr
og

ra
m

su
pp

le
m
en

te
d

w
ith

ho
m
e
ex
er
ci
se

≥
3

tim
es

w
ee
kl
y.

✓ A
t
12

m
on

th
s:

Fa
lls

–
I1
9.
6%

,C
40
.4
%
,

(O
R
2.
78
,1
.1
7–
6.
96
);

Re
pe

at
ed

fa
lls

-
I2
0%

,
C
33
.3
%
,(
O
R
1.
85
,0
.3
3–
7.
38
);

In
ju
rio

us
fa
lls

–
I8
0%

,C
62
%
,

(O
R
0.
82
,0
.2
2–
3.
05
).

Th
e
ex
er
ci
se

gr
ou

p
si
gn

ifi
ca
nt
ly

im
pr
ov
ed

in
on

e
le
g
st
an
di
ng

tim
e,
kn
ee

ex
te
ns
io
n
st
re
ng

th
an
d
an
kl
e
do

rs
ifl
ex
io
n
st
re
ng

th
ov
er

th
e
12

m
on

th
s,
co
m
pa
re
d

to
th
e
ed

uc
at
io
n
an
d
ex
cl
ud

ed
gr
ou

p
w
ho

sh
ow

ed
no

si
gn

ifi
ca
nt

im
pr
ov
em

en
ts
.

Ba
l✓

D
os
e
✓

H
ira
se

et
al
.,

20
15

(J
ap
an
)

Ø
[4
7]

N
=
93

ol
de

r
ad
ul
ts
us
in
g

co
m
m
un

ity
da
y
ce
nt
er
s.

69
.9
%

fe
m
al
e.

A
ge

>
65

ye
ar
s

(m
ea
n
ag
e
82
.1
ye
ar
s)

G
ro
up

ba
se
d
pr
og

ra
m
s:

(1
)
Fo
am

ru
bb

er
ba
la
nc
e

ex
er
ci
se
s

(2
)
St
ab
le
su
rfa
ce

ex
er
ci
se
s.

Bo
th

in
te
rv
en

tio
ns

w
er
e

su
pp

le
m
en

te
d
w
ith

a
da
ily

ho
m
e
ex
er
ci
se

pr
og

ra
m

(2
–3

ex
er
ci
se
s)
.

C
on

tin
ue
d
ac
tiv
iti
es

at
th
e
da
y
ce
nt
re
s,

bu
t
di
d
no

t
pe

rfo
rm

ba
la
nc
e

or
st
re
ng

th
en

in
g

ex
er
ci
se
s.

4
m
on

th
s
pr
og

ra
m
,

O
nc
e
w
ee
kl
y
60

m
in

ex
er
ci
se

cl
as
s
su
pp

le
m
en

te
d

w
ith

ho
m
e
ex
er
ci
se

pr
og

ra
m

(fo
r
bo

th
in
te
rv
en

tio
n
gr
ou

ps
).

7.
5%

of
pa
rt
ic
ip
an
ts

w
ith

dr
ew

fro
m

th
e
st
ud

y.
H
ig
h
ad
he

re
nc
e
to

th
e

ex
er
ci
se

pr
og

ra
m
s:
95
.5
%
,

93
.3
%

of
al
lp

os
si
bl
e

cl
as
se
s
in

th
e
fo
am

ru
bb

er
an
d
st
ab
le
su
rfa
ce

gr
ou

ps
.

x M
ea
n
nu

m
be

r
(S
D
)
of

fa
lls

fo
r

th
e
fo
am

ru
bb

er
,s
ta
bl
e
su
rfa
ce
,

an
d
co
nt
ro
l

gr
ou

ps
w
as

0.
24

(0
.5
1)
,0
.5
9

(1
.9
4)
,a
nd

0.
90

(1
.4
5)

(p
=
0.
07
).

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
fo
r
bo

th
ex
er
ci
se

gr
ou

ps
co
m
pa
re
d
to

th
e

co
nt
ro
lg

ro
up

fo
r
ba
la
nc
e
an
d
si
t

to
st
an
d
m
ea
su
re
s.
Si
gn

ifi
ca
nt

im
pr
ov
em

en
t
fo
r
fo
am

ex
er
ci
se

gr
ou

p
co
m
pa
re
d
to

fir
m

su
rfa
ce

ex
er
ci
se

gr
ou

p
fo
r
so
m
e

ba
la
nc
e
te
st
s
at

2,
3
an
d

4
m
on

th
s.

Ba
l✓

D
os
e
✓

N
=
68
.

57
.4
%

fe
m
al
e.

M
ai
nt
ai
n
us
ua
l

ac
tiv
iti
es

16
w
ee
k
pr
og

ra
m
,2
0–
30

m
in
/d
ay
,≥

4
tim

es
/w

ee
k,

91
%

Ig
ro
up

co
m
pl
et
ed

16
w
ee
k
pr
og

ra
m

x
Ba
l✓

D
os
e
✓

Hill et al. BMC Geriatrics  (2018) 18:3 Page 9 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

A
sh
ar
ie
t
al
.,

20
16

(M
al
ay
si
a)

[5
2]

A
ge

>
50

(m
ea
n
ag
e
=
63
.7
ye
ar
s)

In
cl
us
io
n
cr
ite
ria

of
im

pa
ire
d

tu
rn
in
g
pe

rfo
rm

an
ce

(N
eu
ro
co
m

Fo
rc
e
Pl
at
fo
rm

)

In
di
vi
du

al
is
ed

ho
m
e
ba
se
d

ex
er
ci
se

pr
og

ra
m
,b

as
ed

on
O
ta
go

Ex
er
ci
se

Pr
og

ra
m
.

6–
8
ba
la
nc
e
an
d

st
re
ng

th
en

in
g
ex
er
ci
se
s

(in
cl
ud

in
g
2
tu
rn
in
g
ex
er
ci
se
s)
.

an
d
w
al
ki
ng

pr
og

ra
m

≥
3
tim

es
/
w
ee
k.

Fa
lle
rs
in

16
w
ee
k
pr
og

ra
m

–
I5
.8
%
,C

8.
8%

(u
nd

er
po

w
er
ed

,
no

si
gn

ifi
ca
nc
e
te
st
in
g)
.

Is
ig
ni
fic
an
tly

im
pr
ov
ed

re
la
tiv
e

to
C
on

tu
rn
in
g
m
ea
su
re
s,

Ti
m
ed

U
p
an
d
G
o
(s
in
gl
e

an
d
du

al
ta
sk
)
an
d
st
at
ic

st
an
ce

sw
ay
.

H
w
an
g
et

al
.,

20
16

(T
ai
w
an
)

Ø
[4
9]

N
=
45
6.

67
%

fe
m
al
e.

A
ge

≥
60

ye
ar
s

(m
ea
n
ag
e
=
72
.4
ye
ar
s)
.

Pa
rt
ic
ip
an
ts
ha
d
on

e
or

m
or
e

Em
er
ge

nc
y
D
ep

t
pr
es
en

ta
tio

n
du

e
to

a
fa
ll
6
or

m
or
e

m
on

th
s
pr
io
r

to
st
ud

y.

C
om

pa
re
d
tw

o
24

w
ee
k

ho
m
e-
ba
se
d
ex
er
ci
se

in
te
rv
en

tio
ns
:

(1
)
Ya
ng

st
yl
e
Ta
iC

hi
(2
)
Lo
w
er

Ex
tr
em

ity
Tr
ai
ni
ng

(L
ET

-
ba
la
nc
e,

st
re
ng

th
an
d
fle
xi
bi
lit
y

ex
er
ci
se
s,
in
di
vi
du

al
is
ed

)
Bo

th
gr
ou

ps
ha
d
on

e
su
pe

rv
is
ed

se
ss
io
n/
w
ee
k
an
d
w
er
e
en

co
ur
ag
ed

to
se
lf
pr
ac
tic
e
da
ily

at
ho

m
e.

A
ft
er

6
m
on

th
s
(w
he

n
su
pe

rv
is
ed

ex
er
ci
se

ce
as
ed

)
pa
rt
ic
ip
an
ts
as
ke
d

to
co
nt
in
ue

se
lf
pr
ac
tic
e
da
ily
.

N
o
co
nt
ro
l

gr
ou

p
(1
)
Ta
iC

hi
-
60

m
in

su
pe

rv
is
ed

se
ss
io
n

(1
0-
m
in

w
ar
m
-u
p

fo
llo
w
ed

by
a
re
vi
ew

of
pr
ev
io
us

m
ov
em

en
ts
,

in
tr
od

uc
tio

n
of

ne
w

m
ov
em

en
ts
,a
nd

5
m
in

of
re
la
xa
tio

n)
(2
)
Lo
w
er

Ex
tr
em

ity
Tr
ai
ni
ng

-
60

m
in

ph
ys
io

su
pe

rv
is
ed

se
ss
io
n
(1
0-
m
in

w
ar
m
-u
p,

45
m
in

of
ex
er
ci
se
,a
nd

a
5-
m
in

co
ol
-d
ow

n)
.

Re
su
lts

re
po

rt
ed

fo
r
6
m
on

th
in
te
rv
en

tio
n
pe

rio
d,

an
d

su
bs
eq

ue
nt

12
m
on

th
s.

A
dh

er
en

ce
:7
8%

of
Ta
iC

hi
pa
rt
ic
ip
an
ts
an
d
72
%

of
th
e

LE
T
gr
ou

p
pa
rt
ic
ip
at
ed

in
≥
20

of
th
e
24

(8
3%

)
se
ss
io
ns
.

D
ur
in
g
th
e
6-
m
on

th
in
te
rv
en

tio
n,

50
%

of
th
e

Ta
iC

hi
pa
rt
ic
ip
an
ts
an
d

67
%

of
th
e
LE
T
gr
ou

p
in
de

pe
nd

en
tly

pr
ac
tic
ed

th
e
ex
er
ci
se

pr
og

ra
m

≥
7
tim

es
pe

r
w
ee
k.

✓ A
t
6
m
on

th
s-
fa
lls
:

F:
IR

(T
ai
C
hi
/L
ET
)

0.
30

(0
.1
5–
0.
60
)

FR
:R
R
(T
ai
C
hi
/L
ET
)

0.
76

(0
.6
6–
0.
87
).

A
t
6
m
on

th
s
-

In
ju
rio

us
fa
lls
:

F:
IR

(T
ai
C
hi
/L
ET
)

0.
33

(0
.1
6–
0.
68
)

FR
:R
R
(T
ai
C
hi
/L
ET
)

0.
86

(0
.7
7–
0.
96
).

A
t
18

m
on

th
s:
fa
lls

an
d

in
ju
rio

us
fa
lls

re
m
ai
ne

d
si
gn

ifi
ca
nt
ly
re
du

ce
d
fo
r

th
e
Ta
iC

hi
gr
ou

p
co
m
pa
re
d

to
th
e
LE
T
gr
ou

p.
Fo
r
th
e
Ta
iC

hi
gr
ou

p,
ha
nd

gr
ip

st
re
ng

th
,T
in
et
ti

ba
la
nc
e
an
d
ga
it,
de

pr
es
si
on

,
an
d
co
gn

iti
on

sc
or
es

im
pr
ov
ed

si
gn

ifi
ca
nt
ly
du

rin
g

th
e
6-
m
on

th
in
te
rv
en

tio
n.

Fo
r
th
e
Lo
w
er

Ex
tr
em

ity
Tr
ai
ni
ng

gr
ou

p,
ha
nd

gr
ip

st
re
ng

th
,

Ti
ne

tt
ib

al
an
ce

an
d
ga
it,

fe
ar

of
fa
lli
ng

,d
ep

re
ss
io
n,

an
d
co
gn

iti
on

sc
or
es

im
pr
ov
ed

si
gn

ifi
ca
nt
ly
du

rin
g
th
e

6-
m
on

th
in
te
rv
en

tio
n.

Ba
l✓

D
os
e
✓

M
ed

ic
at
io
n

Sa
to

et
al
.,

20
05

(J
ap
an
)
[3
0]

N
=
20
0.

10
0%

fe
m
al
e.

A
ge

>
70

ye
ar
s

(m
ea
n
ag
e
=
78

ye
ar
s)
.

A
m
bu

la
to
ry

w
om

en
re
cr
ui
te
d
fro

m
an

ou
t-
pa
tie
nt

de
pa
rt
m
en

t
w
ith

pr
ob

ab
le
A
lz
he

im
er
’s

di
se
as
e.

RC
T.

45
m
g
m
en

at
et
re
no

ne
(v
ita
m
in

K2
),

10
00

IU
er
go

ca
lc
ife
ro
l

(v
ita
m
in

D
2)
,a
nd

60
0
m
g

ca
lc
iu
m
.

U
su
al
ca
re
.

D
ai
ly
m
ed

ic
at
io
n

fo
r
2
ye
ar
s.

Si
gn

ifi
ca
nt

re
du

ct
io
n

in
fra
ct
ur
es
.

✓ •
FR

–
RR

=
0.
13

[0
.0
4,
0.
43
]

Ps
yc
ho

lo
gi
ca
l

in
te
rv
en

tio
n

H
ua
ng

et
al
.,

20
11

(T
ai
w
an
)

Ø
[3
7]

N
=
18
6.

59
%

fe
m
al
e

A
ge

≥
60

ye
ar
s.

RC
T.

(1
)
C
og

ni
tiv
e
be

ha
vi
or

th
er
ap
y
gr
ou

p,
in
te
rv
en

tio
n

ba
se
d
on

pr
ev
io
us

pr
og

ra
m
,

[6
9]

bu
t
ad
de

d
ne

w
ly

U
su
al
ca
re
.

(1
)
60
–9
0
m
in

w
ee
kl
y

×
8
w
ee
ks

O
ut
co
m
es

as
se
ss
ed

at
2
an
d
5
m
on

th
s.

x •
F
–
Ra
R
=
1.
00

[0
.3
7,
2.
72
]

•
FR

–
RR

=
1.
00

[0
.4
0,
2.
51
]

Hill et al. BMC Geriatrics  (2018) 18:3 Page 10 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

de
ve
lo
pe

d
fe
ar

of
fa
lli
ng

m
an
ag
em

en
t
m
od

el
de

ve
lo
pe

d
by

fir
st
au
th
or
.

(2
)
C
og

ni
tiv
e
be

ha
vi
or

th
er
ap
y
gr
ou

p
+
Ta
iC

hi

(2
)
C
BT

as
ab
ov
e
+

Ta
iC

hi
60

m
in

5
x/

w
ee
k
×
8
w
ee
ks
.

N
O
TE
:T
ai
C
hi

gr
ou

p
to
ta
le
xe
rc
is
e
do

sa
ge

40
h.

En
vi
ro
nm

en
t/
as
si
st
iv
e

te
ch
no

lo
gy

in
te
rv
en

tio
n

Li
n
et

al
.,

20
07

(T
ai
w
an
,

ru
ra
l/a
gr
ic
ul
tu
ra
l

ar
ea
)
[3
8]

Se
e
ab
ov
e.

(1
)
H
om

e
ex
er
ci
se

w
ith

ph
ys
io

(in
di
vi
du

al
iz
ed

fle
xi
bi
lit
y,

st
re
ng

th
&
ba
la
nc
e
ex
er
ci
se
s)

(s
ee

ab
ov
e
fo
r
ou

tc
om

es
)

(2
)
H
om

e
Sa
fe
ty

A
ss
es
sm

en
t

an
d
M
od

ifi
ca
tio

n
by

pu
bl
ic

he
al
th

w
or
ke
r.

Se
e
ab
ov
e.

Fo
r
th
e
H
om

e
A
ss
es
sm

en
t

an
d
M
od

ifi
ca
tio

n
in
te
rv
en

tio
n,

14
in
ex
pe

ns
iv
e
m
od

ifi
ca
tio

ns
(o
f
a
lis
t
of

28
op

tio
ns
)

w
er
e
im

pl
em

en
te
d
w
ith

in
th
e

fir
st
w
ee
k
of

th
e
in
te
rv
en

tio
n.

O
th
er

re
co
m
m
en

de
d

m
od

ifi
ca
tio

ns
w
er
e

re
co
m
m
en

de
d
to

th
e
fa
m
ily

by
th
e
as
se
ss
or

(a
pu

bl
ic

he
al
th

w
or
ke
r).

N
o
da
ta

pr
ov
id
ed

on
ad
he

re
nc
e

to
ho

m
e
m
od

ifi
ca
tio

ns
pr
ov
id
ed

,
no

r
fo
r
up

ta
ke

of
th
e
ad
di
tio

na
l

re
co
m
m
en

de
d
ho

m
e

m
od

ifi
ca
tio

ns
.

(2
)
✓
(H
om

e
m
od

ifi
ca
tio

n)
##

•
F
–
Ra
R
=
0.
46

[0
.2
2,
0.
95
]

N
o
si
gn

ifi
ca
nt

di
ffe
re
nc
es

fo
r
th
e
H
om

e
A
ss
es
sm

en
t

an
d
M
od

ifi
ca
tio

n
gr
ou

p
on

th
e
W
H
O
Q
O
L-
BR
EF

do
m
ai
ns

re
la
tiv
e
to

th
e
Ed
uc
at
io
n
gr
ou

p.

Ka
m
ei
et

al
.,

20
15

(J
ap
an
)

Ø
[4
8]

N
=
13
0.

84
.6
%

fe
m
al
e.

A
ge

>
65

ye
ar
s

(m
ea
n
ag
e

75
.8
ye
ar
s)
.

Bo
th

gr
ou

ps
un

de
rt
oo

k
th
e

sa
m
e
4
x
w
ee
kl
y
fa
lls

pr
ev
en

tio
n

m
ul
tif
ac
to
ria
l

Pr
og

ra
m

(1
20

m
in

ea
ch
)
co
ve
rin

g
ph

ys
ic
al
an
d
m
en

ta
la
ss
es
sm

en
t

in
te
rv
ie
w
;(
ii)
bl
oo

d
pr
es
su
re

ch
ec
k;

(ii
i)
ed

uc
at
io
n
re
ga
rd
in
g
fa
ll
ris
k

fa
ct
or
s,
fo
od

an
d
nu

tr
iti
on

,
fo
ot

se
lf-
ca
re
;a
nd

(iv
)
ex
er
ci
se

se
ss
io
ns

fo
cu
ss
ed

on
st
re
ng

th
,

co
or
di
na
tio

n
an
d
ba
la
nc
e.

In
te
rv
en

tio
n
gr
ou

p
al
so

re
ce
iv
ed

a
ho

m
e
ha
za
rd

ch
ec
kl
is
t,

a
tr
ai
ni
ng

pr
og

ra
m

on
ho

m
e
ha
za
rd

aw
ar
en

es
s
an
d

m
od

ifi
ca
tio

n

4
w
ee
kl
y
m
ul
tif
ac
to
ria
l

pr
og

ra
m

as
de

sc
rib

ed
fo
r
in
te
rv
en

tio
n
gr
ou

p.

4
w
ee
ks

in
te
rv
en

tio
n,

12
0
m
in
/s
es
si
on

.
16
.4
%

of
th
e
in
te
rv
en

tio
n

gr
ou

p
di
d
no

t
at
te
nd

se
ss
io
ns

re
gu

la
rly

an
d
w
ith

dr
ew

fro
m

th
e
st
ud

y.
In
te
rv
en

tio
n
gr
ou

p
si
gn

ifi
ca
nt
ly

im
pr
ov
ed

fa
lls

pr
ev
en

tio
n

aw
ar
en

es
s
an
d
ho

m
e

m
od

ifi
ca
tio

ns
.

x 10
.9
%

re
du

ct
io
n
in

al
l

fa
lls

in
in
te
rv
en

tio
n

gr
ou

p
co
m
pa
re
d
to

co
nt
ro
lg

ro
up

.
Ti
m
e
to

fir
st
fa
ll:

H
R
=
0.
59
1
(0
.3
05
–1
.1
47
),

p
=
0.
11
6.

In
do

or
fa
lls

–
re
du

ce
d
by

11
.7
%

in
In
te
rv
en

tio
n
gr
ou

p
re
la
tiv
e
to

co
nt
ro
lg

ro
up

H
R
=
0.
39
7
(0
.1
51
–1
.0
45
),

p
=
0.
05
2.

Kn
ow

le
dg

e
in
te
rv
en

tio
n

H
ua
ng

et
al
.,

20
10

(T
ai
w
an
)

Ø
[3
4]

Se
e
ab
ov
e.

Ed
uc
at
io
n
in
te
rv
en

tio
n
in
cl
ud

ed
se
pa
ra
te

se
ss
io
ns

on
m
ed

ic
at
io
ns
,

nu
tr
iti
on

,s
af
e
ho

m
e
en

vi
ro
nm

en
t,

an
d
fo
ot
w
ea
r.
It
in
cl
ud

ed
a

co
m
po

ne
nt

of
ea
ch

se
ss
io
n

fo
r
re
vi
si
on

.

x •
FR

–
RR

=
1.
62

[0
.1
1,
24
.1
6]

Th
e
Ed
uc
at
io
n
gr
ou

p
ac
hi
ev
ed

im
pr
ov
ed

sc
or
e

po
st
re
la
tiv
e
to

pr
e

in
te
rv
en

tio
n
on

in
do

or
en

vi
ro
nm

en
t
sc
or
e,
fe
ar

of
fa
lli
ng

,a
nd

Ti
m
ed

U
p
an
d
G
o.

Si
gn

ifi
ca
nc
e

of
di
ffe
re
nc
es

in
ch
an
ge

be
tw

ee
n
gr
ou

ps
w
ith

th
e

in
te
rv
en

tio
n
re
la
tiv
e
to

co
nt
ro
lw

as
no

t
pr
ov
id
ed

.

O
th
er

Hill et al. BMC Geriatrics  (2018) 18:3 Page 11 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

Le
un

g
et

al
.,

20
14

(C
hi
na
)

Ø
[5
1]

N
O
TE
:S
om

e
vi
br
at
io
n

st
ud

ie
s
in
co
rp
or
at
e
ex
er
ci
se

du
rin

g
vi
br
at
io
n
–
th
is

in
te
rv
en

tio
n
in
vo
lv
ed

pa
rt
ic
ip
an
ts
st
an
di
ng

w
ith

kn
ee
s
st
ra
ig
ht

–
no

ex
er
ci
se

N
=
71
0.

10
0%

fe
m
al
e
(p
os
t-

m
en

op
au
sa
l).

A
ge

d
>
60

ye
ar
s

(m
ea
n
ag
e
72
.9
ye
ar
s)
.

C
lu
st
er

RC
T.

Pa
rt
ic
ip
an
ts
re
cr
ui
te
d

th
ro
ug

h
co
m
m
un

ity
ce
nt
re
s
fo
r
ol
de

r
pe

op
le
.

Lo
w

m
ag
ni
tu
de

hi
gh

fre
qu

en
cy

vi
br
at
io
n
–
st
an
di
ng

up
rig

ht
w
ith

ou
t

kn
ee

be
nd

in
g
on

a
pu

rp
os
e
bu

ilt
vi
br
at
io
n
pl
at
fo
rm

th
at

pr
ov
id
ed

ve
rt
ic
al
sy
nc
hr
on

ou
s
vi
br
at
io
n

at
35

H
z,
0.
3
g.

H
ab
itu

al
lif
es
ty
le
,

pa
rt
ic
ip
at
ed

in
no

rm
al

in
te
re
st
gr
ou

p
ac
tiv
iti
es

ru
n
by

th
e
co
m
m
un

ity
ce
nt
re
s.

18
m
on

th
s,
5
x/
w
ee
k
×

20
m
in

st
an
di
ng

on
vi
br
at
io
n
pl
at
fo
rm

.

29
.7
%

of
vi
br
at
io
n
gr
ou

p
w
er
e

lo
st
to

fo
llo
w
-u
p
at

18
m
on

th
s

(m
os
t
of

th
es
e
de

cl
in
ed

to
co
nt
in
ue

pa
rt
ic
ip
at
io
n)
.

N
o
se
rio

us
ad
ve
rs
e
ev
en

ts
,

th
ou

gh
ni
ne

vi
br
at
io
n

pa
rt
ic
ip
an
ts
an
d
se
ve
n

co
nt
ro
lp

ar
tic
ip
an
ts
co
m
pl
ai
ne

d
of

le
g
pa
in
;a
nd

fiv
e
vi
br
at
io
n

an
d
on

e
co
nt
ro
lp

ar
tic
ip
an
t

co
m
pl
ai
ne

d
of

di
zz
in
es
s.

✓ Fa
ll
or

fra
ct
ur
e
in
ci
de

nc
e:

I–
18
.6
%

C
–
28
.7
%
.

A
dj
us
te
d
In
ci
de

nt
Ra
te

Ra
tio

fo
r
fa
lls

or
fra
ct
ur
es
:0
.5
4,

95
%
C
I0
.3
7–
0.
78
,p

=
0.
00
1.

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t

fo
r
vi
br
at
io
n
gr
ou

p
on

se
co
nd

ar
y
m
ea
su
re
s

in
cl
ud

in
g
le
g
m
us
cl
e

st
re
ng

th
an
d
ba
la
nc
e.

M
ul
tip

le
in
te
rv
en

tio
ns

A
ss
an
ta
ch
ai
et

al
.,

20
02

(T
ha
ila
nd

)
Ø
[4
1]

N
=
10
43
.

64
%

fe
m
al
e.

A
ge

>
60

(m
ea
n
ag
e
=
68
).

C
lu
st
er

RC
T
(b
y
co
m
m
un

ity
).

Re
ce
iv
ed

in
fo
rm

at
io
n

le
af
le
t
de

sc
rib

in
g
ris
k

fa
ct
or
s
fo
r
fa
lls

an
d

st
ra
te
gi
es

to
re
du

ce
ris
k.

Ri
sk

fa
ct
or
s
co
ve
re
d
in
cl
ud

ed
nu

tr
iti
on

al
ad
vi
ce

(in
cl
ud

in
g

ca
lc
iu
m

in
ta
ke
),
ac
tiv
iti
es

of
da
ily

liv
in
g,

hy
pe

rt
en

si
on

,
sp
ec
ia
ls
en

se
fu
nc
tio

n
an
d

hi
gh

ris
k
m
ed

ic
at
io
ns
.

A
ls
o
of
fe
re
d
fre

e
ac
ce
ss

to
ge

ria
tr
ic
cl
in
ic
fo
r
an
y
he

al
th

pr
ob

le
m

pa
tie
nt
s
w
an
te
d

re
vi
ew

ed
.

U
su
al
ca
re

N
o
in
fo
rm

at
io
n
pr
ov
id
ed

re
ga
rd
in
g
th
e
pr
op

or
tio

n
of

th
e
in
te
rv
en

tio
n
gr
ou

p
w
ho

to
ok

up
th
e
of
fe
r
of

fre
e
ac
ce
ss

to
th
e
ge

ria
tr
ic

cl
in
ic
,w

ha
t
ty
pe

of
in
te
rv
en

tio
ns

w
er
e
pr
ov
id
ed

fo
r
th
os
e
w
ho

ac
ce
ss
ed

it,
an
d
th
ei
r
ad
he

re
nc
e.

✓ •
FR

–
RR

=
0.
77

[0
.6
3,
0.
94
]

H
ua
ng

et
al
.,

20
10

(T
ai
w
an
)

Ø
[3
4]

Se
e
ab
ov
e
(S
tu
dy

ha
d

th
re
e
in
te
rv
en

tio
n

gr
ou

ps
an
d
co
nt
ro
l–

Ed
uc
at
io
n
on

ly
,T
ai
C
hi

on
ly
an
d
co
m
bi
ne

d
Ta
iC

hi
an
d
Ed
uc
at
io
n)
.

C
om

bi
ne

d
pr
og

ra
m

in
co
rp
or
at
ed

5
x
ed

uc
at
io
n
se
ss
io
ns

ov
er

5
m
on

th
s
an
d
a
Ta
iC

hi
(1
3
fo
rm

s)
ex
er
ci
se

pr
og

ra
m

–
40

m
in
/s
es
si
on

,
3
x/
w
ee
k
fo
r
5
m
on

th
s.

H
ig
h
dr
op

-o
ut

ra
te
s
ov
er

5
m
on

th
in
te
rv
en

tio
n
pe

rio
d
-

Ed
uc
at
io
n
+
Ta
iC

hi
gr
ou

p
(3
4%

).
N
O
TE
:T
ai
C
hi

gr
ou

p
to
ta
l

ex
er
ci
se

do
sa
ge

40
h.

x •
FR

–
RR

=
1.
68

[0
.1
6,
17
.6
7]

C
oc
hr
an
e
re
vi
ew

us
ed

ra
w

da
ta

at
5
m
on

th
s

on
ly
,a
s
18

m
on

th
ra
w

da
ta

no
t
pr
ov
id
ed

.C
oc
hr
an
e

re
vi
ew

re
po

rt
s
al
li
nt
er
ve
nt
io
ns

as
no

n-
si
gn

ifi
ca
nt

(a
lth

ou
gh

co
m
bi
ne

d
ed

uc
at
io
n
an
d

Ta
iC

hi
gr
ou

p
re
po

rt
ed

as
re
du

ci
ng

fa
lls

at
5
an
d

18
m
on

th
s
in

th
e
pa
pe

r).

H
ua
ng

et
al
.,

20
11

(T
ai
w
an
)

Ø
[3
7]

Se
e
ab
ov
e
(C
og

ni
tiv
e

Be
ha
vi
or
al
Th
er
ap
y
+

Ta
iC

hi
)
(a
ls
o
co
m
pa
re
d

to
C
og

ni
tiv
e
Be
ha
vi
or

Th
er
ap
y
al
on

e)

C
og

ni
tiv
e
Be
ha
vi
or
al
Th
er
ap
y

pr
og

ra
m

ba
se
d
on

pr
ev
io
us

pr
og

ra
m
,[
69
]
bu

t
ad
de

d
ne

w
ly

de
ve
lo
pe

d
fe
ar

of
fa
lli
ng

m
an
ag
em

en
t
m
od

el
de

ve
lo
pe

d
by

fir
st
au
th
or
.

Th
is
ar
m

of
th
e
in
te
rv
en

tio
n

co
m
bi
ne

d
th
e
co
gn

iti
ve

be
ha
vi
or

th
er
ap
y
w
ith

a
Ta
iC

hi
ex
er
ci
se

pr
og

ra
m
.

U
su
al
ca
re
.

C
og

ni
tiv
e
Be
ha
vi
or

Th
er
ap
y

(C
BT
)
an
d
Ta
iC

hi
co
m
bi
ne

d
pr
og

ra
m

in
co
rp
or
at
ed

60
–9
0

m
in

w
ee
kl
y
×
8
w
ee
ks

fo
r
th
e

C
BT

an
d
60

m
in

5
x
/
w
ee
k
×

8
w
ee
ks

fo
r
th
e
Ta
iC

hi
co
m
po

ne
nt
.

O
ut
co
m
es

as
se
ss
ed

at
2

an
d
5
m
on

th
s.

N
O
TE
:T
ai
C
hi

gr
ou

p
to
ta
l

ex
er
ci
se

do
sa
ge

40
h.

x •
F
–
Ra
R
=
0.
38

[0
.1
0,
1.
47
]

•
FR

–
RR

=
0.
40

[0
.1
1,
1.
45
]

Th
e
co
m
bi
ne

d
C
og

ni
tiv
e

Be
ha
vi
or

Th
er
ap
y
+
Ta
i

C
hi

gr
ou

p
ac
hi
ev
ed

si
gn

ifi
ca
nt
ly
im

pr
ov
ed

fa
lls

ef
fic
ac
y,
im

pr
ov
ed

m
ob

ili
ty
,

hi
gh

er
so
ci
al
su
pp

or
t

sa
tis
fa
ct
io
n,

an
d
qu

al
ity

of
lif
e
th
an

th
e
co
nt
ro
l

or
co
gn

iti
ve

be
ha
vi
or

th
er
ap
y
al
on

e
gr
ou

ps
.

Le
e
et

al
.,

20
13

(T
ai
w
an
)

Ø
[5
0]

N
=
61
6.

55
%

fe
m
al
e.

A
ge

>
65

ye
ar
s

(m
ea
n
ag
e
75
.7
ye
ar
s)
.

A
ll
in
te
rv
en

tio
n
pa
rt
ic
ip
an
ts
re
ce
iv
ed

:
1.
St
re
ng

th
,b

al
an
ce
,c
ar
di
ov
as
cu
la
r

an
d
fle
xi
bi
lit
y
gr
ou

p
ex
er
ci
se

H
ea
lth

ed
uc
at
io
n
br
oc
hu

re
s,

m
ed

ic
at
io
n
re
vi
ew

s
an
d

m
ed

ic
al
re
fe
rr
al
s
w
ith

ou
t

di
re
ct

ex
er
ci
se

in
te
rv
en

tio
ns

3
m
on

th
m
ul
tif
ac
to
ria
l

in
te
rv
en

tio
n

A
tt
rit
io
n
ra
te

fo
r
3
m
on

th
in
te
rv
en

tio
n
pe

rio
d:

I1
0.
9%

;C
13
.5
%
.

x Fo
r
12

m
on

th
fo
llo
w
up

pe
rio

d:

Hill et al. BMC Geriatrics  (2018) 18:3 Page 12 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

Pa
rt
ic
ip
an
ts
ha
d
hi
gh

fa
lls

ris
k,

w
ith

an
y
of
:(
1)

re
cu
rr
en

t
fa
lls

in
th
e
pr
ev
io
us

ye
ar
;(
2)

m
ed

ic
al
hi
st
or
y
as
so
ci
at
ed

w
ith

hi
gh

fa
lls

ris
k
(ie
,s
tr
ok
e,

Pa
rk
in
so
n’
s
di
se
as
e,
he

ad
in
ju
ry
,f
ra
ct
ur
es

du
e
to

fa
lls
);

an
d
(3
)
fe
ll
on

ly
on

ce
in

th
e

pr
ev
io
us

ye
ar
,a
nd

ha
d
ga
it
or

ba
la
nc
e

pr
ob

le
m
s
(p
oo

r
TU

G
sc
or
e)

pr
og

ra
m
,s
up

pl
em

en
te
d
w
ith

ho
m
e
ex
er
ci
se

pr
og

ra
m
.

2.
H
ea
lth

ed
uc
at
io
n
se
ss
io
ns

an
d
br
oc
hu

re
s
on

fa
lls

pr
ev
en

tio
n.

3.
H
om

e
ha
za
rd
s
ev
al
ua
tio

n/
m
od

ifi
ca
tio

n.
4.
M
ed

ic
at
io
n
re
vi
ew

5.
O
ph

th
al
m
ol
og

y/
ot
he

r
sp
ec
ia
lty

co
ns
ul
ts
.

or
st
ru
ct
ur
ed

he
al
th

ed
uc
at
io
n
se
ss
io
ns
.

F:
I1
28

(0
.4
1
fa
lls
/

pe
rs
on

ye
ar
),
C
13
2

(0
.4
4
fa
lls
/p
er
so
n
ye
ar
)

(p
=
0.
69
2)

FR
:H

R
0.
90

(0
.6
6–
1.
23
).

A
t
en

d
of

3
m
on

th
in
te
rv
en

tio
n:

Si
gn

ifi
ca
nt

im
pr
ov
em

en
t

in
in
te
rv
en

tio
n
gr
ou

p
re
la
tiv
e

to
co
nt
ro
lg

ro
up

fo
r

Ph
ys
io
lo
gi
ca
lP

ro
fil
e

A
ss
es
sm

en
t,
re
ac
tio

n
tim

e,
ba
la
nc
e,
m
ob

ili
ty

an
d

de
pr
es
si
on

(a
lth

ou
gh

co
nt
ro
lg

ro
up

im
pr
ov
ed

si
gn

ifi
ca
nt
ly
m
or
e
th
an

in
te
rv
en

tio
n
gr
ou

p
on

kn
ee

st
re
ng

th
an
d

pr
op

rio
ce
pt
io
n)
.

N
g
et

al
.,

20
15

(S
in
ga
po

re
)
[5
3]

N
=
24
6.

61
%

fe
m
al
e.

A
ge

>
65

ye
ar
s
(m

ea
n
ag
e
70
).

Fa
ct
or
ia
ld

es
ig
n
RC

T,
w
ith

nu
tr
iti
on

,e
xe
rc
is
e
an
d

co
gn

iti
ve

tr
ai
ni
ng

gr
ou

ps
,

an
d
co
m
bi
ne

d
in
te
rv
en

tio
n

gr
ou

p.
Re
cr
ui
te
d
fra
il
an
d
pr
e-
fra
il

ol
de

r
pe

op
le
ba
se
d

C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud

y
(fr
ai
lty

ph
en

ot
yp
e)

cr
ite
ria
.

N
ut
rit
io
n
gr
ou

p:
nu

tr
iti
on

al
su
pp

le
m
en

ta
tio

n
w
ith

co
m
m
er
ci
al

fo
rm

ul
a,
iro

n
an
d
fo
la
te
,V
it
B6

an
d
B1
2,
ca
lc
iu
m

an
d
vi
ta
m
in

D
su
pp

le
m
en

ts
da
ily
.

Ex
er
ci
se
:S
tr
en

gt
h
an
d
ba
la
nc
e

gr
ou

p
pr
og

ra
m

(w
ee
ks

1–
12
)
th
en

ho
m
e
pr
og

ra
m

w
ee
ks

13
–2
4.

C
og

ni
tiv
e
tr
ai
ni
ng

:C
og

ni
tiv
e

en
ha
nc
in
g
ac
tiv
iti
es

in
cl
ud

in
g

ve
rb
al
re
ca
ll,
m
az
es
,p

ro
bl
em

so
lv
in
g
et
c.

C
om

bi
na
tio

n
gr
ou

p:
al
lo

ft
he

ab
ov
e
in
te
rv
en

tio
ns

St
an
da
rd

ca
re

+
pl
ac
eb

o
su
pp

le
m
en

t
liq
ui
d
+

pl
ac
eb

o
ca
ps
ul
e
an
d

ta
bl
et
s
(id

en
tic
al

ap
pe

ar
an
ce

to
in
te
rv
en

tio
n

nu
tr
iti
on

su
pp

le
m
en

ts
),
an
d

in
st
ru
ct
io
ns

no
t
to

re
pl
ac
e

th
ei
r
m
ea
ls
w
ith

th
e

su
pp

le
m
en

ts
.

6
m
on

th
in
te
rv
en

tio
n
pe

rio
d.

N
ut
rit
io
n:
su
pp

le
m
en

ts
da
ily
.

Ex
er
ci
se
:W

ee
ks

1–
12
,t
w
ic
e

w
ee
kl
y
gr
ou

p
se
ss
io
ns
;w

ee
ks

13
–2
4
ho

m
e
ex
er
ci
se

2
h
w
ee
kl
y.

C
og

ni
tiv
e
tr
ai
ni
ng

:W
ee
ks

1–
12

-
2 h/
w
ee
k;
w
ee
ks

13
–2
4
–

fo
rt
ni
gh

tly
2
h
bo

os
te
r

se
ss
io
ns
.

Lo
w

dr
op

ou
t
ra
te

(8
%

fo
r

nu
tr
iti
on

al
su
pp

le
m
en

t;
10
%

co
gn

iti
ve

tr
ai
ni
ng

;4
%

fo
r
ex
er
ci
se
;6
%

fo
r

co
m
bi
na
tio

n,
an
d
8%

fo
r
co
nt
ro
l).

x Sm
al
ln

um
be

rs
of

fa
lle
rs
/

gr
ou

p,
an
al
ys
is
on

ly
pr
ov
id
ed

ac
ro
ss

al
l

gr
ou

ps
(1
2
m
on

th
s,

p
=
0.
67
).
Fa
lle
rs
/g
ro
up

(1
2
m
on

th
s)
:

N
ut
rit
io
n:

4
fa
lle
rs
(8
.6
%
)

Ex
er
ci
se
:3

fa
lle
rs
(6
.3
%
)

C
og

ni
tiv
e
tr
ai
ni
ng

:2
fa
lle
rs
(4
.1
%
)

C
om

bi
na
tio

n:
2

fa
lle
rs
(4
.1
%
)

C
on

tr
ol
:5

fa
lle
rs
(1
0.
4%

)

M
ul
tif
ac
to
ria
li
nt
er
ve
nt
io
ns

Jit
ap
un

ku
l

et
al
.,
19
98

(T
ha
ila
nd

)
[4
0]

N
=
16
0.

65
%

fe
m
al
e.

A
ge

≥
70

ye
ar
s

(m
ea
n
ag
e
=
76

ye
ar
s)
.

Pa
rt
ic
ip
an
ts
re
cr
ui
te
d

fro
m

RC
T.

H
om

e
vi
si
t
by

no
n-
pr
of
es
si
on

al
w
ith

a
st
ru
ct
ur
ed

he
al
th

qu
es
tio

nn
ai
re
.R
ef
er
ra
lt
o
a

nu
rs
e
or

ge
ria
tr
ic
ia
n
if
fu
nc
tio

n
de

cl
in
ed

or
≥
1
fa
ll
in

3
m
on

th
s,

w
ith

su
bs
eq

ue
nt

nu
rs
e
or

ge
ria
tr
ic
ia
n
ho

m
e
vi
si
t
to

as
se
ss
,

ed
uc
at
e,
pr
es
cr
ib
e,
or

m
ak
e

ot
he

r
re
fe
rr
al
s.

U
su
al
ca
re
.A

ss
es
sm

en
t

at
en

d
of

3
ye
ar

pe
rio

d.
H
om

e
vi
si
t
at

st
ud

y
co
m
m
en

ce
m
en

t,
th
en

th
re
e
m
on

th
ly
vi
si
ts
×

3
ye
ar
s.

In
te
rv
en

tio
n
gr
ou

p
ha
d

si
gn

ifi
ca
nt
ly
le
ss

ra
te

of
fu
nc
tio

na
ld

ec
lin
e
(C
hu

la
A
D
L
In
de

x
an
d
Ba
rt
he

lA
D
L

In
de

x)
ov
er

th
e
st
ud

y
pe

rio
d.

x •
FR

–
RR

=
0.
52

[0
.1
4,
1.
94
]

H
ua
ng

an
d

A
ct
on

,2
00
4

(T
ai
w
an
)

Ø
[3
5]

N
=
12
0.

46
%

fe
m
al
e.

A
ge

≥
65

ye
ar
s
(m

ea
n

ag
e
=
72

ye
ar
s)
.

RC
T.

Fa
lls

pr
ev
en

tio
n
in
fo
rm

at
io
n

br
oc
hu

re
+
in
di
vi
du

al
iz
ed

fa
lls

pr
ev
en

tio
n
in
fo
rm

at
io
n
(m

ed
ic
at
io
n

an
d
ho

m
e
sa
fe
ty

fo
cu
s)
–

br
oc
hu

re
an
d
ve
rb
al
.

Fa
lls

pr
ev
en

tio
n

in
fo
rm

at
io
n
br
oc
hu

re
.

Th
re
e
ho

m
e
vi
si
ts
by

nu
rs
e

in
4
m
on

th
s
(a
)
fo
r
in
iti
al

as
se
ss
m
en

t)
,(
b)

to
w
or
k

th
ro
ug

h
in
di
vi
du

al
iz
ed

ris
k

fa
ct
or
s
(m

ed
ic
at
io
n
an
d

ho
m
e
sa
fe
ty
),
an
d

(c
)
re
-a
ss
es
sm

en
t
at

4
m
on

th
s.

x •
FR

–
RR

=
0.
12

[0
.0
1,
1.
76
]

Im
pr
ov
ed

kn
ow

le
dg

e
of

m
ed

ic
at
io
ns

an
d

re
du

ce
d
ho

m
e
ha
za
rd
s

in
in
te
rv
en

tio
n
gr
ou

p.
O
nl
y
2
m
on

th
s
fo
llo
w
-u
p

af
te
r
in
te
rv
en

tio
n

pr
ov
id
ed

.

H
ua
ng

et
al
.,

20
05

(T
ai
w
an
)

Ø
[3
6]

N
=
14
1.

69
%

fe
m
al
e.

A
ge

>
65

ye
ar
s
(m

ea
n
ag
e
=

77
ye
ar
s)
.

En
ha
nc
ed

di
sc
ha
rg
e
pl
an
ni
ng

by
ex
pe

rie
nc
ed

ge
ro
nt
ol
og

ic
al

nu
rs
e,
in
cl
ud

in
g
vi
si
ts
on

w
ar
ds
,

ho
m
e
vi
si
t,
an
d
ph

on
e
co
nt
ac
ts

po
st
di
sc
ha
rg
e.
In
cl
ud

ed
di
sc
ha
rg
e

U
su
al
di
sc
ha
rg
e
pl
an
ni
ng

(n
o
br
oc
hu

re
s,
no

w
rit
te
n

di
sc
ha
rg
e
su
m
m
ar
ie
s,
no

ho
m
e
vi
si
t,
no

te
le
ph

on
e

co
nt
ac
t)
.

Vi
si
ts
on

w
ar
ds

at
le
as
t
ev
er
y

2
da
ys
,h
om

e
vi
si
t
w
ith

in
3–
7

da
ys

of
di
sc
ha
rg
e,
an
d
on

ce
w
ee
kl
y
ph

on
e
ca
lls

po
st

di
sc
ha
rg
e.

Po
si
tiv
e
ou

tc
om

es
fo
r
th
e
in
te
rv
en

tio
n

gr
ou

p
in
cl
ud

ed
si
gn

ifi
ca
nt
ly
re
du

ce
d

ho
sp
ita
ll
en

gt
h
of

st
ay
.

x •
FR

–
RR

=
0.
67

[0
.2
2,
2.
01
]

Hill et al. BMC Geriatrics  (2018) 18:3 Page 13 of 21



Ta
b
le

2
C
om

pa
ris
on

of
m
ai
n
ch
ar
ac
te
ris
tic
s
of

in
te
rv
en

tio
ns

sh
ow

n
to

be
ef
fe
ct
iv
e
an
d
no

t
ef
fe
ct
iv
e
in

re
du

ci
ng

fa
lls

(F
,r
at
e
of

fa
lls
)
or

fa
lls

ris
k
(F
R,
pr
op

or
tio

n
of

fa
lle
rs
)
in

st
ud

ie
s
co
nd

uc
te
d
in

A
si
a
(C
on

tin
ue
d)

Sa
m
pl
e
an
d

de
si
gn

D
et
ai
ls
of

in
te
rv
en

tio
n

C
on

tr
ol

ac
tiv
ity

D
ur
at
io
n
an
d

fre
qu

en
cy

O
th
er

co
m
m
en

ts
Ef
fe
ct
iv
e
(✓

)
or

In
ef
fe
ct
iv
e

(x
)
fa
lls

ou
tc
om

es

M
ee
ts

Sh
er
rin

gt
on

’s
cr
ite
ria

*

H
ip

fra
ct
ur
e
pa
tie
nt
s
re
cr
ui
te
d

an
d
ra
nd

om
iz
ed

at
ho

sp
ita
l

di
sc
ha
rg
e.

RC
T.

Pa
tie
nt
s
in
te
rv
ie
w
ed

at
di
sc
ha
rg
e,
2
w
ee
ks

po
st
-d
is
ch
ar
ge

an
d
3

m
on

th
s
po

st
-d
is
ch
ar
ge

.

an
d
fa
lls

pr
ev
en

tio
n
br
oc
hu

re
.

In
vo
lv
ed

pa
tie
nt
,f
am

ily
an
d

ot
he

r
he

al
th

ca
re

pr
of
es
si
on

al
s.

In
cl
ud

ed
nu

rs
e
fo
llo
w
-u
p

w
ith

ph
ys
ic
ia
ns
.

Sh
yu

et
al
.,

20
10

(T
ai
w
an
)

Ø
[3
9]

N
=
16
2.

69
%

fe
m
al
e.

A
ge

≥
60

ye
ar
s
(m

ea
n

ag
e
=
78

ye
ar
s)
.

Pa
tie
nt
s
ad
m
itt
ed

to
ho

sp
ita
lf
or

hi
p
ar
th
ro
pl
as
ty

or
in
te
rn
al
fix
at
io
n.

RC
T.

Ex
cl
ud

ed
pa
tie
nt
s
w
ith

co
gn

iti
ve

im
pa
irm

en
t,

m
ar
ke
d
fu
nc
tio

na
li
m
pa
irm

en
t

pr
e-
op

er
at
iv
el
y,
or

th
os
e

w
ho

w
er
e
te
rm

in
al
ly
ill
.

Th
re
e
co
m
po

ne
nt
s
to

in
te
rv
en

tio
n:

(1
)
ge

ria
tr
ic
ia
n
re
vi
ew

;
(2
)
re
ha
bi
lit
at
io
n;

an
d

(3
)
di
sc
ha
rg
e

pl
an
ni
ng

se
rv
ic
e.

U
su
al
ca
re
,d

es
cr
ib
ed

as
lim

ite
d
in
te
rd
is
ci
pl
in
ar
y

in
vo
lv
em

en
t,
us
ua
lly

no
ho

m
e
vi
si
t,
an
d
no

in
-h
om

e
ph

ys
io
th
er
ap
y.

(1
)
G
er
ia
tr
ic
ia
n/
ge

ria
tr
ic

nu
rs
e
re
vi
ew

an
d

re
co
m
m
en

da
tio

ns
pr
e-
op

er
at
iv
el
y,
an
d

ge
ria
tr
ic
nu

rs
e
re
vi
ew

an
d
re
co
m
m
en

da
tio

ns
po

st
-o
pe

ra
tiv
el
y.

(2
)
Fo
cu
s
on

ea
rly

po
st
-o
pe

ra
tiv
e
re
ha
bi
lit
at
io
n,

an
d
in
-h
om

e
re
ha
bi
lit
at
io
n.

(3
)
D
is
ch
ar
ge

pl
an
ni
ng

w
as

co
or
di
na
te
d
by

a
ge

ria
tr
ic

nu
rs
e,
an
d
in
cl
ud

ed
a

pr
e-
di
sc
ha
rg
e
ho

m
e
vi
si
t

an
d
re
co
m
m
en

da
tio

ns
,a
nd

fo
llo
w
-u
p
ph

on
e
ca
lls
.

O
n
av
er
ag
e,
th
er
e
w
as

1
x

ge
ria
tr
ic
ia
n
vi
si
t,
5.
4
ge

ria
tr
ic
nu

rs
e

vi
si
ts
,3
.1
ph

ys
ic
al
th
er
ap
is
t
vi
si
ts
,

an
d
1
re
ha
bi
lit
at
io
n
ph

ys
ic
ia
n

vi
si
t
du

rin
g
ho

sp
ita
liz
at
io
n;

an
d

9.
9
ge

ria
tr
ic
nu

rs
e
an
d
3.
0
ph

ys
ic
al

th
er
ap
is
t
ho

m
e
vi
si
ts
af
te
r

re
tu
rn

ho
m
e.

In
te
rv
en

tio
n
gr
ou

p
ha
d

si
gn

ifi
ca
nt

im
pr
ov
em

en
t

re
la
tiv
e
to

co
nt
ro
lg

ro
up

on
A
ct
iv
iti
es

of
D
ai
ly

Li
vi
ng

,w
al
ki
ng

ab
ili
ty
,

re
du

ce
d
de

pr
es
si
on

an
d

be
tt
er

SF
36

sc
or
es

(t
w
o

ye
ar

fo
llo
w
-u
p)
.

✓ •
FR

–
RR

=
0.
56

[0
.3
4,
0.
93
]

N
B:

fo
r
m
ul
tip

le
in
te
rv
en

tio
n
st
ud

ie
s
w
he

re
re
su
lts

ha
ve

be
en

re
po

rt
ed

ag
ai
ns
t
a
co
nt
ro
lg

ro
up

fo
r
in
di
vi
du

al
in
te
rv
en

tio
ns
,t
he

se
ha

ve
be

en
in
cl
ud

ed
in

th
e
si
ng

le
in
te
rv
en

tio
n
co
m
po

ne
nt

of
th
e
ta
bl
e
as

w
el
l

Ra
R
=
Ra

te
Ra

tio
;R

R
=
Ri
sk

Ra
tio

✓
=
ye
s;
x=

no
*
C
rit
er
ia

ba
se
d
on

Sh
er
rin

gt
on

's
re
vi
ew

an
d
m
et
a-
an

al
ys
is
[5
4]

(f
or

ex
er
ci
se

st
ud

ie
s
on

ly
:(
1)

m
od

er
at
e
to

hi
gh

ch
al
le
ng

e
to

ba
la
nc
e;

an
d
(2
)
at

le
as
t
50

h
to
ta
ld

os
ag

e
# R
ep

or
te
d
as

no
n-
si
gn

ifi
ca
nt

fa
lls

ou
tc
om

e
in

C
oc
hr
an

e
re
vi
ew

,a
lth

ou
gh

pa
pe

r
re
po

rt
ed

si
gn

ifi
ca
nt

re
du

ct
io
n
in

in
ci
de

nc
e
of

fa
lls

##
Re

po
rt
ed

as
no

n
si
gn

ifi
ca
nt

fa
lls

ou
tc
om

e
in

th
e
pu

bl
is
he

d
pa

pe
r,
ho

w
ev
er

re
po

rt
ed

as
si
gn

ifi
ca
nt

re
du

ct
io
n
in

fa
lls

ou
tc
om

e/
s
in

th
e
C
oc
hr
an

e
re
vi
ew

Ø
In
di
ca
te
s
th
at

st
ud

y
w
as

co
nd

uc
te
d
w
ith

a
pr
im

ar
y
fo
cu
s
on

pr
ev
en

tio
n
of

fa
lls

(id
en

tif
ie
d
in

ai
m
,h

yp
ot
he

si
s,
or

as
pr
im

ar
y
ou

tc
om

e
/
us
ed

fo
r
po

w
er

ca
lc
ul
at
io
n)

PO
M
A
=
Pr
ob

le
m

O
rie

nt
ed

M
ob

ili
ty

A
ss
es
sm

en
t;
RC

T
=
Ra

nd
om

iz
ed

C
on

tr
ol
le
d
Tr
ia
l;
Ba

l=
Ba

la
nc
e;
IU
=
In
te
rn
at
io
na

lU
ni
ts
;C

BT
=
C
og

ni
tiv

e
Be

ha
vi
or
al

Th
er
ap

y;
A
D
L
=
A
ct
iv
iti
es

of
D
ai
ly

Li
vi
ng

Hill et al. BMC Geriatrics  (2018) 18:3 Page 14 of 21



two of the studies reported significant improvements in
the secondary balance, strength, or mobility related mea-
sures in the exercise intervention relative to the control
group [34, 42].

Medication interventions
Medication interventions can include approaches to re-
view or reduce medications overall, or specifically target
high risk medications such as psychotropic medications;
or provide supplementation to improve fall related out-
comes [3]. Only one Asian study investigated a medica-
tion related intervention, by evaluating the effect of two
years supplementation with vitamin K2, vitamin D2 and
calcium, compared to usual care, in older women with
probable Alzheimer’s disease [30]. There was no effect
on falls outcomes, but a significant reduction in frac-
tures in the medication intervention group.

Psychological interventions
One study investigated the effectiveness of Cognitive
Behavioral Therapy (CBT) alone, and in combination
with Tai Chi, relative to a control group receiving usual
care [37]. Neither CBT alone or combined with Tai Chi
reduced falls outcomes. CBT alone did not result in
significant improvements in any secondary measures,
including falls efficacy, relative to the control group (see
multiple interventions for outcomes for the combined
Tai Chi and CBT intervention group).

Environment/assistive technology interventions
Two studies investigated home assessment and modifi-
cation interventions. In a Japanese study, Kamei et al.
evaluated the effect of a home hazard checklist and a
training program on home hazard awareness for older
people, superimposed on a multifactorial assessment and
intervention program received by both the intervention
and control group (both groups received a falls risk fac-
tor education program, exercise, blood pressure review,
and physical and cognitive assessments) [48]. Although
the intervention group significantly increased their falls
prevention awareness and home modifications imple-
mented, there was no significant reduction in falls. An-
other randomized trial in Taiwan compared a home
assessment and modification intervention against an
education intervention, and an exercise intervention
[38]. The home modification program was conducted by
a public health worker, and involved a standard assess-
ment, provision of 14 standard, inexpensive modifica-
tions (eg removal of loose mats, marking of step edges,
rectification of poor lighting), and recommendations re-
garding another 14 modifications if required. Although
the home safety assessment and modification interven-
tion was reported by Lin et al. [38] as not achieving a
significant reduction in rate of falls, the reduction was

significant in the Cochrane review analysis [3]. There
was no information provided about the range of add-
itional recommendations made, nor the level of adher-
ence with the implemented or recommended home
modifications.

Knowledge interventions
One randomized trial from Taiwan investigated the ef-
fect of knowledge based interventions provided to older
people on reducing risk of falls [34]. The education
intervention involved five one hour group education ses-
sions over five months, targeting separate important risk
factors at each session [34]. While the intervention
achieved improved knowledge about falls risk, there was
no reduction in falls outcomes.

Other single interventions
There were a number of additional interventions that
have been shown to be effective in reducing falls, falls
risk or falls injuries in the 2012 falls prevention in the
community setting Cochrane review, which have not
been investigated in any randomized controlled trials in
Asian countries [3]. These include (a) medication pre-
scription review; and high-risk medication withdrawal
(eg psychotropic medications); (b) cataract surgery (first
eye); (c) changing from bifocal or multifocal glasses to
distance glasses for outdoors mobility; (d) cardiac pacing
surgery (for carotid artery hypersensitivity); and (e)
footwear (anti-slip shoe device for icy conditions).
Vitamin D supplementation, which was considered ef-
fective in reducing falls in at-risk populations by the
Cochrane review, has also not been evaluated for its
effect on falls in Asian populations as a single vitamin
supplement (Sato and colleagues evaluated supple-
mentation of vitamin K2, vitamin D2 and calcium as
a single intervention) [30]. Some of these interven-
tions may be inappropriate in many parts of Asia (eg
anti-slip shoe device for icy conditions). However, the
other intervention types are likely to have direct or
perhaps modified applicability for older people in
Asia.
One recent trial in Asia has been classified as “Other”

under the single intervention studies – an 18 month in-
vestigation of low-magnitude high-frequency vibration
program in post-menopausal women in China/Hong
Kong (n = 710) [51]. Vibration interventions often
utilize exercises while performing vibration, [55] and so
may be classified under exercise interventions, however
the study by Leung and colleagues had participants
standing with straight knees on the vibrating platform
for the duration of the vibration procedure (20 min/
session). The group receiving the vibration therapy
had significantly reduced Hazard Ratio for the
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combined outcome of “falls or fractures” ([0.56, 0.40–
0.78, p = 0.001).

Multiple interventions
Five randomized controlled trials evaluated the effect
of a multiple intervention approach to reducing falls
[34, 37, 41, 50, 53]. Only one of the trials was effect-
ive, providing education (brochure targeting a number
of important falls risk factors) and free access to a
geriatric clinic as required for the intervention group
[41]. Although effective, no details were provided
about the uptake, type of interventions, or adherence
to recommended interventions for the intervention
group. The ineffective interventions included a
combined Tai Chi exercise program and education
program (each of these two components were also
evaluated in isolation); [34] a combined Tai Chi and
Cognitive Behavioral Therapy program; [37] a
strength, balance, and fitness exercise program com-
bined with health education, home assessment and
modification, medication review, and ophthalmology
or other specialty consultations; [50] and a factorial
design study with participants receiving one or more
of nutrition, exercise, and cognitive training interven-
tions [53]. Tai Chi was shown to be an effective exer-
cise intervention to reduce falls when used as a single
intervention in three Asian studies, [31, 42, 49] and
in non-Asian countries [3]. In both of the ineffective
multiple intervention studies incorporating Tai Chi,
the Tai Chi component did not incorporate the 50 h
of exercise recommended to improve likelihood of
achieving a significant reduction in falls [54].

Multifactorial interventions
Four of the randomized controlled trials conducted in
Asia utilized a multifactorial falls prevention interven-
tion [35, 36, 39, 40]. Two of these targeted a high-risk
population (patients with hip fracture returning home
after surgery), and utilized improved discharge plan-
ning and post discharge follow-up, including home
visit/s [36, 39]. The study by Shyu and colleagues also
incorporated a strong interdisciplinary care model pre
and post-surgery [39]. The trial conducted by Jitapunkul
and colleagues utilized a regular (three monthly) home
visit health screening process by a non-health professional,
with subsequent referral to a nurse or geriatrician if there
was recent functional decline or ≥1 fall in the preceding
three months. Similarly, the study by Huang and Acton
utilized a targeted falls risk brochure, followed up by tar-
geted risk factor management support by a visiting nurse
(focussing on medication and home safety) [35]. Only the
trial by Shyu and colleagues was effective in reducing falls
in the intervention group [39].

Quality of the studies
Risk of bias was reported for all studies published in the
2012 Cochrane review. The Cochrane Collaboration’s
tool for assessing the risk of bias was used to evaluate
quality of the RCTs published since Gillespie et al.’s
Cochrane review. Most of the recent studies had low to
medium risk of bias (Table 3). Two studies had low risk
of bias across all domains, [49, 52] with all the other
studies having at least one section that was unclear (au-
thors did not provide enough evidence). The only high
risk of bias was for sequence generation and blinding in
the study by Ohtake et al. [45] because participants were
categorized by the day of the week and they did not
blind the participants, personnel or outcome assessors.
The risk of bias for the studies was viewed as low to
medium due to sections of data in a number of the
categories not being available, and are known to be
essential for conducting high quality RCTs (blinding,
allocation concealment).

Meta-analyses
For intervention types with two or more studies from
the Asian region with comparable data available, a meta-
analysis was conducted. Only the exercise (n = 15) inter-
vention of the single interventions, and the multifactorial
interventions (n = 4) were included in the meta-analyses
(Fig. 2). The Ashari et al. study [52] was not included in
the exercise meta-analysis due to significant differences
between the groups at baseline. Woo and colleagues [42]
had two intervention groups and therefore dichotomous
(outcome and sample) data for the intervention groups
only were combined, as described in the methods.
Results from the meta-analysis indicate that exercise
achieved significant reduction in number of fallers (OR:
0.43 [0.34–0.53]), number of falls (OR: 0.35 [0.21–0.57])
and number of fallers injured (OR: 0.50 [0.35–0.71]).
Heterogeneity was at appropriate levels for the exercise
intervention meta-analyses.
A separate subgroup meta-analysis was conducted for

the Tai Chi exercise interventions. Results indicated Tai
Chi achieved significant reduction in the number of falls
(OR: 0.24 [0.13–0.47]) and number of fallers (OR: 0.46
[0.30–0.70]), although it must be noted that there was
high heterogeneity for the number of fallers (I2 = 67%)
and therefore these results should be used with caution.
Separate subgroup analysis was not able to be under-
taken for the two home exercise program studies due to
the Ashari and colleagues study [52] having differences
at baseline discussed previously. No other sub-group
analyses were possible.
The meta-analysis of the multifactorial interventions

did not reach significance for number of fallers (OR:
0.57 [0.23–1.44]). Although there were two home assess-
ment and medication trials, they reported different falls
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outcome data, so meta-analysis was not able to be per-
formed. Similarly, for the falls risk outcome for the
multifactorial intervention classification, there were not
two studies reporting this outcome to allow meta-
analysis. Similar to the Cochrane review, meta-analysis
of the multiple interventions was not possible because of
the diversity of the intervention types combined as mul-
tiple interventions.

Discussion
Falls among older people remain a major public health
problem world-wide. Substantial inroads are being made,
with growing research evidence of single, multiple and
multifactorial interventions being effective in reducing
falls. However, the results of this focussed review of the
subgroup of falls prevention randomized trials for the
community setting conducted in countries in Asia,

Table 3 Quality of the studies

Study Sequence
generation

Allocation concealment Blinding Incomplete outcome data Selective outcome reporting Free of other bias

Ashari et al. 2016 + + + + + +

Hirase et al. 2015 ? + ? + + ?

Hwang et al. 2016 + + + + + +

Kamai et al. 2015 ? ? ? + + ?

Kim et al. 2014 + ? + + + ?

Lee et al. 2013 + + ? + + ?

Leung et al. 2014 + + + + + ?

Ng et al. 2015 + + + + + ?

Ohtake et al. 2013 – ? – ? + ?

Yamada et al. 2012 + + ? ? + ?

Yamada et al. 2013 ? ? + ? + ?

Note. Bias was scored as low risk (+), or high risk (−) or unclear (?). [26]

a

b

c

d

e

f

Fig. 2 Meta-analyses of intervention types that included two or more interventions from the Asian region. a. Number of fallers – Exercise, b.
Number of falls – Exercise, c. Number of fallers injured - exercise, d. Number of fallers – exercise using Tai Chi, e. Number of falls – exercise using
Tai Chi, f. Number of fallers – Multifactorial Interventions
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where 60% of the world’s population live, indicates
substantial gaps. Not only has there been limited falls
prevention research conducted in Asian countries, but
where studies have been conducted, sample sizes are
generally small, and only 11 of the 30 interventions
evaluated in the 26 studies in Asia achieved a significant
reduction in one or more falls outcomes (37%). The
meta-analysis results where more than one study was
able to be pooled for an intervention type (exercise and
multifactorial interventions) indicated that only exercise
was effective in reducing falls in Asian populations.
Exercise is by far the most researched intervention

type in Asian countries (as it is world-wide), with over
half of the studies reported having an exercise compo-
nent. Not surprisingly, Tai Chi was commonly investi-
gated, and was effective in reducing falls outcomes in
three studies in Asian countries, and in the sub-group
meta-analysis. Although Tai Chi has been shown to be
acceptable [56] and to reduce falls-related outcomes in
non-Asian countries, [3] it does seem to be a preferred
exercise approach for investigation and implementation
in Asian countries. Adherence to the successful Tai Chi
programs conducted in Asia was high (75–81%), though
similarly high adherence to Tai Chi has been reported in
studies conducted in other countries (68–80%) [57, 58].
Of note though, nine of the 15 studies investigating
exercise in Asian countries were not effective, and the
majority of these did not meet the criteria recommended
by Sherrington [54] to be likely to be effective in redu-
cing falls (having a moderate challenge to balance, and
minimum of 50 h exercise dosage). Three studies that
did meet these criteria were not effective, but were sub-
stantially underpowered to identify a reduction in falls
related outcomes [29, 47, 52]. Other exercise approaches
that were effective in single studies were an obstacle
course, [43] a multi-target stepping program, [44] and a
group balance and strength training program [46].
In an updated meta-analysis by Sherrington published

around the time of this paper’s publication, more strin-
gent dosage criteria (greater than three hours per week)
were identified as achieving the greatest benefit in redu-
cing falls (23% reduction) [59]. Higher exercise dosages,
and sustained exercise (lifelong behaviour change) are
clearly more desirable. However, low levels of sustained
participation have been reported in falls prevention exer-
cise programs, [60] suggesting that strategies such as
starting off with lower dosages and gradually building
up, and embedding behaviour change elements into
exercise programs to support sustained and increased
participation may be required to achieve this high dos-
age. Future exercise studies should aim to adopt a
method that meets the updated Sherrington criteria
while being culturally relevant, as well as being ad-
equately powered for falls outcomes.

These results have substantial implications for falls pre-
vention research and practice in Asia. It is often assumed
that interventions shown to be effective in randomized tri-
als or meta-analyses in one country will be generalizable
elsewhere. However, researchers in the falls prevention
area, [23, 61] and in other areas of health (eg hepatocellu-
lar carcinoma) [62] have called for local research in Asian
and or developing countries to address key gaps and dif-
ferences. In this context, recent research has also
highlighted the diverse range of factors that may compli-
cate or reduce likely effectiveness of directly translating
falls prevention approaches found to be effective in non-
Asian countries into Asian countries [18, 19, 23]. Some of
these differing factors include: (1) role of family (including
filial piety); (2) indoor (including floor surfaces) and out-
door environments; (3) regularly worn footwear in many
parts of Asia differ from what is considered the ideal foot-
wear for falls prevention; (4) lifestyle factors such as inci-
dental and formal exercise approaches that are routine
and acceptable, diet, and sunlight exposure; (5) health ser-
vices and systems, and patient expectations of specific
health practitioners; (6) differing understanding of preven-
tion and active engagement in prevention and interven-
tion approaches; and (7) differences in concern about falls
influencing behaviours [23, 61, 63, 64].
Given the factors outlined above, direct translation of

interventions from non-Asian studies to Asian countries
may warrant careful consideration. There are a number
of implications for researchers, practitioners, policy and
planning personnel, and research funders who may be
involved in future falls prevention research in Asia.
Firstly, in the area where the meta-analysis of Asian
studies indicated effective interventions (Tai Chi and
other exercise approaches), and where there is at least
one effective randomized trial (home modifications,
multiple and multifactorial interventions), that these
interventions could be considered for broader imple-
mentation into practice. Two other interventions were
shown to be effective in special populations: vitamin K2,
vitamin D2 and calcium supplementation for women
with probable Alzheimer’s disease; and a multifactorial
intervention for post hip fracture surgery patients. Even
in these areas where there is some evidence of effective-
ness, there is a need for research with larger samples (as
the majority in this review were small samples, which
limits the rigor and confidence in study findings).
Furthermore, in areas like exercise, the different exercise
intervention types (other than Tai Chi) have been
grouped together in this review (because of the small
number of studies), so there remains scope for further
research exploring other exercise modalities, particularly
those that may be most acceptable to Asian populations.
Secondly, for other areas of practice where there is re-

search evidence of effective interventions in non-Asian
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populations but not in Asian populations, a number of
options are available. For those interventions where re-
search has been conducted in Asian countries but was
not shown to be effective (eg knowledge/education inter-
ventions, and psychological interventions) there is a
clear need to review these unsuccessful methodologies
in the context of local factors that may influence their
uptake and effectiveness. For example, critical elements
to a successful falls prevention education program in-
clude that participants understand that falls are prevent-
able, and that changes in behaviour, even at later ages,
can still improve risk of future falls. However, research
indicates that in some Asian cultures (eg China), fatalis-
tic beliefs about falls is a major barrier that would need
to be overcome [22]. Researchers and practitioners need
to undertake research to improve understanding of these
beliefs, and strategies that may influence these beliefs.
Recent research in Australia has shown a World Café
approach to be valuable in informing understanding of
factors that would influence uptake and sustained en-
gagement in falls prevention among older people, [65]
and these factors have been introduced into a peer edu-
cation program that was effective in increasing intention
to engage in falls prevention activities [66]. Innovative,
culturally relevant approaches to understanding these
factors in Asian countries, and approaches to achieve
sustained behaviour change (which may include these or
other culturally relevant approaches) are foundational to
achieving improved falls related outcomes. In using re-
sults from these type of local studies, practitioners can
implement these interventions in a blended manner that
retains as much of the original intervention approach as
possible, but with local tailoring. For other types of falls
prevention interventions that have not been investigated
in Asian samples (eg medication review/reduction) there
would be merit in establishing local factors as described
above, prior to researchers in Asia seeking funding for
local research to evaluate a culturally tailored interven-
tion’s effectiveness in reducing falls or falls injuries. In
the context of medication review, inclusion of traditional
and herbal medicines (which are widely used in some
Asian countries), as well as interactions with pharmacy
medicines would be important considerations. There
may be value for this research to be collaborative with
researchers who have implemented effective randomized
controlled trials in non-Asian countries.
Finally, there may be other novel, locally relevant

intervention types that have not been researched, that
may warrant funding being sought for these interven-
tions to be evaluated in an Asian context.
For the purposes of this research we have grouped

countries under the broad umbrella classification of
“Asia”, however it is important to recognize that there is
considerable diversity between some of the countries in

Asia, and even within some countries (for example, in
Malaysia where there are three significant ethnic popula-
tions), or between urban and rural populations, where so-
cioeconomic and other differences in some Asian
countries can be stark. Specific understanding of local,
cultural and societal factors that may influence acceptabil-
ity of interventions need to be considered when imple-
menting falls prevention interventions in Asian countries.
Although we have identified only a relatively small

number of randomized controlled trials investigating
falls prevention approaches in Asian countries, there ap-
pears to be a steady growth in the number, size and
quality of the studies published more recently (since the
2012 Cochrane review) [3]. There are also two protocol
papers published for studies that are underway in Asia,
including a multifactorial intervention for older people
with recent history of falls or injuries from falls in
Malaysia (n = 300), [67] and an evaluation of the use of
exercise using Nintendo® Wii in Singapore (n = 80), [68]
that will add to the small but growing volume of falls
prevention research in this region. Of note, a number of
the more recent studies are substantially larger than the
median sample size of 150 for studies from Asian coun-
tries reported in the Cochrane review, which strengthens
confidence in the study findings. However, the majority
focussed specifically on exercise interventions only, and
all were from more well developed countries in Asia.
There were several limitations to this review. A mod-

erate limitation given the focus of this review on studies
conducted in Asian countries is that only studies pub-
lished in English have been included, therefore some
Asian studies published in languages other than English
may not have been identified. Another limitation is the
varying falls outcomes published, which did not allow
for additional meta-analyses to be undertaken. It would
be beneficial for future falls prevention studies to include
standardized outcomes to make direct comparisons and
meta-analyses possible.

Conclusions
In summary, this focussed review of community setting
falls prevention randomized controlled trials conducted in
Asia found limited evidence of a small number of effective
intervention types, relative to the strong evidence across a
range of intervention types from non-Asian countries. Ex-
ercise approaches have had the strongest level of investi-
gation, and several exercise approaches, in particular Tai
Chi, have been shown to be effective. There is a need for
substantial investment in large, adequately powered ran-
domized controlled trials evaluating falls prevention inter-
ventions across Asia, in particular that incorporate
tailoring of intervention approaches to the local Asian
context, in order to reduce the projected escalating impact
of falls in this rapidly aging part of the world.
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Abstract

Background: Individuals with persistent musculoskeletal pain (PMP) have an increased risk of developing co-morbid
health conditions and for early-mortality compared to those without pain. Despite irrefutable evidence supporting the
role of physical activity in reducing these risks; there has been limited synthesis of the evidence, potentially impacting
the optimisation of these forms of interventions. This review examines the effectiveness of interventions in improving
levels of physical activity and the components of these interventions.

Methods: Randomised and quasi-randomised controlled trials were included in this review. The following databases
were searched from inception to March 2016: CENTRAL in the Cochrane Library, Cochrane Database of Systematic
Reviews (CDSR), MEDLINE, Embase, CINAHL, PsycINFO and AMED. Two reviewers independently screened citations,
assessed eligibility, extracted data, assessed risk of bias and coded intervention content using the behaviour change
taxonomy (BCTTv1) of 93 hierarchically clustered techniques. GRADE was used to rate the quality of the evidence.

Results: The full text of 276 articles were assessed for eligibility, twenty studies involving 3441 participants were
included in the review. Across the studies the mean number of BCTs coded was eight (range 0–16); with ‘goal setting’
and ‘instruction on how to perform the behaviour’ most frequently coded. For measures of subjective physical activity:
interventions were ineffective in the short term, based on very low quality evidence; had a small effect in the medium
term based on low quality evidence (SMD 0.25, 95% CI 0.01 to 0.48) and had a small effect in the longer term (SMD 0.
21 95% CI 0.08 to 0.33) based on moderate quality evidence. For measures of objective physical activity: interventions
were ineffective - based on very low to low quality evidence.

Conclusions: There is some evidence supporting the effectiveness of interventions in improving subjectively measured
physical activity however, the evidence is mostly based on low quality studies and the effects are small. Given the
quality of the evidence, further research is likely/very likely to have an important impact on our confidence in effect
estimates and is likely to change the estimates. Future studies should provide details on intervention components and
incorporate objective measures of physical activity.
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Background
Epidemiological studies suggest one in five people across
Europe suffer from persistent pain [1, 2]. Most persistent
pain arises from musculoskeletal disorders, such as low
back pain and osteoarthritis; both of which are consid-
ered leading causes of disability, worldwide [3]. It can be
expected that with aging populations, the health,
economic, and social problems associated with these con-
ditions are likely to rise [1, 2, 4]. In addition to causing
considerable disability, persistent musculoskeletal pain
(PMP) also increases an individual’s risk of developing
other health conditions including; depression, obesity,
heart disease [5–7], cancer [8] and indeed early mortality
[7–9]. Despite this, efforts to address these broader health
implications of PMP are somewhat lacking.

Description of the intervention
Clinical guidelines widely endorse exercise and/or phys-
ical activity (PA) in the management of PMP [10–17].
This is largely due to the positive impact these interven-
tions can have on reducing pain and disability. However,
improving levels of PA can lead to broader health bene-
fits: with even small changes in PA levels leading to sub-
stantial health gains [18, 19].
PA can be defined as any movement produced by skel-

etal muscles resulting in energy expenditure, it occurs
across several domains including: social and domestic
activities, commuting, recreational and leisure activities
[20]. PA may or may not include exercise: exercise is a
subset of PA tending to be planned, structured or repeti-
tive [20] with a specific purpose such as improving
strength, it has been recommended that the terms PA
and exercise are not confused [21].

How the intervention might work
Improving levels of PA requires behaviour change. Behav-
iour change interventions are coordinated sets of activities
designed to change specified patterns of behaviour [22].
Behaviour change techniques (BCTs) are the components
of interventions that effect change [23]. Taxonomies of
BCTs have been used to describe intervention content in
a number of PA behaviour change interventions [24–28].
Across these interventions and in line with NICE recom-
mendations for individual level behaviour change [29],
some consistent techniques appear to be associated with
effective interventions e.g. self-monitoring behaviour,
providing feedback, and goal setting.

Why it is important to do this review
PA and exercise interventions are often recommended in
the management of PMP as they can have a positive effect
on pain and disability levels. However, the extent to which
these interventions actually result in changes to behaviour
and consequently increased levels of physical activity is

less clear. Although individual studies have demonstrated
it is possible to increase PA levels in those with back pain
[30] or osteoarthritis [31, 32], the results of systematic
reviews are conflicting and limited. In adults with osteo-
arthritis a systematic review concluded that self-
management programmes achieve small improvements in
subjectively measured PA in the short-term [32]: whereas,
a review of PA interventions in adults with PMP reported
no improvements in objectively measured PA [33].
Furthermore, the BCTs used within these forms of inter-
ventions and the relationship if any, to outcomes has not
yet been systematically explored.

Objectives
This systematic review investigated the effectiveness of
any form of intervention with a clear aim of increasing
PA in adults with PMP. Possible associations between
BCTs or intervention characteristics and intervention ef-
fects were also investigated.
The objectives of this review are to:

1. Determine the effectiveness of interventions in
increasing PA levels in adults with PMP.

2. Identify BCTs used within interventions.
3. Determine if particular BCTs or other intervention

characteristics (intensity, recruitment route, type of
PA, etc.) are associated with greater effect sizes.

Methods
The full protocol for this review has been published [34].

Population
Randomised and quasi-randomised controlled trials in
adults (≥18) with PMP (pain lasting ≥3 months), in the
axial skeleton or large peripheral joints were included. We
excluded studies focusing on fibromyalgia, inflammatory
and/or autoimmune disorders and perioperative patients,
which may require a different management strategy.

Types of interventions
All interventions that had a clear aim of increasing PA
in adults with PMP were eligible for inclusion. We
excluded site specific rehabilitative exercise interventions
unless it was clear the intervention also addressed habit-
ual PA. We included trials with a comparative control
group and trials with multiple intervention arms. We
did not include population or community-wide
interventions.

Types of outcome measures
The primary outcome of interest was PA measured by
self-reported or objective measures; questionnaires, re-
call diaries, pedometers or actigraphy. Measurements of
adherence or attendance at classes alone, were not
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sufficient. The secondary outcome of interest was ad-
verse incidents.

Search methods for identification of studies
Search strategies were developed for each electronic
database and were based on the initial Medical Literature
Analysis and Retrieval System Online (MEDLINE) strat-
egy (Additional file 1). We searched the Cochrane Central
Register of Controlled Trials (CENTRAL) in the Cochrane
Library, the Cochrane Database of Systematic Reviews
(CDSR) in the Cochrane Library, Ovid MEDLINE(R) Daily
Update, Ovid MEDLINE(R), Ovid MEDLINE (R) - in-
cludes new records, not yet fully indexed, Ovid Embase,
EBSCO Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Ovid PsycINFO, AMED (Allied and
Complementary Medicine). All databases were searched
from inception to March 2016.
Reference lists of systematic reviews and articles

retrieved from the search were scanned for additional
references.

Data collection and analysis
Selection of studies
Results from the searches were imported into End-
Note (X7) bibliographic software (Thomson Reuters,
Philadelphia, PA, USA) and duplicates removed. Titles
and abstracts obtained from the search were inde-
pendently screened by two authors (JM 100%, MAT
70% and SMcD 30%). Articles not meeting the inclu-
sion criteria and outside the scope of the review were
removed. Full text reports of the remaining publica-
tions were retrieved. Two review authors (JM, SMcD)
used a standardised form tested prior to use, to select
trials eligible for inclusion. Non-English papers were
assessed and, where necessary, translated in part or in full.

Data extraction and management
Data was extracted independently by two reviewers (JM,
SMcD) using a customised form tested prior to use.
Relevant data was extracted for methodological issues,
intervention characteristics, study design, study charac-
teristics and adverse events. Intervention content was
coded according to the BCTTv1 [35]. Two coders (JM,
SH) independently coded BCTs, inter-rater reliability
was assessed using the prevalence-adjusted bias-adjusted
Kappa (PABAK) statistic [36]. PABAK adjusted for the
high frequency of agreement on absent BCTs. Values of
0.60–0.79 indicated ‘substantial’ reliability and 0.80 and
above ‘outstanding’ reliability [37].

Assessment of risk of bias in included studies
Two reviewers (JM, SMcD) independently assessed
studies for risk of bias (ROB), using the Cochrane risk of
bias tool [38]. An additional domain was added to

determine if studies were adequately powered. For cluster
randomised controlled trials, five additional domains were
assessed, as recommended by Cochrane (16.3.2) [38].

Quality of the evidence
The Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach was
used to interpret and evaluate the quality of the evidence
[39, 40]. The methods and recommendations described
in the Cochrane handbook [38] and by the GRADE
working group [33] were used to assess the quality of a
body of evidence using five domains: risk of bias, incon-
sistency, indirectness of evidence, imprecision of effect
estimates and potential publication bias. Data for each
outcome was entered into GRADEpro to create
‘Summary of Findings’ table and footnotes were used to
justify all decisions on the downgrading of the quality of
the evidence.
The definitions described by the GRADE working group

were used to grade the quality of evidence as follows:

� High – Further research is very unlikely to change
our confidence in the estimate of effect.

� Moderate – Further research is likely to have an
important impace on our confidence in the estimate
of effect and may change the estimate.

� Low – Further research is very likely to have an
important impact on our confidence in the estimate
of effect and is likely to change the estimate.

� Very low – Any estimate of effect is very uncertain.

Measures of treatment effect
Continuous outcomes were analysed using post inter-
vention measures, we reported effect sizes using the
standardised mean difference (SMD) as outcomes were
reported across different scales. For comparisons of the
results we categorised studies into effect sizes according
to Cohen’s classification; SMD; 0.2 < 0.3 as small, 0.3–0.8
as moderate, >0.8 as large [41]. P-values of <0.05 and
confidence intervals that excluded null values were
considered statistically significant.

Unit of analysis issues
Where studies involved multiple intervention groups we
followed recommendations suggested by the Cochrane
collaboration (16.5.4) [38] by combining similar inter-
vention groups to perform a single pairwise comparison.
Where studies reported PA domains separately or

reported more than one PA outcome, data were
extracted for each, however, for the effect size analysis,
measures of overall PA were given preference, if these
were not available leisure time PA was given preference’.
To facilitate exploration of results not suitable for

quantitative synthesis we grouped studies by effect size
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using an aggregate of subjective and objective measures
(objective measures given preference to subjective where
available) at the post intervention time point.

Dealing with missing data
Attempts were made to contact original investigators to
request missing data.
The frequency and duration of the intervention was

used to calculate an estimated overall intervention contact
time ‘intensity’. The calculation was based on the full
intervention being delivered as planned. If the duration of
a session was not reported or the data was unobtainable
from authors, we allocated 20 min for telephone follow up
and 45 min for face to face interventions.

Assessment of heterogeneity
Diversity across the studies was qualitatively assessed in
terms of the intervention, participant demographics,
outcome measures and follow-up. Data was assessed for
statistical heterogeneity using RevMan version 5.3 using
the I2 statistic, values of I2 ranging from 30% to 60%
were considered to represent moderate heterogeneity
and 50% to 90% substantial heterogeneity [38].

Data synthesis
Separate meta-analyses were completed for subjective
and objective outcome data at three time points; short
term (not longer than 12 weeks’ post-randomisation),
medium term (not longer than 6 months’ post random-
isation) and long term (greater than 6 months post
randomisation). Outcomes were analysed using the
SMD, with the inverse variance method to calculate the
overall effect and standard error, a random effects model
was applied to incorporate heterogeneity.

Subgroup analysis and investigation of heterogeneity
We performed the following pre-specified subgroup
analysis:

� Clinical subgroups: classified as ‘persistent low back
pain’ and ‘osteoarthritis’

� Frequency and duration of intervention (intensity)
classified as ‘higher’ or ‘lower’ relative to the median
number of contact hours across the studies

The following subgroups were planned but not con-
ducted as the data generated was deemed insufficient.

� BCTs
� Recruitment routes

Descriptive statistics were therefore used to explore
possible associations between these factors and other
intervention characteristics and intervention effects.

Sensitivity analysis
A sensitivity analysis was performed to check if exclud-
ing studies with a higher ROB affected results. The
threshold for sensitivity analysis was set for studies
meeting at least 50% of the criteria of the ROB assess-
ment, excluding blinding of participants and providers.

Results
Results of the search
The electronic searches returned 18,953 records, (Fig. 1)
after de-duplication in the referencing software, 11,323
title and abstracts were screened against the inclusion
criteria. In total 276 records were identified as poten-
tially relevant, and the full text reports were retrieved.
Twenty-six studies were initially agreed for inclusion; six
studies were subsequently found to contain unusable

Fig. 1 Study Flow Diagram
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outcome data, requests to obtain the data were not suc-
cessful (Fig. 1). Twenty studies had sufficient data to be
included in a meta-analysis [30–32, 42–58]. Nine
authors were contacted regarding studies that were
deemed to have potentially usable data; six replied, four
authors provided the information needed to include
their study [43, 44, 52, 58].
Eight non-English language studies were translated but

none were eligible for inclusion.

Excluded studies
A total of (n = 250) studies were excluded from the re-
view. Exclusions were most often due to no or unaccept-
able measures of PA and studies having no clear aim of
increasing PA (Fig. 1).

Characteristics of included studies
Ten studies were described as randomised controlled trials
(RCTs), three were cluster RCTs [43, 44, 55], five feasibility
or pilot RCTs [30, 32, 48, 51, 56] and one was a controlled
clinical trial [42]. Sullivan et al. [57] reported a one year
follow-up of patients who had participated in an RCT [59].
The maximum number of groups within studies was
three, [44, 46, 47, 52].

Participants in included studies
The studies involved 3441 suitable participants (4875 in
total) (Table 1), over half were female (approx. 59.2%).
Thirteen studies focused on osteoarthritis (1874 partici-
pants; n = 7 knee, n = 5 hip and/or knee, n = 1 general-
ised) and seven on persistent low back pain (n = 1567
participants). The mean age of participants with osteo-
arthritis ranged from 61 to 73.8 years, and for persistent
low back pain from 40.4 years to 51.9 years.

Interventions
Table 2 summarises modes of delivery, intervention con-
tent, provider and intensity for each intervention. Most
studies incorporated more than one mode of delivery
but have been described according to what was consid-
ered the ‘primary’ delivery mode. Most interventions
were provided by healthcare professionals (12/20), other
providers included exercise and fitness professionals and
a counsellor. Intervention contact times ranged from
<1 h for a educational pamphlet [32] to approximately
200 h of contact time [46] occurring over a twelve
month intervention. The median number of contact
hours was 8.3 h. Walking was the most common form
of PA, followed by multicomponent programmes utilis-
ing a mixture of aerobic, strengthening and/or general
flexibility exercises. All of the interventions incorporated
some form of educative component relating to the role
of PA in managing PMP.

A total of 160 BCTs (mean per study 8, range 0–16)
were coded across the 20 studies (Table 2). The most
frequently coded techniques were ‘goal setting (behav-
iour)’ and ‘instruction on how to perform the behaviour’
(65%) followed by ‘behavioural practice/rehearsal’ and
‘self-monitoring of the behaviour’ (55%). A mean PABAK
score of (0.9) indicated outstanding agreement on identi-
fication of BCTs.

Control groups
The content of control groups varied (Table 1); seven
studies referred to control groups as ‘treatment as usual’
or some form of ‘standard care’ [30, 43, 49, 52, 55–57].
Two studies [45, 58] used waiting list control groups. A
clinical guideline posted to GP’s was used as a control in
the study by Becker et al. [44]. Pamphlets were used as a
control in the study by Brosseau et al. [46] and a copy of
the ‘Arthritis Help book’ was given to controls in the
study by Hughes et al. [50]. Two studies used self-
management programmes in their intervention, but
provided it as a stand-alone intervention for controls;
[31, 47]. Two studies directly compared two forms of
back rehabilitation programmes of varying intensity and
content [42, 54]. In the study by Williams et al. [32] the
control booklet content differed to the intervention
booklet. Krein et al. [53] provided controls with an
uploading pedometer and reminder emails to upload
data but not access to the web-based intervention, avail-
able to the intervention group. In two studies [48, 51] in
addition to exercise classes, intervention groups received
additional intervention components.

Outcome measures
Across the 20 studies 13 scales or tools for measuring PA
were identified (Table 1) twelve studies reported subjective
PA; five objective PA and three reported both. Self-
reported measures of PA included estimates of total PA
and estimates of frequency, intensity and time in different
domains of activity. Only two tools were used in more
than one study; the International Physical Activity
Questionnaire, [32, 51, 52], and the Freiburg Question-
naire of PA, [44, 54]. Objective measures of PA included
steps per day or total PA and/or time in different
intensities of PA, measured by accelerometers and/or
pedometers.

Follow-up (post randomisation) (Table 1)
The longest follow up was 18 months [46] six months
after a twelve month intervention. Eleven studies re-
ported outcomes at 12 months [42–45, 48, 50, 52–54,
56, 57] however, the latter two studies involved interven-
tions that lasted the 12 months. Four studies reported
outcomes at 6 months [30, 31, 51, 58] and one at
3 months [32]. One study had only post-intervention
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outcomes at four weeks [49] and one study reported
outcomes at nine months [47]. Pisters et al. [55] re-
ported outcomes at 65 weeks, the intervention duration
was described as 12 weeks however booster sessions
were provided to participants up until week 55.

Risk of bias in included studies (Figs. 2 and 3)
The ROB in the included studies is summarised in Figs. 2
and 3. Blinding, inadequately powered studies and
attrition bias were considered the greatest ROB in the
included studies. Due to the difficultly in blinding partic-
ipants and providers in PA interventions, the risk of
performance bias was considered high in all but one
study which involved posting an intervention or control
pamphlet to participants [32], the review authors felt
there was insufficient information in the report to
support a judgement of high or low ROB for this study.
The majority of studies included in the review were not

sufficiently powered, only nine reported conducting a
power calculation for their primary outcome [32, 43–
45, 48, 52–55]. Only two studies [45, 55] conducted
power calculations for PA outcomes. Attrition bias
was considered high in just over one third of the in-
cluded studies (35%).

Risk of bias in cluster randomised controlled trials
Three studies utilised cluster RCTs [43, 44, 55],
summarised in (Figs. 2 and 3). Two studies [43, 55] were
judged to be of unclear ROB in relation to loss of
clusters, this was due to the loss of clusters not being re-
ported or discussed in the analysis or results. ROB on
comparability with individually randomised trials was
unclear in all three studies, this was largely due to a lack
of reporting of comparability or the influence of cluster-
ing on intervention effects.

Fig. 3 Risk of bias in individual studies

Fig. 2 Risk of bias summary of all studies assessed using Cochrane risk of bias tool

Marley et al. BMC Musculoskeletal Disorders  (2017) 18:482 Page 11 of 20



Effects of interventions: Meta-analysis
Meta-Analysis 1: Effects of Intervention versus control
on subjectively measured PA.
Fifteen studies reported continuous measures of sub-

jective self-reported PA [30, 32, 42–46, 50–52, 54–58].
Short term: no longer than 12 weeks post randomisation.
Nine studies (1096 participants) reported short term

subjective PA outcomes (Fig. 4) [30, 32, 42, 45, 50–52,
57, 58]. Based on very low quality evidence the pooled
effects of the interventions showed no demonstrable ef-
fect (SMD 0.24, 95% CI -0.07, 0.55). The quality of the
evidence was downgraded from high to very low quality
due to substantial statistical heterogeneity (I2 = 83%),
wide confidence intervals around the effect estimate and
ROB (Table 3).
Medium term: greater than 3 months, not more than

6 months post randomisation.

Nine studies (1309 participants) reported medium
term measures (Fig. 4) [30, 44, 50–52, 54–56, 58]. Based
on low quality evidence the pooled effects of the
studies at the medium term was significant with a
small effect size (SMD 0.25, 95% CI 0.01, 0.48). The
quality of the evidence was downgraded from high
due to the substantial heterogeneity in the observed
effects (I2 = 72%) and weighting of studies at high
ROB included in the analysis (Table 3).
Long term: greater than 6 months post randomisation.
Eleven studies (1872 participants) reported long term

follow-up measures (Fig. 4) [42–46, 50, 52, 54–57].
Based on moderate quality evidence the pooled effects
were small and statistically significant (SMD 0.21, 95%
CI 0.08, 0.33) heterogeneity was moderate in the
observed effects (I2 = 40%). The quality of the evidence
was downgraded from high to moderate due to the

Fig. 4 Forest plot of comparison: 1 Effects of intervention versus control on subjectively measured physical activity: short-term, medium-term
and long-term
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weighting applied to studies judged as high ROB in the
analysis (Table 3).

Meta-analysis 2: Effects of intervention versus control on
objectively measured PA
Eight studies reported objective measures of PA [30, 31,
45, 47–49, 51, 53].
Short term: no longer than 12 weeks post randomisation.
Seven studies (441 participants) reported short term

measures (Fig. 5, Table 3) [30, 31, 45, 47–49, 51]. Based
on very low quality evidence, the pooled effect was
positive but not significant (SMD 0.31, 95% CI -0.11,
0.74) with substantial heterogeneity (I2 = 76%). The
quality of the evidence was downgraded from high to
very low due to wide confidence intervals in the effect
estimates and the weighting applied to studies judged as
high ROB in the analysis (Table 3).
Medium term: greater than 3 months, not more than

6 months’ post randomisation.
Four studies (245 participants) reported medium term

measures (Fig. 5) [30, 31, 51, 53]. Based on low quality
evidence, the pooled effect was negative (SMD -0.02,
95% CI -0.40, 0.36) with moderate heterogeneity in the
observed effects (I2 = 41%). The quality of the evidence
was downgraded due to the small number of participants
included in the analysis and wide confidence intervals
that included no effect.

Long term: greater than 6 months post randomisation.
Four studies (435 participants) reported long term

follow-up measures (Fig. 5) [45, 47, 48, 53]. Based on
low quality evidence, the pooled effect was positive but
not significant (SMD 0.22, 95% CI -0.02, 0.46) with low
heterogeneity in the observed effects (I2 = 29%). The
quality of the evidence was downgraded from high to
low due to imprecision of the effect estimates as evi-
denced by the confidence intervals included no effect
and the weighting applied in the analysis to studies at
high ROB.

Sensitivity analysis
We examined the pooled effects for the two types of
outcomes (subjective and objective) at each time point
by an assessment of the ROB. When limited to studies
with a lower ROB, effect sizes were not significant at any
timepoint.
Subgroup Analyses: To increase statistical power for

the planned subgroup analysis we used subjective mea-
sures of PA (n = 16 studies).
Subgroup analysis 1: Clinical conditions osteoarthritis

and low back pain:
Effects were demonstrated for the osteoarthritis

subgroup only, effects sizes were moderate in the
medium-term (SMD 0.41, 95% CI 0.10, 0.72) and small
in the longer term (SMD 0.29, 95%CI 0.08, 0.49).

Fig. 5 Forest plot of comparison: 2 Effects of intervention versus control on objectively measured physical activity: short-term, medium term
and long-term
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Subgroup analysis 2: Intervention Intensity:
Only interventions that were of higher intensity,

relative to the median calculated contact hours of the in-
terventions (8.3 h) reached important effect sizes (seven
studies). Higher intensity interventions resulted in
moderate effect sizes for short term (SMD 0.66 95% CI
0.41, 0.91) and medium term (SMD 0.47 95% CI 0.20,
0.74) outcomes, and small effect sizes for longer term
outcomes (SMD 0.25 95% CI 0.02, 0.48).

Influence of BCTS and recruitment route
It was not possible to conduct the quantitative subgroup
analysis of BCTs and recruitment routes as the data gen-
erated from the review was not sufficient to permit valid
comparisons. Descriptive statistics were used to describe
possible associations between these factors and other
intervention characteristics. To facilitate this explor-
ation, all studies were grouped by effect size, post inter-
vention (Fig. 6).

Behaviour change techniques
Seven studies demonstrated statistically significant small
to large effect sizes on post intervention PA (Table 2).
Across these studies, 60 BCTs were coded with a mean
of 8.57 per study, range (1–16). In total 28 unique BCTs
were identified, the most commonly coded were ‘goal
setting behaviour’, and ‘instruction on how to perform
the behaviour’ featuring in 71.4% of studies. ‘Self-moni-
toring behaviour’, ‘social support (unspecified)’, and
‘framing/reframing’ were also coded frequently and were
present in over half of the included studies (57%).
Thirteen studies demonstrated no effect, or negligible

effects (<0.2) post intervention (Table 2). Across these
studies 100 BCTs were coded with a mean of 7.7 per

study, range (0–15) with 31 unique BCTs present. The
most commonly coded BCTs were; ‘goal setting behav-
iour’, ‘information on health consequences’ ‘instruction
on how to perform the behaviour’ and ‘behavioural prac-
tice/rehearsal’ which featured in 61.5% of the studies.

Recruitment route and other intervention characteristics:
(Tables 1and 2)
No notable differences were observed with regards to
the influence of recruitment route, type of PA, mode of
delivery and post-intervention effect sizes.
In seven studies demonstrating positive effects, five

(71.4%) were delivered by healthcare professionals (2
multidisciplinary and 3 by physiotherapists). In compari-
son, studies with no effect (<0.2) were less frequently
delivered by healthcare professionals (53.8%).

Secondary outcomes
Adverse incidents
Only six studies made explicit statements regarding
adverse incidents; two studies, although not explicitly
stated, documented adverse incidents. Allen et al. [43]
reported four adverse incidents unrelated to the inter-
vention; one study [51] reported no adverse incidents
related to the exercise components. Relatively minor
musculoskeletal complaints were reported in three
studies [30, 52, 53]. Allergic reactions to pedometer clips
[30] and minor cardiovascular events [53] were also re-
ported. One author [52] noted that half of the partici-
pants in a walking group who developed increases in
musculoskeletal complaints withdrew from the study. A
fall resulting in a hip fracture sustained during a session
was reported in one study [57] and three withdrawals
due to increasing back pain were reported [42].

Fig. 6 Forest plot: Studies grouped by effect size (aggregated subjective and objective measures) post intervention
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Discussion
Summary of findings
This is the first systematic review and meta-analysis
examining the effectiveness of interventions in improv-
ing subjective and/or objective levels of PA in adults
with PMP and possible associations between BCTs and
other intervention characteristics on effect sizes.
In builds on the findings of two similar reviews;

Williamson et al. [60] who assessed the effectiveness of
behavioural PA interventions in participants with lower-
limb osteoarthritis, and Oliveira et al. [33] who assessed
the effectiveness of interventions in increasing object-
ively measured PA in chronic musculoskeletal pain. In
contrast to the latter study this review makes a clear
distinction between therapeutic exercise programmes
and interventions specifically aimed at increasing PA
levels or ‘habitual PA behaviours’.
With respect to subjective PA, interventions were inef-

fective in the short term (up to 12 weeks, very low
quality evidence); or had a small effect medium term
(3–6 months: SMD 0.25, 95%CI 0.01 to 0.48, low quality
evidence) and long term (SMD 0.21 95% CI 0.08 to 0.33,
moderate evidence). Given the quality of the evidence
further research is likely or very likely to have an im-
portant impact on our confidence in the estimate of ef-
fect and is likely to change the estimate. Analysis of the
evidence for objective outcomes showed that interven-
tions were not effective at any time point. These
observations were based on very low to low quality evi-
dence therefore the estimate of effect is very uncertain
and further research is very likely to change the estimate.
Subgroup analyses indicated that interventions were

more effective in improving PA levels in adults with
osteoarthritis compared to those with persistent low
back pain. Intervention effects were also consistently
higher in interventions with a greater number of contact
hours (> 8.3 h). These subgroup analyses should be
interpreted with caution; as differences may not relate to
their classifications. However, subgrouping participants
by condition was clinically plausible and intervention in-
tensity has previously been associated with effectiveness.

Comparison of subjective outcomes with published
literature
Two reviews examining long term outcomes of PA inter-
ventions: a Cochrane review of face-to-face interventions
to promote PA [61] and a systematic review of PA inter-
ventions for adults aged 55–70 years [62]: both reported
significant, but very small effects (SMD 0.19) at
12 months. Similarly, this review found small effects for
outcomes measured beyond six months (SMD 0.21
95% CI 0.08, 0.33). These findings may indicate that
individuals with pain respond to PA interventions in
a similar manner to non-pain populations.

In a subgroup analysis Williamson et al. [60] found
intervention effects were greatest between 6 and
12 months (SMD 0.53, 95% CI 0.41 to 0.65) and that the
effectiveness of interventions declined over time, report-
ing no significant benefit compared to controls in
outcomes beyond 12 months. Similarly, in our osteoarth-
ritis sub-group we found a moderate effect size for
medium term outcomes (>3 months ≤6 months) (SMD
0.41, 95% CI 0.10, 0.72) that diminished over time
(>6 months) (SMD 0.29, 95% CI 0.08, 0.49). These find-
ings may suggest that individuals with osteoarthritis
make changes to their PA levels gradually. However,
without ongoing support or increased efforts directed
towards maintenance of PA, individuals with osteoarth-
ritis may struggle to sustain increased levels of PA.

Comparison of objective outcomes with published
literature
In line with our own findings of no detectable effect on ob-
jectively measured PA, Oliveira et al. [33] also found no ef-
fect on short, intermediate or long term objective
outcomes. Williamson et al. [60] were unable to conduct a
meta-analysis using objective measures due to a lack of
studies reporting objective measures. In contrast to our
findings, the review of interventions aimed at increasing PA
in adults aged 55 to 70 years, found larger effects for object-
ive measures (steps per day) (SMD 1.08; 95%CI 0.16, 1.99)
at 12 months [62]. A possible explanation for this difference
could be that the participants included in this review by
Hobbs et al. [62] were essentially ‘healthy populations’ in
contrast, our review and that of Williamson et al. [60] and
Oliveira et al. [33] all involved participants with PMP.

Intervention characteristics
We found interventions with a higher number of contact
hours resulted in greater effect sizes. Similarly in a post
hoc meta-regression, Williamson et al. [60] also found,
that a higher number of contact hours had a significant
influence on intervention effectiveness. In contrast
Hobbs et al. [62] found less intensive interventions were
more effective than higher intensity interventions. A
plausible explanation for these contrasting findings, is
that those with PMP may need additional interventional
support, in order to successfully change their PA behav-
iours in comparison to healthy populations.
In this review the influence of BCTs on PA outcomes

is unclear but the findings are consistent with those of
previous reviews. Bishop et al. [63] published a review
and meta-analysis exploring the effects of contextual and
BCT content of control and target interventions in 42
trials included in a Cochrane review of interventions to
improve adherence to exercise for chronic musculoskel-
etal pain [64]. In keeping with the findings from our
review, among the most frequently coded BCT’s were
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‘instruction on how to perform the behaviour’ and ‘be-
havioural practice and rehearsal’. A finding also reported
by Keogh et al. [65] who reviewed BCTs utilised in
chronic low back pain self-management programmes.
We found ‘self-monitoring of the behaviour’ was
amongst the most frequently coded techniques in inter-
ventions with greater effect sizes, a finding not replicated
in the either the Bishop et al. [63] or the Keogh et al.
[65] reviews, but consistent to findings of PA reviews in
healthy populations [24], older adults [66], and in obese
adults [28]. As our review was more narrowly focused
on habitual PA as opposed to adherence to exercise or
self-management, this finding (although tentative) lends
some support to the evidence that this technique may be
particularly useful in PA interventions.
Interventions included in this review were generally

multifaceted often involving several modes of delivery
with varying degrees of complexity. It was difficult to draw
firm conclusions regarding which characteristics of inter-
ventions are associated with more effective interventions.
Few studies provided explicit statements regarding ad-

verse incidents; where they were reported they were
largely limited to minor musculoskeletal complaints. Al-
though risk of adverse incidents in PA interventions is
generally regarded as low; it is plausible that exacerbat-
ing pain may have a deleterious effect on participation,
particularly in those with PMP.

Completeness and quality of the evidence
The quality of the evidence within this review ranged
from moderate to very low across the different time-
points and outcomes. Effect sizes at best are small and
limited to subjective measures. Key limiting factors lead-
ing to downgrading the quality of the evidence were,
ROB, statistical heterogeneity in the observed effects and
imprecision as evidenced by wide confidence intervals.
With respect to ROB many studies were designed to
identify changes in pain and function/disability as their
primary outcomes and were thus underpowered to de-
tect changes in physical activity levels; as such the re-
sults of this review should be interpreted with caution.
Furthermore, a number of studies failed to provide ad-
equate detail regarding blinding of outcome assessors
and allocation concealment. In cluster randomised con-
trolled trials it was often unclear if authors had consid-
ered the effect of trial design and the influence
clustering may have had on results and whether this was
considered when comparing effects with other trials.
Whilst the use of validated measures of PA, was in

itself a strength, a more standardised approach to
reporting PA data would have permitted a more robust
statistical analysis, strengthening the evidence. Self-
report measures are known to be prone to recall bias: it
has been suggested that as both the intervention and

control groups complete the measure any misclassifica-
tion should be non-differential [67]. However, it could
be argued, that using self-report measures in interven-
tions where participants and providers are also unlikely
to be blinded the potential of recall bias is increased.
Only three studies included subjective and objective
measures; this approach might be considered ideal given
the relative strengths and limitations of each.
Descriptions of intervention content varied greatly

impacting on the number of BCTs that could be reliably
reported as occurring within an intervention. In this
review we only coded BCTs clearly delivered to the par-
ticipants and directed towards the target behaviour. As
reported by others, [24, 63] this approach, although
more rigorous, may result in less BCTs being coded than
were actually delivered.
The variation noted across the control conditions could

have influenced effect-estimates with smaller between
group effects associated with comparisons against more
active control treatments [68]. However, we did not detect
this when reviewing individual effect size comparisons.
Six studies initially assessed as suitable for inclusion

did not report means, standard deviations or sample
sizes and requests to obtain this data from study authors
were unsuccessful; this data could have added to the
quality of the evidence in this review.
Study participants were largely recruited from primary

or secondary care (General Practitioners, physiotherapy
clinics): it is very possible that the effects seen in those
recruited via these settings, differ to those accessing for
example, specialist pain services.

Potential biases in the review process
Studies were primarily excluded from the review be-
cause a suitable measure of PA was not reported.
This may reflect a selective reporting bias; however, it
is suggested this is more likely to reflect the changing
emphasis of healthcare interventions, particularly the
drive towards self-management and a public health
approach to managing long term conditions. Although
databases were searched from inception only two
studies included in the review were published prior to
2003 [42, 57].

Conclusions
Implications for practice
Based on the findings of this review it is not possible to
conclude which characteristics of interventions are more
effective. However, based on observational analysis and
in line with findings of previous reviews, integration of
behavioural techniques such as; ‘self-monitoring of the
behaviour’, ‘instruction on how to perform the behaviour’
and ‘goal setting (behaviour)’ may be indicated. Higher
intensity interventions - in terms of the estimated
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contact time with the intervention, may be more effect-
ive than less intensive interventions.
The emphasis of PA and exercise interventions in

PMP has largely been directed at reducing pain and dis-
ability. However, these interventions may have little
impact on the overall level of PA an individual engages.
Targeted behaviour change interventions are likely to be
required to address the risk of morbidity and mortality
in this population.

Implications for research
Persistent pain, like many other non-communicable
diseases is influenced by several determinants of health
such as; socioeconomic status, education, employment
and mental health [69]. There is a need for future
studies to adopt methods to encourage and secure par-
ticipation from individuals representing the broad
spectrum of persistent pain patients. In particular, those
accessing specialist pain services were under represented
in this review. Individuals accessing specialist pain ser-
vices are often deemed to be on the more severe end of
the pain spectrum and typically report much higher
levels of disability and poorer health related quality of
life scores [2]. We agree with previous suggestions [70]
that health inequalities may actually be increased be-
cause of differences in responses to recruitment. A clear
finding from this review is the need to standardise the
measurement of PA in PMP populations.
To improve the quality of evidence, future studies

should be sufficiently powered, collect longer term fol-
low up data and report on cost-effectiveness. Study
authors should report methods for blinding outcome as-
sessors clearly. Providing access to supplementary data
such may improve the quality of coding and reporting of
intervention content. Future reviews should consider
incorporating meta-regression or moderator analysis to
explore if specific components or characteristics of inter-
ventions are associated with more effective interventions.

Differences between published protocol and review
The review authors reappraised the decision to include
unpublished studies and included only those that had
been published.
Study authors were amended: SH was added to review

team and coded intervention content. LA was added to
the review team and provided expert input on aspects
relating to coding of BCTs.
The review team agreed to limit the extraction of

secondary outcomes to adverse incidents relating to the
intervention. There were two main reasons; firstly, to
maintain the focus and specificity of the review.
Secondly a number of systematic reviews have recently
been published describing many of the secondary mea-
sures; pain, disability and function, it was felt that

extracting these outcomes would be of little additional
value to readers of the review.
ROB: The validity of the PA outcome measure is not

added as an additional domain within the ROB. This
data was included in the data extraction forms and is
discussed in relation to outcome measures. An
additional domain of sample size calculation for the pri-
mary outcome (not specifically for PA) was added to the
ROB table and a priori agreements were made during
piloting of the ROB table with regards to agreed cut-offs
for attrition bias.
The GRADE approach was adopted post-protocol to

rate the quality of evidence generated within the review
process.
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Abstract

Background: Acceptance and Commitment Therapy (ACT) is a form of cognitive behavioural therapy, which may
be beneficial for people with chronic pain. The approach aims to enhance daily functioning through increased
psychological flexibility. Whilst the therapeutic model behind ACT appears well suited to chronic pain, there is a
need for further research to test its effectiveness in clinical practice, particularly with regards to combining ACT with
physical exercise.

Methods/design: This prospective, two-armed, parallel-group, single-centre randomised controlled trial (RCT) will
assess the effectiveness of a combined Exercise and ACT programme, in comparison to supervised exercise for chronic
pain. One hundred and sixty patients, aged 18 years and over, who have been diagnosed with a chronic pain
condition by a physician will be recruited to the trial. Participants will be individually randomised to one of
two 8-week, group interventions. The combined group will take part in weekly psychology sessions based on
the ACT approach, in addition to supervised exercise classes led by a physiotherapist. The control group will
attend weekly supervised exercise classes but will not take part in an ACT programme. The primary outcome
will be pain interference at 12-week follow-up, measured using the Brief Pain Inventory-Interference Scale.
Secondary outcomes will include self-reported pain severity, self-perception of change, patient satisfaction, quality of
life, depression, anxiety and healthcare utilisation. Treatment process measures will include self-efficacy, pain
catastrophising, fear avoidance, pain acceptance and committed action. Physical activity will be measured
using Fitbit ZipTM activity trackers. Both groups will be followed up post intervention and again after 12
weeks. Estimates of treatment effects at follow-up will be based on an intention-to-treat framework, implemented
using a linear mixed-effects model. Individual and focus group qualitative interviews will be undertaken with
a purposeful sample of participants to explore patient experiences of both treatments.

Discussion: To our knowledge, this will be the first RCT to examine whether combining exercise with ACT
produces greater benefit for patients with chronic pain, compared to a standalone supervised exercise programme.

Trial registration: www.ClinicalTrials.gov, ID: NCT03050528. Registered on 13 February 2017.
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Background
Chronic pain is a major health problem, reported to
affect 19% of adult Europeans [1] and up to 35.5% of
Irish adults [2]. The economic burden is significant, with
a recent survey in Ireland estimating the total cost of
treating chronic pain at €5.34 billion per year [3]. This
survey of 1204 Irish people also reported that health-
related quality of life was significantly lower in people
with chronic pain compared to people without pain, and
that depression was significantly higher [2].
Chronic pain has been defined as an unpleasant sensory

or emotional experience, associated with actual or poten-
tial tissue damage, which persists for over 3 months’ dur-
ation [4]. The multidimensional nature of chronic pain
presents significant challenges for patients and healthcare
professionals. There is a plethora of treatment options
available but the effects of these interventions on pain and
disability are modest and improvements are typically short
term [5, 6]. Traditional biomedical interventions, such as
surgery and spinal injections, have not been shown to be
superior to conservative treatments for chronic pain and
they carry greater risks [7, 8]. Exercise interventions and
psychological therapies, such as cognitive behavioural
therapy (CBT), are examples of conservative treatments
that are known to be effective for patients with chronic
pain [5, 6, 9–12]. These interventions can be provided in-
dividually or they can be effectively combined in the form
of a multidisciplinary biopsychosocial rehabilitation
programme [13].
Physical activity is an important outcome to target with

chronic pain interventions, as in addition to the physical
limitations imposed by pain, there are strong associations
with cardio-metabolic and respiratory conditions [14].
Exercise, including aerobic, strengthening and aquatic ex-
ercise has been shown to reduce pain and improve phys-
ical function and quality of life [15–17], but the quality of
the evidence is low and further studies with larger samples
are required [12]. No particular type of exercise has been
shown to be superior to another [5, 18] and research sug-
gests that group-based physiotherapy interventions in-
corporating exercise are just as effective for pain and
disability as individual treatment [19]. Patient adherence
to treatment should be promoted by providing individua-
lised exercises within supervised programmes, and supple-
menting with home exercises [20].
There is a large evidence base related to psychological

treatments for chronic pain, with CBT being the domin-
ant intervention. A Cochrane review concluded that
CBT has small to moderate effects on pain, disability,
mood and catastrophising [6]. The authors noted that
whilst there have been improvements in the methodo-
logical quality of studies in recent years, there has
been no change in the overall effects of the
interventions and they recommend against further

randomised controlled trials (RCTs) examining the ef-
ficacy of CBT.
Acceptance and Commitment Therapy (ACT) is a psy-

chological therapy that encourages participants to change
their relationship with their thoughts and physical sensa-
tions through mechanisms of acceptance, mindfulness
and value-based action [21]. Systematic reviews of RCTs
featuring ACT for adults with chronic pain have reported
that ACT is effective for enhancing general function and
decreasing distress, compared to inactive treatment com-
parisons [22, 23]. One RCT included in these reviews
compared ACT with CBT and found no significant differ-
ences in improvement between the two treatments; how-
ever, greater levels of satisfaction were reported by the
ACT participants [24]. Another RCT reported equivalent
reductions in pain and disability with ACT, when com-
pared with applied relaxation for chronic pain [25]. Whilst
there is growing evidence to support the effectiveness of
ACT, it has been acknowledged that there are currently
only a small number of high-quality studies and further
RCTs have been recommended, in particular with active
treatment comparisons [9, 22].
There are currently no RCTs that have examined the

effectiveness of exercise combined with ACT for chronic
pain. Furthermore, in the RCTs published to date, ACT
as a standalone therapy has not been shown to be effect-
ive in enhancing physical activity [26, 27]. When CBT
and ACT were compared for chronic pain, no significant
improvement in physical activity was observed for either
psychological approach [27] and the authors suggest that
tailored interventions, with greater emphasis on exercise,
may complement psychological treatment for chronic
pain. To our knowledge, this will be the first RCT to as-
sess the effectiveness of a combined Exercise and ACT
intervention for chronic pain.

Research objectives
The primary objective is to determine whether a combined
Exercise and ACT group-based intervention is effective for
reducing pain interference at 12-week follow-up, in pa-
tients with chronic pain, compared to a physiotherapy-led
supervised exercise programme.

Secondary objectives

1. To investigate whether exercise combined with ACT
has a positive impact on study participants compared
to a supervised exercise programme, with regard to
the self-reported secondary outcomes: pain severity,
self-perception of change, patient satisfaction, quality
of life, depression, anxiety and healthcare costs, and
treatment process outcomes: self-efficacy, pain
catastrophising, fear avoidance, pain acceptance and
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committed action following treatment and at 12-week
follow-up

2. To examine whether exercise combined with ACT
has a significant effect on objective physical activity
measures (step count, distance travelled and active
minutes) post treatment, compared to a supervised
exercise programme

3. To explore the experiences of a purposeful sample of
participants of both interventions with embedded
qualitative interviews

Methods/design
Study design
The ExACT trial is a two-armed, single-centre, parallel-
group, randomised controlled superiority trial.

Setting
Participants will be recruited from a consultant-led pain
clinic and musculoskeletal out-patient clinics within a
secondary care setting of a large academic teaching hos-
pital in Dublin, Ireland. Treatments will take place in
the pain clinic and in the physiotherapy department of
the hospital.

Participants
A total of 160 participants will be randomised to the com-
bined Exercise and ACT or supervised exercise groups
over a 20-month period. Adults (aged 18 years and older)
with any type of chronic pain condition, other than cancer
pain, (diagnosed by a physician), which is persisting for
over 12 weeks’ duration and who report a score of ≥ 2 on
the Brief Pain Inventory-Interference Scale (BPIIS) are eli-
gible for inclusion in the study. Participants must also be
able to provide informed consent and communicate ef-
fectively in the English language. Figure 1 shows the
Standard Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT) Diagram for the trial.
Exclusion criteria are as follows: need for further diag-

nostic evaluation (determined by a physician), presence
of major medical or psychiatric disorder that would im-
pede ability to participate with treatment), presence of
active cancer or cancer-related pain, unstable inflamma-
tory condition (e.g. rheumatoid arthritis, gout), presence
of substance misuse, surgical or interventional procedure
(e.g. spinal cord stimulator, rhizotomy, epidural or intra-
articular injection) within the last 3 months, concurrent
participation (or participation within the last 3 months)
in a supervised exercise programme or a course of psy-
chological or physiotherapy treatment, previous partici-
pation in any multidisciplinary pain management
programme or presence of any contraindication to par-
ticipation in a gym or pool-based exercise programme
(e.g. shortness of breath at rest, unstable diabetes or epi-
lepsy, recent myocardial infarction, stroke, pulmonary

embolism, asthma attack, weight > 125 kg (19.5 stone)
or waist circumference > 50 in. (restriction due to
hydrotherapy evacuation equipment).

Participant identification, recruitment and consent
Adults, who attend hospital out-patient clinics for treat-
ment of chronic pain will be screened for study eligibility
by a physician. The number of patients who undergo
screening will be recorded in order to quantify the num-
ber of patients who are deemed eligible or ineligible for
the study and how many patients decline to participate.
The reasons for ineligibility will be recorded. Those who
meet the eligibility criteria will be informed about the
study by their physician and written information in the
form of a Patient Information Leaflet will be provided.
Patients who express interest in participating in the study
will be contacted by telephone by the lead researcher
(MBC). Any questions will be clarified on the telephone
and patients who remain interested will be invited to at-
tend an individual face-to-face appointment with the lead
researcher in the hospital pain clinic. Baseline outcome
measures will be sent in advance by post and the patients
will be asked to bring the completed questionnaires with
them on the day of their appointment.
Informed consent will be obtained in writing by the lead

researcher, prior to participation in the study. Patients will
be informed that they are under no obligation to partici-
pate and they may withdraw their consent at any time
without need for explanation. Where possible the reasons
for withdrawal from the trial will be recorded. Patients
who do not wish to take part in the study will continue to
have treatment as usual. A sample size target of 160 par-
ticipants over a 20-month period has been set. Recruit-
ment will be monitored throughout the trial and if
expected rates of recruitment are not being achieved, add-
itional patients may be recruited via the physiotherapy
waiting list or paper triage of referral letters and patient
databases, performed by physicians, with subsequent eligi-
bility screening by the lead researcher.

Interventions
The study interventions are described below and are
written with reference to the TIDieR guidelines for
better reporting of interventions [28].

Combined Exercise and Acceptance and Commitment
Therapy (ExACT)
ExACT is a multidisciplinary pain programme combining
exercise and psychological therapy. It is a face-to-face,
group-based treatment, with up to ten individuals per
group. Participants will attend a total of eight sessions,
once per week, with each session lasting 3.5 h. Each day
will begin with a 2-h psychology session held in the hos-
pital pain clinic. The sessions will follow the psychological
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approach Acceptance and Commitment Therapy (ACT)
and are designed to promote psychological flexibility
through methods that encourage openness, awareness and
engagement. The overall aim is to reduce pain-avoidant
behaviours, in the service of living a rich and meaningful
life [21]. Group discussions, experiential exercises and
mindfulness practice (see Table 1) will be led by a psych-
ologist who has been trained in ACT and is experienced
in treating chronic pain. The content of the sessions will
be adapted from an ACT treatment manual used in a

recently published study [29] and available to members of
the Association for Contextual Behavioral Science
(ACBS) from the website http://www.contextualscien-
ce.org/better_living_with_illness. Written supplementary
material will be provided each week and participants will
be encouraged to spend time reviewing the material at
home.
Following a break for lunch, participants will attend a

1.5-h supervised exercise class in the physiotherapy de-
partment of the hospital. The classes will be delivered by

Fig. 1 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) Diagram
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a physiotherapist and will feature two components: (1)
education/advice and (2) exercise (see Table 2). The edu-
cation/advice sessions will be interactive and will take
the form of group discussions of approximately 30-min
duration, covering topics such as goal-setting, under-
standing pain, physical activity and pacing. The physio-
therapist will answer questions and facilitate discussion
related to relevant issues that the participants bring to
the group. The exercise sessions will take place in either

a pool or a gym setting (four sessions of each). The
aquatic sessions will include a warm up, gentle aerobic
exercise, buoyancy-assisted and resisted movements, and
informal ball games. The gym programme will feature a
combination of gentle aerobic exercise, stretches and
strengthening exercises. The specific exercises will be
chosen by the physiotherapist and examples will include,
but will not be limited to: cycling on a static bike and
treadmill walking, pulleys, sit to stands, step-ups, wall

Table 1 Summary of the content of the Acceptance and Commitment Therapy (ACT) component of the combined intervention

Session Content

1 Introductions and basic foundations of treatment, present the goal of ACT – shifting focus from pursuit of symptom
reduction to improving function

2 Review of previous treatment history – creative hopelessness exercise including primary and secondary suffering
Introduce openness as a skill area – acceptance as an alternative to avoidance

3 Recap of acceptance and continued focus on enhancing openness. Introduce process of defusion. Passenger on
the bus experiential exercise

4 Focus on engagement: values awareness and assessment
Experiential values exercise

5 Further values clarification work
Committing to action that improves and enriches one’s life

6 Focus on awareness – contact with the present moment, perspective taking and self-awareness as distinct from
fusion with thought content and perception of self

7 Treatment review
Walking mindfulness exercise

8 Wrap up and conclusions
Relapses and set-backs: preparation not prevention

Table 2 Summary of the content of the supervised exercise component of both interventions

Session Education/advice (30 min) Exercise (1 h)

1 Introduction to exercise
Pool orientation
Induction to gym programme
Demonstration of gym exercises

Gym exercise:
Gentle warm up – walking and stretches
Brief gym circuit
Cool down

2 Group discussion on goal setting
Provision of individual home exercise
programme HEP created by physiotherapist
based on patient’s individual goals

Hydrotherapy
Warm up
Gentle aerobic and buoyancy assisted and resisted exercises

3 Understanding pain
Group will be shown the YouTube video ‘understanding pain
in 5 minutes’ followed by a group question/answer session

Hydrotherapy
Warm up
Aerobic, strengthening exercises and informal pool games

4 Group discussion about physical activity, introduction to pacing
and principles of graded exposure
Time to answer any questions from participants

Hydrotherapy
Continuation of above and gentle progression of exercises

5 Group discussion on pacing and graded exposure including
potential challenges that may be arising regarding putting
principles into practice

Hydrotherapy
Continuation of above and gentle progression of exercises

6 Continued group discussion on progress and problem solving Gym session – participants are free to perform exercises from their
individualised exercise programme or other exercises of their own
choosing under the guidance of the physiotherapist

7 Group discussion on progress and problem solving. Introduce
topic of maintaining behaviour change

Gym session
Continuation of above and progression of exercise under guidance
of physiotherapist

8 Wrap-up session including preparation for maintaining an
active lifestyle and managing setbacks

Gym session
Continuation of above and progression of exercise under guidance
of physiotherapist
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squats, wall press-ups, seated flexion, trunk rotation in
standing, knee rolling/trunk rotation on plinth, bridging,
knees to chest. The exercise programmes will be indivi-
dualised, based on each participant’s personal goals and
a written exercise programme, compiled by the physio-
therapist will be provided. The programmes will be pro-
gressed and modified for each individual as deemed
appropriate by the physiotherapist. Participants will be
encouraged to carry out their exercises at home or in
their local pool. Throughout the aquatic and gym exer-
cise sessions, there will be an emphasis on reducing
threat and fear of movement. The physiotherapist will
encourage improved physical activities in a manner that
gradually increases physical function and enhances en-
joyment of physical activity. The physiotherapist leading
the supervised exercise programmes will have over 7
years of experience treating patients with chronic pain,
including the delivery of group exercise programmes to
patients with similar conditions to the trial participants.
The physiotherapist will not have had formal training in
ACT, ensuring that only the participants of the com-
bined group will be exposed to this form of psycho-
logical therapy.

Standalone supervised exercise
The standalone, supervised exercise programme will also
consist of eight face-to-face, 1.5-h sessions delivered by
a physiotherapist, on a weekly basis, to groups of up to
ten participants. The intervention will mirror the super-
vised exercise component of the combined treatment as
described above.

Treatment adherence and other interventions
Attendance at both interventions will be recorded by the
treating clinicians. Participants will be encouraged to in-
form the administrative staff in the pain clinic by tele-
phone or email if they are unable to attend and, where
possible, the reasons for absence will be recorded.
Attendance rates will be reported with the trial results.
All study participants will continue to attend rou-

tine medical appointments with their general practi-
tioner or hospital consultants for the duration of the
trial. These appointments will be recorded and re-
ported. Other than the trial interventions, participants
will be asked to refrain from additional treatment
provided by allied health practitioners, such as psy-
chologists, counsellors, physiotherapists or comple-
mentary therapists, during the 8-week treatment
period. Any medication changes and the administra-
tion of any additional interventions during the course
of the trial will be recorded and reported, and reasons
for same will be documented. Patients will not be

denied any treatments that a physician deems neces-
sary to administer urgently.

Treatment fidelity
Assessment of treatment fidelity is an important compo-
nent in ensuring transparency in clinical research and in-
creasing confidence that the intervention is delivered as
described [30]. Treatment fidelity of the ACT intervention
in this trial will be assessed by a health psychologist (NL),
who is highly experienced in the delivery of group psycho-
logical interventions for chronic pain using ACT. All eight
ACT sessions, from one treatment group will be audio-
recorded and sent to NL for review. An ACT treatment fi-
delity tool that has been modified for chronic pain will be
used to evaluate the intervention [31]. The psychologist
delivering the ACT intervention will complete written
notes, detailing the content covered within each session
and a brief note outlining any relevant observations. These
will be reviewed alongside the audio-recordings.
The treating physiotherapist will also complete checklists

after each exercise session and will record any additional
relevant details. Treatment fidelity of the physiotherapy
components of the trial will be assessed by another mem-
ber of the project team (KS), a practising clinical specialist
physiotherapist, who will review the checklists and notes at
monthly intervals.

Randomisation
Randomisation will take place after baseline measures
have been assessed as recommended by the Consoli-
dated Standards of Reporting Trials (CONSORT) guide-
lines [32]. Randomisation will be coordinated by the trial
supervisor (CD), who will have no involvement in eligi-
bility screening, enrolment or treatment processes. On
receipt of signed consent forms and baseline measures,
participants will be given a unique code and randomised
using an online randomisation database [33]. The
computer-generated randomisation schedule will apply a
permuted block design to ensure that the groups are bal-
anced periodically. The block size will be concealed until
after the primary endpoint has been analysed. The ran-
domisation list will remain with the trial supervisor for
the full duration of the study. The list will be stored in
an encrypted file on a password-protected computer in
the trial supervisor’s office to ensure concealment of al-
location. Allocation of participants will be communi-
cated to administrative staff in the pain clinic by the trial
supervisor via email. The administrative staff will store
this allocation list in an encrypted file, on a password-
protected computer in the pain clinic administrative of-
fice. Participants will be informed of their group alloca-
tion in writing by the administrative staff, who will send
notification in sealed, opaque envelopes.
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Ethics
Ethical approval for the study has been granted by the
Mater Misericordiae University Hospital Institutional
Review Board (Ref No. 1/378/1864) and ethical exemp-
tion has been accepted by the UCD Human Research
Ethics Committee – Sciences (Ref No. LS-E-17-03-
Casey-Doody). The trial will be performed in accordance
with the Declaration of Helsinki [34]. No significant ad-
verse events are anticipated during this trial, but will be
monitored and any adverse events that occur will be re-
corded and reported.
This protocol has been written in accordance with the

Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) Statement [35] (See Additional
file 1: ExACT Trial SPIRIT 2013 Checklist). Any signifi-
cant modifications to the protocol will require a formal
protocol amendment, agreed on by the project team and
approved by the MMUH Institutional Review Board.
Minor administrative changes to the protocol will be
documented in a memorandum.

Data collection methods
Data will be collected via self-report questionnaires at
baseline (t0), post intervention (t1) and at 12-week follow-
up (t2). Physical activity patterns will be measured object-
ively using Fitbit Zip™ (available from: http://www.fitbit.-
com) activity trackers and recorded from 1 week prior to
commencing treatment through to completion of the
intervention.

Baseline
A booklet of self-report questionnaires will be sent to
participants via post, in advance of a scheduled face-to-
face appointment with the lead researcher. This appoint-
ment will take place prior to randomisation and no more
than 4 weeks prior to starting the intervention. Partici-
pants will be requested to complete the questionnaires
at home and return them in person on the day of the ap-
pointment, when any questions related to the question-
naires can be clarified. The questionnaires will be
checked for missing data by the lead researcher and
completed by the participant where possible. The ques-
tionnaires will later be given to the trial supervisor who
will de-identify and code them. No information about
treatment allocation will be included on the question-
naires and they will be returned to the lead researcher
who will enter the data in a secure, web-enabled infor-
mation management system. One week of baseline phys-
ical activity data (daily step count, active minutes and
distance travelled) will be collected prior to starting the
interventions. The Fitbit ZipTM activity tracker will be
provided to participants at the baseline appointment,
with a request to begin wearing the device at least 1
week prior to commencement of the intervention and to

continue wearing it for the full duration of the 8-week
intervention. An individual Fitbit account will be created
for each participant using a unique email address, pur-
posefully created for the study. Data for each participant
will be retrieved remotely by the lead researcher via the
Fitbit website.

Post intervention follow-up
The treating physiotherapist will provide follow-up ques-
tionnaires to all trial participants on the last day of the
interventions. The participants will be provided with a
private space to complete the questionnaires at the end
of the last day and the physiotherapist will not be
present with the participants whilst they fill in the ques-
tionnaires. The questionnaires will be placed in an
opaque envelope and sealed before sending to the trial
supervisor by registered post. The trial supervisor will
check the questionnaires for missing data and will
follow-up by post or with telephone calls to participants
where possible. The questionnaires will be de-identified
as outlined, before returning to the lead researcher who
will enter the data into the electronic database.

Twelve-week follow-up
The 12-week follow-up time point has been selected as
the primary endpoint for establishing effectiveness of the
trial intervention. Participants will be contacted via tele-
phone by the administrative staff in the pain clinic and
questionnaires will be administered via post with an
enclosed stamped addressed envelope for return to the
trial supervisor (CD). The trial supervisor will follow up
on any missing data again by telephone and a follow-up
letter will be sent to participants who fail to return the
questionnaires within 2 weeks. A final reminder tele-
phone call will be made by the administrative staff in the
pain clinic to participants who have not returned ques-
tionnaires after a further week.

Blinding
Blinding of patients or the treating health professionals
will not be possible due to the nature of the interven-
tions. However, a position of clinical equipoise will be
maintained, with patients advised verbally and in the
Patient Information Leaflet, that they are being offered
one of two treatments that are believed to be helpful for
chronic pain but it is not known if one treatment is su-
perior to the other. The lead researcher (MBC) will be
blinded to group allocation when entering and analysing
the data and the statistician (RS) analysing data will also
be blinded. Methods to ensure maintenance of this
blinding will include de-identification and coding of
questionnaires by the trial supervisor (CD), who will be
the only person to have access to the locked codes used
for treatment allocation. The trial supervisor will also be
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responsible for randomisation and follow-up of missing
data post intervention and at 12-week follow-up.
Day-to-day communication and management of sched-
uling after randomisation will be coordinated by the ad-
ministrative staff in the hospital pain clinic. Un-blinding
of trial participants will occur only after creation of a
final locked analysis dataset when the last patient has
provided data at 12-week follow-up.

Outcomes
The outcome measures included in this trial are based
on the IMMPACT recommendations for outcome mea-
sures for use in chronic pain clinical trials [36]. A recent
systematic review [22] recommended formally defining
outcome measures as primary, secondary and treatment
process measures in future RCTs featuring ACT.

Demographic data
Data collected will include age, gender, education level,
relationship status and work status. Details regarding
pain history will be collected including diagnosis (if
applicable), and duration of pain.

Primary outcome Pain interference at 12-week follow-up
has been chosen as the primary outcome based on the
IMMPACT recommendations and also a systematic review
of ACT for chronic pain, which suggests using a measure
of physical or social functioning, rather than pain or emo-
tional functioning as a primary outcome [22]. The 12-week
follow-up time point has been specified as the primary out-
come as this has been suggested to present a low risk of
bias in chronic pain trials [37]. Pain interference will be
assessed with the Brief Pain Inventory-Interference Scale
(BPIIS). This is a seven-item self-report questionnaire that
measures the extent to which pain interferes with functions
such as general activity, walking ability, normal work,
mood, relations with people, enjoyment of life and sleep.
The Brief Pain Inventory (BPI) has been shown to be a valid
tool for assessing pain interference, with acceptable internal
consistency [38]. Excellent test-retest reliability has been re-
ported in a chronic pain cohort [39] and a reduction of 1
point on the interference scale has been recommended as a
clinically meaningful change [40].

Secondary outcome measures We hypothesise that
participation in the interventions will influence many
health dimensions and the following secondary outcomes
will be assessed:

Pain intensity: Brief Pain Inventory (BPI) – Pain severity
subscale
Pain intensity will be measured with the pain severity
subscale of the BPI. Reductions of pain intensity of

between 10 and 20% have been reported to represent a
clinically meaningful change [40].

Patient Global Impression of Change (PGIC) scale
The PGIC scale will measure participants’ perceived
level of improvement or lack thereof, due to the inter-
vention. The PGIC has strong clinical relevance to the
individual with good face and test-retest reliability [41].
The percentages of participants endorsing each of the
responses will be reported as per the IMMPACT recom-
mendations [40].

Patient satisfaction with treatment
This will be measured using a single question (question
7) from the Client Satisfaction Questionnaire-8 (CSQ-8),
which is designed to measure client satisfaction with ser-
vices [42]. The question will ask ‘In an overall, general
sense, how satisfied are you with the service you have re-
ceived?’ and four potential responses will be provided
(very satisfied, mostly satisfied, indifferent or mildly dis-
satisfied and quite dissatisfied). The percentages of par-
ticipants endorsing each of the responses will be
reported.

Health-related quality of life: EuroQoL (EQ-5D-5 L)
The EQ-5D-5 L assesses quality of life in five dimen-
sions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression. Each dimension is scored out of
a possible five levels of severity (no problems, slight
problems, moderate problems, severe problems and ex-
treme problems). The digits applied to each dimension
are then combined in a five-digit number that describes
the respondent’s health state. The EQ-5D-5 L has been
shown to have good construct validity and responsive-
ness in a chronic pain cohort [43]. The EQ-5D-5 L will
also be used to generate QALYs (Quality-adjusted Life
Years), which will be required for a cost-consequence
analysis.

Mood: Patient Health Questionnaire-9 (PHQ-9) and General
Anxiety Disorder-7 (GAD-7)
Symptoms of depression will be assessed using the
PHQ-9 [44], which is a nine-item questionnaire generat-
ing scores ranging from 0 to 27. A score of ≥ 10 is indi-
cative of probable depressive disorder. The GAD-7 [45]
assesses symptoms of anxiety experienced during the last
two weeks. Both questionnaires are validated and
commonly used to identify and measure symptoms of
depression and anxiety in patients with chronic illness.

Health economics
A cost-consequence analysis will be performed and data
related to costs and QALYs will be reported alongside
outcomes. Patient healthcare resource utilisation data
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will be collected at baseline and at 12-week follow-up,
using a self-report questionnaire that will record con-
comitant care (general practitioner and other healthcare
professional contacts, emergency department visits and
number of days of hospital in-patient stays related to
pain management), investigations and pain interventions
during the preceding 3-month period. The costs of pro-
viding the interventions will be calculated in terms of
direct contact time with healthcare professionals and
QALYs will be generated using the EQ-5D-5 L.

Medication
Current medications will be recorded at each time point
with the BPI, which features a specific question related
to medication usage. Any changes to medications will be
reported.

Adverse events
The occurrence of any adverse events will be monitored
by the treating clinicians throughout the 8-week inter-
vention period. Any adverse events that occur will be re-
corded by the lead researcher and reported with the
study results.

Treatment process measures
Self-efficacy: Pain Self Efficacy Questionnaire (PSEQ)
Self-efficacy refers to a person’s confidence in their abil-
ity to perform activities despite pain [46] and has been
identified as an important mediator in the relationship
between pain and disability [47]. The PSEQ features ten
items that produce a total score between 0 to 60, with
higher scores indicating greater self- efficacy. Analyses
have shown the PSEQ to have strong psychometric
properties [48].

Pain catastrophising: Pain Catastrophising Scale (PCS)
Catastrophisation is defined as an elevated negative cog-
nitive response to painful stimuli [49]. Change in pain
catastrophising has been shown to mediate reductions in
pain and disability [50]. The PCS consists of 13 items
that refer to thoughts and feelings related to pain.
Respondents are asked to rate the degree to which they
experience each item on a 5-point scale 0 (not and all)
to 4 (all the time) and items are summed to give a po-
tential total score of 52. There are also three subscales
within the PCS; rumination, magnification and helpless-
ness. The PCS has been shown to have adequate to ex-
cellent internal consistency and validity [49, 51].

Fear avoidance: Tampa Scale of Kinesiophobia (TSK)
Fear avoidance beliefs have been shown to be associated
with higher levels of disability [52] and worse prognosis
in patients with low back pain [53]. The TSK is a
17-item questionnaire, which assesses fear of movement

and re-injury. It has been reported to be a reliable and
valid measure of fear of movement in individuals with
chronic pain [54].

Chronic Pain Acceptance Questionnaire – 8 (CPAQ-8) and
Committed Action Questionnaire – 8 (CAQ-8)
Pain acceptance and committed action are components of
the ACT model and may be potential mediators of change,
related to ACT. The CPAQ-8 is a shortened version of the
original 20-item CPAQ, with two subscales; activity engage-
ment and pain willingness. Each item is scored from 0
(never true) to 6 (always true). The CPAQ has been shown
to be valid and reliable, with good internal consistency and
sensitivity to change [55] and the shortened version has
demonstrated a sound factor structure and similar psycho-
metric properties to the CPAQ [56, 57]. The CAQ-8 is a
shortened version of the original 18-item Committed
Action Questionnaire, which assesses an individual’s per-
sistence and flexibility in acting in the direction of valued
goals [58]. The items are rated from 0 (never true) to 6
(always true). The CAQ-8 has shown comparable reliability
and validity to the original version [59].

Physical activity outcomes
Physical activity will be measured using a Fitbit ZipTM

wearable activity tracker. The trackers provide an object-
ive indicator of physical activity behaviour and avoid
common sources of error in subjective measurement
(e.g. self-report measurement). The Fitbit ZipTM has an
internal memory that can store data for up to 30 days
and data can be transferred wirelessly to the Fitbit web-
site via a smartphone application or by computer using
the dongle provided. The ease of download of informa-
tion from the Fitbit website will enable the data to be
captured remotely.
Data collected will include average weekly step count,

distance travelled and active minutes. Participants will
be provided with the activity tracker at the baseline ap-
pointment and instructed in how to use it. The activity
trackers will be worn by participants for 1 week prior to
starting the interventions and for the full duration of the
interventions (8 weeks in total). The main time points
for analysis will be the baseline week and the last week
of the intervention.
The Fitbit ZipTM has been found to be a valid measure

of free-living physical activity in healthy adults [60]. A
recent study comparing the reliability and validity of ten
consumer activity trackers reported excellent test-retest
reliability of the Fitbit ZipTM, which was also reported to
be the most valid of the ten trackers [61]. To our know-
ledge this will be the first RCT to collect physical activity
data related to the effect of a combined ACT and exer-
cise intervention on physical activity patterns measured
objectively in a chronic pain cohort.
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Sample size
Sample size was estimated using a target power of 80%,
at a type I error rate of 0.05 and was calculated relative
to the primary outcome measure; Pain severity subscale
of the BPI. The statistical test assumed was an independ-
ent samples t test for group differences in the change
from baseline to subsequent assessment, assuming that
the randomisation ensures no systematic baseline or
other covariate group differences. The minimal clinic-
ally significant difference for the interference scale of
the BPI is 1 unit (standard deviation of improvement
of 2 units) [40].
Calculation produced a suggested sample size of 64

per group. Allowing for potential attrition rate of 20%
our final sample size is 80 participants per group.

Statistical analysis
Outcome analyses will be conducted by a professional
academic statistician (RS) who will be blinded to treat-
ment group allocation. A statistical analysis plan (SAP)
will be drafted outlining the precise model to be applied
and finalised before the last patient assessment is com-
pleted. No interim analyses will be conducted. Descriptive
statistics will be calculated for all outcome measures at
each time point, including for continuous variables:
means, standard deviations, or medians with ranges of
scores; and for categorical variables: frequencies and
percentages.

Analyses of effectiveness of primary and secondary
outcomes
Descriptive and inferential statistics will be obtained
using the appropriate statistical methods that seek to ad-
dress our identified objectives. The primary analysis will
compare the effect of the interventions on the primary
outcome; pain interference at 12 weeks post completion
of the intervention. All outcome analyses will be con-
ducted according to an intention-to-treat principle, i.e.
all randomised participants will be included in the main
analysis and will be analysed as randomised, regardless
of protocol adherence. Secondary analysis will include
the analysis of the primary outcome post intervention
and analysis of the secondary and treatment process out-
comes detailed previously post intervention and at
12-week follow-up. Linear mixed models on the out-
come measures over time will be fitted to evaluate the
effectiveness of both interventions, which intrinsically
adjusts for pre-treatment scores. Statistical significance
will be assessed from a p value < 0.05 from the group by
time interaction term. For all tests, two-sided p values
will be used, which will be reported to four decimal
places with p values < 0.001 reported as p < 0.001. The
Bonferroni method will be used to appropriately adjust
the overall level of significance for multiple secondary

outcomes as applicable. In the case of a significant re-
sult, planned contrasts of the group effects at post treat-
ment and at 12-week follow-up will be used to
investigate the direction and pattern of effects, and out-
lined in advance in the SAP. As a key component of the
reporting of the analyses of outcomes, the mean changes
(irrespective of statistical significance) and correlations
of the measures between the assessment time periods
will be obtained. An up-to-date version of SPSS will be
used to conduct the analyses.

Missing data
Careful attention will be paid to ensure that all partici-
pants are fully assessed at all time points. Baseline data
will be checked for missing data by the lead researcher
at the baseline assessment and participants will be en-
couraged to complete any missing answers. It is hoped
that this process will help minimise missing data at
follow-up as the senior researcher will be able to clarify
any ambiguous questions face-to-face at baseline.
However, the trial supervisor will follow up on any miss-
ing data by telephone or post at the subsequent time
points. For the purpose of secondary analysis and as a
sensitivity analysis for the primary outcome, multiple im-
putation will be considered for any measure with over 5%
missing data, using a chained equations method robust to
non-normally distributed data. This will be fully reported
in line with the updated CONSORT recommendations
[32]. All primary and secondary outcomes (excluding
physical activity data), treatment process measures and
pre-selected baseline covariates (age, gender, work and
educational status, pain-intensity, anxiety, depression, self-
efficacy and catastrophising) will be included in the imput-
ation model. These baseline covariates have been se-
lected based on studies that have examined predictors
of outcome of multidisciplinary treatment in chronic
pain [62, 63] .

Sensitivity analysis
The following sensitivity analyses will be undertaken and
reported:

1. A per-protocol analysis: the per-protocol analysis will
exclude participants found to be ineligible after
randomisation and those who attend less than 50 %
of the intervention. Both intention-to-treat and per--
protocol analysis sets will be reported and
superiority will be determined only if demonstrated
with the primary intention to treat analysis

2. Multiple imputation of missing data: the results
from a complete case analysis will be compared to
those from imputed data to assess whether they
change the interpretation of findings
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Analysis of physical activity data
The following data will be collected for each trial partici-
pant at baseline and on completion of the treatment:
average daily step count, distance travelled and active
minutes. Only those participants who have worn the de-
vice for at least 4 out of 7 days during the baseline and
final week will be included in the analyses. The number
of participants reaching the global recommendations for
physical activity for health [64] will also be recorded.
Descriptive statistics will be obtained for the Fitbit vari-
ables at baseline and by treatment arm. Linear mixed
models will be used to analyse the change in measures
between groups.

Methodology for the embedded qualitative study
Participants
Embedded qualitative interviews within this RCT will as-
sist with interpretation of the findings of the study. Focus
groups and individual, semi-structured, face-to-face inter-
views will be conducted with a purposeful sample of par-
ticipants from both study arms, after the 12-week follow-
up time point. Focus groups will be conducted initially
and it is anticipated that ongoing analysis of focus group
data may stimulate further research questions, which may
be more appropriately investigated through individual in-
terviews. People of different genders and ages and with
different levels of pain intensity, pain interference, pain ac-
ceptance, fear avoidance, depression and anxiety will be
invited to attend the focus groups. Depending on the trial
progress, it may be useful to purposefully sample and
interview a range of individual participants; for example,
participants who have dropped out of the programme,
participants who have not responded to the programme,
participants who have responded well to the programme
etc. to further explore and understand the reasons for
same. These particular topics would be best investigated
in a one-to-one interview. Selected participants will be
sent a postal invitation to take part in the qualitative study
by the pain clinic administrative staff and a copy of the
trial Patient Information Leaflet will be included with the
letter. The participants will be asked to respond by tele-
phone or email, confirming whether or not they would
like to take part. Those who opt to participate will be sent
an appointment to attend either a focus group or individ-
ual interview. Travel expenses will be provided to partici-
pants attending from outside the local area.

Data collection
The qualitative data will be collected after the 12-week
follow-up time point, and no longer than 6 months post
completion of the intervention. The focus groups and
individual interviews will be conducted by the lead
researcher (MBC), trial supervisor (CD) or an external
research assistant. The interviews will be semi-

structured using a topic guide but participants will be
encouraged to speak openly and freely about their expe-
riences, positive and negative in relation to the interven-
tions. Interviews will be scheduled for up to 90 min. The
number of participants invited to the focus groups and
individual interviews will be determined by ongoing data
analysis and theme saturation.

Analysis
The focus group and individual interview audiotapes will
be transcribed verbatim by a member of the project team,
omitting any names, locations or information that could
identify any individual. The de-identified transcripts will
be analysed using an interpretative phenomenological ap-
proach [65]. Interpretative phenomenological analysis
(IPA) is a qualitative analytic approach, commonly used in
the field of health psychology [66]. The aim of IPA is to
examine how people make sense of lived experiences. The
approach is most often concerned with events that have
significance to an individual, such as a major life experi-
ence, which would prompt a considerable amount of
thinking and feeling as a person reflects on its meaning
[65]. This study features an open research question, fo-
cussed on peoples’ experiences and views of the featured
interventions for chronic pain. This type of research ques-
tion is well suited to an IPA method, which aims to both
give voice to the opinions of participants and to make
sense of them by offering an interpretation [67]. Stan-
dards of verification will be adhered to including
member checks, peer debriefing, external audit, nega-
tive case analysis, rich description including citations
from the interview transcripts identified to participant
and line number [68].

Data management – data entry, coding, security, storage
In order to ensure patient confidentiality, all questionnaire
data will be de-identified after collection and referred to
only by a unique code assigned by the trial supervisor
(CD). The trial supervisor will be the only person to hold
the ‘key’ to re-identify the data for the full duration of the
trial. The researchers who will have access to the de-
identified datasets via the secure online database website
are MBC, CD, KS and RS for the purpose of data entry
(MBC), checking (CD and KS) and analysis (RS). All files
will be encrypted and accessed via password-protected
computers. Hard copies of the de-identified question-
naires will be stored in a locked cabinet in an office in the
MMUH Pain Clinic.
Electronic data collected from Fitbit ZipTM activity

tracker will be stored on the Fitbit website and accessed
only by the lead researcher (MBC) and trial supervisor
(CD). Anonymised transcripts of the qualitative inter-
views will be accessed by the lead researcher and trial
supervisor. Audio files of the interviews will be accessed
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by the lead researcher (MBC) who will transcribe and
de-identify the data. The audio files will be destroyed
once they have been transcribed. Audio files of the ACT
sessions that are recorded for the purpose of fidelity as-
sessment will be password protected and accessed only
by the psychologists (DL and NL). These files will also
be destroyed on completion of the fidelity assessment.

Dissemination
The results of this trial will be published in peer-reviewed
journals and will be disseminated at relevant conferences.

Discussion
This paper describes the protocol of the ExACT trial, a
RCT comparing the effectiveness of exercise combined
with ACT, to a supervised exercise programme in redu-
cing pain interference in a heterogeneous adult patient
population with chronic pain. We have endeavoured to
address recommendations that have been made to en-
hance the quality of research in the field of ACT, includ-
ing choice of outcome measures and comparison to an
active control group [22]. The inclusion of objective
measurement of physical activity, using wearable activity
trackers is novel in this field of research and highly rele-
vant, considering the prevalence of co-morbidities in
chronic pain patients. The inclusion criteria for the
study are broad, in recognition that chronic pain is a
heterogeneous condition, and with the aim of maximis-
ing the generalisability of the findings. Through the em-
bedded qualitative study, we aim to provide insight into
patients’ experiences and views of the interventions.
There are a number of limitations inherent in this trial

of what have been termed ‘complex interventions’ [69, 70],
most prominently concerning the inability to blind study
participants and clinicians to treatment allocation. We
have attempted to address issues of additional biases as far
as has been practically possible through the provision of
randomisation and concealment of allocation, strategies to
minimise and manage incomplete outcome data, assess-
ment of intervention fidelity, an adequate sample size with
appropriate duration of follow-up and a priori specifica-
tion of all primary and secondary outcomes as detailed in
this study protocol.
To our knowledge, this will be the first RCT to assess

the effectiveness of a combined Exercise and ACT inter-
vention for chronic pain. The study results will add to
current knowledge in the field of chronic pain manage-
ment and will have the potential to inform the delivery
of effective treatments for patients.

Trial status
This trial is currently recruiting participants. It is an-
ticipated that recruitment will be ongoing until the
end of 2018.

Additional file

Additional file 1: ExACT Trial SPIRIT 2013 Checklist. (DOC 122 kb)
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Aerobic but not Resistance Exercise Can
Induce Inflammatory Pathways via Toll-Like
2 and 4: a Systematic Review
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Abstract

Background: Only a few studies have addressed the relationship between toll-like receptors 2 and 4 (TLR2 and
TLR4) and the production of local and systemic cytokines in response to physical exercise, and they have produced
conflicting results. We aimed to determine whether acute and chronic exercise outcomes are associated with
changes in TLR2 and TLR4 expression and signaling and if so, the mechanisms that connect them.

Methods: PubMed database were consulted. This systematic review selected 39 articles, 26 involving humans and
13 based on rodents.

Results: In acute resistance exercise studies, 75% reported a decrease in TLR4 or TLR2 expression and 25% did not
find differences. For chronic resistance exercise studies, 67% reported a reduction of expression and 33% did not
find differences. Studies of both types reported reductions in pro-inflammatory cytokines. In acute aerobic exercise
studies, 40% revealed a decline in the expression of the receptors, 7% reported no significant difference, 40%
showed an increase, and 13% did not evaluate their expression. Fifty-eight percent of studies of chronic aerobic
exercise revealed a reduction in expression, 17% did not find a difference, and 25% reported increases; they also
suggested that the expression of the receptors might be correlated with that of inflammatory cytokines. In studies
on combined exercise, 50% reported a decline in receptors expression and 50% did not find a difference.

Conclusions: The majority of the articles (54%) link different types of exercise to a decline in TLR4 and TLR2
expression. However, aerobic exercise may induce inflammations through its influence on these receptor pathways.
Higher levels of inflammation were seen in acute sessions (40%) than regular sessions (25%).

Keywords: TLR2, TLR4, Toll-like, Exercise, Training, Aerobic, Resistance, Inflammation

Key Points

� It is known that regular exercise acts as an anti-
inflammatory agent by down-regulating TLR4 in im-
mune cells. Paradoxically, acute, extended, or intense
exercise can be harmful to the immune system.

� The molecular mechanisms by which various types
of physical exercise modulate the TLR2 and TLR4
pathways are still not fully understood.

� Physical exercise reduced the expression of TLR2
and TLR4. However, aerobic exercise is potentially
inflammatory when compared with resistance
exercise.

Background
The connections between lifestyle factors and health
have been the subject of intense research, partly moti-
vated by alarming changes in the health landscape of in-
dustrialized societies. One clear trend is that moderate
exercise benefits health in many ways, while extremes of
too little or excessive exercise have been linked to
chronic diseases. Many of these have an immune com-
ponent—individuals with very sedentary lifestyles often
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fall prey to low-grade chronic inflammations [1–4]. Over
the long term, this condition can lead to type 2 diabetes,
cardiovascular diseases, particular types of cancer,
chronic respiratory diseases, and other serious health
problems. Physicians have called this constellation a
worldwide epidemic [5]. The immune system can also be
disrupted by excessive exercise. While progress has been
made, there remain many gaps in our understanding of
the mechanisms that connect the types and amounts of
a person’s activity to immune responses and disease.
The prevalence of inflammations suggests a logical

point of departure for such studies. Inflammation in-
volves complex interactions at the molecular and cellular
levels that can arise in any vascular tissue as a result of
traumatic, infectious, post-ischemic, toxic, or auto-
immune injuries [6]. Toll-like receptors play a role in
many of these conditions; they are known to make sig-
nificant contributions to obesity [7, 8], type 2 diabetes
[9], non-alcoholic steatosis [10], cardiovascular disease
[11, 12], cerebral ischemia [13, 14], Alzheimer’s disease
[15], rheumatoid arthritis [16], and other diseases. This
review examined recent work that suggests they also
help modulate the effects of different levels of physical
activity on states of health and disease.
TLRs are type I transmembrane proteins involved in

both innate and adaptive immune system responses [17,
18]. These receptors mediate the recognition of
pathogen-associated molecular patterns (PAMPs) or
damage-associated molecular patterns (DAMPs)—speci-
fic molecules released by damaged or necrotic cells [18,
19]. The immune activities of TLRs are generally modu-
lated through signaling via the NF-kB pathway. Re-
sponses begin with the stimulation of the receptor by an
external signal. This alters the cytoplasmic regions of
TLRs, which contain Toll/interleukin-1 (IL-1) receptor
(TIR) domains. Stimulation causes these domains to re-
cruit adaptor proteins in a process that ultimately acti-
vates the nuclear transcription factor NF-kB [17]. This
releases NF-kB for transport to the cell nucleus, where it
triggers the transcription of cytokines including IL-1β,
IL-6, and IL-8 interleukins; TNF-α [20–22]; and other
elements [23] that play key roles in the immune system
responses. Alongside cytokines, NF-kB induces the ex-
pression of growth factors and other molecules involved
in stress response, cell proliferation, and cell cycle pro-
gression [24–26].
TLRs are expressed in the immune cells including

macrophages, dendritic cells (DCs), B cells, and specific
types of T cells. They are also present in non-immune
cells such as fibroblasts and epithelial cells [27] and in
the tissues of the ovary, prostate, placenta, testicles,
lungs, liver, and skeletal muscle [28].
The toll-like receptors TLR2 and TLR4 have received

particular attention due to their ability to identify

molecular patterns exhibited by several invasive patho-
gens [18]. They also seem to play an important role in
the anti-inflammatory effects observed in physically ac-
tive individuals [29]. Regular exercise has been deter-
mined to have anti-inflammatory effects [2, 29–34] by
downregulating TLR4 in the immune cells. A bit para-
doxically, at the other end of the activity spectrum,
acute, extended, or intense exercise can have a negative
impact on the immune system [35–42]. But the molecu-
lar mechanisms by which exercise modulates the TLR2
and TLR4 pathways are still not fully understood.
One plausible link comes from the demonstration that

TLR2 and TLR4 are activated by the extracellular non-
esterified fatty acids (NEFAs). Concentrations of extra-
cellular NEFAs undergo transient increases during aer-
obic exercise (AE). If levels are chronically elevated,
however, TLRs may induce the production of pro-
inflammatory cytokines in macrophages, adipocytes,
liver, and skeletal muscle cells. This suggests that the re-
ceptors may participate in the development of insulin re-
sistance [43]. Yet, they also have protective effects
against insulin resistance, which may be explained by
the down-regulation of TLR expression that occurs dur-
ing physical exercise [43].
Here, this review investigated the existing literature on

the inflammatory and anti-inflammatory effects of differ-
ent types of physical exercise with a focus on systematic-
ally collecting connections to TLR2 and TLR4
modulation and signaling. To accomplish this, the re-
sults were divided into single sessions of acute exercise
and chronic exercise, based on periodicity. Additionally,
this review identified key biomarkers and analyzed the
combined TLR2 and TLR4 responses to markers in-
volved in the process of inflammation process, including
anti- and pro-inflammatory cytokines, adaptor proteins,
and the transcription factor NF-kB.

Inflammatory Effects of Physical Exercise
Analyzing the modulation of inflammation patterns per-
mits insights into specific underlying physiological
mechanisms. As a controllable model of stress, physical
exercise is a good tool to analyze inflammatory re-
sponses [44].
Physical exercise permits the control of variables re-

lated to activity such as volume, intensity, frequency,
and duration. These factors have led to its adoption as a
good strategy to study alterations that occur due to in-
flammations caused by stress and their implications for
health [45–47]. Local and systemic cytokine production
in response to physical exercise resembles the cytokine
response to infections, trauma, and sepsis [44, 45, 48].
There is evidence that very strenuous physical exercise can
cause substantial tissue damage and initiate an inflamma-
tory reaction and excessive immunosuppression, in a way
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that highly resembles features observed in clinical sepsis
[49]. However, trauma, infection, and septic complications
can produce an uncontrollable inflammatory response with
long-term detrimental or fatal consequences. In physical
exercise, although the inflammatory cascade has obvious
similarities, the response appears to be limited [44].
Usually, the process of inflammation has an overall posi-

tive effect on the organism. Short-term, acute inflamma-
tion allows the body to survive progressive tissue
destruction by promoting healing [50, 51]. On the other
hand, if destruction and repair are not properly coordi-
nated, inflammation may lead to persistent tissue damage.
The mechanisms by which acute inflammation starts and
develops are well understood, but little is known about
the causes of chronic inflammation and its association
with molecular and cellular pathways [51].
A comparison can also be made between chronic in-

flammation and strenuous physical exercise in which pro-
inflammatory pathways seem to be activated [38, 41, 52].
In response to heavy exercise, inflammation stimulates tis-
sue monocyte production, and platelet hyperactivity pro-
motes fibrinogen biosynthesis and induces the formation
of the microparticle and the accumulation of erythrocytes
to trigger a prothrombotic state. In fact, vigorous aerobic
exercise may be atherogenic and atherothrombotic due to
the overproduction of mitochondrial-free radicals in the
skeletal and myocardial muscle. On the other hand, both
moderate AE and low-load resistance exercise (RE) may
reduce inflammation and improve fibrinolysis. [52].
An elegant study [53] found associations between all

causes of mortality and doses of jogging. Light and mod-
erate joggers had a lower mortality than sedentary non-
joggers, while there was no significant statistical differ-
ence between mortality in strenuous joggers and the
sedentary group. In this analysis, high running loads in
sports such as marathons, ultramarathons, triathlons,
and long high-intensity bike rides can cause negative ef-
fects such as acute inflammations; in the long term,
these activities may lead to chronic inflammation, ir-
regular fibrosis formation, alterations in the size of the
cardiac chambers, and atrial fibrillation [54]. Moreover,
long-distance runners may have increased levels of
atherosclerosis and coronary disease due to constant
training throughout the year [54]. In atherosclerosis,
the endothelial permeability is increased by the oxida-
tive damage that promotes the entry of lipoproteins
in the subendothelial space, resulting in inflammation
[55]. When the lipoproteins are oxidative, they inter-
act with TLR4 in particular and promote cardiovascu-
lar disease [56].
According to the American College of Sports Medicine

(ACSM) and the American Heart Association [57], the
minimum recommendation for physical exercise for
adults and seniors aiming to avoid chronic disease is

30 min of moderate aerobic activity per day, five times a
week; 20 min per day of intense activity, three times a
week; or a combination of moderate and vigorous activ-
ity. These guidelines also suggest that high loads of AE
may be necessary for some groups to prevent a transi-
tion to an estimation that they are overweight or a diag-
nosis of obesity. However, they also recommend limiting
vigorous physical training to 60 min a day, for a weekly
total of no more than 5 h, including 1 to 2 days without
high-intensity exercise per week [58, 59]. Strenuous AE
has been shown to induce an excess of reactive oxygen
species (ROS) [60]; can modulate TLR4 signal transduc-
tion at many levels [61]; stimulate pro-inflammatory
transcription factors such as NF-kB, AP-1, and Nrf2 [62,
63]; and promote inflammation [64].
NADPH oxidase 4 (NOX4), involved in redox signal-

ing in vascular cells, has direct interactions with TLR4 in
both for the generation of endogenous and exogenous
ROS-mediated by LPS and the activation of NF-kB [65].
In addition, high levels of ROS in the muscles can pro-
voke a hyperactivation of the innate immune system in
cells such as macrophages and neutrophils [66], and it
leads to the production of several peroxides and alde-
hydes that are potentially toxic to the cells [67], also af-
fecting T cell polarization and contributing to pro-
inflammatory cytokine secretion [68]. It is already
known that ROS production and neutrophil counts
change in athletes involved in activities such as running,
jumping, throwing, combined events (triathlon, heptath-
lon, and decathlon), swimming, cycling, and soccer, but
only high-intensity exercise induces oxidative damage in
lymphocytes [69]. In contrast, moderate-intensity AE
stimulates the combat of excessive ROS by maintaining
redox balance in the muscle [70]. A study [71] of soccer
players showed a significant correlation between
leukocyte ROS production and creatine kinase (CK)
values, considered a qualitative marker for microtrauma
skeletal muscle.
In fact, the physiological effects of strenuous AE, for

example, participation in triathlons, include a large in-
crease in CK, C-reactive protein (CRP), cortisol, and al-
dosterone and a decrease in testosterone levels [72].
Moreover, after strenuous exercise, increased levels of
LPS may trigger an increase in the production of pro-
inflammatory cytokines [73–76]. Long periods of AE
[72] or short acute sessions of strenuous physical exer-
cise [41] can disturb homeostasis and enhance inflam-
mation. Consistent with this, Rodrigues-Miguelez et al.
[39] found an increase in TLR4 and pro-inflammatory
cytokines such as TNF-α and IL-1β in acute AE sessions;
however, the effects were reversed with regular training
in reasonable doses.
TNF-α represents a group of peptides that are released

into the bloodstream in response to the endotoxin
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stimulation during infectious processes. TNF-α has a
catabolic effect [77] and plays a role in the loss of
muscle mass that usually appears in chronic diseases
such as rheumatoid arthritis and cancer [78]. TNF-α
genesis in low-grade systemic inflammation is thought
to occur mainly in the adipose tissue [79–81]. Further-
more, systemic inflammation and high concentrations of
pro-inflammatory cytokines act on the hypothalamic-
pituitary-adrenal axis and can increase serum concentra-
tions of cortisol [82, 83]. Physical exercise and nutrition
modulate the cortisol response. Variables such as inten-
sity, lactate accumulation, total volume, and resting
period determine the level of cortisol released to stimu-
late glycogenolysis and gluconeogenesis [84, 85]. Moder-
ate- to high-intensity exercise can cause increases in
circulating levels of cortisol. On the other hand, low-
intensity exercise (40% VO2max) reduces circulating
levels of cortisol [84]. In the study by Lira et al. [76],
TLR-4 and NF-kBp65 were increased in animals from
both groups (overtraining and resting after overtraining).
Additionally, a decrease in the performance and an in-
crease in the production of corticosterone and endotoxin
were observed in overtraining groups compared to both

control and trained groups, indicating that chronically
high levels of plasma cortisol can increase inflammation
in the epididymal adipose tissue.
Thereby, an excess of physical (blood cortisol levels)

and oxidative stress (intracellular ROS accumulation)
can generate temporary immune dysfunction [86]. In
contrast, physical exercise at moderate intensities reg-
ulates the immune system and reduces oxidative
stress [87]. Figure 1 presents a simplified comparison
of some mechanisms that can be activated by strenu-
ous physical exercise and by regular exercise per-
formed at moderate intensity.

Anti-inflammatory Effects of Physical Exercise
It is well known that regular physical exercise has anti-
inflammatory effects [8, 29–31, 88–93]. Therefore, regu-
lar physical exercise, as well as a physically active life-
style, may be useful as a treatment for a range of chronic
diseases and conditions characterized by low-grade sys-
temic inflammation [3, 94].
However, the link between physical exercise and

TLRs is still a matter of debate. Although the pro-
inflammatory effects of TLR2 and TLR4 signaling

Fig. 1 Signaling involving TLR2 and TLR4 in strenuous and moderate aerobic exercise. Excess physical exercise increases LPS levels and contributes to
TLR2, TLR4, and NF-kB upregulation. As a consequence, there is an increase in circulating pro-inflammatory cytokines. Stimuli of exercise stress transmit
nerve impulses to the brain, raising the levels of counter-regulatory hormones such as cortisol. Accordingly, high mitochondrial oxidative stress induced by
strenuous aerobic exercise causes excessive intracellular ROS formation that also upregulates NF-kB expression, intensifying the acute inflammation state.
Under these excessive stress conditions, adaptive immunity can be triggered by the increase in costimulatory molecules in antigen-presenting cells, thus
activating T cells. In contrast, the regular physical exercise of moderate intensity reduces LPS, TLR2, TLR4, and NF-kB expression. Under these conditions,
NF-kB does not translocate to the cell nucleus. Instead, the anti-inflammatory pathway PI3K/AKT/mTOR is activated, promoting the production of
anti-inflammatory cytokines such as IL-10 that inactivate TNF-α. Physical exercise at a moderate intensity also has a compensatory effect against the exacer-
bated production of reactive oxygen and nitrogen species responsible for the oxidative damage. Elevated production of IGF-1 is observed after exercise.
IGF-1 provides an anti-inflammatory effect on the skeletal muscle cells, reducing the expression of the pro-inflammatory cytokines through a decrease of
TLR4 expression
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have been well studied, anti-inflammatory responses
due to the activation of these receptors are still not
fully understood [95]. For this reason, this article will
briefly address a number of molecules that act dir-
ectly during the processes of adaptation to physical
exercise—including hormones, myokines, and chem-
ical molecules such as ROS.
The skeletal muscle can function as an endocrine

organ due to its production of growth hormones and cy-
tokines known as myokines, which are induced by an ex-
ercise stimulus [96, 97]. One of the best-known exercise-
induced adaptations [98, 99] is an increase in circulating
levels of insulin-like growth factor 1 (IGF-1). Elevated
levels of circulating IGF-1 have been observed after exer-
cise, probably in response to hepatic secretion stimu-
lated by growth hormone (GH) [85].
The first evidence that IGF-1 is a potent modulator of

TLR4 (protein expression) in the skeletal muscles was
provided by Lee [31]. The author demonstrated that
IGF-1 stimulation had anti-inflammatory effects on the
skeletal muscle and suppressed TLR4 signaling. Treat-
ment with IGF-1 attenuated the amounts of endogenous
IL-6 and TNF-α, indicating that IGF-1 had an anti-
inflammatory effect on the skeletal muscle cells by redu-
cing the expression of pro-inflammatory cytokines under
baseline conditions through a down-regulation of the ex-
pression of TLR4. This led to a hypothesis that cells with
low levels of TLR4 are less responsive to ligands that
stimulate endogenous inflammation, such as the heat
shock protein, and thus contribute to a lower basal re-
sponse of pro-inflammatory cytokines [31]. In addition
to the anti-inflammatory effects of IGF-1, regular AE
promotes the remodeling of mitochondrial networks
with significant improvements in both the quality and
quantity of the mitochondria [100]. This results in posi-
tive changes in the respiratory capacity and oxygen ex-
traction of trained subjects [100, 101].
Likewise, there is an increase in angiogenesis, the forma-

tion of new capillaries from pre-existing ones. High levels
of VEGF—resulting from endurance training—offer favor-
able conditions for an increase in the density of the
muscle capillaries [100]. Furthermore, a moderate level of
AE reduces pro-atherogenic cytokines such as TNF-α and
IFN-γ and simultaneously increases atheroprotective cyto-
kines such as IL-4, IL-10, and TGF-β [102].
The anti-inflammatory effects of regular exercise

might be mediated by a reduction of visceral fat mass
followed by a decline in the release of adipocytokines, as
well by the anti-inflammatory environment induced by
exercise [103]. This environment consists of three vari-
ables: cortisol and adrenaline release from suprarenal
glands, an increase in the production and release of IL-6
and other myokines from skeletal muscle, and a decrease
in amounts of TLR (cell surface protein and mRNA

expression) - in monocytes and macrophages, and as a
consequence, the inhibition of the release of pro-
inflammatory cytokines [103].
In fact, there is evidence that exercise is responsible

for reducing the expression of these receptors at both
mRNA expression and protein levels [2, 29, 30, 32, 93].
In diet-induced obesity rats (DIO), both acute aerobic
exercise (AAE) and chronic aerobic exercise (CAE) led
to a significant suppression of the TLR4 signaling path-
way in liver, muscle, and adipose tissue, reduced LPS in
serum, and improved insulin signaling [9]. However, the
anti-inflammatory responses induced by TLR4 activation
have not been characterized as clearly. In contrast to
TLR4 pro-inflammatory signaling at the cell surface,
TLR4 signaling from endosomal compartments induces
the secretion of the anti-inflammatory cytokine IL-10
[95].
During physical exercise, a transient increase in IL-6

in circulation appears to be responsible for a further in-
crease in the levels of circulating anti-inflammatory cy-
tokines such as IL-10 and IL-1ra [104–106]; this also
stimulates the release of cortisol from the adrenal glands
[106]. Increases in IL-6 levels during exercise are transi-
ent and return to resting levels usually within 1 h after
exercise [107]. This phenomenon may occur because IL-
6 production is modulated by the glycogen content in
muscles [108], which function as an energy sensor [97].
The anti-inflammatory effects of TLR2 and TLR4 dur-

ing exercise are mediated by the PI3K/AKT/mTOR
pathway after an activation of adaptor proteins, leading
to the production of IL-10 (Fig. 1) [95], an anti-
inflammatory cytokine produced by Th1 cells, mono-
cytes, and macrophages that is present in higher concen-
trations after physical exercise and acts as a potent
inhibitor of pro-inflammatory cytokines [109, 106].
IL-10/IL-10R signaling is mediated by the activation of

the JAK/STAT pathway through the phosphorylation of
the Tyk2/JAK1 tyrosine, which results in the activation
of STAT3 [110]. This mechanism is independent of the
toll-like pathway. An analysis of the IL-10/TNF-α ratio
is often used as an indicator of inflammatory conditions
[32, 111]. This is evidence that IL-10 acts as a natural
antagonist of TNF-α and is able to inhibit NF-κβ signal-
ing [110, 112], as shown in Fig. 1.

Methods
This review consulted the PubMed database in a search
involving seven keywords: “exercise,” “training,” “phys-
ical activity,” “TLR,” “TLR2,” “TLR4,” and “toll-like,” To
cross-reference the words, 12 groups were created to
link terms associated with exercise (“exercise,” “training,”
“physical activity”) to toll-like terms (“TLR,” “TLR2,”
“TLR4,” and “toll-like”), building groups formed from
two individual keywords linked by the Boolean operator
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“AND.” This produced groups organized as follows:
group 1: “exercise” and “TLR”; group 2: “exercise” and
“TLR2”; group 3: “exercise” and “TLR4”; group 4: “exer-
cise” and “toll-like”; group 5: “training” and “TLR”; group
6: “training” and “TLR2”; group 7: “training” and
“TLR4”; group 8: “training” and “toll-like”; group 9:
“physical activity” and “TLR”; group 10: “physical activ-
ity” and “TLR2”; group 11: “physical activity” and
“TLR4”; and group 12: “physical activity” and “toll-like.”
Only studies carried out directly in animal models (hu-

man, rat, and mouse) were included. For scientific sub-
stantiation, 119 scientific articles were also consulted in
addition to the 39 studies which met the criteria of eligi-
bility for this review.
Criteria which excluded articles from this review, de-

scribed in Table 1, fell into categories as follows: non-
English articles; literature reviews; articles that did not
cover Toll-like receptors (TLRs); articles studying TLRs

other than TLR2 and TLR4; articles without exercise proto-
cols; experimental articles that did not use humans, mice,
or rats; and finally, articles that involved diet, supplementa-
tion, or drugs. To do so, codes to link the eligibility criteria
of all of the items found in the search were created.
Initially, 1385 articles were found. After an update, the

search ended up with 1548 articles from the PubMed
database. The updated search was carried out in October
2015. The search group distribution can be seen in
Table 2. Figure 2 shows a flowchart of the article selec-
tion process, as well as how the articles were linked to
the search theme. The total number of articles found
and the distribution of the excluded articles are also
carefully detailed.

Results and Discussion
To investigate the roles of TLR2 and TLR4 behavior in
the inflammatory and anti-inflammatory effects of exer-
cise, the results were distributed according to the type of
exercise (resistance, aerobic, and combined) and fre-
quency of training (acute or chronic), taking the exclu-
sion criteria into account.
Considering the total of 39 studies that met the eligi-

bility requirements for this review, 28 articles were based
on the samples from a disease-free setting and 11 sam-
ples related to a disease. Three articles studied the ef-
fects of exercise and TLR2 and TLR4 on obesity [8, 113,
114], one on pre-diabetes [115], one on low back pain
[116], two on cerebral ischemia [13, 14], one on pulmon-
ary inflammation [117], one on Alzheimer’s disease [15],
one on chronic fatigue syndrome [36], and one on mul-
tiple sclerosis and fibromyalgia [118].
As shown in Table 3, 21 of the 39 eligible articles

(54%) showed a reduction in TLR4 and/or TLR2 at the
levels of both cell surface protein and mRNA expression,

Table 1 Eligibility codes

Eligibility
codes

Description

I Included articles

D Duplicate articles

E1 Non-English articles

E2 Articles that did not provide enough information

E3 Literature review articles

E4 Articles that did not cover Toll-like receptors

E5 Articles studying TLRs other than TLR2 and TLR4

E6 Articles without exercise protocols

E7 Articles that used animal models other than humans, rats,
and mice

E8 Articles that involved diet, supplementation, or drugs

Table 2 Distribution of the number of articles per studied groups

Groups Keywords Number of articles Number of articles
(after an update)

1 “Exercise” and “TLR” 46 54

2 “Exercise” and “TLR2” 19 23

3 “Exercise” and “TLR4” 64 71

4 “Exercise” and “Toll-like” 111 123

5 “Training” and “TLR” 158 181

6 “Training” and “TLR2” 89 97

7 “Training” and “TLR4” 154 178

8 “Training” and “Toll-like” 372 410

9 “Physical activity” and “TLR” 66 72

10 “Physical activity” and “TLR2” 43 46

11 “Physical activity” and “TLR4” 91 104

12 “Physical activity” and “Toll-like” 172 189

Total 1.385 1.548
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7 (18%) did not show statistically significant differences,
2 articles (5%) did not test TLR4 and/or TLR2 ex-
pression but were included in this review for the
evaluation of downstream targets of the receptor
pathways, and 9 articles (23%) reported an increase in
TLR2 and/or TLR4 (gene expression or protein levels)
after AE sessions.
The results were also analyzed by subgroups and di-

vided according to the type and frequency of training
(Table 3 and Fig. 3). For chronic resistance exercise
(CRE), four articles (67%) reported a reduction of TLR4
and/or TLR2 expression and two (33%) did not show
any significant change. For acute resistance exercise
(ARE), three articles (75%) revealed a decrease in the ex-
pression of these receptors and one study (25%) failed to
find a significant difference. For CAE, seven articles
(58%) reported a reduction in TLR4 and/or TLR2 ex-
pression, two studies (17%) did not find a significant dif-
ference, and three articles (25%) found an increase in the

expression of TLR4 and/or TLR2. For AAE, six experi-
ments (40%) showed a decrease, one (7%) did not show
any difference, six (40%) reported an increase, and two
articles (13%) tested neither TLR2 nor TLR4 expression.
Regarding combined exercise (CE), one study (50%) re-
ported a reduction in the expression of the receptors
and one study (50%) revealed no significant difference.

Resistance Exercise and Inflammation
Six articles that studied TLR4 and/or TLR2 behavior
with CRE were identified (Table 4). Two studies found a
reduction of TLR4 and TLR2 in terms of protein expres-
sion [92, 119], two revealed a decrease in mRNA expres-
sion [116, 120], and two did not find a statistically
significant difference [8, 121]. Three articles [29, 88,
122] showed reductions in the protein and gene expres-
sion of TLR4 after an ARE session, and one article [123]
did not show a significant difference in TLR2 (protein
levels), as shown in Table 5. This systematic review

Fig. 2 Literature search flowchart

Table 3 Results of TLR2 and TLR4 expression of all eligible articles divided by type and frequency of exercise

Physical exercise ↓TLR2 and 4 ↔TLR2 and 4 ↑TLR2 and 4 No results Total

n % n % n % n %

Total 21 54 7 18 9 23 2 5 39

Subgroups by exercise types Chronic resistance 4 67 2 33 6

Acute resistance 3 75 1 25 4

Chronic aerobic 7 58 2 17 3 25 12

Acute aerobic 6 40 1 7 6 40 2 13 15

Combined 1 50 1 50 2
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showed that resistance exercise (RE), whether acute or
chronic, could act as a regulator of inflammation. In this
subset of the literature, we observed no increases in the
expression of TLR4 and/or TLR2 or pro-inflammatory
cytokines after exercise.
Some studies [30, 124, 125] corroborate the results of

this review and suggest that CRE may have anti-
inflammatory effects. In contrast, ARE may stimulate
changes in metabolic demand and promote inflammatory
responses, whose occurrences is fundamentally determined
by the exercise protocol [126, 127]. In this analysis, ARE

transiently increases circulating levels of CK and pro-
inflammatory cytokines, e.g., TNF [126] and IL1β [127].
Some studies that were not eligible for this review [128, 129]
have shown that ARE induced microdamage in the skeletal
muscle, along with an increase in inflammation markers
such as IL-6, IL-8, monocyte chemotactic protein-1 (MCP-
1), CK, and CRP when performed at high levels of stress.
The ten eligible studies of CRE and ARE [8, 29, 88, 92,

116, 119–123], tested different frequencies, intensities,
and durations of exercise, none of these methods, how-
ever, produced changes in levels of TLR2 and/or TLR4.
In these studies, intensities ranged from 60 to 80% of 1
RM with a gradual increase [119], or 6–14 RM [121]. In
one study [92], the training volume followed a criterion
of progression. Another study [120] used 80, 90, and
95% of maximal volitional strength capacity (MVSC),
with low training volume as the criterion.
Regarding the inflammation markers that were sub-

jected to the analysis here, neither acute nor chronic RE
increased levels of pro-inflammatory cytokines such as
TNF-α or IL-6. Eight studies tested TNF-α, and the ma-
jority [8, 88, 92, 116, 120, 122] found a significant de-
cline of this cytokine. Two studies [29, 119] found no
difference in this marker. Four studies analyzed levels of
IL-6 after RE. Two studies [8, 116] found a drop in
levels, but no significant difference appeared in the stud-
ies by Zanchi et al. [120] and McFarlin et al. [29].
The results showed that the RE protocols for both

chronic and acute training adopted by the authors did
not generate a pro-inflammatory response. Instead, three
studies analyzed by this review [92, 119, 120] established
an inverse relationship between the TLR2 and TLR4

Fig. 3 Effects of exercise on TLR2 and TLR4. For chronic resistance
exercise, 67% of studies reported a reduction of TLR4 and/or TLR2
expression. For acute resistance exercise, 75% of studies revealed a
decrease in the expression of these receptors. For chronic aerobic
exercise, 58% of studies reported a reduction in TLR4 and/or TLR2
expression and 25% found an increase in the expression of TLR4
and/or TLR2. For acute aerobic exercise, 40% of studies showed a
decrease and 40% reported an increase. Regarding combined
exercise, 50% of studies reported a reduction in the expression of
the receptors

Table 4 Modulation of TLR2 and TLR4 after chronic resistance exercise
Authors Sample Disease Frequency,

intensity, and
duration

Post-exercise results

TLR Cytokine Other

Zanchi et al. 2010 [120] Wistar rats No disease 2 days/week,
80–95% MVSC,
12 weeks

↓TLR4 ↓TNF-α ↔IL-6 ↔IL-10
↑IL-10/TNF-α ratio
↔IL-15

↔Hsp70

Cheng et al. 2015 [116] Adults Low back pain 3 days/week,
no information,
4 weeks

↓TLR4 ↓TNF-α ↓IL-6
↓IFN-γ ↓IL-1β ↓IL-8

↓NF-kBp65, ↓p53, ↑SIRT1,
↑PGC-1α, ↑PPAR-γ, ↑FoxO1,
↑FoxO3, ↑IKB, ↑SOD

Rodriguez-Miguelez et al. 2014 [119] Elderly No disease 2 days/week,
60–80% 1 RM,
8 weeks

↓TLR2, ↓TLR4 ↔TNF-α ↑IL-10 ↓MyD88, ↓p65,
↓phospho-p38/p38,
↓IKKi/IKKƐ, ↓TRIF,
↓phospho-IRF3/IRF3,
↓phospho-IRF7/IRF7,
↓Hsp60, ↑Hsp70,
↑phospho-ERK1/2, ↓CRP.

Rodriguez-Miguelez et al. 2015 [92] Elderly No disease 2 days/week,
20–35 Hz, 8 week

↓TLR2, ↓TLR4 ↓TNF-α ↑IL-10 ↓MyD88, ↓p65, ↓TRIF,
↓Hsp60, ↑Hsp70, ↓CRP

Prestes et al. 2015 [121] Elderly No disease 2 days/week,
6–14 RM, 16 weeks

↔TLR4 ↔IL-1β ↔IL-10
↔IL-1ra ↔ IL-15

↔BDNF, ↔irisin
↑functional capacity,
↑neuromuscular function,
↔body composition

Phillips et al. 2012 [8] Elderly Obesity 3 days/week,
8–12 RM, 12 weeks

↔TLR4 ↓TNF-α
↓IL-6
↑IL10

↓CRP, ↓leptin, ↑LPS-IL10,
↑LPS-TNF,
↔body composition
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receptors and IL-10. In the five studies that investigated
IL-10 with RE, four [8, 92, 119, 120] found an increase
in this marker and one study found no significant differ-
ence [121]. It is known that IL-10 levels are higher after
chronic exercise, and this anti-inflammatory cytokine
acts as a natural TNF-α antagonist [106, 109].

Aerobic Exercise and Inflammation
A total of 12 articles verified that TLR4 and TLR2
undergo changes in response to CAE (Table 6). Four
studies verified a significant decrease in TLR4 and/or
TLR2 [13, 15, 76, 115] in terms of protein levels, two
studies [117, 130] showed reductions in mRNA expres-
sion, and one indicated decreases at both the gene and
protein level [14]. Two studies [74, 114] revealed an in-
crease in TLR4 and/or TLR2 (gene and protein), one
study reported increased mRNA expression [131], and
two studies [113, 132] did not find any significant differ-
ence in TLR4 expression.
In 15 studies, a relationship between AAE and TLR2

and/or TLR4 was identified (Table 7). Three studies
[133–135] found a significant reduction of TLR4 and/or
TLR2 (protein levels), and two revealed a decrease in
mRNA expression [136, 137]. Four studies [35, 39, 40,
42] found an increase in the protein levels of these re-
ceptors, and two studies [36, 37] increased mRNA ex-
pression. One study did not find a significant difference
[138], and one study reported a significant decline in
TLR4 (mRNA expression) in multiple sclerosis but
found no difference in cases of fibromyalgia [118]. Two
studies [139, 140] did not analyze TLR2 or TLR4
expression.
As demonstrated by the results from the analysis of

TLR2 and TLR4 behavior, this review showed that in
23% of all of the articles that were analyzed, AE was as-
sociated with increases in inflammation. These results

differ from previous studies that tested the expression of
these receptors in RE. Ten months of CAE was more ef-
fective than strength and flexibility exercises in reducing
inflammatory markers such as CRP, IL-6, and IL-18 in
the elderly [141].
Most studies found that CAE reduced the levels of

TLR2 and/or TLR4 [13–15, 76, 115, 117, 130]. However,
the major immunological benefits came with exercise
performed at a moderate intensity [13–15, 76, 117, 130,
132]. On the other hand, Zheng et al. [131] observed an
increase in TLR2 (gene expression) and inflammatory cy-
tokines such as TNF-α and IL-6 in the regular moderate
intensity exercise group (badminton), with or without
stimulation from microbial antigens. However, cytokine
levels were suppressed after non-microbial antigen stimu-
lation. The authors attributed this result to possible im-
provements in the body’s resistance to invasion by
pathogens in response to regular exercise, indicating that
an increase of these receptors does not necessarily indicate
a negative impact on health, though further research is
still needed to address this possibility.
The chronic low-grade inflammatory profile (CLIP) is

a common feature of the normal aging process, and it is
also involved in the pathogenesis of several age-related
diseases [142]. CLIP has already been recognized as a
factor that plays a causative role in the development of
sarcopenia. TNF-α and IL-6 are the most commonly re-
ported inflammatory parameters in these studies [143].
Additionally, human aging is associated with metabolic
endotoxemia and high levels of signaling of the RST4-
NFkB-MAPK pathway in the muscle. These factors may
play a role in the types of insulin resistance mediated by
aging and muscle loss [74]. In this analysis, Ghosh et al.
[74] observed an increase in TLR4 (mRNA and protein
levels) in older people but not in younger participants.
The study examined people engaged in a progressive

Table 5 Modulation of TLR2 and TLR4 after acute resistance exercise

Authors Sample Disease Intensity and duration Post-exercise results

TLR Cytokine Other

Millard et al.
2013 [123]

Adults No disease 120–150 beats/min, 68.8 s
(up and down 150 steps)

↔TLR2 ↔IFN-γ ↑CD3−/CD56+NK, ↓NK
CD56bright
Short exercise did not
affect NK cytotoxicity.

Fernandez-Gonzalo et al. 2012 [88] Adults No disease 40–50 MVIC, 18 acute
eccentric bouts

↓TLR4 ↓TNF-α ↓CD14, ↓MyD88, ↓TRIF,
↓TRAF6, ↓p65, ↓phospho-IκB,
↓phospho-ERK1/2, ↓CRP, 2 h
after the 2nd acute session.

Fernandez-Gonzalo et al. 2014 [122] Adults No disease 40–50 MVIC, 18 acute
eccentric bouts

↓TLR4 ↓TNF-α ↓CD14, ↓MyD88, ↓TRIF, ↓TRAF6,
↓p65, ↓phospho-IκB,
↓phospho-ERK1/2,
↓CRP, 2 h after the 2nd
acute session.

McFarlin et al.
2004 [29]

Elderly No disease 80% 1 RM, 1 bout/3
sets/10 repetitions

↓TLR4 ↔TNF-α ↔IL-6
↔IL-1β

↔CD14
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regime of the intensity and volume of training, ran-
ging from 65 to 80% of VO2max, and an increase in
the duration and number of sessions. Their results
provide evidence that higher LPS flow in the elderly

can play a critical role in age-related sarcopenia and
insulin resistance.
Studies that did not fit our criteria [54, 58, 144, 59,

145] suggested that CAE performed under conditions of

Table 6 Modulation of TLR2 and TLR4 after chronic aerobic exercise

Authors Sample Disease Frequency, intensity, and duration Post-exercise results

TLR Cytokine Other

Ma et al.
2013 [13]

Wistar rats Cerebral
ischemia

5 days/week, 12 m/min, 3 days–
2 weeks

↓TLR4, ↓TLR2 ↓NFkB e ↓MyD88

Lira et al.
2010 [76]

Wistar rats No disease 5 days/week, 15–25 m/min, 11 weeks ↓ TLR4 (TR
group), ↑TLR4 (R
group)

TR group:
↔ TNF-α
↔IL-6
↔IL-10

TR group (trained)
↓NFkBp65.
OT group (overtrained)
and R (resting
overtrained):
↓performance decline,
↓testosterone,
↑corticosterone,
↑endotox.
↑IL-6, ↑IL-10, ↑NFkBp65

Fashi et al.
2015 [117]

Wistar rats Pulmonary
infection

5 days/week, mean speed of the
group workload, 4 weeks

↓TLR4 ↓TNF-α ↓NF-kB (exe group+PM10)

Jun et al.
2014 [130]

Sprague-
Dawley rats

Ovariectomized
rats

5 days/week, 18–26 m/min, 16 weeks ↓TLR4 ↓TNF-α
↔IL-6

↓MCP-1 in adipose tissue
(moderate trained group).

Holland et
al. 2015
[132]

Sprague-
Dawley rats

No disease 1/day, 30 m/min, 10 days ↔TLR4 ↓TNF-α ↔IL-
6
↔IFNy
↔ IL10

Moderate training:
↔NFkB, ↔CCL2,
↔IL10, ↔NFkBp65

Zwagerman
et al. 2010
[14]

Sprague-
Dawley rats

Stroke 5 days/week, 30 m/min, 3 weeks ↓TLR4 ↓Cerebral infarction
volume

Choi et al.
2014 [15]

Sprague-
Dawley rats

Alzheimer’s
disease

5 days/week, 2–8 m/min, 6 weeks ↓TLR4 ↓TNF-α ↓IL-
1α

↓NF-kB, in the STZ-exe
group.
↑Cognitive function

Zheng et al.
2015 [131]

Adults
(members of
a university
badminton
club)

No disease 3 days/week, no information, 26–
32 days

↑TLR2, ↔TLR4,
with or without
microbial antigen
stimulation

↑TNF-α
↑IL-6
with or
without
microbial
antigen
stimulation

Robinson et
al. 2015
[115]

Adults Pre-diabetes 1/day, 65–90% peak heart rate,
2 weeks

↓TLR4, ↓TLR2 ↔TNF-α
↔IL-6
↔IL-1β
↔ IL10

↓Fasting glucose in group
MICT (moderate-intensity
continuous training).

Nickel et al.
2011 [114]

Adults
(amateur
marathon
runners)

Obesity Training documented with respect to
intensity, duration, and kilometers
run per week by a written individual
protocol, 10 weeks

↑TLR2 in LNE
group (lean-non-
elite).
↑TLR4 (all
groups).

↔TNF-α ↑oxLDL in LE (lean-elite);
↓oxLDL in ONE (obese-
non-elite).

Nickel et al.
2012 [113]

Adults
(amateur
marathon
runners)

Obesity Training documented with respect to
intensity, duration, and kilometers
run per week by a written individual
protocol, 10 weeks

↔TLR2, ↔TLR4 ↑TNF-α (24 h
post-
marathon)
↑IL-6 and ↑IL-
10
(immediately
after the run)

↑BDCA-1, ↓BDCA2, ↓TLR7,
↑PCR, ↔oxLDL

Ghosh et al.
2015 [74]

Adults and
elderly

No disease 3–4 days/week, 65–80% VO2max,
16 weeks

↑TLR4 (aged
individuals)

In elderly: ↑NF-kBp65,
↑NF-kBp50, ↑pJNK,
↑endotoxin, ↔pERK, ↔p-
p38, ↑insulin resistance.
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high stress leads to inflammation in participants of all
ages. They observed that long-distance runners might
have increased levels of atherosclerosis and coronary
heart diseases due to a training regime that went un-
interrupted over many years [54]. Additionally,

endotoxemia was found in 68% of athletes after a long-
distance triathlon, and LPS levels were associated with
higher levels of CRP [75]. A recent study showed that
24 h of continuous ultramarathon activity resulted in a
higher level of LPS and increased levels of circulating

Table 7 Modulation of TLR2 and TLR4 after acute aerobic exercise

Authors Sample Disease Intensity and duration Post-exercise results

TLR Cytokine Other

Rosa et al.
2011 [40]

Wistar
rats

No disease 70% VO2max, 50 min ↑TLR4 ↑MyD-88, ↑TRAF6, ↑NF-kBp65

Rodriguez-
Miguelez et
al. 2015 [39]

Wistar
rats

No disease 16 m/min, 90 min/18 bouts/5 min/bout ↑TLR4 ↑TNF-α
↑IL α-1β

↑HIF-1α, ↑VEGF, ↑eNOS, ↑MPO.

Liao et al.
2010 [136]

Sprague-
Dawley
rats

No disease 25 m/min, 1–2 h ↓TLR4 ↑TNF-α ↑TNF-α, ↑NFkB, ↑p65, ↑ROS,
↑endotoxina

Zbinden-
Foncea et al.
2012 [42]

Mice No disease 70% of FCmax, two bouts of 60 min ↑TLR2,
↑TLR4

↑NEFA, ↑p38MAPK, ↑JNK.

Tanaka et al.
2010 [138]

Mice No disease 9 m/min to exhaustion, 1 acute bout ↔TLR4 ↓TNF-α

Ortega et al.
2009 [140]

Adults No disease 70% VO2 max,1 h Hsp72-induced stimulation of
neutrophil chemotaxis disappeared
when TLR2 was blocked.

Lancaster et
al. 2005 [133]

Adults No disease 65% VO2max, 1.5 h ↓TLR4,
↓TLR2

↓IL-6

Booth et al.
2010 [35]

Adults No disease 60 km distance in the cycle the fastest
possible time. Heart rate (bpm) and power
output (watts) were monitored

↑TLR2,
↑TLR4

↓HLA.DR

Simpson et
al. 2009 [135]

Adults No disease 75% VO2max, 45 min ↓TLR4,
↓TLR2

↓HLA.DR

Neubauer et
al. 2013 [37]

Adults No disease Borg 6–20, 10 km ↑TLR4 ↑IL-6
↔IL-1β
↑IL-10
↑IL-1ra

↑IRAK3, ↑creatin kinase 3 h after,
↑plasma myoglobin 3 h after,
↑neutrophil 3 h after

Oliveira and
Gleeson 2010
[134]

Adults No disease 75% VO2peak, 1.5 h ↓TLR4 TLR4 returned to basal levels within
4 h after exercise, ↔TLR2.

Radom-Aizik
et al. 2014
[137]

Adults No disease 82% VO2peak, 2-min bouts ↓TLR4 ↓TNF-α ↓CD36 e ↑EREG genes and ↑CXCR4

Light et al.
2009 [36]

Adults Chronic fatigue
syndrome

70% age-predicted maximal heart rate, 5–
9 min

↑TLR4 ↑IL6
↑IL1β
↑IL-10
↑IL13
↑IL8
↑IL12

↑Pain ↑mental fatigue.
↑α2-A, ↑RNAm of β-2 receptor in
leucocytes, ↑COMT RNAm

White et al.
2012 [118]

Adults Multiple sclerosis
(ME) and
fibromyalgia
(SDC)

70% of age-predicted maximal heart rate,
20 min

ME:
↓TLR4
SDC:
↔TLR4

ME:
after 8 h
↔IL-6
↑IL-10
SDC:
after
48 h
↔IL-6
↑IL-10

↑Fatigue ↑pain, ↑adrenergic
receptors.

Li and Geib
2013 [139]

Adults
and
elderly

No disease 1 h Tai Chi ↑IL-13 ↓CD14+CD16+
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pro-inflammatory cytokines [146]. In fact, prolonged in-
tense physical exercise leads to elevated concentrations
of counter-regulatory hormones in plasma such as corti-
sol and catecholamines related to low immunity [147].
In addition, high levels of muscle oxidative stress lead to
an excessive production of ROS and inflammation [60].
In contrast, regular moderate physical exercise can com-
pensate for oxidative stress [148].
Short acute sessions of physical exercise may dis-

turb homeostasis and increase inflammation [41], as
verified by some of the articles reviewed here [35, 37,
39, 40, 42]. With the exception of the study by Light
et al. [36], which tested an AAE protocol at moderate
intensity and in samples obtained from individuals
with disease, studies based on different strenuous ex-
ercise protocols consistently led to increases in TLR4,
TLR2, and pro-inflammatory cytokines [35, 37, 39, 40,
42]. Rodrigues-Migueles et al. [39] found an increase
in TLR4 (protein) and pro-inflammatory cytokines in
AAE sessions. However, all of these effects were
extinguished by CAE through a weekly exercise
protocol of increasing intensity and duration.
In studies which reported increases in TLR2,

TLR4, and pro-inflammatory cytokines after acute
sessions, IL-10 was tested in only three experiments,
all of which revealed a significant increase in the ex-
pression of this cytokine [36, 37, 118]. This was
probably caused by a transient increase in IL-6
which then led to a subsequent increase in levels of
IL-10 [104, 106]. However, other studies [133–135]
indicated that AAE had beneficial effects, as ob-
served through a decline in terms of protein levels
of TLR2 and/or TLR4 and at the mRNA expression
[118, 137]. Radom-Aizik et al. [137] verified that
AAE not only prevents the normal effects of aging
in terms of atherosclerosis but also reduces its
symptoms in a manner that promotes cardiovascular
health despite the global stress response that is gen-
erally evoked by this activity.
One exception is a study by Liao et al. [136], which

showed a reduction in TLR4 (gene expression), but also
showed an increase in inflammatory responses as exhib-
ited by high levels of TNF-α, NF-kB, and LPS. The rea-
son for the down-regulation of TLR4 is not clear, but
the authors believe that this may be related to high levels

of ROS. Here, from our review of the literature, we sug-
gest that increases in circulating LPS and an excessive
generation of ROS are the main actors in the acute in-
flammatory process generated by excessive AE. However,
more studies are needed to complete the mechanistic
picture that links these effects and other aspects of in-
flammatory responses in AE.

Combined Exercise and Inflammation
Only two studies [93, 149] relating TLR2 and/or TLR4
to CE (combining aerobic and resistance exercises in
single sessions) were found. One study [93] demon-
strated a significant decline in TLR4, and the other [149]
did not find a difference in TLR4 (Table 8).
The Timmerman et al. [149] study analyzed the re-

sponse of 12 weeks of exercise training on the part of
aged, physically inactive subjects who performed AE for
20 min and RE for 30 min. No significant differences in
TLR4 (protein expression) were found in the trained
group compared to the controls, but a decline in TNF-α
was observed. Stewart et al. [93] compared CE effects in
adult and aged participants and showed a significant de-
cline in TLR4 as well as IL-6 in the physically inactive
groups compared to controls; however, levels of TLR2
were not significantly changed.
Another experiment [150] verified a decline in CRP in

both trained and active control groups and concluded
that AE and RE may be applied in the same session as a
potential therapeutic intervention for adults and aged in-
dividuals to avoid some chronic diseases. Therefore, this
review suggests that AE and RE in combination protect
against the negative effects of AE.

Exercise, Disease, and Inflammation
The majority of the studies eligible for this review show
that both AE [13–15, 113–115, 117] and RE [8, 116] can
act as excellent auxiliary treatments for chronic disease.
However, we found no article that tested ARE in samples
from patients with diseases.
One of the important features of obesity-induced in-

flammation is a phenotypic change in the populations of
macrophages and T cells present in the adipose tissue.
This is reflected in levels of the production of anti- and
pro-inflammatory cytokines [151]. It has been suggested
that free saturated fatty acids can induce inflammation

Table 8 Modulation of TLR2 and TLR4 after combined exercise (aerobic and resistance)

Authors Sample Disease Frequency, intensity, and duration Post-exercise results

TLR Cytokine Other

Stewart et al. 2005 [93] Adults and elderly No disease 3 days/week, 70–80% 1 RM and 50–70%
of heart rate reserve, 12 weeks

↓TLR4, ↔TLR2 ↔TNF-α
↔IL-1β
↓IL-6

Timmerman et al. 2008 [149] Elderly No disease 3 days/week, 70–80% 1 RM and 70–80%
of heart rate reserve, 12 weeks

↔TLR4 ↓TNF-α
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through the activation of macrophages, TLR2, and TLR4
in the adipose tissue, culminating in the activation of
NF-kB and an increased expression of pro-inflammatory
cytokines such as TNF-α or IL-6 [7, 9, 151].
The study by Phillips et al. [8] in post-menopausal

obese women showed that CRE did not decrease TLR4
in terms of mRNA expression but reduced inflammatory
markers such as TNF-α and IL-6. In another study re-
lated to obesity, 10 days of either moderate (MICT) or
high intensity (HIIT) CAE in inactive overweight women
promoted improvements in glucose control and cardio-
respiratory capacity and a decrease in TLR2 and TLR4
(protein content) [115].
Most studies in this review that tested the levels of

TLR2 and/or TLR4 receptors in a disease context used
moderate load protocols, with the exception of the study
by Nickel et al. [114], which studied marathon runners
and found an increase in the mRNA expression and pro-
tein levels of these receptors. In this study, TLR2 was
significantly increased in lean-non-elite athletes when
compared to the obese-non-elite and lean-elite groups,
and TLR4 increased in all groups in response to exer-
cise. However, levels of the systemic cytokines TNF-α
and IL-6 remained stable. Interestingly, oxidized low-
density lipoprotein (oxLDL) levels in obese athletes were
reduced and associated with higher adiponectin levels,
in contrast to increased levels of oxLDL found in the
group of lean-elite athletes [114]. This can be under-
stood from the fact that TLR4 plays a crucial role in cel-
lular responses to oxLDL exposure and the activation of
NF-κB [152, 153]. Wang et al. [152] showed that the ac-
tivation of the TLR4/NF-κB signaling pathway was a po-
tential mechanism for oxLDL-induced apoptosis in
cardiomyocytes.
Higher levels of this low-density lipoprotein (LDL) are

usually associated with an increased risk for atheroscler-
osis [114], and marathon runners may, in fact, have in-
creased levels of atherosclerosis [54]. LDL, when
modified by enzymes such as phospholipases, gives rise
to oxidized low-density lipoprotein (oxLDL), which con-
tributes to the formation and progression of atheroscler-
otic plaques [152, 154]. oxLDL is known to be
immunogenic and activates endothelial cells, monocytes,
macrophages, and T cells [155]. Furthermore, oxLDL is
toxic at higher concentrations and thus could be a cause
of cell death in lesions [156]. The plasma level of oxLDL
was shown to be a predictor of mortality in patients with
chronic congestive heart failure [157] and induced severe
cell damage in ventricular myocytes [158].
This review also found articles that generally analyzed

TLR2 and/or TLR4 expression in relation to other dis-
eases. The study by Zwagerman et al. [14], for example,
found that in addition to reduced levels of TLR4 (gene
and protein), CAE reduced the frequency of cerebral

infarction. Another study [36] analyzed chronic fatigue
syndrome in acute AE sessions at moderate intensity for
25 min. In addition to an increase in the mRNA expres-
sion of TLR4 and pro-inflammatory cytokines, symp-
toms such as pain and physical and mental fatigue
became worse after exercise, suggesting a dysregulation
of the immune and sympathetic nervous systems.

Conclusions
This is the first systematic review of the literature that
addresses the roles of TLR2 and TLR4 receptors in vari-
ous types of exercise. Our main finding is evidence for
an accentuation in the inflammatory processes orches-
trated by these receptors in both AAE and CAE. The re-
sults also suggest that the expression of the receptors is
correlated with that of anti- and pro-inflammatory cyto-
kines. Taken together, these data open new perspectives
for studies aimed at a better understanding of the re-
sponse of inflammatory processes to physical exercise.
An analysis of the pathways involving TLR2 and TLR4

reveal something about the way specific types of physical
exercise are related to differences in the types of inflam-
matory responses they stimulate. The results indicate that
AE is potentially inflammatory; a smaller number of stud-
ies revealed that acute exercise has anti-inflammatory ef-
fects, compared to studies of chronic exercise.
Our analysis showed that in RE, TLR2 and TLR4 ex-

pression and signaling adopt an anti-inflammatory pat-
tern. Studies that met our criteria for inclusion indicated
that acute or chronic sessions reduced TLRs as well as
inflammatory cytokines, particularly TNF-α, and pro-
moted increases in IL-10, which can be considered a
beneficial adaptation for both healthy people and those
affected by certain diseases.
The same results were obtained when differences in

the populations and intensities of exercise were taken
into account. This indicates that RE can be broadly used
to prevent or minimize the potentially deleterious effects
of TLR expression and that the intensity can be manipu-
lated to achieve other goals, such as increasing body
strength, without a loss of benefits vis-à-vis the overall
inflammatory profile.
For AE, the intensity of exercise is a crucial factor—bet-

ter responses were achieved under moderate intensities.
But overall, whether the effects of AE will be positive or
negative depends on a person’s other physiological charac-
teristics, so they must be taken into account.
Generally, CE seems to be a good choice in most situ-

ations due to its positive effects on TLR expression and
signaling. In other words, the possible negative “side ef-
fects” of AE can be overcome through the positive im-
pact of RE. This combination of training strategies
appears to improve a person’s general inflammatory pro-
file while maintaining the cardiovascular and metabolic

Cavalcante et al. Sports Medicine - Open  (2017) 3:42 Page 13 of 18



benefits of AE. In most cases, this leads to better adapta-
tions. But because the number of studies addressing the
effects of TLR2 and TLR4 in CE is very small, further re-
search is needed for both amateurs and elite athletes.
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Background: Exercise is an effective treatment for various chronic pain disorders, including 
fibromyalgia, chronic neck pain, osteoarthritis, rheumatoid arthritis, and chronic low back pain. 
Although the clinical benefits of exercise therapy in these populations are well established (i.e. 
evidence based), it is currently unclear whether exercise has positive effects on the processes 
involved in chronic pain (e.g. central pain modulation). 

Objectives: Reviewing the available evidence addressing the effects of exercise on central pain 
modulation in patients with chronic pain. 

Methods: Narrative review.

Results: Exercise activates endogenous analgesia in healthy individuals. The increased pain 
threshold following exercise is due to the release of endogenous opioids and activation of 
(supra)spinal nociceptive inhibitory mechanisms orchestrated by the brain. Exercise triggers the 
release of β-endorphins from the pituitary (peripherally) and the hypothalamus (centrally), which 
in turn enables analgesic effects by activating µ-opioid receptors peripherally and centrally, 
respectively. The hypothalamus, through its projections on the periaqueductal grey, has the 
capacity to activate descending nociceptive inhibitory mechanisms. 

However, several groups have shown dysfunctioning of endogenous analgesia in response to 
exercise in patients with chronic pain. Muscle contractions activate generalized endogenous 
analgesia in healthy, pain-free humans and patients with either osteoarthritis or rheumatoid 
arthritis, but result in increased generalised pain sensitivity in fibromyalgia patients. In patients 
having local muscular pain (e.g. shoulder myalgia), exercising non-painful muscles activates 
generalized endogenous analgesia. However, exercising painful muscles does not change pain 
sensitivity either in the exercising muscle or at distant locations. 

Limitations: The reviewed studies examined acute effects of exercise rather than long-term 
effects of exercise therapy. 

Conclusions: A dysfunctional response of patients with chronic pain and aberrations in 
central pain modulation to exercise has been shown, indicating that exercise therapy should be 
individually tailored with emphasis on prevention of symptom flares. The paper discusses the 
translation of these findings to rehabilitation practice together with future research avenues. 

Key words: Whiplash, fibromyalgia, chronic pain, low back pain, exercise, rehabilitation, 
chronic fatigue syndrome, osteoarthritis, rheumatoid arthritis, sensitization, shoulder
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Chronic pain remains a challenging issue for 
clinicians and researchers. Over the past decades, 
scientific understanding of such unexplained 

chronic pain disorders has increased substantially. It has 

now become clear that the majority of cases of chronic 
pain can be explained by alterations in central nervous 
system processing of incoming messages (1). More 
specifically, the responsiveness of central neurons 
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Based on this theoretical rationale and on the evi-
dence supporting the clinical benefits in various chronic 
musculoskeletal pain disorders, it is tempting to spec-
ulate that exercise can indeed desensitize the central 
nervous system. However, this hypothesis is not (yet) 
supported by scientific evidence. A recent systematic lit-
erature review showed that no conclusions can be made 
about the effect of exercise therapy on pain on pain-
modulatory substances (e.g. serotonin, norepinephrine, 
opioids) or on its effects on altering brain activity of 
areas involved in pain processing in patients with mus-
culoskeletal pain (20). Moreover, a dysfunctional re-
sponse of some patients with chronic musculoskeletal 
pain to exercise has been shown. Several populations 
of chronic pain patients are unable to activate central 
descending nociceptive inhibition (endogenous analge-
sia or EA) during exercise (21-23), a dysfunction partly 
explaining symptom flares following exercise (22). 

In what follows in this paper explains our current 
understanding of the biology of EA following exercise 
in humans. Next, it provides an overview of the stud-
ies addressing dysfunctional EA during local muscle 
and general aerobic exercise in patients with chronic 
pain. From this overview it will become clear that some 
chronic pain disorders (e.g. fibromyalgia) are character-
ized by a dysfunctional EA in response to both aero-
bic and local muscle exercises, while other chronic pain 
populations (e.g. chronic low back pain) show a normal 
activation of EA in response to exercise. The relevance 
of these findings to rehabilitation practice together 
with future research avenues will be discussed as well. 

The Biology of Exercise-Induced Endogenous 
Analgesia

Several partly overlapping mechanisms are sug-
gested to play a role in exercise-induced EA, includ-
ing release of endogenous opioids and growth factors 
(16,17), and activation of (supra)spinal nociceptive in-
hibitory mechanisms orchestrated by the brain (18,19). 
These mechanisms might be related to cardiovascular 
changes (i.e. increase in heart rate and blood pressure) 
during exercise, a notion supported by the finding that 
patients with hypertension show reduced pain sensi-
tivity (24). The interaction can be explained by similar 
brain stem nuclei, neurotransmitters (e.g. monoamines) 
and peptides (e.g. opioids) (25). The exercise-induced 
blood pressure increase activates arterial baroreceptors, 
resulting in increased supraspinal inhibition (24,25) and 
stimulation of brain centers involved in pain modula-
tion (26). 

to input from unimodal and polymodal receptors is 
augmented, resulting in a pathophysiological state 
corresponding to central sensitization, characterized by 
generalized or widespread hypersensitivity to a variety 
of stimuli (i.e. mechanical, thermal, and chemical) (2). 

The term central sensitization can be used to en-
compass altered sensory processing in the brain (3), 
long-term potentiation of brain synapses (4), impaired 
functioning of top-down anti-nociceptive mechanisms 
(5), and (over)activation of top-down pain facilatory 
pathways which augment nociceptive transmission 
(3,6). Importantly, a different “pain signature” arises in 
the brain of those with chronic pain. This altered pain 
neuromatrix comprises of a) increased activity in brain 
areas known to be involved in acute pain sensations 
like the insula, anterior cingulate cortex, and the pre-
frontal cortex, but not in the primary or secondary so-
matosensory cortex (7); and b) brain activity in regions 
generally not involved in acute pain sensations like vari-
ous brain stem nuclei, dorsolateral frontal cortex, and 
parietal associated cortex (7). Clinically central sensiti-
zation is characterized by non-segmental spreading of 
pain, “central” symptoms like concentration difficulties 
and fatigue, stress-intolerance and hypersensitivity to 
various stimuli like bright light, touch, and odors (8).  

Exercise is frequently encountered as a central com-
ponent of the treatment of patients with chronic pain. 
Exercise is an effective treatment for various chronic 
musculoskeletal pain disorders, including chronic low 
back pain (9), chronic whiplash associated disorders 
(10,11), osteoarthritis (12), and fibromyalgia (13,14). 
Although the clinical benefits of exercise therapy in 
these populations are well established (i.e. evidence 
based), it is currently unclear whether exercise therapy 
has positive effects on the processes involved in central 
sensitization. Is exercise capable of “treating” central 
sensitization in patients with chronic pain?  

There is a strong theoretical rationale suggesting 
that exercise therapy can indeed “treat” central sensi-
tization (or desensitize the central nervous system). In 
healthy individuals aerobic exercise of sufficient inten-
sity (+/- 200 W or 70 % VO2MAX) activates pain inhibi-
tion for up to 30 minutes post-exercise (15). Resistance 
exercise triggers endogenous analgesia as well, but it 
lasts for no more than a couple of minutes post-exercise 
(15). The exercise induced endogenous analgesia is pre-
sumed to be due to the release of endogenous opioids 
and growth factors (16,17) and activation of (supra)spi-
nal nociceptive inhibitory mechanisms orchestrated by 
the brain (18,19). 
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In addition, Hoffman and Thoren (27) have report-
ed that once blood pressure is displaced out of the basal 
range, either by physiological stimuli or pathophysi-
ological states, the endogenous opioid system becomes 
activated. Exercise triggers the release of β-endorphins 
from the pituitary (peripherally) and the hypothalamus 
(centrally), which in turn enables analgesic effects by 
activating µ-opioid receptors peripherally and centrally, 
respectively (28). The hypothalamus, through its projec-
tions on the periaqueductal grey, has the capacity to 
activate descending nociceptive inhibitory mechanisms.

Nevertheless, it appears from animal research that 
multiple analgesia systems exist (opioid and non-opi-
oid), and that properties of the exercise stressor are im-
portant in determining which system is activated during 
exercise. It has been shown that by manipulating the 
parameters of the exercise stressor, it is possible to elicit 
either naloxone-reversible or naloxone-insensitive EA 
following exercise (17,29). 

The role of growth hormone and growth factors in 
exercise-induced EA remains unclear. Some authors hy-
pothesize that growth hormone, via insulin-like growth 
factor and nerve growth factor, sensitizes rather than 
being involved in EA (30,31). Only one study evaluated 
the role of growth hormone in exercise-induced hypo-
algesia, but suppressing growth hormone production 
during exercise did not alter exercise-induced hypoal-
gesia (32). β-endorphins and growth hormone are re-
leased after a certain exercise span, one hour and 10 to 
40 minutes respectively, when lactate accumulation is 
leading to muscle acidosis (33-35). 

Catecholamines also exert direct analgesic effects. 
Main descending inhibitory action to the spinal dorsal 
horn are noradrenergic. In the dorsal horn, norepineph-
rine, through action on alpha-2A-adrenoceptors, sup-
presses release of excitatory transmitters from central 
terminals of primary afferent nociceptors (36). In addi-
tion it may suppress postsynaptical responses of spinal 
pain-relay neurons (36). Besides catecholamines, the 
mediators of the long-term stress response, namely cor-
ticosteroids, are involved in exercise induced EA. Both 
opioid and non-opioid mechanisms would contribute to 
the development of EA induced by glucocorticoids (37). 
Hence, exercise can be viewed as a frequent stressor ac-
tivating stress-induced analgesia. 

Other possible explanations for exercise-induced 
EA involve an increased body awareness for somatic 
sensations after exercise. This awareness of more sa-
lient signals—for example, sweating and heart pound-
ing—may divert attention away from the pain stimulus. 

Distraction can significantly alter pain perception (38). 
Furthermore, traditional gate control mechanisms, due 
to skin or muscle afferents competing with nociceptive 
afferents in the dorsal horn, may account for exercise 
induced EA. Finally, conditioned pain modulation, for-
merly referred to as diffuse noxious inhibitory controls 
(DNIC), may be activated subsequently to the nocicep-
tive barrage resulting from muscle ischemia and lactate 
accumulation. Peripheral mechanisms are less plausible 
as they typically result in sensitizing agents (prosta-
glandins, lactate, ischemia, growth factors, etc.).

Dysfunction of Endogenous Analgesia 
During Muscle Contraction in Patients with 
Musculoskeletal Pain

Long-term, low intensity, static work is a well 
known risk factor for the development of work-related 
myalgias, and static contractions increase pain intensity 
in patients with myalgia (39) and fibromyalgia (39,40). 
Animal studies have revealed that muscle ischemia is a 
potent cause of sensitization of peripheral mechanono-
ciceptors so that the increased intramuscular pressure 
caused by the contraction can became an effective no-
ciceptive stimulus (41). Compared to healthy controls, 
patients with shoulder myalgia (42) and fibromyalgia 
(43) had reduced muscle blood flow during static con-
tractions, which could lead to peripheral sensitization 
and explain the increased pain sensitivity reported in 
painful muscles in these patients (39). In accordance 
with this, increased sensitivity to pressure pain (i.e., 
increased tenderness) at the contracting muscle fol-
lowing static contractions was reported in fibromyal-
gia patients (44,45), suggesting dysfunctional EA dur-
ing exercise in these patients. Indeed, healthy subjects 
exhibited decreased pressure pain sensitivity at the 
contracting muscle during and following contraction 
indicating that segmental or possibly plurisegmental 
(generalized) pain inhibitory mechanisms were activat-
ed (46). In a follow-up study, localized (at the contract-
ing muscle) as well as generalized (at a distant resting 
muscle) pain inhibitory effects were seen during static 
contractions in healthy individuals (46). In addition, the 
decrease in pain sensitivity was of similar magnitude at 
the contracting and the distant resting muscle indicat-
ing the importance of generalized EA mechanisms (46).

To our knowledge, only a few studies have exam-
ined the effect of static contractions on pain sensitivity 
outside the contracting muscle. Staud et al (47) found 
a bilateral decrease in cutaneous (heat) and deep so-
matic (pressure) pain sensitivity during unilateral static 
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contractions sustained during 90 seconds correspond-
ing to 30% of the individual maximal voluntary con-
traction force (MVC) in healthy subjects. A paradoxical 
increase in heat and pressure pain sensitivity was seen 
bilaterally in fibromyalgia patients during the unilat-
eral contractions, providing evidence for widespread 
deficiency of EA or more pronounced pain facilitation 
in fibromyalgia patients during exercise (47). 

The important question raised by Staud et al (47) 
regarding the importance of deficient EA versus aug-
mented pain facilitation in pain patients during physical 
exercise was further addressed in another study assess-
ing patients with shoulder myalgia and fibromyalgia, 
respectively, during static contractions corresponding 
to 20 – 25% MVC until exhaustion (maximum 5 min-
utes) (39). Patients and healthy controls performed 
static contractions with M. quadriceps femoris and M. 
infraspinatus. Pressure pain thresholds were assessed 
before and during contraction at the contracting mus-
cle, the resting homologous contralateral muscle, and 
contralaterally at a distant site (M. infraspinatus during 
contraction of M. quadriceps and vice versa). Pressure 
pain thresholds increased at all sites during both con-
tractions in healthy controls, but no increase was seen 
at any site during contractions in fibromyalgia patients, 
who even exhibited increased pain sensitivity. Myalgia 
patients had an increase in pressure pain thresholds at 
all sites during contraction of the non-painful M. quad-
riceps, but no increase in pressure pain thresholds was 
seen at any site during contraction of the painful M. in-
fraspinatus. The authors suggested that nociceptive in-
put from painful muscles induced central sensitization 
and activated descending pain facilitatory mechanisms. 
The facilitatory mechanisms could override the contrac-
tion-induced pain inhibition and explain the lack of 
generalized EA during contraction of painful muscles in 
myalgia patients and the increased pain sensitivity dur-
ing contraction in fibromyalgia patients (39). 

Interestingly, a pilot study in patients with rheu-
matoid arthritis indicates normal EA during static con-
traction in these patients (Fridén et al., submitted) and 
preliminary results also indicate normal function of these 
mechanisms in patients with osteoarthritis of the knee 
and hip (Kosek, Roos, Nilsdotter, manuscript in prepara-
tion). These findings are in accordance with the reported 
beneficial effects of exercise in these conditions (48,49). 

As mentioned, many potential mechanisms have 
been implicated in pain regulation during muscle 
contractions. Conditioned pain modulation has been 
proposed as one possible mechanism for pain inhibi-

tion during contraction. However, the low pain ratings 
during contraction in healthy controls (39) make this 
unlikely. Furthermore, although a dysfunction of con-
ditioned pain modulation has been shown in fibromy-
algia (50), normal function of conditioned pain mod-
ulation was shown in shoulder myalgia patients (51). 
Exercise induced pain modulation during static con-
tractions has also been related to arterial baroreceptor 
activation in humans (52). However, a normal increase 
in heart rate and blood pressure has been reported in 
fibromyalgia patients during static contractions offset-
ting abnormal cardiovascular response to exercise as a 
likely explanation for the dysfunction of EA in these pa-
tients (40,53). Finally, hormonal factors of importance 
for regulation of muscle blood flow and pain sensitiv-
ity could be of interest. The findings of a hypo-active 
sympatho-adrenal system in combination with a hypo-
reactive adrenal-hypothalamo-pituitary (HPA) axis in 
fibromyalgia patients during static contractions could 
contribute to the dysfunctional EA during exercise and 
subsequent exercise intolerance that is so characteristic 
for fibromyalgia patients (53). 

It is concluded that muscle contractions activate 
generalized EA in healthy, pain-free humans and pa-
tients with either osteoarthritis and rheumatoid arthri-
tis, but result in increased generalised pain sensitivity in 
fibromyalgia patients. In patients having local muscu-
lar pain (e.g. shoulder myalgia), exercising non-painful 
muscles activates generalized EA. However, exercising 
painful muscles does not change pain sensitivity either 
in the exercising muscle or at distant locations. 

Dysfunction of Endogenous Analgesia 
During Aerobic Exercise in Patients with 
Musculoskeletal Pain

The dysfunctional EA in response to aerobic exer-
cise was first shown in a small study of patients with 
chronic fatigue syndrome and healthy controls in which 
participants performed a graded exercise with 3 stages 
on a treadmill (54). Every stage of the exercise consisted 
of 5 minutes walking at a constant pace of 5km/h, with 
an increasing incline of 5°. Dysfunctional EA was dem-
onstrated by decreased pain thresholds following ex-
ercise in patients with chronic fatigue syndrome, while 
pain thresholds increased in healthy controls. These 
findings were later replicated in 2 larger studies using 
various types of exercise: 
1) submaximal cycle exercise with a gradual increase of 

25 W every minute until 75% of the age-predicted 
target heart rate was achieved (22), 
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2) 6 short bouts of aerobic cycling interrupted by short 
recovery breaks (21), and 

3) physiologically limited (heart rate below 80% of the 
anaerobic heart rate, workload below 80% of the an-
aerobic workload) and self-paced aerobic cycling (22). 
From these studies it is concluded that neither 

types of aerobic exercise were able to activate EA in 
patients with chronic fatigue syndrome who experience 
chronic widespread pain. Importantly, the dysfunctional 
EA partly explains symptom flares following exercise in 
patients with chronic fatigue syndrome having chronic 
widespread pain (22). 

A similar dysfunctional EA in response to exercise 
and symptom flares following exercise was shown in pa-
tients with chronic whiplash associated disorders (23), 
suggesting this to be a feature of central sensitization. 
The dysfunctional EA in patients with chronic whiplash 
associated disorders was observed during submaximal 
cycle exercise with a gradual increase of 25 W every 
minute until 75% of the age-predicted target heart 
rate was achieved, as well as during physiologically lim-
ited and self-paced aerobic cycling (23). Remarkably, in 
the studies outlined above the various types of aerobic 
exercise did activate EA in healthy sedentary controls 
(21-23,54) and patients with chronic low back pain (21). 
The latter confirms an earlier study in chronic low back 
pain patients (55). Thus, the mechanism of EA in pa-
tients with chronic low back pain responds normally to 
aerobic exercise.  

Some work has been performed to unravel the 
mechanisms behind the dysfunctional EA during exer-
cise in certain chronic pain disorders. Nitric oxide (NO) 
plays a complex role in nociceptive processing (19). Al-
though evidence exists regarding the beneficial effects 
of the release of small amounts of NO during inhibition 
of nociceptive pathways (56), excessive amounts of NO 
could contribute to central sensitization. Indeed, NO is 
able to reduce the nociceptive inhibitory activity of the 
central nervous system, leading to central sensitization 
of dorsal horn neurones (57). A single bout of physi-
cal activity triggers release of NO (58), leading to the 
hypothesis that the dysfunctional EA during exercise 
might be due to NO release. However, NO levels were 
unrelated to pain processing during aerobic exercise in 
healthy sedentary controls, patients with chronic fa-
tigue syndrome and chronic low back pain (21). 

While endogenous opioid and adrenergic pain-
inhibitory mechanisms might account for activation of 
EA during exercise in healthy individuals (18,19), direct 
evidence is lacking. Therefore, a study was undertak-

en to examine the contribution of endogenous opioid 
pain-inhibitory mechanisms during exercise in 2 chronic 
pain populations: rheumatoid arthritis and fibromy-
algia/chronic fatigue syndrome (59). In a randomized 
and placebo-controlled cross-over study, we modulated 
endogenous opioid and serotonergic pain-inhibitory 
mechanisms during exercise by using selective sero-
tonin reuptake inhibitor (SSRI; 2 mL of citalopram in-
travenously) during the DNIC and temporal summation 
model in response to exercise. SSRIs activate serotoner-
gic descending pathways that recruit, in part, opioid 
peptide-containing interneurons of the dorsal horn 
(60). Unfortunately, significant side effects immediately 
after intravenous administration of citalopram resulted 
in early cessation of the study. Hence, currently no con-
clusions can be made addressing the role of serotoner-
gic descending pathways in EA in response to exercise 
in chronic pain patients (59). 

It is concluded that the dysfunctional EA during 
aerobic exercise is not characteristic for all chronic pain 
patients, but rather limited to those with clear evidence 
of central sensitization (e.g. chronic whiplash, fibromy-
algia, chronic fatigue syndrome). 

Analgesic Effects of Exercise Therapy in 
Patients with Chronic Musculoskeletal Pain: 
Opportunities and Challenges

Applying these Findings to the Practice of Exercise 
Therapy for Chronic Pain

When confronted with the cumulating evidence for 
a dysfunctional EA during exercise in some chronic pain 
disorders, one might wonder whether we should con-
tinue using exercise therapy in these patients. However, 
this should not be an issue. The studies summarized 
above address acute bouts of exercise, not findings 
from randomized clinical trials examining the effects 
of exercise as a therapeutic intervention. The stud-
ies showing dysfunctional EA during exercise in some 
chronic pain conditions do not contradict the clinical 
evidence favoring the use of exercise as an intervention 
for chronic pain. Exercise is an effective treatment for 
chronic whiplash associated disorders (10,11), fibromy-
algia (13,14), chronic fatigue syndrome (61,62), osteo-
arthritis (48), and rheumatoid arthritis (49). Hence, its 
clinical use and benefits should not be questioned. To 
exercise or not to exercise patients with chronic pain, is 
no longer the question. 

On the other hand, the dysfunctional EA during 
exercise in patients with chronic pain should not be 
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ignored. In fact, its clinical relevance is supported by 
studies showing that symptom flares following exercise 
are related to the dysfunctional EA during exercise (22). 
In addition, the dysfunctional EA during exercise might 
explain the low compliance with exercise interventions 
in chronic pain patients. Typically the early stages of ex-
ercise therapy programs are prone to dropouts. 

Lack of exercise-induced analgesia implies a de-
creased pain threshold following exercise. This makes 
patients vulnerable for new nociceptive input. Exercise 
is typically associated with myofiber damage and sub-
stances released in response to exercise (e.g. oxidative 
stress, lactate), potentially providing increased noci-
ceptive input in response to exercise (63). Hence, the 
dysfunctional EA during exercise increases the risk of 
severe symptom flares following exercise sessions. For 
all these reasons, we conclude that clinicians should ac-
count for the dysfunctional EA during exercise in cer-
tain chronic pain conditions.

But how? Given the dearth of studies examining 
the effects of exercise therapy on EA (20), this ques-
tion can only be answered by applying logical (clinical) 
reasoning. Appropriately tailored and graded exercise 
therapy has been suggested as a treatment for central 
sensitization in patients with chronic pain (64), but evi-
dence supporting this notion is lacking (20). Especially 
in the early stages of exercise therapy programs, exer-
cise therapy should be individually tailored with em-
phasis on prevention of symptom flares. 

This might be achieved by applying the following 
guidelines (Table 1): prefer aerobic exercise over eccen-
tric or isometric muscle work, as the latter 2 are likely 
to increase the hyperexcitability of the central nervous 
system (47) and result in diminished blood flow increase 
in the working muscles (43). The findings from the stud-
ies explained above suggest that exercising preferably 
non-painful parts of the body could have pain-relieving 
effects in myalgia patients by reducing pain sensitivity 
in painful muscles, while low intensity training regimes 
would be expected to be favorable in fibromyalgia in 
order to avoid unnecessary exacerbations of pain (39). 

In addition, exercise therapy for chronic pain pa-
tients should account for cognitive-emotional sensiti-
zation. Emotions, attention, expectations, depressive 
thoughts, and catastrophic thoughts each enhance de-
scending facilitation (65-67), which in turn sustains the 
process of central sensitization. This is typically referred 
to as cognitive-emotional sensitization (68), which can 
imply increased forebrain activity that can exert power-
ful influences on various brainstem nuclei (69), including 
those identified as the origin of descending facilitatory 
pathways (70). Clinically cognitive-emotional sensitiza-
tion is typically addressed in comprehensive pain man-
agement programs that include pain physiology educa-
tion to address illness perceptions and maladaptive pain 
cognitions, stress management, time-contingent activity 
management (i.e. graded activity), and time-contingent 
exercise therapy (i.e. graded exercise therapy) (Table 1).

Table 1. Practical guidelines to account for dysfunctional endogenous analgesia during exercise when applying exercise therapy in 
patients with chronic musculoskeletal pain. 

Keep the following guidelines in mind when applying exercise therapy in patients with chronic 
musculoskeletal pain and dysfunctional endogenous analgesia during exercise:
♦ exercise should be fun, not a burden
♦ Discuss the content of the exercise protocol with the patient; it should fit the needs and requests of the patient
♦ Use aerobic exercise as well as motor control training
♦ Be careful with eccentric exercise 
♦ Include exercise of non-painful parts of the body 
♦  Allow increased pain during and shortly following exercise but avoid continuously increasing pain intensity over time 

(i.e. modify exercise) 
♦ Use a time-contingent approach with appropriate baseline
♦  Be conservative when setting the baseline; prefer a lower baseline to guarantee that is well within the capabilities of the 

patient’s body
♦ Use multiple and long recovery breaks in between exercises 
♦  Monitor symptom flares, especially during initiation of treatment and during grading, and adopt exercise modalities 

accordingly
♦  Minor symptom flares are natural during initial stages of exercise therapy, but should cease once an exercise routine is 

established
♦ Do not grade the exercise protocol in case of major symptom flares
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Treatment of the Dysfunctional Endogenous 
Analgesia During Exercise by Combining Centrally 
Acting Drugs with Exercise Therapy?  

In addition to the guidelines for designing appro-
priate exercise therapy programs, it seems rational to 
combine centrally acting drugs with exercise therapy. 
Unraveling the mechanisms responsible for the dysfunc-
tional EA in response to exercise in people with chronic 
pain is likely to be a crucial step towards well-balanced 
drug + exercise treatments. In the mean time, the fol-
lowing suggestions seems rational given our current 
understanding of dysfunctional EA during exercise and 
chronic pain management. First, opioid use in combina-
tion with (the early stages) of graded exercise therapy 
might be an option in some patients with nociceptive 
pain. In this respect, it is important to realize that evi-
dence indicates that opioid withdrawal is unnecessary 
for effective pain rehabilitation programs (71). This is 
important as the early pain rehabilitation programs ad-
vocated operant methods to decrease opioid consump-
tion in the early treatment stages. 

Second, activation of serotonergic and/or nor-
adrenergic descending pathways in conjunction with 
graded exercise therapy might be an option. A cen-
trally acting analgesic like Duloxetine, a selective and 
balanced serototin and norepinephrine reuptake in-
hibitor (SNRI), has proven its efficacy in a variety of 
chronic pain conditions characterized by central sensi-
tization (e.g. fibromyalgia [72] and osteoarthritis [73]). 
It remains unclear whether these clinical effects can be 
reinforced by combining drug use with graded exercise 
therapy. Further work in this area is warranted. 

Finally, the finding that peak exercise performance 
in healthy people improves when using acetaminophen 
(74) might provide a new avenue for combining analge-
sics with exercise therapy for patients with chronic pain 

and dysfunctional EA during exercise. There is evidence 
suggesting that acetaminophen primarily acts centrally 
by reinforcing descending inhibitory pathways (75), 
namely the serotonergic descending pain pathways. 

Still, future research should examine whether these 
proposed combinations of drug treatment and graded 
exercise therapy are able to treat the dysfunctional EA 
in patients with chronic pain. Moreover, the combined 
treatment programs should not only improve EA dur-
ing exercise, it should benefit the patient at the level of 
daily functioning and quality of life as well. 

ConClusion

Exercise activates EA in healthy individuals, result-
ing in generalized increased pain tolerance during and 
immediately following exercise. This conclusion ac-
counts for aerobic exercises like cycling, and for exercis-
ing local muscle groups. The physiological mechanisms 
explaining EA following exercise have not been stud-
ied in detail yet, but the available research data sug-
gest that it is due to the release of endogenous opioids 
and activation of (supra)spinal nociceptive inhibitory 
mechanisms orchestrated by the brain. However, aero-
bic exercise activates pain facilitation rather than inhi-
bition in some patients with chronic pain and central 
sensitization (fibromyalgia, whiplash, and chronic fa-
tigue syndrome). Exercising local muscle groups results 
in increased generalised pain sensitivity in fibromyalgia 
patients, but recent data indicate that this might not 
be the case in those with osteoarthritis and rheumatoid 
arthritis. In shoulder myalgia, exercising non-painful 
muscles activates generalized EA, but exercising painful 
muscles does not activate EA. Further work is required 
to unravel the biology of the dysfunctional EA follow-
ing exercise, and to establish how these findings should 
be applied to clinical practice. 
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The purpose of this experiment was to examine the effects of
the endogenous opioid system on forearm muscle pain and
muscle sympathetic nerve activity (MSNA) during dynamic
fatiguing exercise. Twelve college-age men (24 6 4 yr) per-
formed graded (1-min stages; 30 contractions/min) handgrip
to fatigue 1 h after the ingestion of either 60 mg codeine, 50
mg naltrexone, or placebo. Pain (0–10 scale) and exertion
(0–10 and 6–20 scales) intensities were measured during the
last 15 s of each minute of exercise and every 15 s during
recovery. MSNA was measured continuously from the pero-
neal nerve in the left leg. Pain threshold occurred earlier
[1.8 6 1, 2.2 6 1, 2.2 6 1 J: codeine, naltrexone, and placebo,
respectively] and was associated with a lower rating of per-
ceived exertion (RPE) (2.7 6 2, 3.6 6 2, 3.8 6 2: codeine,
naltrexone, and placebo, respectively) in the codeine condi-
tion compared with either the naltrexone or placebo condi-
tions. There were no main effects (i.e., drugs) or interaction
(i.e., drugs 3 time) for either forearm muscle pain or RPE
during exercise [pain: F (2, 22) 5 0.69, P 5 0.51]. There was
no effect of drug on MSNA, heart rate, or blood pressure
during baseline, exercise, or recovery. Peak exercise MSNA
responses were 21 6 1, 21 6 2.0, and 21 6 2.0 bursts/30 s for
codeine, naltrexone, and placebo conditions, respectively.
Peak mean arterial pressure responses were 135 6 4, 131 6
3, and 132 6 4 mmHg for codeine, naltrexone, and placebo
conditions, respectively. It is concluded that neither 60 mg
codeine nor 50 mg naltrexone has an effect on forearm muscle
pain, exertion, or MSNA during high- intensity handgrip to
fatigue.

codeine; rating of perceived exertion; pain perception; auto-
nomic nervous system

CERTAIN TYPES OF MODERATE-TO-HIGH intensity exercise
are perceived as painful. For example, reproducible
relationships between objective measures of exercise
intensity and subjective judgments of leg and forearm

muscle pain intensity during cycle ergometry and
rhythmic handgrip have been reported (6, 14). Al-
though it is clear that the firing rate of nociceptive
afferent fibers (type III and IV) from skeletal muscle is
increased in response to noxious stimuli, including
exercise, the mechanisms underlying muscle pain dur-
ing exercise are poorly understood (16, 17).

Endogenous opioids, such as endomorphin, enkepha-
lins, dynorphins, and beta-endorphins have well-estab-
lished analgesic actions (11, 31, 33), and opioid recep-
tors are found on nociceptive afferent fibers as well as
spinal and supraspinal sites involved in pain process-
ing. The endogenous opioid system has been demon-
strated to modulate nociceptive afferent fiber activity
in both animal and human experiments (10, 26). Con-
sequently, endogenous opioids may be involved in mus-
cle pain during exercise. Peripheral concentrations of
endogenous opioids consistently have been shown to
increase during moderate and intense exercise (2, 12,
27). Nevertheless, the role of opioids in naturally oc-
curring muscle pain experienced during exercise is
unknown.

In addition to their role in pain regulation, endoge-
nous opioids also have been implicated in the modula-
tion of muscle sympathetic nerve activity (MSNA) re-
sponses to exercise (8, 22, 23). The opioid antagonist
naloxone has been found to either increase (8) or have
no effect (23) on MSNA responses to exercise. Specifi-
cally, Farrell et al. (8) reported that 1.2 mg intravenous
naloxone significantly increased arterial pressure,
plasma epinephrine, and muscle sympathetic nerve
responses to 3 min of isometric handgrip at 25% max-
imal voluntary contraction (MVC). However, this find-
ing was not reproduced by Ray and Pawelczyk (23),
who did not observe an effect of naloxone on MSNA,
arterial pressure, or heart rate. Moreover, preliminary
data from Ray et al. (22) showed that morphine (0.075
mg/kg bolus11 mg/h maintenance) resulted in in-
creased resting mean arterial pressure but had no
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effect on arterial pressure, heart rate, or MSNA re-
sponses to 2 min of isometric handgrip at 30% MVC.
Thus literature regarding the role of endogenous opi-
oids in MSNA responses to exercise is both sparse and
equivocal. One limitation of the studies that have em-
ployed a direct measure of sympathetic nervous system
activity has been the focus on short-duration (2–3
min), low-intensity (25–30% MVC), isometric exercise
that may be inadequate to stimulate the endogenous
opiate system.

The primary purpose of this experiment was to
examine, in a double-blind setting, the effects of
codeine and naltrexone on the perception of forearm
muscle pain during and after dynamic handgrip per-
formed to fatigue. On the basis of the known influ-
ence of opioids in reducing both the activity of noci-
ceptive afferent fibers and pain, it was hypothesized
that the ingestion of codeine would result in lower
pain intensity ratings compared with both the nal-
trexone and placebo conditions and that the inges-
tion of naltrexone would result in higher pain ratings
compared with both the codeine and placebo condi-
tions. The rationale for using a dynamic handgrip
stimulus to fatigue was to 1) achieve longer and more
intense exercise sessions, thus increasing the likeli-
hood of an endogenous opioid response and 2) allow
for the measurement of MSNA. Additionally, rhyth-
mic exercise differs from the isometric protocols em-
ployed by previous investigators (8, 23) in that it
does not result in continuous muscle ischemia. A
second purpose was to examine the effects of codeine
and naltrexone on MSNA during and after dynamic
fatiguing handgrip. It was hypothesized that the
ingestion of codeine would decrease MSNA responses
to exercise compared with both the naltrexone and
placebo conditions and that naltrexone would in-
crease MSNA responses to exercise compared with
both the codeine and placebo conditions.

METHODS

Participants. A total of 12 college-age (18–35 yr) men who
were not on any medication and pain and injury free volun-
teered to participate in the study. A sample size of 12 pro-
vided a statistical power of 0.76 for the primary question
concerning the main effect of drug on pain. This value was
calculated on the basis of statistical power tables for repeated
measures designs (19) and with the following assumptions:
an alpha level of 0.05; a one-half SD (0.50) for the drug main
effect; a correlation across exercise intensity (trials) of 0.6;
and a correlation across conditions (codeine, naltrexone, and
placebo) of 0.4. All participants signed a consent form ap-
proved by the Institutional Review Board at The University
of Georgia. Selected characteristics (means 6 SD) were as
follows: age (24 6 4 yr), height (176 6 5 cm), and weight
(75 6 9 kg).

Procedures. The participants completed three question-
naires: a medical and a 24-h health history, and the multiple
affect adjective checklist (MAACL). The 24-h and medical
histories were used to inquire about the use of medications
and to ensure that the participants were healthy, injury free,
able to perform the maximal exercise test, and not allergic to

codeine or naltrexone. None of the participants reported any
forearm muscle soreness before the exercise sessions. The
MAACL was employed to examine the potential role of either
codeine, naltrexone, or placebo on the participant’s affective
state before exercise and to examine possible relationships
between situational affect and muscle pain during exercise.
The 132-item MAACL provides valid measures of anxiety,
depression, hostility, positive affect, and sensation seeking
(34). Participants were given the MAACL before each exer-
cise session exactly 50 min after ingestion of the placebo or
active drug.

MSNA. MSNA measurements were made as described by
Ray et al. (24). Briefly, multiple nerve fiber recordings of
MSNA were made by using a tungsten microelectrode in-
serted in the peroneal nerve near the head of the fibula. A
reference electrode was placed subcutaneously ;2 cm from
the recording electrode. Adjustments of the microelectrode
were made until a site exhibiting clear spontaneously occur-
ring sympathetic bursts was found. MSNA was expressed as
burst frequency (bursts/30 s) and total activity (area/30 s).
Total activity was the sum of area of all bursts in a given time
period.

Arterial pressure and heart rate were measured contin-
uously by using an Ohmeda Finapres recorder (model
2300, Englewood, NJ). The photoplethysmographic cuff
was placed on the middle finger of the nonexercising arm,
which was maintained at the level of the heart during
testing.

For each exercise test MSNA, arterial pressure, and heart
rate data were obtained before (5 min), during (;14 min),
and after (5 min) exercise. In the event that the recording
electrode came out of the nerve, one of the investigators
quickly adjusted the electrode until the MSNA recording was
reestablished. This problem occurred once in only one subject
during recovery from exercise.

Codeine/naltrexone/placebo conditions. In the codeine
condition the participants received 60 mg of codeine in one
capsule. Studies using similar doses have demonstrated
the analgesic effectiveness of 60 mg of codeine to experi-
mental pain stimuli (18, 29), whereas others have reported
little or no side effects when a single oral dose is taken (1,
20). The codeine was ingested with 8 oz of water 60 min
before exercise, and consumption was witnessed by one of
the investigators. The timing of drug administration was
based on previous reports that maximal plasma concentra-
tions of codeine occur ;1 h after a single oral dose of 60 mg
(11, 20). The capsule was identical to the capsules used in
the placebo and naltrexone conditions, a procedure de-
signed to blind the participant as to the condition. In the
naltrexone condition the participants received 50 mg of
naltrexone in one capsule taken orally. Naltrexone is an
opioid antagonist that exhibits no agonist effects. The
naltrexone was administered with 8 oz. of water 60 min
before exercise in a manner identical to the codeine and
placebo condition (lactose capsule). Naltrexone taken
orally has a peak plasma concentration within 60 min and
has been reported to produce sustained effects for up to
24 h from a single oral dose (11). To ensure a double-blind
administration, one investigator, who did not conduct the
exercise tests (P. J. O’Connor), distributed the capsules to
a second investigator (D. B. Cook). The second investiga-
tor, who was unaware of what the capsules contained,
administered all the capsules and conducted all of the
exercise tests. The order in which the participants com-
pleted the conditions was randomized and counterbal-
anced.
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Graded handgrip protocol. Each participant completed a
minimum of three graded, dynamic handgrip exercise tests to
fatigue. The exercise sessions were performed on 3 separate
days. Before exercise the participants received either co-
deine, naltrexone, or placebo in a randomized, counterbal-
anced order. Exercise was performed with the dominant
hand while the participants were in a supine position. The
dominant hand and arm were extended laterally (60–90°
angle) from the body and fully supported. Handgrip was
performed at a rate of 30 contractions/min with the aid of a
calibrated metronome. The first minute of exercise was done
with no load. For each subsequent 1-min stage, the weight
was increased by 1.13 kg until an exercise stage could not be
completed. The participants were given 15 s of rest every
minute while one of the investigators added 1.13 kg to the
weight-support bar.

Pain and exertion assessment. Forearm muscle pain inten-
sity was assessed by using a category scale with ratio prop-
erties. The pain intensity scale ranges from 0 (no pain at all)
to 10 (extremely intense pain, almost unbearable). With this
scale, if the subjective intensity increases above 10, the
subject is free to choose any number larger in proportion to
10 that describes the proportionate growth of the sensation.
Prior work with this instrument has provided evidence for
both the validity and reliability of this tool for quantifying
naturally occurring muscle pain during exercise (6).

The participants listened to a taped set of instructions,
which informed them that they would be repeatedly asked to
rate the intensity of the pain and exertion in their forearms
and that they were to report aloud the number that corre-
sponds to that intensity. Additionally, participants were in-
structed to remember to say the word “pain” when the pain in
their forearm became just noticeable (pain threshold). An
investigator recorded the minutes and seconds from a digital
timer that was started at the beginning of exercise, and this
quantified pain threshold.

Ratings of perceived exertion (RPE) were assessed during
and after exercise by using Borg’s 6–20 category scale (4)
after explicit audiotaped and oral instructions (cf. 6). Our
previously employed instructions were modified to obtain
local ratings of forearm muscle exertion. A second scale for
measuring perceived exertion [0–10 category-ratio scale;
Borg, (3)] was employed to examine the relationship between
ratings of pain and RPE by using scales that were both based
on ratio-scaling methods.

During the graded exercise test forearm muscle pain and
exertion ratings were obtained during the last 15 s of every
1-min exercise stage. At the point of fatigue (i.e., failure to
maintain a handgrip contraction rate of 30 repetitions/min),
the test was stopped, and the participants were asked to
immediately stop contracting their forearm. Pain and exer-
tion ratings were obtained every 15 s for 5 min during the
recovery period to assess the abatement of pain and exertion
perceptions.

Posttest information. Within 5 min after the completion of
the exercise test, participants indicated in writing the reason

they stopped exercising. Thereafter, they completed the
short-form of the McGill Pain Questionnaire (MPQ) (15) to
provide a multidimensional description of the forearm mus-
cle pain experienced during the exercise test.

Primary statistical analyses. Pain ratings, RPE, and
MSNA were analyzed by using a two-way [condition (codeine,
naltrexone, placebo) 3 trials] repeated-measures ANOVA.
The trials factor ranged from 5 different intensities for data
obtained in association with exercise intensity [20, 40, 60, 80,
and 100% of peak work (J)] to 20 time points associated with
recovery (ratings obtained every 15 s for 5 min). When ap-
propriate, eta2 was used as a measure of the magnitude of an
association among variables. Rough guidelines for the
strength of association for a given eta2 value are that 0.01 is
considered a small effect, 0.09 medium, and 0.15 large. Pain
threshold, peak pain, and baseline MSNA, arterial pressure,
and heart rate among conditions were analyzed by using a
one-way repeated-measures ANOVA. Significant main ef-
fects were followed up by simple contrast analysis to further
delineate where the significant differences occurred. T-tests
were used to analyze baseline MSNA, arterial pressure,
heart rate, and selected pain threshold and peak variables
between the control and placebo conditions. Pearson correla-
tions were used to examine relationships between and among
arterial pressure, MSNA, pain, and RPE. Effect sizes (d)
were calculated according to the method described by Cohen
(5) (mean 1 2 mean 2/pooled SD) to provide a measure of the
magnitude of the differences between selected variables. All
table values are expressed as means 6 SD, and all graphic
values are means 6 SE.

RESULTS

Pain threshold. Forearm muscle pain threshold data
for codeine, naltrexone, and placebo conditions are
presented in Table 1. One-way repeated-measures
ANOVA revealed significant main effects for the
amount of work completed at pain threshold and the
perceived exertion using both the 0–10 and the 6–20
scales. Contrast analysis revealed that pain threshold
was reported at a lower weight and RPE ratings were
lower in the codeine condition compared with both the
naltrexone and placebo conditions.

Peak exercise data. Peak exercise data for the co-
deine, naltrexone, and placebo conditions are shown in
Table 2. There were no significant differences across
conditions for any of the variables measured at peak
exercise. Data based on verbal reports obtained postex-
ercise indicated that six individuals, in at least one of
three exercise tests, stopped exercising due in part to
the pain they felt in their forearms. Overall, pain was
a factor in the decision to stop exercising in 10 of the 36
exercise tests, whereas fatigue was indicated in 34 of

Table 1. Measures of exercise intensity at pain threshold for codeine, naltrexone, and placebo conditions

Variable Codeine Naltrexone Placebo F Value P Value

Work, J 1.861 2.261 2.261 5.1(2,22) 0.01
Perceived exertion (0–10) 2.762 3.662 3.862 5.4(2,22) 0.01
Perceived exertion (6–20) 10.263 11.462 11.963 4.3(2,22) 0.02

Values are means 6 SD; n 5 12 men.
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36 tests (both pain and fatigue were reported by some
subjects).

Pain during exercise. Pain intensity ratings at 20, 40,
60, 80, and 100% of peak work (J) are shown in Fig. 1,
top. Pain increased as a positively accelerating func-
tion of percent peak work (J) during maximal handgrip

exercise [F (2, 22) 5 55.7, P , 0.001]. There was no
significant main effect for condition or interaction.

Perceived exertion during exercise. Perceived exer-
tion ratings at 20, 40, 60, 80, and 100% of peak work (J)
are illustrated in Fig. 1, middle and bottom. Perceived
exertion ratings using both the 0–10 and 6–20 scales
increased as a function of percent peak work (J) [0–10
scale: F (2, 22) 5 179.9, P , 0.001; 6–20 scale: F (2,
22) 5 455.9, P , 0.001]. There were no significant main
effects for condition or interactions for either scale.

Pain and exertion during recovery from handgrip
exercise. Pain intensity ratings during recovery from
maximal handgrip are shown in Fig. 2. Two-way re-
peated-measures ANOVA revealed no significant main
effect for condition [F (2, 22) 5 2.5, P 5 0.10]; however,
a significant interaction was detected [F (38, 418) 5
1.5, P 5 0.026, eta2 5 0.12]. The SE bands in Fig. 2
show greater variability in the placebo condition. In-
spection of individual responses revealed one influen-
tial subject exhibiting ratings that were .2 SD above
the group mean at trials 3, 4, and 6–14 in the placebo
condition. There were no significant main effects or
interactions for RPE during recovery (0–10 or 6–20
scales).

MPQ data. MPQ data for the codeine, naltrexone,
and placebo conditions are presented in Table 3. There

Fig. 1. Pain intensity (0–10 scale; top) and rating of perceived
exertion [RPE; 0–10 (middle) and 6–20 scales (bottom)] at 20, 40, 60,
80, and 100% of peak work (J) during fatiguing handgrip for codeine,
naltrexone, and placebo conditions (n 5 12).

Table 2. Peak exercise data

Variable Codeine Naltrexone Placebo

Peak pain (0–10) 7.763 864 8.264
Peak RPE (0–10) 9.961 10.362 11.464
Peak RPE (6–20) 19.761 19.361 19.461
Peak work, J 4.961 4.861 4.961

Values are means 6 SD; n 5 12 men. RPE, rating of perceived
exertion.

Fig. 2. Pain intensity ratings (0–10 scale) during recovery from
fatiguing handgrip for codeine, naltrexone, and placebo conditions
(n 5 12).

Table 3. McGill Pain Questionnaire data for codeine,
naltrexone, and placebo conditions

Variable Codeine Naltrexone Placebo

Cramping pain 1.761 1.661 1.561
Hot-burning pain 1.861 1.861 1.961
Aching pain 1.961 1.761 1.861
Tiring-exhausting pain 2.461 2.261 2.461

Values are means 6 SD and represent the average pain ratings
based on scores of 1) mild, 2) moderate, and 3) severe. The table
represents the 4 verbal descriptors that were used most frequently
and given the highest mean rating when the participants recalled
the forearm muscle pain experienced during maximal handgrip ex-
ercise.
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were no differences among the conditions for any of the
verbal descriptors chosen to describe the forearm mus-
cle pain, or its intensity, experienced during maximal
handgrip.

Baseline cardiovascular and MSNA data. Preexer-
cise baseline values for MSNA, heart rate, and mean
arterial pressure are shown in Fig. 3. MSNA, heart
rate, and mean arterial pressure were not significantly
different across conditions before exercise.

MSNA, heart rate, and arterial pressure during ex-
ercise. MSNA burst frequency (bursts/30 s) and total
activity (area/30 s) during handgrip for codeine, nal-
trexone, and placebo conditions are illustrated in Fig.
4. MSNA burst frequency increased during handgrip
exercise [trial main effect: F (4, 44) 5 65.1, P , 0.001];
however, there was no main effect for condition or
interaction. Total MSNA increased during exercise
[trial main effect: F (4, 44) 5 10.6, P , 0.001], but there
was no main effect for condition or interaction. A sim-
ilar pattern of response, both physiologically and in
terms of the ANOVA results, was observed for heart
rate (peak values: codeine 5 136 6 16, naltrexone 5
130 6 10, placebo 5 135 6 14) and mean arterial
pressure (peak values: codeine 5 79 6 14, naltrexone 5
78 6 12, placebo 5 81 6 9).

MSNA, heart rate, and arterial pressure during re-
covery from handgrip exercise. No significant main
effects or interactions were observed during recovery
from maximal handgrip for any of the MSNA, heart
rate, or arterial pressure data.

Selected relationships of interest. A strong negative
relationship between forearm muscle pain ratings and
systolic arterial pressure at 100% of peak exercise
intensity in the placebo condition was observed (r 5
20.84) and is illustrated in Fig. 5. Correlations be-
tween pain ratings and systolic arterial pressure dur-
ing submaximal exercise ranged from 20.27 to 0.17. A
significant negative correlation between pain and ar-
terial pressure at 100% of peak exercise in the naltrex-
one condition was also observed (r 5 20.64), whereas a
significant positive correlation between pain and arte-
rial pressure at 100% of peak exercise (r 5 0.74) was
observed in the codeine condition.

Nonsignificant bivariate correlations in the placebo
condition indicated that pain was nonsignificantly re-
lated to exertion (0–10) during exercise (20% r 5 0.25,
40% r 5 20.04, 60% r 5 0.06, 80%, r 5 0.14, 100% r 5
20.02). Relationships between pain and MSNA in the
placebo condition also were low and nonsignificant
(pain and burst frequency: 20% r 5 20.04, 40% r 5
20.14, 60% r 5 20.44, 80% r 5 0.24, 100% r 5 0.20;
pain and area: 20% r 5 0.12, 40% r 5 20.22, 60% r 5
20.21, 80% r 5 20.08, 100% r 5 0.24).

DISCUSSION

The primary findings of the present investigation are
that 1) post-pain threshold, neither codeine nor nal-

Fig. 3. Preexercise baseline values for muscle sympathetic nerve
activity (MSNA; frequency: average bursts/30 s; total activity aver-
age area/30 s), heart rate (HR; beats/min), and mean arterial pres-
sure (MAP; mmHg) for codeine, naltrexone, and placebo conditions
(n 5 10).

Fig. 4. MSNA [burst frequency (top) and total activity (bottom)]
expressed as percent change from baseline at 20, 40, 60, 80, and
100% of peak work (J) during fatiguing handgrip for codeine, nal-
trexone, and placebo conditions (n 5 12).
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trexone altered the perception of forearm muscle pain
and 2) neither drug had an effect on MSNA burst
frequency or total activity.

Muscle pain. The lack of an effect for either codeine
or naltrexone on muscle pain during exercise would
seem to be at odds with what is known about type III
and IV afferent fiber activity and the role that opioids
play in regulating their activity. However, it is worth
emphasizing that pain is a complex phenomenon that
involves multiple systems working in parallel to regu-
late nociceptive activity. The simple act of inhibiting
one of the modulatory systems may not result in an
alteration in the subjective experience because of the
redundancy of the system. Bradykinin, potassium, se-
rotonin, and histamine, all of which have been shown
to be released during exercise (16, 25, 30), act directly
on type IV fibers, resulting in an increased firing rate
(16). These algesics also sensitize the type III fibers
that respond to the increased intramuscular pressure
during exercise (16, 25). There are also a population of
small afferent fibers reported to become active only
during muscular contractions and that respond lin-
early to the force of the contraction (16). Combined,
these algesic mechanisms increase the likelihood that
the afferent nociceptive signal will be transmitted to
supraspinal sites that are important in pain perception
even when one possible mechanism is eliminated.

The timing of the administration of both drugs was
based on reports that peak plasma concentrations of
both codeine (and its O-demethylation to morphine)
and naltrexone occur ;1 h after oral administration
(20). We chose a dosage that is double that frequently
prescribed for mild-to-moderate pain (28). Moreover,
we did not want to exceed 60 mg because it has been
reported that codeine administered at doses above this
amount increases the likelihood of unwanted side ef-
fects, which in and of themselves could have altered
pain responses (28). Other researchers consider the
dose of naltrexone used in this study to be large (9, 11).

Consequently, the naltrexone dose should have been
adequate for the purposes of the present investigation.
Thus the present results suggest that the endogenous
opioid system, particularly the mu receptor-mediated
portion, does not play a major role in the perception of
muscle pain during exercise.

In accordance with our previous research examining
leg muscle pain during maximal cycle ergometry (6),
forearm muscle pain experienced during maximal
handgrip exercise increased as a function of the exer-
cise stimulus. Pain threshold in the placebo condition
occurred on average at ; 46% (6.6 kg) of the peak
exercise intensity (14.3 kg), which is comparable to leg
muscle pain threshold (;50%) observed during ramped
maximal cycling exercise (6). Peak forearm muscle
pain ratings averaged 8.2 on the 0–10 scale, a value
identical to the average peak leg muscle pain reported
in our previous cycle ergometry study (6). Moreover,
the MPQ verbal descriptors most frequently used to
describe forearm muscle pain were tiring-exhausting,
aching, hot-burning, and cramping pain, which are
also the same descriptors that were used to describe leg
muscle pain during exercise. These results provide
additional support for the reliability and validity of the
0–10 pain intensity scale used to quantify muscle pain
during exercise. Moreover, these findings suggest that
the intensity and quality of muscle pain experienced
during graded or ramped maximal exercise tests are
similar whether a large or small muscle mass is em-
ployed.

In the codeine condition, pain threshold occurred
earlier and corresponded with lower exertion ratings
than both the naltrexone and placebo conditions. The
difference represented about one exercise stage (1.13
kg or 1 min of exercise) and corresponded to a moderate
effect (d 5 ;0.50) for both comparisons. It is unclear
why such an effect occurred. This effect, however, did
not translate into altered pain ratings or performance
during exercise or altered pain ratings during recovery.
Therefore, simply altering someone’s threshold for
pain detection does not necessarily mean that the in-
dividual will experience changes in pain intensity
above pain threshold. This is important because pain
threshold is usually of little concern in sports. For
example, with endurance athletes the greater concern
is how long they can tolerate an intense bout of exer-
cise.

There is a great deal of literature showing relation-
ships between arterial pressure and pain (13, 21). It
has been reported that both chronic hypertension and
acute experimental increases in arterial pressure are
associated with reduced pain sensitivity (13, 21). Ex-
perimental stimulation of arterial and cardiopulmo-
nary baroreceptors (e.g., neck suction, physiological
volume expansion, or pharmacological sympathetic
stimulation) results in antinociceptive behavior in both
animals and humans (7, 13, 21). Conversely, signifi-
cant and parallel relationships between the degree of
ischemic forearm muscle pain (produced during a sub-

Fig. 5. Illustration of the relationship between pain and systolic
arterial pressure (SAP) at 100% of peak work (J) in the placebo
condition during fatiguing handgrip (n 5 12).
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maximal-effort tourniquet test) and arterial pressure
have been reported (14).

In the present investigation, there was a significant
negative relationship between pain ratings and sys-
tolic arterial pressure, but only at the highest exercise
intensity (100% of peak exercise intensity) and only in
the placebo and naltrexone conditions. It is unclear
why this occurred only at the peak of exercise. This
finding does suggest a link between elevated arterial
pressure and pain inhibition and is in agreement with
previous research demonstrating that arterial barore-
ceptor stimulation inhibits pain in rats and humans (7,
13, 21). However, given our sample size and lack of
consistency across conditions, these results should be
interpreted with caution. Nevertheless, this observa-
tion, were it found to generalize, would have poten-
tially important clinical implications. For example, it
might aid in our understanding and identification of
those at risk for “silent” myocardial infarctions during
exercise.

Perceived exertion. There was no effect of drug on
perceived exertion during exercise or in recovery. This
is not surprising given the lack of an effect of drug on
the perception of pain and performance. In our previ-
ous work examining pain and exertion during exercise,
we chose to employ the Borg 6–20 category scale for the
measurement of perceived exertion and a 0–10 category-
ratio scale to assess pain. The goal of that research was
to determine the extent to which the constructs of pain
and exertion could be differentiated during exercise.
During the cycle ergometry protocol, perceived effort
ratings were reported at low exercise intensities, but
naturally occurring leg muscle pain typically did not
occur until a moderate intensity of ; 50% of peak
power output was reached. Moreover, leg pain was only
moderately related to exertion during exercise. From
that study, it was concluded that pain and exertion
were two separate, albeit related, constructs (6). How-
ever, the Borg 6–20 category scale is theoretically and
empirically distinct from the 0–10 category-ratio scale,
and the use of the two different scales may have made
the original comparison less compelling. Therefore, in
the present investigation we chose to add a measure of
RPE and use Borg’s 0–10 category-ratio scale (3). The
pain and RPE 0–10 category-ratio scales are designed
to overcome limitations of category scales (e.g., ceiling
effects) by allowing users to choose a number above 10
when necessary. These scales are not only designed to
have ratio properties (i.e., possessing a true 0 and un-
bounded), but they have been shown to perform simi-
larly compared with ratio scaling methods (3, 6). The
low correlations observed (r 5 20.04 to 0.25) between
pain (0–10) and RPE (0–10) in this experiment, and
the occurrence of exertion before pain, again support
the contention that pain and exertion are two separate
constructs. The distinction between pain and exertion
is potentially important because it allows researchers
to determine the role of pain in various types of exer-
cise performance. It also allows researchers to learn
whether pain per se influences exertional perceptions.

MSNA. The results of the present experiment, while
not directly comparable, appear to be in contrast to
previous results obtained by Farrell et al. (8), who
showed an augmentation of naloxone on MSNA during
moderate-intensity, brief-duration, isometric hand-
grip. However, the results are in agreement with Ray
and Pawelczyk (23), who showed no effect of naloxone
on MSNA during moderate-intensity, brief-duration,
isometric handgrip.

It is not immediately clear why different results were
obtained in the earlier works by Ray and Pawelczyk
(23) and Farrell et al. (8). However, one criticism of
prior work attempting to examine the influence of the
endogenous opioid system on MSNA responses to ex-
ercise has been the use of exercise stimuli that were of
low intensity, short duration, and involved static con-
tractions. Thus the exercise stimulus itself may not
have been sufficient to stimulate the endogenous opioid
system. Alternatively, it may be that the exercise stim-
ulus used previously was not painful and thus negated
the potential effects of naloxone. The strength of the
present experimental design was that we employed
painful, high-intensity, and dynamic exercise to fa-
tigue while examining the MSNA responses after ad-
ministration of both an opioid agonist and antagonist.
Rhythmic exercise is different from isometric exercise
used in our earlier studies because rhythmic exercise
does not elicit continuous ischemia. Therefore, our re-
sults extend our previous findings to rhythmic exercise
and strongly suggest that the endogenous opioid sys-
tem does not modulate MSNA during handgrip.

No prior studies have adequately determined
whether pain and MSNA are related. One study, in
which muscle pain was poorly assessed and experi-
enced by only 3 of 25 subjects, reported no relationship
between pain and MSNA (32). In the present investi-
gation, pain ratings during exercise were weakly or
moderately related to MSNA burst frequency or total
activity (pain and burst frequency: r 5 20.44 to 0.24
and pain and total activity: r 5 20.21 to 0.23). This
lack of a strong relationship is not surprising given
that nociceptive signals are modified at spinal and
supraspinal sites that are independent of the sympa-
thetic nervous system. Moreover, pain perception was
not altered in the present study, which may have
limited the potential for observing stronger relation-
ships between MSNA and pain.

The present study could not definitively assess
whether pain perception during exercise was altered
by central mechanisms (i.e., higher brain systems). It
is possible that “central command,” associated with
volitional effort, may have interacted with afferent
feedback from the muscle to modulate pain perception.
Future studies using postexercise muscle ischemia,
which eliminates central command, may be useful in
addressing this issue. In the present study, postexer-
cise muscle ischemia was not assessed because it would
have confounded our postexercise responses.

In summary, the results from this study indicate
that the ingestion of either 60 mg of codeine or 50 mg
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of naltrexone does not alter the perception of forearm
muscle pain or exertion during maximal handgrip ex-
ercise to fatigue. Additionally, neither drug had an
effect on MSNA when expressed in terms of burst
frequency nor total integrated activity. We conclude
that codeine and naltrexone, in practical doses, do not
have an effect on naturally occurring muscle pain,
exertion, or MSNA during exercise. Whether this find-
ing generalizes to other opioid agonists and different
modes of exercise remains to be tested.

Perspectives

The experience of muscle pain during exercise is a
common phenomenon: the runner rounding the final
curve and sprinting toward the finish of the 1,500 m at
the Olympic Games, the 90-yr-old great-grandmother
climbing a flight of stairs, and the patient with periph-
eral vascular disease simply walking to the grocery
store all can experience intense muscle pain during
exercise. These perceptions of pain provide strong mo-
tivation. Pain motivates the athlete, the great-grand-
mother, and the peripheral vascular disease patient all
to slow down, presumably so they do not seriously
injure themselves. By learning more about the mech-
anisms underlying this type of exercise-generated
muscle pain, we may eventually be able to improve
both well-being and athletic performance. We are sur-
prised that muscle pain is one of the least studied types
of pain and urge applied physiologists interested in
muscle to consider including the perception of pain as
a dependent measure in their future investigations
involving exercise.
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Abstract
Introduction: The efficacy and the optimal type and volume of aerobic exercise (AE) in fibromyalgia syndrome (FMS) 
are not established. We therefore assessed the efficacy of different types and volumes of AE in FMS.

Methods: The Cochrane Library, EMBASE, MEDLINE, PsychInfo and SPORTDISCUS (through April 2009) and the 
reference sections of original studies and systematic reviews on AE in FMS were systematically reviewed. Randomised 
controlled trials (RCTs) of AE compared with controls (treatment as usual, attention placebo, active therapy) and head-
to-head comparisons of different types of AE were included. Two authors independently extracted articles using 
predefined data fields, including study quality indicators.

Results: Twenty-eight RCTs comparing AE with controls and seven RCTs comparing different types of AE with a total of 
2,494 patients were reviewed. Effects were summarised using standardised mean differences (95% confidence 
intervals) by random effect models. AE reduced pain (-0.31 (-0.46, -0.17); P < 0.001), fatigue (-0.22 (-0.38, -0.05); P = 
0.009), depressed mood (-0.32 (-0.53, -0.12); P = 0.002) and limitations of health-related quality of life (HRQOL) (-0.40 (-
0.60, -0.20); P < 0.001), and improved physical fitness (0.65 (0.38, 0.95); P < 0.001), post treatment. Pain was significantly 
reduced post treatment by land-based and water-based AE, exercises with slight to moderate intensity and frequency 
of two or three times per week. Positive effects on depressed mood, HRQOL and physical fitness could be maintained 
at follow-up. Continuing exercise was associated with positive outcomes at follow-up. Risks of bias analyses did not 
change the robustness of the results. Few studies reported a detailed exercise protocol, thus limiting subgroup 
analyses of different types of exercise.

Conclusions: An aerobic exercise programme for FMS patients should consist of land-based or water-based exercises 
with slight to moderate intensity two or three times per week for at least 4 weeks. The patient should be motivated to 
continue exercise after participating in an exercise programme.

Introduction
The key symptoms of fibromyalgia syndrome (FMS) are
chronic widespread (both sides, above and below waist
line, and axial skeletal) pain, fatigue, sleep disturbances
and tenderness on palpation [1]. The estimated preva-
lence of FMS in western countries ranges from 2.2 to
6.6% [2]. Comorbidities with other functional somatic
syndromes and mental disorders are common [3]. FMS is

associated with high utilisation and costs of health ser-
vices. Effective treatment options are therefore needed
for medical and economic reasons [4].

Systematic reviews and evidence-based guidelines pro-
vide healthcare professionals and patients with a guide
through the great variety of pharmacological and non-
pharmacological treatment options in FMS. Three evi-
dence-based guidelines available on the management
gave different grades of recommendation for aerobic
exercises (AE) (aerobic exercise with and without addi-
tional strength and flexibility training) in FMS. The
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American Pain Society [5] and the guidelines of the Asso-
ciation of the Scientific Medical Societies in Germany [6]
gave the highest grade of recommendation for AE. The
European League Against Rheumatism judged the pub-
lished evidence for the efficacy of AE to be lacking [7].
Qualitative reviews on the efficacy of AE in FMS that
searched the literature until December 2006 came to dif-
ferent conclusions on the short-term and long-term effi-
cacy of AE in FMS [8-10].

More recently, Jones and Lipton reviewed over 70 FMS
exercise studies and found similar results when protocols
included yoga, tai chi and other movement-based thera-
pies [11]. Two meta-analyses on exercise in FMS have
been conducted. Busch and colleagues searched the liter-
ature until July 2005. Owing to significant clinical hetero-
geneity among the studies, only six studies with AE were
meta-analysed. Moderate quality evidence was found that
AE had positive effects on global well-being and physical
function, but not on pain at post treatment [12]. The
Ottawa Panel searched the literature until December
2006 and found most improvements for pain relief and
increase of endurance at post treatment [13]. Outcomes
at follow-up were not meta-analysed.

Not only the question of efficacy but also that of the
dose and type of AE need to be clarified. The American
Pain Society recommended encouraging patients to per-
form moderately intense AE (60 to 70% of age-adjusted
predicted maximum heart rate (maxHR)) two or three
times per week [5]. The evidence of this recommendation
has not been tested by meta-analyses of head-to-head
comparisons of different types and volumes of AE. More-
over, the question of whether continuing AE is required
to maintain a symptom reduction had not been systemat-
ically addressed.

The aims of the present systematic review were to
update the literature on AE in FMS and to assess whether
AE has beneficial effects at post treatment and at follow-
up on the key domains of FMS (pain, sleep, fatigue,
depressed mood), compared with other therapies. In con-
trast to the Cochrane review [12], we intended to meta-
analyse the outcomes of all randomised controlled trials
(RCTs) available. Another aim was to asses which types,
volumes and intensities of AE are effective by performing
head-to-head comparisons of RCTs with different types
and intensities of AE. The final aim was to assess whether
ongoing exercise is necessary to maintain potential posi-
tive effects of AE.

Materials and methods
The present review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses statement [14] and the recommendations of the
Cochrane Collaboration [15].

Protocol
Methods of analysis and inclusion criteria were specified
in advance. We used the review protocol of our system-
atic review on multicomponent therapy in FMS [16].

Eligibility criteria
Types of studies
A RCT design comparing AE with a control group receiv-
ing no treatment, treatment as usual, attention control or
any pharmacological or nonpharmacological therapy, or
with head-to-head comparisons of different types or
intensities of AE were included. Studies without ran-
domisation were excluded.
Types of participants
Patients of any age diagnosed with FMS on recognised
criteria were included.
Types of intervention
AE was assumed if the reported target heart rate of the
training protocol was at least (on average) 40% of maxHR
or if the training protocol included exercise involving at
least one-sixth of the skeletal muscles (for example, walk-
ing, running, biking, aerobics, vibrations). At least 50% of
the training session should consist of AE. In the case of
mixed exercise, defined as a combination of AE with
stretching and/or muscle strength [17], the length of AE
should exceed the time with other types of exercise.
Stretching during warm-up and cool-down periods was
not defined as mixed exercise. No restrictions on fre-
quency or duration of training were made.

We excluded studies or study arms in which AE was
part of multicomponent therapy defined as a combina-
tion of AE with psychological therapy (structured educa-
tion or relaxation therapy, cognitive-behavioural therapy)
[16]. We excluded studies or study arms with balneother-
apy (warm-water treatment without exercise).
Types of outcomes measures
Studies should assess at least one key domain of FMS
(pain, sleep, fatigue, depressed mood and health-related
quality of life (HRQOL)) (primary outcome measures).
Secondary outcome measures were any measure of physi-
cal fitness.

Data sources and searches
The electronic bibliographic databases screened included
the Cochrane Central Register of Controlled Trials (CEN-
TRAL), EMBASE, MEDLINE, PsychInfo and SPORT-
DISCUS (through 31 March 2009). The search strategy
for MEDLINE is detailed in Additional file 1. The search
strategy was adapted for each database as necessary. No
language restrictions were made. Only fully published
papers were reviewed. In addition, reference sections of
original studies, systematic reviews [8-10] and evidence-
based guidelines on the management of FMS [4-6] were
screened manually.
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Study selection
The search was conducted by two authors (PK, JL). Two
authors screened the titles and the abstracts of potentially
eligible studies identified by the search strategy detailed
above independently (PK, JL). The full-text articles were
then examined independently by two authors to deter-
mine whether they met the selection criteria (MSc, JL).
Discrepancies were rechecked and consensus was
achieved by discussion. If needed, two other authors
reviewed the data to reach a consensus (AB, WH).

Data collection process
Two authors independently extracted the data using stan-
dard extraction forms [16] (BM, MSc). Discrepancies
were rechecked and consensus was achieved by discus-
sion. If needed, a third author reviewed the data to reach
a consensus (WH).

Based on our experiences of former systematic reviews
in which none of the contacted authors provided these
details on request, we did not ask for clarifications of
study design in case of unclear randomisation, blinding or
concealment of treatment allocation. We searched for
further details of the study design in a Cochrane review
[12].

When means or standard deviations (SDs) were miss-
ing, attempts were made to obtain these data through
contacting 12 trial authors. Additional data were pro-
vided by four authors (see Tables 1 and 2). Where SDs
were not available from the trial authors, they were calcu-
lated from t values, confidence intervals or standard
errors when reported in articles [15]. If only the median
was given, the median was used instead of the mean and a
SD was substituted that was calculated as the mean of the
SDs available for studies that used the same outcome
scale.

Data items
The data for the study setting, participants, exclusion cri-
teria, interventions, co-therapies, attendance rates, side
effects reported and outcomes sought are presented in
Tables 2 and 3.

When researchers reported more than one measure for
an outcome, we used a predefined order of preference for
analysis (details available on request).

If studies had two or more potential control groups, we
used the following order to select for control group: treat-
ment as usual, attention placebo, and active control to
select the control group.

Risk of bias in individual studies
To ascertain the internal and external validity of the eligi-
ble RCTs, two pairs of reviewers (BM, WH; and MSc,
Mst) working independently and with adequate reliability
determined the adequacy of randomisation, concealment
of allocation, blinding of outcome assessors and adequacy

of data analysis (was intention-to-treat-analysis per-
formed?) (internal validity). Furthermore we chose the
item 'Were patients with mental disorders frequently
associated with FMS (depressive and anxiety disorders)
included in the studies?' as the marker of external validity.

Summary measures
Meta-analyses were conducted using RevMan Analyses
software (RevMan 5.0.17) from the Cochrane collabora-
tion [18]. Standardised mean differences (SMDs) were
calculated by means and SDs or change scores for each
intervention. The SMD used in Cochrane reviews is the
effect size known as Hedge's (adjusted) g [15]. Examina-
tion of the combined results was performed by a random
effects model (inverse variance method), because this
model is more conservative than the fixed effects model
and incorporates both within-study and between-study
variance [19]. We used Cohen's categories to evaluate the
magnitude of the effect size, calculated by the SMD: g >
0.2 to 0.5, small effect size; g > 0.5 to 0.8, medium effect
size; g > 0.8, large effect size [20].

Planned methods of analysis
Heterogeneity was tested using the I2 statistic, with I2 >
50% indicating strong heterogeneity. τ2 was used to deter-
mine how much heterogeneity was explained by sub-
group differences [15].

Risk of bias across studies
Potential publication bias - that is, the association of pub-
lication probability with the statistical significance of
study results - was investigated using visual assessment of
the funnel plot (plots of effect estimates against its stan-
dard error) calculated by RevMan Analyses software.
Publication bias may lead to asymmetrical funnel plots
[15]. Moreover, we checked a potential small sample size
bias by a sensitivity analysis of studies with very small
(<25), small (25 to 50) and medium (>50) sample sizes.

Additional analyses
Subgroup analysis
The following subgroup analyses were pre-specified:
types of AE (land-based, water-based and mixed; AE as
monotherapy or combined with flexibility and/or
strength), intensity of AE (very low intensity, <50% of
maxHR; low intensity, 50 to 60% of maxHR; moderate
intensity, 60 to 80% maxHR; intensity left up to patient),
frequency of AE per week (1 time/week, 2 times/week, 3
times/week and >3 times/week), duration of the study (<7
weeks, 7 to 12 weeks, >12 weeks) and duration of total
aerobic exercise (<1,000 minutes, 1,000 to 2,000 minutes,
>2,000 minutes), and type of control group (attention pla-
cebo, treatment as usual, other active therapy). These
subgroup analyses were also used to examine potential
sources of clinical heterogeneity.
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Table 1: Risk of bias (internal and external validity) of the randomised controlled trials' analysis

Author, year Adequate 
randomisation

Adequate 
allocation 
concealment

Blinding of 
assessor

Intention-to-treat 
analysis

Inclusion of 
patients with 
mental disorders

Alentorn, 2008 0 0 + - +

Altan, 2004 0 0 0 - -

Assis, 2006 + + - + -

Bircan, 2006 0 0 0 - +

Buckelew, 2008 0 0 0 - +

Da Costa, 2005 + + + + +

Ecvik, 2008 0 0 0 - +

Etnier, 2009 0 0 0 - +

Fontaine, 2007 0 0 0 - +

Gowans, 2001 0 0 0 - +

Gusi, 2006 0 0 0 - -

Jentoft, 2001 0 0 - + +

Jones, 2008 + + + + -

King, 2002 + 0 + + +

Martin, 1996 0 0 + + +

McCain, 1988 0 0 + - +

Mengshoel, 1992 + 0 0 + +

Meyer, 2000 0 0 0 - +

Munguia, 2008 + + + + -

Nichols, 1994 0 0 0 - +

Noregaard, 1997 0 0 0 + +

Ramsay, 2000 0 0 + + 0

Redondo, 2004 + 0 0 + -

Richards, 2002 + + + + +

Rooks, 2007 + + + + 0

Schachter, 2003 + + + + +

Sencan, 2004 0 0 0 + 0

Stephens, 2008 + + + + +

Tomas-Carus, 
2008

0 + + + 0

Valim, 2003 0 0 + + +

Valkeinen, 2008 + 0 0 + 0

Van Santen, 2001 0 - - - 0

Van Santen, 2002 0 0 + + -

Vitorino, 2006 + + - + -

Wigers, 1996 0 0 + + 0

+, yes; 0, unclear; -, no.
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Sensitivity analyses
The following sensitivity analyses were pre-specified:
inadequate or unclear versus adequate sequence genera-
tion; inadequate or unclear allocation versus adequate
concealment; intention-to-treat analysis, no versus yes;
studies that provided medians of outcomes versus means
of outcomes; and patients with mental disorders fre-
quently associated with FMS excluded (yes or unclear).

These sensitivity analyses were also used to examine
potential sources of methodological heterogeneity.

Results
Study selection
The literature search produced 464 citations, of which
292 were double hits (study found in at least two data
sources). By screening, 110 records were excluded: 23
evaluated AE, but not in FMS; 19 did not evaluate AE in

Table 2: Effect sizes of aerobic and mixed exercise on selected outcome variables

Outcome title Number of 
study arms

Number of 
patients on 
aerobic exercise

Effect sizea Test for overall 
effect P value

Heterogeneity, I2; 
τ2 (%)

Post treatment

01 Pain 29 567 -0.31 (-0.46, -0.17) <0.001 26; 0.03

02 Fatigue 16 364 -0.22 (-0.38, -0.05) 0.009 9; 0.01

03 Sleep 9 184 0.01 (-0.19, 0.21) 0.92 0; 0

04 Depressed 
mood

19 456 -0.32 (-0.53, -0.12) 0.002 51; 0.10

05 HRQOL 25 526 -0.40 (-0.60, -0.20) <0.001 63/0.15

06 Physical 
fitness

20 339 0.65 (0.38, 0.93) <0.001 71/0.20

Latest follow-up

01 Pain 9 187 -0.13 (-0.80, 0.54) 0.08 0/0

02 Fatigue 4 93 -0.23 (-0.62, 0.17) 0.26 42/0.07

03 Sleep 4 84 0.17 (-0.14, 0.47) 0.28 0/0

04 Depressed 
mood

8 151 -0.44 (-0.88, 0.01) 0.05 71/0.22

05 HRQOL 8 221 -0.27 (-0.48, -0.05) 0.02 14/0.01

06 Physical 
fitness

5 99 0.65 (0.35, 0.96) <0.001 0/0

HRQOL: health-related quality of life. aStandardised mean difference (95% confidence interval).

Table 3: Effect sizes of head-to-head comparisons of different types of aerobic exercise on selected outcome variables

Outcome title 
post treatment

Number of 
studies

Number of 
patients

Effect sizea Test for overall 
effect, P value

Heterogeneity, I2;
 τ2 (%)

Moderate intensity versus low intensity

01 Pain 2 68 -0.08 (-1.41, 1.26) 0.91 78; 0.96

02 Depressed 
mood

2 68 -0.16 (-0.67, 0.13) 0.53 0; 0.

03 Physical 
fitness

2 68 0.25 (-0.26, 0.75) 0.34 0; 0

Land-based versus water based exercise

01 Pain 9 187 -0.13 (-0.80, 0.54) 0.08 0/0

02 Depressed 
mood

8 151 -0.44 (-0.88, 0.01) 0.05 71/0.22

aStandardised mean difference (95% confidence interval).
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FMS; 52 were review articles; and 18 were case reports or
commentaries. Sixty of the full-text articles assessed for
eligibility, and 25 full-text articles were excluded for the
following reasons: two for publication of different out-
comes of one trial in two publications [21,22]; six for lack-
ing a control group [23-28]; three for lacking
randomisation [29-31]; two because one could not con-
clude from the study protocol that the exercises per-
formed met the predefined criteria of AE [32,33]; one
because two different types of water-based exercise with
similar intensity were compared [34]; one because the
study did not assess a primary outcome measure [35]; and
10 because AE was combined with education or psycho-
therapy or pharmacotherapy [36-45]. Three RCTs com-
paring different intensities of AE [46-48], four RCTs
comparing land-based with water-based exercise [49-52]
and 28 RCTs with 29 study arms comparing AE with con-
trols [53-80] were included in the qualitative and quanti-
tative analyses (see Figure 1).

Study characteristics
Setting, referral and exclusion criteria (representativeness of 
study samples)
Fourteen studies each were conducted in North America,
13 studies in Europe and four studies each in South
America (Brazil) and Asia (Turkey) (see Additional files 1,
2 and 3). Patients were recruited by register of hospitals,
referral (general practitioner, rheumatologist, hospital
departments), local self-help groups and newspaper
advertisement. Thirty-two studies were conducted within
the setting of a university, three within district hospitals.
All studies were single-centre based. One study had two
AE study arms.

Thirty-one studies excluded patients with internal dis-
eases or with orthopaedic diseases precluding AE. Six-
teen studies excluded patients with mental disorders
including depression. Four studies excluded patients with
unresolved litigation. No study reported comorbidities of
the patients.
Participants
The median of the mean age of the participants was 45
years (13 to 59 years). One study included only children
and adolescents. The median of the percentage of women
was 100% (71 to 100%).
Interventions
AE was supervised by a trainer in 32 studies. AE included
cycling, walking, aquatic jogging, games, dance and
rhythmic or boxing movements. Aerobic intensity was
reported in 27 studies as a target heart rate or percentage
age-predicted maxHR determined by standard equations.
Percentage maxHRs were usually progressive and ranged
from 40 to 80% of the age-predicted maximum. The tar-
get heart rate of 21 studies was between low and moder-
ate intensity (50 to 80%). Only one study prescribed a

very low intensity (maxHR 30 to 50%), and three studies
recommended that patients should exercise with a mod-
erate intensity subjectively determined by the patient
without measuring the heart rate. Three studies did not
report the recommended intensity.

Sixteen studies reported the attrition rates, with a
median of 67% (range 27 to 90%).

In 12 studies the controls received treatment as usual,
and in 10 studies they received another active therapy
(spa, hot packs, structured education, supervised relax-
ation, cognitive behavioural therapy, muscle strengthen-
ing, stretching). In six studies an attention control was
used (nonstructured education, supervised recreational
therapies, transcutaneous electrical neurostimulation or
pharmacological placebo) (see Additional file 1).

Three studies compared different intensities of land-
based AE, and four studies compared water-based AE
with land-based AE (see Additional file 2).

A total 694/889 (78.1%) of the patients in the AE groups
and 617/742 (83.1%) in the control groups completed
therapy (z = -0.3, P = 0.7).

Fourteen studies performed follow-ups. The median of
the latest follow-up was 26 (12 to 208) weeks. Five studies
reported that the patients were motivated to continue
exercise [51,56,70,71,75]. One study recommended no
exercise until follow-up evaluation [61]. Two studies
assessed the effects of continuing exercise on outcomes
[25,80]. One study compared the outcomes of continuers
of exercise versus noncontinuers at follow-up without
mentioning whether continuing exercise had been rec-
ommended [80]. Two studies performed an uncontrolled
follow-up [37,60].
Outcomes
There was a great variety of most outcomes measures
(see Additional files 1, 2 and 3). Eleven studies reported
on side effects. Five studies reported that no side effects
occurred, and six studies reported an increase of symp-
toms leading to a drop out in some cases. Only six
patients assigned to AE were designated to have an
adverse event possibly related to exercise (metatarsal
stress fracture, plantar fasciitis, ischialgia, transient knee
pain).

Risk of bias within studies
Only two studies fulfilled all predefined criteria of inter-
nal and external validity (see Table 1).

Results of individual studies
The means, SDs, sample sizes and effect estimates of each
study can be seen in the forest plots (see Additional files
4, 5, 6, 7, 8, 9, 10, 11, 12 and 13).

Synthesis of results
Aerobic exercise patients versus controls
Data are reported as the SMD (95% confidence interval).
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At post treatment, AE reduced pain (-0.31 (-0.46, -
0.17); P < 0.001), fatigue (-0.22 (-0.38, -0.05); P = 0.006),
depressed mood (-0.32 (-0.53, -0.12); P = 0.002) and limi-
tations of HRQOL (-0.40 (-0.60, -0.20); P < 0.001), and
improved physical fitness (0.65 (0.38, 0.93); P < 0.001),
compared with controls. The effect on sleep (0.01 (-0.19,
0.21); P = 0.92) was not significant. Based on Cohen's cat-
egories, the effects were small for pain, fatigue, depres-
sion and HRQOL, and were medium for physical fitness
(see Table 4).

At latest follow-up, AE reduced depressed mood (-0.44
(-0.88, 0.01); P = 0.05) and limitations of HRQOL (-0.27 (-
0.48, -0.05); P = 0.01), and improved physical fitness (0.65

(0.35, 0.96); P < 0.001), compared with controls. The
effects were small for depressed mood and HRQOL, and
were medium for physical fitness. The effects on pain (-
0.13 (-0.80, 0.54); P = 0.08), fatigue (-0.23 (-0.62, 0.17); P =
0.26) and sleep (0.17 (-0.14, 0.47); P = 0.26) were not sig-
nificant (see Table 4).
Land-based versus water-based aerobic exercise
There were no significant effects of water-based AE ver-
sus land-based AE on the outcomes pain and depressed
mood at post treatment (see Table 2).
Moderate-intensity versus low-intensity aerobic exercise
There were no significant effects of moderate-intensity
compared with low-intensity AE on the outcomes pain,

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart. Schematic description of the results of the literature 
search.

Search of electronic databases
204 Cochrane
  96   Embase
134 Medline

       5 PsychInfo
       25 SportDiscus

0 of additional records 
identified by other 

searches

172 of records after duplicates removed

172 of records screened 110 of records excluded

60 of full-text articles as-
sessed for egilibility

25 Excluded:
   2  Double publication

6  No control group
3 No randomisation

2  Pool therapy without aerobic exercise
1  No primary outcomes assessed

1 Two different types of water-based exer-
cise

10 Aerobic exercise combined with educa-
tion or psychotherapy or pharmacotherapy

35 of studies included in 
qualitative synthesis

35 of studies included in 
meta-analysis



Häuser et al. Arthritis Research & Therapy 2010, 12:R79
http://arthritis-research.com/content/12/3/R79

Page 8 of 14

Table 4: Subgroup analysis for the effect size on pain at post treatment

Outcome title Number of 
study arms

Number of 
patients on AE

Effect sizea Test for overall 
effect, P value

Heterogeneity, I2; 
τ2 (%)

Type of exercise

Land-based 22 463 -0.29 (-0.46,-0.13) 0.0005 27; 0.03

Water-based 3 61 -0.67 (-1.04,-0.29) 0.0005 0; 0

Mixed 4 43 -0.03 (-0.45,0.39) 0.89 0; 0

Type of exercise

AE only 12 273 -0.35 (-0.61,-0.09) 0.0008 48; 0.09

AE combined 
with other 
exercise

17 294 -0.28 (-0.45,-0.15) 0.001 0; 0

Duration of study

<7 weeks 2 32 -1.16 (-1.86,-0.48) 0.001 36; 0.09

7 to 12 weeks 13 194 -0.24 (-0.50,-0.02) 0.03 16; 0.02

>12 weeks 12 338 -0.24 (-0.40,-0.08) 0.004 0; 0

Frequency of 
training/week

1 time/week 2 37 -0.07 (-0.54,03.9) 0.48 Not applicable

2 times/week 5 127 -0.69 (-0.95,-0.27) 0.0004 35; 0.06

3 times/week 16 241 -0.35 (-0.62,-0.09) 0.009 48; 0.10

>3 times/
week

4 142 -0.13 (-0.38, 0.13) 0.33 2; 0

Total duration 
aerobic exerciseb

<1,000 
minutes

10 175 -0.47 (-0.86,-0.08) 0.02 62; 0.19

1,000 to 
2,000 
minutes

9 175 -0.36 (-0.59,-0.13) 0.002 0; 0

>2,000 
minutes

8 217 -0.15 (-0.34, 0.05) 0.15 0; 0

Intensity of AEc

<50% maxHR 1 37 -0.09 (-0.54, 0.36) Not applicable Not applicable

Left up to 
patient

2 79 -0.42 (-0.77, -0.07) 0.02 0; 0

> 50% 
maxHR

21 367 -0.26 (-0.42,-0.11) 0.0007 0; 0

Type of control 
group

Attention 
placebo

7 229 -0.27 (-0.62, 0.07) 0.12 67; 0.12

Therapy as 
usual

10 147 -0.47 (-0.71,-0.24) <0.0001 0; 0

Active 
therapy

10 191 -0.27 (-0.49,-0.06) 0.01 0; 0

AE, aerobic exercise; maxHR, maximum of age-adjusted maximum heart rate. aStandardised mean difference (95% confidence interval). bIf no 
precise duration of AE was given, 50% of the total exercise time was assumed for aerobic exercise. cStudies that did not report the intensity 
of training were excluded from analysis.
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depressed mood and physical fitness at post treatment
(see Table 3).
Effects of continuing exercise
One study found that continuers of exercise at follow-up
reported less pain and depression than those who did not
exercise [80]. One study found that exercising at follow-
up was related to improvements in physical function and
mood [37]. One study reported that pain returned close
to the pretraining level during the subsequent de-training
[61].

Risk of bias across studies
There was only substantial heterogeneity in the compari-
sons of depressed mood and HRQOL at post treatment
and for depressed mood at latest follow-up (see Table 2).
On visual inspection, the funnel plots of the outcomes
post treatment were symmetrical and were thus not
indicative for a publication bias (see Additional file 14).
Studies with small sample sizes had no significant effect
on pain at post treatment (see Table 5).

Additional analyses
Subgroup analysis
Subgroup analyses according to the types of AE, fre-
quency, total time and intensity of AE and type of control
groups did not change the significant effect of AE on pain
at post treatment, except for a combination of water-
based and land-based AE, total duration of AE >2,000
minutes, frequency of training 1 or >3 times/week and
intensity <50% maxHR and attention placebo as control.
Statistical heterogeneity of analysis for the effect size for
pain was substantially increased in the case of a total
duration of AE <1,000 minutes and attention placebo as
control (see Table 4).
Sensitivity analysis
Sensitivity analyses according to potential risks of bias for
the outcome pain at post treatment did not change the
significant effect of AE on pain at post treatment, except
for studies with sample size <25 and with only median of
outcomes available. Statistical heterogeneity of analysis
for the effect size for pain was substantially increased in
the case of studies that included patients with mental dis-
orders and with only the median of outcomes available
(see Table 5).

Discussion
Summary of evidence
AE reduces pain, fatigue and depressed mood, and
improves HRQOL and physical fitness, at post treatment.
Positive effects of AE on depressed mood, HRQOL and
physical fitness can be detected at latest follow-up. AE
has no positive effect on sleep at post treatment, and on
pain, fatigue and sleep at follow-up. Continuing exercise
is necessary to maintain positive effects on pain.

The following statements are valid for pain reduction at
post treatment. There is no evidence of a superiority of
water-based over land-based exercise. AE with a slight to
moderate intensity is effective. Low-intensity AE (<50%
maxHR) is not effective. A frequency of AE of 2 to 3
times/week for at least 4 to 6 weeks is necessary for a
reduction of symptoms. Combining AE with stretching
or strengthening is no more effective than AE alone.

The evidence is applicable to the majority of patients in
clinical practice except patients with internal and ortho-
paedic diseases that may prevent AE and male patients.

Limitations
Although every effort was made to obtain missing data
(outcomes, study design) from the trial authors, it was
not possible in every case to obtain these data; the
included studies are therefore not represented fully in the
meta-analyses. Only medians were available for three
studies, but excluding these studies from analysis did not
change the results.

The exercise protocol was insufficiently reported by
some trials. The positive effects of the training can there-
fore possibly be attributed to other forms of exercise such
as strength, stretching or relaxation, or in the case of
pool-based exercise to the effects of warm water. Sub-
group analyses did not, however, show a superiority of
mixed exercise versus aerobic exercise nor a superiority
of pool-based exercise versus land-based exercise.

The prescribed training intensity was either not
assessed by heart rate telemetry or was not reported. No
definitive conclusions on an effective intensity of AE are
therefore possible.

The attendance rates during the study were inconsis-
tently reported. If continuation of exercise until follow-up
was recommended was inconsistently reported too. A
subgroup analysis of studies with and without recom-
mended exercise at follow-up was thus not possible.

Side effects were inconsistently reported. No definitive
statement on the safety of AE in FMS is therefore possi-
ble.

The methodological quality of the studies varied. The
positive effect on pain, however, was robust against
potential methodological biases.

Given that formal blinding of participants and clini-
cians to the treatment arm is not possible in trials of exer-
cise, we could have underestimated the extent to which
clinicians' and participants' knowledge of group assigna-
tion influenced the true effect.

Males and adolescents were rarely included in the study
populations. As no gender comparisons were reported,
the evidence for the efficacy of AE in men and adoles-
cents with FMS is limited.
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Agreements and disagreements with other systematic 
reviews
Our meta-analysis does not confirm the conclusion of a
qualitative systematic review that the greatest effects
occurred in exercise programmes that were of lower
intensity than those of higher intensity [13]. Our data that
AE reduces pain at post treatment are in line with the
conclusion of the meta-analyses of the Ottawa Panel [13]
and are in contrast to that of the Cochrane review [12].
Not only moderate-intensity AE as recommended by the
American Pain Society [5], but also low-intensity AE
seems to be effective in reducing pain.

Conclusions
Implications for clinical practice
The amount and intensity of initial AE should be adapted
to the individual level of physical fitness. Patients should
start at levels just below their capacity and gradually
increase the duration and intensity until they are exercis-
ing with low to moderate intensity for 20 to 30 minutes 2
to 3 times/week [12]. It does not seem necessary to assess
the heart rate during AE to find the optimum intensity.
Patients should exercise with an intensity at which they
are able to speak fluently with another person [17]. The
choice of the type of AE should be left to the patient's

Table 5: Sensitivity analysis for the effect size on pain at post treatment

Outcome title Number of 
study arms

Number of 
patients on 
aerobic exercise

Effect sizea Test for overall 
effect, P value

Heterogeneity, I2; 
τ2 (%)

Adequate 
sequence 
generation

Adequate 11 251 -0.20 (-0.38, -0.01) 0.04 0; 0

Unclear or 
nonadequate

18 348 -0.39 (-0.61, -0.18) 0.0004 39; 0.07

Allocation 
concealment

Adequate 8 223 -0.24 (-0.47, -0.01) 0.04 24; 0.02

Unclear or 
nonadequate

19 344 -0.35 (-0.54, -0.16) 0.0002 28; 0.04

Blinding of 
assessor

Yes 12 306 -0.20 (-0.36,-0.03) 0.02 0; 0

No or unclear 15 261 -0.41 (-0.66,-0.16) 0.001 38;0.08

ITT analysis

Yes 13 315 -0.22 (-0.39, -0.06) 0.009 0; 0

No 14 252 -0.39 (-0.62, -0.16) 0.001 36; 0

Adequacy of 
outcomes for 
meta-analysis

Yes (means) 24 517 -0.35 (-0.51,-0.19) <0.0001 28;0.04

No (medians) 3 43 -0.05 {-0.43,-0.32) 0.78 0; 0

Sample size

<25 3 30 -0.33 (-1.00,0.33) 0.33 34; 0.12

25 to 50 15 188 -0.41 (-0.70,-0.13) 0.005 46;0.11

>50 9 349 -0.23 (-0.39,-0.08) 0.004 0; 0

Patients with 
mental disorders 
included

Yes 16 312 -0.43 (-0.78, -0.08) 0.02 73; 0.28

No or unclear 14 315 -0.40 (-0.61, -0.19) 0.0002 38; 0.05

ITT, intention to treat. aStandardised mean difference (95% confidence interval).
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preferences and comorbidities and to the local offers of
AE [11]. A training programme should last a minimum of
4 weeks. Patients should be educated that they may have
some tolerable short-term increases in pain and fatigue
but, if they exercise at an appropriate intensity, these
symptoms should return to baseline levels within the first
few weeks of exercise [12,17]. Patients should be moti-
vated to continue exercise if they perceive a reduction of
symptoms after the programme.

Because AE does not reduce sleeping disturbances, a
combination of AE with medication effective for improv-
ing sleep - for example, tricyclic or dual antidepressants
or pregabalin [81,82] - should be considered.

Implications for research
Four main questions need to be answered by future stud-
ies. By which methods (for example, education, booster
sessions) can patients be motivated to continue exercise?
Is aerobic and mixed exercise cost-effective [83]? Is the
combination of AE with pharmacological therapy supe-
rior to AE or medication alone? Which sociodemo-
graphic and clinical variables predict a positive and
negative treatment outcome?

Future studies on these topics should focus on larger
sample sizes (multicentre studies including a sufficient
number of men and adolescents and patients with mental
and somatic comorbidities). Study quality could be
improved by detailed reporting of demographic and clini-
cal data of the study groups at baseline, exercise protocol
and adherence to interventions (attendance rates, adher-
ence to prescribed intensity assessed by heart rate telem-
etry), creation of a standardised protocol to report
adverse events and use of standard outcome measures.

Additional material

Additional file 1 Search strategy for MEDLINE. The file contains the liter-
ature search strategy for the database MEDLINE.
Additional file 2 Main characteristics of studies with aerobic and 
mixed exercise in fibromyalgia syndrome. The file contains the main 
characteristics of studies with aerobic and mixed exercise in fibromyalgia 
syndrome including outcomes measures.
Additional file 3 Main characteristics of studies with head to head 
comparisons of different types of aerobic and mixed exercise in fibro-
myalgia syndrome. The file contains the main characteristics of studies 
with head-to-head comparisons of different types of aerobic and mixed 
exercise in fibromyalgia syndrome including outcome measures.
Additional file 4 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on pain at post treatment. Forest plots 
show standardised mean differences (effect sizes) from the random effects 
model (inverse variance method). A negative effect indicates that the end-
point score of the outcome in the exercise groups is lower than in control 
group in the study. The pooled (all studies together) effect size is weighted 
by the inverse variance of each study. IV, inverse variance (method); SD, 
standard deviation; Std. mean difference, standardised mean differences; 
random, random effects model; SD, standard deviation; total, number of 
patients; weight, relative weight (%) of the study in the calculation.

Additional file 5 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on fatigue and sleep at post treat-
ment. Forest plots show standardised mean differences (effect sizes) from 
the random effects model (inverse variance method). A negative effect indi-
cates that the endpoint score of the outcome in the exercise groups is 
lower than in control group in the study. The pooled (all studies together) 
effect size is weighted by the inverse variance of each study. IV, inverse vari-
ance (method); SD, standard deviation; Std. mean difference, standardised 
mean differences; random, random effects model; SD, standard deviation; 
total, number of patients; weight, relative weight (%) of the study in the cal-
culation.
Additional file 6 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on depressed mood at post treat-
ment. Forest plots show standardised mean differences (effect sizes) from 
the random effects model (inverse variance method). A negative effect indi-
cates that the endpoint score of the outcome in the exercise groups is 
lower than in control group in the study. The pooled (all studies together) 
effect size is weighted by the inverse variance of each study. IV, inverse vari-
ance (method); SD, standard deviation; Std. mean difference, standardised 
mean differences; random, random effects model; SD, standard deviation; 
total, number of patients; weight, relative weight (%) of the study in the cal-
culation.
Additional file 7 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on quality of life at post treatment. 
Forest plots show standardised mean differences (effect sizes) from the ran-
dom effects model (inverse variance method). A negative effect indicates 
that the endpoint score of the outcome in the exercise groups is lower than 
in control group in the study. The pooled (all studies together) effect size is 
weighted by the inverse variance of each study. IV, inverse variance 
(method); SD, standard deviation; Std. mean difference, standardised mean 
differences; random, random effects model; SD, standard deviation; total, 
number of patients; weight, relative weight (%) of the study in the calcula-
tion.
Additional file 8 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on physical fitness at post treatment. 
Forest plots show standardised mean differences (effect sizes) from the ran-
dom effects model (inverse variance method). A negative effect indicates 
that the endpoint score of the outcome in the exercise groups is lower than 
in control group in the study. The pooled (all studies together) effect size is 
weighted by the inverse variance of each study. IV, inverse variance 
(method); SD, standard deviation; Std. mean difference, standardised mean 
differences; random, random effects model; SD, standard deviation; total, 
number of patients; weight, relative weight (%) of the study in the calcula-
tion.
Additional file 9 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on pain and fatigue at latest follow-
up. Forest plots show standardised mean differences (effect sizes) from the 
random effects model (inverse variance method). A negative effect indi-
cates that the endpoint score of the outcome in the exercise groups is 
lower than in control group in the study. The pooled (all studies together) 
effect size is weighted by the inverse variance of each study. IV, inverse vari-
ance (method); SD, standard deviation; Std. mean difference, standardised 
mean differences; random, random effects model; SD, standard deviation; 
total, number of patients; weight, relative weight (%) of the study in the cal-
culation.
Additional file 10 Effect estimates (standardised mean differences) of 
aerobic exercise versus controls on sleep and depressed mood at lat-
est follow-up. Forest plots show standardised mean differences (effect 
sizes) from the random effects model (inverse variance method). A negative 
effect indicates that the endpoint score of the outcome in the exercise 
groups is lower than in control group in the study. The pooled (all studies 
together) effect size is weighted by the inverse variance of each study. IV, 
inverse variance (method); SD, standard deviation; Std. mean difference, 
standardised mean differences; random, random effects model; SD, stan-
dard deviation; total, number of patients; weight, relative weight (%) of the 
study in the calculation.
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Objective: To identify the beliefs and perceptions of patients 
with chronic neck and low back pain that influence adher-
ence to home exercise during exacerbation and/or remission 
of pain.
Design: Qualitative study using a focus group technique.
Subjects: Thirty-four patients (23 women, age range 26–70 
years) with chronic neck or low back pain who had partici-
pated in a home exercise programme. 
Methods: Seven focus groups were formed. Participants 
were sampled purposefully from all patients with chronic 
neck or low back pain who attended for physiotherapy at 4 
primary healthcare centres. Patients were interviewed about 
how they perceived their adherence to a home exercise pro-
gramme during chronic pain. Data were analysed using a 
phenomenographic method.
Results: Several themes about patients’ beliefs and percep-
tions were identified as factors related to adherence. These 
factors change when pain or disabilities appear, decrease or 
disappear for an extended period. Beliefs about illness and 
treatment are more likely when pain is present and when 
pain disappears for an extended period. However, patients 
consider perceptions about barriers, social support and 
physical environment when pain decreases. 
Conclusion: These findings may represent an important po-
tential for improving the adherence of patients with chronic 
pain to home exercise programmes.
Key words: chronic pain, adherence, physical therapy, exercise, 
qualitative research.
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INTRODUCTION

Exercise has been documented as an effective intervention 
for treatment of back and neck pain (1–4). Usually, exercises 
are taught and prescribed for home (5). However, research 
suggests that inadequate adherence to home exercise during 
the intervention period might attenuate the effectiveness of 

intervention (6, 7). It has also been suggested that recurrent 
cases of low back pain might be avoided if patients adhered to 
home exercise programmes after intervention (8, 9).

Several studies report that a lack of adherence to exercise 
is often a serious problem for patients with chronic pain. Es-
timates of what proportion of patients does not perform their 
exercises according to prescription vary depending on differ-
ences in the definition of adherence and measurement, but it 
is approximately ≥ 50% (6, 7, 10–12).

Research suggests that patients' personal characteristics 
influence adherence to home exercise programmes (13). Em-
pirical studies have related patient's beliefs about seriousness, 
prognosis of illness and treatment efficacy with adherence 
(10, 14). Perceiving barriers to carrying out home exercise 
programmes has also been related to adherence (10, 12, 15). 
However, there are contradictory results from various studies 
concerning the association between adherence and perceptions 
such as pain or disability (10, 12, 16, 17). 

It has been suggested that the relevance of pain in influencing 
adherence depends on the interaction between pain and patient's 
beliefs or other perceptions (17). Furthermore, several authors 
have suggested that patients might use different beliefs and per-
ceptions to guide their adherence during periods of exacerbation 
or remission (10, 13, 17). However, this last issue has not been 
demonstrated for patients with neck or low back pain. Qualita-
tive studies have not focused on this point of view in patients 
with neck or low back pain (15, 18) and quantitative studies that 
have investigated patients' perceptions, beliefs and adherence 
have not focused on its relative significance in exacerbations and 
remission of pain during the course of chronic pain. Therefore, 
although previous studies recognize the importance of patient's 
beliefs and perceptions on adherence to a home exercise pro-
gramme, further work is needed to understand its importance 
during exacerbation and remission of pain. 

The aim of this study was to explore patients' perceptions 
with the purpose of identifying those beliefs and perceptions 
that patients perceive to influence their adherence to a home 
exercise programme during exacerbation and remission of 
pain in the course of chronic pain. Physical therapists would 
benefit from a better understanding of such perceptions and 
their potential influence on adherence to their interventions as 
they attempt to maximize patient adherence. 

PERSONAL CHARACTERISTICS INFLUENCING PATIENTS’ ADHERENCE TO 
HOME EXERCISE DURING CHRONIC PAIN: A QUALITATIVE STUDY

Francesc Medina-Mirapeix, PT, PhD1, Pilar Escolar-Reina, PT, PhD1, Juan J. Gascón-Cánovas, 
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METHODS
Qualitative methods provide a set of strategies for conducting a rigor-
ous research study with the above aim (19). In order to describe com-
pletely the experience of adherence during exacerbation and remission 
of pain, a phenomenological study was undertaken. Phenomenology as 
a research approach aims to describe the experience of the everyday 
world as it appears, varied and complex (20). A focus group technique 
was used to obtain detailed data from patients' with experience of 
participating in home exercise programmes. 

Participants
Four typical public primary healthcare centres in the region of Murcia, 
Spain, were selected. Murcia has a population of over 1 million and has 
a well-developed healthcare system that is mainly publicly operated. 
We selected these centres because patients with mechanical neck or 
low back pain referred to physical therapy intervention participate in 
both clinic visits and a home exercise programme during the period 
of intervention and afterwards. 

Inclusion criteria for the study were: all patients with mechanical 
and chronic neck or low back pain who received and finished physical 
therapy treatment in the last 3 months. Exclusion criteria were: patients 
with mechanical neck and low back pain due to trauma, or patients with a 
physical or mental disability that precluded participation in focus groups 
(i.e. those who were deaf, blind, or had learning disability). Following 
research ethics committee approval, we identified patients from clinic 
records. A total of 94 patients were eligible for the study and a mixed 
purposive sampling strategy was used to select participants (21). Sam-
pling was therefore dependent on the saturation of information.

Procedures
Recruitment. Stratification according to homogeneous and hetero
geneous criteria was used to set up groups: homogeneous groups 
by centre (common experiences) and gender (to avoid diffidence in 
discussing health issues in the presence of the opposite gender), and 
heterogeneous groups by age and clinical condition (neck/back pain) 
to add variability of experiences to stimulate discussions. An invitation 
to join the study was sent by post to eligible patients and followed up 
with a telephone call. As patients declined to participate, we invited 
new patients to obtain a minimum group size of 4. 

Data collection. Two people, a moderator and an assistant, conducted 
all discussions in the public and neutral location of the city hall (i.e. not 
in the health centre). They used a topic guide initially derived from a 
literature review and later agreed upon by the research team. The topic 
guide was then reorganized after a preliminary analysis following the 
first focus group (Table I). During the interview dialogue the researcher 
posed questions such as: “What do you mean?”, “Can you explain it 
more?”, “How do you feel?”, “What did you think?”, “Please give an 
example”. Audiotape was used for data collection during discussions. 
Videotape and field notes were used to record nonverbal language 
and incomplete or sarcastic expressions. Patients gave permission and 
were assured of confidentiality before the start of each session, prior 
to using these means of recording.  

Analysis
Interview transcripts were analysed in 5 steps: (i) overall impres-
sion of categories; (ii) independent generation of an initial code to 
label phrases; (iii) revision of categories and coding scheme as we 
accumulated data; (iv) elaboration and application of a final code 
scheme to the final dataset; and (v) exploration of the categories’ 
relationships (22). 

In the first step, transcript and observational notes were read to gain 
a sense of entirety, to identify significant phrases and to obtain tenta-
tive ideas about categories and relationships. It was agreed to define 2 
kinds of categories to code information (23): (i) substantive categories, 
which help understand the experiences of patients; and (ii) themes or 
organizational categories, which gather substantive categories in logi-
cal areas according to study objectives. The agreement was reached 
using concepts that participants used or theoretical terms employed in 
the literature for substantive categories. The differences in the initial 
coding schemes generated independently by each of 4 researchers 
were resolved by discussion. This step was iterative, allowing emerg-
ing categories as the groups progressed. When saturation was being 
reached, it was implied when no new major themes arose by the end of 
the seventh focus group. The defined categories were presented to the 
physical therapists who treated the participants, as an external audit of 
the initial results before applying codes to the final dataset of phrases. 
Subsequently, a final coding scheme was elaborated by 2 researchers 
(PER and FMM) and confirmed for consistency through blind review of 
2 transcripts. Disagreements between the 2 researchers were resolved by 
discussion. Codes were then applied to the final dataset, and category 
relationships within and among patients were explored. 

Describing. Using a phenomenological method, a synthesis of the 
transformed meaning units was described, thus explaining the inner 
core of the phenomenon. Finally, taking into account all results, the 
essence of the investigated phenomenon was described (24). 

RESULTS

There were 34 participants in this study (22 of these had chronic 
neck pain, and 23 were women). Their mean age was 48 years 
and age range 25–70 years. All participants were included in 
home exercise programmes by physiotherapists. Since their 
inclusion they had experienced periods of exacerbation and 
remission of pain. Most patients expressed beliefs and percep-
tions in some form to report problems with adherence to home 
exercise programmes. 

The patients’ experience was expressed in 5 themes: beliefs 
about illness and adherence, and perceptions in relation to 
barriers, support social and physical environment. Patients 
balanced these beliefs and perceptions to decide adherence to 
their home exercise programme. We classified them according 
to the emergent taxonomy shown in Table II, which identified 
variation in categories of beliefs and perceptions that concern 
patients under our 3 pre-established conditions: perception of 
presence, decrease or absence of pain or disabilities. From these 
themes and classification, an essential structure emerged. Iden-
tifier, for example Interviewed Person (IP), and demographic 
characteristics are given for the quotes below. 

When pain or disabilities appear
When patients perceive pain or disabilities associated with 
pain, they report deciding whether they should adhere to home 
exercise programme recommendations. At the moment of 

Table I. Focus group interviewing guide

Why did you go to the physical therapist?
How did you feel about having neck or low back pain before 
physiotherapy treatment?

What have you been told about chronic pain and its treatment?
Did you find easy your adherence to physiotherapist’s instructions at 
the beginning of treatment? After your treatment, was it easier? 

What kind of problems do you encounter for adherence when pain is 
not present? 

Is there anything else you would like to say about your home 
programme or your pain?

J Rehabil Med 41
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perception, patients report doing exercise regardless of other 
considerations.

IP 3: “When the pain bothers me or my usual activities, I 
remember the exercises, and leave what I am doing, and do the 
exercises that the therapist gave me” [Male, 53 years].

Some patients report that their beliefs can interfere in the 
decision that occurs between perception of pain and adherence 
to exercise recommendations. Patients report that these beliefs 
are related to illness and treatment. 

1. Beliefs about illness. Prognosis expectations are the be-
liefs that patients regard in this phase. Those patients who 
believe their problem is chronic and immutable tend to have 
a resigned attitude toward their pain, and consequently decide 
not to adhere to exercise recommendations. However, patients 
with optimistic prognosis expectations do not associate this 
optimism to adherence. 

IP 16: “I have my problem since so many years and nobody 
could help me. Because that often I don’t do advice of the bro-
chure that physical therapist gave me” [Female, 63 years].

2. Beliefs about adherence. Patients also assess the credibility 
of the treatment offered. If patients doubt the effectiveness of 
the recommended advice, or if its rationale is not clear, they 
are less likely to adhere. Conversely, when patients believe 
that treatment is effective they report having high outcome 
expectations and consequently adhere to recommendations.

IP 10: “Exercising was for the pain, I saw myself with dis-
abilities and I hoped to get better with this treatment” [Male, 
55 years].

When pain or disabilities decrease 
When the pain or disabilities associated with pain decrease, 
patients report perceiving that the home exercise programme 
requires some degree of alteration to their lifestyle. They report 
deciding about whether to adhere to recommendations once 
again. Patients initially prioritize to complete daily routine 
activities and discontinue exercises. Additionally, it is a posi-
tive reinforcement for the patients that symptoms take time to 
reappear after this decision. 

IP 20: “When I feel better, I forget the exercises and do other 
things; besides that, I don’t have pain again” [Male, 35 years].

In spite of the initial prioritization, patients try to maintain 
some degree of exercise. However, patients report that several 
perceptions – related to barriers, social support and physical 
environment – and beliefs about ability to adhere, interfere 
with their intention and then they do not give priority to their 
home exercise programme. 

1. Perception of barriers. Perceived barriers are associated with 
low or no adherence. Common barriers usually include lack of 
time to fit exercises into a daily routine, tiredness, forgetting to 
exercise, adverse effects of exercises and symptoms associated 
with comorbidities. 

IP 5: “After work I arrive home at 9:00 o’clock at night, 
have dinner, sit down and put my feet up to watch TV” [Male, 
45 years].

IP 22: “I had to stop using the bicycle because my knee was 
swelling. She also recommended that I walk, but I cannot do 
that either” [Male, 65 years].

IP 32: “I have another problem. Then, the days I feel good 
I can do exercises and the day I don’t feel good I can’t” [Fe-
male, 46 years].

Patients report that a lack of time to fit exercises into their 
daily routine leads to barriers such as forgetting to exercise 
or tiredness.

IP 13: “Being in the house I usually forget to do exercises be-
cause I am doing other things I am very busy and when I finish I 
want to sit or lay down because I am tired” [Female, 44 years].

2. Perceptions of social support. Patients perceive that social 
support from family by means of incentives and reminders is 
helpful to adherence at times. Nevertheless, they recognize that 
this kind of support has less influence on adherence than social 
support from interactions with people exercising. 

IP 8: “In the clinic I had to comply, after, in my house, no-
body was watching me or telling me what to do, sometimes my 
wife told me to do exercises and then I did them, but generally 
I did not” [Male, 61 years].

IP 32: “Exercise is different in the clinic than in my house, 
because in the clinic I was in front of other people and at home 
I am alone” [Female, 46 years].

3. Perceptions of physical environment. Patients report having 
effective resources from the physical environment to overcome 
perceived barriers. These resources include using entertainment, 
such as television at home, and attendance at recreational cen-

Table II. Beliefs and perceptions associated with adherence to home 
exercise

When pain or disabilities appear
Beliefs about illness
Prognosis expectations

Beliefs about adherence
Outcome expectations with exercises

When pain or disabilities decrease
Perceived barriers
Lack of time for exercises
Tiredness
Forgetting
Adverse effects of exercises
Comorbidities

Perceptions of support social
Incentives from family 
Interactions with people exercising 

Perceptions of physical environment
Entertainment
Recreational centres

Beliefs about adherence 
Selfefficacy

When pain disappears for long time
Beliefs about illness
Vulnerability to relapse

Beliefs about adherence
Distance between adherence and its benefits or costs
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tres. Some patients even feel that attending recreational centres 
is fundamental for adherence in post-treatment periods. 

IP 28: “I exercised every day when I woke up in the morning. 
I turned on the TV and I did the exercises while I watched” 
[Female, 52 years].

IP 14: “If I don’t go to a gym or a recreation centre then I 
don’t exercise, and if I do it’s boring, unless I turn on the TV, 
a record or have a partner” [Female, 45 years].

4. Beliefs about adherence. Patients’ selfefficacy to overcome 
the common barriers to do exercises is a belief that has a strong 
influence on adherence. Low selfefficacy is associated with 
low adherence, and high selfefficacy is associated with high 
adherence. 

IP 14: “I can’t do the exercises. I know it depends on my 
will-power to have a routine, but when I wake up I go directly 
to do the things I have to do, and I don’t stop to exercise… A 
woman who tells herself to take care of herself or that she needs 
to exercise, she finds the time” [Female, 45 years].

When pain disappears for long time
When pain or disabilities are absent, patients tend to make 
decisions regarding adherence, and this usually results in low 
or no adherence. Patient’s beliefs about illness and benefits/
costs of adherence influence their decision. 

IP 11: “I exercised in my house because I could move my 
arm better. I did them for a long time until I saw my arm didn’t 
have pain and my hand was no longer asleep. Since then I have 
not done the exercises” [Male, 49 years].

1. Beliefs about illness. Patient’s beliefs about vulnerability to 
relapse influence this decision in relation to adherence. Never
theless, patients report feeling no vulnerability to relapses as a 
consequence of not undertaking the prescribed home exercise 
programme. Only a few believe they might have a relapse. 

IP 3: “I exercise because I am afraid that I will have the 
pain again [Male, 53 years]”.

2. Beliefs about adherence. Even when beliefs about vulnerabil-
ity to relapse are present, they are not strong enough to promote 
adherence. Thus, when patients believe that continuing exercises 
might prevent relapses, they face a conflict between knowing 
that they should perform (i.e. adherence to exercises and other 
advice) and at the same time feeling it is difficult to adhere. Most 
patients attenuate or stop exercising because relapse might be a 
long time away and they prefer exercising only if pain reappears. 
Only a few prefer initially to continue exercising. This decision 
is highly influenced by fear of relapse. 

IP 30: “After a time being good I stopped exercises. I am not 
doing well but when I feel pain again I will probably restart 
the exercises” [Female, 37 years].

The essential structure
The essential meaning of patients’ experiences was desire to 
live without pain and without exercise programmes that alter 
their lifestyle. If either of these factors disturbs their lifestyle 
patients decide about adherence to exercise programmes. 

Conditions for adherence were different in subjects under 
conditions of exacerbation and remission of pain. During 
exacerbation of pain, conditions for adherence were to have 
high expectations about the prognosis of illness and outcomes 
of exercises. When pain decreased, essential conditions were 
related selfefficacy to overcome perceived barriers and to 
having social and environment support. 

Lack of these conditions gave way to feelings of worse pain 
management and difficulty in accepting adherence to home pro-
gramme. It also led, especially when pain had disappeared for a 
long time, to feelings of guilt about subsequent relapses. However, 
patients who had these feelings were not discouraged and trusted 
themselves or their capacity to carry out exercise programmes. 

DISCUSSION

We examined the beliefs and perceptions of patients that influ-
ence their adherence to home exercise programmes during peri-
ods of exacerbation and remission of pain during chronic pain. 
The study provides evidence on several issues. First, patients 
relate adherence to perceptions of pain itself or disabilities 
associated with pain. Secondly, these perceptions interact with 
other patients’ perceptions or beliefs to decide adherence to 
a home exercise programme. Thirdly, these perceptions and 
beliefs change over periods of pain and disability exacerbation 
and remission, and between patients. 

Regarding the first issue, our participants associated posi-
tively perceptions of pain or disabilities and adherence, but for 
a limited time. Previous studies have reported contradictory 
relevance of perception of pain itself or disabilities associated 
with pain (10, 12, 16, 17). Our finding may explain apparent 
discrepancies between studies with back pain patients, result-
ing from variance created by the measurement of adherence at 
different points of time across the spectrum of chronic pain or 
disability. For example, studies that measured both disability 
and adherence at the same time found significant relationships 
(10), while studies that measured initial disability and follow-
up adherence found no relationships (12).

Perceptions of pain or disability could be relevant because 
they can contribute to a patient’s belief of a more severe condi-
tion (14) or vulnerability to further problems as a consequence 
of not undertaking the home exercise programme (17). Both 
beliefs, severity and vulnerability, are related to adherence to 
physical therapy activities in empirical studies with a variety 
of musculoskeletal conditions (10, 25, 26). However, these 
beliefs were not explicitly identified as in our taxonomy, dur-
ing the period of pain. 

Our taxonomy included patients’ beliefs and perceptions that 
interact with perception of or not of pain in different periods 
of chronic pain. The taxonomy’s distinction in periods of pain 
exacerbation, remission and disappearance suggests that there 
is a dynamic influence between pain perceptions and other 
perceptions or beliefs. The dynamic influence of determinants 
of adherence according to another determinant, such as pain, 
is a central component of social cognitive theory (27). 

This study suggests that only beliefs about illness prognosis 
or outcome expectations are able to interact negatively with 
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such perceptions when pain or disability appears. Thus, when 
patients believed their complaints would continue or their 
exercises would not help them, lower adherence was reported. 
These finding regarding illness prognosis support empirical 
studies in physiotherapy and medical research (10, 28). On the 
other hand, the relevance of outcome expectations is mirrored 
in another study that also found that sport’s injury patients with 
lower outcomes expectations were less adherent (25). This is 
reinforced by another study that related high levels of adher-
ence to beliefs about the effectiveness of rehabilitation (26).

Perceived barriers to exercise, such as comorbidity, adverse 
effects, or lack of time to fit recommendations into a daily 
routine, have been strongly associated with adherence (10, 29, 
30). Lack of time is a very consistent barrier identified between 
studies (13, 15). For some subjects, reporting lack of time may 
be a more socially acceptable excuse (10, 15) and may reflect 
a lack of interest in their commitment to compliance or could 
be the reflection of poor behaviour skills, such as time manage-
ment (31). Thus, lack of time may not be a true determinant 
of adherence, but a perceived determinant. Furthermore, our 
participants also reported that, at times, the perception of a lack 
of time appears to be related to other barriers such as tiredness 
and forgetting. Traditionally, forgetting has been considered a 
determinant of non-intentional adherence (17). However, our 
finding suggests that sometimes this nonintentional adherence 
could be due to a previous and implicit prioritization between 
the exercises and other activities that leads to a lack of evoca-
tion of the reminder for exercising. 

While perceived barriers are negatively associated with 
adherence when pain decreases, perceptions of social support 
and physical environment and belief of selfefficacy are posi-
tively associated. Selfefficacy has been related to adherence 
to home exercise programmes (17). Social support from fam-
ily and from social interactions has been related to adherence 
to clinic programmes of physiotherapy (32), but not to home 
programmes. In addition, the type of social support might be 
more relevant for home exercise programme adherence and has 
not been studied. Patients in this study perceived that social 
interactions impact on adherence to a greater extent than does 
social support from their family. 

Prevention of relapse is not something our patients wish to 
avoid when pain disappears for an extended time. Besides, 
prevention as the desired outcome is not strong enough to pro-
mote adherence because the relapse may be a long time away. 
According to social cognitive theory (27), it is likely that a 
patient’s balance between distal desired outcomes and proximal 
costs influences adherence behaviour. Balance between costs 
and benefits of treatment has been identified in qualitative stud-
ies of other conditions (33, 34) and in psychological models 
such as the theory of planned behaviour (35). 

Recommendations for practice and research
Most factors identified in this study have clear implications 
for patient management in physical therapy as well as other 
instances in healthcare providing self-management therapies. 
The predominant emergent view is that large improvements 
could be made in designing therapeutic encounters in order to 

maximize adherence. First, it is a problem that patients often do 
not communicate their beliefs about treatment, particularly re-
garding adherence to home exercise programmes when pain or 
disabilities decrease or disappear. Patients probably lack basic 
background knowledge about why it is important to follow the 
exercises even without pain. Thus, it is not odd that patients use 
their symptoms and disabilities to decide whether they should 
adhere to the home exercise programme. This knowledge and 
belief can be addressed by the therapists in the ordinary clinical 
situation in order to improve adherence. In this respect, this 
study provides potential support for enhancing the impact of 
educational interventions by targeting them to address factors 
that emerge in each period of chronic pain. Therapists should 
first establish patient’s prognostic expectations and their per-
ceived credibility of treatment, and only later reinforce positive 
factors and offer balance between perceived barriers or other 
problems with knowledge and beliefs of benefits. 

The results of this study also have potential implications 
for patterns of delivery of physiotherapy. Patients usually stop 
adhering to home exercise programmes at the end or after a 
period of treatment, when pain decreases or disappears. For 
these patients, improving adherence might be an unrealistic 
aim if there is no physiotherapy follow-up intervention, such 
as programme adjustment or reinforcement of schedules. 

This study focused on home exercise programmes and 
did not address other common home interventions, such as 
activities for self-management of pain (e.g. heat, rest) and 
self-care of back or neck (e.g. rest position, posture) (36, 37). 
Perhaps patients perceive that different beliefs and perceptions 
influence their adherence. Because this study was limited to 
home exercise, future research should explore other home 
activities.

Focus group studies have some potential disadvantages. 
They involve relatively small numbers of people; therefore, 
findings may not be representative of the general population 
in terms of opinions voiced. However, this qualitative study 
was designed to highlight the phenomenon being studied, and 
not to measure variables. Future research should provide more 
comprehensive and sensitive measurement of factors related to 
non-adherence during different periods of chronic pain.

In conclusion, this study has provided a deeper understand-
ing of patients’ beliefs and perceptions and their relationship 
with adherence to home exercise programmes during periods 
of exacerbation and remission of chronic pain. Knowledge 
of patients’ priorities regarding the most important beliefs 
and perceptions that have high potential for adherence to 
home exercise may be helpful in improving the quality of 
care of patients with neck or low back pain. Adherence is 
usually a reasoned response in relation to a person’s beliefs 
and perceptions. Managing adherence successfully can be a 
difficult task that cannot be accomplished simply by inform-
ing or instructing patients about home exercise. Overcoming 
negative perceptions and beliefs will require comprehension 
that the significance of each specific determinant of adherence 
must be considered in other determinants and techniques of 
continuing education, such as programme adjustment or rein-
forcement schedules. 
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Background: Pain present for at least 3 months after a surgical procedure is considered chronic
postsurgical pain (CPSP) and affects 10–50 per cent of patients. Interventions for CPSP may focus on
the underlying condition that indicated surgery, the aetiology of new-onset pain or be multifactorial in
recognition of the diverse causes of this pain. The aim of this systematic review was to identify RCTs of
interventions for the management of CPSP, and synthesize data across treatment type to estimate their
effectiveness and safety.
Methods: MEDLINE, Embase, PsycINFO, CINAHL and the Cochrane Library were searched from
inception to March 2016. Trials of pain interventions received by patients at 3 months or more after
surgery were included. Risk of bias was assessed using the Cochrane risk-of-bias tool.
Results: Some 66 trials with data from 3149 participants were included. Most trials included patients
with chronic pain after spinal surgery (25 trials) or phantom limb pain (21 trials). Interventions were
predominantly pharmacological, including antiepileptics, capsaicin, epidural steroid injections, local
anaesthetic, neurotoxins, N-methyl-D-aspartate receptor antagonists and opioids. Other interventions
included acupuncture, exercise, postamputation limb liner, spinal cord stimulation, further surgery, laser
therapy, magnetic stimulation, mindfulness-based stress reduction, mirror therapy and sensory discrim-
ination training. Opportunities for meta-analysis were limited by heterogeneity. For all interventions,
there was insufficient evidence to draw conclusions on effectiveness.
Conclusion: There is a need for more evidence about interventions for CPSP. High-quality trials of
multimodal interventions matched to pain characteristics are needed to provide robust evidence to guide
management of CPSP.
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Introduction

Pain present for at least 3 months after a surgical procedure
is described as chronic postsurgical pain (CPSP)1. CPSP
affects between 10 and 50 per cent of patients after com-
mon operations such as mastectomy, cardiac surgery, hys-
terectomy, hernia repair, joint replacement, back surgery
and also more minor procedures2–8. In a European survey9

of surgical patients, the prevalence of moderate to severe
CPSP at 12 months after operation was 11⋅8 per cent.
Chronic pain is associated with poor general health, dis-
ability, depression9–12 and social withdrawal, and increases
the risk of further co-morbidities13. CPSP has been defined
previously as pain that develops after surgery5, and a pro-
posed update to the definition includes the possibility that

CPSP is pain that increases in intensity after surgery14.
This update allows for the possibility that pain among
patients who undergo surgery to relieve pain is also, appro-
priately, included in the definition.

Risk factors for CPSP may be genetic, psychosocial,
or related to preoperative or acute postoperative pain
severity2,15. However, certain surgical procedure-related
factors are key for the development of chronic pain16.
Surgical procedures lasting longer than 3 h may increase
the risk of postoperative pain5. A major surgical factor
in the development of chronic pain is nerve injury, and
patients undergoing thoracic, breast and hernia surgery
are at particular risk of neuropathic pain8. Inflammation
resulting from intraoperative tissue injury can contribute

© 2017 The Authors. BJS published by John Wiley & Sons Ltd on behalf of BJS Society Ltd. BJS 2017; 104: 1293–1306
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to central sensitization and further pain2. Inadequate
preventive analgesia may also contribute17.

Knowledge of determinants and predictors of CPSP can
guide the development of interventions and help target
care. Possible forms of management for CPSP may focus
on the underlying condition that needed surgery, on the
aetiology of the pain, or be multifactorial in recognition
of the diverse causes of postoperative pain. Although some
forms of management may have limited applicability out-
side of the specific condition for which they were intended,
others may be transferrable, regardless of the surgical
procedure.

There are systematic reviews of pharmacological and
other interventions for the management of chronic pain,
defined generally, or specific to the presumed mechanisms
(such as neuropathic pain17 and cancer pain18). A number of
Cochrane reviews17,19–29 have included studies evaluating
interventions for CPSP, although this was not the primary
focus of these reviews. It is rare for any review to focus
specifically on chronic pain in the postoperative context.
Exceptions include reviews that have focused on interven-
tions for chronic pain after particular surgical procedures,
including phantom limb pain after amputation30 and knee
replacement31. The aim of the present review was to iden-
tify RCTs of interventions for the management of CPSP
and to synthesize data across treatment type to provide an
estimate of their effectiveness and safety. In keeping with
recommended practice, a systematic review is a key step
toward the development of future trials to evaluate inter-
ventions for CPSP32.

Methods

The protocol was registered in the international prospec-
tive register of systematic reviews (PROSPERO; http://
www.crd.york.ac.uk/PROSPERO/) on 15 January 2015
(registration number 15957). The review was conducted in
accordance with PRISMA guidelines33.

Eligibility criteria

Published articles describing RCTs involving any inter-
vention that aimed to provide management of CPSP were
included. Eligible studies reflected PICO criteria34:
patients aged 18 years or more and at least 90 per
cent of study participants reporting CPSP; interven-
tions for pain received by patients at a minimum of
3 months after surgery; comparison arm of placebo,
usual care or an alternative pain management interven-
tion; and outcomes were pain reported using any data
collection tool(s).

Information sources and searches

MEDLINE, Embase, PsycINFO, CINAHL and the
Cochrane Library were searched from inception to 23
March 2016. The search strategies were modified for
different bibliographic databases (Appendix S1, support-
ing information). No language restrictions were applied.
Reference lists were checked and registers inspected; grey
literature (literature not formally published as journal arti-
cles) was sought in OpenGrey (http://www.greynet.org/
opengreyrepository.html), a database of grey literature, on
30 March 2016. A minimum sample size was not specified
in the protocol to ensure inclusion of all treatments of
potential interest to clinicians and researchers working in
a range of surgical specialties.

Published conference abstracts were followed up to
obtain any full publications, but otherwise excluded.
After completion of data extraction, relevant systematic
reviews were identified from the Cochrane Database of
Systematic Reviews, and included studies were reviewed
to identify any studies missed in the initial searches
because eligibility was not apparent from the title
and abstract.

Study selection

All records identified in the search were imported into
EndNote X7 (Thomson Reuters, New York, New York,
USA). Abstracts or full-text articles were screened to
remove obviously irrelevant reports. Reasons for exclud-
ing studies were recorded as free text in EndNote X7.
This was performed by one author who was over-
inclusive if eligibility was not clear. A sample of 10
per cent was double screened by a second author, which
identified one eligible study that had been missed. The
final selection of studies was then performed in duplicate
by two authors. When there was insufficient information
to determine eligibility, study author e-mail addresses
were obtained and supplementary information was
requested.

Data collection

Data from included studies were extracted using stan-
dard forms by one author and checked by a second
author. Study setting, participant demographics, method-
ology, recruitment, duration, treatment characteristics,
length of follow-up, outcomes, tools used to measure
outcomes, and information for the risk-of-bias assess-
ment were recorded. Authors of studies were contacted
where necessary for clarification and to provide missing or
incomplete data.
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Outcomes

In accordance with GRADE guidelines35 and Cochrane
guidance, the total number of outcomes planned to be
included in this review was limited to seven (2 primary and
5 secondary). The primary clinical effectiveness outcome
was pain intensity and the primary harm outcome was
serious adverse events. These reflect recommendations
from the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT)36 and the
Cochrane Pain, Palliative and Supportive Care Review
Group (PaPaS)37. Studies were required to report the pri-
mary outcome of pain intensity to be eligible for inclusion
in the review. The first secondary outcome was the pres-
ence or absence of neuropathic pain, which is particularly
relevant to chronic pain after a surgical intervention8. The
other four secondary outcomes reflected the IMMPACT
core outcome domains for chronic pain clinical trials:
physical functioning, emotional functioning, participants’
ratings of global improvement and satisfaction with treat-
ment, and participant disposition36. No limits were placed
on the tools used to measure these outcomes.

Risk of bias in individual studies

Risk of bias was assessed using the Cochrane risk-of-bias
tool38. Two authors assessed the risk of bias independently
across the six domains of the tool for each study. Results are
reported through graphical representation of bias judge-
ments grouped by intervention.

Statistical analysis

In the protocol, meta-analyses were planned using
RevMan 5 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) with general guid-
ance from the Cochrane Handbook38. For dichotomous
(binary) data, the odds ratio with 95 per cent c.i. would
be used. For continuous data, if outcomes were mea-
sured identically across studies, an overall mean difference
and 95 per cent c.i. would be calculated. If continuous
outcomes were measured differently across studies, over-
all standardized mean differences and 95 per cent c.i.
would be calculated. For data from crossover trials, the
generic inverse-variance method in RevMan 5 would be
used.

Opportunities for meta-analysis were limited by hetero-
geneity between studies. Even when multiple studies
for a particular intervention were identified, variation
in modes of administration, comparator groups and/or
format of outcome data precluded pooling. Thus, the
majority of results are reported narratively, with results

of meta-analyses described only for gabapentin and
capsaicin. Planned subgroup analysis of pharmacotherapy,
physical/self-management and multidisciplinary interven-
tions was not possible owing to clinical and methodological
heterogeneity. Results for pain outcome at final follow-up
within individual studies are presented as reported by
investigators (Tables S1 and S2, supporting information).

Results

Included trials

Searches identified 17 029 articles, of which 660 were
considered potentially relevant after initial screening.
Author e-mail addresses were traced for 57 of 78 stud-
ies that contained insufficient information to determine
eligibility, and further data were requested. Replies were
received for 16 studies, and only one was eligible for
inclusion. The remaining articles were assumed to be
ineligible as the abstract or full text made no reference to
patients having CPSP. After evaluation of full-text articles,
66 trials39–104 with data from 3149 participants were
included (Fig. 1).

An overall summary of trial characteristics is provided in
Table 1 and characteristics of individual trials are shown in
Tables S1 and S2 (supporting information). Table 2 summa-
rizes studies according to the index surgery and interven-
tion. Individual components of risk-of-bias assessment are
provided in Appendix S2 (supporting information).

Trial design

Trials were generally small, ranging in size from three to
250 participants (median 38). The study with three par-
ticipants was a pilot trial, but a total of 18 trials recruited
fewer than 20 participants. Sample size calculations were
reported in 34 of 66 studies; of these, 13 failed to recruit
or retain sufficient numbers of participants to meet their
calculation. Authors did not always state dates of recruit-
ment; publication dates ranged from 1989 to 2016. There
has been an increase over time in the number of published
trials in this field, from ten trials published before 2001 to
23 published between 2011 and 2015.

Interventions

The primary method of reporting results was grouped
according to treatment type. The majority of studies eval-
uated pharmacological interventions, and so studies were
grouped as primarily pharmacological, or as primarily
physical, surgical, psychological and other (Table 1).
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Records excluded

n = 16 369

Full-text articles excluded n = 594

 Non-surgical population n = 206

 Not all patients postsurgical n = 139

 Not RCT n = 89

 Intervention delivered at < 3 months after surgery n = 72

 Conference abstract n = 47

 Additional publication of included study n = 18

 Unable to obtain n = 3

 Other n = 20

Records identified through

database searching

n = 19 636

Records identified through

other sources

n = 3

Records screened after duplicates removed

n = 17 029

Full-text articles

assessed for eligibility

n = 660
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(meta-analysis) n = 4

Fig. 1 Flow diagram showing selection of articles for review

Outcome measurements

A visual analogue scale (VAS) was used to assess pain inten-
sity in 37 of 66 studies (56 per cent). Validated pain-specific
tools were used infrequently; the most common was the
McGill Pain Questionnaire, which was used in eight stud-
ies. Only one trial referenced IMMPACT criteria36 for
patient outcomes. In terms of presentation of the pri-
mary outcome (pain intensity) as the percentage of patients
reporting 30 or 50 per cent improvement, a format pre-
ferred by both IMMPACT105 and the Cochrane PaPaS
Group106, only a minority of authors (6 of 31 trials pub-
lished after 2008) were compliant. Serious adverse events
and the secondary outcomes in this review were reported
inconsistently and there was no opportunity to summarize
these outcomes; therefore, only pain outcomes are pre-
sented in Tables S1 and S2 (supporting information).

Pharmacological interventions

Antidepressants
Four trials, including data from 177 participants, evalu-
ated the effect of antidepressants on chronic pain after
amputation39,40 or breast surgery41,42. Risk of bias was
evident in two studies owing to incomplete outcome
data40,42, and a change to the definition of responder and

potential funder bias40. Amitriptyline was evaluated in
three trials39,40,42, with some issues suggesting risk of bias,
and venlafaxine in one trial41 with a low risk of bias. There
was no evidence that a 4–6-week course of antidepressants
reduced pain intensity compared with placebo, except in
one trial42 involving 20 patients which found that patients
reported lower breast scar pain intensity after 4 weeks
of 100 mg/day amitriptyline compared with placebo.
However, this trial also found evidence that amitriptyline
resulted in more adverse events than placebo.

Antiepileptics
Eight trials including data from 338 participants evaluated
the effects of antiepileptic medications on CPSP. The
largest number of studies for any one technology was for
gabapentin (6 studies, 293 participants with pain after
amputation43,44, breast cancer surgery45, sternotomy46

and spinal surgery47,48). Four trials were at risk of bias
owing to issues relating to blinding48, blinding and
randomization45, incomplete outcome data44, and blind-
ing and single-authored article47. Meta-analysis using
the generic inverse-variance method was possible for the
primary outcome for one subgroup only (gabapentin versus
placebo for 6 weeks) involving two crossover trials with 43
patients43,44. This demonstrated a within-person mean dif-
ference in pain intensity measured on a VAS and numerical
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Table 1 Overall summary of trial characteristics

Trial design Parallel design (41), crossover study (25)
No. of arms Two arms (53), three arms (12), five arms (1)
Countries USA (21), Germany (8), Denmark (7), Iran (3),

China (2), Egypt (2), Finland (2), France (2),
Italy (2), Korea (2), Sweden (2), Turkey (2),
Belgium (1), Canada (1), Israel (1),
Mozambique (1), The Netherlands (1),
Norway (1), Serbia (1), Spain (1), Switzerland
(1), UK (1), international multisite (1)

Surgery types Spinal surgery (25), amputation (21), breast
cancer surgery (8), inguinal hernia repair (3),
neck dissection for cancer (2), knee
replacement (1), sternotomy (1), abdominal
surgery (1), shoulder surgery (1), various
surgical procedures (3)

Interventions
Pharmacological Antidepressants as analgesics (4),

antiepileptics (8), capsaicin (3), epidural
steroid injections and associated
interventions (11), local anaesthetic (11),
neurotoxins (3), N-methyl-D-aspartate
receptor antagonist (7), opioids (6), calcitonin
(1), naloxone as an adjuvant to morphine (1)

Physical, surgical,
psychological and
other pain
management

Acupuncture/dry needling (2), exercise (4), limb
cover/liner for patients who had undergone
amputation (2), spinal cord stimulation (5),
further surgery (2), laser therapy (1),
magnetic stimulation (1), mindfulness-based
stress reduction (1), mirror therapy for
amputation (1), sensory discrimination
training (1), joint manipulation (1), combined
package of hot packs, ultrasound treatment
and transcutaneous electrical nerve
stimulation (1)

Comparator
interventions

Active treatment (31), placebo or sham (31),
usual care (2), waiting list (1), no treatment (1)

Values in parentheses are number of studies.

rating scale score of –1⋅12 (95 per cent c.i. –1⋅89 to –0⋅36;
I2 = 53 per cent), favouring gabapentin (Fig. S1, supporting
information). Similar results are reported in a Cochrane
review30 and no studies additional to those included in the
previous review were identified. The two trials that com-
pared gabapentin with non-steroidal anti-inflammatory
drugs (NSAIDs) found that gabapentin provided more
effective pain relief after 1 month46 and 6 months48 of
treatment. An 8-week course of gabapentin was found to
be superior to a stellate ganglion block using bupivacaine
in a trial involving 60 patients after mastectomy45. The
addition of 1 month of oral gabapentin to standard epidu-
ral corticosteroids was found to result in lower pain at 6
months compared with epidural corticosteroids alone after
spinal surgery47.

One trial49 with a low risk of bias found no differences in
pain relief between levetiracetam and placebo over 4 weeks
of treatment. Pain relief after taking pregabalin for 7 weeks
for chronic pain after abdominal surgery was compared
with placebo in a study of 13 patients50; results favouring

the treatment group must be interpreted with caution as
the trial was terminated early by the industry sponsor.

Capsaicin
Three trials including data from 174 participants eval-
uated capsaicin for relief of chronic pain after inguinal
hernia repair51, mastectomy52, and diverse procedures
for cancer53. All studies were at risk of bias because of
issues relating to blinding of a preparation with a burning
sensation and erythema. One study52 was also at risk of
bias owing to selective reporting. The trial51 assessing a
single 60-min application of a capsaicin patch (8 per cent)
found no evidence of pain relief compared with placebo
after 3 months. Two trials52,53 of low-dose (0⋅075 per cent)
capsaicin topical cream applied four times daily for 6–8
weeks reported some evidence of reduced pain intensity
compared with placebo. Meta-analysis suggested a modest
positive effect of capsaicin topical cream on the proportion
of patients reporting pain improvement (odds ratio 2⋅64,
95 per cent c.i. 1⋅02 to 6⋅86; I2 = 0 per cent) (Fig. S2,
supporting information), although caution is warranted
owing to risk of bias and, as a previous Cochrane review107

advised, the total number of events was too few to be
reliable. In both trials, a commonly reported side-effect
was local skin reaction.

Epidural injections and associated interventions
Eleven trials including data from 886 participants evaluated
epidural injections and associated interventions after spinal
surgery54–64. Risk of bias was evident in ten studies relating
to allocation concealment54–56,64, blinding54,58,61, incom-
plete outcome data54,57,61,63, selective reporting56,57,59,62

and single-authored article63. Two trials55,56 comparing
epidural injections with, and without steroids found no
difference in pain relief between groups. The addition of
steroids to 3-monthly morphine epidural injections was
not found to influence pain intensity after 6 months59. A
three-arm trial63 involving 206 patients evaluated epidural
injections of 1 mg indomethacin, 2 mg indomethacin and
80 mg methylprednisolone, and found that all treatments
resulted in a similar pain reduction. Two trials evaluating
epidural injections of steroids (prednisolone acetate) ver-
sus saline alone produced contrasting results: one57 noted
no benefit at 120 days and the other58 reported a reduc-
tion in pain at 18 months after multiple epidural injections.
The addition of hyaluronidase to an epidural steroid injec-
tion was found to lead to lower pain intensity at 4 weeks62

and 12 months60, and a combination of hyaluronidase and
triamcinolone provided more effective pain relief for 12
weeks than either agent alone61. Two trials reported that
adding percutaneous adhesiolysis to an epidural injection
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Table 2 Summary of included studies according to the index surgery and intervention

Amputation
Spinal
surgery

Breast
cancer

Abdominal
surgery

Hernia
repair

Knee
replacement

Neck
dissection Sternotomy

Shoulder
surgery Mixed

Pharmacological interventions
Antidepressants 239,40 241,42

Antiepileptics 243,44 247,48 245,49 150 146

Capsaicin 152 151 153

Epidural injection and 1154–64

associated interventions
Local anaesthetic 470–73 267,68 245,74 265,66 169

Neurotoxins 177 175 176

NMDA receptor antagonist 678–83 169

Opioids 440,70,71,84 159 185

Other 178 186

Physical, surgical, psychological
and other interventions

Acupuncture/dry needling 188 187

Exercise 191 389,90,92

Limb cover/liner 293,94

Spinal cord stimulation 595–99

Surgery 290,95

Other 2102,104 392,100,103 1101

Nine trials40,45,59,69–71,90,92,95 were included twice or more as they evaluated interventions which fall into different categories. NMDA,
N-methyl-D-aspartate.

led to better pain relief at 6 months64 and 12 months54 after
treatment.

Local anaesthetics
Eleven trials including data from 324 participants assessed
the effectiveness of local anaesthetics in providing pain
relief after inguinal hernia repair65,66, spinal surgery67–69,
amputation70–73 and breast cancer surgery45,74. Risk
of bias was evident in three studies, and concerned
incomplete outcome data73, random sequence generation
and blinding45, and early trial termination65. Inter-
ventions assessed included lidocaine block65, repeated
epidural nerve blocks68, stellate ganglion block45,74,
bupivacaine72, intravenous lidocaine67,69,70, ropivacaine73,
oral mexiletine71 and lidocaine patch66.

Five trials evaluated local anaesthetic nerve blocks. No
difference in pain intensity was found after ultrasound-
guided lidocaine nerve block compared with placebo
block65 or after repeated epidural sympathetic nerve block
compared with saline blocks68. A trial45 of stellate ganglion
blocks for pain after breast surgery found that they were
inferior to gabapentin; another trial74 noted that pain
relief at 8 weeks was improved with ultrasound guidance
compared with unguided blocks. One trial72 found that
injections of bupivacaine into contralateral painful muscle
sites that mirror phantom limb pains were more effective
at providing pain relief than placebo saline injections.

Five trials evaluated systemic administration of intra-
venous local anaesthetic or oral mexiletine. Two trials67,69

found that intravenous lidocaine did not reduce pain inten-
sity compared with saline, and one70 reported that it
reduced stump pain, but not phantom limb pain. A pilot
trial73 of three patients reported that ropivacaine reduced
phantom limb pain after 12 weeks, although no statisti-
cal tests were performed on this small patient sample. An
8-week course of oral mexiletine was found to have no
effect on pain intensity compared with placebo in a trial
with 60 patients71.

A single trial66 of 21 patients evaluated lidocaine patches
(5 per cent); applied for 2 weeks, they were found to
produce similar results to placebo patches.

Neurotoxins
Three trials including data from 91 participants evalu-
ated botulinum toxin A injections for chronic pain after
knee replacement75, neck dissection76 and lower limb
amputation77. One study77 had evidence of bias relating to
incomplete outcome data. In patients with knee replace-
ment treated with botulinum toxin A, pain intensity was
reduced compared with that in the placebo group after
2 and 7 months, with no increase in adverse events75.
In a dose-finding study76 involving patients with chronic
pain after neck dissection, a lower dose of botulinum A
toxin was associated with reduced pain intensity. There
was little evidence that botulinum A was more effec-
tive than lidocaine/Depo-Medrol® (Pharmacia & Upjohn,
New York, New York, USA) injection after 6 months in a
pilot trial of patients with phantom limb pain77.
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N-methyl-D-aspartate receptor antagonists
Seven trials, including data from 122 participants, evalu-
ated N-methyl-D-aspartate (NMDA) receptor antagonists.
One study78 had evidence of risk of bias relating to blinding
and incomplete outcome data. No differences in pain relief
after 3–5 weeks of memantine compared with placebo
were found in four trials79–82 involving patients with pain
after amputation. Three studies, involving 11–20 patients
each, evaluated ketamine alone or in conjunction with
calcitonin with placebo for patients with phantom limb
pain78,83 or pain after diverse procedures69. All trials pro-
vided evidence that the intervention reduced pain intensity,
although follow-up was short (80 min to 48 h).

Opioids
Six trials including data from 297 participants evaluated
opioids for chronic pain after amputation40,70,71,84, breast
surgery85 and spinal surgery59. Opioids evaluated included
tramadol40, oral morphine71,84,85, morphine infusion70 and
epidural morphine59. In three trials, risk of bias was noted
relating to blinding84, incomplete outcome data40 and
selective reporting59. Compared with placebo, oral mor-
phine was found to provide better pain relief at 4–6
weeks70,71,84, although a common side-effect was constipa-
tion. Trials evaluating 4 weeks of tramadol compared with
placebo40, 6 weeks of morphine compared with gabapentin
with, or without NSAIDs85, and 3-monthly injections of
epidural morphine and steroids compared with steroids
alone59, found no differences in pain intensity between
treatment groups.

Other pharmacological interventions
One trial78, with risk of bias relating to blinding and incom-
plete outcome data, evaluated intravenous calcitonin for
phantom limb pain in 20 patients, and found no effect
up to 48 h after infusion compared with saline. Another
trial86, with no clear evidence of risk of bias, evaluated low
doses of oral/or intravenous naloxone as a supplement in
12 patients whose severe CPSP was already managed by
continuous intrathecal morphine administration. No evi-
dence of an effect on pain relief was found after two 3-week
sessions on differing doses of the drug across a 9-week
period

Physical, surgical, psychological and other
interventions

Acupuncture/dry needling
No evidence of differences in pain relief was found in a trial
of 20 patients comparing dry needling and physiotherapy
with physiotherapy alone for pain after shoulder surgery87.

Another trial88 involving 70 patients with chronic pain
after neck dissection reported that acupuncture resulted
in better pain relief than usual care after 42 days. Neither
participants nor assessors were blinded and this may have
introduced bias.

Exercise
Four trials89–92 involving 323 participants evaluated
exercise interventions, often as a component of a broader
package of care. Two studies were at risk of bias owing to
lack of blinding90,92. No evidence of differences in pain
relief was found in trials comparing 3 months of exercise
with, and without hyperextension exercises after lumbar
surgery89, and 3 weeks of exercise combined with a cogni-
tive intervention compared with lumbar fusion after disc
herniation surgery90. A 4-week training programme of
progressive muscle relaxation, mental imagery and phan-
tom exercises was found to be more effective at relieving
phantom limb pain than a general exercise programme91.
A trial92 of treatment of pain after laminectomy found
that 8 weeks of low-tech exercises (McKenzie-type and
spinal stabilization training exercise) or high-tech exercises
(cardiovascular, isotonic and isokinetic exercises) resulted
in a reduction in pain-related disability compared with no
treatment.

Limb cover/lining
One trial93 with 57 patients reported that non-invasive
limb covering for 12 weeks compared with sham limb
covering did not reduce phantom limb pain. Another trial94

involving 30 patients, which was at risk of bias owing to
incomplete outcome data, found evidence that a stump
liner worn by amputees for 2 weeks reduced pain compared
with a placebo liner.

Spinal cord stimulation
Five trials including 260 participants assessed the impact
of spinal cord stimulation (SCS) on chronic pain after
spinal surgery. Two studies95,96 had a risk of bias related to
blinding, and another97 owing to blinding and commercial
interests. Two trials found that patients who received SCS
for 6 months reported better pain relief than those who had
conventional management (100 patients)97 or reoperation
(60)95. Subcutaneous stimulation as adjunct therapy to SCS
was noted to provide better relief of back pain, but not
leg pain, compared with sham treatment in a trial of 20
participants96. Burst SCS was found to be more effective
at providing pain relief after 1 week than tonic or placebo
SCS98. In a trial involving 15 patients99, there was no
difference in pain after 2 weeks on stimulation with 1000-
versus 500-Hz bursts.
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Surgery
No evidence of differences in pain relief was found when
lumbar fusion was compared with exercise for chronic pain
after disc herniation surgery in a trial of 60 participants90.
In a trial95 involving 60 patients with failed back surgery
syndrome, less pain relief after 6 months was reported by
patients who had reoperation than was reported by patients
who had SCS.

Other interventions
No evidence of differences in pain relief were found in
a trial of cutaneous magnetic stimulation for 24 h com-
pared with sham treatment after spinal surgery in 17
patients100. Four weeks of laser therapy compared with
placebo laser therapy was found to reduce mastectomy
pain at 12 weeks in a trial of 61 participants101. An
unblinded trial that included ten patients102, which was
at risk of bias, found that 2 weeks of sensory discrimi-
nation training led to a reduction in phantom limb pain
at 3 months compared with comprehensive psychophysio-
logical assessment. One trial103 with 40 patients, reported
that 8 weeks of mindfulness-based stress reduction follow-
ing spinal surgery led to better pain relief after 12 weeks
compared with that in the waiting list control group. How-
ever, the trial was at risk of bias because of lack of blinding
and incomplete outcome data. In a three-arm trial104 that
included 22 patients with phantom limb pain, mirror ther-
apy was found to reduce pain intensity after 4 weeks com-
pared with sham mirror therapy and mental visualization.
The study was at risk of bias owing to lack of blinding. A
trial92 involving patients with pain after laminectomy found
that an 8-week course of joint manipulation did not reduce
pain-related disability compared with no treatment. The
same trial also found no difference between a combined
package of hot packs, ultrasound treatment and transcuta-
neous electrical nerve stimulation, and no treatment.

Discussion

The best evidence to guide the implementation of effective
interventions comes from their evaluation in high-quality
randomized trials, and ultimately in systematic reviews
and meta-analyses. Given the prevalence and impact of
CPSP, it is imperative to establish robust methods for its
management. This systematic review aimed to provide
a comprehensive evaluation of the evidence base for the
management of CPSP. Although some of the interven-
tions identified were procedure-specific, others had wider
applicability to other types of CPSP. However, owing to
heterogeneity in the interventions and trial design, pooling
of data in meta-analysis was rarely possible or warranted.

Of the 66 included trials, most evaluated pharmacological
interventions. For all interventions, there was insufficient
evidence to draw conclusions on effectiveness or harm.

There are few systematic reviews in the field of
CPSP, with existing reviews focusing on predictors108,
characteristics8 and prevention109–112. The previ-
ous reviews that have evaluated treatments have been
procedure-specific, focusing on chronic pain after total
knee replacement31 and phantom limb pain30. This con-
trasts with other areas of pain research in which numerous
systematic reviews21,22,113–116 of treatments have been
published. Typically, the focus of a review is on a defined
condition (such as fibromyalgia, back pain) or a presumed
mechanism of chronic pain (for example neuropathic
pain). Patients with CPSP are, of course, embedded within
broader trials investigating chronic pain, but it has not
previously been possible to identify these patients.

This review highlighted some difficulties with conduct-
ing a broad systematic review of CPSP. First, there was
heterogeneity in the definition of CPSP within research
studies; some trials included only patients with neuropathic
pain and there was variability across studies in key eligibil-
ity criteria, such as duration and severity of pain. Second,
one-third of the studies included in the review evaluated
interventions for phantom limb pain. Although previous
reviews of CPSP have also included amputation109,111, the
commonality in the aetiology of phantom limb pain and
other forms of CPSP could be questioned. However, phan-
tom limb pain was included as the aim of this review was to
provide a broad overview of interventions for chronic pain
in the surgical context. The identification of interventions
that show effectiveness in one well studied surgical model
could provide directions for the evaluation of interventions
for CPSP in other surgical areas.

It is important to acknowledge the limitations of this
review when interpreting the results. Searches yielded a
large volume of literature and therefore initial eligibility
screening was performed in duplicate for only 10 per cent
of the studies; this may have increased the risk of eligible
studies being discarded117. However, the final selection
of studies was undertaken by two reviewers in accordance
with guidance from the Cochrane Handbook38. Given the
hidden nature of patients with CPSP included within other
trials, relevant studies were often difficult to identify from
titles and abstracts, and required investigation of the full
text to establish whether or not patients were likely to have
CPSP. Although the search terms identified a large volume
of literature, search of relevant Cochrane reviews identified
three other relevant studies that were not identified in the
initial searches. This highlights the difficulty of conducting
such a systematic review owing to limited reference to the
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patient sample by conventional means – there is no medi-
cal subject heading (MeSH) for CPSP, so indexers and even
study authors did not necessarily use CPSP as a descriptor
or keyword. Limits were not placed on the tools used
to assess secondary outcomes and the resulting hetero-
geneity precluded their inclusion in analysis. Adverse
events were found to be poorly and inconsistently reported.
This has previously been described as a common issue
in chronic pain trials30, and poor reporting precluded
conclusions about intervention safety in this review.
Opportunities for meta-analysis were limited because of
variability in the identified interventions, and conclusions
are predominantly based on narrative synthesis. However,
this review has produced a comprehensive overview of the
evidence for management of CPSP, and the findings have
a number of methodological and clinical implications.

Only three trials included patients with CPSP after
various surgical procedures; the remainder focused on
one surgery type. Of these, the majority of trials were
conducted to evaluate treatments for phantom limb pain
and failed back surgery syndrome, which is likely to reflect
the historical recognition of these pain conditions118,119.
Although an encouraging temporal increase in the number
of trials conducted was identified, the paucity of research
into the management of CPSP, particularly after opera-
tions other than amputation and spinal surgery, highlights
the need for further research. The majority of trials in this
review evaluated pharmacological interventions, reflecting
the commonplace role of these therapies in the manage-
ment of chronic pain. There was insufficient evidence
to evaluate the effectiveness of any treatment modality
in reducing CPSP. It has previously been proposed that
commonly prescribed pharmacological treatments are
insufficient to treat chronic non-cancer pain when used in
isolation120. Given the complex and multifactorial nature
of CPSP, an individualized and multimodal model of care
may be required, as recommended more widely for chronic
non-cancer pain120.

Similar to a previous review of interventions for phan-
tom limb pain30, the present analysis identified the need
for more methodological rigour in the reporting and
conduct of randomized trials in this field. This need
is highlighted by the unclear or high risk of bias rat-
ing assigned to many aspects of the included trials. Fre-
quently encountered issues included lack of transparency,
as shown by lack of preregistration of trials or publication
of trial protocols, failure to report conduct/results accord-
ing to CONSORT standards121–123, and limited and vari-
able assessment of pain and adverse events. IMMPACT
recommendations36 suggest the use of a comprehensive
approach to pain assessment in clinical trials addressing

chronic pain. Many of the trials included in this review
were conducted before publication of the IMMPACT rec-
ommendations in 2003. However, the trials conducted and
published after the IMMPACT guidance generally lim-
ited their outcome assessment to pain intensity. Incon-
sistent reporting of the secondary outcomes of interest
precluded their analysis, highlighting the need for stan-
dardization of outcomes assessment. For many included
trials, sample sizes were small and duration of follow-up
was short, limiting the conclusions that can be drawn
about the therapeutic benefit of interventions in the context
of chronic pain.

For many included trials, threats to both internal and
external validity existed. Reports of trials did not always
include a sample size calculation. The inclusion criteria did
not specify an a priori sample size, owing to the heterogene-
ity of the definition of CPSP and the range of potential
interventions. Such a broad approach allowed this review to
meet the intended aim of comprehensiveness, and to iden-
tify and present all trials within this complex and evolving
field, including those in which events led to early trial ter-
mination or lower recruitment than planned. In keeping
with recommendations in the Cochrane risk-of-bias tool,
sample size was not considered to present a risk of bias per
se124, although small studies do not improve the precision of
estimates. The relatively small sample sizes in some of the
studies that met the inclusion criteria, as well as the high
risk of bias among many of the largest trials, impacted on
both results and generalizability.

In addition to issues of bias in trial conduct and reporting,
the authors were initially keen to report on the quality
of the evidence, potentially using GRADE. However, this
was not possible because of the inability to estimate effects
of treatments: all findings would have been downgraded
for quality owing to the absence of evidence for synthesis.
However, as this field develops and more trials emerge,
it would be expected that new reviews will report effect
estimates and examine the quality of the evidence.

This review highlights the need for more evidence
about interventions for CPSP, and a focus not on the
presumed pathological mechanism or location of pain,
but on the relationship of pain to surgery. Many patients
experience CPSP and it is imperative that evidence-based
interventions are offered to these individuals to improve
postoperative outcome. Trials to date have focused on
pharmacological interventions, and no trials have been
conducted to evaluate multimodal interventions matched
to pain characteristics for the management of CPSP.
Given the complexity of pain that extends or emerges after
surgery, individualized interventions should be developed
and evaluated. High-quality trials of these interventions
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are needed to provide a robust evidence base to guide the
management of CPSP.
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AbstrAct
background Chronic musculoskeletal disorders are 
a prevalent and costly global health issue. A new form 
of exercise therapy focused on loading and resistance 
programmes that temporarily aggravates a patient’s 
pain has been proposed. The object of this review 
was to compare the effect of exercises where pain 
is allowed/encouraged compared with non-painful 
exercises on pain, function or disability in patients 
with chronic musculoskeletal pain within randomised 
controlled trials.
Methods Two authors independently selected studies 
and appraised risk of bias. Methodological quality was 
evaluated using the Cochrane risk of bias tool, and the 
Grading of Recommendations Assessment system was 
used to evaluate the quality of evidence.
results The literature search identified 9081 potentially 
eligible studies. Nine papers (from seven trials) with 
385 participants met the inclusion criteria. There was 
short- term significant difference in pain, with moderate 
quality evidence for a small effect size of −0.27 (−0.54 
to −0.05) in favour of painful exercises. For pain in the 
medium and long term, and function and disability in the 
short, medium and long term, there was no significant 
difference.
conclusion Protocols using painful exercises offer a 
small but significant benefit over pain-free exercises in 
the short term, with moderate quality of evidence. In 
the medium and long term there is no clear superiority 
of one treatment over another. Pain during therapeutic 
exercise for chronic musculoskeletal pain need not be 
a barrier to successful outcomes. Further research is 
warranted to fully evaluate the effectiveness of loading 
and resistance programmes into pain for chronic 
musculoskeletal disorders.
PrOsPErO registration CRD42016038882.

bAckgrOund
Musculoskeletal disorders are one of the most 
prevalent and costly disorders globally.1 2 Low 
back pain is considered the leading cause of years 
lived with disability worldwide, ahead of condi-
tions such as depression, diabetes, cardiovascular 
disease and cancer, with a global point prevalence 
of 9.4%.3 4 Neck pain and other musculoskeletal 
pain ranks fourth and sixth in terms of years lived 
with disability, with a global point prevalence of 5% 
and 8%, respectively.5 6 In the UK, an estimated one 
in four people suffer from chronic musculoskel-
etal disorders,7 with an estimated economic conse-
quence of 8.8 million working days lost.8

Previous systematic reviews have assessed the 
effectiveness of various interventions for muscu-
loskeletal disorders, including pharmaceutical 
therapies,9–12 psychological-based therapies13–16 
and physical-based therapies, including manual 
therapy17–19 and exercise.16 20–24 These have all 
presented poor to moderate results in terms of 
effectiveness at improving pain and function, and 
have identified limitations in the quality of included 
trials when drawing conclusions.

There is a high level of uncertainty and lack of 
sufficient level 1 evidence on which to base treat-
ment for people with musculoskeletal disorders. 
A systematic review of self-management interven-
tions for chronic musculoskeletal pain concluded 
that strong evidence existed that changes in the 
psychological factors, self-efficacy and depression 
were predictors of outcomes, irrespective of the 
intervention delivered, and strong evidence existed 
that positive changes in patients’ pain catastroph-
ising and physical activity were mediating factors.25 
Experimental studies have also demonstrated that 
stimulus context and the emotional response to 
pain affect the experience of pain,26–28 and have led 
to the development of desensitisation interventions 
for chronic musculoskeletal disorders.29–31

It has been proposed that modern treat-
ment therapies for chronic musculoskeletal pain  
and disorders should be designed around loading 
and resistance programmes targeting movements and 
activities that can temporarily reproduce and aggra-
vate patients’ pain and symptoms.31–33 Pain does not 
correlate with tissue damage,34 and psychological 
factors such as catastrophising and fear avoidance 
behaviours play an important role in the shaping of 
the physiological responses to pain, and therefore the 
development and maintenance of chronic pain.35 It is 
thought that such an exercise programme could facil-
itate the reconceptualisation of pain by addressing 
fear avoidance and catastrophising beliefs within a 
framework of ‘hurt not equalling harm’.36 37 Through 
this, proponents support the prescription of exercises 
into pain for chronic musculoskeletal pain and disor-
ders.31 37 38 We define ‘exercise into pain’ as a thera-
peutic exercise where pain is encouraged or allowed.

No previous systematic reviews have evaluated 
the effectiveness of exercises into pain for chronic 
musculoskeletal pain. Therefore the object of this 
review was to compare the effect of exercises into 
pain compared with non-painful exercises on pain, 
function or disability in patients with chronic 
musculoskeletal pain within randomised controlled 
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trials (RCTs), specifically exercises that were prescribed with 
instructions for patients to experience pain, or where patients 
were told it was acceptable and safe to experience pain, and to 
compare any difference in contextual factors and prescription 
parameters of the prescribed exercise intervention.

MEthOds
This systematic review followed the recommendations of the 
PRISMA statement,39 and was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO; http://
www. crd. york. ac. uk/ prospero/, reference CRD42016038882).

search strategy
An electronic database search was conducted on titles and abstract 
from inception to October 2016 on the following databases: the 
Allied and Complimentary Medicine Database, the Cumulative 
Index to Nursing and Allied Health Literature, the Cochrane 
Library, Embase, Medline, SPORTDiscus and Web of Science. 
For the keywords and keywords search strategy used, please see 
table 1. The database searches were accompanied by hand searches 
of the reference list of included articles, and the grey literature and 
ongoing trials were searched using the following databases: Open 

Grey, WHO International Clinical Trials Registry Platform,  Clini-
calTrials. gov and the bjsports-2016-097383 portfolio.

For inclusion, the studies had to meet the following criteria: 
adults recruited from the general population with any musculo-
skeletal pain or disorder greater than 3 months; participants with 
pain suggestive of non-musculoskeletal pain, for example, head-
ache, migraine, bowel/stomach pain, cancer, fibromyalgia, chest 
pain, and breathing difficulties were excluded. Studies had to 
have a primary treatment arm of therapeutic exercises that was 
advised to be purposively painful, or where pain was allowed 
or tolerated. The comparison group had to use therapeutic 
exercises that were pain-free. Included studies were required to 
report pain, disability or function. Studies had to be full RCT 
published in English. Studies that were not randomised or quasi-
random were excluded.

study selection
One reviewer (BES) undertook the searches. Titles and abstracts 
were screened by one reviewer (BES), with potential eligible 
papers retrieved and independently screened by two reviewers 
(BES and PH). Initial inclusion agreement was 81%, and using 
Cohen’s statistic method the kappa agreement was k=0.47, 
which is considered ‘fair to moderate’ agreement.40–42 All initial 
disagreements were due to intervention criteria, specifically the 
levels of pain during the therapeutic exercises in each interven-
tion arm,43–50 and were resolved through consensus. Three trials 
needed further information with regard to their control exercise 
to ascertain if they met the inclusion criteria, and all three were 
contacted.51–53 All three responded with further information, 
and after discussion there was consensus to include two of the 
three trials.51 52

data extraction
The following data were extracted from the included articles: 
trial design, participant information, intervention and control 
exercise, setting, follow-up periods and outcome data.54 The 
data were independently extracted and transcribed to a stan-
dard table by one reviewer (BES), and then 25% of the data 
were independently checked by a second reviewer (PH). Effec-
tiveness was judged in the short term (≤3 months from rando-
misation), medium term (>3 and<12 months) and long term 
(≥12 months), as recommended by the 2009 Updated Method 
Guidelines for Systematic Reviews in the Cochrane Back Review 
Group.55

Quality assessment
Each included study was appraised independently by two 
reviewers (BES and PH) for methodological quality using the 
Cochrane risk of bias tool for randomised clinical trials.56 The 
tool was originally developed in 2008, and updated in 2011, 
and is based on seven key bias domains57: sequence generation 
and allocation concealment (both within the domain of selection 
bias or allocation bias), blinding of participants and personnel 
(performance bias), blinding of outcome assessors (detection 
bias), incomplete outcome data (attrition bias) and selective 
reporting (reporting bias).56 For each domain the reviewers 
judged the risk of bias as ‘high’, ‘low’ or ‘unclear’. Percentage 
agreement between the two reviewers for the individual risk of 
bias domains for the Cochrane risk of bias tool was 86%, with a 
kappa of κ=0.76, which is considered ‘substantial or good’,40–42 
and disagreements were resolved through consensus.

We used the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system to rate the overall 

table 1 Search strategy

1 Randomised controlled trials as

2 Topic/

3 randomised controlled trial.pt

4 controlled clinical trial.pt

5 or/1-3

6 Exp Pain

7 Exp Musculoskeletal Disease

8 Exp Musculoskeletal Pain

9 Or/5-7

10 Rehabilitation

11 Bone

12 Joint

13 Muscle

14 Exp Exercise therapy

15 Physiotherapy

16 Physical therapy

17 Physical-therapy

18 Exp Exercise Or/9-17

19 (exercise adj7 pain$).af

20 High load

21 Loaded$

22 Resistance$

23 Eccentric$

24 Concentric$

25 Weight loaded

26 Weight-loaded

27 Weight resistance

28 Weight-resistance

29 High-load

30 Heavy load

31 Heavy-load

32 Direction$ preference

33 Directional-preference

34 Or/19-33

35 4 and 8 and 18 and 34 (limited to 
English)

http://www.crd.york.ac.uk/prospero/
http://www.crd.york.ac.uk/prospero/
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quality of the body of evidence in each pooled analysis.58 We 
did not evaluate the publication bias domain in this review as 
it is not recommended to assess funnel plot asymmetry with a 
meta-analysis of fewer than 10 trials.59 A GRADE profile was 
completed for each pooled estimate. Where only single trials 
were available, evidence from studies with <400 participants 
was downgraded for inconsistency and imprecision and rated as 
low-quality evidence. Three reviewers assessed these factors for 
each outcome and agreed by consensus (BES, PH and TOS).

The quality of evidence was defined as the following: (1) high 
quality—further research is unlikely to change our confidence in 
the estimate of effect; the Cochrane risk of bias tool identified 
no risks of bias and all domains in the GRADE classification were 
fulfilled; (2) moderate quality—further research is likely to have 
an important impact on our confidence in the estimate of effect, 
and one of the domains in the GRADE classification was not 
fulfilled; (3) low quality—further research is likely to have an 
important impact on our confidence and is likely to change the 
estimate; two of the domains were not fulfilled in the GRADE 
classification; and (4) very low quality—we are uncertain about 
the estimate; three of the domains in the GRADE classification 
were not fulfilled.60 61

statistical analysis
Clinical heterogeneity was assessed through visual examination 
of the data extraction table on details related to participant char-
acteristics, intervention, study design and process in the included 
studies. Based on this assessment, the reviewers judged there to 
be low clinical heterogeneity and accordingly it was appropriate 
to perform a meta-analysis where feasible. The primary outcome 
was a measure of pain, disability or function. As pain scores were 
reported on different scales, we used the standardised mean 
difference (SMD).62 We a priori defined effect size interpreta-
tion as 0.2 for a ‘small’ effect size, 0.5 for a ‘medium’ effect size 
and 0.8 for a ‘large’ effect size, as suggested by Cohen (1988).63 
If data were not available, the associated corresponding author 
was contacted. Failing this, the mean and SD were estimated, 
assuming normal distribution, from medians and IQRs.64 Statis-
tical between-study heterogeneity was assessed with the I22 
statistic. We considered 0%–25% as low, 26%–74% moderate 
and 75% and over as high statistical heterogeneity.65 When 
outcomes presented with low statistical heterogeneity, data were 
pooled using a fixed-effects model.66 When analyses presented 
with moderate or high statistical heterogeneity, a DerSimonian 
and Laird random-effects model was adopted.67

All data analyses were performed using the OpenMetaAnalyst 
software.68

sensitivity analysis
A sensitivity analysis was performed for the primary and 
secondary analyses using only trials that presented with a low 
risk of bias.56 In addition we carried out a sensitivity analysis 
to assess the impact of studies where mean and SD were esti-
mated from medians and IQRs, and outcome measures of pain 
were pooled scores set within pain domains from patient-re-
ported outcome measures, for example, the Shoulder Pain and 
Disability Index (SPADI).69

rEsults
study identification
The search results are presented in figure 1. The database 
search produced 9081 results, with no additional findings from 

reference list searches or unpublished searches. After duplicates 
were removed, 37 papers were appropriate for full-text review.

After full-text review, 28 articles were excluded, 5 were due to 
participants not meeting the criteria, 26 because the intervention 
did not meet the criteria, 3 because of study design not meeting 
criteria, and 1 due to inappropriate outcome measures. Some 
articles were excluded for multiple reasons. Therefore nine arti-
cles were included in the final review. Of the included articles, 
there were two occurrences of the same trial reporting different 
time points over two publications.43 70–72

characteristics of included trials
A summary of the characteristics and main findings of the 
included trials can be found in table 2.

The two occurrences of the same trial reporting different time 
points over two articles were analysed as single trials to prevent 
multiplicity in analyses.43 70–72 All trials investigated home-based 
exercises, had a roughly even composition of women and men 
(46% women), with similar mean ages of participants (mean age 
47, range 19–83). One trial included low back pain,43 72 three 
included shoulder pain,47 52 70 71 two included Achilles pain73 74 
and one included plantar heel pain.51

Three trials used a Visual Analogue Scale to measure 
pain,43 70–72 74 two trials used the SPADI,47 52 one used the Knee 
Injury and Osteoarthritis Outcome Score (KOOS),73 and one 
used the Foot Function Index (FFI) including pain at worse and 
pain on first step on a numerical rating scale (0–10).51

Where pain outcomes were included within patient-reported 
outcome measures, these data were extracted.47 52 73 Two trials 
that used the SPADI had insufficient data in the publication to 
complete a meta-analysis for pain,47 52 and both were contacted 
and asked to supply pain domain data. Littlewood et al52 replied 
and provided all the available data; however, Maenhout et al47 
did not respond. One trial reported outcomes in medians and 
IQRs,74 and was contacted and asked for further data. They 

Figure 1 PRISMA 2009 flow diagram.
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were unable to supply this, so the mean and SD were estimated 
assuming normal distribution.64

All seven trials recorded short-term follow-up of pain, four 
trials recorded medium-term follow-up of pain,47 51 52 74 and five 
trials recorded long-term follow-up for pain.43 51 52 70–73

trial quality and bias
The two papers reporting long-term outcomes for the trials that 
reported different time points made reference to the short-term 
outcome papers with regard to design parameters; therefore, 
trial quality and bias were assessed accordingly.43 70–72

No trial had greater than three ‘high risk’ of bias scores for a 
domain (figure 2).

The greatest risk of bias was with the blinding of participants 
and personnel (100%) (figure 3). The greatest amount of uncer-
tainty was with regard to selective reporting bias, as many of the 
trials failed to include trials register details, or protocol details 
(44%).47 51 73 74 Other common areas of bias with the included 
trials were with attrition bias, one trial failed to adequately describe 
attrition,43 and two trials had large dropout rates52 73; however, 
Littlewood et al52 received a ‘low risk’ score as their participant 
attrition was balanced across the intervention and control groups,75 
and an intention-to-treat analysis was performed. The risk of bias 
assessment tool highlights common trial write-up errors, with a 
number of papers failing to give an appropriate level of detail to 
adequately assess selection bias risk (33%).43 47 74

narrative synthesis of disability and function outcomes
Of the seven trials, six reported some form of patient-reported 
outcome measure of disability or function. One reported 
Roland-Morris Disability Questionnaire,43 72 one reported 
Constant-Murley and the Disabilities of the Arm Shoulder and 
Hand score,70 71 two reported the SPADI,47 52 one reported the 
KOOS,73 and one reported the FFI.51 With the exception of 
Rathleff et al,51 there was clinically significant improvements in 
all outcomes, with no clear superiority. At 3-month follow-up for 
Rathleff et al,51 the intervention group had a statistically signif-
icant lower FFI than the control group (p=0.016). At 1, 6 and 
12 months, there were no differences between groups (p>0.34).

contextual factors
With regard to the parameters of pain in the exercise inter-
vention the participants were advised to adhere to, each trial 
gave different instructions, the key differences being if pain was 
allowed43 51 72 74 or recommended.47 52 70 71 73 In addition other 
differences were if an acceptable level of pain measured on a 
pain scale was advised,47 70 71 74 and a time frame for the pain 
to subside by, for instance, if the pain had to subside immedi-
ately,43 51 52 72 by the next session70 71 or by the next day.47 73 74 
Clinically significant improvements in patient-reported outcome 
measures were reported across all interventions and control 
exercises, and all time points. It is not clear from the data if one 
approach was superior to the others.

Meta-analysis of pain
Short-term results
Six trials with 385 participants reported post-treatment effect on 
pain. Combining the results of these trials demonstrated signif-
icant benefit (SMD) of exercises into pain compared with pain-
free exercises for musculoskeletal pain in the short term, with a 
small effect size of −0.28 (95% CI −0.49 to −0.08; figure 4). 
Statistical heterogeneity was negligible, I2=0%. The quality of 
evidence (GRADE) was rated as ‘low quality’ due to trial design 
and low participant numbers (table 3).

For sensitivity analysis in the short term, we repeated the 
meta-analysis, removing two trials that used a patient-reported 
outcome measures index and had high dropout rates,52 73 and 
the Silbernagel et al74 trial where the mean and SD were esti-
mated from medians and IQRs. The results of the data synthesis 
produced very similar results, with a small effect size of −0.27 
(95% CI −0.54 to −0.05), with low statistical heterogeneity 
of I2=22%. The quality of evidence (GRADE) was rated as 
‘moderate quality’ due to low participant numbers (table 3).

Medium-term results
In the medium-term follow-up, meta-analysis demonstrated 
significant benefit (SMD) for exercises into pain compared with 
pain-free exercises for musculoskeletal pain, with a medium 
effect size of −0.59 (95% CI −1.03 to −0.15) (see figure 5). The 
statistical heterogeneity was moderate, I2=50%. The quality of 
evidence (GRADE) was rated as ‘low quality’ due to trial design 
and low participant numbers (table 3).

Sensitivity analysis was not possible for medium-term results 
as two trials were excluded, one for using a patient-reported 
outcome measures index,51 and one due to means and SD being 
estimated from medians and IQRs.74 The one remaining trial 
showed no significant difference in the medium term.51 The 
quality of evidence (GRADE) was rated as ‘low quality’ due to it 
being only from a single trial (table 3).

Figure 2 Risk of bias summary.

Figure 3 Risk of bias graph.
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Long-term results
In the long term follow-up, meta-analysis demonstrated no statis-
tical difference between exercises into pain and pain-free exercises, 
with an effect size of 0.01 (95% CI −0.39 to 0.41) (figure 6). The 
statistical heterogeneity was high, I2=70%. The quality of evidence 
(GRADE) was rated as ‘very low quality’ due to trial design, hetero-
geneity and low participant numbers (table 3).

For sensitivity analysis in the long term, we repeated the 
meta-analysis, removing the two trials that used a patient-re-
ported outcome measures index.52 73 The results of the data 
synthesis found no statistical difference between exercises into 
pain and pain-free exercises, with an effect size of 0.13 (95% 
CI −0.14 to 0.40). The statistical heterogeneity was negligible, 
I2=0%. The quality of evidence (GRADE) was rated as ‘moderate 
quality’ due to low participant numbers (table 3).

dIscussIOn
summary of main findings
There was a significant short-term benefit for exercises into pain 
over pain-free exercises for patient-reported outcomes of pain, with 
a small effect size and moderate quality of evidence. There appears 
to be no difference at medium-term or long term follow-up, with 
the quality of the evidence rated as moderate to low.

clinical and research implications
Traditionally, healthcare practitioners have been reluctant to 
encourage patients to continue with exercise into pain when they 
are treating chronic musculoskeletal pain,76 with some research 
suggesting clinicians’ fear being the primary deterrent.77 The results 
of our systematic review show that there does not appear to be a 
scientific basis for this fear in relation to outcome measures of pain, 
and also potentially function and disability. This is an important 
point when considering what advice is given on any short-term 
exacerbations of musculoskeletal pain during physical activity or 
exercise by healthcare practitioners, particularly when physical 
inactivity is one of the 10 leading risk factors for death world-
wide,78 and when an estimated €1.9 billion a year in healthcare and 
€9.4 billion a year in economic costs in the UK are attributable to 
physical inactivity.79

A theoretical rationale for a positive response to exercises into 
pain is the positive impact on the central nervous system.31 37 
Specifically, the exercise addresses psychological factors such as fear 
avoidance, kinesiophobia and catastrophising, and is set within a 
framework of ‘hurt not equalling harm’, thus, in time, reducing the 
overall sensitivity on the central nervous system, with a modified 
pain output.31 37 The exercise-induced endogenous analgesia effect 

Figure 4 Forest plot of exercises into pain versus pain-free exercises—short term. Negative values favour painful intervention, whereas positive 
favour pain-free.

table 3 GRADE summary of findings table

summary of results Quality of the evidence (grAdE)

Follow-up
number of 
participants(trials)

sMd
(95% cI) design Inconsistency Indirectness Imprecision Quality

Short term 385 (6 trials) −0.28 (−0.49 to −0.08) Limitations* No inconsistency No indirectness Imprecision† low
⨁⨁◯◯

Medium term 173 (3 trials) −0.59 (−1.03 to −0.15) Limitations* No inconsistency No indirectness Imprecision† low
⨁⨁◯◯

Long term 345 (5 trials)  0.01 (−0.39 to 0.41) Limitations* Inconsistency‡ No indirectness Imprecision† Very low
⨁◯◯◯

sensitivity analysis

Short term 215 (3 trials) −0.27 (−0.54 to −0.05) No limitations No inconsistency No indirectness Imprecision† Moderate
⨁⨁⨁◯

Medium term  40 (1 trials) −0.32 (−0.95 to 0.31) No limitations Inconsistency§ No indirectness Imprecision† low
⨁⨁◯◯

Long term 215 (3 trials) 0.13 (−0.14 to 0.40) No limitations No inconsistency No indirectness Imprecision† Moderate
⨁⨁⨁◯

*Lack of blinding of participants and personnel, attrition bias, unable to adequately assess selection bias risk.
†<400 participants for each outcome.
‡Large statistical heterogeneity; I2=70%.
§Only single trial available, <400 participants therefore downgraded for inconsistency and imprecision.
Short term, ≤3 months; medium term, >3 and <12 months; long term, ≥12 months.
High quality: further research is unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect.
Very low quality: we are uncertain about the estimate.
GRADE, Grading of Recommendations Assessment, Development and Evaluation; SMD, standardised mean difference.
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is thought to occur due to a release of endogenous opioids and 
activation of spinal inhibitory mechanisms.80–84 However, a recent 
systematic review has established that no firm conclusions could be 
reached about pain modulation during exercise therapy for chronic 
musculoskeletal pain.85 Indeed one experimental study has shown 
a dysfunction of endogenous analgesia in patients with musculo-
skeletal pain,86 and therefore exercising non-painful body parts 
with patients with chronic musculoskeletal pain has been recom-
mended.87 However, it is worth noting that empirical data within 
this field are greatly lacking, and this systematic review shows that 
painful exercises may even improve the clinical outcomes. Addi-
tionally, exercise prescription in the included trials was primarily 
based on strength and conditioning principles, with the exception 
of Littlewood et al,52 suggesting a tissue-focused approach, and 
therefore could still have been giving a ‘hurt is harm’ message to 
the majority of participants.

Significant improvements in patient-reported pain can be 
achieved with a range of contextual factors, such as varying degrees 
of pain experiences and postrecovery time for therapeutic exercise. 
In addition to the aspect of pain, an important difference between 
the intervention arm and the control arm is the higher loads, or 
levels of resistance, employed with the exercises into pain, and it 
is unknown if the difference in responses can be attributable to 
these two elements of the different exercise programmes. Research 
has shown a ‘dose response’ to exercise for musculoskeletal pain—
the more incremental exercise (with appropriate recovery period) 
a person does the greater his/her improvements in pain88–90; the 
short-term benefits of exercises into pain over pain-free exercises 
could be explained by this dose effect, or response to load/resis-
tance. However to our knowledge the optimal ‘dose’ of thera-
peutic exercise for musculoskeletal pain has not been established. 
Furthermore, little is known if it is possible or appropriate to iden-
tify individuals most suitable to exercise interventions.

Our review only investigated patient-reported outcome 
measures of pain and function/disability. It has been hypothesised 
that exercise therapy, where it has been advised that the experience 
of pain is safe and allowed, may address other patient-reported 
outcome measures—fear avoidance, self-efficacy and catastroph-
ising beliefs37 38—and therefore may lead to improvements in func-
tion, quality of life and disability, despite pain levels. Unfortunately 
none of the trials included in this review recorded the level of pain 
patients actually experienced during their exercise programme, 
preventing any detailed attempt to fully explain any mechanisms 

of effect. This aspect of exercise prescription clearly warrants 
further investigation in relation to chronic musculoskeletal pain. 
Any future trials should consider the role of pain with exercises 
and clearly define the parameters employed to ensure translation 
of findings into practice and further evaluation of optimal ‘dosage’.

strengths and limitations of included trials
We chose not to perform subgroup analyses by anatomical region 
and/or tissue structures. The labelling of musculoskeletal struc-
tures as sources of pain has been debated for many years, with 
polarising opinions.91 92 However, the diagnostic labelling of 
patients into tissue-specific pathology characteristically suffers 
from poor reliability and validity.93–98 A strength of this review is 
that despite the trials including subjects suffering from musculo-
skeletal pain at different body locations, there exists low statis-
tical heterogeneity at short-term follow-up and for the sensitivity 
analyses carried out.

The overall quality of the included papers can be considered 
relativity high, with only three domains in the Cochrane risk of 
bias tool (disregarding blinding of participants) demonstrating 
clear risk of bias across all domains for all trials. However taking 
into account other factors assessed with the GRADE analysis, the 
quality of the evidence was rated as moderate to low. Therefore 
our results can be considered to have moderate to low internal 
validity, with future research likely to alter our conclusions.

The main source of bias within the included trials were blinding; 
no trial blinded the participants. Knowledge of group assignment 
may affect participants’ behaviour, for example with patient-re-
ported outcome measures such as pain scales or compliance with 
therapy interventions.99 However, it is accepted that blinding 
in physiotherapy and physical intervention trials is difficult to 
achieve.24

Another limitation of the included trials is the high level of 
attrition suffered by some of the trials in both treatment arms. 
For example Littlewood et al52 suffered from 51% dropout at 
12-month follow-up. A high level of attrition can overestimate the 
treatment effect size and could bias the results of our meta-anal-
ysis. However, we minimised the risk of bias on our results by 
conducting a sensitivity analysis on trials with a large dropout, 
identified using the Cochrane risk of bias tool and assessed level of 
evidence using the GRADE classification.

limitations of this review
For pragmatic reasons one reviewer screened titles and abstracts. 
An extensive literature search was carried out, with two reviewers 
independently screening full texts for inclusion, and a sample of 
the data extraction independently verified. Additionally an attempt 
was made to retrieve unpublished trials; however, it may be that 
not all trials were retrieved, particularly considering we did not 
search for papers published in languages other than English and 
US spelling was used in the search terms. This review excluded 
trials where participants had a diagnosis of more widespread pain 
disorders like fibromyalgia.

Figure 5 Forest plot of exercises into pain versus pain-free exercises—medium term. Negative values favour painful intervention, whereas positive 
favour pain-free.

Figure 6 Forest plot of exercises into pain versus pain-free 
exercises—long term. Negative values favour painful intervention, 
whereas positive favour pain-free. AMED, Allied and Complimentary 
Medicine Database; CINAHL, Cumulative Index to Nursing and Allied 
Health Literature.
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cOnclusIOn
The results of this systematic review indicates that protocols 
using exercises into pain offer a small but significant benefit over 
pain-free exercises in the short term, with moderate quality of the 
evidence for outcomes of pain in chronic musculoskeletal pain 
in adults. There appears to be no difference at medium-term or 
long-term follow-up, with moderate to low quality of evidence, 
demonstrating pain need not be ruled out or avoided in adults 
with chronic musculoskeletal pain.

What are the findings?

 ► Protocols using exercises into pain for chronic 
musculoskeletal pain offer a small but significant benefit over 
pain-free exercises in the short term.

 ► Adults with musculoskeletal pain can achieve significant 
improvements in patient-reported outcomes with varying 
degrees of pain experiences and postrecovery time with 
therapeutic exercise.

 ► Pain during therapeutic exercise for chronic musculoskeletal 
pain need not be a barrier to successful outcomes.

 ► Protocols using exercises into pain typically have higher loads 
and dose of exercise.
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AbstrAct
Objectives To conduct a systematic review of 
interventions used to improve exercise adherence in older 
people, to assess the effectiveness of these interventions 
and to evaluate the behavioural change techniques 
underpinning them using the Behaviour Change Technique 
Taxonomy (BCTT).
Design Systematic review.
Methods A search was conducted on AMED, BNI, CINAHL, 
EMBASE, MEDLINE and PsychINFO databases. Randomised 
controlled trials that used an intervention to aid exercise 
adherence and an exercise adherence outcome for older 
people were included. Data were extracted with the 
use of a preprepared standardised form. Risk of bias 
was assessed with the Cochrane Collaboration’s tool 
for assessing risk of bias. Interventions were classified 
according to the BCTT.
results Eleven studies were included in the review. 
Risk of bias was moderate to high. Interventions were 
classified into the following categories: comparison of 
behaviour, feedback and monitoring, social support, 
natural consequences, identity and goals and planning. 
Four studies reported a positive adherence outcome 
following their intervention. Three of these interventions 
were categorised in the feedback and monitoring category. 
Four studies used behavioural approaches within their 
study. These were social learning theory, socioemotional 
selectivity theory, cognitive behavioural therapy and 
self-efficacy. Seven studies did not report a behavioural 
approach.
conclusions Interventions in the feedback and 
monitoring category showed positive outcomes, although 
there is insufficient evidence to recommend their use 
currently. There is need for better reporting, use and the 
development of theoretically derived interventions in 
the field of exercise adherence for older people. Robust 
measures of adherence, in order to adequately test these 
interventions would also be of use.
PrOsPErO registration number CRD42015020884.

IntrODuctIOn
Exercise is an effective treatment option 
for a variety of conditions1 and in a number 
of chronic conditions its effectiveness may 
be comparable to drug interventions.2 This 
type of therapeutic exercise is defined as a 

subset of physical activity that is structured 
and planned, with the aim of maintaining 
or improving one or more aspects of phys-
ical fitness, in this way it differs from phys-
ical activity which is defined as any bodily 
movement generated by skeletal muscle.3 
Prescribed exercise is a common treatment 
option used by health professionals such 
as physiotherapists.4 No definitive figure 
exists regarding the number of exercise 
programmes prescribed in a given year. 
However to give some indication as to the 
magnitude of this number, in 2014 there 
were 23 006 physiotherapists in the UK.5 A 
UK survey of organisations offering outpa-
tient physiotherapy reported that of the 
54% of organisations to respond 1 480 893 
new patients were seen in a year.6 It is 
known from surveys of practice that exer-
cise is a commonly used treatment modality 
across a range of conditions.7–11 It is there-
fore reasonable to assume that a signifi-
cant number of exercise programmes are 
being prescribed yearly.

Adherence to exercise is known to be vari-
able. In their seminal paper, Sluijs et al12 
reported that 22% of patients were non-com-
pliant, with 41% being partially compliant. 
Similar figures have been demonstrated 
subsequently.13 It is known that exercise 
adherence can affect treatment outcomes, 
with factors such as pain, physical function, 
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Figure 1 An example of search terms from Medline.

Figure 2 Flow diagram of study selection. RCT, randomised controlled trial.

physical performance and self-perceived effect of exer-
cise being higher in those with better adherence.14 15 
Therefore, low levels of adherence may limit the effec-
tiveness of prescribed exercise. This makes adherence 

an important consideration for those who prescribe 
exercise.

Adherence is defined by WHO as the ‘extent to which 
a person’s behaviour corresponds with agreed recommendations 
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Figure 3 Risk of bias assessment.

from a healthcare provider’.16 Adherence to medical treat-
ments, in particular medication is well reviewed.17–19 
Considering exercise adherence, previous literature has 
focused largely on factors relating to adherence.20–25 A 
previous review22 reported that adherence to treatment 
given in physiotherapy including prescribed exercises 
was influenced by low baseline levels of physical activity, 
low in-treatment adherence, low self-efficacy, depres-
sion, anxiety, helplessness, poor social support, greater 
number of perceived barriers to exercise and increased 
pain levels during exercise. Adherence to home-based 
physical therapies has been linked to several factors 
including intention to engage in home-based physical 

therapy, self-motivation, self-efficacy, previous adherence 
to exercise-related behaviours and also social support.20

Adhering to exercise is important for all populations, 
however, there are several factors that make it crucial for 
older people. Exercise adherence in this population is 
affected by health status,21 and it is known that older people 
are more likely to have long-term conditions (LTCs) or 
multiple LTCs,26 for which prescribed exercise is a treat-
ment option.1 Exercise engagement is known to be poor 
in older people following discharge from hospital,27 or 
discharge from physiotherapy.28 This is a critical consid-
eration because treatment outcomes in this population 
are linked to compliance with interventions.29 There are 
a number of factors that have been identified as affecting 
exercise adherence in older people, including low self-ef-
ficacy, low motivation, depression, lack of interest, fear 
of falling, health status, physical ability, low expectations, 
socioeconomic status and exercise programme character-
istics.21 27 28 Programme design was also a factor noted by 
Farrance et al30 in a mixed-method systematic review of 
community-based exercise interventions for older people. 
They also reported six key themes related to adherence, 
these being social connectedness, participant perceived 
benefits, programme design, empowering/energising 
effects, instructor and individual behaviour. While it 
is important to understand the role of these personal 
factors and programme characteristics, it is also crucial to 
establish if there is anything clinicians can do to enhance 
adherence to prescribed exercise in older people.

Exercise adherence interventions aim to increase the 
likelihood that people will follow prescribed exercise, in 
this way they fulfil the definition by the National Institute 
for Health and Care Excellence31 of a behaviour change 
intervention, ‘…sets of techniques, used together, which aim 
to change the health behaviours of individuals, communities 
or whole populations’. Many previous behavioural inter-
ventions have been designed using what Martin Eccles 
calls the ISLAGIATT principle, ‘it seemed like a good idea 
at the time’.32 This lack of theoretical underpinning could 
potentially limit the effectiveness of interventions. For 
this reason and so that interventions can be described 
and categorised, it is important to review the theories or 
approaches that underpin exercise adherence interven-
tions. One way this can be achieved is through using a 
method to categorise behavioural approaches, such as 
the Behaviour Change Technique Taxonomy (BCTT) 
developed by Michie et al.33

A Cochrane review exploring interventions to improve 
exercise adherence in those aged 18 years and over with 
chronic musculoskeletal pain34 reported that interven-
tions such as self-management techniques and supervised 
as well as individualised exercise might improve adher-
ence. More recently, Peek et al35 reviewed adherence to 
self-management strategies prescribed by physiothera-
pists. They found that interventions using activity moni-
toring and feedback systems, written instructions and 
behavioural exercise programmes with booster sessions 
may be effective in promoting adherence. Although both 
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these reviews were undertaken on adult populations, they 
did not breakdown the population further and, there 
remains a need to consider interventions specific to older 
populations. Disease-specific reviews that are relevant 
to older people have taken place, in particular consid-
ering arthritis. Ezzat et al36 reported limited evidence for 
exercise adherence interventions in an arthritis popu-
lation. Nicolson et al37concluded that booster sessions, 
and behavioural graded exercise could improve adher-
ence for those with osteoarthritis, in addition to motiva-
tional approaches for those with chronic low back pain. 
However, given that exercise is prescribed for a breadth of 
conditions,1 there is need to consider a broader, non-dis-
ease-specific review for older people to draw evidence 
from a wider population.

Other approaches that have shown potential in adher-
ence include peer delivered programmes and arthritis 
self-management programmes. Burton et al38 reviewed 
the effectiveness of peers delivering programmes, or moti-
vating older people to increase physical activity, finding 
that involving peers in exercise programmes can promote 
adherence. Williamson et al39 reviewed behavioural phys-
ical activity interventions in those with lower limb osteo-
arthritis. They report that self-management programmes 
for those with osteoarthritis demonstrate a small but 
significant improvement in short-term physical activity. 
Although both these examples focus on physical activity, 
rather than exercise, there may be some crossover, and 
there remains a need to review interventions in the field 
of therapeutic exercise. While we know there is no clear 
guidance regarding approaches for therapists to opti-
mise adherence to prescribed exercise, there are studies 
that consider older patients and adherence,40–42 but no 
evidence synthesis as yet. Therefore, the aim of this review 
is threefold to:

 ► Establish what interventions have been described in 
the literature to improve adherence to prescribed 
exercise in older people.

 ► Determine to what extent these interventions are 
effective at improving exercise adherence.

 ► Describe any underlying behavioural techniques or 
theory behind these interventions.

MEthODs
The steps taken in the design and conduct of this review 
have been done so with consideration of the Preferred 
Reporting Items for Systematic reviews and Meta-anal-
ysis (PRISMA).43 44 This review has been registered with 
PROSPERO, registration number CRD42015020884 
available at http://www. crd. york. ac. uk/ PROSPERO.

Data sources and searches
The following electronic databases were searched 
from inception up to May 2017 AMED, BNI, CINAHL, 
EMBASE, Medline and PsycINFO. Additionally, the refer-
ence lists of papers included in the systematic review were 
screened.

search terms
Search terms were developed by JR. The terms were 
expanded at two consensus meetings attended by health-
care researchers. The list was reviewed by a healthcare 
librarian and further changes made. The terms make 
use of both subject headings and free text search terms. 
Figure 1 is an example of the search from Medline; 
Medical Subject Headings terms are shown in bold.

study selection
All databases were searched by JR, once studies were 
returned, titles and abstracts were screened and full 
texts were retrieved if the study was potentially relevant. 
A second reviewer EH also independently screened 
the title and abstracts of the studies retrieved by the 
Embase database. This comprised 1179 hits which was 
20.55% of all the studies retrieved. JR and EH compared 
results, any disagreements were resolved by discussion. 
A third reviewer KB was available if agreement could 
not be reached. Once full texts had been retrieved, JR 
and EH independently assessed the studies against the 
inclusion criteria. After reviewing all full texts, results 
were compared. Where disagreement occurred this was 
resolved through discussion, KB was available if agree-
ment could not be reached.

Eligibility criteria
Studies were included if they met the following inclusion 
criteria:

 ► Including a population that had a mean age of 65 
years or older.

 ► Including a population that is community dwelling.
 ► Randomised controlled trials (RCTs).
 ► Studies including intervention(s) aiming to improve 

adherence, compliance, concordance to or engage-
ment with exercise, compared with either no adher-
ence, compliance, concordance or engagement 
intervention; another adherence, compliance, 
concordance or engagement intervention or an inter-
vention which does not aim to improve adherence, 
compliance, concordance or engagement.

 ► A comparator group which was also undertaking the 
exercise programme. Where a no intervention control 
group occurred, there needed to be a least two active 
intervention groups to offer a comparison.

 ► Published in English.
 ► Peer reviewed.
Studies were excluded for the following reasons:
 ► Studies including a population with a diagnosis of 

dementia or cognitive impairment.
 ► Any study design that was not an RCT.
 ► Protocols, feasibility and pilot studies including pilot 

RCTs.

Data extraction
Two reviewers independently extracted information from 
the included studies using separate, standardised prepre-
pared forms. Data were extracted about study design, 

http://www.crd.york.ac.uk/PROSPERO
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participants, setting, type and dose of intervention, 
underlying theory behind the intervention, the compar-
ator arm, the method of assessment, outcome measures 
used and study findings.

Quality assessment
Two reviewers assessed study quality independently. One 
reviewer was blinded to author, journal, publication date 
and affiliations. The Cochrane Collaboration’s tool for 
assessing risk of bias was used.45 Each study was reviewed 
for the following items: sequence generation, allocation 
concealment, blinding of participants and personnel, 
blinding of outcome assessors, incomplete data, selective 
outcome reporting and other sources of bias. Each item 
was graded as low risk of bias, high risk of bias or uncertain 
risk. For sequence generation, if an appropriate method 
of randomly generating group allocation, to allow for 
comparable groups was described, this was scored as low 
risk of bias. If a non-random method was described and/
or groups were significantly different in baseline charac-
teristics, it was scored as high risk. If the description was 
not clear, it was marked as uncertain risk. For allocation 
concealment, where a method of concealing assignment, 
that is, the participant or investigator could not predict 
assignment, such as opaque sealed envelopes this was 
scored as low risk. If a method enabling participants or 
investigators to be able to predict assignment was used, 
this was graded as high risk. Where information was not 
clear, this was scored as uncertain risk. For blinding of 
participants and personnel, if where possible studies 
reported blinding of participants and personnel this was 
scored as low risk. If it was possible to blind participants 
and personnel but this was not done, this was graded as 
high risk. It is acknowledged that blinding of participants 
and personnel is very difficult in exercise and rehabilita-
tion studies, therefore if the reviewers felt that blinding 
was not possible it was scored as uncertain risk. For 
blinding of outcome assessors, studies where there was 
specific mention of steps to blind either outcome asses-
sors, or those handling the data if outcomes were self-re-
port questionnaires or surveys filled out at home, this was 
scored as low risk. If outcome assessors were not blinded 
this was rated as high risk. Where unclear this was graded 
as uncertain risk. For incomplete data, if there was little 
or no incomplete data, and if appropriate measures were 
taken to deal with missing data, this was scored as low risk. 
If there was a large amount of missing data, or no appro-
priate steps to manage missing data this was marked as 
high risk. Where it was unclear, this was scored as uncer-
tain risk. For selective outcome reporting, if a study 
protocol was available and all outcomes described were 
reported this was scored as low risk. If not all outcomes 
were described this was scored as high risk. Where no 
study protocol was available this was rated as uncertain 
risk. For the final domain, other sources of bias, studies 
were scored as low risk if the reviewers felt there were no 
other sources of bias that could affect the results. As high 
risk if there were other potential sources of bias, such as 

small sample size, where unclear this was scored as uncer-
tain risk. Disagreement between reviewers was resolved 
through discussion. If consensus was not met a third 
reviewer was available. If it was necessary authors were 
contacted for further information.

Data synthesis
The heterogeneous nature of the interventions and the 
different outcomes used for measuring exercise adher-
ence prevented the use of meta-analysis. Therefore, the 
interventions are classified according to the behaviour 
change techniques that they employ, as described in the 
predefined BCTT.33 This taxonomy categorises behaviour 
change techniques by the active ingredients they use. Inter-
ventions from included studies were grouped into cate-
gories according to the techniques that they employed. 
Study interventions were reviewed and compared against 
the definitions used to define each technique. All tech-
niques in the taxonomy fall within 1 of 16 categories. The 
interventions were placed into categories according to 
the techniques that were identified during the process of 
reviewing and comparing against technique definitions.

rEsults
A total of 5737 papers were identified through data-
base searches, after screening the title and abstract and 
removing duplicates 5425 were removed. The full text was 
retrieved for the remaining 312 papers, 301 papers were 
removed at this stage as they did not meet the inclusion 
criteria. This left 11 studies which were included in the 
review.40–42 46–53 A flow chart of this process can be seen 
in figure 2.

risk of bias
Eleven studies were assessed using the Cochrane Collab-
oration’s tool for assessing risk of bias. No studies were 
rated as low risk of bias, two as moderate risk of bias and 
nine as high risk of bias. The scores for each domain can 
be seen in figure 3. The most common area where risk of 
bias was observed was in the relatively small sample sizes, 
and the lack of sample size justification of most studies.

types of intervention
Several types of intervention were identified, these are 
categorised according to the BCTT developed by Michie 
et al.33 For a full description of the studies see table 1.

comparison of behaviour
One study with high risk of bias41 compared exercise 
instruction given in audio and video format in addition to 
written instructions, they found no significant difference 
in mean exercise adherence between groups at 1–4 weeks 
(P=0.690) and 5–8 weeks (P=0.538).

Feedback and monitoring
One study47 with a high risk of bias, provided heart failure 
participants with individual graphic feedback, related to 
their exercise goal. They found a significant difference 
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between number of exercise sessions completed between 
a group that received the intervention and a control 
group at 24 weeks (P<0.01).

Another study40 with a high risk of bias, compared 
adherence with a Tai Chi exercise programme delivered 
through an interactive telecommunication approach, or 
a class in a community centre, compared with exercising 
at home with a digital versatile disc (DVD) for people at 
risk of falling. They found the telecommunication and 
community-based groups had significantly higher results 
for time exercising and attendance rate compared with 
home exercise (P<0.01).

A further study52 with a high risk of bias, compared a 
weekly exercise and motivation classes lasting 6 months 
against written and verbal exercise advice, for those with 
intermittent claudication. Participants were advised to 
walk at least three times a week to near maximal pain. At 
6 months, there were more participants in the interven-
tion group who reported to be walking either three times 
a week, or more than three times a week, in comparison 
to the advice group (P<0.012).

social support
A study46 with a high risk of bias, tested an adherence 
intervention for participants with chronic lung disease. 
The intervention included weekly phone calls and one 
home visit over a 3-month period. The phone calls and 
visit included dealing with queries about exercise adher-
ence and exercise maintenance, problem solving, discus-
sion and recommendations about health problems and 
encouragement. With home visits that evaluated home 
safety and helped establish an individualised exercise 
routine. This study found a short-term difference in 
minutes of exercise undertaken, between the interven-
tion and a control at 20 weeks (P<0.05). Although this 
difference was absent at 1 year follow-up.

A second study with a high risk of bias48 looked at 
guidance and supervision for the frail elderly, testing the 
difference between a high guidance group and a medium 
guidance group. They found no difference between 
groups for percentage of exercise sessions undertaken.

A third study with a high risk of bias53 compared a 
group that received psychoeducation, peer support and 
group exercise, with a group that undertook self-guided 
psychoeducation and exercise. They found that both 
groups attended a similar number of exercise sessions at 
12 weeks.

A study50 with a moderate risk of bias, investigated 
supervised exercise versus home-based exercise with 
no supervision. They found no significant difference 
between groups with regard to total exercise sessions 
completed (P=0.712).

natural consequences
One study49 with moderate risk of bias provided two 
different types of adherence messages based on Socio-
emotional Selectivity Theory,54 one message emphasised 
emotionally meaning reasons to exercise, for example, 

spending time with loved ones. The other message 
emphasised knowledge-related goals, for example, 
stronger muscles. No significant difference was found 
in an average adherence score between the two groups 
2 weeks after discharge from physical therapy (P=0.03).

Identity
One study42 with a high risk of bias, compared cognitive 
behavioural therapy (CBT), an attention control educa-
tion group and a control group. The primary emphasis 
of the CBT was to teach older people to recognise and 
modify their thoughts or interpretations about exercise. 
They found no significant difference in time spent exer-
cising between groups at 3, 6, 9 and 12 months.

Goals and planning
A study51 with a high risk of bias, compared a structured 
educational counselling booster session, given over the 
phone, or face to face, compared with usual care. During 
the booster sessions, participant’s individualised goals 
were used as a basis for intervening. Where participants 
were progressing towards goal achievement they received 
praise, and were encouraged to attribute their accom-
plishment to their own ability. In addition, discussion 
of factors inhibiting achievement of goals took place. 
They found no significant differences in adherence rates 
between groups at 3 and 6 months.

behavioural theories
Four studies used behavioural theories to justify their chosen 
intervention. Duncan and Pozehl47 delivered an interven-
tion which offered individual graphic feedback, related to 
the exercise goal. This was underpinned by Social Learning 
Theory, a theory in which Bandura suggested that people 
can learn through observation of others, their behaviour 
and the outcomes of their behaviour.55 Gallagher’s49 inter-
vention used two different types of adherence messages, 
one message emphasised emotionally meaning reasons to 
exercise, while the other message emphasised knowledge 
related goals. This was based on Socioemotional Selectivity 
theory,54 a theory that posits that time effects the pursuit 
of social goals. Social motives can fall into those that deal 
with the acquisition of knowledge, or those that relate to 
regulation of emotion. Once time is perceived as limited 
emotional goals take priority over knowledge acquisition. 
Schneider et al42 used a CBT intervention. CBT works on 
the principle that thoughts, emotions, physical feelings, 
situations and actions are connected, CBT aims to help 
people break down any negative thought cycles.56 Finally, 
Yates et al51 used booster sessions delivered over the phone 
or face to face. Bandura’s self-efficacy57 was used to inform 
their intervention. Self-efficacy refers to the magnitude of 
a person’s belief in their ability to undertake a task and 
achieve a desired goal. Seven studies did not cite a specific 
behavioural theory to justify their intervention. Of the 
studies which reported a behavioural theory, one reported 
a significant improvement in exercise adherence, this was 
Duncan and Pozehl.47
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DIscussIOn
This review investigated interventions tested in RCTs to 
improve exercise adherence in older adults. Interventions 
were categorised using the BCTT.33 Interventions cate-
gorised in the feedback and monitoring group demon-
strated positive results for exercise adherence, although 
risk of bias limits generalisability of these results. The 
inconclusive results mirror similar results to adherence 
prompting interventions in other populations. Peek 
et al35 investigated interventions to support adherence 
to physiotherapy prescribed self-management strate-
gies, they found that although some interventions had 
a positive impact on adherence, there was insufficient 
data to recommend their use clinically. Another review 
by McLean et al58 investigated interventions to improve 
adherence to musculoskeletal physiotherapy treatment, 
they found moderate evidence that a motivational cogni-
tive behavioural programme is effective at enhancing 
attendance to clinic sessions which were exercise based, 
but conflicting evidence that adherence approaches 
improve short-term exercise adherence, and strong 
evidence that adherence interventions were not effective 
at enhancing long-term exercise adherence. Although 
it has previously been found that there is evidence 
that interventions can improve exercise adherence in 
disease-specific populations which are relevant to older 
people, such as osteoarthritis and rheumatoid arthritis,36 
back pain and hip and knee osteoarthritis.37

This review provides a synthesis of evidence specifically 
for older patients, without considering a specific condi-
tion. Four papers reported positive results. Three of these 
interventions were categorised in the feedback and moni-
toring category. Namely, exercise delivered by telecom-
munication or in a community class setting,40 supervised 
exercise and motivation classes52 and graphic feedback 
delivered by a healthcare professional.47 Interestingly, 
the method of feedback or monitoring differed across 
these studies, yet they all demonstrated positive results. 
Although the limitations of these studies reduce their 
generalisability, there may be scope for further investiga-
tion in this area. It may be that monitoring and feedback 
interventions can help to overcome some of the barriers 
to exercise adherence in older people, such as low self-effi-
cacy and motivation,27 or help to facilitate exercise adher-
ence, for example, it has been previously reported that 
adherence is generally better in programmes with super-
vision.21 Peek et al35 reported that activity monitoring and 
feedback systems may help to promote adherence. This 
is in line with evidence from other populations.59 60 It has 
been reported that feedback may improve adherence to 
an exercise programme, for adults with borderline hyper-
tension.59 Feedback is also of use in areas such as self-care 
in those with diabetes.60 One of the common factors that 
these interventions possess is that the number of contacts 
with healthcare professionals is greater than the control. 
This is reflective of work in other areas where number of 
contacts can affect behaviour change, such as with using 

exercise advice to treat young adults with prehyperten-
sion and hypertension.61

Prescribed exercise is a prominent treatment option, 
which is likely to be used further as people live longer,62 
with more likelihood of LTCs.26 Strategies to promote 
adherence should therefore remain an important factor 
for those who prescribe exercise. An area in which exer-
cise adherence research could move forwards would be 
to consider the theory that underpins interventions. 
Measuring adherence is essentially measuring behaviour 
change in participants, that is, the participant’s behaviour 
corresponding to recommendation from a healthcare 
provider,16 in this case following an exercise programme. 
It is interesting that seven of the studies included did not 
appear to have used any behavioural theory. This could 
have potential impact on the effectiveness of interven-
tions. An important aspect in developing complex inter-
ventions, as outlined by the MRC’s guidance is using the 
best available evidence and appropriate theory.63 If adher-
ence interventions lack theoretical underpinning, then 
the chances of successfully changing people’s behaviour 
may be limited. It may also affect the ability to appropri-
ately categorise and replicate interventions.

Even where behavioural approaches are considered, 
there may still be room for further consideration. Michie 
et al64 developed a framework for behaviour change inter-
ventions, The Behaviour Change Wheel. This model posits 
that the three crucial components to behaviour change 
are capability, opportunity and motivation. Interventions 
may need to target one, two or even all three components 
to facilitate change. Approaches targeting only one area 
may not result in the desired change in behaviour. For 
example, giving information may target capability, while 
having no effect on opportunity or motivation. Well-devel-
oped interventions underpinned by appropriate theory, 
are likely to maximise the potential for behaviour change, 
in this case adherence to prescribed exercise.

One of the challenges to research in the field of exercise 
adherence is measuring adherence itself. It has previously 
been reported that numerous methods for reporting 
exercise adherence exist, however, on the whole there is 
a lack of measures with reported validity and reliability.65 
This is in line with the results of this review. The papers 
included used a diverse range of adherence outcome 
measures. Robust outcome measures would offer greater 
confidence in the effects of interventions, in addition to 
making the comparison of interventions and meta-analysis 
more straightforward. A further consideration in the area 
of exercise adherence interventions is that of contextual 
equivalence of intervention and control groups. Bishop et 
al66 reviewed the contextual effects and behaviour change 
techniques of both control and target interventions, in 
trials from a Cochrane review of physical activity. They 
conclude that a broad range of control interventions 
are used in this field. This in turn may influence effect 
size, due to the different behaviour change techniques 
that are included within the numerous different control 
interventions. It is important that future work considers 
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the contextual equivalence of control and intervention 
groups in the area of exercise adherence, such as consid-
ered in the review by Nicolson et al.37

strengths and limitations
This review systematically searched the literature 
with clear inclusion and exclusion criteria using an 
appropriate risk of bias assessment tool. It also used a 
predefined BCTT allowing the categorisation and evalu-
ation of interventions. Limitations of this review include 
the moderate to high risk of bias of the studies, in partic-
ular due to small sample sizes leading to underpowered 
studies. Also, it was not possible to perform meta-analyses 
due to the heterogeneous nature of the interventions and 
measurements of adherence, it is also known that there is 
a lack of well-developed measures of adherence for thera-
peutic exercise,65 making it more challenging to capture 
the effect of adherence interventions. Another consid-
eration is that although it was beyond the scope of this 
review to analyse health outcomes, adherence promoting 
interventions do need to be considered in the context 
of these health outcome results. For it is appropriate to 
ensure that intervening to promote adherence also offers 
an improvement in health outcome, or at least causes 
no harm. Finally, only papers published in English were 
considered for this review. It is possible that there are 
studies published in languages other than English that 
would have changed the results of the review.

Future research
Interventions that focused on feedback and monitoring 
demonstrated significant results. However, these types of 
intervention need to be tested in appropriately powered 
trials. Second, there is need for the development of adher-
ence interventions underpinned by appropriate theory. 
Finally, there is need for robust adherence measures 
that are valid and reliable to be developed, in order to 
adequately assess the effectiveness of interventions.

cOnclusIOn
This review provides an overview of interventions to 
improve exercise adherence in older people. Interven-
tions grouped in the feedback and monitoring category 
of the BCTT demonstrated positive effects on exercise 
adherence, although risk of bias limits the generalisability 
of these approaches. There is need for better reporting, 
use and the development of theoretically derived inter-
ventions in the field of exercise adherence for older 
people. Robust measures of adherence, in order to 
adequately test these interventions would also be of use.
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A B S T R A C T

Background

Falls in care facilities and hospitals are common events that cause considerable morbidity and mortality for older people. This is an
update of a review first published in 2010 and updated in 2012.

Objectives

To assess the effects of interventions designed to reduce the incidence of falls in older people in care facilities and hospitals.

Search methods

We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialised Register (August 2017); Cochrane Central Register of
Controlled Trials (2017, Issue 8); and MEDLINE, Embase, CINAHL and trial registers to August 2017.

Selection criteria

Randomised controlled trials of interventions for preventing falls in older people in residential or nursing care facilities, or hospitals.

Data collection and analysis

One review author screened abstracts; two review authors screened full-text articles for inclusion. Two review authors independently
performed study selection, ’Risk of bias’ assessment and data extraction. We calculated rate ratios (RaR) with 95% confidence intervals
(CIs) for rate of falls and risk ratios (RRs) and 95% CIs for outcomes such as risk of falling (number of people falling). We pooled
results where appropriate. We used GRADE to assess the quality of evidence.
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Main results

Thirty-five new trials (77,869 participants) were included in this update. Overall, we included 95 trials (138,164 participants), 71
(40,374 participants; mean age 84 years; 75% women) in care facilities and 24 (97,790 participants; mean age 78 years; 52% women)
in hospitals. The majority of trials were at high risk of bias in one or more domains, mostly relating to lack of blinding. With few
exceptions, the quality of evidence for individual interventions in either setting was generally rated as low or very low. Risk of fracture
and adverse events were generally poorly reported and, where reported, the evidence was very low-quality, which means that we are
uncertain of the estimates. Only the falls outcomes for the main comparisons are reported here.

Care facilities

Seventeen trials compared exercise with control (typically usual care alone). We are uncertain of the effect of exercise on rate of falls
(RaR 0.93, 95% CI 0.72 to 1.20; 2002 participants, 10 studies; I² = 76%; very low-quality evidence). Exercise may make little or no
difference to the risk of falling (RR 1.02, 95% CI 0.88 to 1.18; 2090 participants, 10 studies; I² = 23%; low-quality evidence).

There is low-quality evidence that general medication review (tested in 12 trials) may make little or no difference to the rate of falls
(RaR 0.93, 95% CI 0.64 to 1.35; 2409 participants, 6 studies; I² = 93%) or the risk of falling (RR 0.93, 95% CI 0.80 to 1.09; 5139
participants, 6 studies; I² = 48%).

There is moderate-quality evidence that vitamin D supplementation (4512 participants, 4 studies) probably reduces the rate of falls
(RaR 0.72, 95% CI 0.55 to 0.95; I² = 62%), but probably makes little or no difference to the risk of falling (RR 0.92, 95% CI 0.76
to 1.12; I² = 42%). The population included in these studies had low vitamin D levels.

Multifactorial interventions were tested in 13 trials. We are uncertain of the effect of multifactorial interventions on the rate of falls
(RaR 0.88, 95% CI 0.66 to 1.18; 3439 participants, 10 studies; I² = 84%; very low-quality evidence). They may make little or no
difference to the risk of falling (RR 0.92, 95% CI 0.81 to 1.05; 3153 participants, 9 studies; I² = 42%; low-quality evidence).

Hospitals

Three trials tested the effect of additional physiotherapy (supervised exercises) in rehabilitation wards (subacute setting). The very low-
quality evidence means we are uncertain of the effect of additional physiotherapy on the rate of falls (RaR 0.59, 95% CI 0.26 to 1.34;
215 participants, 2 studies; I² = 0%), or whether it reduces the risk of falling (RR 0.36, 95% CI 0.14 to 0.93; 83 participants, 2 studies;
I² = 0%).

We are uncertain of the effects of bed and chair sensor alarms in hospitals, tested in two trials (28,649 participants) on rate of falls
(RaR 0.60, 95% CI 0.27 to 1.34; I² = 0%; very low-quality evidence) or risk of falling (RR 0.93, 95% CI 0.38 to 2.24; I² = 0%; very
low-quality evidence).

Multifactorial interventions in hospitals may reduce rate of falls in hospitals (RaR 0.80, 95% CI 0.64 to 1.01; 44,664 participants, 5
studies; I² = 52%). A subgroup analysis by setting suggests the reduction may be more likely in a subacute setting (RaR 0.67, 95% CI
0.54 to 0.83; 3747 participants, 2 studies; I² = 0%; low-quality evidence). We are uncertain of the effect of multifactorial interventions
on the risk of falling (RR 0.82, 95% CI 0.62 to 1.09; 39,889 participants; 3 studies; I² = 0%; very low-quality evidence).

Authors’ conclusions

In care facilities: we are uncertain of the effect of exercise on rate of falls and it may make little or no difference to the risk of falling.
General medication review may make little or no difference to the rate of falls or risk of falling. Vitamin D supplementation probably
reduces the rate of falls but not risk of falling. We are uncertain of the effect of multifactorial interventions on the rate of falls; they
may make little or no difference to the risk of falling.

In hospitals: we are uncertain of the effect of additional physiotherapy on the rate of falls or whether it reduces the risk of falling. We
are uncertain of the effect of providing bed sensor alarms on the rate of falls or risk of falling. Multifactorial interventions may reduce
rate of falls, although subgroup analysis suggests this may apply mostly to a subacute setting; we are uncertain of the effect of these
interventions on risk of falling.

P L A I N L A N G U A G E S U M M A R Y

Interventions for preventing falls in older people in care facilities and hospitals
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Review question

How effective are interventions designed to reduce falls in older people in care facilities and hospitals?

Background

Falls by older people in care facilities, such as nursing homes, and hospitals are common events that may cause loss of independence,
injuries, and sometimes death as a result of injury. Effective interventions to prevent falls are therefore important. Many types of
interventions are in use. These include exercise, medication interventions that include vitamin D supplementation and reviews of the
drugs that people are taking, environment or assistive technologies including bed or chair alarms or the use of special (low/low) beds,
social environment interventions that target staff members and changes in the organisational system, and knowledge interventions. A
special type of intervention is the multifactorial intervention, where the selection of single interventions such as exercise and vitamin
D supplementation is based on an assessment of a person’s risk factors for falling. Falls are reported in two ways in our review. One
outcome is rate of falls, which is the number of falls. The other outcome is risk of falling, which is the number of people who had one
or more falls.

Search date

We searched the healthcare literature for reports of randomised controlled trials relevant to this review up to August 2017.

Study characteristics

This review included 95 randomised controlled trials involving 138,164 participants. Seventy-one trials (40,374 participants) were in
care facilities, and 24 (97,790 participants) in hospitals. On average, participants were 84 years old in care facilities and 78 years old in
hospitals. In care facilities, 75% were women and in hospitals, 52% were women.

Quality of the evidence

The majority of trials were at high risk of bias, mostly relating to lack of blinding. With few exceptions, the quality of evidence for
individual interventions in either setting was generally rated as low or very low. Risk of fracture and adverse events were generally poorly
reported and, where reported, the evidence was very low quality, which means that we are uncertain of the estimates.

Key results

There was evidence, often from single studies, for a wide range of interventions used for preventing falls in both settings. However, in
the following we summarise only the falls outcomes for four key interventions in care facilities and three key interventions in hospitals.

Care facilities

We are uncertain of the effect of exercise on the rate of falls (very low-quality evidence) and it may make little or no difference to the
risk of falling (low-quality evidence).

General medication review may make little or no difference to the rate of falls (low-quality evidence) or the risk of falling (low-quality
evidence).

Prescription of vitamin D probably reduces the rate of falls (moderate-quality evidence) but probably makes little or no difference to
the risk of falling (moderate-quality evidence). The population included in these studies appeared to have low vitamin D levels.

We are uncertain of the effect of multifactorial interventions on the rate of falls (very low-quality evidence). They may make little or
no difference to the risk of falling (low-quality evidence).

Hospitals

We are uncertain whether physiotherapy aimed specifically at reducing falls in addition to usual rehabilitation in the ward has an effect
on the rate of falls or reduces the risk of falling (very low-quality evidence).

We are uncertain of the effect of bed alarms on the rate of falls or risk of falling (very low-quality evidence).

Multifactorial interventions may reduce the rate of falls, although this is more likely in a rehabilitation or geriatric ward setting (low-
quality evidence). We are uncertain of the effect of these interventions on risk of falling.

3Interventions for preventing falls in older people in care facilities and hospitals (Review)
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Exercise compared with usual care for falls prevention in care facilities

Population and setting: older (≥ 65 years) residents of care facilities

Intervention: exercise

Comparison: usual care

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk

Usual care

Corresponding risk

Exercise

Rate of falls

Length of follow-up: 3

to 12 months

Low-risk populat ion1 RaR 0.93

(0.72 to 1.20)

2002

(10 studies)

+ooo

VERY LOW7
These results were het-

erogeneous: subgroup

analysis by type of exer-

cise did not explain the

heterogeneity

Four addit ional trials (N

= 130) with data not

suitable for pooling re-

ported a reduct ion in

the rate of falls

1000 per 1000 py 930 (720 to 1200) per

1000 py

High-risk populat ion2

3500 per 1000 py 3255 (2520 to 4200)

per 1000 py

Risk of falling

Length of follow-up: 3

to 12 months

Low-risk populat ion3 RR 1.02

(0.88 to 1.18)

2090

(10 studies)

++oo

LOW8
1 addit ional trial (2

comparisons, N = 110)

reported no signif icant

dif f erence in the risk of

falling

250 per 1000 255 (220 to 295) per

1000

Moderate-risk populat ion4

500 per 1000 510 (440 to 590) per

1000

High-risk populat ion5
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700 per 1000 714 (616 to 826) per

1000

Risk of f racture

Length of follow-up: 6

months

Average risk populat ion6 RR 0.88

(0.25 to 3.14)

183

1 study

+ooo

VERY LOW9
This outcome poorly re-

ported.

42 per 1000 37 (11 to 132) per 1000

Adverse events

Length of follow-up: 4

to 12 months

See comment See comment Not est imable. 1032

(4 studies)

+ooo

VERY LOW
10

1 serious adverse event

reported (death due to

a ruptured abdominal

aort ic aneurysm one

week af ter the follow-

up tests, associat ion

could not def initely be

ruled out) in 1 trial (183

part icipants)

Three trials reported no

dif ferences in adverse

events:

• 1 trial (639

part icipants) report ing

aches and pains, P = 0.

75

• 1 trial (194

part icipants) reported

no stat ist ical

dif f erence in severe

soreness (10 exercise

versus 11 control),

severe bruises (2

versus 1), severe

fat igue (4 versus 1)

• 1 trial reported no

adverse events
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* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in care facilit ies report ing the outcome. The exact basis for the assumed risk f or each

outcome is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of

the intervent ion (and its 95%CI).

CI: Conf idence interval; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Low risk was based on the mean control risk of the 17 (bottom third) trials with the lowest rate of falls. The mean rate of

falls = 1.07, rounded to 1.0 per person year; thus 1000 per 1000 person years.
2 High risk was based on the mean control risk of the 18 (top third) trials with the highest rate of falls. The mean rate of falls

= 3.69, rounded to 3.5 per person year; thus 3500 per 1000 person years.
3 Low risk was based on the mean control risk of the 20 trials with the lowest risk of falling. The mean risk of falling = 0.268,

rounded to 0.25; thus 250 per 1000 people.
4 Moderate risk was based on the mean control risk of the 20 trials report ing a moderate risk of falling, not described as high-

risk populat ions. The mean risk of falling = 0.539, rounded to 0.5; thus 500 per 1000 people.
5 High risk was based on the mean control risk of the 13 trials report ing a high risk of falling, including populat ions with a

descript ion as a high-risk populat ion. The mean risk of falling = 0.680, rounded to 0.7; thus 700 per 1000 people.
6 Risk based on the median control risk of f racture of the trials report ing this outcome. Median risk = 0.042; thus 42 per 1000.
7 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of bias for blinding (not

feasible), baseline imbalance, attrit ion bias and high or unclear risk of bias in method of ascertaining falls), one level for

inconsistency (considerable heterogeneity I² = 76%) and one level for publicat ion bias (suspected based on asymmetry of

funnel plots).
8 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of bias based on blinding

(not feasible), baseline imbalance and high or unclear risk of select ion bias) and one level for publicat ion bias (strongly

suspected based on asymmetry of funnel plots).
9 The quality of the evidence was downgraded two levels for imprecision (extremely wide conf idence intervals that include the

possibility of both important benef it and harm) and one level for publicat ion bias (strongly suspected based on asymmetry of

funnel plots).
10 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of bias for select ion bias,

baseline imbalance and select ive report ing), two levels for imprecision (inadequate power to assess rare adverse events) and

two levels for ’other reasons’ (publicat ion bias strongly suspected based on asymmetry of funnel plots and adverse events

unlikely to have been recorded systematically).
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B A C K G R O U N D

Description of the condition

Studies of falls in nursing facilities show considerable variation in
falls incidence rates but a “middle of the road” figure provided in
a review of incidence rates is 1.7 falls per person-year, compared
with 0.65 falls per person-year for older people living in the com-
munity (Rubenstein 2006). In a study conducted in 40 Canadian
residential care facilities, 62% of participants fell over a one-year
period, with a falls rate of 2.51 falls per person per year (Kennedy
2015). It should be noted, however, that routine recording of falls
incidents in standard reporting systems is likely to under-estimate
the incidence of falls (Hill 2010; Sutton 1994). In a prospective
one-year study in 528 nursing homes in Bavaria, Germany, about
75% of falls occurred in the residents’ rooms or in bathrooms; 41%
occurred during transfers and 36% when walking (Becker 2012).
The fall rate was higher in men (2.8 falls per person year) than
women (1.49 falls per person year), and falls were less common in
people requiring the lowest and highest levels of care. Lord 2003
also found that fall rates were lower in frailer people who were un-
able to rise from a chair or stand unaided. In this group, increased
age, male sex, higher care classifications, incontinence, psychoac-
tive medication use, previous falls and slow reaction times were as-
sociated with increased falls. Systematic reviews have shown that in
nursing homes, falls history, walking aid use, moderate disability,
cognitive impairment, wandering, Parkinson’s disease, dizziness,
use of sedatives, antipsychotics, antidepressants and total number
of medications used are associated with an increased risk of falling
(Deandrea 2013; Muir 2012). In residents with dementia, age, use
of psychotropic drugs, fair or poor general health, gait impairment
and trunk restraint use are associated with an increased number
of falls (Kropelin 2013).
In hospital settings, a falls incidence of 5.71 falls per 1000 bed days
has been found in 16 US general medical surgical and speciality
units (Shorr 2012), 6.45 falls per 1000 bed days in 24 Australian
medical and surgical wards (Barker 2016), 10.9 falls per 1000 bed
days in eight Australian rehabilitation/geriatric units (Hill 2015)
and 17.1 falls per 1000 bed days in psychogeriatric wards (Nyberg
1997). In elderly care wards in an UK district general hospital in
2004, the reported rate was as high as 18.0 falls per 1000 bed days
(Healey 2004). A similar rate has been reported in some high-risk
wards in Australia (Barker 2016).
Systematic reviews have shown that risk factors for falls in hospital
inpatients are falls history, age, cognitive impairment, sedative and
antidepressant use, gait instability, agitated confusion and urinary
incontinence (Deandrea 2013; Oliver 2004). For older patients in
rehabilitation hospital settings, risk factors include carpet floor-
ing, vertigo, being an amputee, confusion, cognitive impairment,
stroke, sleep disturbance, anticonvulsants, tranquillisers, antihy-
pertensive medications, previous falls and need for transfer assis-
tance (Vieira 2011).

There is considerable mortality and morbidity associated with falls
in care facilities and hospitals. A study in 24 Australian medical
and surgical wards reported a fall injury rate of 2.36 per 1000 bed
days (Barker 2016). A study in both these settings reported an
incidence of 533 per 1000 person years for all injuries, 20 per 1000
person years for hip fracture, and 270 per 1000 person years for
head injuries, for which 13% (14/107) required medical attention
(Nurmi 2002). Overall, men were 1.5 times more likely to be
injured than women. Older people who sustain a hip fracture while
in hospital have been shown to have poor outcomes compared
with people sustaining similar fractures in the community (Murray
2007). Falls have been reported to be the most common cause of
death from an external cause in residents of care facilities (Ibrahim
2015).

Description of the intervention

The majority of falls are caused by complex combinations of fac-
tors operating at the time of each fall event. Interventions may
target risk factors in participants or target staff and clinicians with
the aim of improving clinical practice or the organisation of care.
In some studies, single interventions have been evaluated while in
others, interventions with more than one component have been
evaluated. Delivery of multiple-component interventions may be
based on individual assessment of risk (a multifactorial interven-
tion) or the same components are provided to all participants (a
multiple intervention). A taxonomy has been developed to de-
scribe and classify types of intervention (Lamb 2007; Lamb 2011).
Key intervention categories include exercise, medication (drug tar-
get) interventions which include interventions targeting vitamin
D and medication reviews, environment or assistive technologies
including bed/chair alarms or the use of low/low beds, social en-
vironment interventions which target staff members and changes
in the organisational system, knowledge interventions and multi-
factorial interventions.
The majority of randomised controlled trials considered within
this review provide a comparison with ‘usual care’ in the care fa-
cilities and hospitals involved. Typically, ’usual care’ will include
standard practices for managing commonly known, potentially
modifiable, risk factors for falls and, moreover, the components of
usual care will vary both over time and between settings.

Why it is important to do this review

A systematic review is required to summarise evidence of the im-
pact of purposeful interventions designed to prevent falls, in ad-
dition to the unknown impact of routine (and probably variable)
care in care facilities and hospitals. Despite routine activities at-
tempting to reduce falls, falls are common in these settings and
they result in considerable mortality and morbidity. Results will in-
form healthcare professionals, researchers, policy makers, informal
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care givers and consumers. This review is an update of a Cochrane
Review first published in 2010 (Cameron 2010), and previously
updated in 2012 (Cameron 2012).

O B J E C T I V E S

To assess the effects of interventions designed to reduce the inci-
dence of falls in older people in care facilities and hospitals.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered for inclusion all randomised trials, including quasi-
randomised trials (for example, alternation), cluster-randomised
trials and trials in which treatment allocation was inadequately
concealed.

Types of participants

We included trials of interventions to prevent falls in older people,
of either sex, in care facilities or hospitals. We considered trials for
inclusion if the majority of participants were over 65 years or the
mean age was over 65 years, and the majority were living in care
facilities or were patients in hospital. We excluded trials conducted
in places of residence that do not provide residential health-related
care or rehabilitative services, for example retirement villages or
sheltered housing. Trials with participants resident in the commu-
nity and in care facilities were included either in this review or in
the Cochrane Review of interventions for preventing falls in older
people living in the community (Gillespie 2012), depending on
the proportion of participants in each setting. Inclusion in either
review was determined by discussion between the authors of both
reviews. Trials recording falls in both settings may be included in
both reviews.
We subdivided care facilities based on level of care provided. We
defined high-level care facilities as “establishments that are primar-
ily engaged in providing inpatient nursing and rehabilitative ser-
vices for long-term care patients. The care is generally provided for
an extended period of time to individuals requiring nursing care.
These establishments have a permanent core staff of registered or
licensed practical nurses that, along with other staff, provide nurs-
ing care in combination with personal care” (OECD 2011). We
defined intermediate-care facilities as “institutions which provide
health-related care and services to individuals who do not require
the degree of care which hospitals or skilled nursing facilities pro-
vide, but because of their physical or mental condition require care

and services above the level of room and board” (NLM 2012).
Some facilities provided both these levels of care. For cluster-ran-
domised trials, the classification of the level of care was based on
the description of the facility. For individually-randomised trials
where the level of care provided by the facility was clearly described,
this description informed the classification. Where the inclusion/
exclusion criteria of a trial selected patients who required high or
intermediate level of care from a mixed-care facility, the classifica-
tion was based upon the care needs of the individual participants.
For trials in hospitals, participants included staff or in-patients. We
excluded interventions that took place in emergency departments,
outpatient departments or where hospital services were provided in
community settings. We subdivided hospitals into those providing
acute, and those providing subacute care. We defined subacute care
as “medical and skilled nursing services provided to patients who
are not in an acute phase of an illness but who require a level of
care higher than that provided in a long-term care setting” (NLM
2012).
Studies recruiting participants post-stroke were excluded as inter-
ventions to prevent falls in this population are reviewed in a sep-
arate Cochrane Review Interventions for preventing falls in people
after stroke (Verheyden 2013).

Types of interventions

Any intervention designed to reduce falls in older people compared
with any other intervention, usual care or placebo. We grouped in-
terventions using the fall-prevention classification system (taxon-
omy) developed by the Prevention of Falls Network Europe (Pro-
FaNE) (Lamb 2011). Interventions have been grouped by combi-
nation (single, multiple, or multifactorial), and then by the type
of intervention (descriptors). Full details are available in the Pro-
FaNE taxonomy manual (Lamb 2007). The possible intervention
descriptors are: exercises, medication (drug target, i.e. withdrawal,
dose reduction or increase, substitution, provision), surgery, man-
agement of urinary incontinence, fluid or nutrition therapy, psy-
chological interventions, environment/assistive technology, social
environment, interventions to increase knowledge, other interven-
tions.

Types of outcome measures

We included only trials that reported raw data or statistics relating
to rate or number of falls, or number of participants sustaining at
least one fall during follow-up (fallers). Trials that reported only
those participants who had more than one fall were included. Trials
that reported only specific types of fall (e.g. injurious falls) were
not included. Trials that focused on intermediate outcomes such
as improved balance or strength, and did not report falls or falling
as an outcome, were excluded.
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Primary outcomes

• Rate of falls (falls per unit of person time that falls were
monitored)

• Number of fallers (risk of falling)

Secondary outcomes

• Number of participants sustaining fall-related fractures
• Complications of the interventions
• Economic outcomes

Search methods for identification of studies

Electronic searches

We searched the Cochrane Bone, Joint and Muscle Trauma Group
Specialised Register (to 3 August 2017), the Cochrane Central
Register of Controlled Trials (CENTRAL) (2017, Issue 8), MED-
LINE (including Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE Daily, Ovid MEDLINE and
Versions) (1946 to 3 August 2017), Embase (1980 to 2017 Week
31), and CINAHL (1982 to 3 August 2017). We also searched on-
going trial registers via the World Health Organization’s ICTRP
Search Portal (3 August 2017) and ClinicalTrials.gov (3 August
2017). We did not apply any language restrictions.
For this update, the search results were limited from 2012 onwards.
The search update process was run in two stages: the first search
was run in February 2016 and a second top-up search was run
in August 2017. Details of the search strategies used for previous
versions of the review are given in Cameron 2012.
In MEDLINE (OvidSP), subject-specific search terms were com-
bined with the sensitivity- and precision-maximising version of
the Cochrane Highly Sensitive Search Strategy for identifying
randomised trials in MEDLINE (Lefebvre 2011). We modified
this strategy for use in CENTRAL, Embase, and CINAHL (see
Appendix 1 for all strategies).

Searching other resources

We also checked reference lists of articles and further trials were
identified by contact with researchers in the field. For the first
version of this review, we identified trials in care facilities and
hospitals included in Gillespie 2003.

Data collection and analysis

Data collection and analysis were carried out according to meth-
ods stated in the published protocol (Cameron 2005), and subse-
quently amended to concur with updated methods in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a)

as described in Differences between protocol and review. Data col-
lection and analysis were carried out according to methods stated
in the published protocol (Cameron 2005), which were based on
the Cochrane Handbook for Systematic Reviews of Interventions (
Higgins 2011a).

Selection of studies

From the title, abstract, or descriptors, one review author screened
all abstracts to identify potentially relevant trials for full review.
Two review authors screened potentially relevant abstracts. From
the full text, two review authors independently assessed potentially
eligible trials for inclusion and resolved disagreement by discus-
sion, or by adjudication with a third review author. Full-text re-
view was undertaken using Covidence. Disagreement was resolved
by discussion and consensus or third party adjudication when nec-
essary. We contacted trial authors for additional information if
necessary to assess eligibility.

Data extraction and management

Pairs of review authors independently extracted data using a pre-
tested data extraction form for studies included to 2012. For this
update,again pairs of review authors independently extracted data
from the identified studies using Covidence. Multiple reports from
the same study were linked as a single study in Covidence and ev-
idence from all reports were reviewed in undertaking data extrac-
tion. Where data were unclear authors were contacted whenever
possible for clarification. Disagreement was resolved by discussion
and consensus or third party adjudication when necessary.

Assessment of risk of bias in included studies

Pairs of review authors independently assessed risk of bias for each
included study based on recommendations in the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2011b). As-
sessors were not blinded to author and source institution. Review
authors did not assess their own trials. Disagreement was resolved
by consensus, or by third party adjudication.
We assessed risk of bias for the following domains: sequence gen-
eration (selection bias); allocation concealment (selection bias);
blinding of participants and personnel (performance bias); blind-
ing of outcome assessment (detection bias), incomplete outcome
data (attrition bias), and selective reporting (reporting bias). Since
all the outcomes collected in our review are susceptible to the same
risk of bias, we have not assessed outcomes for risk of detection
bias or completeness of outcome data separately. Additionally, we
assessed bias in the recall of falls due to less reliable methods of
ascertainment (Hannan 2010), and bias resulting from major im-
balances in key baseline characteristics (e.g. age, gender, previous
falls, medical status, dependency, cognitive function). Assessors
rated the risk of bias as low, high or unclear for each domain.
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We established additional criteria within currently existing do-
mains for assessing the additional risks of bias associated with clus-
ter randomisation (Section 16.3.2; Higgins 2011b). Thus ’recruit-
ment bias’ was considered as a component of selection bias under
allocation concealment; ’baseline imbalance’ resulting from small
numbers of clusters was considered in bias resulting from major
imbalances in key characteristics; risk of bias resulting from ’loss
of clusters’ was considered under incomplete outcome data; and
’incorrect analysis’ that failed to take into account the effect of
clustering and that could not be satisfactorily remedied was con-
sidered under selective outcome reporting. We did not assess the
risk of bias relating to the ’comparability with individually-ran-
domised trials’ as a separate item as it is impossible to establish
suitable criteria for an individual trial out of context. The poten-
tial for differences in effects between cluster- and individually-
randomised trials was considered in our assessment of the quality
of the evidence and in our Discussion.
Our criteria for ’Risk of bias’ assessments are shown in Appendix
2.

Measures of treatment effect

We have reported the treatment effect for rate of falls as a rate
ratio (RaR) and 95% confidence interval (CI). For number of
fallers and number of participants sustaining fall-related fractures
we have reported a risk ratio (RR) and 95% CI. We used results
reported at discharge from hospital for trials that continued to
monitor falls after discharge.

Rate of falls

The rate of falls is the total number of falls per unit of person time
that falls were monitored (e.g. falls per person year). The rate ratio
compares the rate of falls in any two groups during each trial.
We used a rate ratio (for example, incidence rate ratio or hazard
ratio for all falls) and 95% CI if these were reported in the paper.
If both adjusted and unadjusted rate ratios were reported, we used
the unadjusted estimate, unless the adjustment was for clustering.
If a rate ratio was not reported but appropriate raw data were
available, we used Excel to calculate a rate ratio and 95% CI. We
used the reported rate of falls (falls per person year) in each group
and the total number of falls for participants contributing data, or
we calculated the rate of falls in each group from the total number
of falls and the actual total length of time falls were monitored
(person years) for participants contributing data. In cases where
data were only available for people who had completed the study,
or where the trial authors had stated there were no losses to follow-
up, we assumed that these participants had been followed up for the
maximum possible period. Where there were no falls in one arm
of a study, and a low total number of falls and/or participants (e.g.
Beck 2016; Cadore 2014), the rate of falls cannot be determined.
Such data were therefore not pooled, however the omission of these

data from the pooled analysis is considered unlikely to change any
estimate of effect.

Risk of falling

For number of fallers, a dichotomous outcome, we used a risk
ratio as the treatment effect. The risk ratio compares the number
of people who fell once or more (fallers) in the intervention and
control arms of each trial.
We used a reported estimate of risk (hazard ratio for first fall,
risk ratio (relative risk), or odds ratio) and 95% CI if available.
If both adjusted and unadjusted estimates were reported we used
the unadjusted estimate, unless the adjustment was for clustering.
If an odds ratio was reported, or there was no effect estimate and
95% CI, and appropriate data were available, we calculated a risk
ratio and 95% CI using the csi command in Stata or in Review
Manager. For the calculations, we used the number of participants
contributing data in each group if this was known; if not reported,
we used the number randomised to each group.

Secondary outcomes

For the number of participants sustaining one or more fall-related
fractures, we used a risk ratio as described in ’Risk of falling’ above.

Unit of analysis issues

For trials that were cluster randomised, for example by care fa-
cility or ward, we performed adjustments for clustering (Higgins
2011c), if this was not done in the published report. We used
intra-cluster correlation coefficients reported by Dyer 2004 (falls
per person year 0.100, number of residents falling 0.071, and res-
idents sustaining a fracture 0.026).
For trials with multiple intervention groups, we either combined
the groups or included only one pair-wise comparison (interven-
tion versus control) in any analysis in order to avoid the same
group of participants being included twice.
For trials that excluded the intervention period from the falls out-
comes, we did not pool the outcomes data with other studies.

Dealing with missing data

Only the available data were used in the analyses; we did not
impute missing data.

Assessment of heterogeneity

We assessed heterogeneity within a pooled group of trials using
a combination of visual inspection of the graph along with con-
sideration of the Chi² test (with statistical significance set at P <
0.10), and the I² statistic (Higgins 2003). We based our inter-
pretation of the I² results on that suggested by Higgins 2011a:
0% to 40% might not be important; 30% to 60% may represent
moderate heterogeneity; 50% to 90% may represent substantial
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heterogeneity; and 75% to 100% may represent very substantial
(’considerable’) heterogeneity.

Assessment of reporting biases

To explore the possibility of publication and other reporting biases,
we constructed funnel plots for analyses that contained more than
10 studies.

Data synthesis

We classified interventions into those taking place in care facilities
and those taking place in hospitals, and pooled these separately
because participant characteristics and the environment warrants
different types of interventions in the different settings, possibly
implemented by people with different skill mixes.
Within these categories, we grouped the results of trials with com-
parable interventions and participant characteristics, and compiled
forest plots using the generic inverse variance method in Review
Manager. This method enabled pooling of the adjusted and un-
adjusted treatment effect estimates (rate ratios or risk ratios) that
were reported in the paper, or we calculated from data presented
in the paper (see Measures of treatment effect). Where the total
number of patients, rather than admissions, could not be deter-
mined, we did not pool these data with other studies. Where the
reported trial outcomes did not include falls during the interven-
tion period, we did not pool these data with those of other trials.
Where appropriate, we pooled results of comparable studies using
both fixed-effect and random-effects models. We chose the model
to report by careful consideration of the extent of heterogeneity
and whether it can be explained by factors such as the number
and size of included studies, or the level of care provided. We
used 95% CIs throughout. We considered, on a case by case basis,
not pooling data where there was considerable heterogeneity (I²
statistic value of greater than 75%) that could not be explained by
the diversity of methodological or clinical features among trials.
Where it was inappropriate to pool data, we still presented trial
data in the analyses or tables for illustrative purposes and reported
these in the text.

Subgroup analysis and investigation of heterogeneity

We minimised heterogeneity as much as possible by grouping tri-
als as described previously (using ProFaNE categories of interven-
tions). We categorised broad interventions further by grouping
subtypes of interventions according to ProFaNE (e.g. for exercise
interventions). We explored heterogeneity by carrying out sub-
group analyses based on level of care and level of cognition at enrol-
ment in care facilities and hospitals where possible. We subdivided
the care facilities into high, intermediate or mixed levels of care.
The levels of care of the facilities reflect the levels of dependence
of the participants. In hospitals, the level of care was subdivided
by acute versus subacute or mixed levels of care. We also carried

out subgroup analyses by stratification of intervention types ac-
cording to ProFaNE (e.g. for exercise types, medication target in-
terventions), and type of fracture. Subgroup analyses based upon
the individual components of the multifactorial interventions was
precluded by the study design and reporting. Data were inade-
quate for conducting a subgroup analysis by level of frailty of the
participants in trials of exercise in care facilities.
We grouped trials by level of cognition into those that included
only participants with cognitive impairment versus those with no
cognitive impairment, or a mixed sample at enrolment.
We used the random-effects model to pool data in all subgroup
analyses testing for subgroup differences due to the high risk of
false-positive results when comparing subgroups in a fixed-effect
model (Higgins 2011d). We used the test for subgroup differences
available in Review Manager to determine whether there was evi-
dence for a difference in treatment effect between subgroups.

Sensitivity analysis

Where there was substantial statistical heterogeneity we carried
out a post-hoc sensitivity analysis to explore the effect of removing
trials from the analysis if visual inspection of the graph showed
poorly overlapping confidence intervals. Where there was consid-
ered to be significant statistical heterogeneity for rate of falls but
not risk of falling, sensitivity analyses were carried out to deter-
mine the likely effects of using random-effects versus fixed-effect
meta-analyses for the risk of falling (e.g. for exercise versus usual
care in care facilities and multifactorial interventions in care facil-
ities). We conducted post-hoc sensitivity analyses for exercise in
care facilities, excluding trials with 20 participants or less in each
arm of the trial to explore the possibility of small-trial effects, due
to the observed asymmetry in the Funnel plots. We conducted
a sensitivity analysis for exercise compared to usual care in care
facilities including Cadore 2014, which had zero falls in the in-
tervention arm, using one fall in the intervention arm to examine
the likely effect of omitting this trial from the analysis. We also
conducted a sensitivity analysis excluding one trial with a known
non-normal distribution of falls in the intervention arm from the
analysis of general medication review in care facilities for the rate
of falls outcomes.
Sensitivity analyses according to study quality were not possible as
most studies were at potential risk of bias.

Economic issues

We have noted the results from any economic evaluations (cost-ef-
fectiveness analysis, cost-utility analysis) incorporated in included
studies. We also extracted from each trial reporting a cost analysis,
cost description or analytic model, the type of resource use re-
ported (e.g. delivering the intervention, hospital admissions, med-
ication use) and the cost of the items for each group.
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Assessing the quality of the evidence and ’Summary

of findings’ tables

For each comparison, we used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach to
assess the quality of the body of evidence (Schünemann 2011)
for each outcome listed in Types of outcome measures. For all
comparisons where there were two or more trials, GRADE assess-
ment was performed independently by two review authors and
disagreement was resolved by discussion, or by adjudication with
a third review author. We adopted a different approach for single
trial comparisons, where we started with the assumption that the
quality of evidence was likely to be very low. This reflected as-
sumptions of downgrading at a minimum for serious risk of bias
(typically performance and detection bias), for serious indirectness
(trial being conducted was a single trial or setting), and for serious
imprecision (failure to meet the 200 to 300 events optimal size
criteria) (Guyatt 2011). Where these assumptions did not hold,
we performed GRADE assessment as above. The quality rating
’high’ is reserved for a body of evidence based on randomised con-
trolled trials. We ‘downgraded’ the quality rating to ’moderate’,
’low’ or ’very low’ depending on the presence and extent of five
factors: study limitations, inconsistency of effect, imprecision, in-
directness or publication bias. We used the GRADE approach to
assess quality of evidence related to the primary and secondary
outcomes listed in the Types of outcome measures. We prepared
a ’Summary of findings’ table for each of the main categories of
interventions, for listed outcomes.
We selected the following comparisons for presentation in ’Sum-
mary of findings’ tables as these are the most common falls preven-

tion activities considered and applied in clinical settings. In care
facilities: exercise, vitamin D supplementation, medication review
and multifactorial interventions; in hospitals: exercise, bed alarms
and multifactorial interventions.

R E S U L T S

Description of studies

Results of the search

For this update we screened a total of 3989 records from the follow-
ing databases: Cochrane Bone, Joint and Muscle Trauma Group
Specialised Register (0 records); CENTRAL (127), MEDLINE
(1104), Embase (1211), CINAHL (314) the WHO ICTRP (450)
and Clinicaltrials.gov (783). We also found 29 potentially eligible
studies from other sources. After removal of 503 duplicates, 3515
citations were screened for inclusion.
Screening of the search update identified a total of 413 records
for potential inclusion, for which full-text reports were obtained.
Thirty-five new trials were included in this update, 27 new on-
going trials identified and seven new studies await classification.
In addition, a new subgroup analysis (Stenvall 2012) from the
Stenvall 2007 trial and a cost-effectiveness analysis (Haines 2013)
of Haines 2011 have been added. A flow diagram summarising
the study selection process is shown in Figure 1.
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Figure 1. Study flow diagram
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Overall, there are now 95 included trials, 105 excluded studies,
eight studies awaiting classification and 31 ongoing trials.
Due to the review size, not all links to references have been inserted
in the text but can be viewed in Table 1.

Included studies

Thirty-five additional trials have been included in this update, 28
trials in care facilities and seven in hospitals (see Table 1). This
review now contains 95 trials with 138,164 participants. Details
of individual trials are provided in the Characteristics of included
studies, and are briefly outlined below.

Design

Participants were individually randomised in 53 studies, whereas
42 studies used a cluster-randomised design (see Table 1).

Settings

The included trials were carried out in 23 countries (see Table 1).
Of the 71 studies (40,374 participants) in care facilities, 17 were in
high-level care facilities, 17 were in intermediate-level care facilities
and 37 were in facilities with mixed levels of care, or combinations
of facilities that included both high and intermediate levels of care.
Of the 24 studies (97,790 participants) in hospital settings, 10
were in an acute hospital setting, 12 were in subacute settings, and
2 were in both acute and subacute care settings (see Table 1).
Van Gaal 2011a and Van Gaal 2011b have been included as two
separate trials although reported in the same paper as the partici-
pants were randomised separately in two settings (nursing homes
and hospitals) and results are reported by setting.

Participants

The mean age of participants was 83.5 years in care facilities and
77.6 years in hospitals. In care facilities, 75.3% were women and
in hospitals, 51.6% were women.
All participants were women in seven trials (Bischoff 2003;
Chapuy 2002; Faber 2006; Irez 2011; Jarvis 2007; Kovacs 2012;
Sihvonen 2004). Ten studies specifically recruited participants
with cognitive impairment (Buettner 2002; Chenoweth 2009;
Klages 2011; Kovacs 2013; Mador 2004; Neyens 2009; Shaw
2003; Toulotte 2003; Van de Ven 2014; Whitney 2017). Ex-
ceptionally, Stenvall 2007 only recruited people with a proximal
femoral (hip) fracture.

Interventions

Using ProFaNE taxonomy, all studies were categorised by inter-
vention and grouped by combination (single, multiple, or multi-
factorial) (see Appendix 3). The first column of Appendix 3 shows
the intervention classification (single, multiple, or multifactorial)
and setting type (care facility or hospital). The components of
included ’Exercises’ interventions, ’Environmental/assistive tech-
nology’ and ’Medication (drug target)’ interventions are shown in
Appendix 4, Appendix 5 and Appendix 6 respectively.
In care facilities, 54 trials tested the effect of a single intervention
only, three trials tested both single and multiple interventions (
Huang 2016; Imaoka 2016; Sambrook 2012), one trial tested a
multiple intervention only (Schnelle 2003), and 13 trials tested a
multifactorial intervention. In hospitals, 18 trials tested the effect
of a single intervention and six tested a multifactorial intervention.
Seven studies tested the effect of two interventions (Faber 2006;
Haines 2011; Huang 2016; Nowalk 2001; Sambrook 2012;
Saravanakumar 2014; Tuunainen 2013), and one tested three in-
terventions (Imaoka 2016) in comparison with usual care. Donald
2000 was a 2 x 2 factorial study of supervised exercises and flooring
types that has been classified as two single interventions.
In general, included studies compared an active falls prevention
intervention with a control group comprising ’usual care’, that
typically would have included standard falls prevention activities.
Often, however, standard practice in terms of falls prevention ac-
tivities was not clearly described. Additional descriptions of the
control groups provided for individual trials are provided in the
Characteristics of included studies table, the ’Summary of find-
ings’ tables available for some comparisons, and the analyses head-
ings and/or footnotes. A general description of the control arms
for the main intervention categories is also given below.
In care facilities, 17 trials of exercise provided a comparison with
usual care, defined as no exercise, no change in previous lifestyle or
exercise type or level unlikely to change physical performance and
nine trials provided a comparison of two different exercise pro-
grammes (see Table 2). Trials of medication target interventions
in care facilities more often provided a comparison with placebo
(see Table 3). Trials of vitamin D supplementation in care facilities
provided estimates of effect compared with usual care or placebo.
In hospitals, multifactorial interventions were generally compared
with a control group consisting of standard falls prevention activ-
ities. Whether or not the control arm included some of the multi-
factorial intervention components was not always clearly reported.
Additional detail is provided in the description of individual stud-
ies in the results text and within the Characteristics of included
studies table.

Outcomes

The source of data used for calculating outcomes for each trial for
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generic inverse variance analysis is shown in Appendix 7. Seventeen
trials met our inclusion criteria but did not report data that could
be included in pooled analyses. Reported results from these trials
are presented in the text or additional tables. Raw data for rate of
falls and number of fallers when reported or when they could be
calculated are shown in Appendix 8. Twenty-four trials reported
data on fractures suitable for use in pooled analyses, other reported
fractures data is presented in the text. Twenty-nine trials clearly
reported data on adverse events, but in many of these it was not
clear if adverse-event data were recorded systematically; for the
majority of trials, this outcome was not reported.

Excluded studies

Overall there were 105 excluded studies (see Characteristics of
excluded studies for details). Of the 51 newly excluded studies (see
Figure 1): five were excluded as they were not randomised; five
were conducted in the wrong population (e.g. including partic-
ipants post stroke); 10 were conducted in the wrong setting (in
most of these, the majority of participants were living in the com-
munity); two studies of flooring interventions were excluded as the
intent was to reduce fall injuries, rather than falls (Drahota 2013;
NCT01618786); 22 studies were excluded as they measured falls
as a potential adverse outcome of the intervention; two did not
report falls outcomes; one study was excluded as it reported a spe-
cific type of falls only (Sahota 2014); three trials were discontinued
and one had invalid falls data (DeSure 2013).
Of the 54 studies excluded in the previous version of this review:
21 trials were excluded because the intervention they tested was
not designed to reduce falls, rather falls were measured as a poten-
tial adverse outcome of an intervention with a different aim; in
11 trials the majority of participants were living in the commu-
nity; eight excluded trials did not provide sufficient data on falls or
fallers; seven included participants post stroke and seven were not
randomised (Cameron 2012). Of note is that four trials that had
been excluded in Cameron 2012 because they included partici-
pants with post-stroke hemiplegia, have now either been retracted
(Sato 2000; Sato 2005a; Sato 2005b; see Retraction Watch) or,
for Sato 2011, likely to be retracted in future because of serious

concerns about research misconduct as revealed in Bolland 2016.

Studies awaiting classification

Three studies await publication of full reports containing falls data
(see Characteristics of studies awaiting classification). One of these
is a study of whole body vibration in care facilities (Tallon 2013),
another is likely to be an additional conference abstract of an
already included study (Frohnhofen 2013), and the third is a thesis
for which no study publication has been identified (MacRitchie
2001). Five newly published studies were identified in the top-
up search and await full assessment (Dever 2016; Hewitt 2014;
Raymond 2017; Van der Linden 2017; Wylie 2017).

Ongoing studies

We are aware of 31 ongoing studies, 14 set in care facilities and
17 in hospitals (see Characteristics of ongoing studies for details).
The ongoing studies in care facilities include five exercise trials in
care facilities (two of whole body vibration), one trial of a multi-
ple intervention of exercise and nutrition, one of nutrition, three
of medication review, one of vitamin D supplementation, three
of service model changes, and one of a telesurveillance system;
two trials are likely to have been completed, one of whole body
vibration (JPRN-UMIN000000555) and one of vitamin D sup-
plementation (JPRN-UMIN000008361). The ongoing studies in
hospitals include three trials of medication review, four of exer-
cise, one of an education intervention, five social environment in-
terventions including one of student training, one psychological
intervention, one of a sensor technology, one educational inter-
vention, and one multifactorial intervention; five trials are likely
to be completed, three of medication review (ISRCTN42003273;
NCT01876095; NCT02570945), one of exercise (Hassett 2016),
and one of telesurveillance (NCT01561872).

Risk of bias in included studies

Details of ’Risk of bias’ assessment for nine items for each trial are
shown in the Characteristics of included studies. Summary results
for these items are shown in Figure 2, Figure 3 and Table 4.

15Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Figure 2. ’Risk of bias’ summary: review authors’ judgements about each methodological quality item for

each included study.
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Figure 3. ’Risk of bias’ graph: review authors’ judgements about each methodological quality item

presented as percentages across all included studies.

The majority of included studies were considered at high risk of
bias for at least one domain. In particular, there was a high risk of
performance bias for the majority of studies due to lack of blinding.
Only three trials were considered at low risk of bias for all or the
majority of domains (Bischoff 2003; Broe 2007; Flicker 2005),
these all examined vitamin D supplementation in comparison with
placebo. However, for many other types of interventions, blinding
was generally not feasible (e.g. exercise, bed alarms). The risk of
bias was often unclear, in particular for risk of selection bias due to
allocation concealment. Potential bias varied within comparison
groups and it is difficult to judge whether any bias would result in
an over- or under-estimation of treatment effect.

Allocation

Under half of included studies (39 in all) were considered at low
risk of selection bias; this often reflected lack of clarity on the
methods for allocation concealment. We assessed risk of bias in
sequence generation as low in 66 trials, high in two trials that
described inappropriate methods (Michalek 2014; Wald 2011),
and unclear in the remaining 27 trials, usually because of a lack
of reporting of methods. We judged methods for concealment of
allocation prior to group assignment to carry low risk of bias in 43
trials, high in 14 trials and to be unclear in the remaining 38 trials,
again typically due to lack of reporting. Barker 2016, a cluster-

randomised trial, is an example of a trial at high risk of selection
bias due to lack of allocation concealment: although the initial
cluster allocation was concealed, the subsequent recruitment of
participants into the study (i.e. admission to the ward) was not.

Blinding

Blinding of participants and personnel was uncommon and indeed
blinding of these was not feasible for many intervention types (e.g.
exercise, multifactorial interventions). In all, 86 trials were at high
risk of performance bias, with just seven trials being at low risk
and the remaining two trials being judged at unclear risk of bias.
The likelihood of detection bias in relation to the ascertainment of
falls by outcome assessors was also high in 65 trials, generally as falls
were ascertained by staff who were not blinded (e.g. Barker 2016).
Risk of bias was low in 10 trials, most commonly in vitamin D
trials where administration of a placebo was possible (e.g. Flicker
2005) and unclear in 20 trials.

Incomplete outcome data

The risk of attrition bias due to incomplete outcome data was
assessed as high in 26 trials (the high risk of attrition in some trials
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is likely to be related to longer periods of follow-up; e.g. 12 months
for Juola 2015 and 16 months for Kennedy 2015). Risk of bias
was low in 61 trials, where there was no loss to follow-up (this
occurred more frequently in a hospital setting: e.g. Barker 2016;
Hill 2015) or losses were balanced between groups (e.g. Cadore
2014; Kerse 2008). Risk of bias was unclear in eight trials, which
generally reflected unclear reporting (e.g. Van de Ven 2014).

Selective reporting

Reporting bias was judged as unclear in 37 trials, generally as no
protocol was identified (e.g. Healey 2004), and low risk in 50
trials where results were reported according to the protocol (e.g.
Potter 2016), or all expected falls outcomes were reported (e.g.
Law 2006). Eight trials were at high risk, usually where outcomes
mentioned in the protocol or methods were not reported (e.g. Ang
2011).

Other potential sources of bias

The method of ascertaining falls was judged to be at a low risk
of bias for 45 trials, at high risk of bias for 27 trials, generally
where falls were poorly defined (e.g. Healey 2004), and at unclear
risk for 23 trials when methods were not reported (e.g. Sakamoto
2006). The risk of bias relating to imbalance in baseline character-
istics was considered to be low in 51 trials, high in 26 trials, and
unclear in 18 trials. Risk of baseline imbalance usually occurred
in small trials (e.g. Buckinx 2014) or cluster-randomised trials
(e.g. Becker 2003; Choi 2005; Van Gaal 2011a; Van Gaal 2011b;
Whitney 2017). Two trials were considered to be a high risk of
other bias, this was due to the author being employed by the com-
pany producing the intervention (Clifton 2009), or the individual
randomisation being to one of two clusters, hence the trial was
not truly individually randomised (Michalek 2014). There was a
low risk of other bias in 87 trials and unclear risk in six trials due
to unusual study design (stepped-wedge trial in Aizen 2015; Hill
2015; and including a non-randomised patient preference arm in
Streim 2012) or ongoing falls prevention activities (Aizen 2015;
Ang 2011; Barker 2016; Cumming 2008).

Cluster-randomised trials

There were a large number of included cluster-randomised tri-
als (44%, 42/95), many of which had a large number of partic-
ipants (e.g. Barker 2016; Shorr 2012). Risk of bias particular to
cluster-randomised trials were considered within other domains
(see Assessment of risk of bias in included studies). However, it is
worth noting that some of these trials contained a small number
of clusters and hence were more prone to baseline imbalance (e.g.
Choi 2005; Van Gaal 2011a; Van Gaal 2011b), and in some cases
prediction of allocation concealment (e.g. Choi 2005; Koh 2009).
Loss of whole clusters could also lead to a high risk of attrition
bias (e.g. Cox 2008).

Effects of interventions

See: Summary of findings for the main comparison Summary
of findings: Exercise compared with usual care in care facilities;
Summary of findings 2 Summary of findings: General
medication review compared with usual care in care facilities;
Summary of findings 3 Summary of findings: Vitamin D
supplementation in care facilities; Summary of findings 4

Summary of findings: Multifactorial interventions compared with
usual care in care facilities; Summary of findings 5 Summary
of findings: Additional exercise plus physiotherapy compared
with usual physiotherapy in hospitals; Summary of findings

6 Summary of findings: Bed alarms compared with usual care
in hospitals; Summary of findings 7 Summary of findings:
Multifactorial interventions compared with usual care in hospitals
We present results by setting (care facilities or hospitals), combi-
nation (single, multiple, or multifactorial) and intervention type
(categorised according to ProFaNE, Lamb 2011) in Appendix 3.

Care facilities: single interventions

Single interventions consist of one major category of intervention
only and are delivered to all participants in the group.

Exercise

Twenty-five trials (2848 participants) investigated exercise as a
single intervention (see Table 2), four trials (986 participants) were
cluster randomised (Choi 2005; Kerse 2008; Rosendahl 2008;
Yokoi 2015), and the remaining 22 trials (1862 participants) were
individually randomised. However, many of these trials were small
(median 60 participants, range 16 to 682; see Table 1). The types
of exercise are shown in Table 2. The control arm of the different
trials also varied. Four trials included three arms (Faber 2006;
Nowalk 2001; Saravanakumar 2014; Tuunainen 2013). One was
a cross-over trial (Toulotte 2003). The trials are categorised below,
both according to the ProFaNE exercise category (see Appendix 4)
and the comparator arm of the trial. A summary of the evidence
from exercise versus usual care for falls prevention in care facilities
is provided in Summary of findings for the main comparison.
Only two trials reported on the impact of exercise interventions on
fractures (Rosendahl 2008, Sitja Rabert 2015). Nine trials reported
on adverse events, while 16 trials did not report adverse-event data.
In seven trials, the reported data were incomplete and not suitable
for pooling with other studies (Buettner 2002; Cadore 2014; da
Silva Borges 2014; Imaoka 2016; Nowalk 2001; Serra-Rexach
2011; Toulotte 2003); see Analysis 1.2 and Analysis 4.2). Falls data
from Imaoka 2016 excluded the intervention period and thus are
not presented in the forest plot.

Exercise versus usual care
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Seventeen trials (2406 participants) compared an exercise inter-
vention with usual care, defined as no exercise, no change in previ-
ous lifestyle or exercise type or level unlikely to change physical per-
formance (e.g. seated flexibility exercise programme). Four trials
(986 participants) of exercise in comparison with usual care were
cluster randomised (Choi 2005; Kerse 2008; Rosendahl 2008;
Yokoi 2015), the remaining 13 trials (1420 participants) were in-
dividually randomised. Faber 2006, included two exercise inter-
vention arms, we combined the results from the two intervention
groups in these analyses. As there is considerable clinical hetero-
geneity within these studies, we undertook analyses to explore het-
erogeneity, which are reported below.

Rate of falls

Ten trials (2002 participants) reporting on the impact of exer-
cise in comparison with usual care in care facilities on the rate of
falls had considerable statistical heterogeneity (I² = 76%, hetero-
geneity P < 0.0001). Nevertheless, as these trials were considered
clinically similar in terms of the intervention, comparator, patient
group and outcomes, these trials were pooled with a random ef-
fects meta-analysis (Analysis 1.1: Rate ratio (RaR) = 0.93, 95%
confidence interval (CI) 0.72 to 1.20). We are uncertain whether
exercise reduces the rate of falls in care facilities as the quality of
the evidence was assessed as very low (Summary of findings for
the main comparison).
In a subgroup analysis by broad types of exercise, there was no
evidence of a difference between subgroups (Analysis 2.1: test for
subgroup differences P = 1.00).
To explore further the heterogeneity in these findings, we carried
out a post-hoc subgroup analysis by level of care (high or inter-
mediate levels of care, or mixed levels). There was evidence of a
difference between these subgroups that partially explained the
heterogeneity (Analysis 3.1: test for subgroup differences Chi² =
6.39, I² = 69%, 2 df, P = 0.04). In studies of facilities providing
mixed levels of care, the heterogeneity was no longer evident (I²
= 0%, P = 0.41) and there was no evidence of an effect (Analysis
3.1.3 RaR: 1.08, 95% CI 0.92 to 1.28, 3 trials, 477 participants:
I² = 0%). However, heterogeneity remained considerable for trials
in a high or intermediate level of care (I² = 78%, P = 0.001).
Four additional trials (130 participants) reported outcomes on
rate of falls with data not suitable for pooling (Analysis 1.2); all
reported a reduction in falls.

Risk of falling

Pooled data from 10 trials (2090 participants) indicated exercise
may make little or no difference to the risk of falling (risk ratio
(RR) with random-effects RR 1.02, 95% CI 0.88 to 1.18: I² =
23%; Analysis 1.3; low-quality evidence, Summary of findings for
the main comparison).

There were no subgroup differences in post-hoc analyses for num-
ber of fallers between different levels of care (Analysis 3.2; test for
subgroup differences P = 0.56) or types of exercise (Analysis 2.2;
test for subgroup differences P = 0.71).
Faber 2006 carried out a post-hoc subgroup analysis and found
that the intervention in frail participants may increase risk of falling
(hazard ratio (HR) 2.95, 95% CI 1.64 to 5.32; 115 participants),
while in the pre-frail subgroup there was no strong evidence for a
reduction in the risk of falling (HR 0.62, 95% CI 0.29 to 1.33;
105 participants) (test for subgroup difference P ≤ 0.10). Other
trials did not provide data suitable for a post-hoc subgroup analysis
of the effectiveness of the intervention according to the frailty of
the participants.
Nowalk 2001 (N = 110) reported that there was no significant
difference in the risk of falling between “Fit NB Free” individually-
tailored combination exercises, or the “Living and Learning/Tai
Chi” in comparison with usual routine activities; data were not
suitable for pooling (Analysis 1.2).

Risk of fracture

One trial of functional exercises (Rosendahl 2008, 183 partici-
pants) found no strong evidence for a reduction in the risk of hip
fracture (Analysis 1.4.1: RR 0.16, 95% CI 0.01 to 2.81; 3 frac-
tures) or total fractures (Analysis 1.4.2: RR 0.88, 95% CI 0.25 to
3.14; 10 fractures). We are uncertain whether exercise reduces the
risk of fracture as the quality of the evidence was assessed as very
low (Summary of findings for the main comparison).

Adverse events

Two trials (833 participants) of exercise compared with usual care
reported the rates of adverse event outcomes including aches,
pains, fatigue, soreness and bruises. Kerse 2008 (639 participants)
reported no differences in the level of adverse outcomes on neg-
ative binomial regression adjusted for clustering (aches and pains
at six months exercise 46.7, 95% CI 39.3 to 54.9 versus usual
care 51.1, 95% CI 43.8 to 58.4, P = 0.75). Mulrow 1994 (194
participants) found no difference in the proportion of participants
reporting severe soreness (Analysis 1.7.1: RR 0.91, 95% CI 0.40
to 2.04), severe bruises (Analysis 1.7.2: RR 2.00, 95% CI 0.18
to 21.69) or severe fatigue (Analysis 1.7.3: RR 4.00, 95% CI
0.46 to 35.14); there were no injuries during the therapy sessions.
One trial (16 participants) reported that there were no adverse
events (Schoenfelder 2000). One trial (183 participants) reported
a death due to a ruptured abdominal aortic aneurysm one week
after the follow-up tests of the exercise intervention for which
association could not definitely be excluded by geriatric review
(Rosendahl 2008). We are uncertain of the effects of exercise on
adverse events as the quality of the evidence has been assessed as
very low; Summary of findings for the main comparison).
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Sensitivity analysis

As a sensitivity analysis, the pooled analysis of rate of falls was
conducted with a fixed-effect model. This made little difference to
the estimate of effect (RaR 1.01, 95% CI 0.91 to 1.13). The pooled
analysis of the risk of falling with a fixed-effect model also made
little difference to the estimate of effect (RR 1.04, 95% CI 0.92 to
1.18). We also conducted a sensitivity analysis including Cadore
2014, which had zero falls in the intervention arm, calculated
using one fall in lieu of zero in this arm. This had little impact on
the effect estimate (RaR 0.85, 95% CI 0.63 to 1.13; I² = 81%).
To further explore the heterogeneity in the results, outcomes for
all trials excluding two trials (Schoenfelder 2000; Sihvonen 2004)
with 20 participants or less in each arm of the trial were pooled
(this chosen threshold was arbitrary but considered indicative of
’very small’ trials). This did not reduce the heterogeneity for rate of

falls (Analysis 1.5: I² = 70%), or change the overall pooled estimate
of rate of falls (Analysis 1.5: RaR 0.91, 95% CI 0.72 to 1.15) or
risk of falling (Analysis 1.6: RR 1.04, 95% CI 0.89 to 1.21; I² =
25%).

Funnel plots testing for publication bias

We constructed funnel plots of trials of exercise versus usual care
for both the rate of falls and risk of falling outcomes. The funnel
plots appeared asymmetrical for both rate of falls and risk of falling
(Figure 4 and Figure 5), which may indicate publication bias or
lower methodological quality leading to spuriously inflated effects
in the smaller trials. In addition to the trials included in the funnel
plots, there were four other trials reporting a reduction in the rate
of falls.

Figure 4. Funnel plot of comparison: 1 Care facilities: Exercise vs usual care (grouped by level of care),

outcome: 1.1 Rate of falls. NB four additional trials with data unsuitable for pooling reported a reduction in the

rate of falls.
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Figure 5. Funnel plot of comparison: 1 Care facilities: Exercise vs usual care (grouped by level of care),

outcome: 1.2 Number of fallers. NB One additional trial with data not suitable for pooling reported no

significant reduction in the risk of falling.

Comparisons of different exercise categories

Nine trials (584 participants) provided 12 comparisons of two dif-
ferent exercise programmes (Faber 2006; Fu 2015; Imaoka 2016;
Kovacs 2012; Saravanakumar 2014; Shimada 2004; Serra-Rexach
2011; Sitja Rabert 2015; Tuunainen 2013). All trials were indi-
vidually randomised. Seven trials (nine comparisons; 505 partici-
pants) had data suitable for pooling (Faber 2006; Fu 2015; Kovacs
2012; Saravanakumar 2014; Shimada 2004; Sitja Rabert 2015;
Tuunainen 2013). Two trials provided data on the effectiveness
of additional balance exercises (Shimada 2004; Tuunainen 2013).
All other comparisons included only single trials; the quality of
evidence was considered very low for these comparisons.

Rate of falls

Five trials (Faber 2006; Fu 2015; Saravanakumar 2014; Shimada
2004; Tuunainen 2013; 305 participants) with data suitable for
analysis reported the effect of nine comparisons of different ex-
ercise programmes on the rate of falls (Analysis 4.1). For eight

of these comparisons there was only a single trial with less than
200 participants; the quality of the evidence was considered very
low so the relative effectiveness of these exercise programmes on
reducing the rate of falls remains uncertain.
Pooled data from two trials (Shimada 2004; Tuunainen 2013) of
additional balance exercises indicated a reduction in the rate of
falls (Analysis 4.1.1: RaR 0.62, 95% CI 0.40 to 0.96; I² = 0%; 56
participants; 86 falls). We are uncertain of the effect of additional
balance exercise on falls as the quality of the evidence has been
assessed as very low (downgraded two levels due to serious risk of
bias, and one level for imprecision).
Serra-Rexach 2011 (40 participants) compared training sessions
of a combination of exercises in addition to usual physiotherapy
and reported fewer falls in the intervention group (Analysis 4.2).

Risk of falling

Six trials (Faber 2006; Imaoka 2016; Kovacs 2012; Shimada 2004;
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Sitja Rabert 2015; Tuunainen 2013; 327 participants) reported
the effect of seven comparisons of different exercise categories on
the risk of falling (Analysis 4.3). Six comparisons contained only
a single trial and the quality of evidence for these comparisons
was considered very low; the relative effectiveness of these exercise
programmes on reducing the risk of falling remains uncertain.
Pooled data from two trials (Shimada 2004; Tuunainen 2013)
of additional balance exercises did not show evidence of a strong
effect on reducing the risk of falling Analysis 4.3.1 (RR 0.79, 95%
CI 0.43 to 1.45; I² = 0%; 56 participants; 24 fallers). We are
uncertain of the effect of additional balance exercise on falls as the
quality of the evidence has been assessed as very low (downgraded
two levels for risk of bias, and one level for imprecision).
In Imaoka 2016, there was no strong evidence for a reduction in
the risk of falling in the post-intervention period with additional
group exercise (RR 0.48, 95% CI 0.17 to 1.3).

Risk of fracture

Sitja Rabert 2015 (159 participants) compared exercise performed
on a whole body vibration platform to the same land based ex-
ercises and reported one fracture in the intervention group and
none in the control group (Analysis 4.4: RR 2.89, 95% CI 0.12 to
69.07; 1 fracture). We are uncertain whether or not whole body
vibration reduces the risk of fracture.

Adverse events

Four trials (269 participants) comparing alternative exercise pro-
grammes reported on adverse events; no serious adverse events
were reported. Saravanakumar 2014 (29 participants) reported
an instance of a non-injurious fall during a yoga intervention.
Sitja Rabert 2015 (159 participants) comparing exercise on a
whole body vibration platform with land-based exercise reported
that “statistical results showed no differences between groups (P=
0.430)” and that “ten percent of participants in the exercise group
and 16.3% in the whole body vibration plus exercise group pre-
sented a possible or probable relation of causality with the inter-
vention, but this difference was not statistically significant (P =
0.450).” The most commonly reported adverse events were pain
(18%) and soreness (13%) but these data were not reported ac-
cording to group allocation. Serra-Rexach 2011 (40 participants),
testing additional physiotherapy, reported a case of transient lum-
balgia. Lastly, Kovacs 2012 (41 participants), which compared a
multimodel exercise programme based on Otago plus osteoporosis
exercises with osteoporosis exercises, reported that there were no
adverse events.

Medication (drug target) interventions

Medication review

Twelve studies (7366 participants) examined the effect of med-
ication review interventions in care facilities on falls (Crotty
2004a; Crotty 2004b; Frankenthal 2014; Garcia Gollarte 2014;
Juola 2015; Frankenthal 2014; Houghton 2014; Lapane 2011;
Patterson 2010; Potter 2016; Streim 2012; Zermansky 2006).
Seven trials (4536 participants) were individually randomised
(Crotty 2004a; Frankenthal 2014; Frankenthal 2014; Lapane
2011; Potter 2016; Streim 2012; Zermansky 2006), and five tri-
als (2830 participants) were cluster randomised (Crotty 2004b;
Garcia Gollarte 2014; Juola 2015; Houghton 2014; Patterson
2010). Two studies (1054 participants) did not report falls data
suitable for pooling (Garcia Gollarte 2014; Streim 2012). The
primary aim of all medication review is generally to reduce psy-
choactive medications. Therefore, all trials were considered clin-
ically similar except for one study of medication review for hy-
ponatraemia (Peyro Saint Paul 2013). Further details of the inter-
ventions and comparisons are provided in Table 3. A summary of
the evidence for general medication review for falls prevention in
care facilities is provided in Summary of findings 2.

Rate of falls

Six trials (2409 participants) reporting data on the rate of falls
in trials of general medication review were considered clinically
appropriate to pool, despite considerable statistical heterogeneity.
General medication review may make little or no difference to the
rate of falls (Analysis 5.1.1: RaR 0.93, 95% CI 0.64 to 1.35, 6
trials, 2409 participants; I² = 93%; low-quality evidence). Sub-
group analyses by level of care were not conducted as all trials were
conducted in mixed settings.
Garcia Gollarte 2014 (716 participants) conducted a cluster-ran-
domised trial of education of physicians on drug use in older peo-
ple, plus medication review with feedback in 10% of patients.
Data from this study were not pooled as falls during the six-month
intervention period were not reported. Over the three months fol-
lowing the intervention, after adjustment for clustering, the rate
of falls (RaR 0.74, 95% CI 0.49 to 1.13) did not provide strong
evidence for an effect.
A post-hoc sensitivity analyses was conducted excluding Potter
2016 (93 participants), in which 3 participants in the intervention
group had more than 30 falls. The heterogeneity in this analysis
remained high (Analysis 5.4: I² = 87%) and there was no strong
evidence of a reduction in the rate of falls.
One additional small trial examined medication review to avoid
hyponatraemia (Peyro Saint Paul 2013; Analysis 5.1.2: nine partic-
ipants), we are uncertain whether medication review reduces falls
in adults with chronic moderate hyponatraemia (serum sodium
level 123 mEq/L to 134 mEq/L).
Streim 2012 conducted a trial that included both randomised
and a non-randomised patient-preference arm. The randomised
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arms of the trial (36 participants), examined deprescribing of an-
tidepressants. The authors reported that “the discontinuation and
continuation groups exhibited similar non-significant increases in
the odds of fall per week with an increase in odds of falls of 1.38
per week (95% CI 4.07 to 0.47); Z=0.59; p=0.55) in the discon-
tinuation group and 1.50 per week (95% CI 0.55 to 4.07); Z=
0.80; p=0.43) in the continuation group. The similarity in odds
ratios corresponds to discontinuation only reducing the odds ratio
of falls relative to the continuation ratio by approximately 10%
(ratio of ORs=0.92 (95% CI=(0.21, 4.01); Z=0.11; p=0.91).”

Risk of falling

Pooled data from six clinically similar trials (5139 participants)
reporting falls risk data indicated that general medication review
may make little or no difference to the risk of falling (Analysis
5.2.1: RR 0.93, 95% CI 0.80 to 1.09; 5139 participants: I² =
48%). The quality of the evidence was considered low (down-
graded one level for risk of bias and one level for inconsistency).
In Garcia Gollarte 2014 (716 participants), after adjustment for
clustering, the risk of falling (RR 0.86, 95% CI 0.59 to 1.26) did
not provide strong evidence for an effect over the three months
following the intervention.
We are uncertain of whether medication review reduces falls in
adults with chronic moderate hyponatraemia (Analysis 5.2.2: RR
0.42, 95% CI 0.07 to 2.59: 1 trial; 9 participants).

Risk of fracture

Potter 2016 (93 participants) reported the effect of medication
review on the risk of fracture (Analysis 5.3: RR 1.60, 95%CI 0.28
to 9.16; 5 fractures), we are uncertain of the effect of medication
review on risk of fracture as the quality of the evidence has been
assessed as very low.

Subgroup analysis by cognitive status

Juola 2015 provided data for subgroups according to cognitive
status. After adjustment for clustering, the rate of falls was reduced
for those with an Mini Mental State Examination (MMSE) greater
than 15 (RaR 0.23, 95% CI 0.12 to 0.44; 49 participants) or an
MMSE of 10-15 (RaR 0.27, 95%CI 0.17 to 0.44; 45 participants)
but not for those with an MMSE <10 (RaR 1.27, 95% CI 0.95
to 1.69; 95 participants).

Adverse events

Two studies (102 participants) reported on adverse events; the re-
maining 10 studies did not clearly report on adverse events related
to the intervention.

In a study of deprescribing (Potter 2016; 93 participants), seri-
ous vascular events occurred in three control participants and one
intervention participant, and two intervention participants expe-
rienced significant adverse medicine withdrawal reactions (symp-
tomatic rapid atrial fibrillation and agitation) (Analysis 5.5.1: RR
1.07, 95%CI 0.23 to 5.01; 1 trial).
Peyro Saint Paul 2013 (nine participants) reported one serious ad-
verse event (a major gastrointestinal bleed) related to discontinu-
ing a proton-pump inhibitor in the intervention arm.
We are uncertain of the effects of medication review on adverse
events as the quality of the evidence has been assessed as very low
(Summary of findings 2).

Vitamin D supplementation

Eight studies (9278 participants) examined vitamin D supple-
mentation administered in some form (Bischoff 2003; Broe
2007; Chapuy 2002; Flicker 2005; Grieger 2009; Imaoka 2016;
Kennedy 2015; Law 2006). Six trials (5561 participants) were in-
dividually randomised (Bischoff 2003; Broe 2007; Chapuy 2002;
Flicker 2005; Grieger 2009; Imaoka 2016) and two trials (3717
participants) were cluster randomised (Kennedy 2015; Law 2006).
Four trials (4512 participants) tested the effect of vitamin D sup-
plementation on falls (Bischoff 2003; Broe 2007; Flicker 2005;
Law 2006), one trial (583 participants) tested the effect of vitamin
D and calcium supplementation (Chapuy 2002), two trials (166
participants) tested multivitamin supplementation that included
vitamin D plus calcium (Grieger 2009; Imaoka 2016), and one
trial (4017 participants) tested an educational intervention aimed
at increasing prescription of adequate levels of vitamin D, calcium
and osteoporosis medications (Kennedy 2015). Seven of the eight
studies reported serum vitamin D levels at baseline (Bischoff 2003;
Broe 2007; Chapuy 2002; Flicker 2005; Grieger 2009; Imaoka
2016; Law 2006). Vitamin D levels were low or very low in these
studies enrolling residents of care facilities. Baseline vitamin D lev-
els for one trial (Kennedy 2015) were not reported. A summary of
the evidence for vitamin D supplementation for falls prevention
in care facilities is provided in Summary of findings 3.
For the specific comparison of multivitamin supplementation in-
cluding vitamin D and calcium versus placebo (Grieger 2009;
Imaoka 2016), the quality of the evidence was considered very
low.

Rate of falls

Pooled data from four trials (4512 participants) indicated that vita-
min D supplementation probably reduces the rate of falls (Analysis
6.1.1: RaR 0.72, 95% CI 0.55 to 0.95; I² = 62%: moderate-qual-
ity evidence). The type of vitamin D administered is indicated in
the footnotes.
We are uncertain whether multivitamin supplementation includ-
ing vitamin D and calcium reduces the rate of falls as the quality of
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the evidence is very low (Analysis 6.1.2: RaR 0.38, 95% CI 0.20
to 0.71; 91 participants; 1 study).
An education intervention aimed at increasing the prescription of
vitamin D, calcium and osteoporosis medication (Kennedy 2015)
may make little or no difference to the rate of falls (Analysis 6.1.3:
RaR 1.03, 95% CI 0.85 to 1.25; 4017 participants; 1 study; low-
quality evidence, downgraded two levels due to risk of bias).

Risk of falling

Pooled data from four trials (4512 participants) indicated that
vitamin D supplementation probably makes little or no difference
to the risk of falling (Analysis 6.2.1: RR 0.92, 95% CI 0.76 to
1.12; I² = 42%; moderate-quality evidence, downgraded one level
for risk of bias).
Vitamin D plus calcium supplementation (Chapuy 2002), prob-
ably makes little or no difference to the risk of falling (Analysis
6.2.2: RR 1.03, 95% CI 0.90 to 1.18; 583 participants; 1 study;
moderate-quality evidence downgraded one level for risk of bias).
We are uncertain whether multivitamin supplementation includ-
ing vitamin D and calcium reduces the risk of falling (Analysis
6.2.3: RR 0.82, 95% CI 0.40 to 1.66; 91 participants; 1 study).
Imaoka 2016 (75 participants), conducted a four-arm trial which
found no strong evidence for an effect of daily nutritional supple-
mentation including 900 IU vitamin D (including 400 IU vitamin
D3 and 200mg calcium in a multivitamin supplement) in com-
parison with usual care over the six months following the three-
month intervention period (RR 0.58, 95%CI 0.20 to 1.68, N =
34). Outcomes data were not pooled with other studies as they
excluded the intervention period; falls are for six months post-
intervention.
An education intervention aimed at increasing the prescription of
vitamin D, calcium and osteoporosis medication (Kennedy 2015)
may make little difference or no difference to the risk of falling
(Analysis 6.2.4: RR 1.05, 95% CI 0.90 to 1.23; 4017 participants;
1 study; low-quality evidence, downgraded two levels for risk of
bias).

Risk of fracture

Pooled data from three trials of vitamin D supplementation
showed little effect on fall related fractures (Analysis 6.3.1: RR
1.09, 95% CI 0.58 to 2.03; I² = 63%; 4464 participants; 178
fractures: very low-quality evidence). Different trials reported dif-
ferent types of fractures; the type of fractures are shown in the
footnotes to the analysis. We are uncertain whether vitamin D
supplementation reduces the risk of fall related fractures as the
evidence has been assessed as very low.
We are uncertain whether vitamin D plus calcium supplementa-
tion reduces the risk of fall related fractures (Analysis 6.3.2: RR
0.62, 95% CI 0.36 to 1.07; 583 participants; 48 hip fractures;

very low-quality evidence, downgraded one level for risk of bias,
one level for imprecision and one level as this review only includes
a subset of the trials available reporting the effects of this interven-
tion on fractures).
An education intervention aimed at increasing the prescription of
vitamin D, calcium and osteoporosis medication (Kennedy 2015;
4017 participants) reported that 1.5% of falls in control partici-
pants and 1.6% of falls in intervention participants resulted in a
fracture, the study was not powered to detect a difference in fall-
related fractures, we are uncertain of the effects of this intervention
on fractures (very low-quality evidence, downgraded two levels for
risk of bias and two levels for imprecision).

Adverse events

Four trials (1365 participants) reported adverse-event data.
Two of four trials (747 participants) of vitamin D supplemen-
tation reported on adverse events (Bischoff 2003, Flicker 2005);
no serious adverse events were reported. Bischoff 2003 reported
two cases of increased constipation in the intervention arm and
no cases of hypercalcaemia (Analysis 6.4.1: constipation RR 4.84,
95%CI 0.24 to 98.80; 122 participants). Flicker 2005 reported
that there were no adverse events. We are uncertain of the effects
of Vitamin D supplementation (up to 1000 IU daily) on adverse
events as the quality of the evidence has been assessed as very low
(Summary of findings 3).
One trial of vitamin D and calcium supplementation (800 IU
of vitamin D3 + 1200 mg calcium carbonate daily) reported a
similar rate of gastrointestinal disorders in each arm of the study
and three cases of hypercalcaemia in the intervention arm, we are
uncertain of the effects on adverse events (Chapuy 2002; Analysis
6.4.2; gastrointestinal adverse events RR 0.82, 95% CI 0.45 to
1.48; 583 participants; very low-quality, downgraded one level for
risk of bias and two levels for imprecision).
Grieger 2009, which tested multivitamin supplementation includ-
ing vitamin D and calcium, reported there were no serious adverse
events; the three adverse events reported were in the control arm
of the trial (rash/vertigo, behavioural issues, indigestion), we are
uncertain of the effects on adverse events (Analysis 6.4.2: RR 0.13,
95% CI 0.01 to 2.41; 91 participants, 40 events; very low-quality
evidence).

Environment/assistive technology

In a cross-over trial, Clifton 2009 (43 participants) tested a wireless
position-monitoring device and found no strong evidence for a
reduction in the rate of falls (Analysis 7.1: RaR 0.65, 95% CI
0.33 to 1.27; no adjustments for cross-over design made in the
analysis). There were no serious adverse events. We are uncertain
whether or not wireless position monitoring has an effect on the
rate of falls in care facilities (very low-quality evidence).
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Social environment

Seven cluster-randomised trials examined service change interven-
tions in care facilities (13,127 participants in six trials Cox 2008;
Chenoweth 2009; Meyer 2009; Van de Ven 2014; Van Gaal 2011a;
Ward 2010, plus 982 facility beds in Colon-Emeric 2013). These
included three trials of staff training interventions (Colon-Emeric
2013; and 7029 participants from Cox 2008 and Van Gaal 2011a)
and four of a service model change (6098 participants; Chenoweth
2009; Meyer 2009; Van de Ven 2014; Ward 2010). These inter-
ventions target staff or caregivers and changes in the organisational
system in which an intervention is delivered, rather than targeting
patients directly. The rate of falls for these interventions were not
pooled due to high clinical and statistical heterogeneity (test for
subgroup differences: P = 0.0001, I² = 85.6%). Two studies (6516
participants) reported data on risk of fracture (Meyer 2009, Ward
2010). No studies reported on adverse events. Although there were
only single trials for the comparisons within this category, the gen-
erally larger size of these trials meant that optimal information size
criteria may be met and GRADE assessments were conducted by
two review authors.

Staff training

Cox 2008 (5637 participants) studied a half day education pro-
gramme about fall and fracture prevention for managers, nurses
and health care assistants, given by specialist osteoporosis nurses.
There was no strong evidence for a reduction in the rate of falls,
we are uncertain of the effects as the quality of the evidence was
assessed as very low (Analysis 8.1.1: RaR 1.19, 95% CI 0.92 to
1.53; very low-quality evidence, downgraded two levels for risk of
bias and one level for imprecision). The intervention may make
little or no difference to the rate of fracture (reported incidence
rate ratio (IRR) for all fractures: IRR 0.94, 95% CI 0.71 to 1.26;
for hip fractures: IRR 0.86, 95% CI 0.63 to 1.18; low-quality
evidence downgraded two levels for risk of bias).
The intervention in Van Gaal 2011a (392 participants) consisted
of education to implement a patient-safety programme directed at
falls, urinary tract infection, and pressure ulcers based on available
guidelines. There was no strong evidence for a reduction in rate
of falls, we are uncertain of the effects on the rate of falls (Analysis
8.1.2: RaR 0.63, 95% CI 0.34 to 1.16; very low-quality evidence,
downgraded two levels for risk of bias, one level for indirectness
and one level for imprecision).
Colon-Emeric 2013 (number of resident participants not re-
ported, 497 staff participants, 982 facility beds) conducted a pi-
lot cluster-randomised trial testing a programme to improve staff
connections, communication, and problem solving compared to
usual care during implementation of a falls quality improvement
programme. There was no strong evidence for an effect on the
change in falls rate from baseline to post intervention periods be-
tween the two arms of the study, we are uncertain of the effects in
reducing falls (RaR of change in falls rate 0.81, 95% CI 0.55 to

1.20; very low-quality evidence, downgraded one level for each of
risk of bias, indirectness and imprecision).

Service model change

Meyer 2009 (1125 participants) found that use of a falls risk-as-
sessment tool in comparison with nurses’ judgement alone proba-
bly makes little or no difference to the rate of falls or risk of falling
(Analysis 8.1.3: RaR 0.96, 95% CI 0.84 to 1.10; Analysis 8.2:
RR 0.99, 95% CI 0.85 to 1.16; both outcomes moderate-quality
evidence, downgraded one level for risk of bias). We are uncertain
whether or not this intervention reduces the risk of fracture as the
quality of the evidence was assessed as very low (Analysis 8.3.1:
RR 0.96, 95% CI 0.57 to 1.63; 77 fractures in total; downgraded
one level for risk of bias and two levels for imprecision).
Two studies examined dementia care mapping, but data from
Chenoweth 2009 were not suitable for pooling. Chenoweth 2009
(289 participants) reported that “... at follow-up there were fewer
falls with dementia-care mapping than in usual care (p=0·02) and
more falls in person-centred care than in usual care (p=0·03).” Van
de Ven 2014 (293 participants) delivered a four-month dementia
care mapping intervention twice during the 12-month follow-up
period after baseline. The rate of falls at study endpoint was greater
in the intervention arm of the study (Analysis 8.1.4: RaR 1.84,
95% CI 1.40 to 2.42). We are uncertain of the effects of dementia
care mapping on the rate of falls as the quality of the evidence has
been assessed as very low (downgraded two levels for risk of bias,
one level for inconsistency and one level for imprecision).
Ward 2010 (5391 participants) employed a practice nurse to en-
courage the adoption of best practice strategies and reported “0.13
fewer falls per 100 beds per month; 95% CI, −0.36 to 0.10; P =
0.259” for the intervention period. There was no difference in risk
of hip fracture between intervention and control groups during
the 17 months of intervention (Analysis 8.3.2; RR 0.95, 95% CI
0.63 to 1.44; 215 hip fractures). We are uncertain of the effects
of this intervention on fractures as the quality of the evidence has
been assessed as very low (downgraded two levels for risk of bias,
and two levels for imprecision).

Psychological interventions

Two studies (163 participants) examined the impact of psycho-
logical interventions on falls (Huang 2016; Van het Reve 2014).
Both trials were individually randomised, Huang 2016 is a three-
arm trial for which falls excluded the intervention period; findings
are also discussed under “Care facilities: multiple interventions”.
Neither trial reported data on the risk of fracture or adverse events.
In Van het Reve 2014 (114 participants) a computer-based cog-
nitive training programme focused on improving attention was
combined with strength and balance training, and compared with
strength and balance training alone. The intervention showed no
strong evidence for an effect on falls rates (Analysis 9.1: RaR 1.22,
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95% CI 0.78 to 1.92), risk of falling during the intervention pe-
riod (Analysis 9.2.2; RR 1.35, 95% CI 0.23 to 7.88) or over 12
months post-intervention (RR 1.38, 95% CI 0.76 to 2.51; data
not shown).
In a three-arm study, Huang 2016 tested the effects of a cogni-
tive-behavioural intervention conducted by a trained facilitator
in comparison with usual care in 49 participants. Over the three
months following the intervention, there were 1.67 falls per per-
son year in the usual care arm of the study (10 falls in seven fallers),
but no falls in the cognitive-behavioural intervention arm. Data
were not pooled as falls excluded the intervention period.
The quality of the evidence for both the rate and risk of falling
was considered very low (downgraded one level for risk of bias,
inconsistency and indirectness and two levels for imprecision), so
we are uncertain of the effectiveness of psychological interventions
in reducing falls.

Other single interventions

Three trials (564 participants) examined other single interven-
tions of lavender olfactory stimulation (Sakamoto 2012), sunlight
exposure (Sambrook 2012), and multisensory stimulation in a
Snoezelen room (Klages 2011); two trials (169 participants) were
individually randomised (Sakamoto 2012; Klages 2011) and one
(Sambrook 2012; 395 participants) was cluster randomised. The
quality of the evidence was considered very low for all of these
single-trial comparisons.
For one year, Sakamoto 2012 (145 participants) tested the effect
of lavender olfactory stimulation by applying lavender patches or
placebo patches to clothing near the neck daily. This intervention
did not show strong evidence for a reduction in the rate of falls
(Analysis 10.1: RaR 0.57, 95% CI 0.32 to 1.01) or risk of falling
(Analysis 10.2: RR 0.67, 95% CI 0.40 to 1.12). The authors
reported that there were no adverse events. We are uncertain of
the effectiveness of lavender olfactory stimulation as the quality of
the evidence is very low.
In Sambrook 2012 (395 participants), a trial of increased sun-
light exposure had low adherence to the sunlight intervention
(Durvasula 2012). We are uncertain of the effects on falls as the
quality of the evidence has been assessed as very low for all out-
comes (downgraded one level for each of risk of bias, indirectness
and imprecision; Analysis 10.1.2: RaR 1.05, 95% CI 0.71 to 1.56;
Analysis 10.2.2: RR 1.09, 95% CI 0.88 to 1.36; Analysis 10.3:
risk of fracture: RR 1.07, 95% CI 0.53 to 2.17, total 32 fractures).
The authors reported no difference in the incidence rates of new
skin cancers between arms of the trial and one fall on the way to
a sunlight session. Adverse-event data for this three-arm trial are
also reported below under Multiple interventions.
Klages 2011 (24 participants) compared the effect of multisensory
stimulation in a Snoezelen room with control activities in peo-
ple with dementia and reported, without providing data, that the
“Group membership did not alter falls frequency”. Adverse-event

data were not reported. We are uncertain of the effectiveness of
multisensory stimulation as the quality of the evidence is very low.

Care facilities: multiple interventions

In multiple interventions, the same combination of single cate-
gories of intervention was delivered to all participants in the group.
Three trials (652 participants) examined multiple interventions in
care facilities (Sambrook 2012; Schnelle 2003; Huang 2016). One
trial (412 participants) was cluster randomised (Sambrook 2012)
and two trials (240 participants) were individually randomised.
The quality of the evidence was considered very low for the single
trial comparisons of exercise plus management of urinary incon-
tinence and fluid therapy with usual care (Schnelle 2003), and
cognitive-behavioural therapy to address fear of falling with an
exercise programme versus usual care (Huang 2016).
In Schnelle 2003 (190 participants), participants engaged in su-
pervised exercises and were offered fluids and regular toileting.
There was no strong evidence for an effect in reducing the rate
of falls (Analysis 11.1.1: RaR 0.62, 95% CI 0.38 to 1.01), risk of
falling (Analysis 11.2.1: RR 0.62, 95% CI 0.36 to 1.05) or risk of
fracture (Analysis 11.3.1: RR 4.26, 95% CI 0.48 to 37.55; total
five fractures). Adverse events were not reported. We are uncer-
tain of the effectiveness of this intervention as the quality of the
evidence is very low.
One intervention group in Sambrook 2012 (412 participants),
which was based in Australia, tested the effect of increased sunlight
exposure plus calcium supplementation, with low adherence to
the sunlight intervention (Durvasula 2012). We are uncertain of
the effects on falls as the quality of the evidence has been assessed
as very low for all outcomes (downgraded one level for each of risk
of bias, indirectness and imprecision; Analysis 11.1.2: RaR 1.03,
95% CI 0.85 to 1.25; Analysis 11.2.2: RR 0.96, 95% CI 0.77
to 1.19; Analysis 11.3.2: risk of fracture RR 0.78, 95% CI 0.36
to 1.67; total 31 fractures). The authors reported no significant
difference in the incidence rates of new skin cancers between arms
of the trial (18 new cancers total) and an increase in the adjusted
all-cause mortality in the calcium-treated group compared with
the UV alone group (HR 1.23 versus 0.76, P = 0.03; 40 deaths;
adjusted for age, sex and season). There was a lack of evidence for
a strong effect on increased death rates from myocardial infarction
(age-adjusted HR 3.83, 95% CI 0.97 to 15.27, P = 0.06; sex-
adjusted HR 4.17, 95% CI 0.69 to 25.16, P = 0.12; the authors
reported that they did not record cardiovascular events prospec-
tively). We are uncertain of the effects on adverse events as the
quality of the evidence is very low (downgraded one level for each
of risk of bias, indirectness and imprecision).
In a three-arm trial, Huang 2016 studied an intervention which
combined cognitive-behavioural therapy to address fear of falling
with an exercise programme in comparison with usual care in 50
participants. In the three months following the eight-week in-
tervention the authors reported a reduction in falls in both the
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combined intervention and the cognitive-behavioural interven-
tion arm alone (reported Kruskal-Wallis P < 0.001). There were
1.67 falls per person year in the usual care arm of the study (10
falls in seven fallers), and no falls in the cognitive behavioural plus
exercise intervention arm; data were not pooled as falls excluded
the intervention period. Adverse events were not reported. We are
uncertain of cognitive-behavioural therapy combined with an ex-
ercise programme as the quality of the evidence is very low.

Care facilities: multifactorial interventions

In multifactorial interventions, two or more categories of interven-
tion are given, and these are linked to each individual’s risk profile.
An initial assessment is usually carried out by one or more health
professionals and an intervention is then provided or recommen-
dations given or referrals made for further action. A summary of
the evidence for multifactorial interventions in comparison with
usual care in care facilities is provided in Summary of findings 4.
Thirteen trials (4226 participants) in care facilities studied mul-
tifactorial interventions (Beck 2016; Becker 2003; Dyer 2004;
Jensen 2002; Kerse 2004; McMurdo 2000; Neyens 2009; Ray
1997; Rubenstein 1990; Salvà 2016; Shaw 2003; Walker 2015;
Whitney 2017). Eleven trials were cluster-randomised trials (Beck
2016; Becker 2003; Dyer 2004; Jensen 2002; Kerse 2004;
McMurdo 2000; Neyens 2009; Ray 1997; Salvà 2016; Walker
2015; Whitney 2017; 3470 participants), and two were individu-
ally randomised (Rubenstein 1990; Shaw 2003; 756 participants).
Whitney 2017 was also a cross-over trial. None of these trials were
sufficiently similar to allow analysis of subgroups of specific com-
binations of interventions. Two studies did not report data suit-
able for use in the quantitative analysis (Beck 2016; Ray 1997).
Three studies (2160 participants) reported data on hip fractures
(Becker 2003; Jensen 2002; Shaw 2003), and one reported total
fractures (Salvà 2016). Three studies (312 participants) reported
adverse-event data (Beck 2016; McMurdo 2000; Whitney 2017).

Rate of falls

Despite statistical heterogeneity between the trials for the rate of
falls, trials were considered clinically similar enough for pooling to
be meaningful. Pooled data from 10 trials (3439 participants) for
rate of falls did not demonstrate strong evidence for a reduction
in falls (Analysis 12.1: RaR random effects 0.88, 95% CI 0.66
to 1.18: I² = 84%). Beck 2016 (31 participants) reported falls
outcomes in a cluster-randomised trial of an exercise programme
plus nutritional support. There were zero falls in the intervention
arm and two in the control arm over an 11-week period. Overall,
we are uncertain of the effects of multifactorial interventions on
the rate of falls in care facilities as the quality of evidence has been
assessed as very low (Summary of findings 4).

Risk of falling

Pooled data from nine trials (3153 participants) for risk of falling
(Analysis 12.2: RR random effects 0.92, 95% CI 0.81 to 1.05:
I² = 42%) did not demonstrate strong evidence for a reduction
in falls. Ray 1997 (482 participants) only recorded the number
of people having two or more falls during follow-up (recurrent
fallers) and reported a reduction in the proportion of recurrent
fallers (difference 19%, 95% CI 2% to 36%: P = 0.03). Overall,
multifactorial interventions in care facilities may make little or no
difference to the risk of falling (low-quality evidence; Summary of
findings 4).

Risk of fracture

Pooled results for five studies (2160 participants) reporting risk
of fracture did not show strong evidence for an effect (Analysis
12.3: RR 0.79, 95% CI 0.30 to 2.07: I² = 44%; 76 fractures).
Data from three of the five trials (1695 participants) were for hip
fracture (Becker 2003; Jensen 2002; Salvà 2016) and two trials
(465 participants) reported total fractures (Shaw 2003; Whitney
2017). Two trials (1255 participants) included hip protectors as
an intervention (Becker 2003; Shaw 2003). We are uncertain of
the effects of multifactorial interventions on the risk of fracture as
the quality of evidence has been assessed as very low (Summary of
findings 4).

Adverse events

Three studies (312 participants) reported adverse-event data. One
trial reported an instance of a fall in the intervention arm (Whitney
2017), two studies reported that there were no adverse events
(Beck 2016; McMurdo 2000). We are uncertain of the effects of
multifactorial interventions on adverse events as the quality of
evidence has been assessed as very low (Summary of findings 4).

Subgroup analyses exploring heterogeneity

To explore the heterogeneity in these results, we carried out post-
hoc subgroup analysis by levels of care (high or intermediate or
mixed levels of care). The test for subgroup differences showed a
difference between subgroups for both the rate of falls (Analysis
13.1: P = 0.005, I² = 81%) and risk of falling (Analysis 13.2: P
= 0.03, I² = 72%). Within care facilities providing either high or
intermediate levels of care, statistical heterogeneity was not im-
portant and pooled data showed a reduction in both the rate of
falls (Analysis 13.1.1: high-level care: RaR 0.59, 95% CI 0.44 to
0.79; I² = 8%, P = 0.30; Analysis 13.1.2: intermediate-level care:
RaR 0.64, 95% CI 0.50 to 0.83; I² = 33%, P = 0.23), and the
risk of falling (Analysis 13.2.1: high level care: RR 0.75, 95% CI
0.57 to 0.98; Analysis 13.2.2: intermediate level care: RR 0.75,
95% CI 0.60 to 0.94; I² = 0%, P = 0.44). However, heterogeneity
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remained high in studies of mixed levels of care (Analysis 13.1.3:
RaR 1.23, 95% CI 0.85 to 1.77; I² = 77%, P = 0.001; Analysis
13.2.3: RR 1.01, 95% CI 0.88 to 1.15; I² = 24%, P = 0.26).
We also carried out a subgroup analysis comparing trials recruiting
people with cognitive impairment versus trials with participants
with no cognitive impairment (based on inclusion/exclusion cri-
teria) or a mixed sample. Two trials recruited residents with cog-
nitive impairment only (Neyens 2009; Shaw 2003). In addition,
two trials (Becker 2003; Jensen 2002) carried out pre-planned
subgroup analyses by levels of cognition, which are reported in
Rapp 2008 and Jensen 2003, respectively. Cognitive impairment
was defined differently in all four studies (see footnotes to Analysis
14.1 and Analysis 14.2). There was no evidence of subgroup dif-
ferences between those with higher or mixed levels of cognition
and those with lower cognition for both rate of falls (Analysis 14.1:
test for subgroup differences P = 0.97, I² = 0%) and risk of falling
(Analysis 14.2: test for subgroup differences P = 0.41, I² = 0%).
Subgroup analysis based upon the individual components of the
interventions was precluded by the study design.

Sensitivity analysis

Considering statistical heterogeneity in the rate of falls, meta-anal-
yses with a random-effects model was considered the most appro-
priate. However, there was only moderate heterogeneity in the risk
of falling data, therefore trials were pooled using the fixed-effect
model as a sensitivity analysis. Pooled data from 10 trials (3439
participants) using a fixed-effect model for rate of falls showed an
RaR 0.87, 95% CI 0.79 to 0.97 (compare with Analysis 12.1: I²
= 84%) and from nine trials (3153 participants) for risk of falling
showed an RR 0.92, 95% CI 0.84 to 1.00 (compare with Analysis
12.2: I² = 42%).

Funnel plots testing for publication bias

A funnel plot of trials of multifactorial interventions in care fa-
cilities was conducted for the outcome of rate of falls (Figure 6).
There was no obvious asymmetry on visual inspection.

Figure 6. Funnel plot of comparison: 11 Multifactorial interventions vs usual care grouped by level of care

(care facilities), outcome: 11.1 Rate of falls.
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Hospitals: single interventions

Exercise

Three individually-randomised trials (244 participants) tested the
effect of additional physiotherapy in rehabilitation wards (Donald
2000; Jarvis 2007; Treacy 2015). One study tested additional
strengthening exercises (Donald 2000), one additional balance
training (Treacy 2015), and one additional physiotherapy (Jarvis
2007). A summary of the evidence for exercise for falls prevention
in hospitals is provided in Summary of findings 5. No data on
the risk of fractures were reported. One trial (161 participants) re-
ported that there were no adverse events (Treacy 2015), two stud-
ies did not report adverse-event data.
Pooled data did not provide evidence for a reduction in rate of falls
(Analysis 15.1: RaR 0.59, 95% CI 0.26 to 1.34; 215 participants,
2 trials; I² = 0%; very low-quality evidence). Pooled data from two
trials (83 participants) showed a reduction in the risk of falling
(Analysis 15.2: RR 0.36, 95% CI 0.14 to 0.93: I² = 0%: very low-
quality evidence). We are uncertain whether additional exercise
reduces the rate or risk of falling or has adverse events as the
evidence has been assessed as very low.

Medication (drug target) interventions

Two trials (319 participants) examined medication target interven-
tions, one examined medication review (Michalek 2014), and the
other vitamin D supplementation (Burleigh 2007). These com-
parisons were from single trials only and the quality of evidence
was considered very low.

Multiprofessional medication review

Michalek 2014 (114 participants) conducted a quasi cluster-ran-
domised trial that examined the effect of review of suitability of
medications for aged patients in comparison with usual care. Af-
ter adjustment for clustering there was no strong evidence for an
effect on the rate of falls (Analysis 16.1: RaR 0.14, 95% CI 0.00
to 6.63) or risk of falling (Analysis 16.2: RR 0.18, 95% CI 0.01
to 3.47). Adverse-event data were not reported. We are uncertain
of the effectiveness of medication review in hospitals as the quality
of the evidence is very low.

Vitamin D supplementation

Burleigh 2007 (205 participants) conducted an individually-ran-
domised trial that investigated whether 800 IU of vitamin D plus
1200 mg of calcium supplements reduced falls compared with
1200 mg calcium supplements alone in participants with a median
length of stay of 30 days. There was no strong evidence for an
effect on risk of falling (Analysis 17.1: RR 0.82, 95% CI 0.59 to
1.14) or fractures (Analysis 17.2: RR 0.34, 95% CI 0.04 to 3.05;
total four fractures). The rates of gastrointestinal complaints were

similar between the arms of the trial (Analysis 17.3: RR 1.37, 95%
CI 0.32 to 5.98). We are uncertain of the effectiveness of vitamin
D supplementation in hospitals as the quality of the evidence is
very low.

Environment/assistive technology interventions

Six trials (39,127 participants) examined environment or assistive
technology interventions, two trials (11,153 participants) were of
furnishing adaptations (Donald 2000; Haines 2010), and four
(27,974 participants) were of communication aids (Mayo 1994;
Shorr 2012; Tideiksaar 1993; Wolf 2013). Four trials (356 partic-
ipants) were individually randomised (Donald 2000; Mayo 1994;
Tideiksaar 1993; Wolf 2013), and two (38, 771 participants) were
cluster randomised (Haines 2010; Shorr 2012). Donald 2000 was
a 2 x 2 factorial design. The quality of the evidence was considered
very low for the single trial comparisons of carpet in comparison
with vinyl floors (Donald 2000) and identification bracelets for
high-risk fallers (Mayo 1994).

Furnishing/adaptations

Donald 2000, in a factorial design with 54 participants, found
that carpeted floors compared with existing vinyl floors in suba-
cute hospital wards resulted in an increase in rate of falls (Analysis
18.1.1: RaR 14.73, 95% CI 1.88 to 115.35) and no strong ev-
idence for an increase in the risk of falling (Analysis 18.2.1: RR
8.33, 95% CI 0.95 to 73.37). We are uncertain of the impact of
carpeting on falls as the quality of the evidence is very low.
In a cluster-randomised trial, Haines 2010 (11,099 participants)
examined an intervention which consisted of providing one low-
low bed per 12 existing beds in acute and subacute wards. There
was no strong evidence of an effect on the rate of falls; we are
uncertain of the effectiveness of low-low beds as the quality of
the evidence is considered very low (Analysis 18.1.2: RaR 1.39,
95% CI 0.22 to 8.78; very low-quality evidence downgraded two
levels for risk of bias, one level for indirectness and two levels for
imprecision).
Neither trial reported adverse event or fracture data.

Communication aids

Identification bracelet for high-risk fallers

Mayo 1994 (134 participants) studied the effect of wearing a blue
identification bracelet on falls in high-risk patients in a subacute
hospital setting. They found no reduction in rate of falls (Analysis
18.1.3: RaR 1.15, 95% CI 0.72 to 1.84) or risk of falling (Analysis
18.2.2: RR 1.34, 95% CI 0.76 to 2.36). In this study, there was no
reduction in risk of falling in the subgroup with a Short Portable
Mental Status Questionnaire (SPMSQ) score < 9 (low cognition)
or the subgroup with SPMSQ score ≥ 9 (high cognition). Adverse
events were not reported. We are uncertain of the effectiveness of
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identification bracelets for reducing falls in hospitals as the quality
of the evidence is very low.

Bed exit alarms

Three trials (28,717 participants) examined bed exit alarms in hos-
pital (Shorr 2012; Tideiksaar 1993; Wolf 2013). One large trial
(Shorr 2012) was cluster randomised. A summary of the evidence
for bed exit alarms for falls prevention in hospitals is provided in
Summary of findings 6. Shorr 2012 (27,672 participants) exam-
ined an educational intervention to support clinical judgement on
the use of bed or chair exit alarms. Wolf 2013 (98 participants)
enrolled patients with an increased risk of falling that required
assistance with mobilisation during rest time. Pooled data from
these two studies did not show a strong reduction in the rate of
falls (Analysis 18.1.4: RaR 0.60, 95% CI 0.27 to 1.34: very low-
quality evidence) or risk of falling (Analysis 18.2.3: RR 0.93, 95%
CI 0.38 to 2.24: very low-quality evidence). We are uncertain
whether bed exit alarms reduce the rate of falls or risk of falling as
the quality of the evidence has been assessed as very low
Tideiksaar 1993 (70 participants) studied bed exit alarms for pre-
venting falls in hospital. During the nine-month evaluation pe-
riod, “There was no significant difference in the number of bed-
falls between the two groups (p = 1.00).”
Two trials of bed alarms (27,742 participants) indicated that there
were no adverse events (Shorr 2012; Tideiksaar 1993); we are
uncertain of the effects of bed alarms on adverse events as the
quality of the evidence has been assessed as very low (Summary of
findings 6).

Social environment

Social environment interventions target staff members and
changes in the organisational system, rather than targeting patients
directly. Six trials (9074 participants) examined service model
change interventions (Dykes 2010; Koh 2009; Mador 2004;
Stenvall 2007; Van Gaal 2011b; Wald 2011). Three trials (8587
participants) were cluster randomised (Dykes 2010; Koh 2009;
Van Gaal 2011b), and three (487 participants) were individually
randomised (Mador 2004; Stenvall 2007; Wald 2011). Studies
were not pooled as they were considered to examine clinically het-
erogenous interventions. One study reported data on risk of frac-
ture (Stenvall 2007). None of the studies reported adverse-event
data. We are uncertain of the effects of all social environment in-
terventions in hospitals as the quality of the evidence was assessed
as very low.

Service model change

Two studies examined implementation of guidelines in acute care
settings in hospitals. Koh 2009 (1122 participants) compared mul-
tifaceted fall-prevention guideline implementation with routine
dissemination. There was no strong evidence for an effect on the
rate of falls (Analysis 19.1.1: RaR 1.82, 95% CI 0.23 to 14.55;

very low-quality evidence, downgraded two levels for risk of bias,
one level for indirectness and two levels for imprecision). Van Gaal
2011b (2201 participants) studied the implementation of three
guidelines (falls, urinary tract infection, pressure ulcers) targeting
nursing staff in comparison with usual care. There was no strong
evidence for an effect on the rate of falls (Analysis 19.1.2: RaR
0.67, 95% CI 0.17 to 2.59; very low-quality evidence, down-
graded two levels for risk of bias, and two levels for imprecision).
We are uncertain of the effects of guideline implementation on
falls as the quality of the evidence is considered very low.
Dykes 2010 (5264 participants) tested the effect of a computer-
based fall-prevention tool kit in comparison with usual care. There
was no strong evidence for an effect on the rate of falls (Analysis
19.1.3: RaR 0.55, 95% CI 0.02 to 16.29) or risk of falling (Analysis
19.2.1 RR 0.91, 95% CI 0.06 to 14.21). We are uncertain of
the effectiveness of this intervention (very low-quality evidence,
downgraded two levels for risk of bias, and two levels for impreci-
sion).
Wald 2011 (217 participants) compared providing care in an acute
ward for the elderly with care in general medical wards to usual
care. There was no strong evidence for an effect on the rate of falls
(Analysis 19.1.4: RaR 0.72, 95% CI 0.10 to 5.10).
Mador 2004 (71 participants) examined a new behavioural advi-
sory service for people with confusion in comparison with usual
care. There was no strong evidence for an effect on the risk of
falling (Analysis 19.2.2: RR 2.44, 95% CI 0.85 to 7.02).
Stenvall 2007 (199 participants) compared post-operative care in a
ward providing a comprehensive ortho-geriatric service with usual
care in an orthopaedic ward following surgery for hip fracture.
This intervention achieved a reduction in the rate of falls (Analysis
19.1.5: RaR 0.38, 95% CI 0.19 to 0.74) and the risk of falling
(Analysis 19.2.3: RR 0.41, 95% CI 0.20 to 0.83) at discharge.
There were four new fractures in the control group but none in
the intervention group (Analysis 19.3.1: RR 0.11, 95% CI 0.01
to 1.52). These findings also applied to the subgroup analysis of
patients with dementia (64 participants), i.e. the rate of falls and
risk of falling was reduced (RaR 0.07, 95% CI 0.01 to 0.57; RR
0.12, 95% CI 0.02 to 0.85).

Knowledge interventions

Two trials (3028 participants) examined knowledge interventions
in hospitals in individually-randomised trials. Neither trial re-
ported data on the risk of fracture. Haines 2011 reported that
there were no adverse events from interaction with the education
materials; Ang 2011 did not report on adverse events.
Ang 2011 (1822 participants), testing an educational session by
a trained research nurse targeting individual fall risk factors in
patients at high risk of falling in an acute setting and achieved
a reduction in risk of falling (Analysis 20.2: RR 0.29, 95% CI
0.11 to 0.74); however, we are uncertain of the effects of this
intervention as the quality of the evidence has been assessed as
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very low (downgraded two levels for risk of bias, one level for
indirectness and one level for imprecision).
Haines 2011 (1206 participants) evaluated two forms of multi-
media patient education compared with usual care in a mixture
of acute and subacute wards. One intervention consisted of writ-
ten and video-based materials plus one-on-one bedside follow-
up from a physiotherapist (complete programme) and the other
intervention group received educational materials only. Neither
intervention showed strong evidence of a reduction in the rate
of falls (Analysis 20.1.1 complete programme RaR 0.83, 95%CI
0.54 to 1.27; very low-quality evidence, downgraded one level
for indirectness, one level for inconsistency and one level for im-
precision; Analysis 20.1.2 educational materials only RaR 0.91,
95%CI 0.62 to 1.35; low-quality evidence, downgraded one level
for indirectness and one level for imprecision) or risk of falling
(Analysis 20.2.2 complete programme RR 0.74, 95%CI 0.48 to
1.14; very low-quality evidence, downgraded one level for indi-
rectness, one level for inconsistency and one level for imprecision;
Analysis 20.2.3 educational materials only RR 0.84, 95% CI 0.56
to 1.27; low-quality evidence, downgraded one level for indirect-
ness and one level for imprecision). In a post-hoc subgroup anal-
ysis, in participants who were cognitively intact the authors re-
ported that falls were less frequent in those receiving the complete
programme, compared with those in the materials only group (ad-
justed hazard ratio (HR) for rate of falls 0.51, 95% CI 0.28 to
0.93; risk of falling 0.65, 95% CI 0.36 to 1.18; 626 participants)
and the control group (adjusted HR for rate of falls 0.43, 95% CI
0.24 to 0.78; risk of falling 0.51, 95%CI 0.28 to 0.94; 590 partici-
pants) (test for subgroup differences P < 0.05). There was a higher
risk of injurious falls in those with cognitive impairment with the
complete programme (7.49 falls per 1000 patient days compared
with 2.89 falls per 1000 patient days in the control group; 192
participants). We are uncertain of the effects of the complete edu-
cational programme with follow-up on falls (very low-quality ev-
idence) but providing educational materials only may make little
or no difference to the rate of falls or risk of falling (low-quality
evidence).

Other single interventions

No included studies examined other single interventions in a hos-
pital setting.

Hospitals: multiple interventions

No included studies examined multiple interventions in a hospital
setting.

Hospitals: multifactorial interventions

Six trials (45,416 participants) tested the effect of multifactorial
interventions in comparison with usual care in a hospital setting

(Aizen 2015; Barker 2016; Cumming 2008; Haines 2004; Healey
2004; Hill 2015). Five trials (44,790 participants) were cluster
randomised (Aizen 2015; Barker 2016; Cumming 2008; Healey
2004; Hill 2015), and one (626 participants) was individually ran-
domised (Haines 2004). Two trials used a stepped-wedge design
(Aizen 2015; Hill 2015). The categories of interventions for each
trial are shown in Appendix 3 and further details are provided in
the Characteristics of included studies. A summary of the evidence
for multifactorial interventions for falls prevention in hospitals is
provided in Summary of findings 7. Two studies (4625 partici-
pants) reported data on risk of fracture (Cumming 2008; Haines
2004). Four of six trials (39,763 participants) reported on adverse
events (Aizen 2015; Barker 2016; Haines 2004; Hill 2015). We
have shown whether the settings were acute or subacute in the
footnotes of the analyses. Given most of these trials were large with
important differences such as in the setting and in the format and
delivery of their multifactorial intervention, we present some de-
tails of the individual trials first before reporting the pooled anal-
yses.
Aizen 2015 (752 participants) conducted a two-stage (stepped-
wedge) cluster randomised trial in five geriatric rehabilitation
wards. The multifactorial intervention included medical, be-
havioural, cognitive and environmental modifications with addi-
tional orientation guidance and mobility restriction for moderate-
risk patients and permanent personal supervision for high-risk pa-
tients. The usual care arm included any activities undertaken by
the participants recommended or administered by their treating
team. The authors reported that “No significant difference was
found in fall rates during follow-up between intervention and con-
trol wards”. The findings of this study were not pooled as some
aspects of the study methodology and data collection could not
be confirmed.
Barker 2016 (35,264 participants, 46,245 admissions) investi-
gated a “6-PACK” intervention in comparison with usual care
(which included standard falls prevention activities) with a cluster-
randomised trial in 24 acute medical or surgical wards and found
no change in rate of falls or risk of falling. There was no evidence
of effect on the rate of injurious falls (RaR 0.96, 95% CI 0.72 to
1.27). Data were determined based on admissions, some patients
were admitted more than once.
Cumming 2008 (3999 participants) examined an intervention in
both acute and subacute wards in which a nurse and physiother-
apist each worked for 25 hours per week for three months in all
intervention wards. No trial interventions were delivered in the
usual care arm. This trial also found no change in the rate of falls or
risk of falling. The review authors consider both Barker 2016 and
Cumming 2008 to be well-conducted trials. The interventions
they studied would be regarded as sound falls prevention practice
including use of falls risk-assessment tools and supervision for pa-
tients at risk but no effect on falls was observed.
The multidisciplinary intervention in Haines 2004 (626 partic-
ipants) took place in three subacute wards. The programme in-
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cluded a falls risk alert card with an information brochure, exercise,
education programme, and hip protectors, in addition to usual
care. In the control arm, patients received usual care but none of
the interventions from the falls prevention programme; the study
staff completed the risk assessment and generated recommenda-
tions but none of these recommendations were instituted. The au-
thors reported that the difference in falls between the two groups
was “most obvious after 45 days of observation”, suggesting that
this programme benefited people staying longer in hospital but
it could also be explained by long staying frequent fallers in the
control group.
Healey 2004 (1654 participants) examined a risk-factor reduction
care plan for patients with a history of falls in a cluster-randomised
trial in eight acute and subacute wards. Interventions included
assessment and interventions targeted at eyesight, medications,
blood pressure management, mobility, urine testing, bed rail use,
bed height, footwear, ward positioning, environmental causes and
call bells. In the usual care arm, the care plan was not introduced
and no changes to practice or environment relevant to falls pre-
vention were made during the study.
Hill 2015 conducted a stepped-wedge cluster-randomised con-
trolled trial in eight hospital rehabilitation and geriatric wards
(3121 participants, 3606 admissions), which tested the effect of
an individualised multimedia education intervention (also tested
in Haines 2011) provided to eligible patients with basic cogni-
tion, and staff, aiming to educate patients about falls prevention
strategies and to motivate engagement in falls-prevention strate-
gies (ProFaNE categories of social environment and knowledge).
Usual care included patient’s screening, assessment and implemen-
tation of individualised falls-prevention strategies, ongoing staff
training and environmental strategies. There was a reduction in
the rate of falls (Analysis 21.1: RaR 0.60, 95% CI 0.42 to 0.94).
There was also a reduction in the rate of injurious falls (adjusted
RaR 0.65, 95% CI 0.42 to 0.88; data analysed by number of ad-
missions rather than participants).
In a pre-specified subgroup analysis, Hill 2015 reported that the
rate of falls was reduced in people without significant cognitive
impairment who received the educational intervention (MMSE >
23/30; adjusted RaR 0.53, 95%CI 0.36 to 0.77, P < 0.001; 1930
participants), but there was no strong evidence for an effect in the
subgroup of patients who were cognitively impaired (who did not
receive the patient intervention, but may have benefited from the
staff training intervention component; adjusted RaR 0.65, 95%
CI 0.40 to 1.05; 1676 participants).

Rate of falls

Pooled results from five trials (44,664 participants) of multifacto-
rial interventions showed a borderline reduction in the rate of falls,
with a reduction overall of 20%; the 95% confidence intervals
indicated this estimate of effect may range as high as a reduction
of 36% or result in an increase in falls rates of 1%; (Analysis 21.1:

RaR random-effects 0.80, 95% CI 0.64 to 1.01; 5 trials: I² = 52%;
low-quality evidence, downgraded one level for risk of bias and
one level for imprecision; Summary of findings 7). These findings
were further explored in a subgroup analysis by setting (see below).

Risk of falling

Pooled data from three trials (39,889 participants) of the five trials
pooled for the rate of falls outcome were generally consistent with
the effect estimate for the rate of falls with a reduction in the risk
of falling that did not reach statistical significance (Analysis 21.2:
RR random-effects 0.82, 95% CI 0.62 to 1.09; 3 trials: I² = 0%;
very low-quality evidence; Summary of findings 7). Notably Hill
2015 reported a reduction in the risk of falling (adjusted odds ratio
(OR) 0.55, 95% CI 0.38 to 0.81) in a subacute setting; however,
these data were analysed by number of admissions, rather than
participants, so these data were not pooled. The choice of model
for the pooled analysis did not affect the estimate of effect as the
statistical heterogeneity was 0%. We are uncertain of the effects
of multifactorial interventions on risk of falling in hospitals (very
low-quality evidence).

Risk of fracture

Two trials (4625 participants; Cumming 2008; Haines 2004) re-
ported fracture data suitable for pooling. There was no strong ev-
idence for a reduction in the number of people sustaining a frac-
ture (Analysis 21.3: RR 0.76, 95% CI 0.14 to 4.10: I² = 0%; nine
fractures; very low-quality evidence; Summary of findings 7).
In Barker 2016, there were very few fractures in an acute setting,
with 11 (0.06%) people experiencing a fall-related fracture in the
intervention arm and 13 (0.07%) in the control arm. In Hill 2015,
there were six fractures in the control group (three hip fractures)
and four in the intervention group (not hip) in a subacute setting;
these data represent number of fractures and admissions rather
than patients. The data from these two studies are not pooled;
however, the results are consistent with the pooled estimate show-
ing no strong effect on the risk of fracture.
We are uncertain whether multifactorial interventions reduce the
risk of fracture as the quality of the evidence has been assessed as
very low.

Adverse events

No adverse events were reported in the four trials (39,763 partic-
ipants; Aizen 2015; Barker 2016; Haines 2004; Hill 2015) that
reported this outcome. We are uncertain of the effects of multifac-
torial interventions on adverse events as the quality of the evidence
has been assessed as very low (Summary of findings 7).
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Subgroup analysis by type of care (acute, subacute or mixed

settings)

A post-hoc subgroup analysis was conducted for multifactorial in-
terventions conducted in hospitals for acute care settings, subacute
settings or mixed (both subacute and acute) settings. The test for
subgroup differences indicated a possible difference between the
settings (types of care) for rate of falls (Analysis 22.1, P = 0.04).
Pooled data indicate a reduction in the falls rate in trials conducted
in the subacute setting (Analysis 22.1.3: RaR 0.67, 95% CI 0.54
to 0.83), but not in the acute (Analysis 22.1.1: RaR 1.04, 95% CI
0.79 to 1.37) or mixed settings (Analysis 22.1.2: RaR 0.88, 95%
CI 0.61 to 1.27). There were no differences between subgroups
for pooled data by setting for risk of falling (Analysis 22.2, test
for subgroup differences P = 0.75) or risk of fracture (Analysis
22.3, test for subgroup differences P = 0.56). One additional study
reporting data for the risk of falling and fracture that were not
pooled was conducted in a subacute setting (Hill 2015).
Multifactorial interventions including targeted patient education
may reduce the rate of falls in a subacute setting (low-quality ev-
idence, downgraded one level for risk of bias and one level for
inconsistency due to some uncertainty in the subgroup analysis).

Studies in participants with cognitive impairment

Eleven trials reported findings specifically for patients with de-
mentia or cognitive impairment.

Care facilities

In care facilities, Juola 2015 (227 participants) included 93% of
participants with a dementia diagnosis in a trial of nurse education
on harmful medications. The intervention showed a reduction in
the rate of falls in those with an MMSE score of 10 or greater, but
no strong evidence of an effect in those with an MMSE of less than
10. In a trial of a multifactorial intervention (Whitney 2017; 191
participants), 97% of participants were cognitively impaired but
the intervention did not show any strong evidence for an effect on
the rate of falls or risk of falling.The effects of combination exercise,

a multimodal exercise programme, a behaviour advisory service for
people with confusion, dementia care mapping, and multisensory
stimulation in a Snoezelen room have been examined in people
with dementia in several studies (Chenoweth 2009; Klages 2011;
Kovacs 2013; Mador 2004; Toulotte 2003; Van de Ven 2014).
However, these interventions were tested in single small studies
or the studies did not report data suitable for further analysis.
Chenoweth 2009 and Buettner 2002 reported costs associated
with interventions for participants with dementia in care facilities.

Hospitals

In hospitals, a knowledge-based intervention that did not show
strong evidence for a reduction in the rate of falls overall showed
a reduction in falls in those who were cognitively intact, but not
in those with cognitive impairment in a post-hoc analysis (Haines
2011). When the intervention was applied as a multifactorial in-
tervention, only delivered to those with basic cognition, a reduc-
tion in both the rate of falls and risk of falling was observed (Hill
2015). In an acute hospital setting, Stenvall 2007 found that a
multifactorial intervention including comprehensive geriatric as-
sessment and rehabilitation for people with femoral neck fractures
reduced falls in a subgroup with dementia, however the number of
participants was low and the evidence assessed as very low quality,
so we are uncertain of the effectiveness of this intervention.

Economic evaluations

The 11 studies reporting economic outcomes (nine in care facilities
and two in a hospital setting) are summarised in Appendix 10.
Only one study (Haines 2013), reported an economic evaluation
in terms of the cost to prevent falls.
In a subgroup of hospital inpatients who were cognitively intact,
a falls patient education programme in a hospital setting had a
cost of AUD 294 to prevent one fall and AUD 526 to prevent one
faller (Haines 2013).
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

General medication review compared with usual care for falls prevention in care facilities

Population and setting: older (≥ 65 years) residents of care facilities

Intervention: general medication review (NB: the primary aim of all medication review is to reduce psychoactive medications)

Comparison: usual care

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments
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medicat ions

• medicat ion review

and deprescribing

• GP record +
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on harmful

medicat ions in older

people

• GRAM sof tware

for decision support

for prescribing

pract ices

• GP and a

geriatrician /

pharmacologist

independent ly

ident if ying

deprescribing targets

using a list of

potent ially

inappropriate

medicines vs

medicat ion review

without deprescribing

• review of GP

record + consultat ion

with pat ient and carer

1 addit ional RCT of edu-

cat ion of physicians on

drug use in older peo-

ple (716 part icipants)

found no strong evi-

dence for an ef fect on

the risk of falling fol-

lowing the intervent ion

period

250 per 1000 233 (200 to 273) per

1000

Moderate-risk populat ion4

500 per 1000 465 (400 to 545) per

1000

High-risk populat ion5

700 per 1000 651 (560 to 763) per

1000

Risk of f racture

Length of follow-up: 12

months

Average risk populat ion6 RR 1.60

(0.28 to 9.16)

93

(1 trial)

+ooo

VERY LOW9
Intervent ion was GP

and a geriatrician/

pharmacologist inde-

pendent ly ident if ying

3
6
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deprescribing targets

using a list of po-

tent ially inappropriate

medicines vs medica-

t ion review without de-

prescribing42 per 1000 67 (12 to 614) per 1000

Adverse events

Length of follow-up: 12

months

Average risk populat ion10 RR 1.07

(0.23 to 5.01)

93

(1 trial)

+ooo

VERY LOW9
Serious vascular events

in both trial arms and

signif icant withdrawal

react ions in 2 inter-

vent ion part icipants (

Potter 2016).

60 per 1000 64 (14 to 301)

per 1000

* * Illustrat ive risks for the control group were derived f rom all or subgroups of trials in care facilit ies report ing the outcome. The exact basis for the assumed risk f or each

outcome is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of

the intervent ion (and its 95%CI).

CI: Conf idence interval; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Low risk was based on the mean control risk of the 17 (bottom third) trials with the lowest rate of falls. The mean rate of

falls = 1.07, rounded to 1.0 per person year; thus 1000 per 1000 person years.
2 High risk was based on the mean control risk of the 18 (top third) trials with the highest rate of falls. The mean rate of falls

= 3.69, rounded to 3.5 per person year; thus 3500 per 1000 person years.
3 Low risk was based on the mean control risk of the 20 trials with the lowest risk of falling. The mean risk of falling = 0.268,

rounded to 0.25; thus 250 per 1000 people.
4 Moderate risk was based on the mean control risk of the 20 trials report ing a moderate risk of falling, not described as high-

risk populat ions. The mean risk of falling = 0.539, rounded to 0.5; thus 500 per 1000 people.
5 High risk was based on the mean control risk of the 13 trials report ing a high risk of falling, including populat ions with a

descript ion as a high-risk populat ion. The mean risk of falling = 0.680, rounded to 0.7; thus 700 per 1000 people.
6 Risk based on the median control risk of f racture of the trials report ing this outcome. Median risk = 0.042; thus 42 per 1000.
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7 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias, high or unclear risk of method of ascertaining falls, and high risk of baseline imbalance) and one level due to

inconsistency (unexplained heterogeneity, I² = 93%).
8 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias, baseline imbalance, method of ascertaining falls and high or unclear risk of select ion bias), and one level for

inconsistency (I² = 48%, P > 0.05; inconsistency in point est imates between studies).
9The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias), one level for indirectness (sIngle trial conducted in rural Western Australia (Potter 2016) that may have lim ited

applicability), two levels for imprecision (extremely wide conf idence intervals that include the possibility of both important

benef it and harm) and one level for publicat ion bias (few studies reported this outcome).
10 Determined f rom the control arm of Potter 2016.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Vitamin D supplementation compared with no vitamin D supplementation for falls prevention in care facilities

Population and setting: older (≥ 65 years) residents of care facilities1

Intervention: vitamin D supplementation (vitamin D or vitamin D + calcium)

Comparison: usual care (or calcium supplementation)

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Vitamin D

Rate of falls

Length of follow-up: 3

to 24 months

Low-risk populat ion2 RaR 0.72

(0.55 to 0.95)

4512

(4 studies)

+++o

MODERATE8
Studies included two

studies of vitamin D3

+ calcium versus cal-

cium, and 2 studies of

vitamin D2 versus usual

care or placebo

1000 per 1000 py 720 (550 to 950)per

1000 py

High-risk populat ion3

3500 per 1000 py 2520 (1925 to 3325)per

1000 py

Risk of falling

Length of follow-up: 3

to 24 months

Low-risk populat ion4 RR 0.92

(0.76 to 1.12)

4512

(4 studies)

+++o

MODERATE9
Studies included two

studies of vitamin D3

+ calcium versus cal-

cium, and 2 studies of

vitamin D2 versus usual

care or placebo

250 per 1000 230 (190 to 280)per

1000

Moderate-risk populat ion5

500 per 1000 460 (380 to 515)per

1000

High-risk populat ion6

700 per 1000 644 (532 to 784)per

10003
9
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Risk of f racture

Length of follow-up: 3

to 24 months

Average risk populat ion7 RR 1.09

(0.58 to 2.03)

4464

(3 studies)

+ooo

VERY LOW10
These studies repre-

sent only a subset of

studies evaluat ing the

ef fect of vitamin D

on f ractures. Included

studies were two stud-

ies of vitamin D3 + cal-

cium versus calcium,

and 1 study of vitamin

D2 versus usual care42 per 1000 46 (24 to 85) per 1000

Adverse events

Length of follow-up: 3

to 24 months

ND12 ND12 RR 4.84

(0.24 to 98.90)

747

(2 studies)

+ooo

VERY LOW11
No serious events re-

ported. Studies tested

supplementat ion with

800 IU oral cholecalcif -

erol (vitamin D3) and

1000 IU oral ergocalcif -

erol (vitamin D2) daily

Data derived f rom just 2

cases of increased con-

st ipat ion in the inter-

vent ion arm in 1 study

(N = 122). No adverse

events recorded in the

other study (N = 625)

* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in care facilit ies report ing the outcome. The exact basis for the assumed risk f or each

outcome is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of

the intervent ion (and its 95%CI).

CI: Conf idence interval; ND: not done; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Studies conf irmed the part icipants had low or very low serum vitamin D levels at baseline.
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2 Low risk was based on the mean control risk of the 17 (bottom third) trials with the lowest rate of falls. The mean rate of

falls = 1.07, rounded to 1.0 per person year; thus 1000 per 1000 person years.
3 High risk was based on the mean control risk of the 18 (top third) trials with the highest rate of falls. The mean rate of falls

= 3.69, rounded to 3.5 per person year; thus 3500 per 1000 person years.
4 Low risk was based on the mean control risk of the 20 trials with the lowest risk of falling. The mean risk of falling = 0.268,

rounded to 0.25; thus 250 per 1000 people.
5 Moderate risk was based on the mean control risk of the 20 trials report ing a moderate risk of falling, not described as high-

risk populat ions. The mean risk of falling = 0.539, rounded to 0.5; thus 500 per 1000 people.
6 High risk was based on the mean control risk of the 13 trials report ing a high risk of falling, including populat ions with a

descript ion as a high-risk populat ion. The mean risk of falling = 0.680, rounded to 0.7; thus 700 per 1000 people.
7 Risk based on the median control risk of f racture of the trials report ing this outcome. Median risk = 0.042; thus 42 per 1000.
8 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias and method of ascertaining falls for one trial contribut ing 49%).
9 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias and method of ascertaining falls for one trial contribut ing 56%).
10 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

detect ion bias and method of ascertaining falls for one trial contribut ing 49%), and two levels for imprecision (small number

of f ractures, conf idence intervals cross the range of strong ef fect and signif icant harm).
11 The quality of the evidence was downgraded two levels for imprecision (low event rate, inadequate power to assess rare

adverse events) and two levels for other reasons (concerns that adverse events were not recorded systematically and likely

publicat ion bias, few studies reported this outcome).
12 Not done. Illustrat ive comparat ive risks not presented as considered uninformative due to paucity of data available.
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Multifactorial interventions compared with usual care for falls prevention in care facilities

Population and setting: older (≥ 65 years) residents of care facilities

Intervention: multifactorial interventions (two or more categories of intervention given based on individual risk profile)

Comparison: usual care (without intervention)1

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Vitamin D

Rate of falls

Length of follow-up: 6

to 12 months

Low-risk populat ion2 RaR 0.88 (0.66 to 1.18) 3439

(10 studies)

+ooo

VERY LOW8
One addit ional study

(31 part icipants) of ex-

ercise plus nutrit ional

support reported zero

falls in the intervent ion

arm and two in the con-

trol arm

1000 per 1000 py 720 (550 to 950)per

1000 py

High-risk populat ion3

3500 per 1000 py 2520 (1925 to 3325)per

1000 py

Risk of falling

Length of follow-up: 6

to 12 months

Low-risk populat ion4 RR 0.92 (0.81 to 1.05) 3153

(9 studies)

++oo

LOW9
One addit ional study

(482 part icipants) re-

ported a reduct ion in

the proport ion of recur-

rent fallers (dif f erence

19%, 95% CI 2% to 36%:

P = 0.03)

250 per 1000 230 (190 to 280)per

1000

Moderate-risk populat ion5

500 per 1000 460 (380 to 515)per

1000

High-risk populat ion6

700 per 1000 644 (532 to 784)per

10004
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Risk of f racture

Length of follow-up: 6

to 12 months

Average risk populat ion7 RR 0.79 (0.30 to 2.07) 2160

(5 studies)

+ooo

VERY LOW10

42 per 1000 34 (13 to 87) per 1000

Adverse events

Length of follow-up: 11

weeks to 12 months

See comment See comment Not est imable. 312

(3 studies)

+ooo

VERY LOW11
One trial reported a

case of a fall in the

intervent ion arm; two

studies reported no ad-

verse events

* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in care facilit ies report ing the outcome. The exact basis for the assumed risk f or each

outcome is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of

the intervent ion (and its 95%CI).

CI: Conf idence interval; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Nine of 11 trials described the control arm as usual care not receiving the intervent ion. In one trial contribut ing data to the

risk of falling and f racture, the control arm received mult idisciplinary assessment without the intervent ion in addit ion to

usual care; in one trial contribut ing data to the rate of falls and risk of falling, the control included reminiscence therapy.
2 Low risk was based on the mean control risk of the 17 (bottom third) trials with the lowest rate of falls. The mean rate of

falls = 1.07, rounded to 1.0 per person year; thus 1000 per 1000 person years.
3 High risk was based on the mean control risk of the 18 (top third) trials with the highest rate of falls. The mean rate of falls

= 3.69, rounded to 3.5 per person year; thus 3500 per 1000 person years.
4 Low risk was based on the mean control risk of the 20 trials with the lowest risk of falling. The mean risk of falling = 0.268,

rounded to 0.25; thus 250 per 1000 people.
5 Moderate risk was based on the mean control risk of the 20 trials report ing a moderate risk of falling, not described as high-

risk populat ions. The mean risk of falling = 0.539, rounded to 0.5; thus 500 per 1000 people.
6 High risk was based on the mean control risk of the 13 trials report ing a high risk of falling, including populat ions with a

descript ion as a high-risk populat ion. The mean risk of falling = 0.680, rounded to 0.7; thus 700 per 1000 people.
7 Risk based on the median control risk of f racture of the trials report ing this outcome. Median risk = 0.042; thus 42 per 1000.
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8 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

attrit ion bias and baseline imbalance), one level for serious inconsistency (high heterogeneity I2 = 84%) and one level for

imprecision (wide CIs despite large N).
9 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

attrit ion bias and some uncertainty in select ion bias) and one level for inconsistency (inconsistency in point est imates

between studies).
10 The quality of the evidence was downgraded one level for serious risk of bias (including high risk of performance and

attrit ion bias and baseline imbalance), one level for inconsistency (moderate heterogeneity, I2 = 60%, P = 0.04) and two levels

for imprecision (extremely wide conf idence intervals)
11 The quality of the evidence was downgraded two levels for serious risk of bias (2 of 3 trials had a high risk of baseline

imbalance or incomplete outcome data), two levels for imprecision (not powered for rare events) and two levels for other

reasons (concerns that adverse events were not recorded systematically and few studies reported this outcome).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Additional exercise plus physiotherapy compared with usual physiotherapy for falls prevention in hospitals

Population and setting: older (≥ 65 years) patients in hospital settings

Intervention: additional exercise plus physiotherapy

Comparison: usual physiotherapy

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Usual physiotherapy Additional Exercise

Rate of falls

Length of follow-up: in-

pat ient stay (mean 29

days) or 2 weeks

Low-risk populat ion1 RaR 0.59 (0.26 to 1.34) 215

(2 studies)

+ooo

VERY LOW7
One study compared

ad-

dit ional exercises ver-

sus convent ional phys-

iotherapy alone, and 1

study tested addit ional

group standing balance

circuit classes

1300 per 1000 py 767 (338 to 1742) per

1000 py

Moderate-risk populat ion2

3500 per 1000 py 2065 (910 to 4690) per

1000 py

High-risk populat ion3

6000 per 1000 py 3540 (1560 to 8040)

per 1000 py

Risk of falling

Length of follow-up: in-

pat ient stay (mean 29

days) or 8 weeks

Low-risk populat ion4 RR 0.36

(0.14 to 0.93)

83

(2 studies)

+ooo

VERY LOW8
One study compared

ad-

dit ional exercises ver-

sus convent ional phys-

iotherapy alone, and

1 study tested addi-

t ional daily physiother-

apy sessions
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30 per 1000 11 (4 to 28) per 1000

Moderate-risk populat ion5

150 per 1000 54 (21 to 140) per 1000

High-risk populat ion6

340 per 1000 122 (48 to 316) per

1000

Risk of f racture See comment See comment See comment No data available

Adverse events

Length of follow-up: 2

weeks

0 events 0 events Not est imable 161

(1 study)

+ooo

VERY LOW9
One study reported no

adverse events, two

studies did not report

this outcome

* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in hospitals report ing the outcome. The exact basis for the assumed risk f or each outcome

is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervent ion (and its 95%CI).

CI: Conf idence interval; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Low risk was based on the mean control risk of the 7 (bottom third) trials with the lowest rate of falls. The mean rate of falls

= 1.27, rounded to 1.3 per person year; thus 1300 per 1000 person years.
2 Moderate risk was based on the mean control risk of the 7 (middle third) trials with a moderate rate of falls. The mean rate

of falls = 3.23, rounded to 3.5 per person year; thus 3500 per 1000 person years.
3 High risk was based on the mean control risk of the 7 (top third) trials with the highest rate of falls. The mean rate of falls =

6.33, rounded to 6.0 per person year; thus 6000 per 1000 person years.
4 Low risk was based on the mean control risk of 10 trials with the lowest risk of falling. The mean risk of falling = 0.034,

rounded to 0.03; thus 30 per 1000 people.
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5 Moderate risk was based on the mean control risk of 7 (m iddle third) trials report ing the risk of falling. The mean risk of

falling = 0.156, rounded to 0.15; thus 150 per 1000 people.
6 High risk was based on the mean control risk of 6 (top third) trials report ing the risk of falling. The mean risk of falling =

0.340; thus 340 per 1000 people.
7The quality of the evidence was downgraded one level for risk of bias (including unclear risk of select ion bias and method of

ascertaining falls in one study) and two levels for very serious imprecision (the wide conf idence intervals cross the range of

est imates of harm and strong ef fect).
8The quality of the evidence was downgraded one level for risk of bias (including unclear risk of bias in both trials for select ion

bias and high risk of attrit ion bias for study contribut ing 69%), one level for indirectness (possibly lim ited applicability as both

trials conducted in UK rehabilitat ion sett ings) and one level for imprecision (total N = 83, wide 95% conf idence intervals).
9The quality of the evidence was downgraded one level for indirectness (single trial in Australian rehabilitat ion sett ing), two

levels for imprecision (no events recorded, inadequate power to assess rare adverse events) and one level for other reasons

(concerns that adverse events were not recorded systematically).

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Bed alarms compared with usual care for falls prevention in hospitals

Population and setting: older (≥ 65 years) patients in hospital settings

Intervention: bed alarms

Comparison: usual care

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Usual care Bed alarms

Rate of falls

Length of follow-up: in-

pat ient stay (mean 19

days; not known)

Low-risk populat ion1 RaR 0.60

(0.27 to 1.34)

28,649

(2 studies)

++oo

VERY LOW7
One cluster-ran-

domised study tested

educat ion and sup-

port on using bed/ chair

alarms; and one study

tested sensor alarms

f it ted to pat ients’ upper

leg at rest t ime

A third study (n = 70)

reported no dif ference

in the number of falls

(data not suitable for

pooling)

1300 per 1000 py 780 (351 to 1742)per

1000 py

Moderate-risk populat ion2

3500 per 1000 py 2100 (945 to 4690) per

1000 py

High-risk populat ion3

6000 per 1000 py 3600 (1620 to 8040)

per 1000 py

Risk of falling

Length of follow-up: in-

pat ient stay (mean 19

days; not known)

Low-risk populat ion4 RR 0.93

(0.38 to 2.24)

28,649

(2 studies)

+ooo

VERY LOW8
One cluster-ran-

domised study tested

educat ion and sup-

port on using bed/ chair

alarms; and one study

tested sensor alarms

f it ted to pat ients’ upper

leg at rest t ime
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30 per 1000 28 (11 to 67) per 1000

Moderate-risk populat ion5

150 per 1000 140 (57 to 336) per

1000

High-risk populat ion6

340 per 1000 316 (129 to 762) per

1000

Risk of f racture See comment See comment See comment No data available.

Adverse events

Length of follow-up: in-

pat ient stay (mean 19

days; not known)

0 events 0 events Not est imable. 27,742

(2 studies)

+ooo

VERY LOW9
2 trials reported that

there were no adverse

events

* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in hospitals report ing the outcome. The exact basis for the assumed risk f or each outcome

is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervent ion (and its 95%CI).

CI: Conf idence interval; py: person years; RaR: Rate Ratio; RR: Risk Ratio;

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Low risk was based on the mean control risk of the 7 (bottom third) trials with the lowest rate of falls. The mean rate of falls

= 1.27, rounded to 1.3 per person year; thus 1300 per 1000 person years.
2 Moderate risk was based on the mean control risk of the 7 (middle third) trials with a moderate rate of falls. The mean rate

of falls = 3.23, rounded to 3.5 per person year; thus 3500 per 1000 person years.
3 High risk was based on the mean control risk of the 7 (top third) trials with the highest rate of falls. The mean rate of falls =

6.33, rounded to 6.0 per person year; thus 6000 per 1000 person years.
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4 Low risk was based on the mean control risk of 10 trials with the lowest risk of falling. The mean risk of falling = 0.034,

rounded to 0.03; thus 30 per 1000 people.
5 Moderate risk was based on the mean control risk of 7 (m iddle third) trials report ing the risk of falling. The mean risk of

falling = 0.156, rounded to 0.15; thus 150 per 1000 people.
6 High risk was based on the mean control risk of 6 (top third) trials report ing the risk of falling. The mean risk of falling =

0.340; thus 340 per 1000 people.
7The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias and unclear risk

of bias for balance in baseline characterist ics in the larger trial, a cluster RCT, Shorr 2012; unclear or high risk of bias for all

domains for trial with greatest weight ing; risk of performance and detect ion bias due to lack of blinding although this is not

feasible); one level for imprecision (despite the large sample size, the wide conf idence intervals cross the range of strong

ef fect and signif icant harm) and one level for indirectness (the larger trial, Shorr 2012, is of educat ion and support on using

bed alarms, rather than direct ly implementing bed alarms).
8The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias and unclear risk

of bias for balance of baseline characterist ics in the larger trial, Shorr 2012), one level for indirectness (the larger trial, Shorr

2012, is of educat ion and support on using bed alarms, direct ly implementing bed alarms) and one level for imprecision,

despite the large sample size, the wide conf idence intervals cross the range of strong ef fect and signif icant harm).
9The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias and unclear

risk of bias for balance of baseline characterist ics, one level for indirectness (trial is of educat ion and support on using

bed alarms, direct ly implementing bed alarms) and one level for imprecision (no events recorded, low power to assess rare

adverse events) and one level for other reasons (concerns that adverse events were not recorded systematically).
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Multifactorial interventions compared with usual care for falls prevention in hospitals

Population and setting: older (≥ 65 years) patients in hospital settings

Intervention: multifactorial interventions (two or more categories of intervention given based on individual risk profile)

Comparison: usual care 1

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Usual care Multifactorial

Rate of falls

Length of follow-up: in-

pat ient stay (median 4

days to mean 30 days)

Low-risk populat ion2 RaR 0.80

(0.64 to 1.01)

44,664

(5 studies)

++oo

LOW9
The 5 studies

tested compared dif fer-

ent mult if actorial inter-

vent ions versus usual

care in acute, subacute

or mixed care sett ings

• 1 study (acute

care) tested risk

assessment and up to

6 intervent ions for

high-risk pat ients, plus

staf f educat ion

• 1 study (acute and

subacute care) tested

risk assessment, staf f

and pat ient educat ion,

drug review,

environmental

modif icat ions and

exercise

• 1 study (subacute

care) tested risk
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assessment and

targeted intervent ions

(exercise, educat ional

sessions f rom OT, hip

protectors)

• 1 study (acute and

subacute care) tested

risk factor screening

and targeted care plan

in at-risk pat ients

• 1 study (subacute

care) tested a

mult imedia falls

educat ion with follow-

up for pat ients plus

staf f educat ion and

feedback.

See footnote13 f or com-

ment on a post-hoc sub-

group analysis by set-

t ing.

1300 per 1000 py 1040 (832 to 1313) per

1000 py

Moderate-risk populat ion3

3500 per 1000 py 2,800 (2240 to 3535)

per 1000 py

High-risk populat ion4

6000 per 1000 py 4800 (3840 to 6060)

per 1000 py

Risk of falling

Length of follow-up: in-

pat ient stay (median 4

days to mean 30 days)

Low-risk populat ion5 RR 0.82

(0.62 to 1.09)

39,889

(3 studies)

+ooo

VERY LOW
10

The 3 studies

tested compared dif fer-

ent mult if actorial inter-

vent ions versus usual

care in acute, subacute

or mixed care sett ings

• 1 study (acute

care) tested risk

assessment and up to

6 intervent ions for

high-risk pat ients, plus

staf f educat ion

• 1 study (acute and

subacute care) tested
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risk assessment, staf f

and pat ient educat ion,

drug review,

environmental

modif icat ions and

exercise

• 1 study (subacute

care) tested risk

assessment and

targeted intervent ions

(exercise, educat ional

sessions f rom OT, hip

protectors)

One addit ional study

analysed fallers by the

number of admissions,

and found a reduct ion

in the risk of falling (ad-

justed OR 0.55, 95% CI

0.38 to 0.81)

30 per 1000 25 (19 to 33) per 1000

Moderate-risk populat ion6

150 per 1000 123 (93 to 164) per

1000

High-risk populat ion7

340 per 1000 279 (211 to 371) per

1000

Risk of f racture

Length of follow-up: in-

pat ient stay (mean in

acute wards 8 days to

mean 30 days)

Average risk populat ion8 RR 0.76

(0.14 to 4.10)

4615

(2 studies)

+ooo

VERY LOW11
The 2 studies pooled

tested compared dif fer-

ent mult if actorial inter-

vent ions versus usual

care in subacute or

mixed care sett ings

• 1 study (acute and

subacute care) tested

risk assessment, staf f

and pat ient educat ion,

drug review,

environmental

modif icat ions and

exercise
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• 1 study (subacute

care) tested risk

assessment and

targeted intervent ions

(exercise, educat ional

sessions f rom OT, hip

protectors)

Two addit ional studies

reported no dif ference

in extremely low risk of

f racture (1 study Inter-

vent ion: 11/ 17698, 0.

06% vs Control: 13/

17566, 0.07%) or num-

ber of f ractures (Inter-

vent ion 4/ 1402 0.3% vs

6/ 1719, 0.3%)18 per 1000 14 (3 to 74) per 1000

Adverse events

Length of follow-up: in-

pat ient stay

0 events 0 events Not est imable. 39,763

(4 studies)

+ooo

VERY LOW12
4 trials reported that

there were no adverse

events.

* Illustrat ive risks for the control group were derived f rom all or subgroups of trials in hospitals report ing the outcome. The exact basis for the assumed risk f or each outcome

is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervent ion (and its 95%CI).

CI: Conf idence interval; MultiF: mult if actorial; OR: Odds Ratio; OT: Occupational Therapist py: person years; RaR: Rate Ratio; RR: Risk Ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Usual care generally included some standard falls prevent ion act ivit ies. The degree to which this included components of the

intervent ion was not always clear. Usual care falls prevent ion act ivit ies are likely to very over t ime and between sett ings.
2 Low risk was based on the mean control risk of the 7 (bottom third) trials with the lowest rate of falls. The mean rate of falls

= 1.27, rounded to 1.3 per person year; thus 1300 per 1000 person years.5
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3 Moderate risk was based on the mean control risk of the 7 (middle third) trials with a moderate rate of falls. The mean rate

of falls = 3.23, rounded to 3.5 per person year; thus 3500 per 1000 person years.
4 High risk was based on the mean control risk of the 7 (top third) trials with the highest rate of falls. The mean rate of falls =

6.33, rounded to 6.0 per person year; thus 6000 per 1000 person years.
5 Low risk was based on the mean control risk of 10 trials with the lowest risk of falling. The mean risk of falling = 0.034,

rounded to 0.03; thus 30 per 1000 people.
6 Moderate risk was based on the mean control risk of 7 (m iddle third) trials report ing the risk of falling. The mean risk of

falling = 0.156, rounded to 0.15; thus 150 per 1000 people.
7 High risk was based on the mean control risk of 6 (top third) trials report ing the risk of falling. The mean risk of falling =

0.340; thus 340 per 1000 people.
8 Risk based on the median risk of f racture in the control arm of trials report ing this outcome. Median risk = 0.018; thus 18

per 1000 people.
9 The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias, performance and

detect ion bias) and one level for imprecision (conf idence intervals overlap no ef fect but fail to exclude important benef it )
10 The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias, performance

and detect ion bias), one level for imprecision (conf idence intervals overlap no ef fect but fail to exclude important benef it )

and one level for other bias (one study not included in pooled est imate creat ing uncertainty in overall point est imate).
11 The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion bias, performance

and detect ion bias) and two levels for imprecision (small number of f ractures, the extremely wide conf idence intervals include

both possible benef it and possible harm).
12 The quality of the evidence was downgraded one level for risk of bias (including high risk of select ion and performance

bias and baseline imbalance), one level for imprecision (no events recorded, low power to assess rare adverse events) and

one level for other reasons (concerns that adverse events were not recorded systematically).
13 A post-hoc subgroup analysis by sett ing found a reduct ion in the rate of falls in 2 trials conducted in a subacute sett ing

(RaR 0.67, 95% CI 0.54 to 0.83; 2 trials; 3747 part icipants; test for subgroup dif ferences P = 0.04). These trials included

including targeted pat ient educat ion as a component of the mult if actorial intervent ion.
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D I S C U S S I O N

Summary of main results

This review now includes 95 trials (138,164 participants) of which
71 trials (40,374 participants; mean age 84 years; 75% women)
were in care facilities and 24 trials (97,790 participants; mean age
78 years; 52% women) were in hospitals. Despite the addition
of 35 trials (77,869 participants) to the previous review, many of
the results from the pooled analyses remain inconsistent and in-
conclusive. Although 24 trials reported data on fractures suitable
for use in the analyses, all fracture data were very low-quality ev-
idence and thus we are uncertain of the effects of any interven-
tion on risk of fracture. Twenty-nine trials clearly reported data
on adverse events, although in several it was to report an absence
of adverse events. There were very few serious adverse events and
minor complications, where reported, were usually similar in the
intervention and control groups. Overall, we are uncertain of the
effects on adverse events as the quality of the evidence has been
assessed as very low.

Care facilities

Exercise

Twenty-five trials in care facilities investigated exercise as a single
intervention. Despite the large number of trials, many were small
(< 100 participants). Only two trials reported the effects of exercise
on risk of fracture and nine on adverse events.
Seventeen trials compared an exercise intervention with usual care.
A summary of the evidence for exercise in comparison with usual
care in care facilities is provided in Summary of findings for the
main comparison. Funnel plots of the pooled trials (10 trials each
for rate of falls and risk of falling; plus positive findings in an ad-
ditional four trials reporting rate of falls that could not be pooled)
indicated potential publication bias for this comparison.
In the 10 trials of exercise compared with usual care that were
pooled reporting rate of falls, there was considerable heterogeneity
in the results, which was only partially explained by a subgroup
analysis grouping trials according to level of nursing care provided.
We are uncertain whether exercise had an effect on the rate of falls
in care facilities as the quality of the evidence has been assessed as
very low. Subgroup analyses by type of exercise did not explain the
heterogeneity.
There was less statistical heterogeneity in the data on risk of falling
for trials of exercise compared with usual care. Pooled data indi-
cated exercise may make little or no difference to the risk of falling
(low-quality evidence).
There was limited evidence for exercise types other than gait, bal-
ance and functional training or trials testing a combination of ex-
ercise categories in comparison with usual care. Whilst three trials
tested Tai Chi programmes (which have been demonstrated to be
effective at reducing the risk of falling in a community setting),
data were not suitable for pooling.

We are uncertain of the impact of exercise on the risk of fracture
or adverse events (very low-quality evidence).
Nine trials provided 12 comparisons of two different exercise pro-
grammes. Comparisons of different types of exercise were all con-
sidered of very low quality so we are uncertain of the relative ef-
fectiveness of different types of exercise.
While no clear effect on reduction in falls from exercise was iden-
tified within the current review, either overall or by subgroups ac-
cording to level of care or type of exercise, there was a high degree
of heterogeneity between the studies. The range of different types
of exercise, populations and settings investigated plus the small size
of many trials has resulted in only limited evidence being available
for any particular combination of these factors. Importantly, the
limited evidence does not represent convincing evidence of a lack
of effect and the possibility of some types, intensity or duration of
exercise being effective for specific populations remains.

Medication (drug target)

Medication review

Twelve studies examined medication review in care facilities. One
study reported on the risk of fracture. Two studies reported in-
stances of adverse events.
A summary of the evidence for general medication review in care
facilities is provided in Summary of findings 2. Pooled results
from five trials of general medication review indicated that this
intervention may make little or no difference to the rate of falls
or risk of falling (low-quality evidence). We are uncertain of the
effect of general medication review on risk of fracture or adverse
events as the quality of the evidence has been assessed as very low.

Vitamin D supplementation

Eight trials examined vitamin D interventions in care facilities.
Five trials examined the effect of vitamin D supplementation, two
trials investigated the effect of daily multivitamin supplementa-
tion which included vitamin D and calcium and one tested an ed-
ucation intervention aimed at increasing prescription of adequate
levels of vitamin D, calcium and osteoporosis medications. Only
three trials reported data on the risk of fracture and five on adverse
events.
A summary of the evidence for vitamin D supplementation in care
facilities is provided in Summary of findings 3. Vitamin D supple-
mentation probably reduces the rate of falls (moderate-quality evi-
dence) but vitamin D supplementation (with or without calcium)
probably makes little or no difference to the risk of falling (mod-
erate-quality evidence). The 28% reduction in falls rate observed
(RaR 0.72, 95% CI 0.55 to 0.95) is substantial. Average serum
vitamin D levels at baseline were reported to be low or very low
in seven of eight studies (including the five studies of vitamin D
with or without calcium supplementation), indicating that these
results are applicable to residents of care facilities with low vitamin
D levels. Based on other studies, the reduction in the rate of falls
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may be related to improvement in muscle function (De Spiegeleer
2018).
We are uncertain of the effect of vitamin D supplementation (up
to 1000 IU daily) on the risk of fall-related fractures or adverse
events as the quality of the evidence has been assessed as very low.
These studies represent only a subset of the studies evaluating the
effect of vitamin D on fractures.
We are uncertain whether multivitamin supplementation includ-
ing vitamin D and calcium reduces the rate or risk of falling based
on two studies as the quality of the evidence is very low.
One study of an education intervention aimed at increasing the
prescription of vitamin D, calcium and osteoporosis medication
may make little or no difference to the rate of falls or risk of falling
(low-quality evidence).

Environment/assistive technology

There were no large trials of this type in care facilities. We are un-
certain of the effect on rate of falls of wireless position monitoring
in care facilities (very low-quality evidence).

Social environment

Seven trials in care facilities targeted staff training or implemented
service model changes. Two studies reported data on the risk of
fracture and no studies reported adverse-event data. None of the
interventions showed strong evidence for a reduction in falls. These
interventions included staff education on fall and fracture preven-
tion, a project nurse facilitating best-practice falls injury preven-
tion strategies, guideline implementation (falls, urinary tract in-
fection, and pressure ulcers), dementia care mapping, a risk-assess-
ment tool versus nurses’ judgement and a programme to improve
staff connections, communication, and problem-solving. Results
were inconsistent in two trials of dementia care mapping. Use of
a falls risk-assessment tool in comparison with nurses’ judgement
alone probably makes little or no difference to the rate of falls or
risk of falling (moderate-quality evidence). We are uncertain of
the effect on falls of a half-day education programme about fall
and fracture prevention for staff (very low-quality evidence). We
are uncertain of the impact of the other social environment inter-
ventions on falls.

Knowledge/education

There were no trials of knowledge interventions in care facilities.

Psychological interventions

Two studies in care facilities evaluated the effect of psychological
interventions on falls. Neither trial reported data on the risk of
fracture and adverse-event data were not reported.
One trial examined a cognitive-behavioural intervention with a
focus on falls-risk reduction, the other examined a computer-

based cognitive training programme focused on improving atten-
tion combined with strength and balance training, compared with
strength and balance training alone. We are uncertain of the effects
of psychological interventions on rate of falls or risk of falling as
the quality of the evidence is very low.

Other single interventions

Three trials (564 participants) examined other single interven-
tions. We are uncertain whether lavender olfactory stimulation,
multisensory stimulation in a Snoezelen room or sunlight expo-
sure reduces falls as the quality of the evidence has been assessed
as very low.

Multiple interventions

An intervention for incontinent residents in high-level nursing
care facilities that included exercise, offering regular fluids and toi-
leting, showed no strong evidence for an effect and we are uncer-
tain of the effectiveness as the quality of the evidence is very low
(Schnelle 2003).
Increased sunlight exposure plus calcium supplementation had
low adherence to sunlight exposure; we are uncertain of the effects
on falls or adverse events as the quality of the evidence is very low
(Sambrook 2012). There was no difference in the incidence rates
of new skin cancers, but an increase in the adjusted all-cause mor-
tality in the calcium-treated group compared with the UV alone
group (hazard ratio (HR) 1.23 versus 0.76, P = 0.03). Despite doc-
umented concerns about increased risk of cardiovascular events, in
particular myocardial infarction, with calcium supplementation
(Bolland 2010), there was a lack of evidence for a strong effect on
increased death rates from myocardial infarction, so the biological
reason for the observed increase in all-cause mortality is uncertain.
We are uncertain of the effects on adverse events as the quality of
evidence is very low.

Multifactorial interventions

In multifactorial interventions, two or more categories of inter-
vention are given, and these are linked to each individual’s risk
profile. An initial assessment is usually carried out by one or more
health professionals and an intervention is then provided or rec-
ommendations given or referrals made for further action. All trials
compared a multifactorial intervention with ’usual care’, which in
many cases included some falls-prevention activities. These stan-
dard care practices may have changed over time; however, the de-
gree to which the comparator arm does or does not include com-
ponents of the intervention activities is not clear enough to base
any additional analysis on. A summary of the evidence for multi-
factorial interventions in comparison with usual care in care facil-
ities is provided in Summary of findings 4.
This review included 13 multifactorial trials in care facilities. Five
studies reported data on risk of fractures. One study reported an
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instance of a fall as an adverse event, two studies reported that
there were no adverse events, and the remaining studies did not
report on adverse events. The interpretation of pooled data from
multifactorial interventions is problematic because of variation
in components between trials, and variation of combinations of
components delivered to individuals in the trials.
Pooled results did not show strong evidence for a reduction in the
risk of falling or risk of fracture; however, there was considerable
statistical heterogeneity. Multifactorial interventions may make
little or no difference to the risk of falling in care facilities (low-
quality evidence). We are uncertain of the effects of multifactorial
interventions in care facilities on the rate of falls or risk of fractures
as the quality of evidence has been assessed as very low. A post-
hoc subgroup analysis based on high, intermediate or mixed levels
of nursing care showed a statistical difference between subgroups,
with a reduction in falls in high- and intermediate-level care fa-
cilities, but not in studies or facilities with a mixed level of care.
As there is no clear external evidence that could explain these sub-
group results, and the finding is not completely consistent across
studies, the finding is not considered credible (Guyatt 2011a), and
no conclusion based on these subgroups is made. Subgroup anal-
ysis by level of cognition did not explain the heterogeneity.

Hospitals

Exercise

Three trials in hospitals (244 participants) investigated exercise as
a single intervention. Two of these were small, including less than
60 participants. Only one trial reported on adverse events.
The three trials tested the effect of additional physiotherapy in
rehabilitation wards (Summary of findings 5); however, we are un-
certain of the effect of this intervention on rate of falls or whether
it reduces risk of falling as the quality of the evidence has been
assessed as very low. There were no data available on fractures and
the one study reporting on adverse events found none.

Medication (drug target)

Medication review

In hospitals, we are uncertain of the effects of medication review
on either rate of falls or risk of falling; this was tested in only one
trial (very low-quality evidence).

Vitamin D supplementation

One trial in an acute geriatric unit found no strong evidence of
an effect of vitamin D supplementation on risk of falling, despite
the low levels of vitamin D at baseline. The median length of stay
was only 30 days. We are uncertain of the effects of vitamin D in
hospitals on rate of falls or risk of falling, rate of fracture or adverse
events as the quality of the evidence has been assessed as very low.

Environment/assistive technology

Six trials in hospitals investigated environment/assistive technol-
ogy interventions.
Pooled data from two trials (28,649 participants) were available
on the use of bed alarms in hospitals (Summary of findings 6).
The larger trial, which was a cluster-randomised trial with 28,551
participants, of bed/chair alarms was an education intervention to
support judgement on their use. We are uncertain of the effects of
bed alarms on the rate of falls, risk of falling or adverse events as
the quality of the evidence has been assessed as very low.
We are uncertain whether carpet flooring, tested in one small trial,
increases the rate of falls and risk of falling compared with vinyl
flooring (very low-quality evidence). We are uncertain of the effects
on rate of falls or risk of falling of using identification bracelets for
patients at high risk.
A large trial of the use of one low-low bed per 12 existing beds in
hospitals had no effect on rate of falls. However, large confidence
intervals indicate a lack of precision in the estimate and we are
uncertain of the effect of providing low-low beds on the rate of
falls (very low-quality evidence).

Social environment

Six trials in hospitals targeted staff training or implemented service
model changes. One trial in a hospital setting reported data on
the risk of fracture. No studies reported adverse-event data. Trials
tested a comprehensive post-operative ortho-geriatric service in a
geriatric ward for patients with proximal femoral fracture surgery
compared with usual care in an orthopaedic ward, guideline im-
plementation, fall-prevention toolkit software, a new acute care
service for elderly patients, and a new behavioural advisory service
for people with confusion. We are uncertain of the effects of these
interventions on falls as the quality of the evidence has been as-
sessed as very low.

Knowledge/education

Two trials examined knowledge interventions in hospitals. Neither
trial reported data on the risk of fracture and one study reported
that there were no adverse events.
We are uncertain of the effects of an educational session based
on identified risk factors and usual fall-prevention care in acute
medical wards as the quality of the evidence was assessed as very
low.
In a mixture of acute and subacute wards, a trial providing pa-
tients with educational materials alone and educational materials
with professional follow-up did not show strong evidence for a
reduction in the rate of falls (Haines 2011). Providing patients
with educational materials alone may make little or no difference
to the rate of falls or risk of falling (low-quality evidence).
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In a post-hoc subgroup analysis, educational materials with pro-
fessional follow-up showed a reduction in falls in participants with
no cognitive impairment in comparison with usual care. There is
moderate credibility for this post-hoc subgroup analysis (Guyatt
2011a); however, we are uncertain of the effectiveness of this inter-
vention in reducing the rate of falls as the quality of the evidence
has been assessed as very low. Due to the contrast between the
effectiveness of providing this intervention as a single intervention
and its effectiveness when provided as a multifactorial interven-
tion targeted at cognitively intact participants (Hill 2015; which
further supports the credibility of the result found in the subgroup
analysis within Haines 2011), no conclusion on the effectiveness
of this intervention when delivered as a single intervention is made
as this is likely to result in difficulty in interpretation.

Psychological interventions

There were no trials of psychological interventions in hospitals.

Other single interventions

There were no trials of other single interventions in hospitals.

Multiple interventions

There were no trials of multiple interventions in hospitals.

Multifactorial interventions

In multifactorial interventions, two or more categories of inter-
vention are given, and these are linked to each individual’s risk
profile. An initial assessment is usually carried out by one or more
health professionals and an intervention is then provided or rec-
ommendations given or referrals made for further action. All trials
included a comparison with ’usual care’ that in many cases in-
cluded some falls prevention activities. These standard care prac-
tices may have changed over time; however, the degree to which
the comparator arm does or does not include components of the
intervention activities was not clear enough to explore this.
This review included six multifactorial trials in hospitals. Five trials
provided data suitable for pooling for the rate of falls, three for the
risk of falling. Two studies reported data on risk of fractures. Four
studies reported adverse-event data, there were no adverse events.
The evidence for multifactorial interventions in hospitals is sum-
marised in Summary of findings 7. Pooled results showed a bor-
derline reduction in the rate of falls with a point estimate of a
reduction of 20%; the 95% confidence intervals indicated this es-
timate of effect may range as high as a reduction of 36% or result
in an increase in falls rates of 1% (Analysis 21.1: RaR random
effects 0.80, 95% CI 0.64 to 1.01; 5 trials: I² = 52%); however,
there was moderate heterogeneity. The interpretation of pooled
data from multifactorial interventions is problematic because of
variation in components between trials, and variation of combina-

tions of components delivered to individuals in the trials. A sub-
group analysis based on the setting demonstrated a likely signifi-
cant difference between subgroups. Pooled data from two trials in
a subacute setting showed that multifactorial interventions, both
included targeted patient education, may reduce the rate of falls
(RaR 0.67, 95%CI 0.54 to 0.83; low-quality evidence).
Pooled results on the risk of falling included only three of the five
trials that were pooled for the rates of falls, but the overall effect
estimate was generally consistent with the rate of falls, giving a
point estimate of a 18% reduction in the risk of falling, with wider
95% confidence intervals indicating this may range between a 38%
reduction and a 9% increase (Analysis 21.2: RR random-effects
0.82, 95% CI 0.62 to 1.09; 3 trials: I² = 0%). This did not achieve
statistical significance, but one of the additional trials that was not
pooled also reported a reduction in the risk of falling based on
admissions in a subacute setting (Hill 2015; 3121 participants).
No difference between subgroups by setting was observed. We
are uncertain of the effects on risk of falling as the quality of the
evidence was assessed as very low.
We are uncertain of the effect of multifactorial interventions on
the risk of fracture or adverse events as the quality of the evidence
has been assessed as very low.
Subgroup analyses by level of care partly explained the hetero-
geneity, but due to variations in study design there is some uncer-
tainty if findings are due to the setting or other factors, including
the specific combination of interventions provided. Multifactorial
interventions that include targeted patient education may reduce
the rate of falls in a subacute setting (low-quality evidence).
A cost-effectiveness analysis from one trial of multifactorial inter-
ventions is to be published (Hill 2014 protocol for Hill 2015).

Studies in participants with cognitive impairment

There is limited evidence for interventions to reduce falls in peo-
ple with cognitive impairment where these people are a clearly de-
fined group. Although only 11 trials reported findings specifically
for patients with dementia or cognitive impairment, many partic-
ipants in care facilities trials, including those testing interventions
that probably or may reduce falls (e.g. vitamin D supplementa-
tion), had cognitive impairment.

Economic evaluations

A cost-effectiveness analysis of a patient education programme re-
duced falls in a subgroup of hospital patients who were cognitively
intact (Haines 2011). In this subgroup the intervention, which
consisted of written and video-based materials plus one-on-one
bedside follow-up from a trained health professional, cost AUD
294 to prevent one fall and AUD 526 to prevent one person falling
(2008 dollars; reported in Haines 2013).
No conclusions can be drawn from the other 10 trials reporting
economic outcomes.
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Overall completeness and applicability of
evidence

Although we have included 95 trials in this review, these have
tested a very wide variety of interventions, sometimes with differ-
ent comparators rather than control or usual care, in various types
of facility. Approximately three quarters of included trials were
conducted in care facilities, however many of these were small.
In this review, we have reported results from care facilities and
hospitals separately to improve applicability of the interventions
to each setting. Careful consideration of the context of effective in-
terventions is required. As Becker 2010 points out, the type of care
provided in care facilities differs between countries and healthcare
systems. Also, consideration needs to be taken of cultural and or-
ganisational contexts when generalising the results from this re-
view. Unfortunately, the level of care and case mix in each facility
in this review was often not clearly defined. In addition there is
striking variability in type, targeting, intensity and duration of the
falls prevention programmes that were studied. Reports of trials
in hospitals are also unlikely to adequately describe the complex
interaction that is likely to occur between the intervention and the
usual falls-prevention practices occurring within hospitals.
Twenty-five trials of exercise in care facilities were included, 17 of
which tested exercise with usual care. However, many of these were
small and whilst there were a number of trials examining balance,
gait or functional training exercise programmes, there were few
trials on flexibility, strength/resistance training and 3D exercise
(including Tai Chi). There were several comparisons of different
exercise programs; however, there was generally only one small trial
for each comparison so the data were too few to be informative.
The quality of available evidence for vitamin D supplementation
was reasonable (moderate-quality evidence). However, there were
few studies of vitamin D supplementation taken in the form of a
multivitamin. Trials of environmental/assistive technologies and
social environment (e.g. staff training, service model changes) gen-
erally studied clinically different interventions, precluding pool-
ing of trial results. Whilst there was a very large trial of bed alarms
conducted in hospitals, this trial was of education, training and
support for their use and there were no trials of bed alarms in care
facilities. Medication review is generally aimed at reducing psy-
choactive medications. There were a number of trials of medica-
tion review in care facilities considered clinically similar enough to
justify pooling. However, there was a large degree of inconsistency
in the trial findings.
The interpretation of the multifactorial interventions is complex
because of the variation in components, duration and intensity of
the intervention, and how the interventions were implemented.
The study design does not allow evaluation of individual compo-
nents of the interventions in either care facilities or hospitals.
Only one trial specifically assessed the benefit of using a validated

falls risk-assessment tool in comparison with clinical judgement
in a care facility (Meyer 2009) and none did in hospital, although
this approach is widely used in both settings. Some multifactorial
trials (e.g. Barker 2016) used validated falls risk-assessment tools
to determine the application of appropriate interventions, but the
effects of the falls risk-assessment tool cannot be separated from
that of the interventions. This lack of evidence calls into question
the wide use of these tools internationally and further trials exam-
ining the effectiveness of the tools are warranted.
Few trials have incorporated interventions relating to the circum-
stances of falls, e.g. assistance with toileting, rather than targeting
individual risk factors, as in the continuous quality improvement
model used to develop a falls-prevention programme in Lohse
2012.
The comparator in many trials is ’usual care’. Frequently, what
falls-prevention activities are included as a component of usual care
is not clearly reported. This hinders interpretation of how ’usual’
care may change over time and any potentially useful subgroup
analyses based on this.
In terms of outcomes, 30 of the included trials did not report
usable data for calculating rate of falls and 36 trials for risk of
falling (see Appendix 7). Many studies reporting data suitable for
pooling reported data for one but not both of these outcomes.
This may explain some of the inconsistency between the findings.
Even fewer studies reported the impact of the interventions on
fractures or adverse events. Within those studies that did report
on adverse events, it was often unclear if these data were recorded
systematically. Studies that reported data on fractures reported
outcomes for different types of fractures (e.g. hip fractures only
versus total fractures). Other studies not eligible for inclusion in
this review may provide additional evidence for the impact of the
interventions on fractures. In particular, whilst a larger proportion
of included studies reported data on the risk of fracture following
vitamin D supplementation, it is important to consider that these
trials represent only a subset of the studies evaluating the effect
of vitamin D on fractures available. In addition, some trials of
interventions that may increase falls during the intervention period
(exercise, medication review) only reported falls during the post-
intervention period. Other studies report only a subset of falls
(e.g. bedside falls in Sahota 2014), and therefore do not meet the
inclusion criteria for this review. Many cluster-randomised trials
did not adjust for clustering, therefore this was performed post-
hoc by the review authors (as indicated by a “c” in Appendix 7,
for details see Unit of analysis issues).
Vitamin D supplementation in care facilities reduced the rate of
falls but not the risk of falling. This discrepancy might be explained
by differential effects on multiple fallers (i.e. those falling more
than once over the study period). However, too few of these trials
reported data on multiple fallers to enable meaningful analysis of
this outcome.
Only Haines 2011 included a cost-effectiveness evaluation of their
hospital patient education programme in terms of falls prevented
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to inform the value for money for the intervention tested. An
economic evaluation of the intervention tested in Hill 2015 is still
to be published.
Many of the interventions studied would be difficult to sustain
in usual clinical practice due to competing factors in the clinical
environment. In aged-care settings, vitamin D supplementation is
relatively cheap, and once it commences as part of a person’s regular
medication regimen it can be continued indefinitely. In hospital
settings, educating staff and patients regarding falls prevention
would be regarded as good clinical practice and is sustainable in
the long term provided the necessary resources are available.
There is scope for realigning clinical practice with less emphasis
on use of scales to assess falls risk (because there is no convincing
research evidence of their effectiveness) and encouraging clinical
staff to focus on factors that may be more effective, for example
educating patients and families about falls and how to avoid them.

Quality of the evidence

This review containing 95 trials (138,164 participants) does not
provide robust evidence regarding effective interventions for re-
ducing falls in the settings considered. We assessed the quality of
the evidence using the GRADE approach which considers the risk
of bias, inconsistency, indirectness, imprecision and other biases
(including publication bias) for the evidence for each outcome
of the main comparisons. The GRADE assessments are reported
in Summary of findings for the main comparison to Summary
of findings 7 and the findings are cross-referenced in the relevant
results sections. The GRADE quality of evidence for many out-
comes was low or very low. This largely reflects the risk of bias in
the individual studies and also the significant heterogeneity and
imprecision in many of the pooled study estimates.
Despite the addition of 35 trials in this update, this has generally
not improved the robustness of the results compared with the
previous version of this review (Cameron 2012). Although there
are now a number of trials conducted for some interventions types
(e.g. exercise, medication review and vitamin D supplementation
in care facilities and multifactorial interventions in hospitals), the
overall quality of the evidence was low to very low for all outcomes
and comparisons except for rate and risk of falling for vitamin D
supplementation, and use of a falls risk-assessment tool, all in care
facilities. There was also evidence indicating potential publication
bias in trials of exercise conducted in care facilities.
Studies in this review varied widely in their risk of bias (see Table 4).
The majority of included studies all contained some risk of bias.
The included studies illustrated the wider problems of variation
in the methods of ascertaining, recording, analysing, and report-
ing falls described in Hauer 2006. Many trials have used a single
approach for ascertaining the number of falls, the limitations of
this have been demonstrated in a study of falls data derived from
a large hospital based randomised controlled trial (Hill 2010). For
some aspects of study design, minimisation of bias is difficult.

For example, it is not possible to blind participants and treatment
providers for exercise, bed alarms and other types of interventions.
Falls were generally recorded by nursing or care home staff who
were frequently not blinded to the intervention. In addition, not
all studies met the contemporary standards of the extended CON-
SORT statement (Schulz 2010), including the extensions for clus-
ter-randomised trials (Campbell 2004), non-pharmacological tri-
als (Boutron 2008), and pragmatic randomised trials (Zwarenstein
2008), so reporting was unclear in many instances, particularly
for allocation concealment or selective outcome reporting when
no protocol could be identified.
There is a potential for differences between individually- and clus-
ter-randomised trials. This review included a large proportion of
cluster-randomised trials (44%). Within this review, in general
trials were more likely to be cluster randomised or not depend-
ing on the intervention being investigated and the setting. Thus,
whilst five of six trials of multifactorial interventions in hospitals
(enrolling 99% of participants), and 85% of those conducted in
care facilities (82% of participants) were cluster randomised, in
contrast for trials of exercise in care facilities, 88% of trials with
65% of participants were individually randomised. Similarly, for
trials of vitamin D supplementation in care facilities, 75% of tri-
als (with 60% of participants) were individually randomised. Al-
though it has been reported that contamination, or ’herd effects’
in individually-randomised trials conducted in facilities may result
in decreasing the estimate of effect (Hahn 2005), this is considered
unlikely to have had a major impact on the estimates of effect or
conclusions for this review. The reasons for this according to the
major categories of intervention are described below.
For trials of exercise in care facilities, the estimates of effect of the
three cluster-randomised trials that contributed to pooling (Kerse
2008; Rosendahl 2008; Yokoi 2015), did not appear to differ to
the range of estimates for the individually-randomised trials. For
vitamin D in care facilities, as the single cluster-randomised trial
contributing to the pooled result (Law 2006) had a smaller esti-
mate of effect compared to the individually-randomised trials, this
indicates that contamination of the control group was unlikely to
have played a role in the estimate of effect, which increases the
confidence in the effect estimate. For medication review in care fa-
cilities, there was a more even balance of individually- and cluster-
randomised trials; 58% of trials (62% of participants) were indi-
vidually randomised. The estimates of effect from the trials were
inconsistent within both the cluster- and individually-randomised
trials, thus the high inconsistency of findings between trials for
this intervention cannot be explained by the type of randomisa-
tion used. Two cluster-randomised trials contributed only 18% of
the participants for the evidence for multifactorial interventions
in care facilities, the estimates of effect in these two trials were
similar to that for the pooled overall effect estimates. All trials of
additional exercise in care facilities were individually randomised.
In trials of bed exit alarms in hospitals, only two trials contributed
to pooled data; 96% of participants were enrolled in one trial that
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was cluster randomised, thus consideration of the findings of trials
that were individually in comparison with cluster randomised is
uninformative. Similarly, comparisons of individually- and clus-
ter-randomised trials within multifactorial interventions in hos-
pitals are not feasible given 99% of participants were enrolled in
cluster-randomised trials.
There was significant unexplained heterogeneity in the findings for
the rate of falls for several comparisons (exercise, medication review
and multifactorial in care facilities), which limited the confidence
in the results (see Summary of findings for the main comparison,
Summary of findings 2 and Summary of findings 4), and was re-
flected in the generally low quality of evidence. The heterogeneity
may be due to variations in intervention components, duration,
intensity and settings as well as variations in the populations.
The evidence for some ProFaNE categories of interventions con-
tained a degree of indirectness, where the intervention was a
recommendation for, or education on, use of the intervention,
rather than implementing the intervention for all participants (e.g.
Kennedy 2015 for vitamin D, Shorr 2012 for bed alarms). In ad-
dition, where evidence was from a single trial or setting, it was
likely to be considered to have a degree of limited applicability, or
indirectness to other settings, (e.g. Sambrook 2012 which exam-
ined sunlight exposure in Australia).
There was also imprecision in some estimates, where the number
and size of trials was small (see Summary of findings 5) or in
particular for the risk of fracture where few trials reported this
outcome and events were infrequent (e.g. vitamin D Summary of
findings 3).
There was some evidence for likely publication bias for trials in ex-
ercise, where the included studies appeared to include a dispropor-
tionate number of small studies with positive findings (see Figure
4, Figure 5) .

Potential biases in the review process

We attempted to minimise publication bias in the review by search-
ing multiple databases, and drew on the handsearch results pub-
lished in the Cochrane Library in the Cochrane Central Register
of Controlled Trials (CENTRAL). We also contacted authors of
studies identified in trials registers that were completed, but for
which full reports had not been identified, studies where only con-
ference abstracts were identified, and many studies where it was
unclear whether or not they met the inclusion criteria. We placed
no foreign language restrictions in our search strategy; two stud-
ies were published in languages other than English (Peyro Saint
Paul 2013; Salvà 2016), correspondence with authors provided
information on study methods and results. However, despite these
efforts, evidence of likely publication bias in trials of exercise con-
ducted in care facilities remained.
Although the majority of screening of search citations for poten-
tially eligible studies in this update was performed by only one
author, we suggest this was not a source of bias given that the

screening was over-inclusive with the onus being given to obtain-
ing full-text reports for all potentially eligible studies. We observe
also that where screening was undertaken by two review authors,
the progression to full-text review was reduced.
Five newly published studies that were identified in the top-up
search in August 2017 await classification (Dever 2016; Hewitt
2014; Raymond 2017; Van der Linden 2017; Wylie 2017). This
was a pragmatic decision taken in view of the delay that would have
resulted from their likely inclusion and after consideration of the
potential impact of these trials on review findings. We concluded
that our decision to postpone the inclusion of these five trials was
not an important source of bias.
Whilst we strictly applied a priori inclusion and exclusion criteria
to the selection of studies for this review, which should minimise
bias, this does result in the inclusion of a subset of the available
evidence and this applies in particular to risk of fracture outcome.
All included studies were required to present data on the overall
rate of falls or risk of falling, those reporting only a subset of falls
(e.g. injurious falls, bedside falls) were excluded. We also excluded
22 trials reporting falls as adverse effects, although in some in-
stances the intervention might plausibly have reduced falls. For a
more comprehensive systematic review of the effect of vitamin D
supplementation on fractures, see Avenell 2014.
For single-trial comparisons, we took a different approach to
GRADE assessment where a single rater checked whether the trial
findings for each outcome met pre-specified criteria for downgrad-
ing the evidence. The criteria were established before this alterna-
tive assessment took place. For 26 single-trial comparisons these
criteria were met. For 18 comparisons in 16 trials these criteria
did not apply, generally because of a large trial size, and GRADE
assessment was conducted in duplicate. For these assessments, in
two trials (three outcomes), the quality of the evidence was con-
sidered moderate (Chapuy 2002; Meyer 2009), and in three trials
(five outcomes) the quality of the evidence was considered low
(Cox 2008; Haines 2011; Kennedy 2015); for all other compar-
isons and outcomes the quality of the evidence was considered
very low.
There are potential biases within the data included in the review
in terms of non-normal distribution of falls rates in the included
studies (as seen in Potter 2016), missing data including the loss of
clusters within some trials, selective outcome reporting (see Table
4), decisions regarding pooling of studies where there is high het-
erogeneity and selection of models used for meta-analyses where
there is heterogeneity for one falls outcome, but not another (e.g.
high heterogeneity for rate of falls but not risk of falling). The po-
tential biases due to these factors are captured by the GRADE as-
sessments of the overall quality of evidence (Summary of findings
for the main comparison to Summary of findings 7). There are also
potential biases in decisions to conduct post-hoc subgroup and
sensitivity analyses (e.g. Analysis 5.4; see Subgroup analysis and
investigation of heterogeneity and Sensitivity analysis). This has
been taken into account in conducting GRADE assessments (e.g.
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confidence in the credibility of subgroup analysis is considered in
the inconsistency rating for the subgroup analysis by setting for
multifactorial interventions in hospitals), making cautious inter-
pretations of the findings (e.g. considering findings based on sub-
group analysis by setting for multifactorial interventions in care
facilities of low credibility) and transparently reporting these anal-
yses under Differences between protocol and review.
We explored the possibility of publication bias by constructing
funnel plots of trials of exercise in care facilities and multifactorial
interventions in care facilities (Figure 4, Figure 5, Figure 6). There
was some asymmetry in the falls outcomes for trials of exercise in
care facilities indicating potential publication bias.
Using the generic inverse variance method in this review enabled us
to pool results as reported by trial authors with our own calculated
from raw data, and results adjusted for clustering.
The ProFaNE falls prevention taxonomy enabled us to pool similar
interventions in the analyses using a systematic approach. How-
ever, classification of some interventions according to this taxon-
omy was unclear and required judgement in some cases. We con-
sulted with the ProFaNE authors when necessary.

Agreements and disagreements with other
studies or reviews

We searched for other systematic reviews of falls prevention initia-
tives in care facilities and hospitals published since 2012 within our
search described in Appendix 1. We compared our review results
with the Cochrane Review ’Interventions for preventing falls in older
people living in the community’ (Gillespie 2012), and identified
six other systematic reviews incorporating meta-analyses (Chan
2015; Le Blanc 2015; Sherrington 2017; Silva 2013; Stubbs 2015;
Vlaeyen 2015).

Comparison with trials in community-living older

people

In contrast to the findings in this review for residents of care fa-
cilities and hospital inpatients, the evidence is clear that falls can
be prevented using exercise in older people living in the commu-
nity (Gillespie 2012). The effectiveness of group-based and home-
based exercise programmes and Tai Chi in particular is well estab-
lished in the community setting. There is the potential for falls to
be reduced in care facilities using the same multiple-component
exercise programmes, but despite 25 trials in this review testing
exercise programmes in care facilities, the results were inconsis-
tent. Only three trials examined exercises in hospitals; the quality
of the evidence was considered very low.
Vitamin D supplementation may reduce falls in community-liv-
ing people with lower vitamin D levels (Gillespie 2012). This is
consistent with the finding in this review that vitamin D is effec-
tive in reducing falls in care facilities as most residents have low
vitamin D levels (Pilz 2012).
The effects of multifactorial approaches are inconsistent between

trials and settings. In the community setting, multifactorial inter-
ventions, including falls-risk assessment, reduced the rate of falls
but not the risk of falling (Gillespie 2012). Similarly, multifacto-
rial interventions overall may make little or no difference to the
risk of falling in care facilities. However, findings on the rate of
falls were inconsistent. In hospitals, multifactorial interventions
(that include targeted patient education) may reduce the rate of
falls in a subacute hospital setting.
There is some evidence that falls prevention strategies in the com-
munity can be cost saving (Gillespie 2012), but there were no eco-
nomic evaluations conducted within the care facilities and only
one in hospital trials (Haines 2011) to provide information on
value for money for effective interventions.

Supplementary review

Nyman 2011 conducted a supplementary review of the 41 trials
included in Cameron 2010 with specific reference to people’s re-
cruitment, retention in the trial, and adherence to intervention
components. Adherence was high for individually-targeted and
group-based exercise (72% to 89%) and for medication interven-
tions (68% to 88%). The authors reported that adherence was re-
lated to treatment effectiveness in three studies testing medication
and multifactorial interventions in care facilities. They estimated
that by 12 months, on average, only a third of care-facility resi-
dents are likely to be adhering to falls prevention interventions.
The current review was not able to comment on adherence or
retention. Nyman 2011 provides an important perspective giving
context to interpretation of the research.

Exercise

Chan 2015 conducted a systematic review of exercise interventions
for older adults with cognitive impairment, only three of seven
trials in a pooled analysis enrolled participants living in a care
setting. Two of these studies were included in this review (Toulotte
2003 and Rosendahl 2008), but Chan 2015 included unpublished
subgroup data for Rosendahl 2008, and Rolland 2007 and was
excluded from this review as falls were monitored as adverse events.
Sherrington 2017 conducted a systematic review and meta-analy-
sis of exercise interventions to prevent falls in older adults. This re-
view included 14 RCTs (15 comparisons) of exercise interventions
in care settings and found no significant effect on the rate of falls.
These authors observed possible asymmetry in the funnel plot,
which was not statistically significant on Egger’s test. Three of the
trials included in Sherrington 2017 were excluded from this review
(DeSure 2013; Resnick 2002; Rolland 2007; see Characteristics of
excluded studies). Two of the trials included in the pooled estimate
in Sherrington 2017 were considered as multiple interventions un-
der the ProFaNE classification system in this review (Huang 2016,
; see Appendix 3). Data reported for one study were considered
not suitable for pooling in this review (Toulotte 2003). All other
trials were included.
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Silva 2013 included 12 studies of exercise in care facilities. This re-
view pooled studies of exercise as a single intervention with studies
of exercise as a component of a multifactorial intervention. The
authors found a significant reduction in the risk of falling (RR
0.71, 95% CI 0.64 to 0.92, I² = 72%). There was no significant
effect on the risk of fracture (RR 0.57, 95% CI 0.21 to 1.57). All
of the included trials were included in our review.
Lee 2017 included 21 studies of exercise in care facilities, 15 with
exercise as a single intervention, six with exercise combined with
one or more interventions. Data were pooled from studies com-
paring exercise with other interventions, usual care or placebo.
In the current review, comparisons of alternate exercise programs
were not pooled with trials of exercise in comparison with usual
care (for details see Table 2). Three of the trials included in Lee
2017 were excluded from this review (DeSure 2013; Lord 2003b;
Wolf 2003); two of these were considered to be conducted in a
community setting. Data from one trial were not pooled in our
review as there were zero falls in the intervention arm (Cadore
2014); this study has a weighting of 0.4% in the meta-analysis in
Lee 2017. Pooled data of trials of exercise as a single intervention
in Lee 2017 found no difference in the rate of falls or risk of falling,
consistent with the findings of our review.
The current review found inconsistent effects for exercise in care
facilities and is broadly consistent with Silva 2013 and Sherrington
2017 although pooling combinations differed. Our review con-
trasts with Chan 2015 as Chan 2015 pooled trials across both
community and care facility settings and much of the impact ob-
served in their meta-analysis may have been from trials conducted
in the community.

Vitamin D supplementation

A systematic review conducted for the US Preventative Services
Task Force (Le Blanc 2015), examining trials conducted in both
institutionalised or community settings, found that vitamin D sig-
nificantly reduced the number of falls per person but did not sig-
nificantly reduce the risk of falling, consistent with the findings in
care facilities in this review. The authors reported that sensitivity
analysis based on institutionalised status “resulted in similar esti-
mates”. The two included studies conducted in institutionalised
settings are included in this Cochrane Review. The authors con-
cluded that “Treatment of vitamin D deficiency in asymptomatic
persons might reduce mortality risk in institutionalised elderly
persons and risk for falls but not fractures.”
Bolland 2014 pooled outcomes from six randomised trials con-
ducted in care facilities or hospitals and found no significant re-
duction in falls with vitamin D supplementation with or without
calcium supplementation (RR 0.96, 95% CI 0.88 to 1.05). The
authors concluded that supplementation with vitamin D does not
reduce risk of falling by a ’clinically relevant’ threshold of 15% or
more and that future trials are unlikely to alter this conclusion.
One study included as institutional in the Bolland 2014 review

was excluded from this review as 51% of participants were resid-
ing in the community (Graafmans 1996); all other studies were
included in this review. This Cochrane Review has analysed stud-
ies conducted in care facilities or hospitals separately and found
that whilst vitamin D supplementation did not reduce the risk of
falling, it did reduce the rate of falls in care facilities. Our analysis
included data on the rate of falls in care facilities from the same
four studies pooled for the risk of falling and whilst there was
heterogeneity for the pooled rate of falls outcome (I² = 62%), it
was lower than observed in Bolland 2014 when pooling studies in
either setting (I² = 92%).

Other recent systematic reviews

Vlaeyen 2015 included 13 randomised controlled trials of fall-pre-
vention programmes conducted in nursing homes. The authors
found no significant effect of the interventions overall on the num-
ber of falls (10 studies) or risk of falling (six studies). They reported
that multifactorial interventions significantly reduced the number
of falls (four studies) and the number of recurrent fallers (four
studies), but not the risk of falling (four studies). They reported
that staff training and education had a significant harmful effect
on the number of falls (two studies). All trials were included in
our review.
Stubbs 2015 conducted an umbrella review of meta-analyses in
care facilities and hospitals and concluded that there was consis-
tent evidence that multifactorial interventions reduce falls in care
facilities and hospitals and reported that there was consistent ev-
idence that exercise and vitamin D reduces falls in care facilities,
based on the inclusion of nine individual meta-analyses including
Cameron 2012, Bolland 2014 and Sherrington 2011 (Sherrington
2017 is discussed above). Other meta-analyses included in Stubbs
2015 and published since 2012 were Choi 2012, Guo 2014 and
Santesso 2014. Choi 2012 pooled three studies conducted in care
settings, all of which were included in this review: a vitamin D trial
(Broe 2007), a multifactorial trial (Neyens 2009), and Rapp 2008,
which is included as a subgroup analysis of Becker 2003 in our
review. Guo 2014 conducted an ’exploratory meta-analysis’ exam-
ining fall-prevention interventions for those with or without cog-
nitive impairment in institutionalised and non-institutionalised
settings. Eight trials included in Guo 2014 were not considered
for our review as they had been assessed as being conducted in
the community setting: all eight trials were considered in Gillespie
2012, seven of which were included (Conroy 2010, Davison 2005,
Haines 2009, Hendriks 2008, Latham 2003, Lightbody 2002,
Lord 2005) and one of which was excluded because falls were re-
ported as adverse events (Vogler 2009). Santesso 2014 conducted
a meta-analysis of hip protectors; as we consider hip protectors are
intended to reduce fractures rather than falls, this intervention is
not included in our review.
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A U T H O R S ’ C O N C L U S I O N S

Implications for practice

We found evidence of effectiveness for some fall-prevention in-
terventions in care facilities and hospitals, although for many the
quality of the evidence was considered low or very low. For all
interventions, we are uncertain of their effects on fractures and on
adverse events as the quality of the evidence for both outcomes
was assessed as very low. For each setting, the summary is struc-
tured by the main categories of interventions evaluated in at least
one setting in the review: exercise, medication (medication review;
vitamin D supplementation); psychological interventions, envi-
ronment/assistive technology, social environment, interventions
to increase knowledge, other interventions, multiple interventions
and multifactorial interventions. There was a lack of evidence on
surgery, management of urinary incontinence, or fluid or nutri-
tion therapy in both settings.

Care facilities

• Exercise
◦ We are uncertain of the effect of exercise on the rate of

falls as the quality of the evidence was assessed as very low.
Exercise may make little or no difference to the risk of falling
(low-quality evidence; Summary of findings for the main
comparison).

• Medication
◦ General medication review may make little or no

difference to the rate of falls or risk of falling (low-quality
evidence); Summary of findings 2.

◦ The prescription of vitamin D in care facilities
probably reduces rate of falls (moderate-quality evidence), but
prescription of vitamin D (with or without calcium) probably
makes little or no difference to the risk of falling (moderate-
quality evidence); Summary of findings 3.

◦ An education intervention aimed at increasing the
prescription of vitamin D, calcium and osteoporosis medication
may make little or no difference to the rate of falls or risk of
falling (low-quality evidence).

• Environment/assistive technology
◦ There is a general lack of evidence on these

interventions in care facilities.
◦ We are uncertain of the effect on rate of falls of wireless

position monitoring in care facilities (very low-quality evidence).

• Social environment
◦ Use of a falls risk-assessment tool in comparison with

nurses’ judgement alone probably makes little or no difference to
the rate of falls or risk of falling (moderate-quality evidence).

◦ We are uncertain of the effects on falls of a half-day
education programme about fall and fracture prevention for staff
given by specialist osteoporosis nurses in care facilities (very low-
quality evidence).

◦ We are uncertain of the effects on falls of other
interventions targeting staff and the organisation of care on falls,
including guideline implementation and dementia care mapping
(very low-quality evidence).

• Knowledge/education
◦ There is a lack of evidence on these interventions in

care facilities.
• Psychological interventions

◦ We are uncertain of the effects on falls of a cognitive-
behavioural intervention with a focus on falls risk reduction
(very low-quality evidence).

◦ We are uncertain of the effects on falls of a computer-
based cognitive training programme focused on improving
attention (very low-quality evidence).

• Other single interventions
◦ We are uncertain whether lavender olfactory

stimulation, multisensory stimulation in a Snoezelen room or
sunlight exposure reduces falls (very low-quality evidence).

• Multiple interventions
◦ We are uncertain about the effect on falls of a multiple

intervention for incontinent residents that included exercise,
offering regular fluids and toileting (very low-quality evidence).

◦ We are uncertain about the effect on falls of a multiple
intervention comprising increased sunlight exposure plus
calcium supplementation (very low-quality evidence).

• Multifactorial
◦ We are uncertain of the effects of multifactorial

interventions on the rate of falls (very low-quality evidence).
Multifactorial interventions may make little or no difference to
the risk of falling (low-quality evidence); Summary of findings 4.

Hospitals

• Exercise.
◦ We are uncertain whether providing additional

physiotherapy in subacute wards has an effect on the rate of falls
or whether it reduces the risk of falling (very low-quality
evidence); Summary of findings 5.

• Medication
◦ We are uncertain of the effect of medication review on

either rate of falls or risk of falling (very low-quality evidence).
◦ We are uncertain of the effect of vitamin D

supplementation on either rate of falls or risk of falling (very
low-quality evidence).

• Environment/assistive technology
◦ We are uncertain of the effect of bed sensor alarms on

the rate of falls or risk of falling (very low-quality evidence);
Summary of findings 6.

◦ We are uncertain whether carpet flooring, tested in
one small trial, increases the rate of falls and risk of falling
compared with vinyl flooring (very low-quality evidence).
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◦ We are uncertain of the effects on rate of falls or risk of
falling of using identification bracelets for patients at high risk of
falling (very low-quality evidence).

◦ We are uncertain of the effect of providing low-low
beds on the rate of falls (very low-quality evidence).

• Social environment
◦ We are uncertain of the effects of interventions

targeting staff and the organisation of care (including guideline
implementation) on rate of falls or risk of falling (very low-
quality evidence).

• Knowledge or education
◦ We are uncertain of the effects on falls of an

educational session based on identified risk factors and usual fall-
prevention care in acute medical wards (very low-quality
evidence).

◦ Providing patients with educational materials alone
may make little or no difference to the rate of falls or risk of
falling (low-quality evidence).

• Psychological interventions
◦ There is a lack of evidence on these interventions in

hospitals.
• Other single interventions

◦ There is a lack of evidence on whether or not falls risk-
assessment tools and associated interventions reduce falls.

• Multiple interventions
◦ There is a lack of evidence on these interventions in

hospitals.
• Multifactorial intervention

◦ Multifactorial interventions may reduce the rate of
falls, although subgroup analysis suggest this may apply mostly
to a subacute setting (low-quality evidence). We are uncertain of
the effects of multifactorial interventions on the risk of falling
(very low-quality evidence); Summary of findings 7.

Implications for research

Further research, primarily randomised controlled trials, is war-
ranted to help inform decisions in this key area. We suggest the
following guide to help discussions on future priorities.

• Further research into supervised exercise programmes in
both settings. There is a particular need for larger trials in care
facilities and trials that clearly describe the care needs of the
participants.

• Further research to strengthen the evidence for
multifactorial interventions in both settings. Of note is that there
are some substantial individual trials that have shown an
important effect in reducing the rate of falls. A key feature of
these multifactorial interventions is the individualised nature of
the interventions delivered. This implies that further research
with emphasis on an individualised, standardised approach to
delivery of interventions with consistent description and

application within further trials is warranted, including as a clear
description of existing falls prevention practices in the control
arm of any trials and the interaction of the intervention arm of
the trial with usual care. A mixed methods approach may be
necessary to achieve this.

• Further trials of patient-directed interventions, especially in
care facilities; for example, with a psychological and educational
focus.

• Trials with interventions incorporating approaches based on
the circumstances of falls in addition to individual risk factors,
e.g. regular assisted toileting in both care facilities and hospitals
(Lohse 2012; Schnelle 2003).

• Further trials testing the routine use of validated falls risk-
assessment tools.

• Further research is required testing interventions targeting
staff, and changes to the organisational system in which an
intervention is delivered or the introduction of new healthcare
models.

• In care facilities, additional trials on medication review,
vitamin D plus calcium supplementation, environmental/
assistive technologies and social environment interventions are
required. There should be an emphasis on large trials.

• In hospitals, more trials of additional exercise, social
environment and knowledge interventions are needed.

• Further research focusing on participants with dementia.

Other aspects, including research methods, that need to be
adopted in all future studies are as follows.

• Classification of the components of the fall-prevention
intervention using the taxonomy developed by the Prevention of
Falls Network Europe (ProFaNE) (Lamb 2007; Lamb 2011).
This will produce consistency between trials allowing for more
effective pooling of data.

• Consideration is needed of the nature of ’usual care’ and its
potential interaction with the intervention group.

• For multifactorial trials, clear descriptions are needed of the
components and the proportion of the participants receiving the
different interventions.

• Falls data should be collated by a researcher blind to group
allocation.

• Fall events should be reported by group as total number of
falls, fallers, and people sustaining a fall-related fracture or brain
injury; rate of falls (falls per person year or per 1000 patient
days); multiple fallers and number in each analysis.

• Results should be analysed using appropriate, pre-specified
methodology (e.g. negative binomial regression, survival
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analysis) (Robertson 2005). Group comparisons should be
expressed as incidence rate ratios and risk ratios with 95%
confidence intervals.

• Authors of trials not excluding people with cognitive
impairment should plan to report the results by level of cognitive
impairment to indicate whether degree of impairment is an effect
modifier.

• Design and reporting of trials should meet the
contemporary standards of the extended CONSORT statement
including those relating to randomised sequence generation and
allocation concealment prior to randomisation (Schulz 2010).
Pragmatic trials and those testing non-pharmacological
interventions should incorporate the requirements defined in
Zwarenstein 2008 and Boutron 2008.

• Clear description of usual care in the control arms of trials
and discussion of the interaction of the intervention with this is
needed.

• Design and reporting of cluster randomised trials should
follow contemporary guidance (Campbell 2004) including the
reporting of intra-class correlation coefficients.

• Where factorial designs are employed, data for each
treatment cell should be reported to allow interpretation of
possible interactions between different intervention components
(McAlister 2003).

• There is a clear need for further research clearly reporting
on the cognitive status of the included participants and including
those with cognitive impairment.

• Economic evaluations should be conducted alongside
randomised controlled trials to establish the cost-effectiveness of
each intervention being tested. This involves measuring health-
related quality of life as an outcome, defining the perspective and
timeframe for costs, collecting data on healthcare use, costing
healthcare resources, calculating cost-effectiveness ratios (if the
intervention is effective in reducing falls), and evaluating
uncertainty. Guidelines for carrying out and reporting economic

evaluations in falls prevention trials have been published (Davis
2011).
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Aizen 2015

Methods Stepped-wedge, cluster-randomised controlled trial.

Participants Setting: hospital, subacute, 5 geriatric rehabilitation wards, Israel
N = 508 participants; 5 clusters
Sample: 52% women
Age (years): mean 83.2
Baseline characteristics

Individualised fall prevention programme
• N: 200
• Age - mean (SD) : 84.6 (5.6)
• Female - N (%): 92 (46.0)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Usual care

• N: 308
• Age - mean (SD) : 84.1 (7.7)
• Female - N (%): 173 (56.1)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Inclusion criteria: Over 65 years; admitted to rehabilitation ward
Exclusion criteria: Restricted to bed; refused to participate
Pretreatment differences: Phase 1: Longer stay in the control group patients (P < 0.
001); higher percentage of females in the control group (P = 0.03)

Interventions • Individualised fall prevention programme. Falls risk assessment and management:
including medical interventions, environmental modifications, equipment
modifications, cognitive and behavioural treatment, family guidance. Mobility
restrictions and optimising location on weekly assessment. Environmental
modifications unclear.

• Usual care. Any activities undertaken by the participants recommended or
administered by their treating team

Outcomes • Rate of falls
• Rate ratio
• Adverse events

Duration of the study Period of inpatient admission

94Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Aizen 2015 (Continued)

Notes Outcomes of phase one used only. Outcomes data for phase one and two only reported
separately, attempts to contact authors unsuccessful. Excluded from pooling as group
allocation of clusters unclear

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Insufficient information for judgement.

Allocation concealment (selection bias) High risk Allocation not concealed as consent only
required for those receiving the interven-
tion

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Blinding not possible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Senior nursing staff in control wards were
aware of the study because the researchers
were collecting study data. Researchers
were not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Attrition balanced across groups and miss-
ing outcomes not great enough to have a
clinically relevant impact on observed ef-
fect size

Selective reporting (reporting bias) Unclear risk Protocol not available

Method of ascertaining falls Low risk Quote: “from notes in medical records
themselves, and by asking a senior nurse
each day about any falls on the ward in the
past 24 h.”
Quote: “Information on falls was collected
by the researchers from incident reports
filed in patients’ medical records,”

Baseline imbalance High risk Longer length of stay in control group at
baseline suggests greater dependency in this
group at baseline and not adjusted for in
analysis

Other bias Unclear risk Quote: “some falls prevention activities
were already occurring in control (and in-
tervention) wards before the start of our
study. These activities continued during
the study period, making it more difficult
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Aizen 2015 (Continued)

to show any effect of our interventions.”
Impact of other falls intervention ap-
proaches unclear. Stepped-wedge trial but
only data from phase 1 used as falls data not
reported for both phases in combination

Ang 2011

Methods RCT (individually randomised)

Participants Setting: acute care hospital, Singapore
N = 1822 participants
Sample: newly admitted patients from 8 medical wards (50% women)
Age (years): mean (SD) intervention group 70.3 (14.2), control group 69.7 (14.7)
Inclusion criteria: aged ≥ 21; Hendrich II Fall Risk Model score ≥ 5
Exclusion criteria: admitted before start of study; fallen prior to falls risk assessment

Interventions • Education + usual care: participants received one educational session (no more
than 30 minutes) based on identified risk factors. Designed to increase awareness of
risk of falling during hospitalisation and teach risk-reduction strategies. Relatives of
confused participants received the educational session

• Control: usual care and including usual fall-prevention interventions

Outcomes • Number of people falling

Duration of the study 8 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Allocation of the participants to control or
intervention groups was determined using block ran-
domisation with the aid of a computer program and
stratified by ward to ensure an even mix in the ward.
”

Allocation concealment (selection bias) Low risk Quote: “Sealed, opaque, serially numbered envelopes
were produced from the randomizations sequence
separately for each stratum.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded
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Ang 2011 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Quote: “The research investigator scanned the elec-
tronic hospital occurrence report (eHOR) daily dur-
ing weekday for entries of fall incidences reported by
the nurses from the wards and ascertained if the en-
tries were on participants involved in the study.”
Nursing staff recording falls described as blind to
group allocation. Not clear if the research investigator
was blind to group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: all data analysed according to
ITT.

Selective reporting (reporting bias) High risk Judgement comment: methods mention incidence of
falls but only data on risk of falling reported

Method of ascertaining falls High risk Judgement comment: falls not clearly defined.

Baseline imbalance Low risk No important differences at baseline.

Other bias Unclear risk Unclear impact of standard falls prevention activities.

Barker 2016

Methods Cluster-randomised controlled trial

Participants Setting: 24 acute medical and surgical wards from 6 hospitals, Australia
N = 31,411 unique participants, including 3853 admitted to both intervention and
control wards at different times; 24 clusters
Sample: 48.5% women
Age (years): median 67 (interquartile range 51-79)
Baseline characteristics:

6-PACK programme

• N: 22,670 admissions; 17,698 participants
• Age Median (IQR): 68 (51-80)
• Female N (%): 11,476 (50.6)
• Medical status defined? - Y/N : Y (3+ comorbidities 21.2%)
• Falls risk defined?- Y/N: N
• Dependency defined? - Y/N: No
• Cognitive status defined? - Y/N: Y

Usual care

• N: 23,575 admissions; 17,566 participants
• Age Median (IQR): 67 (51-79)
• Female N (%): 11,424 (48.5)
• Medical status defined? - Y/N : Y (3+ comorbidities 25.3%)
• Falls risk defined?- Y/N: N
• Dependency defined? - Y/N: N
• Cognitive status defined? - Y/N: Y

Inclusion criteria: Wards: where fall-related injuries have been identified as a problem,
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Barker 2016 (Continued)

acute medical or surgical wards; average patient length of stay <10 days; wards to have one
or less low-low beds to each six standard beds on medical wards and one or less low-low
beds to each, 29 standard beds on surgical wards; a fall risk assessment and/or prevention
strategy checklist is not already included in the daily patient care plan documentation.
Wards that have a fall risk assessment and/or prevention strategy checklist included on
admission documentation but do not have a policy that this must be updated daily will
not be excluded from participating in the study
Exclusion criteria: No patient level exclusion criteria.
Pretreatment differences: Nil

Interventions • 6-PACK programme comprising a 9 item falls risk assessment tool and delivery of
one or more of six interventions to high risk patients: 1) Placement of a ‘falls alert’ sign
above the patient’s bed. 2) Supervision of patients while in the bathroom. 3) Use of a
low-low bed. 4) Ensuring that the patient’s walking aid is within reach at all times. 5)
Establishment of a toileting regimen. 6) Use of a bed/chair alarm when the patient is
positioned in the bed/chair. Staff education integral to implementation.Nurses were
asked to update the fall risk tool for each of their patients each shift and to apply a falls
alert sign and one or more of the remaining 6-PACK interventions to patients classified
as being at high risk

• Usual care. Any standard hospital practice provided by wards as part of existing
hospital policy relating to fall prevention, which may have included some components
of the 6-PACK programme and other interventions such as non-slip socks, constant
patient observers, and falls alert wrist bands.

Outcomes • Rate of falls
• Number of fallers (number of unique fallers provided by author correspondence)
• Number of injurious falls
• Fracture falls (number of unique patients with fractures provided by author

correspondence)
• Multiple falls
• Adverse events

Duration of the study 12 months intervention period plus 3 month pre-randomisation baseline period

Notes ACTRN12611000332921
“The use of all 6-PACK programme components (fall risk tool and six interventions)
was threefold higher on intervention wards than on control wards (incidence rate ratio
3.05, 95% confidence interval 2.14 to 4.34; P<0.001).”

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “used the RALLOC command in Stata
to develop the randomisation schedule, using a
random sequence in blocks of two generated by
the study statistician.”
Judgement comment: random sequence alloca-
tion done.
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Barker 2016 (Continued)

Allocation concealment (selection bias) High risk Quote: “Concealment of allocation was ensured,
as the schedule was accessible only by the study
statistician, who was not involved in ward recruit-
ment or data collection.”
Judgement comment: although allocation se-
quence initially concealed, subjects were enrolled
after cluster randomisation, and sequence would
have been known at this time

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Quote: “It will not be feasible to blind ward nurses
or patients to the intervention.”
Judgement comment: not done.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Quote: “Blinding of the assessors collecting the
fall and falls prevention practice data was also not
possible. Assessors blinded to group allocation did
the secondary coding of characteristics of falls and
injuries, and the primary assessor completed the
coding. A statistician blinded to group allocation
(RW) did the data analysis.”
Judgement comment: not done.

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no loss to follow-up

Selective reporting (reporting bias) Low risk Judgement comment: all falls outcomes reported
as per trial registry record

Method of ascertaining falls Low risk Quote: “by daily auditing of patient medical
records and verbal report of the nurse unit man-
agers. These data will then be triangulated with
hospital incident reporting and administrative pa-
tient episode datasets. Concurrent to this will be
hospital-wide education and reminders of the fall
definition and incident reporting best practice,
facilitated by use of an existing training package.
23 Patient”
Judgement comment: multiple methods of con-
current recording of falls data used

Baseline imbalance Low risk Quote: “Characteristics of admitted patients and
length of stay were similar for intervention and
control groups and across baseline and ran-
domised controlled trial periods”
Judgement comment: no imbalance across
groups.
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Barker 2016 (Continued)

Other bias Unclear risk Unclear impact of any ongoing falls prevention
activities.

Beck 2016

Methods RCT (cluster randomised), nursing home subgroup data.

Participants Setting: 3 residential care homes, high-level care, Denmark
N = 31 participants; 3 clusters.
Sample: 65% women
Age (years): mean 88
Baseline Characteristics

Multidisciplinary nutritional support

• N: 9 nursing home
• Age Range: 88.1 (9.6)
• Sex (% female): 6 (67)
• Medical status defined?: N
• Falls risk defined?: N
• Dependency defined? (ADL problem, No. social services for home help, nursing): Y

Control

• N: 22 nursing home
• Age Range: 87.8 (7.0)
• Sex (% female): 14 (64)
• Medical status defined?: N
• Falls risk defined?: N
• Dependency defined? (ADL problem, No. social services for home help, nursing): Y

Inclusion criteria: 65+ years, at nursing home or receiving home care (assistance with
meals) with 2 points according to Eating Validation Scheme (EVS) completed by nursing
staff caregivers (would benefit from intervention) able to completed planned tests
Exclusion criteria: not able or willing to give informed consent
Pretreatment differences: living in a nursing home: intervention 16%, control 55% (P
< 0.001); 30-seconds chair-stand modified, mean (SD) 4.9 (3.3) intervention, 2.5 (2.7)
control (P = 0.004); cognitive problem 56% intervention versus 78% control (P = 0.03)

Interventions • Multidisciplinary nutritional support. Nutrition co-ordinator involvement,
multidisciplinary project group meetings, plan of action in the municipality care
register system, Exercise, nutritional support, support for dysphagia and eating
problems as indicated by EVS screening. 30 to 45 minutes moderate-intensity exercise
sessions including strength and balance training twice a week, oral training
supplements after exercise, weekly assessment of weight, individual dietetics treatment
plan and regular reviews by dietician, multidisciplinary meeting weekly to evaluate and
adjust individual treatment plans, OT involvement if indicated. Health professional
involvement: Nutrition co-ordinator, physiotherapist twice weekly, dietician performs
initial interview, then regular consultations and phone or group follow-up,
occupational therapist to consults with patients who suffer from eating dependency or
chewing and swallowing problems and initiate interventions if indicated.

• Control. Nutrition co-ordinator involvement plus standard interventions from
physiotherapist, registered dietician and occupational therapist requested through the
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Beck 2016 (Continued)

municipality’s normal assessment and referral system will be maintained.

Outcomes • Number of falls
• Adverse events

Duration of the study 11 weeks

Notes A trial of nutritional support using a structured and multidisciplinary approach, focusing
on nutritional risk factors, in undernourished older adults in both home care and nursing
home settings, with results reported separately

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: sequence generation
by drawing a lot for an opaque envelope

Allocation concealment (selection bias) High risk Judgement comment: randomisation by re-
searcher not involved in the study (2016
p200). Author correspondence quote: “par-
ticipants were invited by means of the staff
who did not know about the result of the
group allocation”. and “we did not include
new admissions”. However: “Due to the
limited knowledge about the benefit of nu-
tritional support among home-care clients,
the aim was to randomly assign 2 of the
3 home-care clusters to the intervention
group”, this is likely to enable the randomi-
sation sequence to be predicted, conceal-
ment not possible for the final cluster

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Quote: “The researchers for this study in-
cluded the research assistants (AGC, BSH,
SD-S, and TKSM) and the primary inves-
tigator (AB), who were not blinded for the
intervention.”
Judgement comment: blinding not done.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Quote: “The researchers for this study in-
cluded the research assistants (AGC, BSH,
SD-S, and TKSM) and the primary in-
vestigator (AB), who were not blinded for
the intervention. Before starting the anal-
ysis the primary investigator (AB) was re-
blinded for participants’ group assignment.
”
Judgement comment: not done, falls data
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Beck 2016 (Continued)

collected by unblinded research nurse. Al-
though primary investigator “reblinded”
before analysis no details were reported on
the method for this and it is considered
likely to include a risk of residual unblind-
ing

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: author correspon-
dence clarified data and indicated one with-
drawal, no other loss to follow-up

Selective reporting (reporting bias) Low risk Judgement comment: trial protocol avail-
able and falls outcomes consistently re-
ported

Method of ascertaining falls Low risk Quote: “The information was gathered by
means of data from the RAI-NH version
2.0 and RAI-HC version 2.0 assessments
and the municipality care register system.
For each participant, the same trained nurse
collected”
Judgement comment: concurrent falls data
collection with clear definition

Baseline imbalance High risk Judgement comment: baseline imbalance
in nursing home subgroup for cognition,
no adjustment performed

Other bias Low risk None detected.

Becker 2003

Methods RCT (cluster randomised by facility).

Participants Setting: 6 long-term care facilities (high-level nursing care), Germany
N = 981 participants; 6 clusters.
Sample: 79% women
Age (years): mean (SD) intervention group 83.5 (7.5), control group 84.3 (6.9)
Inclusion criteria: resident of facility. Inclusion criteria for exercise programme: able to
stand while holding a chair, able to lift one foot
Exclusion criteria: none stated

Interventions • Fall prevention programme for staff and residents. Residents chose to participate
in any combination of interventions for any length of time. Those choosing to
participate in fall registration only also received environmental modification and
modification of nursing care

◦ Staff training on risk factors and preventive measures (60 minutes), audit
and monthly feedback re falls and injuries

◦ Check list of 76 environmental hazards (lighting, chair and bed height, floor
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Becker 2003 (Continued)

surfaces, etc). Feedback to staff and administrators
◦ Resident education: all received written information, offered personal

consultation by study nurse or exercise instructor
◦ Group exercise programme (progressive balance and resistance training) 75

minutes, 2 x per week
◦ Hip protectors

• Control: usual care, no specific program activities.

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (hip fractures)
• Adverse events

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Cluster randomisation of 6 facilities using
sealed envelopes selected by an independent
person. Insufficient information to permit
judgement

Allocation concealment (selection bias) Unclear risk Allocation in sealed envelopes, but individuals
admitted after group allocation by a person who
may have been unblinded and may have had
knowledge of participant characteristics

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at facilities who recorded falls were likely
to be aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk All residents included in analysis.

Selective reporting (reporting bias) Low risk All expected falls outcomes completely and
thoroughly reported. Adjustment for clustering
conducted

Method of ascertaining falls Low risk Fall definition provided and concurrent record-
ing of falls
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Becker 2003 (Continued)

Baseline imbalance High risk Greater proportion of intervention group were
taking 4 or more medications

Other bias Low risk None identified.

Bischoff 2003

Methods RCT (individually randomised)

Participants Setting: 2 hospitals with long-stay geriatric care units, Basel, Switzerland
N = 122 participants
Sample: 100% women
Age (years): mean (SD) intervention group 85.4 (5.9), control group 84.9 (7.7)
Inclusion criteria: female; aged ≥ 60; able to walk 3 metres
Exclusion criteria: primary hyperparathyroidism; hypercalcaemia; hypercalcuria; renal
insufficiency; fracture or stroke in last 3 months

Interventions 1. 800 IU oral cholecalciferol (vitamin D3) plus 1200 mg calcium daily for 12 weeks
2. Control: 1200 mg calcium daily for 12 weeks

Outcomes • 1. Rate of falls
• 2. Number of people falling
• 3. Number sustaining a fracture (hip fractures)
• 4. Adverse events

Duration of the study 12 weeks

Notes 50% of participants had a baseline serum vitamin level < 30 nmol/L

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “The randomization was performed by an
independent statistician.”

Allocation concealment (selection bias) Low risk Participants randomised in groups of four by an in-
dependent statistician

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Patients, nurses, and all investigators were blinded to
the treatment assignment throughout the study
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Bischoff 2003 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: high loss to follow-up (31% in
vit D and 25% in control group); however, analysed
as ITT with rate ratio accounting for days of follow-
up and balanced between groups

Selective reporting (reporting bias) Low risk Judgement comment: no study protocol identified,
but data on falls, fallers, multiple falls as adjusted and
adjusted outcomes reported

Method of ascertaining falls Low risk Quote: “Falls were recorded by the nurses on the in-
patient units who had received training in the use of
the fall protocol (date, time, circumstances, injuries).
Falls were defined as “unintentionally coming to rest
on the ground, floor, or other lower level.” Coming
to rest against furniture or a wall was not counted as
a fall. (24) Nurses completed the fall protocol if they
observed or received a report of a fall.”

Baseline imbalance Low risk Judgement comment: characteristics and number of
falls balanced at baseline

Other bias Low risk Judgement comment: none identified. Small groups
randomised however given trial is double-blinded
randomisation unlikely to be predictable

Broe 2007

Methods RCT (individually randomised)

Participants Setting: 1 long-term care facility (high-level care), USA
N = 48 participants included in review (total of 124 in the study)
Sample: 73% women
Age (years): mean 89 (SD 6)
Inclusion criteria: life expectancy > 6 months; able to swallow medications; resident for
> 3 months
Exclusion criteria: taking glucocorticoids; anti-seizure medications; pharmacological
doses of vitamin D; calcium metabolism disorders; severe mobility restriction; fracture
within previous 6 months

Interventions • 200 IU of vitamin D2 daily for 5 months (not included in review)
• 400 IU of vitamin D2 daily for 5 months (not included in review)
• 600 IU of vitamin D2 daily for 5 months (not included in review)
• 800 IU of vitamin D2 daily for 5 months
• Control: placebo daily for 5 months

Outcomes • Rate of falls
• Number of people falling
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Broe 2007 (Continued)

Duration of the study 5 months

Notes Mean baseline serum vitamin D level for 800 IU group and control group combined
was 53 nmol/L

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “... computer-generated randomisation list.”

Allocation concealment (selection bias) Low risk Pharmacy conducted randomisation and supplied
medication in blister packs with name and patient
identification number only

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Nursing staff completing incident forms blinded to
treatment status because blister packs and tablets
identical in appearance. Also, quote: “a programmer,
not involved with this study and not aware of par-
ticipant study group assignments, created the falls
dataset linking the participant identification number
with falls reported during the study period”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: low loss to follow-up and ITT
analysis performed

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified, how-
ever all expected outcomes (falls, rate of falls and fall-
ers) reported

Method of ascertaining falls Low risk Judgement comment: falls concurrently recorded and
clearly defined

Baseline imbalance Unclear risk Judgement comment: few differences at baseline;
however baseline cognition, medical comorbidities
and function not reported

Other bias Low risk None identified.
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Buckinx 2014

Methods RCT. Individually randomised.

Participants Setting: 2 residential care facilities, intermediate-level care, Belgium
N = 62 participants
Sample: 76% women
Age (years): mean 83.2 (SD 7.9)
Baseline characteristics

Whole body vibration

• N: 31
• Age - mean (SD): 82.2 (9.02)
• Female N (%): 20 (64.5)
• Medical status defined? - Y/N: Y
• Falls risk defined (Y/N)?: Y
• Dependency defined (Y/N)?: Y
• Cognitive status defined? Y/N: Y

Control

• N: 31
• Age - mean (SD): 84.2 (6.83)
• Female N (%): 27 (87.1)
• Medical status defined? - Y/N: Y
• Falls risk defined (Y/N)?: Y
• Dependency defined (Y/N)?: Y
• Cognitive status defined? Y/N: Y

Inclusion criteria: residents from two nursing homes; able to remain standing; able to
move with or without technical assistance
Exclusion criteria: weight greater than 150 kg; electronic implants; knee or hip prosthe-
ses; epilepsy; bleeding disorders; inflammatory abdominal disorders; high risk of throm-
boembolism; malignancy; unconsolidated fracture; refusal of doctor or family
Pretreatment differences: gender (more women in control group) P = 0.04; lower body
mass in control group P < 0.01; lower MMSE in control group, P = 0.04

Interventions • Whole body vibration. Exercise programme on a sinusoidal vibration platform
(Vibrosphere), standing without shoes with knees flexed, cushion placed under
vibrosphere. 3 x weekly, 5 series of 15 seconds of vibrations at 30 Hz, 2mm amplitude,
alternate with 30 seconds rest, total vibration time 1 minute 15 seconds, minimum 1
day between sessions. Supervised by one of 4 people, 2 physiotherapists and 2 authors.

• Usual care. No change to lifestyle during study, no involvement in any new type
of physical activity

Outcomes • Number of falls
• Number of people falling

Duration of the study 6 months intervention, follow-up to 12 months.

Notes Compliance: 91.9% of exercise sessions performed.

Risk of bias

Bias Authors’ judgement Support for judgement
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Buckinx 2014 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “We performed the randomisation by blocks
of four with a computer-generated randomisation
procedure.”
Judgement comment: computer-generated randomi-
sation.

Allocation concealment (selection bias) Unclear risk Quote: “An identification number and a randomisa-
tion number were created for each participant.”
Judgement comment: method of concealment of allo-
cation sequence from those enrolling participants was
unclear

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not done. Blinding not possi-
ble.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: not done. Nurses recorded falls,
they were not blinded. Blinded assessment unlikely to
include falls outcomes

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: numbers and reasons balanced
between groups

Selective reporting (reporting bias) Low risk Judgement comment: number of falls not defined
as outcome in trial registry. Trials registry indicates
3 months outcomes. Reporting of falls data appears
complete although not predefined

Method of ascertaining falls Low risk Quote: “Nurses completed the fall record with the
date, time, and circumstances of the falls.”
Judgement comment: likely that falls were recorded
at time of event

Baseline imbalance High risk Baseline differences in weight, gender, MMSE may
impact on falls rates

Other bias Low risk Judgement comment: none identified

Buettner 2002

Methods RCT (individually randomised)

Participants Setting: 3 nursing care facilities, USA (1 high-level nursing facility, 1 skilled nursing
facility, 1 intermediate-level facility)
N = 27 participants
Sample: 44% women
Age (years): mean 83.3 (range 60 to 98)
Inclusion criteria: ≥ 2 falls in past 2 months between 7.00 am to 9 am; MMSE score
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Buettner 2002 (Continued)

< 23; aged > 60; walking independently, or with 1 assistant or assistive device
Exclusion criteria: not resident for ≥ 60 days; a healing fracture; attending physiother-
apy

Interventions • Supervised group exercises: walking group daily at 6.30 am; exercise to improve
function (balance, strength, and flexibility) 3 x per week in mid afternoon; sensory air
mat therapy (movement, relaxation) 2 x per week in evenings. Intervention overseen by
Certified Therapeutic Recreational Specialist with assistance of staff members. The
interventions were scheduled at the time of day when most falls occur and in the
locations where the falls occur

• Control: usual care

Outcomes • Number of falls

Duration of the study 2 months

Notes Published data incomplete. Further data provided by authors could not be analysed

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk No description of method of sequence generation

Allocation concealment (selection bias) Unclear risk No description of allocation concealment

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff collecting falls data do not appear to have been
blinded to allocation status

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: insufficient detail on which pa-
tients are included in data analysis for judgement

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified. Num-
ber of falls analysed as t-test of absolute numbers with-
out rate, considering pre-test falls

Method of ascertaining falls High risk Judgement comment: falls not clearly defined

Baseline imbalance Unclear risk Judgement comment: Baseline characteristics not re-
ported by allocation group

Other bias Low risk Judgement comment: None detected
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Burleigh 2007

Methods RCT (individually randomised)

Participants Setting: general assessment and rehabilitation wards in an acute geriatric unit, Glasgow,
Scotland
N = 205 participants
Sample: 59% women, median serum vitamin D (25 OHD) = 22.00 nmol/L, IQR 15.
00 to 30.50 at baseline.
Age (years): mean (SD) intervention 82.3 (7.6), control 83.7 (7.6)
Inclusion criteria: admitted to a ward in the acute geriatric unit; aged ≥ 65
Exclusion criteria: hypercalcaemia; urolithiasis; renal dialysis; terminal illness; bed
bound; reduced Glasgow Coma Score; already prescribed vitamin D and calcium; ’nil
by mouth’ on admission

Interventions • 800 IU oral cholecalciferol (vitamin D3) plus 1200 mg calcium daily until
separation from the facility

• Control: 1200 mg calcium daily until discharge or death

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)
• Adverse events

Duration of the study Aproximately 9 months. Median length of stay 30 days

Notes Baseline serum vitamin D (25 OHD) = median 22.00 nmol/L, IQR 15.00 to 30.50

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “... randomised using a random numbers ta-
ble”

Allocation concealment (selection bias) Low risk Quote: “Randomisation was known only to the statis-
tician and pharmacist who subsequently issued an
appropriate uniquely numbered drug blister pack to
each patient’s ward.”

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Staff completing falls data may have been aware of
treatment status as there was no placebo in place of
vitamin D. Insufficient information to permit judge-
ment

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis and losses bal-
anced between groups
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Burleigh 2007 (Continued)

Selective reporting (reporting bias) Low risk Judgement comment: falls and fallers outcomes re-
ported as per trial registration

Method of ascertaining falls Low risk Judgement comment: falls defined and recorded con-
currently

Baseline imbalance High risk Judgement comment: 2x2 indicates significant dif-
ference in proportion with Zimmer frame between
groups (P = 0.02)

Other bias Low risk Judgement comment: falls and fallers outcomes re-
ported as per trial registration

Cadore 2014

Methods RCT (individually randomised)

Participants Setting: residential care facility, mixed-level care, Spain
N = 24 participants
Sample: 70% women
Age (years): mean 91.9 (SD 4.1)
Baseline Characteristics

Multicomponent exercises

• N : 11
• Age Range - mean (SD) (overall 91.9 +/- 4.1 years): 93.4 ± 3.2
• Female (17/24 overall) n (%): 8/11
• Medical status defined? (admission diagnosis & co-morbidities): N
• Falls risk defined?: Y, Dual task walking
• Dependency defined?: Y
• Mean no falls pre-training: 0.77+/-0.44
• Cognitive status defined?: Y

Control

• N : 13
• Age Range - mean (SD) (overall 91.9 +/- 4.1 years): 90.1 ± 1.1
• Female (17/24 overall) n (%): 9/13 (69)
• Medical status defined? (admission diagnosis & co-morbidities): N
• Falls risk defined?: Y, Dual task walking
• Dependency defined?: Y
• Mean no falls pre-training: 0.93n+/-0.3
• Cognitive status defined?: Y

Inclusion criteria: nursing home residents from Pamplona, Spain; 85 years or older;
frail (as per Fried’s criteria): 3 or more of slowness, weakness, weight loss, exhaustion,
and low physical activity
Exclusion criteria: the absence of frailty or pre-frailty syndrome; dementia; disability
(defined as a Barthel Index (BI) lower than 60 and inability to walk independently
without help of another person); recent cardiac arrest; unstable coronary syndrome;
active cardiac failure; cardiac block; any unstable medical condition
Pretreatment differences: baseline demographic data not reported
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Cadore 2014 (Continued)

Interventions • Multicomponent exercises. Muscle power training (8-10 repetitions, 40% to 60
% of the one-repetition maximum) combined with balance and gait retraining,
including warm up and cool down periods. Twice weekly, 40 minute duration, at least
2 consecutive days between sessions

• Control. Mobility exercises: small active and passive movements applied as a series
of stretches in a rhythmic fashion to the individual joints. Such exercises are routinely
encouraged in most Spanish nursing homes. 30 minutes per day at least 4 days per week

Outcomes • Rate of falls

Duration of the study 12 weeks

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “The randomisation sequence was gener-
ated by http://www.randomization.com and con-
cealed until interventions were assigned.”

Allocation concealment (selection bias) Low risk Quote: “and concealed until interventions were as-
signed.”
Judgement comment: author correspon-
dence. Quote: “The group allocation was concealed.
A researcher with no previous contact with subjects
as well as not involved with assessment and training
made the allocation of subjects.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding of participants not
possible due to active involvement in intervention

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: blinding mentioned is not
for falls outcomes. Residents who were not blinded
recorded falls

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss to follow-up low and bal-
anced between groups

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol or trials registry
records identified

Method of ascertaining falls High risk Quote: “Data on the incidence of falls were assessed
retrospectively using questionnaires to residents.”
Judgement comment: based on recall of participants.
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Baseline imbalance Unclear risk Judgement comment: baseline demographic data not
reported

Other bias Low risk Judgement comment: none identified

Chapuy 2002

Methods RCT (individually randomised)

Participants Setting: 55 intermediate nursing care facilities, France
N = 610 participants
Sample: 100% women
Age (years): mean 85.2 (SD 7.1)
Inclusion criteria: ambulatory; life expectancy > 2 years
Exclusion criteria: malabsorption; serum calcium > 2.63 mmol/L; chronic renal failure
(serum creatinine >150 µmol/L), taking bone metabolism altering medications within
the past year, e.g. corticosteroids, anticonvulsants or high doses of thyroxine; fluoride
salts (43 months), bisphosphonates, calcitonin (41 month), calcium (4500 mg/day) and
vitamin D (4100 IU/day) during the last 12 months

Interventions • 800 IU of vitamin D3 + 1200 mg calcium carbonate fixed combination daily
• 800 IU of vitamin D3 + 1200 mg calcium carbonate separately daily
• Control: placebo

Outcomes • Number of people falling
• Number sustaining a fracture (hip fracture)
• Adverse events

Duration of the study 24 months

Notes Described as “apartment houses for elderly people” in Chapuy 2002 but provision of
drugs supervised by nursing staff “to ensure compliance”. Mean baseline serum vitamin
D level 22 nmol/L

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Insufficient information about the sequence gener-
ation process to permit judgement of ’Low risk’ or
’High risk’

Allocation concealment (selection bias) Unclear risk Although described as multicentre, randomised, dou-
ble-masked, placebo-controlled, the method of con-
cealment prior to allocation is not described in suffi-
cient detail to allow a definite judgement
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Chapuy 2002 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Blinding of treatment status to outcome assessors not
mentioned. Participants were asked if they had an
adverse event (including falls) in last 3 months. Not
clear if the person asking would have known alloca-
tion status

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: loss to follow-up over 2-year
period unclear

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified.

Method of ascertaining falls High risk Falls events poorly defined.

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none detected

Chenoweth 2009

Methods RCT (cluster randomised by unit).

Participants Setting: 15 residential dementia care units (high-level nursing care), Sydney, Australia
N = 289 residents; 15 clusters
Sample: people with dementia (78% women)
Age (years): mean (SD) person-centred care group 83 (7.6), dementia-care mapping
group 84 (6.4), usual care group 83 (7.6)
Inclusion criteria (facilities): task-focused (not person-centred) care systems. Inclusion
criteria (residents): dementia and low cognitive function; aged >60; high dependency
needs; persistent need-driven dementia compromised behaviours
Exclusion criteria (residents): serious co-morbidities complicating or masking dementia;
palliative care; unremitting pain; distressing physical symptoms; respite placement

Interventions • Person-centred care: one researcher trained 2 care staff per site in allocated method
of care (see ’Notes’), worked with trained staff to implement care plans, provided two
site visits to give ongoing support for staff, then regular telephone contact for 4 months

• Dementia care mapping: two researchers trained 2 care staff per site in allocated
method of care (see ’Notes’), carried out “mapping” with trained staff, developed care
plans with trained staff, trained staff helped colleagues implement plans, regular
telephone contact from researchers for 4 months

• Usual care: non person-centred care that is task-focused and concerned mostly
with physical care needs

Outcomes • Number of people falling
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Chenoweth 2009 (Continued)

Duration of the study 8 months

Notes Person-centred care emphasised social interactions at affective level based on life histories;
aimed to preserve personal identity and foster meaningful relationships
Dementia-care mapping: “mapping” consisted of observation of each participant for 6
hours per day for 2 days to identify factors related to well-being

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Allocation was done by the study statisti-
cian (MTK), who was unaware of the identity of
sites, using an SAS20 program.”

Allocation concealment (selection bias) Low risk Eligible residents were selected by facility man-
agers or directors before randomisation of sites

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Quote: “Treatment allocation was masked to as-
sessors.”
Three separate research assistants collected out-
come data from each cluster of five facilities. Staff
of facilities instructed not to inform assessors of
interventions

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: >20% loss from person-
centred care and usual care arms

Selective reporting (reporting bias) Unclear risk Judgement comment: falls stated as outcome -
Incidents, quote: “and subsequent admissions to
hospital were discerned from official records of in-
cidents including residents’ falls, fractures, lacera-
tions, bruises, medication errors, and behavioural
incidents” (p320, column 1, para 2). However,
falls not stated as outcome in initial trial registry
record (added retrospectively)

Method of ascertaining falls High risk Judgement comment: falls poorly defined and
multiple sites enrolled

Baseline imbalance Low risk Judgement comment: differences at baseline ad-
justed for in analysis

Other bias Low risk Judgement comment: none identified.
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Choi 2005

Methods RCT (cluster randomised).

Participants Setting: 2 residential care facilities (intermediate-level care), Korea
N = 68 participants; 2 clusters.
Sample: 75% women
Age (years): mean 77.9 (range 61 to 91)
Inclusion criteria: ambulatory; age > 60; at least one fall risk factor (impaired gait,
impaired balance; a fall in the last year; postural hypotension; four or more medications
affecting balance)
Exclusion criteria: severe dementia; physical illness that may prevent completion of 12-
week course of exercise; involvement in any other exercise

Interventions • Supervised Tai Chi: 35-minute group sessions with certified Tai Chi leader, 3 x
per week for 12 weeks

• Usual routine activities

Outcomes • Number of people falling

Duration of the study 3 months

Notes Cluster randomised, described as quasi-experimental design with a non-equivalent con-
trol group

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “... two facilities with similar characteristics were
selected and randomly assigned to either the experimental
or control group by coin tossing.”

Allocation concealment (selection bias) High risk After first toss the allocation of the second facility would be
known. No description of whether individual participant
recruitment was undertaken after group allocation by a
person who was unblinded and may have had knowledge
of participant characteristics

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at facilities who recorded falls were likely to be aware
of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss similar between groups.

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified.
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Choi 2005 (Continued)

Method of ascertaining falls High risk Judgement comment: falls defined but only recorded
weekly.

Baseline imbalance High risk Judgement comment: significant difference between
groups in muscle strength and balance measures - ad-
dressed for balance and strength scores by using difference
scores - but no adjustment apparent for falls data

Other bias Low risk Judgement comment: assignment predicable as cluster
randomised and only 2 facilities, however this accounted
for under allocation concealment. No other sources of bias
identified

Clifton 2009

Methods RCT (individually randomised)

Participants Setting: 1 veterans skilled nursing facility (high-level nursing care), Washingon state,
USA
N = 43 participants
Sample: 5% women
Age (years): mean 82.2 (SD 7.1)
Inclusion criteria: expected length of stay > 120 days; high risk of falling (Morse Scale
score ≥ 50); unable to ambulate or transfer without assistance
Exclusion criteria: history of adverse reaction to medical adhesives; mechanobullous
disease; skin breakdown on the legs > 10 cm; skin eruption on the legs

Interventions • FallSaver system: wireless position-monitoring patch fixed to the thigh.
Transmitted signal to receiver/alarm unit when angle of declination reached about 45
degrees from horizontal, indicating the individual was moving into a weight-bearing
position

• No FallSaver use

Outcomes • Rate of falls

Duration of the study Cross-over after 60 days for second 60-day period

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Randomisation sequence generated using a web-
based programme
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Allocation concealment (selection bias) Low risk Quote: “Allocation of sequence, performed by the
study coordinator, was masked until informed con-
sent was obtained from each respective subject.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Caregivers recorded falls. Not blind to FallSaver use

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: higher loss to follow-up in in-
tervention arm due to discontinuing intervention

Selective reporting (reporting bias) Low risk Judgement comment: falls outcomes reported as per
trial registration

Method of ascertaining falls Low risk Judgement comment: falls defined and recorded con-
currently.

Baseline imbalance Unclear risk Judgement comment: characteristics not reported by
group allocation

Other bias High risk Judgement comment: author employed by company
making FallSaver devices

Colon-Emeric 2013

Methods RCT (cluster randomised), pilot study

Participants Setting: 8 residential care facilities, 4 veterans affair, 4 community, USA
N = Not Reported (NR). 8 clusters, 982 facility beds.
Sample: NR
Age (years): NR
Baseline Characteristics

CONNECT & FALLS

• N: NR. 4 facilities, average bed size 131.3. 243 staff participants.
• Age - mean (SD): NR
• Female (%): NR
• Medical status defined? - Y/N : NR
• Falls risk defined? - Y/N : NR
• Dependency defined? - Y/N: NR
• Cognitive status defined? - Y/N: NR

FALLS only

• N: NR. 4 facilities, average bed size 114.3. 254 staff participants.
• Age - mean (SD): NR
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Colon-Emeric 2013 (Continued)

• Female (%): NR
• Medical status defined? - Y/N : NR
• Falls risk defined? - Y/N : NR
• Dependency defined? - Y/N: NR
• Cognitive status defined? - Y/N: NR

Inclusion criteria: residents: aged 50 years or over; experienced one or more falls during
the study period, and remained in the NH at least 72 hours after the fall. Staff: all NH
employees aged 18 and older who had direct resident contact were eligible for participa-
tion. Emloyees from nursing, rehabilitation, social work, dietary services, environmental
services, activities, medical services and administration
Exclusion criteria: Staff: temporary agency staff and staff working only as needed
Pretreatment differences: more patients who fell had visual impairment in intervention
nursing homes, more Caucasian staff in intervention nursing homes

Interventions • CONNECT followed by FALLS: CONNECT is an intervention which is a
process to implement quality improvement programs, aiming to improve nursing
home (NH) staff connections, communication, and problem solving. Uses storytelling,
relationship mapping, mentoring, self-monitoring, and feedback to help staff identify
communication gaps and practice interaction strategies. CONNECT for 12 weeks
consisting of 2 in-class sessions plus mentoring for 2 weeks after each session; then
FALLS for 12 weeks.

• FALLS only. Falls quality improvement programme which includes group
training, modules, teleconferences, academic detailing, and audit and feedback on
multifactorial falls prevention (addressing orthostatic hypotension, sensory
impairment, footwear, gait and assistive devices, toileting needs, environmental
problems, fall-related medications, and vitamin D). One half-day training session
followed by 11 weekly teleconferences. Case-based self study modules. Academic
detailing sessions for small groups of staff conducted twice at each nursing unit.

Outcomes • Rate of falls
• Ratio of change in rate of falls
• Adverse events

Duration of the study 24 weeks intervention (12 weeks CONNECT/control plus 12 weeks FALLS), 6 months
post-intervention follow-up

Notes NCT00836433. Baseline data and N for all residents not known, confirmed by author
correspondence

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: sequence by random
number generator.

Allocation concealment (selection bias) Unclear risk Judgement comment: person assigning treat-
ment groups was blinded to nursing home
identity, but unclear if individual participant
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Colon-Emeric 2013 (Continued)

recruitment (staff ) was completed prior to as-
signment of the cluster

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: unable to blind person-
nel.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: as staff would have
recorded falls and staff were the subject of the
intervention, it is unlikely that blinding would
have been possible for those recording falls data

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: there were no missing
data for fall rates

Selective reporting (reporting bias) Low risk Judgement comment: data on falls are reported
as per trial record and includes the main ex-
pected falls outcomes

Method of ascertaining falls Low risk Quote: “Falls were ascertained from facility fall
logs, incident reports, and the Minimum Data
Set; occupied bed days were calculated from
daily census data that each facility provided.”
Judgement comment: falls were clearly defined
and likely to be recorded concurrently in facil-
ity fall logs used as the data source

Baseline imbalance Low risk Judgement comment: the analysis accounted
for clustering and potential confounders

Other bias Low risk Judgement comment: none identified.

Cox 2008

Methods RCT (cluster randomised by Primary Care Organisation (PCO) each containing nursing
care facilities)

Participants Setting: 209 care homes (high and intermediate level care), England and Wales
N = 5637 participants. 29 clusters
Sample: 77% women
Age (years): not stated
Inclusion criteria (facilities): if local ethics and research governance procedures were
swift enough to enable enrolment
Exclusion criteria (facilities): if demographic information was not provided

Interventions • Half day training sessions for managers, nurses and health care assistants in each
PCO. Training delivered by specialist osteoporosis nurses and included information on
falls and falls prevention
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Cox 2008 (Continued)

• Control group received training 12 months later

Outcomes • Number of people falling
• Number sustaining a fracture (all fractures, hip fractures)

Duration of the study 12 months

Notes 5 of 29 clusters lost to follow-up in intervention group compared with 16 of 29 clusters
in control group

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “The PCOs were stratified into two
groups, larger PCOs and smaller PCOs
based on the median number of care
homes. Within each stratum, a single block
of allocations was undertaken using a com-
puter package to ensure equivalent num-
bers of PCOs in each group.”

Allocation concealment (selection bias) Low risk Quote: “All PCO demographic data were
forwarded to the Department of Health
Science at the University of York for ran-
domisation and allocation.” “The alloca-
tion was undertaken by an independent re-
searcher.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: no statement re
blinding. Facilities and staff (including
manager reporting outcome data) knew of
allocation

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at facilities who recorded falls were
likely to be aware of their facility’s alloca-
tion status

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: 16% loss to follow-
up for control group

Selective reporting (reporting bias) Low risk Judgement comment: no protocol, but all
expected outcomes reported (number of
falls, risk of falls and fractures) and as de-
scribed in methods

Method of ascertaining falls High risk Judgement comment: no fall definition re-
ported. Fall and fracture data collected via
questionnaire to each facility manager -
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Cox 2008 (Continued)

likely variability

Baseline imbalance Unclear risk Judgement comment: baseline data on cog-
nition, comorbidities, function not re-
ported

Other bias Low risk Judgement comment: none identified.

Crotty 2004a

Methods RCT (individually randomised)

Participants Setting: patients awaiting transfer from a hospital to a long-term care facility, Australia
N = 110 participants
Sample: 61% women
Age (years): mean 82.7 (SD 6.4)
Inclusion criteria: acute and subacute hospital patients being transferred to nursing care
facility; life expectancy greater than a month
Exclusion criteria: none stated

Interventions • Pharmacist transition coordinator for patients transferring from hospital to a care
facility for the first time: medication management transfer summaries from hospitals,
timely coordinated medication reviews by accredited community pharmacists, and case
conferences with physicians and pharmacists

• Control: usual hospital discharge process

Outcomes • Number of people falling

Duration of the study 12 months. Participants followed up for 8 weeks post discharge

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: ”The study biostatistician provided a com-
puter-generated allocation sequence that used block
randomization and was stratified by hospital.”

Allocation concealment (selection bias) Low risk Quote: “Randomization was coordinated by a cen-
tralized hospital pharmacy service.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possible
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Crotty 2004a (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Not clear whether staff recording falls were aware of
existence of transfer summaries and case conferences

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: reasons for loss to follow-up
similar between groups

Selective reporting (reporting bias) Low risk Judgement comment: falls were a secondary outcome
measure.

Method of ascertaining falls High risk Judgement comment: no clear definition or staff
training described

Baseline imbalance Low risk Judgement comment: no significant difference be-
tween groups at baseline

Other bias Low risk None identified.

Crotty 2004b

Methods RCT (cluster randomised)
Cluster randomisation of regions such that each metropolitan health area allocated to
intervention or control. Facility in an intervention region selected at random and matched
to a facility in a control region. Matching facilities not randomised

Participants Setting: 20 residential care facilities (10 high- and 10 low-level care), Adelaide, Australia
N = 715 participants. 20 clusters.
Sample: 84% women
Age (years): mean 84.1 (SD 7.8)
Inclusion: none stated
Exclusion criteria: none stated

Interventions • Pharmacist outreach intervention: intervention physicians received two 30
minutes academic detailing visits from pharmacist based on evidence-based guidelines,
audit of prescribing practice (psychotropic and/or antihypertensive medication, use of
aspirin or warfarin) and number of falls in previous 12 months. One nurse per facility
received four 2-hour education sessions (change management, management of the
behavioural symptoms of dementia, medication management and falls prevention
techniques). Pharmacist educated each facility on reducing use of psychotropic drugs

• Usual care

Outcomes • Number of people falling

Duration of the study 7 months

Notes

Risk of bias
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Crotty 2004b (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “All randomisation was conducted
using a computer-generated random allo-
cation program by a person external to the
project.”

Allocation concealment (selection bias) High risk Cluster randomisation of regions. Facility
in an intervention region selected at ran-
dom and matched to a facility in a control
region

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: outcome was as-
sessed blind to group allocation but inter-
vention facilities would have been aware of
intervention

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at facilities who recorded falls were
likely to be aware of their facility’s alloca-
tion status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses to follow-up
even between groups

Selective reporting (reporting bias) Unclear risk Judgement comment: injurious falls in-
cluded as outcome measure but not re-
ported

Method of ascertaining falls High risk Judgement comment: no clear definition of
falls, no staff training

Baseline imbalance Low risk Judgement comment: adjusted for baseline
differences.

Other bias Low risk None identified.

Cumming 2008

Methods RCT (cluster randomised)
Cluster randomisation of 12 matched pairs of wards

Participants Setting: 24 acute and subacute wards in 12 hospitals, Sydney, Australia
N = 24 wards, 3999 patients. 24 clusters.
Sample: 59% women
Age (years): mean 79.0 (SD 12.8)
Inclusion criteria: all admitted patients
Exclusion criteria: none stated
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Cumming 2008 (Continued)

Interventions • Targeted multifactorial intervention: a nurse and physiotherapist each worked for
25 hours per week for 3 months in all intervention wards. Provided risk assessment of
falls, staff and patient education sessions, drug review, arranged walking aids, eyewear,
modification of bedside and ward environments, increased supervision, liaison with
staff about confusion and foot problems, an exercise programme, and sock alarms for
selected patients (maximum of 2 per ward) who staff considered unsafe to walk
unsupported

• Usual care. No trial interventions.
NB. Continuation of existing pre-trial falls prevention activities in control and interven-
tion wards during the study

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)

Duration of the study 3 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Randomisation of each matched
pair of wards was usually done during the
week before the study started for that pair
of wards. Randomisation involved sealed,
opaque envelopes and was supervised by a
study investigator ... unaware of ward char-
acteristics.”

Allocation concealment (selection bias) Low risk Quote: “We included all patients in study
wards during each three month study pe-
riod.” “Randomisation of each matched
pair of wards was usually done during the
week before the study started for that pair
of wards. Randomisation involved sealed,
opaque envelopes and was supervised by a
study investigator ... unaware of ward char-
acteristics.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the wards who recorded falls were
likely to be aware of their ward’s allocation
status
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Cumming 2008 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis.

Selective reporting (reporting bias) Low risk Judgement comment: outcomes reported
as per trial registration

Method of ascertaining falls Low risk Judgement comment: falls clearly defined
and collected concurrently

Baseline imbalance Low risk Judgement comment: groups well-bal-
anced at baseline.

Other bias Unclear risk Quote: “Another limitation is that some
falls prevention activities were already oc-
curring in control (and intervention) wards
before the start of our study. These activi-
ties would have continued during the study
period, making it more difficult to show
any effect of our interventions.”
Judgement comment: some other falls pre-
vention activities ongoing - impact of this
unclear

da Silva Borges 2014

Methods RCT (individually randomised)

Participants Setting: residential care facilities, intermediate-level care, Brazil
N = 59
Sample: NR
Age (years): 68
Baseline Characteristics

Ballroom dancing programme

• N : 30
• Age : mean (SD) : 68 (8.33)
• Female (%): NR
• Medical status defined? -Y/N : N
• Falls risk defined? -Y/N: N
• Dependency defined? - Y/N: Y (all functionally autonomous)
• Cognitive status defined? - Y/N: Y

Control

• N : 29
• Age : mean (SD) : 67 (7.70)
• Female (%): NR
• Medical status defined? -Y/N : N
• Falls risk defined? -Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y
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da Silva Borges 2014 (Continued)

Inclusion criteria: resident of long-stay institution in Rio de Janeiro state, Brazil, func-
tionally autonomous in ADL, had not engaged in any regular physical activity for at least
three months
Exclusion criteria: any condition that could prevent a participant from undergoing tests
or interventions (such as cardiopathy, hypertension, uncontrolled asthmatic bronchitis,
osteoarthritis, recent fracture, tendinitis, neurological problems and severe obesity, as well
as the use of a prosthesis or medication that could cause attention disorders); cognitive
impairment, especially memory function
Pretreatment differences: unclear, baseline characteristics not reported

Interventions • Ballroom dancing programme. Ballroom dancing with 10 minute warm-up with
flexibility exercises and low-intensity dance movements, then higher-intensity rhythms
for 30 minutes, then 10 minutes relaxation to music. 3 x 50-minute sessions weekly on
alternate days.

• Control. Normal daily activities. Advised not to engage in any regular physical
therapy until after study period

Outcomes • Analysis of falls outcome

Duration of the study 12 weeks

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “randomly allocated by simple draw”
Judgement comment: unclear how the draw was con-
ducted and whether or not this would result in a truly
random sequence

Allocation concealment (selection bias) Unclear risk Judgement comment: allocation concealment not de-
scribed.

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possible.

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Judgement comment: it is unclear who reported the
falls data

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: to exclude patients due to falls
may have a significant impact on falls data if these
patients were multiple fallers or at high risk. Group
allocation is not reported
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da Silva Borges 2014 (Continued)

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol available.Falls data
not published due to error in article

Method of ascertaining falls High risk Judgement comment: falls data were not recorded
concurrently, it is unclear what type of medical
records were accessed to confirm falls, this may not
include records of non-injurious falls

Baseline imbalance Unclear risk Judgement comment: baseline characteristics of par-
ticipants not reported

Other bias Low risk Judgement comment: none detected

Donald 2000

Methods RCT (2 x 2 factorial design)

Participants Setting: 1 elderly care rehabilitation (subacute) ward, Gloucester, UK
N = 54
Sample: individuals admitted to one elderly care rehabilitation ward over an 8-month
period (81% women)
Age (years): mean 83
Inclusion criteria: patients admitted for rehabilitation
Exclusion criteria: none stated

Interventions • Assigned to ward area with vinyl floor covering and conventional physiotherapy
(functional based physiotherapy, once or twice daily)

• As above (1) plus seated leg strengthening exercises (hip flexors and ankle
dorsiflexors

• Assigned to ward area with carpet and conventional physiotherapy
• As above (3) plus seated leg strengthening exercises (hip flexors and ankle

dorsiflexors)

Outcomes • Rate of falls
• Number of people falling

Duration of the study 9 months. Follow-up of individual patients was duration of admission (mean length of
stay 29 days)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Sequence generation not described. Quote: “Using ran-
domized envelopes for each risk group, patients were as-
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Donald 2000 (Continued)

signed a floor group (carpet or vinyl) and a physiother-
apy group (conventional physiotherapy or additional ex-
ercise).”

Allocation concealment (selection bias) Unclear risk Randomised achieved by randomising envelopes. Insuf-
ficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Outcome assessors do not appear to have been blinded
to treatment status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: high loss to follow-up but ITT
analysis for falls outcomes

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified, but falls
and fallers data reported completely

Method of ascertaining falls Unclear risk Judgement comment: falls clearly defined, but insuffi-
cient information on frequency of recording of falls data
for judgement

Baseline imbalance Low risk Judgement comment: groups balanced at baseline.

Other bias Low risk Judgement comment: none identified.

Dyer 2004

Methods RCT (cluster randomised)

Participants Setting: 20 residential care homes (intermediate-level care), UK
N = 196 participants. 20 clusters.
Sample: 78% women
Age (years): mean (SD) intervention group 87.4 (6.9), control group 87.2 (6.9)
Inclusion criteria (facilities): ≥ 5 residents; not specializing in mental illness; without
nursing services. Inclusion criteria (residents): aged ≥ 60
Exclusion criteria: temporary residents or terminal illness

Interventions • Multifactorial, multidisciplinary intervention: baseline assessments by
physiotherapist, nurse and OT and interventions based on these.

◦ Exercise: supervised gait, balance, co-ordination and functional + strength/
resistance + flexibility + general physical exercises. 3 x 40-minute sessions per week for
3 months. Progressive exercises individually tailored and delivered by exercise assistants
supported by physiotherapists. Carried out in groups or individually if residents unable
to participate in groups because of frailty or cognitive impairment
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Dyer 2004 (Continued)

◦ Staff education
◦ Medical review: baseline assessments screened by geriatrician.

Recommendations re medication review, orthostatic hypotension, and osteoporosis
prevention sent to participant’s GP for GP to implement

◦ Environmental modification: OT assistant visited facilities to assess and
report on falls hazards, with facilities being alerted of major hazards

◦ Optician and podiatry referrals based on baseline assessment
• Usual care, no intervention.

Outcomes • Rate of falls
• Number of people falling

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Allocation sequence used computer-generated random
number tables

Allocation concealment (selection bias) Low risk Quote: “The allocation sequence was performed and kept
secure by a researcher independent of the study, and
blinded to baseline assessment results.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely to be
aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Losses balanced between groups.

Selective reporting (reporting bias) Low risk No protocol identified but all expected falls data compre-
hensively reported as falls, fallers, multiple fallers and frac-
tures reported

Method of ascertaining falls Low risk Data collected concurrently and clear definition.

Baseline imbalance Unclear risk Differences in cognition and medications at baseline, un-
clear if adjusted for in analysis

Other bias Low risk None identified.
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Dykes 2010

Methods RCT (cluster randomised) randomised 2 units matched on fall rates and patient days
within each of 4 hospitals

Participants Setting: 8 acute medical units, Boston, Massachusetts, USA
N = 5264 patients aged ≥ 65. 8 clusters.
Sample used in this review: patients aged ≥ 65 (% women not available)
Age (years): mean 78.8 (SD 8.4) in patients aged ≥ 65
Inclusion criteria (units): fall rates higher than institution’s mean rate for previous
year; had a match within the institution (unit with similar fall rate and length of stay).
Inclusion criteria (patients): all patients admitted to randomised units during study
Exclusion criteria (units): involved in other performance improvement efforts relating
to fall prevention

Interventions • Falls Prevention Tool Kit (FPTK) software with strategies to improve unit-level
buy-in: Morse Falls Scale completed using FPTK; software automatically-generated
evidence-based/feasible interventions, tailored by nurse based on knowledge of patient;
software automatically printed bed poster for patients at risk (updated with change in
status); software generates tailored handout to educate patient/family (updated with
change in status); tailored fall prevention plan automatically generated by software for
documentation

• Control: usual care in relation to fall prevention: Morse Falls Scale (MFS)
completed using existing paper or electronic forms; “high risk of falls” signs above beds
for patients with MFS > 45 points; educate patient/families with booklets or other
handouts as needed; document plan manually in paper or electronic record
Both groups used Morse Falls Scale to assess risk of falls on admission, daily and with
change in status

Outcomes • Rate of falls
• Number of people falling

Duration of the study 6 months

Notes Data for participants aged < 65 and ≥ 65 reported separately in Dykes 2010. Only data
for participants aged ≥ 65 included in this review

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote “Matched units were randomised”
Insufficient information to permit judge-
ment

Allocation concealment (selection bias) High risk At each hospital pairs of wards were al-
located to intervention and control, then
patients admitted to these wards were re-
cruited
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Dykes 2010 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: Not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Quote: “the intervention was not blinded
and falls were reported by unit-based care-
givers who implemented fall prevention in-
terventions.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: all patients included
in ITT analysis.

Selective reporting (reporting bias) Low risk Judgement comment: falls outcomes re-
ported consistent with trial registration

Method of ascertaining falls Low risk Judgement comment: falls recorded con-
currently and would be defined in hospital
system

Baseline imbalance Low risk Judgement comment: no significant differ-
ences at baseline, potential confounders ad-
justed for

Other bias Low risk Judgement comment: none identified.

Faber 2006

Methods RCT (individually randomised) Facilities randomised to one of two interventions, then
residents individually randomised to intervention or control group within facilities

Participants Setting: 15 long-term care residences (combined high- and intermediate-level care within
each), the Netherlands
N = 238
Sample: 79% women
Age (years): mean 84.9 (range 63 to 98)
Inclusion criteria: resident of facility
Exclusion criteria: unable to walk 6 metres unaided; poor cognition as judged by staff;
GP contraindication

Interventions • Functional Walking (FW) (7 residences): 10 exercises (gait, balance, and co-
ordination + strength/resistance), 1 session per wk for 4 weeks then 2 sessions per week
for 16 weeks; 90 minutes per session. Exercises individually tailored and delivered by
an instructor

• In Balance (IB) (8 residences): 3D exercises (based on Tai Chi). 1 session per week
for 4 weeks followed by 2 sessions per week for 16 weeks. 90-minute sessions. Exercises
individually tailored and delivered by an instructor
Usual care (same 15 residences as above)
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Faber 2006 (Continued)

Outcomes • Rate of falls
• Number of people falling

Duration of the study 12 months

Notes Only data for combined control groups reported in Faber 2006

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk 15 centres cluster randomised to one of two
exercise regimens using “sealed envelopes”.
Individuals then randomised into interven-
tion and control within each participating
centre using computer generated random
numbers

Allocation concealment (selection bias) Unclear risk Unclear whether initial randomisation to
clusters used envelopes which were sequen-
tially numbered, opaque and sealed. Insuf-
ficient information to permit judgement in
relation to randomisation of individuals af-
ter cluster allocation

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls were likely to be
aware of individual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: withdrawals bal-
anced across interventions

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identi-
fied but all expected outcomes - falls and
fallers thoroughly reported

Method of ascertaining falls Low risk Judgement comment: falls defined and
recorded concurrently.

Baseline imbalance Low risk Judgement comment: no differences at
baseline.

Other bias Low risk Judgement comment: none detected
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Flicker 2005

Methods RCT (individually randomised)

Participants Setting: 60 assisted living facilities and 89 nursing homes (intermediate- and high-level
nursing care facilities), urban and rural Australia
N = 693
Sample: 95% women
Age (years): mean 83.4
Inclusion criteria: serum 25-hydroxyvitamin D between 25 nmol/L and 90 nmol/L
Exclusion criteria: use of medications affecting bone and mineral metabolism; thyro-
toxicosis within 3 years; primary hyperparathyroidism treated within 3 years; multiple
myeloma; Paget’s disease of bone, history of malabsorption, intercurrent active malig-
nancy, other disorders affecting bone and mineral metabolism

Interventions • 10,000 IU oral ergocalciferol (vitamin D2) weekly (or 1000 IU oral ergocalciferol
daily) plus 600 mg calcium carbonate daily

• Placebo + 600 mg calcium carbonate daily

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)
• Adverse events

Duration of the study 24 months

Notes 58% of participants had a serum vitamin D between 25 nmol/L and 40 nmol/L at
baseline

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Subjects were randomized via computer-
generated lists,” “Within each institution … in blocks
of eight.”

Allocation concealment (selection bias) Low risk Quote: “Subjects were randomized to receive sequen-
tially numbered bottles containing vitamin D sup-
plementation or placebo.” Individual not involved in
contact with subjects or facilities performed randomi-
sation

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Residential staff recording falls events blinded to
whether participants were receiving vitamin D or
placebo
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Flicker 2005 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analyses performed.

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified but falls
reported extensively as number of falls, fallers, frac-
ture and ITT, raw and adjusted and additional anal-
yses

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified

Frankenthal 2014

Methods RCT (individually randomised)

Participants Setting: 1 residential care facility, mixed level of care, Israel
N = 359 residents
Sample: 67% female, 46.8% 84 or over
Age (years): mean 82.7 (SD 8.7)
Baseline Characteristics

Medication intervention (STOP/START)

• N: 183
• Age - mean (SD) : Overall 82.7 (8.7)
• Female - N (%): 129 (70.5%)
• Medical status defined? - Y/N: Y
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Control

• N: 176
• Age - mean (SD) : Overall 82.7 (8.7)
• Female - N (%): 110 (62.5%)
• Medical status defined? - Y/N: Y
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Inclusion criteria: all residents aged 65 and older in a chronic care geriatric facility in
Israel, prescribed at least one daily medicine
Exclusion criteria: terminally ill residents, those whose stay in the facility was shorter
than 3 months
Pretreatment differences: no significant differences
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Frankenthal 2014 (Continued)

Interventions • Medication review by pharmacist with Screening Tool of Older Persons potentially
inappropriate Prescriptions/Screening Tool to Alert doctors to Right Treatment
(STOPP/START). Pharmacist made recommendations to chief physician who decided
whether to implement changes. Review at study opening, 6 and 12 months later.

• Control. No interventional recommendations made by pharmacist to chief
physician.

Outcomes • Number of falls

Duration of the study 12 months

Notes 24 month follow-up data reported as retrospective cohort data for those alive at 24
months. These data not considered eligible for inclusion in the review

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: simple list generation. Fixed
stratified randomisation - level of independence and
cognition levels

Allocation concealment (selection bias) Low risk Judgement comment: physician who were not in-
volved in the study did randomisation. Use of sealed
envelopes. Study pharmacist (main person determin-
ing intervention recommendations) not involved in
allocation, but aware of group allocation after ran-
domisation

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: pharmacist was aware of group
allocation when making recommendations and im-
plementing intervention group recommendations.
Was also aware of control group medication use as
well, as recommendations were made but not imple-
mented for this group

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Quote: “Nurses who were unaware of participants’
group assignments assessed the outcome measures
in the study population. The chief nurses routinely
report falls, hospitalizations, and FIM in residents’
records.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: similar loss to follow-up be-
tween groups

Selective reporting (reporting bias) Low risk Judgement comment: protocol registered and out-
come measures are reported as per protocol
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Frankenthal 2014 (Continued)

Method of ascertaining falls Low risk Judgement comment: clear definition, concurrent re-
porting by nurses

Baseline imbalance Low risk Judgement comment: no significant difference on
main reported baseline measures

Other bias Low risk Judgement comment: none detected

Fu 2015

Methods RCT (individually randomised)

Participants Setting: 1 residential care facility, China
N = 60
Sample: 65% women
Age (years): 82
Baseline Characteristics

Wii Exercise

• N: 30
• Age - mean (SD) : 82.3 (4.3)
• Female - N (%): 20 (67)
• Medical status defined? - Y/N: N
• Falls risk defined? - Y/N: Y (PPA)
• Dependency defined? - Y/N: Y (FAC)
• Cognitive status defined? - Y/N: N

Conventional exercise

• N: 30
• Age - mean (SD) : 82.4 (3.8)
• Female - N (%): 19 (63)
• Medical status defined? - Y/N: N
• Falls risk defined? - Y/N: Y
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: N

Inclusion criteria: 65 years and older, living in a nursing home, Functional Ambulation
Category (FAC) grade 2 or 3, alert, medically stable and able to follow instructions,
history of falls in the previous year
Exclusion criteria: visual problems that might affect their training, unable to follow
instructions, history of seizure, stroke, parkinsonism, or uncontrolled cardiovascular
disease
Pretreatment differences: no important differences between groups on a wide range of
potential confounders

Interventions • Exercise using a Wii Fit balance board to perform three balance training games:
Soccer Heading, Table Tilt, and Balance Bubble. Tasks became progressively more
difficult with improvements in performance. 1-hour sessions, 3 sessions a week

• Usual care. Conventional exercise: balance exercise regimen consisting of: lower
limb strengthening; tandem standing, tandem walking, sideways and turnaround
walking exercises in parallel bars; stepping exercise; sitting to standing exercise; and
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Fu 2015 (Continued)

half-squats (Otago balance programme). 1-hour sessions, 3 sessions a week.

Outcomes • Number of falls

Duration of the study 6 weeks

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Participants were randomly assigned to the
conventional or Wii Fit balance training group by us-
ing a random number produced by the computerized
method of minimization”

Allocation concealment (selection bias) Unclear risk Judgement comment: allocation not described

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not possible given nature of
intervention

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Quote: “Nurses at the nursing home who docu-
mented falls were unaware of participants’ group al-
location.”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: less than 10% missing from
each group.

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol available

Method of ascertaining falls Low risk Judgement comment: falls were recorded by the nurs-
ing staff according to a clear definition and reported
to the investigator for each participants monthly over
the 12-month period after randomisation

Baseline imbalance Low risk Quote: “There was no statistically significant differ-
ence in age, sex, height, weight, body mass index,
FAC distribution, or number of falls in the previous
year between the 2 groups.”

Other bias Low risk Judgement comment: none identified
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Garcia Gollarte 2014

Methods RCT (cluster randomised)

Participants Setting: residential care facilities, mixed-level care, 60 physicians, Spain
N = 1018 residents. 59 physicians, 37 nursing home clusters.
Sample: 73% women.
Age (years): 84.4 (SD 12.7)
Baseline Characteristics

Educational intervention

• N: 516
• Age - mean (SD): 84.24 (14.6)
• Female (%): 382 (74.0)
• Medical status defined? - Y/N : No
• Falls risk defined? - Y/N: No
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Control

• N: 502
• Age - mean (SD): 84.5 (10.4)
• Female (%): 362 (72.1)
• Medical status defined? - Y/N : N
• Falls risk defined? - Y/N: No
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Inclusion criteria: facilities: owned by the same private company in Spain;
Physicians: at included nursing homes
Residents: older than 65 years; living in nursing home for at least 3 months; expected
to stay for 6 months or longer; clinically stable (no changes in prescription in the last 2
months); accepted that their clinical data were used for the study
Exclusion criteria: residents: receiving palliative care; usually cared by other primary
care providers outside the nursing home
Pretreatment differences: significant difference in Barthel index at baseline P = 0.003,
indicated made no difference to results but methods of adjustment not reported

Interventions • Educational intervention. Structured educational intervention directed to nursing
home physicians in reducing inappropriate prescription and improving health
outcomes and resource utilisation. 10 hours educational programme, on demand
support by phone for 6 months.

• Control. No intervention or information about an educational intervention

Outcomes • Number of falls (post-intervention)
• Number of fallers (post-intervention)

Duration of the study 12 months total, 6 months intervention period. Baseline recorded following 3 months
pre-intervention. Endpoint at 12 months, for 3 months post-intervention

Notes

Risk of bias
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Garcia Gollarte 2014 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Randomization was done using random number
tables and”
Judgement comment: random number tables.

Allocation concealment (selection bias) Unclear risk Judgement comment: details of timing of individual par-
ticipant recruitment/person recruiting not reported (i.e.
whether completed before cluster randomisation or not)

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: physicians were blinded to purpose
of trial. Unclear if participants were blinded but unlikely
to be aware of educational interventions of physicians

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Judgement comment: do not know who did outcome as-
sessment or how

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: loss of one nursing home cluster after
randomisation

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol available. Falls only re-
ported for pre and post-intervention periods

Method of ascertaining falls High risk Quote: “We did not use a daily systematic registry of falls
and delirium, therefore, some episodes may have gone un-
noticed, as is suggested by our lower rates of both syn-
dromes compared with similar studies.”

Baseline imbalance Unclear risk Judgement comment: significant difference in Barthel in-
dex at baseline. Results indicate that adjusting for this im-
balance made no difference in results, however no details
of how adjustment was performed are provided

Other bias Low risk Judgement comment: none identified

Grieger 2009

Methods RCT (individually randomised)

Participants Setting: 1 aged care facility (high and intermediate-level care), Victoria, Australia
N = 115
Sample: 65% women in analysis
Age (years): not stated
Inclusion criteria: able to consume food orally
Exclusion criteria: residents in the dementia, rehabilitation and palliative care wards
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Grieger 2009 (Continued)

Interventions • One multivitamin tablet (Heron Women’s Multivitamin) daily for 6 months.
Tablets included 400 IU vitamin D3 and 360 mg calcium carbonate.

• Control: one placebo tablet daily for 6 months

Outcomes • Rate of falls
• Number of people falling
• Adverse events

Other outcomes not included in this review

Duration of the study 6 months

Notes Mean baseline serum vitamin D level 36 nmol/L

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Random number generator used in Excel

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Judgement comment: double-blind

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Double-blind administration of tablets but no men-
tion of maintaining blinding of researchers when falls
were extracted from medical histories at the end of
the 6-month trial

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: large loss from groups as ran-
domised. 25% loss as randomised from placebo
group, 16% from intervention group

Selective reporting (reporting bias) High risk Judgement comment: excluded multiple faller from
number of falls data as outlier

Method of ascertaining falls High risk Judgement comment: falls not clearly defined

Baseline imbalance Unclear risk Judgement comment: baseline age, cognition, med-
ical comorbidities not reported

Other bias Low risk Judgement comment: none identified
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Haines 2004

Methods RCT (individually randomised)

Participants Setting: one hospital (three subacute wards), specialising in rehabilitation and care of
elderly patient, sMelbourne, Australia,
N = 626
Sample: 67% women
Age (years): mean 80 (SD 9)
Inclusion criteria: all patients admitted to three subacute wards
Exclusion criteria: none stated

Interventions • Targeted falls risk prevention programme based on identified falls risk (Peter
James Centre Falls Risk Assessment Tool) in additional to usual care. Potential
interventions were:

◦ supervised exercise programme: 45-minute sessions 3 x per week from
commencement of intervention until discharge. Exercises comprised gait, balance and
coordination + strengthening/resistance + 3D (Tai Chi). Exercises were individually
tailored. Exercises were delivered by physiotherapist

◦ falls risk alert card
◦ up to four educational sessions from OT at bedside to individual

participants of up to 30-minute duration
◦ hip protectors

• Usual care. Received usual care but none of the interventions from the falls
prevention programme. Staff completed risk assessment and generated
recommendations these recommendations were not instituted.

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)
• Adverse events

Duration of the study 10 months recruitment. Follow-up time was until participants were discharged from
hospital

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “We randomly allocated participants by using
a random number table held at the centre by one
investigator (TPH) who revealed allocation on receipt
of written consent.”

Allocation concealment (selection bias) Unclear risk See above. Insufficient information to permit judge-
ment

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: unblinding likely
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Haines 2004 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Staff recorded falls on incident report forms likely to
be aware of individual’s allocation status. Survey of
staff indicated they were relatively unaware of partic-
ipant group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis

Selective reporting (reporting bias) Low risk Judgement comment: all outcome measures reported

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: groups similar at baseline

Other bias Low risk Judgement comment: none identified.

Haines 2010

Methods RCT (cluster randomisation of pairs of hospital wards matched on rate of falls in pre-
ceding 6 months)

Participants Setting: 18 publicly funded hospital wards (acute and subacute), Queensland, Australia
N = 11,099 patients. 18 clusters.
Sample: patients admitted to study wards after October 2007 when beds provided to
intervention wards (% women not stated)
Age (years): not stated
Inclusion criteria: no previous access to or provision of low-low beds
Exclusion criteria: none described

Interventions • Low-low beds: provision of one low-low bed for every 12 beds on a hospital ward.
Lowered bed height 28.5 cm from the ground, highest bed height 64 cm. Written
guidance on their use and for prioritising patients at greatest risk of falls

• Control: usual care
Staff on intervention and control wards received falls incident reporting training video

Outcomes • Rate of falls

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Haines 2010 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “...18 wards were then matched
into pairs ... and ordered alphabetically
within pairs. A research assistant in a sep-
arate location and blinded to this ordering
flipped a coin to determine whether the first
or second listed ward in the pair was to be
allocated to the intervention group.”

Allocation concealment (selection bias) Unclear risk See above, but patients could have been al-
located to a specific ward with the knowl-
edge that it was an intervention or control
ward

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possi-
ble

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Falls recorded by ward staff using rou-
tine computer-based incident reporting
scheme. Would not be blind to allocation.
No mention of blinding in relation to the
person extracting data from centrally held
database

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis per-
formed.

Selective reporting (reporting bias) Low risk Quote: “(ANZCTR registration number:
12609000243213).”
Judgement comment: all outcome mea-
sures reported

Method of ascertaining falls Low risk Judgement comment: falls clearly defined
and recorded concurrently

Baseline imbalance High risk Judgement comment: patient level char-
acteristics at baseline not reported. In-
tervention wards included 2 stand-alone
acute medicine wards, no standalone acute
medicine wards in control arm

Other bias Low risk Judgement comment: none identified.
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Haines 2011

Methods RCT (individually randomised)

Participants Setting: 6 acute and subacute wards in 2 hospitals, Brisbane and Perth, Australia
N = 1206
Sample: patients admitted to acute (orthopedic and acute-respiratory medicine) and
subacute (geriatric assessment and rehabilitation) wards of one hospital, and to the
acute (medical-surgical) and subacute (restorative-stroke rehabilitation) wards of a second
hospital (53% women)
Age (years): mean (SD) intervention group (complete programme) 75.3 (11.0), inter-
vention group (materials only programme) 74.7 (11.7), control group 75.3 (10.1)
Inclusion criteria: aged > 60; expected to stay at least 3 days (acute wards only)
Exclusion criteria: medically too unwell; previously participated in the trial

Interventions • Complete programme: multimedia patient education programme involving
written and video-based materials combined with physiotherapist follow-up

• Materials only programme: multimedia patient education materials without
physiotherapist follow-up

• Control: usual care

Outcomes • Rate of falls
• Number of people falling
• Adverse events

Duration of the study 22 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “a computer-generated random allocation se-
quence”

Allocation concealment (selection bias) Low risk Quote: “opaque, consecutively numbered envelopes”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: participants not blinded,
blinded assessment but treatment providers not
blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Quote: “research assistants ... completed weekly falls
reviews ... were blind to group allocation”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis, no loss.

Selective reporting (reporting bias) Low risk Judgement comment: falls reported as per publica-
tion, To check ACTRN12608000015347
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Haines 2011 (Continued)

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: baseline characteristics similar.

Other bias Low risk Judgement comment: none identified

Healey 2004

Methods RCT (cluster randomised by ward in matched pairs)

Participants Setting: 8 elderly care wards (acute and subacute) in 1 hospital, York, UK
N = 1654 participants, 32,528 bed days during intervention. 8 clusters.
Sample: approximately 60% women
Age (years): mean 81.3 (range 63 to 102)
Inclusion criteria: all patients admitted to target wards
Exclusion criteria: none specified

Interventions • Targeted risk factor reduction care plan for patients with a history of falls or a near
fall during admission. Based on assessment (and subsequent referral/action) relating to:
eyesight (referral to ophthalmologist); medications check for sedatives, anti-
depressants, diuretics, polypharmacy, etc (medical review of benefit vs harm); lying and
standing blood pressure (advice to participant and referral to medical staff ); ward urine
test (mid-stream urine if positive for nitrites, blood or protein); difficulty with mobility
(referral to physiotherapist); review of bed rail use; footwear safety (advice on
replacement); bed height (kept at lowest height); position in ward (placing high risk
patients near nurses’ station); environmental causes (act to correct); nurse call bell
(explained and in reach)

• Usual care. Managers on control wards were made aware of the study, and the
need not to introduce the care plan in their area. Control wards made no other changes
to practice or environment relevant to falls prevention during the study. Whilst nurses
instigated the process, remedial interventions were multi-disciplinary, including
mobility assessment by physiotherapists and medication review by medical staff.

Outcomes • Rate of falls

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Method of randomisation not described.
Quote: “The study wards were divided into
matched pairs. In each pair, one ward was
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Healey 2004 (Continued)

randomly allocated to control or interven-
tion by lottery ...”

Allocation concealment (selection bias) Unclear risk Individual study wards aware of their allo-
cation from beginning of study. It is unclear
whether knowledge of group status could
have influenced admission of new patients
during the study

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the wards who recorded falls were
likely to be aware of their ward’s allocation
status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis. all oc-
cupied bed days and falls analysed, unlikely
to be loss in hospital

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identi-
fied.

Method of ascertaining falls High risk Judgement comment: no definition of falls
used. Used accident and incidence report-
ing forms

Baseline imbalance High risk Judgement comment: imbalance in length
of stay and dementia diagnoses

Other bias Low risk Judgement comment: none detected.

Hill 2015

Methods RCT (cluster-randomised, stepped-wedge)

Participants Setting: 24 wards in 8 rehabilitation or geriatric evaluation and management units in
Australian hospitals, Western Australia
N = 3606 admissions; 3121 unique patients. 24 clusters.
Sample: 62% women
Age (years): 82
Baseline Characteristics

Individualized fall education programme

• N : 1623 admissions, 1402 unique patients
• Age - mean (SD) : 81.4 (9.3)
• Female - N (%): 999 (62%)
• Medical status defined? - Y/N : Y
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Hill 2015 (Continued)

• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive impairment defined? Y/N: Y

Usual care

• N : 1983 admissions, 1719 unique patients
• Age - mean (SD) : 82.1 (8.3)
• Female - N (%): 1211 (61%)
• Medical status defined? - Y/N : Y
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive impairment defined? Y/N: Y

Inclusion criteria: for individuals on units to receive intervention: aged more than 60
years, projected length of stay of at least 3 days, basic cognitive functioning (MMSE >
23/30 and AMTS > 7/10), when the treating clinical team judged that the patient had
a high enough level of cognition to benefit from the education
Exclusion criteria: for individuals on units not to receive intervention: diagnosis of
delirium, patients with moderate or severe cognitive impairment (MMSE of less than
24/30 or AMTS of less than 8/10), permanently unable to mobilise and remain bed-
bound or are receiving palliative care
Pretreatment differences: significant difference in comorbidities at baseline (more co-
morbidities in intervention period), but confounding adjusted for in analysis

Interventions • Individualised fall education programme. Safe Recovery programme for patients
and staff. For patients, an individually-tailored multimedia falls prevention education
package (DVD and workbook) with further face to face follow-up education
(including workbook completion and goal setting) with a health professional was
provided. Aimed to alert patients to their personal risk of falls, raise their knowledge
about falls epidemiology and falls prevention, and to motivate them to engage in falls-
prevention strategies. Patients were eligible to receive the individualised education if
they were aged more than 60 years, had a projected length of stay of at least 3 days, had
basic cognitive functioning, and when the treating clinical team judged that the patient
had a high enough level of cognition to benefit from the education. Basic cognition
was defined as having a Mini-Mental State Examination (MMSE) score of more than
23/30 or an Abbreviated Mental Test Score (AMTS) of more than 7/10.Staff education
on the programme and feedback about patients’ goals and perceived barriers, plus unit
managers receive feedback on perceived barriers. Patient education sessions ranged
between 15 and 35 minutes with 1-4 sessions per patient. Staff training in the week of
the start of the intervention on their unit and feedback to staff weekly, 56% of patients
in the intervention arm were eligible to receive the intervention based on their
cognitive status.

• Usual care. Usual care includes patient’s screening, assessment and
implementation of individualised falls prevention strategies, ongoing staff training and
environmental strategies.

Outcomes • Ratio ratio
• Odds of falling (per admission)
• Number of fractures
• Adverse events
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Hill 2015 (Continued)

Duration of the study 50 weeks. After a 10-week control period, two units started the intervention-this pro-
cedure continued at 10-week intervals until all eight units had crossed over into the
intervention period

Notes Outcomes reported for subgroups by level of cognition.
Stable median site control falls rate and absence of interaction effect of time and falls
outcomes indicates confounding by seasonal effects unlikely

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “computer-generated, random al-
location sequences.”
Judgement comment: computer generated.

Allocation concealment (selection bias) Low risk Judgement comment: allocation con-
cealed, no individual participant recruit-
ment required

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possi-
ble.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls collected by staff
who are blinded, but entered into hospital
report systems by unit staff who were not
blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no loss to follow-up.

Selective reporting (reporting bias) Low risk Judgement comment: protocol available,
outcome measures consistent with final re-
port

Method of ascertaining falls Low risk Judgement comment: falls clearly defined
and collected concurrently

Baseline imbalance Low risk Judgement comment: imbalances at base-
line adjusted for in analyses

Other bias Unclear risk Judgement comment: stepped-wedge de-
sign means there is a potential for bias due
to systematic influence of other external
factors during the conduct of the trial. Pos-
sible influence of seasonal trends addressed
by pre-specified statistical analysis
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Houghton 2014

Methods RCT (cluster randomised)

Participants Setting: 31 residential care facilities, mixed-level care, UK
N = 953 residents. 31 clusters.
Sample: 76% women
Age (years): 87
Baseline Characteristics

Medication review

• N: 381
• Age - mean (SD): 88.4 (6.5)
• Female - N (%): 303 (79.5%)
• Medical status defined? - Y/N : N
• Falls risk defined? - Y/N (at baseline with validated tool): N
• Dependency defined? - Y/N: N
• Cognitive status defined? - Y/N: Y

Control

• N: 445
• Age - mean (SD): 86 (8.5)
• Female - N (%): 324 (72.8%)
• Medical status defined? - Y/N : N
• Falls risk defined? - Y/N (at baseline with validated tool): N
• Dependency defined? - Y/N: N
• Cognitive status defined? - Y/N: Y

Inclusion criteria: care homes: average age > 65, registered with GP in local area;
registered with Care Quality Commission for at least 6 months
Exclusion criteria: care homes specifically for people (of all ages) with learning dis-
ability, sensory impairment, mental health problems, physical disabilities and alcohol
dependence; if have received a medication review service from the Primary Care Trust
in the last 6 months; if they receive the services of a community geriatrician; or if they
are subject to investigation of the safeguarding of vulnerable adults.Residents: those who
self-medicate; those in respite care
Pretreatment differences: nil significant

Interventions • Medication review. Multi-professional medication review service (MMRS): a
meeting involving a clinical pharmacist and pharmacy technician from the Primary
Care Trust Medicines Management Team, care home staff and GP(s) responsible for
the medical care of residents. Review conducted twice: at baseline (approx 1 month)
and 6 months. Each meeting considers 15 residents on average and lasts up to 2 hours,
multiple meetings as necessary.

• Usual care (support from the NHS).

Outcomes • Rate ratio

Duration of the study 6 months intervention, follow-up to 12 months.

Notes ISRCTN90761620 CAREMED trial

Risk of bias

150Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Houghton 2014 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “For practical (i.e. workload) reasons, consenting
homes will be allocated to intervention or control sequen-
tially after consent is obtained using minimisation.”
Judgement comment: Sequential allocation by minimisa-
tion is equivalent to being random

Allocation concealment (selection bias) Unclear risk Judgement comment: insufficient information for judge-
ment.

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: staff were involved in medication
review meetings so were not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by staff who were not
blinded as they were involved in medication review meet-
ings

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: 1 care home lost from intervention
group, reason unclear, unclear if accounted for in analysis

Selective reporting (reporting bias) Unclear risk Method of analysis of falls data as provided by author un-
clear. Unsure if falls analysed using a linear mixed model
as per published abstract, impact unclear

Method of ascertaining falls Unclear risk Insufficient information for judgement.

Baseline imbalance High risk Judgement comment: higher number of participants re-
quiring nursing care in control group

Other bias Low risk Judgement comment: n0ne detected.

Huang 2016

Methods RCT (individually randomised)

Participants Setting: 6 residential care facilities, mixed-level care, Taiwan
N = 80
Sample: 50% women
Age (years): 79.4
Baseline Characteristics:

Cognitive behavioural alone

• N: 27
• Age - mean (SD) : 77.9 (7.3)
• Female N (%): 16 (59.3)
• Medical status defined? - Y/N: Yes (medications, No chronic disease)
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Huang 2016 (Continued)

• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Yes
• Cognitive status defined? - Y/N: Yes

Cognitive behavioural plus exercise

• N: 27
• Age - mean (SD) : 79.1 (6.9)
• Female N (%): 13 (48.1)
• Medical status defined? - Y/N: Yes
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Yes
• Cognitive status defined? - Y/N: Yes

Usual care
• N: 26
• Age - mean (SD) : 81.3 (5.4)
• Female N (%): 11 (42.3)
• Medical status defined? - Y/N: Yes
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Yes
• Cognitive status defined? - Y/N: Yes

Inclusion criteria: 65 years or over; MMSE 13 or over; ability to communicate in
Mandarin or Taiwanese; Ability to ambulate independently or with an assistive device;
CB group needed to complete all 8 sessions
Exclusion criteria: unstable physical condition or evidence of end stage terminal disease
Pretreatment differences: no significant group differences

Interventions • Cognitive-behavioural intervention adapted for a Fear of Falling Management
Model, with a focus on falls risk reduction, conducted by trained facilitator. 8 weekly
sessions of 20 to 25 minutes, in groups of 6 to 8.

• Cognitive-behavioural intervention plus a supervised strength and balance
exercise programme, twice a week for approx 30 minutes.

• Usual care

Outcomes • Number of falls.

Duration of the study 8-month trial: 8 weeks intervention, falls over monitored over 3 months pre-intervention
and 3 months post-intervention

Notes 80 participants randomised, 5 withdrew during the study, final sample =75 participants

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “used a computer-developed table to ran-
domise patient assignment to each of the three groups
in each nursing home.”

Allocation concealment (selection bias) Low risk Quote: “Allocation was concealed from the recruiting
RA.”
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Huang 2016 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: unable to blind participants/
personnel.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Quote “To achieve greater accuracy in the number
of falls during the study period, we collected data
from chart record, accident report, in charge staff,
and participants.”
Judgement comment: falls were recorded by partici-
pants and staff who were not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: little missing data from ran-
domisation, and are balanced across groups

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Low risk Quote: “we collected data from chart record, accident
report, in charge staff, and participants.”
Judgement comment: Quote “ The number of falls
was recorded using the Falls Record Checklist (Huang
& Acton, 2004)” - this is a checklist for concurrent
recording of falls by participants

Baseline imbalance Low risk Judgement comment: no imbalance at baseline

Other bias Low risk Judgement comment: none detected

Imaoka 2016

Methods RCT (individually randomised.)

Participants Setting: residential care facility, high-level care, Japan
N = 91
Sample: 76% women
Age (years): 84.8 (SD 8.8)
Baseline Characteristics

Usual care group

• N phase 1: 23
• Age: mean (SD) : 82.5 (10.9)
• Female (%): 15 (65%)
• Medical status defined? (Y/N): N
• Falls risk defined?(Y/N): N
• Dependency defined? (Y/N): Y
• Cognitive status defined? (Y/N): Y

Reduced exercise group
• N phase 1: 22
• Age: mean (SD) : 82.6 (9.1)
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Imaoka 2016 (Continued)

• Female (%): 16 (73%)
• Medical status defined? (Y/N): N
• Falls risk defined?(Y/N): N
• Dependency defined? (Y/N): Y
• Cognitive status defined? (Y/N): Y

Nutrition group

• N phase 1: 23
• Age: mean (SD) : 84.6 (7.7)
• Female (%): 20 (87%)
• Medical status defined? (Y/N): N
• Falls risk defined?(Y/N): N
• Dependency defined? (Y/N): Y
• Cognitive status defined? (Y/N): Y

Multifactorial group

• N phase 1: 23
• Age: mean (SD) : 87.6 (6.5)
• Female (%): 18 (78%)
• Medical status defined? (Y/N): N
• Falls risk defined?(Y/N): N
• Dependency defined? (Y/N): Y
• Cognitive status defined? (Y/N): Y

Inclusion criteria: residents of long-term health facility, not received any regular sup-
plementation of vitamin D during the previous 12 months
Exclusion criteria: receiving terminal care; with renal failure (chronic kidney disease
[CDK] stage 3 or an estimated glomerular filtration rate [eGFR] of G2 or poorer); poor
glycaemic control; a pacemaker
Pretreatment differences: nil significant

Interventions • Usual care: advice on environmental adaptations, falls prevention education for
staff, care conference, selection of walking aids, plus undividualised exercise (gait,
balance, strength, resistance) and group exercise (warm-up exercises, sit-to-stand,
balance and resistance). Two sessions of individualised exercise for 20 minutes per
week, and group resistance exercise for 30 minutes per week. 1-hour education to staff.
Caregiver’s conference. Assessment and trial of walking aid by physical therapist.
Compared to nutrition vitamin D group, this is direct comparison of individual and
group exercise to vitamin D. Compared to ’multifactorial group’, this is direct
comparison of vitamin D to group exercise alone.

• Reduced exercise group. Same as usual care including individualised exercise only
without group resistance exercise, plus other usual care interventions. Two sessions of
individualised exercise for 20 minutes per week. 1 hour education to staff. Caregiver’s
conference. Assessment and trial of walking aid by physical therapist. Compared to
usual care, inverting the ratios provides a evidence on effectiveness of additional group
exercise.

• Nutrition group. Administered oral vitamin D (900 IU/day) as Isocal jelly PCF
(500 IU) and a supplement (400IU vitamin D3). Jelly vitamins were eaten at
lunchtime and supplements were taken after dinner.

• Multifactorial group. Low level of exercise (individualised but not group exercise)
and vitamin D supplementation 900IU/day. Two sessions of individualised exercise for
20 minutes per week. 1-hour education to staff. Caregiver’s conference. Assessment and
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Imaoka 2016 (Continued)

trial of walking aid by physical therapist.

Outcomes • Number of fallers
• Hazard ratio for falling

Duration of the study 3 months intervention, follow-up to 9 months. Outcomes data exclude the intervention
period

Notes Effect of group exercise presented by comparing ’usual care’ to ’reduced exercise’ group

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: envelope drawn

Allocation concealment (selection bias) Low risk Judgement comment: opaque envelopes

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: outcome assessors not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss generally balanced be-
tween groups.

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified.

Method of ascertaining falls Low risk Quote: “Falls were carefully recorded by the staff who
found a resident falling down.”
Quote: “Falls were defined according to the Interna-
tional Classification of Diseases.”

Baseline imbalance Low risk Judgement comment: no significant differences at
baseline.

Other bias Low risk Judgement comment: none identified
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Irez 2011

Methods RCT

Participants Setting: 1 residential care facility in Ankara, Turkey, intermediate-level care
N = 60
Sample: 100% women
Age (years): 75.4
Baseline Characteristics

Exercise - Pilates

• N: 30
• Age - mean (SD) : 72.8 (6.7)
• Female - N (%): 30 (100%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Usual care

• N: 30
• Age - mean (SD) : 78.0 (5.7)
• Female - N (%): 30 (100%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Inclusion criteria: female, healthy, over 65 years of age, and have been relatively seden-
tary (undertaking no leisure time physical activity or less than 30 minutes of physical
activity per day) for at least a year
Exclusion criteria: male, significant general health problem or orthopaedic problem
that would keep them from fully participating in the intervention protocol and/or the
inability to attend at least 80% of the training sessions
Pretreatment differences: intervention group younger. Falls risk factors not reported

Interventions • Exercise - Pilates. The first part (4 weeks) consisted of mat exercises (Pilates,
2001), in the second part, Thera-Band elastic resistance exercises were added, and in
the third part, the participants performed Pilates ball exercises for beginners. Classes
led by certified Pilates instructor.Sessions 60 minutes, 3 days per week

• Usual care. Instructed to refrain from beginning a new exercise programme or
changing their current activity levels during this time period.

Outcomes • Mean number of falls

Duration of the study 12 weeks

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: method of randomisation not described
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Irez 2011 (Continued)

Allocation concealment (selection bias) Unclear risk Judgement comment: no information provided.

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by study participants who
could not be blinded

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: loss to follow-up not reported

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified.

Method of ascertaining falls High risk Judgement comment: patient reported falls, calendars collected
monthly

Baseline imbalance High risk

Other bias Low risk Judgement comment:nNone identified

Jarvis 2007

Methods RCT (individually randomised)

Participants Setting: 1 elderly care rehabilitation ward (subacute), Leicester, UK
N = 29
Sample: 100% women
Age (years): not stated
Inclusion criteria: female patients admitted for rehabilitation
Exclusion criteria: acute stroke; Parkinson’s disease; Abbreviated Mental Test Score ≤

5; severe cardiac, lung or kidney disease; severe osteoarthritis or rheumatoid arthritis

Interventions • Intervention group: physiotherapy x 10 sessions per week. Once a week
physiotherapy treatment at home after discharge. 8-week intervention

• Control group: physiotherapy x 3 sessions per week. Some seen 1 x per week in
day hospital or no treatment after discharge. 8-week intervention
Physiotherapy consisted of stretches, lower limb exercises, and balance and gait activities
in both groups

Outcomes • Rate of falls
• Number of people falling

Duration of the study 8 weeks

Notes
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Jarvis 2007 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “... randomly assigned, using sealed envelopes
...” Insufficient information about the sequence gen-
eration process to permit judgement of ’Low risk’ or
’High risk’

Allocation concealment (selection bias) Unclear risk Quote: “The elderly women fallers were randomly
assigned, using sealed envelopes, to either a control
group or intervention group.” Insufficient informa-
tion to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Physiotherapy team responsible for measurement of
outcomes reported to be blinded of intervention.
Some chance of unblinding of assessors

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: large loss to follow-up; 28.6%
dropout in intervention arm

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified

Jensen 2002

Methods RCT (cluster randomised)

Participants Setting: 9 residential care facilities (intermediate care), Umeå, Sweden
N = 402. 9 clusters.
Sample: 72% women
Age (years): mean (range) intervention group 83 (65 to 97), control group 84 (65 to100)
Inclusion criteria: facilities with ≥ 25 residents; residents aged ≥ 65
Exclusion criteria: none stated

Interventions • Multidisciplinary programme including general and resident-specific tailored
interventions for 11 weeks: supervised exercises, medication review, modifying
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Jensen 2002 (Continued)

environmental hazards, supplying and repairing aids, hip protectors, education of staff,
post fall problem solving conferences and staff guidance. Individually tailored
supervised exercises (gait, balance, coordination and functional + strength/resistance) 2
to 3 x per week. Intervention delivered by registered nurses, physician and
physiotherapists

• Usual care. Physiotherapist tasks unchanged, no hip protectors provided, no
systematic fall-related problem-solving conferences or major fall-related environmental
modifications

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (hip fracture)

Duration of the study 34-week follow-up

Notes Eight extra physiotherapists employed for intervention period (a total of 200 hours/
week) and three during the follow-up period (total of 10 hours/week)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Cluster-randomised study in nine facilities, divided into
groups A and B (control or intervention). Quote: “Two
sealed, dark envelopes” were used. Carried out by a person
not connected with the study. Insufficient information to
permit judgement

Allocation concealment (selection bias) Low risk Randomisation achieved by using by sealed dark envelopes
by a person with no knowledge of study. Particiating in-
dividuals underwent baseline assessment prior to the ran-
domisation of facilities

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely to be
aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Large loss to follow-up but loss is balanced and all patients
included in fall analysis until lost

Selective reporting (reporting bias) Low risk No protocol identified but all expected falls outcomes re-
ported: Falls, fallers, IRR and injuries reported and ad-
justed for clustering

Method of ascertaining falls Low risk Falls recorded concurrently with clear definition
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Jensen 2002 (Continued)

Baseline imbalance Low risk Baseline differences adjusted for in analysis

Other bias Low risk None identified

Juola 2015

Methods RCT (cluster randomised).

Participants Setting: 20 wards of assisted living facilities in Helsinki, residential care, mixed-level
care, Finland.
N = 227 residents. 20 clusters.
Sample: 71% women
Age (years): 83
Baseline Characteristics

93% of population had dementia diagnosis.
Nursing educational intervention

• N : 118
• Age - mean (SD): 82.9 (7.5)
• Female - N (%): 77 (65.3)
• Medical status defined? - Y/N: Y
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Usual care

• N : 109
• Age - mean (SD): 83.5 (6.9)
• Female - N (%): 84 (77.1)
• Medical status defined? - Y/N: Y
• Falls risk defined? - Y/N: N
• Dependency defined? - Y/N: Y
• Cognitive status defined? - Y/N: Y

Inclusion criteria: age 65 years or older; living permanently in an assisted living facility;
Finnish speaking; using at least one medication; having an estimated life expectancy of
> 6 months; being able to provide written informed consent (or have a proxy who is able
to provide written informed consent in the case of cognitive impairment)
Exclusion criteria: none provided
Pretreatment differences: significant baseline differences in Chalsons comorbidity in-
dex,dependence in mobility, prior stroke or transient ischaemic attack (TIA), 15D qual-
ity of life score; PRN dug use; proportion of sample using harmful medications; and
borderline significant difference between groups in gender (P = 0.05). NOTE - some of
these reported in Pitkala paper, some in Joula paper

Interventions • Nursing educational intervention on harmful medications. Education based on
constructive learning theory to recognise harmful medications and adverse drug events.
Two x four-hour interactive training sessions

• Usual care. Nurses were free to participate in any other continuing education,
including programmes relating to medication use
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Juola 2015 (Continued)

Outcomes • Incidence rate ratio
• Number of fallers
• Number with multiple falls

Duration of the study 12 months

Notes ACTRN12611001078943.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: dyads of matched facilities, then
random number generator

Allocation concealment (selection bias) Low risk Judgement comment: person independent of assessment
procedures telephoned another person not familiar with
wards or residents to receive allocation

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Judgement comment: nursing staff were not aware that
falls data was being analysed as part of the study, however,
there is no explanation of whether attempts were made to
keep participants and personnel blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Judgement comment: nursing staff recorded falls as part
of routine care - not aware that data was being analysed
(main study outcome / focus was change in medications)

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: imbalance in group losses, in addi-
tion to 3 intervention and 5 control participants not ac-
counted for

Selective reporting (reporting bias) Low risk Falls outcomes additional in secondary analysis. Describes
all outcomes reported as per methods in the paper

Method of ascertaining falls Unclear risk Judgement comment: no definition of falls provided

Baseline imbalance High risk Judgement comment: significant baseline differences on
mobility and Charlson comorbidity index, no adjustments
reported

Other bias Low risk None detected
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Kennedy 2015

Methods RCT (cluster-randomised, pilot study)

Participants Setting: 40 residential care facilities, mixed-level care, Canada. Mean 137 beds
N = 5478. 40 clusters.
Sample: 71% women
Age (years): 84.4 (SD 10.9)
Baseline Characteristics

ViDOS multifaceted KT intervention

• N: 2185
• Age - mean (SD) : 84.0 (11.1)
• Female - N (%): 1,532/2,175 (70.4%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Control

• N: 3293
• Age - mean (SD) : 84.6 (10.7)
• Female - N (%): 2329/3277 (71.1%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Inclusion criteria: facilities: long-term care facilities - serviced by a particular pharmacy
provider; have more than one prescribing physician; residents: none
Exclusion criteria: residents: none
Pretreatment differences: mean facility size was larger in control (157 beds, SD 80.2)
versus intervention homes (115 beds, SD 67.9); however, both study arms had a similar
proportion of small (< 100 beds) and large (> 250 beds) homes.In the control arm,
there was a higher prevalence of hip fractures; osteoporosis diagnoses; and baseline use
of vitamin D≥ 800 IU/day, calcium≥ 500 mg/day, and osteoporosis medications

Interventions • ViDOS multifaceted KT intervention. Interactive educational sessions for an
interdisciplinary team (comprising the Administrator, Medical Director, Director of
Care, Consultant Pharmacist, Director of Food Services/Dietician, and other nursing,
medical or rehabilitation staff ) delivered via webinar with onsite study co-ordinator,
aimed at increasing prescription of adequate levels of vitamin D, calcium and
osteoporosis medication. Includes presentation by expert opinion leaders, action
planning for quality improvement, audit and feedback review. Quarterly meetings. 3
sessions, approx 6 months apart. First 2 45 to 60 minutes, third 30 minutes.

• Usual care - no additional information except fracture prevention toolkits
(provided to all homes in the province)

Outcomes • Number of falls
• Number of fallers
• Number with multiple falls
• Number with fracture falls

Duration of the study 12.2 months; final follow-up 16 months
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Kennedy 2015 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: computer-generated
random allocation sequence

Allocation concealment (selection bias) Low risk Judgement comment: allocation adequately
concealed at unit level and individual residents
not recruited

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: staff recording falls were
not blinded

Incomplete outcome data (attrition bias)
All outcomes

High risk Reports ITT for all participating facilities and
also separately for the facilities in the interven-
tion group who were “active”. Large loss of in-
tervention facilities from recruitment to active
participation (7 of the 19 intervention facil-
ities recruited did not proceed to implement
the intervention). Baseline data are reported
for all intervention and control facilities (i.e.
all 19 intervention facilities), but there is no
comparison between those who participated
(n = 12) and those who were recruited but did
not participate in the intervention (n = 7 fa-
cilities) to ensure the remaining sample were
not biased in any way relative to the recruited
and randomised intervention sample

Selective reporting (reporting bias) Unclear risk Protocol indicated outcomes as per adjusted
analyses would be reported but absolute num-
ber of falls and fractures only reported. Impact
of this unclear

Method of ascertaining falls High risk Quote: “Researchers provided the homes
with a standardized data collection sheet and
homes completed the information using var-
ious sources including electronic/paper-based
charts, internal monitoring systems, Resident
Assessment Instrument - Minimum Data Set
2.0 (RAI-MDS 2.0), and critical incident re-
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Kennedy 2015 (Continued)

ports.”
Judgement comment: falls data collected for 3
month blocks from various data sources - dif-
ferent homes had different reporting systems.
This is acknowledged as a limitation

Baseline imbalance High risk Judgement comment: there were imbalances
in baseline characteristics that may impact on
falls rates (e.g. hip fractures), the protocol in-
dicated adjustment in analyses (with gener-
alised estimating equations) but adjusted anal-
yses not reported for falls outcomes. P = 0.002
for hip fracture

Other bias Low risk Judgement comment: none detected

Kerse 2004

Methods RCT (cluster randomised)

Participants Setting: 14 mixed-level dependency residential care homes (intermediate- and high-level
care), New Zealand
N = 617 residents. 14 clusters.
Sample: 72% women
Age (years): mean 83.2 (SD 10.6)
Inclusion criteria: resident in one of the included residential care homes
Exclusion criteria: none stated but data excluded if enrolled in the study for < 2 days
and had > 2 falls in one of those days

Interventions • Falls risk management programme of 12 months duration
◦ Falls co-ordinator in each home (carried out fall-risk assessment of all

residents using tool, developed specific recommendations and care plans, co-ordinated
with other healthcare professionals, and ensured that recommendations were followed)

◦ Evidence-based risk assessment tool + detailed management strategies
relating to mobility impairments, mental impairments, medications, continence,
sensory impairments

◦ Tailored care plan based on assessment + OT, PT, medical and specialist
referrals

◦ Logo on high-risk residents walls + colour-coded dots showing fall-
prevention strategies

◦ Manual containing the risk assessment form, information for strategies,
high-risk fall logos, all forms, and educational information for nurses, doctors,
physiotherapists and OTs

• Usual care

Outcomes • Rate of falls
• Number of people falling
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Kerse 2004 (Continued)

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “... homes were stratified by type, and an indepen-
dent researcher, not involved in the study, block random-
ized them into intervention or control group using com-
puter-generated random numbers.”

Allocation concealment (selection bias) Low risk See above, and allocation of all cluster units performed at
the start of the study AND individual participant recruit-
ment was completed prior to assignment of the cluster, and
the same participants were followed up over time

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely to be
aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

High risk All falls data included in analysis, but large imbalance in
those transferred or discharged (15 vs 35

Selective reporting (reporting bias) Low risk Falls, fallers, injurious falls and rates of falls reported and
appropriately adjusted

Method of ascertaining falls Low risk Falls clearly defined and recorded concurrently

Baseline imbalance Low risk Baseline differences accounted for in analysis

Other bias Low risk None identified.

Kerse 2008

Methods RCT (cluster randomised)

Participants Setting: 41 low-level dependency residential care homes (intermediate-level care), New
Zealand.
N = 682 residents. 41 clusters.
Sample: 74% women
Age (years): mean 84.3 (SD 7.2)
Inclusion criteria: able to engage in conversation about a goal; remember the goal;
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Kerse 2008 (Continued)

participate in a programme to achieve the goal
Exclusion criteria: unable to communicate to complete the study measures; anxiety as
main diagnosis; acutely unwell; terminally ill

Interventions • Promoting independence in residential care (PIRC) intervention
◦ Goal setting: resident + gerontology nurse (GN) set meaningful goal to

promote progressive increase in activity. New goals set when one achieved
◦ Functional assessment by GN and individualised programme developed to

improve physical function. Physical activities based on repetitions of ADL, e.g. rising
from a chair, additional walking, or repeated transfers. Exercise activities at least once a
day. Physiotherapist and OT available to help achieve goal. Presciptive plan to increase
independence in patient’s file and above bed

◦ GN trained health care assistants who helped implement programme,
supervised by nursing staff

◦ GN provided weekly staff support for 1 month, then monthly support
◦ Six month intervention but staff expected to continue encouraging residents

to activate after that.
• Control: usual care + 2 social visits

Outcomes • Rate of falls
• Number of people falling
• Adverse events

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “After recruitment of all homes and residents and
collection of baseline data, a biostatistician not involved in
recruitment randomised homes to the intervention or con-
trol group by using computer generated random numbers.
”

Allocation concealment (selection bias) Low risk Allocation of all cluster units performed at the start of the
study. Individual participant recruitment was completed
prior to assignment of the cluster, and the same participants
were followed up over time

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely to be
aware of their facility’s allocation status
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Kerse 2008 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses balanced between groups. Falls
data for 310/330 and 329/352

Selective reporting (reporting bias) Unclear risk Judgement comment: details of falls outcomes not reported
in trials registration

Method of ascertaining falls Unclear risk Judgement comment: falls clearly defined, but method of
ascertainment unclear

Baseline imbalance High risk Judgement comment: difference in antidepressants at base-
line between groups

Other bias Low risk Judgement comment: none identified

Klages 2011

Methods RCT (individually randomised)

Participants Setting: 1 long-term care home (appears to be high- and intermediate-level care), On-
tario, Canada
N = 24
Sample: 68% women in the analysis
Age (years): mean (SD) intervention group 84 (6.6), control group 89 (3.2)
Inclusion criteria: cognitively impaired (MMSE score < 25); able to follow simple walk-
ing instructions; able to walk with minimal assistance; no Snoezelen room attendance
in 3 months prior to study
Exclusion criteria: history of seizures; legal blindness; profound hearing loss; history of
limb fractures; extrapyramidal system disruptions (inability to remain motionless or to
initiate movement)

Interventions • Multisensory stimulation in a Snoezelen room: individual 30-minute sessions of
stimulation and relaxation, 2 x per week for 6 weeks, with at least 2 days between
sessions

• Control: individual visits from volunteers (same frequency and duration):
listening to readings of the newspaper, looking at magazines, playing cards or a board
game, and talking

Outcomes • Number of falls

Duration of the study 3 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Klages 2011 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “A total of 24 eligible residents were recruited.
Prior to the commencement of the study a computer-
based random number generator was used to ran-
domly select 12 numbers out of 24. These numbers
were assigned to the intervention group. The remain-
ing 12 numbers were allotted to participants in the
control group.”

Allocation concealment (selection bias) Low risk Quote: “As multiple recruitment packages were sent
out simultaneously, and the participants were as-
signed a number in chronological order when a signed
consent document was received, recruitment order
and group allocation were unpredictable.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Nursing staff recording falls were not blind to group
allocation and “The investigator [reviewing charts] .
.. was not blind to group allocation.”

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: one frequent faller excluded
from the analysis

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls High risk Judgement comment: falls recorded concurrently, but
falls definition not reported

Baseline imbalance High risk Judgement comment: significant difference in age be-
tween groups

Other bias Low risk Judgement comment: none detected

Koh 2009

Methods RCT (cluster randomised)

Participants Setting: two acute care hospitals, Singapore
N = 1122 patients. 2 clusters.
Sample: 641 nurses in medical, surgical and geriatric units in the two hospitals (% female
patients not stated)
Age (years) patients: mean 68
Inclusion criteria: all patients
Exclusion criteria: none stated
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Koh 2009 (Continued)

Interventions • Multifaceted strategy for implementation of Ministry of Health Fall Prevention
Clinical Practice Guideline (CPG)

• Revision of hospital’s fall prevention policy in line with CPG
• Identification of change champions from within staff
• Educational sessions for staff aimed at promoting and supporting the adoption of

the recommendations
• Reminders and identification systems, e.g. mandatory fall risk-assessment tool in

nursing assessment notes, posters in ward toilets, high-risk patients identified by pink
name card above the bed, pink stickers on clinical/nursing notes, and pink
identification bracelets

• Audit and feedback on incidence of falls and compliance with use of risk
assessment tool

• Control: routine dissemination strategies for implementation of CPG

Outcomes • Rate of falls

Duration of the study 6 months

Notes Intervention targeted nursing staff.
Age of patients not stated in Koh 2009. Obtained by personal communication with
author

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: ”The two study hospitals were randomly allocated
either to the “intervention” site... or the “control” site”.
Author states carried out by supervised coin toss; heads gets
the intervention

Allocation concealment (selection bias) High risk No concealment. After first site randomised, second site
automatically becomes the control group

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Quote: “Fall incidence and fall-associated injury rates were
obtained from the hospitals’ fall incidence database”

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: falls data for a random sample of
medical records used. How representative these are of all
patients and what proportion unknown

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

169Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Koh 2009 (Continued)

Method of ascertaining falls High risk Judgement comment: falls determined through audits of
hospital records. Definitions and practices may vary be-
tween hospitals

Baseline imbalance Unclear risk Judgement comment: baseline characteristics of patients
not reported

Other bias Low risk Judgement comment: none detected

Kovacs 2012

Methods Pilot RCT (individually randomised).

Participants Setting: One residential care facility, intermediate-level care, Hungary
N = 41
Sample: 100% women
Age (years): 69.2
Baseline Characteristics

Multimodal exercise plus osteoporosis exercise

• N: 21
• Age - mean (SD) : 68.7 (6.9)
• Female - N (%): 21 (100%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y (Berg Balance Scale)
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Osteoporosis exercise programme

• N: 20
• Age - mean (SD) : 69.7 (6.5)
• Female - N (%): 20 (100%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Inclusion criteria: living in the National Institution for Blind People (partial sightedness
or blindness); aged 60 years or over; being female
Exclusion criteria: being totally blind; had lived in the nursing home for less than 2
months; being unable to walk around their own residence; having progressive neuro-
logical, and unstable cardiovascular diseases that would limit participation in exercise
programme; planned moving away from the nursing home during the study period and;
participated in an exercise programme including balance exercise within 6 months
Pretreatment differences: nil

Interventions • Multimodal exercise including strength, balance and progressive resistance based
on Otago Exercise Programme, modified for visual impairment, plus walking
programme plus standard osteoporosis exercise programme. Strength exercises were
directed to major lower limb muscle groups playing roles in postural control, balance
exercises were closely related to everyday activity. Group training in groups 3 to 6
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Kovacs 2012 (Continued)

supervised by physiotherapist. Plus flexibility warm-up and cool-down. 2 x weekly 30-
minute multimodal exercise plus 2 x weekly 30-minute osteoporosis exercise, plus 20
to 30 minutes walking.

• Osteoporosis exercise programme. Standard osteoporosis exercise programme
alone with strength and flexibility exercises. Not progressive or individually tailored.
Plus flexibility warm-up and cool-down. 30 minutes, 4 times per week.

Outcomes • Relative risk for falling
• Adverse events

Duration of the study 6 months

Notes Visually impaired participants.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: details of sequence gen-
eration not reported

Allocation concealment (selection bias) Low risk Judgement comment: numbered opaque iden-
tical sealed envelopes

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls extracted from staff
records (medical and nursing documentation)
, blinding of staff not feasible

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no loss to follow-up

Selective reporting (reporting bias) High risk Judgement comment: number of falls in the
follow-up period not reported

Method of ascertaining falls Unclear risk Judgement comment: falls clearly defined but
details of documentation inadequate for judge-
ment

Baseline imbalance Low risk Quote: “There were no significant differences
between groups on any baseline characteristics.
”

Other bias Low risk Judgement comment: none detected
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Kovacs 2013

Methods Study design: RCT (individually randomised)

Participants Setting: One residential care facility, mixed-level care, Hungary.
N = 86
Sample: 81% women
Age (years): 77.9
Baseline Characteristics

Multimodal exercises programme

• N: 43
• Age - mean (SD) : 76.4 (9.6)
• Female - N (%): 36 (83%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Control

• N: 43
• Age - mean (SD) : 79.3 (12.7)
• Female - N (%): 34 (79%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria: cognitive impairment (MMSE < 24), residents of nursing home, 60
years or over
Exclusion criteria: living in nursing home < 2 months, < 60 years of age, unable to walk 6
metres with or without walking aid, unable to follow simple verbal exercise instructions,
unstable cardiovascular or pulmonary diseases that would limit participation in exercise
programme, terminal illness, planned moving from the nursing home during the study,
no consent
Pretreatment differences: using a frame (20.9% int, 41.9% con)

Interventions • A multimodal exercise programme based on Otago Exercise Programme
consisting of strength, balance exercises plus 10 minutes flexibility warm-up and cool
down, with progressive resistance supervised by physiotherapist and group based (2 to
4 participants), and supervised walking training. Exercise programme twice weekly,
walking once a week

• Usual care: no exercise programme, participation in social activities

Outcomes • Rate ratio
• Risk of falling
• Number with multiple falls

Duration of the study 12 months

Notes Compliance reported. Cognitively impaired participants.

Risk of bias
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Kovacs 2013 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: insufficient detail for
judgement

Allocation concealment (selection bias) Low risk Quote: “Consecutively numbered opaque
identical sealed envelopes were used for al-
location.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: carers recorded falls
not blinded to group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: attrition numbers
and reasons balanced between groups

Selective reporting (reporting bias) Low risk Judgement comment: although no proto-
col was identified, falls outcomes were re-
ported clearly and as multiple measures
(fallers, falls, recurrent fallers, as n and RR)

Method of ascertaining falls Low risk Judgement comment: falls recorded con-
currently on calendar using clear definition

Baseline imbalance High risk Judgement comment: significant difference
between groups in the proportion using a
frame, not adjusted for in analysis

Other bias Low risk Judgement comment: none detected

Lapane 2011

Methods RCT (cluster randomised)

Participants Setting: 25 nursing homes (appear to be high- and intermediate-level care), Ohio, USA
N = 3321 residents. 25 clusters.
Sample: 73% women
Age (years): no overall age available
Inclusion criteria (facilities): facilities serviced by one of two Omincare pharmacies and
with stable contracts; Medicare and Medicaid certified; ≥ 50 geriatric beds; few short-
stay residents
Exclusion criteria: none stated
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Lapane 2011 (Continued)

Interventions • Clinical informatics tool (Geriatric Risk Assessment MedGuide (GRAM)) to
assist consultant pharmacists and nursing staff identify residents at risk for delirium
and falls based on prescribed medications, implement proactive monitoring plans as
appropriate, and provide reports to assist consultant pharmacists conducting monthly
medication review. Detailed instruction of staff on medications implicated in falls and
delirium, use of reports, care plans and flow charts etc. Detailed instruction of
consultant pharmacists providing targeted medication review for all high-risk residents.
Reports within 24 hours of admission for new admissions and used during monthly
review, in addition to generation at time of Minimum Data Set reports or when falls or
delirium triggered resident assessment protocols.

• Control: usual care including monthly medication review by consultant
pharmacist.

Outcomes • Number of people falling

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “Homes were randomised ...” Insufficient informa-
tion to permit judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Insufficient information to permit judgement, although
clinical staff recording falls would have been aware of allo-
cation of the nursing home

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Loss to follow-up not clearly reported

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified. Data not
suitable for use of rate of falls or injurious falls in meta-
analysis as per review Appendix 6

Method of ascertaining falls High risk Judgement comment: no definition of falls provided, only
states “MDS data”, may vary between sites

Baseline imbalance High risk Judgement comment: number of falls in past 30 days was
much higher in intervention group
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Lapane 2011 (Continued)

Other bias Low risk Judgement comment: none detected

Law 2006

Methods RCT (cluster randomised by unit).

Participants Setting: 118 homes for elderly people, 223 units (intermediate- and high-level care),
throughout the UK
N = 3717 residents. 223 clusters.
Sample: 76% women
Age (years): mean 85
Inclusion criteria: facility resident; aged ≥ 60
Exclusion criteria: temporary residents; taking vitamin D or calcium supplements or
medications to increase bone density; sarcoidosis; malignancy; life threatening illness

Interventions • 2.5 mg oral ergocalciferol (vitamin D2) every 3 months (equivalent to 1100 IU/
day)

• Usual care (no placebo)

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (non vertebral fractures)

Duration of the study Median length of follow-up 10 months (interquartile range 7 to 14)

Notes Mean baseline serum vitamin D level collected from 1% of the intervention group; mean
59 nmol/L

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Cluster randomisation by computer. No further
information provided

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not possible to blind par-
ticipants but personnel recorded the fall data were
blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely
to be aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses balanced between
groups. 2.8% left care homes in intervention
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Law 2006 (Continued)

group, 3.3% control group, other losses due to
death (p484 first para, text)

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified, but
fractures, fallers and falls reported, adjusted for
clustering

Method of ascertaining falls High risk Judgement comment: falls not clearly defined.
Study conducted across 118 homes which may
have variations in reporting practice and defini-
tions. Falls recorded daily

Baseline imbalance Unclear risk Judgement comment: similar at baseline for de-
mographic characteristics (e.g. age, gender), but
did not discuss prognostic factors e.g. falls rate/
medical status

Other bias Low risk Judgement comment: none identified

Mador 2004

Methods RCT (individually randomised)

Participants Setting: two metropolitan acute hospitals, South Australia
N = 71
Sample: 48% women
Age (years): mean 82.5
Inclusion criteria: inpatients on medical and surgical wards; aged ≥ 60; confusion due
to either dementia or delirium; problematic behaviour
Exclusion criteria: primary psychiatric illness; no next of kin available to give consent

Interventions • Participants assessed for causes of confusion and behavioural disturbance by
extended practice nurse within 24 hours of referral. Management plan formulated with
respect to non pharmacological strategies to help manage problematic behaviour which
was discussed with nursing staff. Ongoing support and education provided to carry out
strategies

• Usual care

Outcomes • Number of people falling

Duration of the study 11 months. Median length of stay 12 days for intervention group and 9 days for control
group

Notes Potential contamination as staff receiving training were also caring for controls

Risk of bias

Bias Authors’ judgement Support for judgement
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Mador 2004 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “Sequential sealed opaque envelopes were pre-
pared by a person who was external to the study in
blocks of ten stratified for the two hospitals, using a
computer-generated table of random numbers.”

Allocation concealment (selection bias) Low risk Quote: “Sequential sealed opaque envelopes were pre-
pared by a person who was external to the study...”
Randomised by the Repatriation Hospital Pharmacy
Department

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Outcome assessors were not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: little loss and ITT analysis con-
ducted

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls High risk Quote: “Number of falls for each patient was ex-
tracted from the hospital’s database of critical inci-
dents.”
Judgement comment: no falls definition reported

Baseline imbalance High risk Quote: “There was a significant difference for prior
residence, with more control participants entering
hospital from home com- pared with the interven-
tion group ( p ¼ 0.035). The number of participants
under the care of a geriatrician was greater in the in-
tervention than in the control group ( p ¼ 0.006).”

Other bias Low risk Judgement comment: none identified

Mayo 1994

Methods RCT (individually randomised)

Participants Setting: rehabilitation (subacute) hospital, Canada
N = 134
Sample: 46% women
Age (years): mean (SD) intervention 70.9 (12.6), control 72.9 (11.8)
Inclusion criteria: one or more of the following: admission diagnosis of stroke or ataxia;
an episode of incontinence; a history of multiple falls; aged ≥ 80; using topical eye
medication, anticonvulsants, vitamin supplements or anti-ulcer medications
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Mayo 1994 (Continued)

Exclusion criteria: unable to understand what was being asked of them; participated in
this study during a previous admission

Interventions All participants selected as being high risk of falling
• Blue identification bracelet. Told to use bracelet as reminder to be careful when

moving around hospital
• Usual care: no blue bracelet

Outcomes • Rate of falls
• Number of people falling

Duration of the study 12 months. Median lengths of stay 75 days (intervention group), 65 days (control group)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “Subjects were interviewed to obtain baseline
information ... and were then randomly assigned to
either the intervention group or the control group.”

Allocation concealment (selection bias) Unclear risk Insufficient information on process of allocation to
permit judgement of ’Low risk’ or ’High risk’

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not possible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Falls ascertained through incident reports. Staff com-
pleting incident reports would have been aware of
whether or not participant was wearing a blue bracelet

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis, rate of falls, all
patients appear to have been included

Selective reporting (reporting bias) Low risk Judgement comment: data presented for number of
falls, fallers and rate of falls as per methods

Method of ascertaining falls Unclear risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance High risk Judgement comment: some imbalance in ability to
walk independently at baseline

Other bias Low risk Judgement comment: none identified
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McMurdo 2000

Methods RCT (cluster randomised)

Participants Setting: 9 residential care facilities (intermediate-level care), Dundee, Scotland, UK
N = 133 residents. 9 clusters.
Sample: 81% women
Age (years): mean 84 (SD 7)
Inclusion criteria: aged ≥ 70
Exclusion criteria: MMSE score < 12

Interventions • Multifactorial, multidisciplinary intervention
◦ Falls risk assessment and modification performed for each participant

including medication review. Recommendations sent to participant’s GP, optometrist
review if indicated, and review of lighting levels

◦ Supervised exercises to improve balance, strength and flexibility; 30 minutes
2 x per week for 6 months. Performed seated because of frailty of participants; not
individually tailored. Not specified who delivered the exercise intervention

• Control: reminiscence therapy

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)
• Adverse events

Duration of the study 12 months. 6 month intervention + 6 months follow-up

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “... allocated at random ...” Insufficient infor-
mation about the sequence generation process to permit
judgement of ’Low risk’ or ’High risk’

Allocation concealment (selection bias) Unclear risk Insufficient information on process of allocation to permit
judgement of ’Low risk’ or ’High risk’

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities recording falls in calendar were likely
to be aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

High risk Large difference in dropout rates between arms
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McMurdo 2000 (Continued)

Selective reporting (reporting bias) Unclear risk Number of falls, fallers, multiple fallers and fracture falls
reported. No adjustment for clustering. NIHR link broken

Method of ascertaining falls Low risk Falls clearly defined and recorded daily on a falls calendar
by staff

Baseline imbalance Low risk Groups balanced at baseline

Other bias Low risk None identified

Meyer 2009

Methods RCT (cluster randomised)

Participants Setting: 58 nursing homes (high-level nursing care), Hamburg, Germany
N = 1125 residents. 58 clusters.
Sample: 85% women
Age (years): mean (SD) intervention group 86 (6), control group 87 (6)
Inclusion criteria (facilities): ≥ 30 residents; not using a fall risk assessment tool or
willing to stop using a tool. Inclusion criteria (residents): ≥ 70 years; able to walk with
or without assistance; living in the nursing home for > 3 months
Exclusion criteria: none stated

Interventions • Use of one fall risk assessment tool (Downton Index) by ward staff
• Control: no fall risk assessment tool (nurses judgement of risk)

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Computer-generated randomisation lists were
prepared by the biostatistician for concealed allocation of
clusters by external central telephone.”

Allocation concealment (selection bias) Low risk See above

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded
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Meyer 2009 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Nursing staff recorded falls (presumably not blind). Ex-
ternal investigator verified completeness of falls data - not
clear if blind to group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: fall data reported for all participants
for time in study

Selective reporting (reporting bias) Low risk Judgement comment: outcomes consistent with protocol
and adjusted for clustering

Method of ascertaining falls Low risk Judgement comment: falls recorded concurrently and
clearly defined

Baseline imbalance Low risk Judgement comment: balanced at baseline

Other bias Low risk Judgement comment: none detected

Michalek 2014

Methods Pilot RCT (pseudo-randomised to one of two clusters)

Participants Setting: Subacute hospital setting. Median length of stay 20 days. Germany
N = 114. 2 clusters.
Sample: 79% women
Age (years): Mean NR
Baseline Characteristics

FORTA

• N: 58Table 4
• Age - MEDIAN (IQR): 84 (81-87)
• Female - N (%): 42 (75%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Usual care

• N: 56
• Age - MEDIAN (IQR): 83 (79-87)
• Female - N (%): 48 (83%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Inclusion criteria: aged >70 years; stable health condition defined as no need for inter-
mediate or intensive care unit treatment; at least three diseases in need for drug treat-
ment; at least three medical prescriptions; admitted during the first 3 days of the week
because of staff availability; patients or proxies had to give written informed consent
Exclusion criteria: critical or terminal illness; dementia (MMSE <25); refusal to partic-
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Michalek 2014 (Continued)

ipate
Pretreatment differences: nil significant reported at baseline, BMI Borderline (P = 0.
052)

Interventions • FORTA. Drugs were classified according to the FORTA list, combining positive
and negative labelling of drugs, ranging from A (indispensable), B (beneficial), C
(questionable), D (avoid). Drugs were changed in first week of hospitalisation as
guided by FORTA. Weekly meetings of drug evaluation and need encompassing
patient disease, functional status, prognosis and need for drugs with decisions based on
FORTA suggestions. Drugs were continued despite unfavourable FORTA labelling if
patients insisted. Overprescription and under prescription were identified and
corrected according to FORTA recommendations. Weekly meetings.

• Usual geriatric hospital care

Outcomes • Falls rate
• Number of fallers
• Number with multiple falls

Duration of the study Until discharge (median hospital stay 20 days)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

High risk Judgement comment: patients were as-
signed randomly by number of entrance to
one of two wards

Allocation concealment (selection bias) High risk Judgement comment: quasi randomised to
one of two wards - high risk of bias. Indi-
viduals randomised by number of entrance,
sequence predictable

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasi-
ble, patients admitted to intervention or
control wards

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded in hos-
pital recording system by staff who will
know ward allocation of patients

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: no reported loss to
follow-up during study period, attrition af-
ter enrolment unlikely in acute hospital set-
ting, however falls data reported for 178
patients in Frohnhofen 2013 abstract
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Michalek 2014 (Continued)

Selective reporting (reporting bias) Low risk Judgement comment: falls not recorded as
outcome on trials registry but falls out-
comes seems to be completely reported in
multiple ways (fallers, falls rate)

Method of ascertaining falls Low risk Judgement comment: falls clearly defined
and likely concurrent through established
hospital reporting system

Baseline imbalance Low risk Judgement comment: groups balanced at
baseline

Other bias High risk Judgement comment: analysis was by indi-
vidual but quasi randomisation and it was
to one of two clusters (although not specif-
ically cluster randomised), which should
have been addressed in the analysis

Mulrow 1994

Methods RCT (individually randomised)

Participants Setting: 9 nursing homes (high-level nursing care), USA
N = 194
Sample: 71% women
Age (years): mean (SD) intervention group 79.7 (8.5), control group 81.4 (7.9)
Inclusion criteria: aged > 60; resident in nursing home for ≥ 3 months; dependant in
≥ 2 ADLs
Exclusion criteria: terminal illness; acute medical condition; MMSE score < 50%,
unable to follow two-step command; assaultive behaviour; received physiotherapy within
last 2 months

Interventions • Tailored exercises 3 x per week for 30 to 45 minutes, 4 months duration. Exercises
comprised gait, balance and co-ordination + strength/resistance + flexibility exercises.
Intervention delivered by physical therapists (one on one)

• Friendly visit

Outcomes • Rate of falls
• Number of people falling
• Adverse events

Duration of the study 4 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Mulrow 1994 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “Randomization was performed after baseline
assessments by calling a central number. Randomiza-
tion was blocked in groups of four and stratified by
nursing home site.”

Allocation concealment (selection bias) Low risk Randomisation was performed after baseline assess-
ments by calling a central number. No further de-
scription

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Falls recorded in charts and incident reports. Staff
recording falls likely to be aware of allocation status.
Research assistants examining charts and incident re-
ports were reported to be blinded to allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: 14 dropouts, 12 due to death,
other 2 unexplained but unlikely to be related to out-
come

Selective reporting (reporting bias) Low risk Judgement comment: falls and fallers outcomes re-
ported

Method of ascertaining falls High risk Judgement comment: no falls definition reported and
may vary between sites

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified

Neyens 2009

Methods RCT (cluster randomised by ward)

Participants Setting: 12 nursing homes, psychogeriatric wards (high-level nursing care), the Nether-
lands (6 wards in intervention group and 6 in control group).
N = 518 residents. 12 clusters.
Sample: 68% women
Age (years): mean (SD) intervention group 82.1 (7.7), control group 83.3 (7.7)
Inclusion criteria (wards): ≥ 25 beds; not using a fall prevention protocol; having the
largest number of mobile patients
Exclusion criteria: none stated

Interventions • Multifactorial, multidisciplinary intervention:
◦ General medical assessment by medical staff (at start of trial, on admission, if

change in medical condition)
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Neyens 2009 (Continued)

◦ Assessment with fall risk evaluation tool (fall history, medication intake,
mobility, use of assistive and protective aids) by multidisciplinary team (physician, 2
nurses, physiotherapist, OT) at start of trial, on admission, after a fall, at request of
ward staff, 2 x per year for all residents)

◦ Team decisions about individually-tailored fall-prevention activities, e.g.
medication review, individually-designed exercise programmes, assessing and providing
assistive and protective aids. Fortnightly conferences discussing each assessed resident

◦ Environmental hazard check on each ward by OT
◦ Team could implement general fall prevention activities, e.g. staff training

• Control: usual care, no insight on fall prevention programme

Outcomes • Rate of falls

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “At random, using computer techniques,
two intervention homes and two control homes
were selected from each group [groups based on
the mean fall incidence rate of psychogeriatric pa-
tients per psychogeriatric bed], resulting in a total
of six intervention homes and six control homes.
”

Allocation concealment (selection bias) High risk One ward per home was chosen after randomisa-
tion, based on inclusion criteria

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Study was cluster randomised and nursing staff
recorded falls

Incomplete outcome data (attrition bias)
All outcomes

Low risk Data analysed by ITT

Selective reporting (reporting bias) High risk No protocol identified, fallers not reported

Method of ascertaining falls Unclear risk Not stated whether falls clearly defined

Baseline imbalance Low risk Reasonable comparability. More falls pre-trial in
intervention arm, but adjusted for in analyses
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Neyens 2009 (Continued)

Other bias Low risk None identified

Nowalk 2001

Methods RCT (individually randomised)

Participants Setting: 2 long-term care facilities (combined high-level nursing care and independent
living), USA
N = 110 participants
Sample: 86% women
Age (years): mean 84
Inclusion criteria: aged ≥ 65; cognitively able to be tested; able to ambulate with
or without assistive device; able to follow simple directions; co-operative; capable of
participating in group sessions
Exclusion criteria: unwilling or unable to complete baseline assessments

Interventions • ”Fit NB Free“ (FNBF): supervised exercises consisting of progressive strength
training, flexibility, and endurance (treadmill and bicycling exercises), 3 x per week for
13 to 28 months. Duration of sessions not specified. Exercises were delivered by exercise
physiologists. Exercises individually-tailored based on exercise capacity of participants

• ”Living and Learning/Tai Chi (LL/TC): Tai Chi 3 x per week for 13 to 28
months + psychotherapeutic and behavioural methods to reduce fear of falling.
Exercises not individually-tailored. Tai Chi was delivered by professional instructor.
Individualised assessment of participants not part of intervention

• Usual routine activities
Note: all groups also exposed to educational activities

Outcomes • Number of people falling

Duration of the study 24 months

Notes True N for each group unknown and data discrepancies within published manuscript

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Following completion of all assessments,
participants were randomly assigned to one of three
groups ... using permuted blocks ...”

Allocation concealment (selection bias) Unclear risk Insufficient information on process of allocation to
permit judgement of ’Low risk’ or ’High risk’

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible
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Nowalk 2001 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls on incident report forms were
likely to be aware of individual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: attrition by allocation group
unclear, but overall 41/112 lost, died or not followed
for full time period

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified. Num-
ber of falls not reported

Method of ascertaining falls Low risk Judgement comment: falls defined and reliant on fa-
cility incident reports

Baseline imbalance Low risk Judgement comment: no important differences at
baseline

Other bias Low risk Judgement comment: none identified

Patterson 2010

Methods RCT (cluster-randomised matched pairs of nursing homes)

Participants Setting: 22 nursing homes (high- and intermediate-level care), Northern Ireland
N = 334 residents. 22 clusters.
Sample: 73% women
Age (years): mean 82.7 (SD 8.4)
Inclusion criteria (facilities): > 30 resident beds (including homes for general nursing
category residents and for elderly mentally infirm people). Inclusion criteria (residents):
aged ≥ 65
Exclusion criteria (facilities): caring exclusively for terminally ill people. Exclusion cri-
teria (residents): terminally ill; attending day care only

Interventions • Pharmacists visited intervention facilities monthly for 12 months. Reviewed
residents’ clinical and prescribing information, applied an algorithm to assess
appropriateness of psychoactive medication, worked with nurses and prescribers to
improve the prescribing of these drugs

• Usual care

Outcomes • Rate of falls

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Patterson 2010 (Continued)

Random sequence generation (selection
bias)

Low risk Quote: “randomly assigned ... using a com-
puter generated table of random numbers”

Allocation concealment (selection bias) Low risk An independent researcher blind to the
identity of the homes carried out the ran-
domisation (after consent obtained from
the homes)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Routinely collected falls data were used.
Staff not blinded to group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss to follow-up en-
tirely due to death, with similar percentages
of deaths in each group. ITT analysis

Selective reporting (reporting bias) High risk Judgement comment: trial registry record
indicates outcome as number of people
falling, but only rate of falls reported

Method of ascertaining falls High risk Judgement comment: falls definition not
reported and reliant on falls reporting
within each home which may vary

Baseline imbalance Low risk Judgement comment: no major differences
at baseline. Similar for falls risk factors.
Main difference is more urban nursing
homes in control group than in interven-
tion group

Other bias Low risk Judgement comment: none identified

Peyro Saint Paul 2013

Methods RCT (individually randomised)

Participants Setting: hospital acute and residential care facility setting (92% residential care), France.
N = 19 residents
Sample: 58% women
Age (years): 89.9
Baseline Characteristics

Changing drug therapy

• N: 9
• Age - mean (SD) : 90.8 (3.7)
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Peyro Saint Paul 2013 (Continued)

• Female - N (%): 5 (56%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Usual care

• N: 10
• Age - mean (SD) : 89.0 (7.3)
• Female - N (%): 6 (60%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Inclusion criteria: aged 65 and over; chronic moderate hyponatraemia (serum sodium
123 mEq/L to 134 mEq/L) detected using a biological control routine; in acute care unit
or retirement home
Exclusion criteria:

Pretreatment differences: age and sex same, Nz level same, renal clearance worse in
control

Interventions • Changing drug therapy. Review by pharmacist of drugs that may cause
hyponatraemia.

• Usual care. Routine management with no drug review

Outcomes • Number of falls
• Number of fallers
• Number with multiple falls
• Adverse events

Duration of the study 3 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment:
Author correspondence, quote: “Random sequence
was managed as a single randomization list managed
by the sponsor”. It is unclear how the randomisation
sequence was generated

Allocation concealment (selection bias) Low risk Judgement
comment: Author correspondence, quote: “Random
sequence was managed as a single randomization list
managed by the sponsor. Allocation was concealed
using masking envelope.”
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Peyro Saint Paul 2013 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: author correspondence: “Staff
were not blind to group allocation. Residents were
not blind to group allocation.”

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: author correspondence, quote:
“The fall was recorded as soon in the patient file by
the first caregiver who noted: carer, nurse or doctor.
Caregiver were not blind to group allocation.”

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: the proportion of missing data
is considered high enough to potentially have a rele-
vant effect on the effect estimate: falls data only avail-
able for 9/19 randomised patients. Response to en-
quiry received 19/7 from Peyro Saint Paul - partici-
pant flow chart still unclear

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Unclear risk Judgement comment: author correspondence, quote:
“the software allows to record falls in the patient file.
” Methods of ascertaining falls not reported

Baseline imbalance Unclear risk Judgement comment: characteristics for key baseline
factors (falls risk, medical status, dependency, cogni-
tive status) relevant to falls are not reported

Other bias Low risk Judgement comment: none detected. Main publica-
tion not in English

Potter 2016

Methods RCT (individually randomised)

Participants Setting: 4 care facilities, mixed level of care, rural Australia.
N = 95 participants randomised; 93 in analysis
Sample: 52% women
Age (years): mean 84.3 (SD 6.9)
Baseline Characteristics

Deprescribing intervention

• N: 47
• Age - mean (SD) : 84 (6)
• Female - N (%): 26 (55%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Usual care
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Potter 2016 (Continued)

• N: 48
• Age - mean (SD) : 84 (8)
• Female - N (%): 23 (48%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Inclusion criteria: residents of residential aged care facilities aged 65 years or older
Exclusion criteria: taking no regular medicines; were in the final terminal stages of an
illness; or if their usual general practitioner (GP) or the RACF nurse manager did not
agree to their participation
Pretreatment differences: control participants had lower mean blood pressure.

Interventions • Deprescribing intervention. An individualised medicine review followed by the
planned cessation of non-beneficial medicines. The intention of deprescribing was to
reduce the total number of unique medicines consumed. The review was led by a GP
and a geriatrician who was also a clinical pharmacologist of older people. The medicine
withdrawal plan, amended to reflect changes requested by participant, next-of-kin, or
GP, was implemented over several months. The GP reviewed participants weekly
during deprescribing.

• Usual care. Medication review as per the control arm with no deprescribing
(medication review plan not passed on to GPs).

Outcomes • Number of falls
• Number of fallers
• Number of multiple fallers
• Number with fracture fall
• Number with an adverse event.

Duration of the study 12 months

Notes After 12 months, 59% of targeted medicines were deprescribed

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: using a digital random number
generator

Allocation concealment (selection bias) Low risk Judgement comment: sealed opaque envelopes
opened after the medication review, withdrawal plan
and baseline assessments

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: no blinding with reference to
falls outcome assessment possible
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Potter 2016 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls outcomes were assessed by
persons who would know the treatment allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no evidence of significant in-
completeness of falls outcome data

Selective reporting (reporting bias) Low risk Judgement comment: protocol available, outcomes
reported as per protocol

Method of ascertaining falls Low risk Judgement comment: used routine data collection
plus recall from relatives. Clear definition used

Baseline imbalance Low risk Judgement comment: difference in systolic blood
pressure, however, deemed unlikely to significantly
affect outcome

Other bias Low risk None detected

Ray 1997

Methods RCT (cluster randomised)

Participants Setting: 14 nursing homes (high-level nursing care), USA
N = 499 participants. 14 clusters.
Sample: 78% women
Age (years): mean 83
Inclusion criteria: high risk of falls with potential problem in a safety domain; likely to
remain in nursing home
Exclusion criteria: age < 65; anticipated stay < 6 months; bed bound; no fall in previous
year

Interventions • Consultation service with individual assessment and recommendations targeting
environmental and personal safety, wheelchair use, psychotropic medication use,
transferring, and ambulation. Falls co-ordinator at each site. Intervention delivered by
study team

• Usual care

Outcomes • Number having 2 or more falls

Duration of the study 12 months

Notes No published data on numbers of falls or fallers who had a single fall

Risk of bias

Bias Authors’ judgement Support for judgement
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Ray 1997 (Continued)

Random sequence generation (selection
bias)

Low risk Seven “matched” pairs of facilities participated. Quote:
“The statistician ... generated sealed-envelope random as-
signments for each pair from the SAS function RANUNI
(using the clock for the seed).”

Allocation concealment (selection bias) Low risk Study author (statistician) generated sealed envelope ran-
dom number assignments for each pair using the SAS func-
tion from RANUNI using the clock for the seed

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff at the facilities who recorded falls were likely to be
aware of their facility’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk ITT analysis, little loss to follow-up, reasons balanced

Selective reporting (reporting bias) Unclear risk No protocol identified

Method of ascertaining falls Unclear risk Falls clearly defined, relies on incidence reports, trial guid-
ance on concurrent reporting unclear

Baseline imbalance Low risk No major differences. Difference in BMI, life space diam-
eter, multivariate regression conducted, no differences in
main falls risk factors

Other bias Low risk None identified

Rosendahl 2008

Methods RCT (cluster randomised)

Participants Setting: 9 residential care facilities (intermediate- and high-level nursing care), Sweden
N = 191. 34 clusters.
Sample: 73% women in 34 clusters (cluster equals 3 to 9 participants living on the same
floor, wing, or unit)
Age (years): mean 84.7 (SD 6.5)
Inclusion criteria: aged ≥ 65; dependent in ≥ 1 personal ADLs; able to stand from
armchair with help from 1 person; MMSE score ≥ 10; physician approval
Exclusion criteria: none stated

Interventions • Functional exercise programme: weight-bearing exercises challenging leg strength,
postural stability, and gait ability. Physiotherapists selected exercises for each
participant according to their functional deficits. High intensity and increasing load
encouraged (5 sessions of 45 minutes every fortnight; total of 29 sessions)
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Rosendahl 2008 (Continued)

• Control: seated programme developed by OT, e.g. watching films, reading,
singing (5 sessions of 45 minutes every fortnight)

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (hip fractures)
• Adverse events

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Researchers not involved in the study performed
the randomization by using lots in sealed non-transparent
envelopes.”

Allocation concealment (selection bias) Low risk Randomisation by cluster was performed after the inclu-
sion of participants and baseline assessments using sealed
nontransparent envelopes

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls were likely to be aware of individ-
ual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses balanced and unlikely to affect
outcome

Selective reporting (reporting bias) Low risk Judgement comment: outcomes reported consistently with
trial registration. All expected outcomes reported

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and recorded
concurrently

Baseline imbalance Low risk Judgement comment: no major differences at baseline. Dif-
ference in self-perceived health but no differences in diag-
noses, functional assessments, falls or drugs

Other bias Low risk Judgement comment: none identified.
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Rubenstein 1990

Methods RCT (individually randomised)

Participants Setting: long-term care facility (intermediate- and high-level nursing care), Los Angeles,
USA
N = 160
Sample: 85% women
Age (years): mean (SD) intervention group 86.8 (0.6), control group 87.9 (0.7)
Inclusion criteria: fall within 7 days of nurse receiving fall incident report
Exclusion criteria: unable to walk; unable to be evaluated within 7 days of fall due to
acute illness or hospitalisation; unable to understand English

Interventions • Comprehensive post fall assessment within 7 days of fall. Intervention delivered
by nurse: physical examination including visual screening, extended pulse and blood
pressure assessments with attention to postural changes, assessment of footwear and
foot problems, a quantified gait and balance assessment, laboratory tests, ECG, 24
hours Holter monitoring, environmental assessment to identify potential hazards.
Once only assessment with recommendations given to patient’s primary care physician

• Usual care. Control group did not receive the assessment and no
recommendations were transmitted. “Less than half of the control group received no
more than a brief check for injury after they fell.”

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures

Duration of the study 24 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Eligible fallers were ... randomly assigned to
either the intervention or control group, using com-
puter generated, randomly sequenced cards in sealed
envelopes.”

Allocation concealment (selection bias) Unclear risk Insufficient information on process of allocation to
permit judgement of ’Low risk’ or ’High risk’. It
is unclear who conducted the randomisation and
envelopes not described as opaque and sequentially
numbered

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded
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Rubenstein 1990 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls after intervention were likely
to be aware of individual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Data balanced between arms

Selective reporting (reporting bias) Low risk No protocol identified (1990 study) but expected falls
outcomes reported as number of falls and fallers re-
ported

Method of ascertaining falls Low risk Falls clearly defined and recorded concurrently

Baseline imbalance Low risk No major differences between groups at baseline

Other bias Low risk None identified

Sakamoto 2006

Methods RCT (individually randomised)

Participants Setting: nursing care facilities and rehabilitation outpatient departments (intermediate
care), Japan
N = 553
Sample: 74% women
Age (years): mean 81.6 (SD 9.0)
Inclusion criteria: able to stand on their own while holding on to a bar
Exclusion criteria: severe dementia

Interventions • Single leg stance practice both legs for 1 minute each leg, 3 times daily
• Usual care (without exercise)

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (hip fractures)

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Randomization of the subjects into an exer-
cise group or a control group was performed by the
Department of Information Science of our university.
” using a “table of random numbers”
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Sakamoto 2006 (Continued)

Allocation concealment (selection bias) Unclear risk Randomisation by Department of Information Sci-
ence. Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls were likely to be aware of
individual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: greater loss from intervention
group, 22 vs 4

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified, but
number of falls, and fallers reported

Method of ascertaining falls Unclear risk Judgement comment: no definition of falls. Method
of ascertaining falls not described

Baseline imbalance Unclear risk Judgement comment: baseline characteristics by
group allocation unclear

Other bias Low risk Judgement comment: none identified

Sakamoto 2012

Methods RCT (individually randomised)

Participants Setting: 3 nursing homes (intermediate-level care), Aomori, Japan
N = 145
Sample: 81% women
Age (years): mean (SD) intervention group 84.2 (7.8), control group 84.1 (7.7)
Inclusion criteria: aged ≥ 65; able to transfer independently with or without assistive
devices
Exclusion criteria: non consenting; pica disorder (the desire to eat “unnatural” things)
in case they ate the patches

Interventions • Lavender olfactory stimulation: commercially available white patch (1 cm x 2 cm,
Aromaseal Lavender; Hakujuji Co., Tokyo, Japan) attached to inside of resident’s
clothing near the neck: continuous olfactory exposure for 24 hours. Patches replaced
daily for 1 year. Odour can only be sensed by person wearing the patch

• Control: placebo patch (1 cm x 2 cm, unscented Aromaseal) replaced daily for 1
year

Outcomes • Rate of falls
• Number of people falling
• Adverse events
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Sakamoto 2012 (Continued)

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “An independent statistician performed resi-
dent allocations using computer-generated random-
ization of numbers at each nursing home.”

Allocation concealment (selection bias) Low risk Quote: “An independent statistician performed resi-
dent allocations ... at each nursing home. Treatment
allocation status was delivered to the head nurse at
each nursing home, and patches were prepared ac-
cordingly.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: placebo patch used but as was
olfactory stimulation is a reasonable chance of un-
blinding

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Although the staff recording falls were blind to group
allocation, the head nurse who “supervised the record-
ing of falls regularly”, was not

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: approx 30% withdrawal due to
death and discharge, balanced between study arms.
ITT analysis performed

Selective reporting (reporting bias) Low risk Judgement comment: falls, falls rate, fallers and re-
current falls reported unadjusted and adjusted. Falls
outcomes thoroughly and completely reported

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: no differences between groups
at baseline

Other bias Low risk Judgement comment: none identified
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Salvà 2016

Methods RCT (cluster randomised).

Participants Setting: 16 residential care facilities, mixed-level care, Spain.
N = 16 clusters randomised, 12 clusters in analysis.
Sample: 72% women
Age (years): 84.4
Baseline Characteristics

Multifactorial falls prevention programme

• N: 193
• Age - mean (SD) : 84.2 (6.8)
• Female - N (%): 141 (73.1)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y (MMSE 17(7))

Control

• N: 137
• Age - mean (SD) : 84.5 (6.6)
• Female - N (%): 98 (71.5)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y (MMSE 18(8)

Inclusion criteria: 65 years or more; People with or without cognitive impairment living
indefinitely in a nursing home place; Able to walk with or without any kind of help or
able to self transfer (as defined in category d420 of the WHO International Classification
of Functioning, Disability and Health) without help; Give their consent (or the legal
guardian in case of cognitive impairment)
Exclusion criteria: terminal illness; occupying temporarily a nursing home place (con-
valescence period) or another kind of place (day centre, long-term care, etc)
Pretreatment differences: nil

Interventions • Multifactorial falls prevention programme. Mini Falls Assessment Instrument and
implementation of a multifactorial tailored programme to prevent falls. Interventions
provided to address individual risk factors including: gait and balance impairment,
cognitive impairment, polypharmacy, assistance with ADLs, lower limb pain, urinary
incontinence, weakness, symptomatic heart disease, fear of falling, neuroleptics/
psychotropic drugs, problems in feet, dizziness, visual impairment, depressive
symptoms. 3 sessions weekly of 45 minutes

• Control. Falls risk assessment, without intervention actions and usual care.

Outcomes • Rate ratio
• Odds ratio for falling
• Number of fractures

Duration of the study 12 months

Notes Additional information provided by author correspondence

Risk of bias
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Salvà 2016 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: random draw with opaque en-
velopes

Allocation concealment (selection bias) High risk Judgement comment: allocation not concealed from the
person performing recruitment, as per author correspon-
dence

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: open-label trial

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by staff who were not
blinded

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: large loss to follow-up after ran-
domisation which is greater in the control arm (41%); 2
centres in control arm left the study (65 participants); 1
centre in each arm provided no falls data (14 participants
in intervention group, 32 participants in control group)

Selective reporting (reporting bias) Low risk Judgement comment: all outcomes reported as specified
in trial record, some by author correspondence

Method of ascertaining falls Unclear risk Judgement comment: falls recording concurrent, unclear
if a definition of falls was provided

Baseline imbalance Low risk Judgement comment: no major imbalances. Imbalance in
those with depression in dementia, however numbers are
small

Other bias Low risk Judgement comment: none identified

Sambrook 2012

Methods RCT (cluster randomised by facility).

Participants Setting: 51 aged care facilities (intermediate care), North Sydney, Australia
N = 602 residents. 51 clusters.
Sample: 71% women
Age (years): mean 86.4 (SD 6.6)
Inclusion criteria: aged ≥ 70; ambulant; likely to survive for ≥ 12 months
Exclusion criteria: taking vitamin D or calcium supplements; history of skin cancer in
previous 3 years
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Sambrook 2012 (Continued)

Interventions • UV: increased sunlight exposure to face, hands and arms, 30 to 40 minutes, 5
days per week

• UV+: increased sunlight exposure (as above) + calcium carbonate 600 mg daily
• Control: usual care + brochure on vitamin D deficiency and its treatment

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)
• Adverse events

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “The random allocation sequence ...
was generated by a statistician who was not in-
volved in the recruitment”

Allocation concealment (selection bias) Low risk Quote: “... it was concealed from the study co-
ordinators until after randomisation.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Study was cluster randomised and nursing staff
reported falls. Researchers visited each home ev-
ery two months to record falls

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: low loss to follow-up and
ITT analysis

Selective reporting (reporting bias) Low risk Judgement comment: falls, fallers, risk ratio and
rate ratio reported, adjusted for clustering

Method of ascertaining falls Low risk Judgement comment: clear definition, falls doc-
umented concurrently (in nursing notes and in-
cident reports) and recorded by research staff
monthly

Baseline imbalance Low risk Judgement comment: only significant differ-
ence in cognition at baseline adjusted for in
analysis
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Sambrook 2012 (Continued)

Other bias Low risk Judgement comment: none identified

Saravanakumar 2014

Methods RCT (individually randomised)

Participants Setting: residential care facilities, mixed-level care, Australia
Baseline Characteristics

Tai chi group

• N: 9
• Age - mean (SD) : 81.1 (8.0)
• Female - N (%): 8 (72.7%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Yoga group

• N: 9
• Age - mean (SD) : 84.9 (6.7)
• Female - N (%): 10 (90.9%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Usual care

• N: 11
• Age - mean (SD) : 85.4 (9.1)
• Female - N (%): 6 (54.5%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria: aged 60 and over; able to stand with support; able to understand
English; able to understand and follow simple instructions and demonstrations
Exclusion criteria: severe debilitating illness; severe cognitive impairment; severe hearing
or visual impairment (as determined by the RCF staff )
Pretreatment differences: nil significant

Interventions • Tai chi. Modified Tai Chi programme beginning with warm-up exercises of
different joints and progressing through 18 individual Tai chi and qigong movement
patterns, with repetitions for each pattern, using imagery, breathing and posture
control. The movements were slow, controlled and circular using functional patterns
and engaging the mind. Modifications were made for functional capacity. 30-minute
classes twice weekly.

• Yoga. Modified traditional yoga exercises (asanas), breathing (pranayama),
synchronising movements with breathing and yoga nidra, a type of relaxation. To make
it suitable for frail residents, more seated exercises and preparatory movements were
included. 30-minute classes twice weekly.
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Saravanakumar 2014 (Continued)

• Usual care. The care facility encouraged all residents to access the Staying Active
programme with weekly half-hour seated exercise sessions; physical culture, games and
group activities like bingo, group reading, story-telling, etc.; a gym with bicycles,
pulleys and massage by trained staff; assisted and independent activities such as
walking, gardening.

Outcomes • Mean number of falls
• Number of adverse events

Duration of the study 14 weeks

Notes ACTRN12612000103864

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Permuted block randomisation with a block
size of 6 was generated using MS o ce Excel.”

Allocation concealment (selection bias) Low risk Quote: “After baseline assessments, participants were
randomly allocated to tai chi, yoga or usual care
groups by a researcher not involved in recruitment
who prepared the randomised list in sealed envelopes
that were given to the facility sta a day before the
commencement of the interventions.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls would recorded by care
home staff in RCF records, who would not be blinded
to the intervention

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: loss from groups Control 9%,
Tai Chi 18%, Yoga 27%. Given small trial numbers
losses may have impacted on outcomes

Selective reporting (reporting bias) Low risk Judgement comment: falls outcomes reported as per
trial registration

Method of ascertaining falls Low risk Quote: “Falls were defined as ‘events that resulted
in a per- son coming to rest inadvertently on the
ground or floor or other lower level, excluding inten-
tional change in position to rest in furniture, wall or
other objects’ (WHO, 2007). Fall incidence informa-
tion was collected from the records main-tained at
the RCF. The data was collected for the period of 6
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Saravanakumar 2014 (Continued)

months pre-intervention, intervention period and 6
months post-intervention period.”

Baseline imbalance Low risk Judgement comment: no significant differences at
baseline

Other bias Low risk Judgement comment: none identified

Schnelle 2003

Methods RCT (individually randomised)

Participants Setting: 4 nursing homes (high-level nursing care), USA
N = 190
Sample: 85% women
Age (years): mean (SD) intervention group 87.3 (8.0), control group 88.6 (6.7)
Inclusion criteria: incontinent; no in-dwelling catheter; follows one stage commands;
not Medicare Part A for post acute care or terminal; occupying long stay bed
Exclusion criteria: none stated

Interventions • “FIT”: incontinence care and functional exercises delivered by research staff. Every
2 hours from 08.00 to 16.00, 5 days a week, for 8 months. At each session patients
prompted to toilet and changed if wet; encouraged to walk (or mobilise in wheel chair
if not ambulatory); carried out sit-to-stand exercises with minimal assistance; offered
fluids to drink before and after each episode. Upper body resistance training (arm curls
and arm raises) at one episode per day. Individually tailored to meet weekly goals (up to
8 sit-to-stands, and up to 10 minutes walking (wheeling) per episode)

• Control: usual care

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)

Duration of the study 8 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “... subjects were randomized within NHs by
computerized programs into intervention and control
groups.”

Allocation concealment (selection bias) Unclear risk Insufficient information on process of allocation to
permit judgement of ’Low risk’ or ’High risk’
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Schnelle 2003 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Falls recorded in medical records. Staff recording
falls were likely to be aware of allocation status. Re-
searchers examining records were blinded to alloca-
tion status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: ITT analysis

Selective reporting (reporting bias) Low risk Judgement comment: falls, fallers, injurious falls,
fracture falls and falls incidence reported

Method of ascertaining falls High risk Judgement comment: no falls definition reported

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified

Schoenfelder 2000

Methods RCT (individually randomised)

Participants Setting: 2 nursing homes (high-level nursing care), USA
N = 16
Sample: 75% women
Age (years): mean 82.8 (range 66 to 95)
Inclusion criteria: aged ≥ 65; ambulating independently with or without assistive de-
vice; understand English; MMSE score > 20
Exclusion criteria: unstable physical condition; terminal illness; history of acting out
or abusive behaviour

Interventions • Supervised ankle strengthening exercises followed by up to 10 minutes of walking,
total time 20 minutes, 3 x per wk for 3 months. Exercises individually tailored.
Intervention delivered by research member

• Control: usual care

Outcomes • Rate of falls
• Number of people falling
• Adverse events

Duration of the study 6 months

Notes

Risk of bias
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Schoenfelder 2000 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Insufficient information about the sequence gener-
ation process to permit judgement of ’Low risk’ or
’High risk’. Quote: “... subjects were matched in pairs
and assigned randomly within each pair to the inter-
vention or control group.”

Allocation concealment (selection bias) High risk Allocation concealment not described and researchers
changed group allocation of one participant after ran-
domisation

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls after intervention were likely
to be aware of individual’s allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no loss to follow-up

Selective reporting (reporting bias) High risk Judgement comment: no fallers data reported

Method of ascertaining falls Unclear risk Judgement comment: methods of collecting falls data
unclear, no definition provided

Baseline imbalance High risk Judgement comment: differences in gender and falls
efficacy at baseline

Other bias Low risk Judgement comment: none identified

Serra-Rexach 2011

Methods RCT (individually randomised)

Participants Setting: 1 geriatric nursing home (intermediate-level care), Madrid, Spain
N = 40
Sample: 80% women
Age (years): mean 92 (SD 2)
Inclusion criteria: aged ≥ 90; planning to stay in the same nursing home during the
study; able to ambulate with or without cane, walker, or parallel bars); able to commu-
nicate; able and willing to consent
Exclusion criteria: acute or terminal illness; myocardial infarction in previous 3 months;
unstable medical condition; upper or lower extremity fracture in previous 3 months;
severe dementia; neuromuscular disease; using drugs affecting neuromuscular function
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Serra-Rexach 2011 (Continued)

Interventions • Training group: training sessions 45 to 50 minutes per day, 3 days per week for 8
weeks (stretching exercises to warm up and cool down + aerobic training on cycle
ergometer (up to 15 minutes), strength training with leg press with variable resistance
(2 to 3 sets of 8 to 10 repetitions with rests between), + upper limb resistance training
with weights or resistance bands. Also received usual care physiotherapy (mobility
exercises, i.e. passive and active stretching of joints, 40 to 45 minutes per day, 2 days
per week)

• Control: usual care physiotherapy (mobility exercises, i.e. passive and active
stretching of joints, 40 to 45 minutes per day, 5 days per week)

Outcomes • Number of falls
• Adverse events

Duration of the study 12 weeks (8 weeks intervention and further 4 weeks follow-up)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “computer generated randomization se-
quence”

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Quote: “The assessment staff was blinded to partici-
pant randomization assignment. Participants were...
reminded not to discuss their randomization assign-
ment with assessment staff.”
“An independent researcher was in charge of auditing
all nursing and medical records to record the number
of falls in each participant over the study period”

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss to follow-up low and rea-
sons balanced

Selective reporting (reporting bias) Unclear risk Judgement comment: falls a secondary outcome. Falls
defined as adverse event in published protocol but
not final publication

Method of ascertaining falls Low risk Quote: “In our study, we will define falls as ”unex-
pected event in which the participants come to rest
on the ground, floor, or other lower level“ [61,62].
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Serra-Rexach 2011 (Continued)

An independent researcher will be in charge of audit-
ing all nursing and medical records to record all falls
in the participants over the study period.”
Judgement comment: falls defined and recorded con-
currently

Baseline imbalance Low risk Judgement comment: groups similar at baseline

Other bias Low risk Judgement comment: none identified

Shaw 2003

Methods RCT (individually randomised)

Participants Setting: 2 accident and emergency (A&E) departments, Newcastle, UK
N = 308
Sample: 79% of participants lived in high and intermediate nursing care facilities (per-
sonal communication), (80% women)
Age (years): mean 84 (range 71 to 97)
Inclusion criteria: presenting to A&E after a fall; age ≥ 65; MMSE score < 24; consent
from patient; immediate carer and next of kin
Exclusion criteria: unable to walk; medical diagnosis likely to have caused index fall, e.
g. stroke; unfit for investigation within 4 months; unable to communicate for reasons
other than dementia; living outside of a 15-mile radius of recruitment site; no major
informant

Interventions • Multifactorial, multidisciplinary assessment and intervention to identify and
manage risk factors.

◦ Assessment of feet and footwear, gait and balance (physiotherapist):
provision of walking aids and footwear, chiropody referral if required. Home-based
tailored exercise programme supervised by physiotherapist (gait training, balance,
transfer and mobility interventions, functional limb strengthening and flexibility
exercises) for 3 months

◦ Medical intervention comprised investigation and management of untreated
medical problems, medication review, vision assessment and referral if indicated and
psychogeriatric review if indicated

◦ Cardiovascular review and advice and/or treatment of identified cardiac risk
factors for falls

◦ OT assessment of environmental fall hazards using a standard checklist, and
hazard modification if indicated

• Multifactorial, multidisciplinary assessment without intervention + usual care

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (hip fractures)

Duration of the study 12 months
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Shaw 2003 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “We randomised patients by block randomi-
sation using computer generated random numbers”

Allocation concealment (selection bias) Low risk Quote: “Group allocation was performed by a re-
searcher who was independent of the recruitment
process and blind to baseline interview data”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Data from postcards processed and coded off site by
researcher blind to group allocation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Most losses due to death, withdrawals low and bal-
anced

Selective reporting (reporting bias) Unclear risk No protocol identified

Method of ascertaining falls Low risk Falls clearly defined and recorded concurrently

Baseline imbalance Low risk Balanced at baseline

Other bias Low risk None identified

Shimada 2004

Methods RCT (individually randomised)

Participants Setting: 1 long-term care facility (intermediate-level care), Japan
N = 32
Sample: 78% women
Age (years): mean (SD) intervention group 81.8 (5.9), control group 83.1 (6.4)
Inclusion criteria: none stated
Exclusion criteria: not able to walk more than 3 minutes on treadmill at greater than 0.
5 km/hour; unable to participate because of recognisable dementia; unspecified health
problems

Interventions • Supervised perturbed gait exercises on a treadmill (individually tailored) for 6
months (gait, balance and co-ordination + endurance) in addition to usual exercise.
Complete programme of 600 minutes over 6 months, 1 to 3 x per week. Intervention
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Shimada 2004 (Continued)

delivered by physical therapists
• Usual exercise. Programs consisting of stretching, resistance training, group

training, and outdoor gait training.

Outcomes • Rate of falls
• Number of people falling

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “The 32 subjects were randomly divided into
two groups ...” Insufficient information to permit
judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible for par-
ticipants

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Collection of falls data not described but states “This
study ... was carried out without blinding.” Staff who
recorded falls were likely to be aware of individual’s
allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses similar between groups

Selective reporting (reporting bias) Low risk Judgement comment: fall rates, number of falls and
time to first fall reported

Method of ascertaining falls Unclear risk Judgement comment: falls ascertainment not re-
ported

Baseline imbalance Low risk Judgement comment: groups similar at baseline

Other bias Low risk Judgement comment: one detected
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Shorr 2012

Methods RCT (cluster randomised).

Participants Setting: 16 nursing units in an urban community hospital, acute care, USA
N = 27,672 participants. 16 clusters.
Sample: not stated.
Age (years): not stated.
Baseline Characteristics

Automated tele-vigilance system

• N: 11,115 participants
• Age - mean (SD) : NR
• Female - N (%): NR
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Usual care

• N: 17,436 participants
• Age - mean (SD) : NR
• Female - N (%): NR
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Inclusion criteria: admission to one of 16 general medical-surgical nursing units in
Methodist Healthcare-University Hospital, Memphis, Tennessee, during period 1 May
2006 to 30 Oct 2007
Exclusion criteria: nil.
Pretreatment differences: baseline characteristics of patients unknown. Staffing hours
significantly differ between groups, but controlled for in analysis

Interventions • Automated tele-vigilance system. Education, training, and technical support to
promote use of a standard bed alarm system which uses 1 to 2 weight-sensitive sensor
pads applied to the bed, chair or commode. When contact is broken this activates
alarm in patient’s room and call at nurses’ station. Automated tele-vigilance system
cameras installed, cameras can work in visible or infrared range, physically linked to a
server that will store encrypted video and analyse images data in real-time, sending an
alert to the care staff via their computers and personal pagers if it detects a fall.
Physician can also watch images in order to determine the cause of the incident and
then act preventively and induce treatment/care strategies.

• Usual care

Outcomes • Rate of falls
• Risk of falling
• Injurious falls
• Number of adverse events

Duration of the study Admission period. Trials recruitment over 18 months.

Notes Additional data provided by author.
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Shorr 2012 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Computer-generated randomisation on the basis of base-
line fall rates

Allocation concealment (selection bias) High risk Allocation of clusters unblinded and recruitment of par-
ticipants in acute hospital wards occurred over May 2006
- Oct 2007 after cluster allocation

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Blinding of staff not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Outcome assessors were likely to be unblinded due to the
cluster randomisation

Incomplete outcome data (attrition bias)
All outcomes

Low risk Loss of two clusters due to closure of the units, but rea-
son for loss not related to outcome and appropriately ac-
counted for in analysis

Selective reporting (reporting bias) Low risk Falls, fallers and injurious falls reported

Method of ascertaining falls Low risk Falls clearly defined and recorded concurrently

Baseline imbalance Unclear risk Staffing hour for all 3 staff types significantly differ be-
tween groups, but controlled for in analysis. However
baseline characteristics at patient level not known

Other bias Low risk Allocation of clusters occurred in pairs of units with sim-
ilar falls rates within one hospital which may allow the
randomisation sequence to be predicted. However this is-
sue already considered under allocation concealment. No
other risk identified

Sihvonen 2004

Methods RCT (individually randomised)

Participants Setting: 2 residential care homes (intermediate-level care), Finland
N = 28
Sample: 100% women
Age (years): mean (SD) intervention group 80.7 (6.1), control group 82.9 (4.2)
Inclusion criteria: aged ≥ 70; able to stand without walking aid; able to visualise
feedback from a computer; able to follow instructions
Exclusion criteria: acute illness; dementia; impending hip surgery
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Sihvonen 2004 (Continued)

Interventions • Balance training using computerised visual feedback and a force platform (gait,
balance and co-ordination exercises), 20 to 30-minute sessions, 3 x per week, for 4
weeks. Exercises individually tailored. Intervention delivered by the research team

• Control: usual care

Outcomes • Rate of falls
• Number of people falling

Duration of the study 12 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “The subjects … were randomly assigned to
an exercise group or a control group ... Since the study
was carried out in two separate places, the randomiza-
tion was done in blocks.” “Randomisation was car-
ried out by drawing lots.”

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Falls recorded by participants who were aware of
group allocation. No mention of blinding of re-
searchers contacting participants for details or if no
diary returned

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: low loss to follow-up, unlikely
to affect outcome

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified. Falls
and fallers reported, falls rate calculable

Method of ascertaining falls Unclear risk Judgement comment: falls recorded by participants

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified
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Sitja Rabert 2015

Methods RCT (individually-randomised, multicentre trial)

Participants Setting: 10 residential care facilities, mixed-level care, Spain
N =
Sample:
Age (years):
Baseline Characteristics

WBV + exercise

• N: 81
• Age - mean (SD) : 82.30 (7.75)
• Female - N (%): 53 (65%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Exercise (control)

• N: 78
• Age - mean (SD) : 82.55 (7.12)
• Female - N (%): 54 (69%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria: volunteers of either sex aged older than 65 years; resident in a nursing
home; and able to adopt a squat position on a vibrating platform
Exclusion criteria: acute illness (not resolved within 10 days); epilepsy; severe heart
disease; use of a pacemaker; high risk of thromboembolism; a hip or knee replacement;
musculoskeletal disorders; cognitive or physical disorders that could interfere with train-
ing methods
Pretreatment differences: nil significant

Interventions • Whole body vibration + exercise: static/dynamic exercises (balance and resistance
training) performed on a vibratory platform (frequency: 30-35 Hz; Amplitude: 2 mm
to 4 mm). 3 x per week for 6 weeks.Warm-up and cool down exercises performed at
each session. 30-minute sessions, 3 sessions per week, training volume increased
progressively.

• Exercise alone: same exercise programme with no whole body vibration. Group-
based progressive static and dynamic exercise programme, involving balance and
strength training. Warm up and cool down exercises performed at each session without
vibration platform.

Outcomes • Number of fallers
• Number with multiple falls
• Number with fracture fall
• Adverse events

Duration of the study 6 weeks, total follow-up 6 months

Notes NCT01375790
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Sitja Rabert 2015 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “computer generated randomisa-
tion list will be generated for participants
at each nursing-home using the statistical
software SPSS17.”

Allocation concealment (selection bias) Low risk Quote: “Allocation to treatment will be
centralized by telephone. All the researchers
will be blinded to the randomisation se-
quence list.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: open-label trial

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls collected from
nursing home staff or relatives who were
not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses to follow-up
balanced between groups, reasons balanced

Selective reporting (reporting bias) High risk Judgement comment: number of falls not
reported by group allocation

Method of ascertaining falls Low risk Judgement
comment: fall definition provided in Clini-
cal Trial Registry (NCT01375790).Quote:
“Fall: an unexpected event in which the par-
ticipants come to rest on the ground, floor,
or lower level”. Concurrently recorded. Ad-
ditional information from author 11/7: Re-
port calendar: During the study, every falls
was registered in a register falls specially cre-
ated by the study and data concerning falls
were regularly collected from each nursing
home or from relatives if a participant had
moved to a different address. During the
follow-up period, systematically every week
the two blinded physiotherapists registered
the falls occurred

Baseline imbalance Low risk Judgement comment: groups well balanced
at baseline
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Sitja Rabert 2015 (Continued)

Other bias Low risk Judgement comment: none identified

Stenvall 2007

Methods RCT (individually randomised)

Participants Setting: acute hospital wards (geriatric and orthopaedic), Umeå, Sweden
N = 199
Sample: 74% women
Age (years): mean 82.2 (SD 6.3)
Inclusion criteria: admitted to hospital with femoral neck fracture; aged ≥ 70
Exclusion criteria: severe rheumatoid arthritis; severe hip osteoarthritis; pathological
fracture of the femoral neck; severe renal failure; bedridden prior to the fracture

Interventions • Post-operative care in a geriatric orthopaedic service in a geriatric ward:
multidisciplinary team providing comprehensive geriatric assessment, management,
and rehabilitation

• Control: usual care in an orthopaedic ward

Outcomes • Rate of falls
• Number of people falling
• Number sustaining a fracture (all fractures)

Duration of the study 32 months. Follow-up time was until participants were discharged from hospital

Notes Dementia subgroup analysis published in Stenvall 2012.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “Patients were randomized ... in opaque sealed
envelopes. The lots in the envelopes were sequentially
numbered ... Persons not involved in the study per-
formed these procedures.”

Allocation concealment (selection bias) Low risk Used sequentially numbered, opaque sealed en-
velopes

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Quote: “The staffs on the intervention and control
wards were not aware of the nature of the present
study.”
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Stenvall 2007 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: all patients included in analysis
(ITT)

Selective reporting (reporting bias) Low risk Judgement comment: no protocol identified but falls
outcomes thoroughly reported. Falls, fallers, falls in-
cidence and fracture falls reported, plus data by de-
mentia subgroup

Method of ascertaining falls Low risk Judgement comment: falls clearly defined and
recorded concurrently

Baseline imbalance Low risk Judgement comment: significant imbalance in de-
pression and non-significant imbalance in dementia
at baseline adjusted for in analyses

Other bias Low risk Judgement comment: none detected

Streim 2012

Methods RCT

Participants Setting: residents in nursing homes and assisted living facilities within 30 miles of
Philadelphia, USA. Mixed levels of care
N = 94 (36 randomised, 56 in a non-randomised patient preference arm)
Sample: NR
Age (years): NR
Baseline Characteristics

Age (years): range 60 to 95. Baseline characteristics not provided
Inclusion criteria: 65 years and older; ambulatory; cognitively intact or with mild-
moderate impairment but capable of self-reporting depression symptoms; receiving an-
tidepressant treatment for a single episode of depression; in full remission for at least six
months
Exclusion criteria: bedridden; severe cognitive impairment
Pretreatment differences: no differences in race and gender. Differences in medication
use at baseline (benzodiazepines P = 0.034, serotonin norepinephrine reuptake inhibitors
P = 0.0004, Lexapro P < 0.0001)

Interventions • Discontinue taking antidepressants
• Control: continue taking antidepressants

A third non-randomised arm of people choosing to discontinue antidepressants

Outcomes • Number of falls per week
Other outcomes not included in this review, e.g. depression and cognition

Duration of the study • Odds of fall
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Streim 2012 (Continued)

Notes Trial identified as an abstract only, with no falls results reported. Excerpt from unpub-
lished manuscript provided by author correspondence

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: insufficient information for judgement

Allocation concealment (selection bias) Unclear risk Judgement comment: insufficient information for judgement

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Judgement comment: insufficient information for judgement

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Judgement comment: insufficient information for judgement

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: insufficient information for judgement

Selective reporting (reporting bias) Unclear risk No details of falls outcomes provided in trial registry

Method of ascertaining falls Unclear risk Judgement comment: insufficient information for judgement

Baseline imbalance High risk Judgement comment: differences in medication use between
randomised groups at baseline

Other bias Unclear risk Judgement comment: imbalance in randomisation due to high
number of patients choosing third ’preference’ arm of study

Tideiksaar 1993

Methods RCT (individually randomised)

Participants Setting: acute geriatric care hospital ward, New York city, USA
N = 70
Sample: 86% women
Age (years): mean 84 (range 67 to 97)
Inclusion criteria: one or more abnormal factors on a 9 point performance orientated
environmental mobility screen (indicating impaired bed mobility)
Exclusion criteria: none stated

Interventions • Bed alarm system to alert staff when patient leaves their bed. Intervention
delivered by nurses

• Control: usual care
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Tideiksaar 1993 (Continued)

Outcomes • Rate of falls
• Adverse events

Duration of the study 9 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “Patients … were randomly assigned to either
the experimental group … or the control group”. In-
sufficient information to permit judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff who recorded falls not blinded to individual par-
ticipants’ allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: no loss to follow-up, acute set-
ting

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Unclear risk Judgement comment: definition of falls provided but
not clearly. Falls recorded concurrently

Baseline imbalance Unclear risk Judgement comment: baseline characteristics not re-
ported

Other bias Low risk Judgement comment: none identified

Toulotte 2003

Methods RCT (individually randomised)

Participants Setting: nursing care facility, France. Published data implies residents receiving mixed
high and intermediate levels of care
N = 20
Sample: % women not stated
Age (years): mean 81.4 (SD 4.7)
Inclusion criteria: dementia (MMSE score < 21); history of ≥ 2 falls (not involving an
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Toulotte 2003 (Continued)

environmental hazard) in previous 3 months; able to walk 10 metres without human
assistance
Exclusion criteria: none stated

Interventions • Supervised exercises 1 hour, 2 x per week for 16 weeks in groups of 5. Exercises
incorporated gait, balance and co-ordination, strength/resistance, and flexibility.
Exercises not individually tailored. Two physicians delivered intervention in each
group. Individualised assessment of participants not part of intervention

• Usual care

Outcomes • Rate of falls

Duration of the study 4 months follow-up

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote: “A randomised cross-over design was used.”
Insufficient information about the sequence genera-
tion process to permit judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Physician conducting tests was blinded to allocation
status. Unlikely that these tests included recording
of falls. Staff who recorded falls likely to be aware of
individual participants’ allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss to follow-up unclear

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Unclear risk Judgement comment: falls clearly defined but method
of recording falls unclear

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none identified

220Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Treacy 2015

Methods RCT (individually randomised)

Participants Setting: general rehabilitation ward (subacute) at one hospital, Australia
N =
Sample:
Age (years):
Baseline Characteristics

Standing balance circuit classes

• N: 81
• Age - mean (SD) : 82.6 (7.3)
• Female - N (%): 51 (62%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Usual care

• N: 81
• Age - mean (SD) : 81.4 (7.8)
• Female - N (%): 53 (65%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Inclusion criteria: 18 years or over; admission to the general rehabilitation ward a
Bankstown-Lidcombe Hospital, NSW; no medical contraindications to exercise; able to:
fully weight bear; stand unaided independently for at least 30 seconds; and participate
in group therapy sessions with minimal supervision
Exclusion criteria: 1. unable to fully weight bear as ordered by a medical officer (i.e.
non, partial or touch weight bearing status through one or both legs).2. Have a medical
condition precluding exercise, e.g. unstable cardiac disease, uncontrolled hypertension,
uncontrolled metabolic diseases, large abdominal aortic aneurysm. 3. Have an identified
multi-resistant organism infection or other infection that would pose a significant risk
to others in a group setting
Pretreatment differences: no imbalances. See online appendix.

Interventions • Standing balance circuit classes. Group training, supervised by 2 physiotherapists
standing balance circuit class programme focused on posture whilst standing and
stepping. Involving 7 exercise stations, with 3 levels of difficulty, each with a specific
balance exercise, plus standard rehabilitation. Six 1-hour classes over 2 weeks.

• Usual care. Assessment and treatment by the multidisciplinary ward team. Patients
are predominately treated within a group setting in physiotherapy with additional one-
to-one sessions as required with the focus being on weight bearing exercises.
Outpatient therapy, as required. Once or twice per day at least two hours per day.

Outcomes • Rate ratio for falls
• Adverse events

Duration of the study 2 weeks
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Treacy 2015 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: ”The allocation schedule was computer gen-
erated using randomly ordered blocks of four and six.
“

Allocation concealment (selection bias) Low risk Quote: ”A concealed allocation procedure (numbered
sealed opaque envelopes)“
Quote: ”Randomisation schedule and envelopes were
prepared and held by a staff member not involved in
study recruitment or intervention. Participants and
therapists were made aware of group allocation once
the envelopes had been opened.“
Judgement comment: allocation adequately con-
cealed

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls reliant on self-report, per-
son responsible and hospital incident reporting sys-
tem. Not possible to blind staff

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: little loss to follow-up at 2
weeks

Selective reporting (reporting bias) Low risk Judgement comment: protocol available and out-
comes reported as planned

Method of ascertaining falls Low risk Judgement comment: Trial registry: ”Fall incidence
will be measured by participant and/or ’person re-
sponsible’ self-report. In-patient fall data will also be
collected via the hospital Incident Information Man-
agement System (incident reporting system).“Hospi-
tal system will have clear definition and concurrent
recording of falls”

Baseline imbalance Low risk Judgement comment: groups balanced on range of
demographic variables at baseline

Other bias Low risk Judgement comment: none detected
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Tuunainen 2013

Methods RCT (individually randomised)

Participants Setting: residential care facility, mixed-level care, Finland
N =
Sample:
Age (years):
Baseline Characteristics

Strength training

• N: 18
• Age - mean (SD) : 84.7 (5.5)
• Female - N (%): 12 (67%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Balance and strength training

• N: 18
• Age - mean (SD) : 85 (4.2)
• Female - N (%): 16 (89%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Self-administered training

• N: 19
• Age - mean (SD) : 86.1 (7.3)
• Female - N (%): 14 (74%)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria: participant’s ability to raise himself/herself from a chair without using
hands or arms for support.Willingness to participate. Prof Pyykko stated in email 31/8/
16 additional inclusion criteria: could move independently, arise from a chair 5 times in
a row, follow instructions
Exclusion criteria: nil stated.
Pretreatment differences: the Strength training group had 33% male, The Balance
and Muscle Training had 11% male, The self-administered group had 26% male.In the
Strength training group, 39% were prescribed sleeping medications. In the balance and
muscle training group, 56% were prescribed sleeping medications. In the self-adminis-
tered group, 68% were prescribed sleeping medications

Interventions • Strength training. groups of 5, under supervision by 2 physiotherapists.
Progressively graded strengthening exercises for hip and other postural muscles using 1.
2 kg weights attached to ankles from 6th session and using stairs from the 19th session.
Twice-weekly for approx 1 hour.

• Balance and strength training. Groups of 5, under supervision by 2
physiotherapists. Progressively challenging balance tasks. Strength training similar to
strength training group but ankle weights not used. Twice weekly for approx 1 hour.

• Self-administered training. Nurses provided encouragement to keep to self-guided
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Tuunainen 2013 (Continued)

training tasks. Written exercise instructions provided by physiotherapists, comprising
stretching from a sitting position, crouching and rising. Twice-weekly for approx 1
hour.

Outcomes • Number of falls
• Falls rate
• Number of fallers
• Number with multiple falls
• Compliance

Other outcomes not included in this review

Duration of the study 13 weeks. Follow-up 3 years.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: drawing of envelopes

Allocation concealment (selection bias) Unclear risk Judgement comment: details of allocation conceal-
ment not reported

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by ward nurses
who are unlikely to be blinded

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: it appears that the residents in
the intervention groups who stopped training were
not included in the analysis

Selective reporting (reporting bias) Unclear risk Judgement comment: study protocol not available.
In correspondence, author states data on fracture falls
data was collected but not included

Method of ascertaining falls Unclear risk Judgement comment: insufficient information to en-
able judgement

Baseline imbalance High risk Judgement comment: larger proportion of prescrib-
ing of sleeping medications in the Self administered
group may have contributed to that group’s higher
falls rate
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Tuunainen 2013 (Continued)

Other bias Low risk Judgement comment: none identified

Van de Ven 2014

Methods RCT (cluster randomised).

Participants Setting: 34 units from 11 residential care facilities, high-level care, the Netherlands
N = 318. 11 clusters.
Sample: 75% women
Age (years): 84.7
Baseline Characteristics

Dementia care mapping

• N: 154
• Age - mean (SD) : 84.8 (6.0)
• Female - N (%): 118 (76.6)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Usual care

• N: 164
• Age - mean (SD) : 84.59 (6.6)
• Female - N (%): 121 (73.8)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria (facilities): those with Dementia-Special Care Units (DSCUs).Resi-
dents: Age of 65 years or more;Dementia diagnosed by an elderly care physician accord-
ing to the Diagnostic and statistical manual of mental disorders-IV criteria for demen-
tia; Approval of the elderly care physician for inclusion; At least one of the following
neuropsychiatric symptoms: aggression, motor or verbal agitation,psychosis, depression,
and apathy; Informed consent given by the residents themselves, their families, or their
legal guardians; The resident must use the common areas, such as the shared living room,
at least 4 hours a day
Exclusion criteria: residents: an estimated life expectancy of 6 weeks; those who are
physically unable to spend time in common areas of the facility; withdrawal of consent
Pretreatment differences: the intervention and control groups differed in terms of the
proportions of staff in permanent positions. There were no other statistically significant
differences at baseline between the intervention and control groups

Interventions • Dementia Care Mapping (DCM) based on principles of person-centred care,
involving action plans based on systematic observations of care. Nurses received DCM
training, a DCM organisational briefing day and conducted the 4-months DCM-
intervention twice during the study. single DCM cycle consists of observation,
feedback to the staff, and action plans for the residents. 10 staff members attended
basic and advanced training to become certified DCM mappers, then attended an
organisational briefing day. Intervention delivered twice.
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Van de Ven 2014 (Continued)

• Usual care without DCM training.

Outcomes • Number of falls
• Falls rate
• Costs

Duration of the study 18 months

Notes Author contact: Geertje van de Ven, Radboud University, G.vandeVen@elg.umcn.nl.
Author clari fied study details by email.
Dutch Trials Registry NTR2314http://www.trialregister.nl/trialreg/admin/rctview.asp?
TC=2314

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: computer-generated sequence
“soft-ware”

Allocation concealment (selection bias) Low risk Quote: “Randomisation will take place after the study
sample has been recruited and informed consent has been
given,”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by staff who are not
blinded

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: attrition rates due to no medical file
higher in the intervention group (44% 68/154) vs control
group (21% 35/164). (Fig 1). Unclear if medical file is
source of falls data

Selective reporting (reporting bias) Low risk Judgement comment: outcomes reported as per protocol

Method of ascertaining falls Unclear risk Judgement comment: insufficient information for judge-
ment

Baseline imbalance High risk Judgement comment: large difference in baseline fall rates.
Baseline data for many potential confounders for falls out-
comes not recorded

Other bias Low risk Judgement comment: none identified
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Van Gaal 2011a

Methods RCT (cluster randomised by ward)

Participants Setting: 6 nursing homes, 10 wards (high-level nursing care), the Netherlands
N = 392 participants included in study. 10 clusters.
Sample: 66% women
Age (years): mean (SD) intervention group 78 (9.9), control group 78 (11.7)
Inclusion criteria (facilities): 2 or 4 more or less comparable wards. Inclusion criteria
(residents): none stated
Exclusion criteria: none stated

Interventions • Implementation of 3 guidelines (falls, urinary tract infection, pressure ulcers)
targeting ward nursing staff

◦ Educational meetings for all nurses (90 minutes) on the causes of 3 adverse
events, assessment of patients at risk and prevention

◦ Two case discussions on every ward (30 minutes) covering these topics
◦ CD-ROM with education material issued to every ward (information, test

and feedback)
◦ Information leaflets and oral information regarding prevention of pressure

ulcers, urinary tract infection and falls issued to at-risk patients
◦ Nurses recorded presence or absence of adverse events in a computerised

registration system daily. This programme generated feedback on process and outcome
indicators to the nurses

• Control: usual care

Outcomes • Rate of falls

Duration of the study 23 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk States randomised after stratification. Insufficient
information to permit judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding of staff not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff recording falls would be aware of allocation.
Cluster randomised trial so likely the person col-
lecting data from patient files would be aware also

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: high loss to follow-up for
Van Gaal 2011a (nursing home setting)
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Van Gaal 2011a (Continued)

Selective reporting (reporting bias) Low risk Judgement comment: falls reported as per proto-
col and adjusted for clustering

Method of ascertaining falls High risk Judgement comment: falls clearly defined but
reliant on existing reporting systems in patient
records which may vary between sites

Baseline imbalance High risk Judgement comment: 2011a (NH): nurse char-
acteristics balanced at baseline but significant dif-
ference in physically impaired patients (reviewer
P < 0.001 Chi2), rehabilitation patients (reviewer
Chi-2 P < 0.001)

Other bias Low risk Judgement comment: none detected

Van Gaal 2011b

Methods RCT (cluster randomised).

Participants Sample: 4 hospitals (acute care), 10 wards, the Netherlands
N = 2201 participants included in study. 10 clusters.
Sample: 55% women
Age (years): mean (SD) intervention group 66 (14.5), control group 64 (16.9)
Inclusion criteria (hospitals): 2 or 4 more or less comparable wards. Inclusion criteria
(patients): expected length of stay of ≥ 5 days
Exclusion criteria: none stated

Interventions • Implementation of 3 guidelines (falls, urinary tract infection, pressure ulcers)
targeting ward nursing staff

◦ Educational meetings for all nurses (90 minutes) on the causes of 3 adverse
events, assessment of patients at risk and prevention

◦ Two case discussions on every ward (30 minutes) covering these topics
◦ CD-ROM with education material issued to every ward (information, test

and feedback)
◦ Information leaflets and oral information regarding prevention of pressure

ulcers, urinary tract infection and falls issued to at-risk patients
◦ Nurses recorded presence or absence of adverse events in a computerised

registration system daily. This programme generated feedback on process and outcome
indicators to the nurses

• Control: usual care

Outcomes • Rate of falls

Duration of the study 23 months

Notes

Risk of bias
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Van Gaal 2011b (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk States randomised after stratification. Insufficient infor-
mation to permit judgement

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding of staff not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff recording falls would be aware of allocation. Cluster-
randomised trial so likely the person collecting data from
patient files would be aware also

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: high loss to follow-up for van Gaal
2011b (hospitals)

Selective reporting (reporting bias) Low risk Judgement comment: falls reported as per protocol and
adjusted for clustering

Method of ascertaining falls High risk Judgement comment: falls clearly defined but reliant on
existing reporting systems in patient records which may
vary between sites

Baseline imbalance High risk Judgement comment: 2011a (NH): nurse characteristics
balanced at baseline but significant difference in physically
impaired patients (reviewer P < 0.001 Chi-2), rehabilita-
tion patients (reviewer Chi-2 P < 0.001).

Other bias Low risk Judgement comment: none detected

Van het Reve 2014

Methods RCT (individually randomised)

Participants Setting: residential care, intermediate-level care, Switzerland (13 care facilities) and Ger-
many (1 facility)
N = 182
Sample: 55% women
Age (years): 81.5 (SD 7.3)
Baseline Characteristics

Strength-balance-cognitive training

• N: 88
• Age - mean (SD) : 81.1 (8.3)
• Female - N (%): 49 (58.3)
• Medical status defined? - Y/N: Y
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Van het Reve 2014 (Continued)

• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Strength-balance training

• N: 94
• Age - mean (SD) : 81.9 (6.3)
• Female - N (%): 52 (53.1)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: Y

Inclusion criteria: older than 65 years; able to walk 20 meters with or without aids;
signed informed consent statement
Exclusion criteria: severe cognitive impairment (Mini-Mental State Examination below
22 points); rapidly progressive or terminal illness, acute illness or unstable chronic illness
Pretreatment differences: nil significant

Interventions • Multiple intervention: strength-balance-cognitive training. Same exercise
programme as strength-balance training group plus a computer-based cognitive
training programme, with a focus on improving attention. Cognitive intervention: 10
minutes, 3 times per week. Exercise programme: 30 minutes resistance and 10 minutes
balance training, 2 times per week.

• Exercise: strength-balance training. Exercise programme consisting of progressive
resistance training on age-adapted machines and balance training. Flexibility exercises
followed each training session. 30 minutes resistance and 10 minutes balance training,
2 times per week

Outcomes • Falls rate
• Number of falls
• Number of fallers
• Compliance

Duration of the study 15 months comprising 12 weeks intervention and 12 months post-intervention follow-
up period

Notes ISRCTN75134517

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “using simple (unrestricted) randomisation
[70] based on a table of random numbers.”

Allocation concealment (selection bias) High risk Judgement comment: an “assessor” performed the
randomisation and group allocation
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Van het Reve 2014 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: unable to blind participants
and personnel

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls calendars filled in by staff.
“Blinding of investigator was not possible.”

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: approximately 25% missing
data for falls

Selective reporting (reporting bias) Low risk Judgement comment: protocol
available (ISRCTN75134517) with falls reported as
per protocol

Method of ascertaining falls Low risk Quote: “Falls, defined as ‘unexpected events in which
the participant comes to rest on the ground, floor or
lower level, were assessed from 6 months retrospec-
tively to 12 months prospectively using a fall calen-
dar.”

Baseline imbalance Low risk Judgement comment: nil significant

Other bias Low risk Judgement comment: four participants with vision
impairment reallocated to control group, however,
this number is small relative to intervention group
sizes

Wald 2011

Methods CCT (odd vs even medical record number)

Participants Setting: acute medical units in 1 hospital, Colorado, USA
N = 217
Sample: 55% women
Age (years): mean (SD) intervention group 80.5 (6.5), control group 80.7 (7.0)
Inclusion criteria: aged ≥ 70
Exclusion criteria: patients admitted to medical subspecialty service (cardiology, pul-
monary, oncology)

Interventions • Hospitalist-run acute care for the elderly service (ACE) (interdisciplinary team
approach): admitted to 12-bed medical unit when beds available, attendance of
patients by doctor with additional training in geriatrics, standardised geriatric
assessment, daily (Monday to Friday), interdisciplinary rounds focusing on geriatric
syndromes, standardised geriatric screens, clinical focus on mitigating harm and
discharge planning; novel inpatient geriatrics training curriculum

• Control: usual care. Admitted to general internal medicine unit with general
medical teams with daily discharge planning rounds with social worker and discharge
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Wald 2011 (Continued)

planner

Outcomes • Rate of falls

Duration of the study 22 weeks

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

High risk A systematic non-random method was used
(odd /even case record number)

Allocation concealment (selection bias) High risk Not possible to blind prior to allocation
(see above)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded.

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Falls from hospital event reports. Last digit
of medical record number was used for
group allocation. Allocation not concealed

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: all patients included
in analyses of other outcomes. Falls inci-
dence per patient days reported

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identi-
fied

Method of ascertaining falls Unclear risk Judgement comment: falls definition not
reported. Falls determined from standard
reporting system which will be concurrent

Baseline imbalance Low risk Judgement comment: groups balanced at
baseline

Other bias Low risk Judgement comment: none identified.
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Walker 2015

Methods RCT (cluster randomised).

Participants Setting: 6 residential care facilities, mixed-level care, UK
N = 52 residents. 6 clusters.
Sample: 67% women
Age (years): 83
Baseline Characteristics

Implementation of the Guide to Action Care Home tool

• N: 25 (3 sites)
• Age - mean (SD) : 84 (14.8)
• Female - N (%): 18 (72%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Usual care

• N: 27 (3 sites)
• Age - mean (SD) : 82 (13.4)
• Female - N (%): 17 (63%)
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: N
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Inclusion criteria: care homes: listed on the Care Quality Commission database, long
stay, old age, dementia or learning disability registration, nursing/residential registration,
over 10 residents, no prior experience of Guide to Action Care Home. Care homes were
purposively selected from those who replied expressing interest, to reflect a range of
ownership, size and registration. Residents: (high risk): aged over 50 years, fallen at least
once in the past year
Exclusion criteria: bed-bound, hoist-dependent or terminally ill
Pretreatment differences: nil

Interventions • Implementation of the Guide to Action Care Home tool. Training in Guide to
Action Care Home tool (a checklist of falls risk factors with suggested actions), with
reference manual and certificate on training completion. Plus standard care.
Intervention takes 15 to 20 minutes, can lead to interventions which take an average of
2 hours to complete.

• Usual care. Access to standard care, but no Guide to Action Care Home training
or manual.

Outcomes • Falls rate
• Injurious falls rate

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement
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Walker 2015 (Continued)

Random sequence generation (selection
bias)

Low risk Judgement comment: randomisation done

Allocation concealment (selection bias) Low risk Judgement comment: allocation concealed according to
standard operating procedure

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: 26% missing data (7/27) from con-
trol arm vs 12% intervention arm

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls would have been recorded by
staff who would not be blinded to the intervention (staff
training)

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: 26% missing data (7/27) from con-
trol arm vs 12% intervention arm

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Low risk Judgement comment: no information on most potential
confounders (e.g. medical status, dependency)

Baseline imbalance Unclear risk Judgement comment: none detected

Other bias Low risk Judgement comment: blinding not feasible

Ward 2010

Methods RCT (cluster randomised by facility).

Participants Setting: 88 residential aged care facilities (high-care, low-care and dementia-specific),
New South Wales, Australia
N = 5391 residents. 88 clusters.
Sample: 73% women
Age (years): median age 86
Inclusion criteria (facilities): ≥ 20 beds
Exclusion criteria: none stated

Interventions • Intervention: full-time project nurse to assist facilities in using evidence-based
approaches to falls injury prevention relating to risk assessment; mobility assessment;
use of hip protectors; calcium and vitamin D supplementation; continence
management; exercise programs; appropriate footwear; medication review; and post-
fall management review. Project nurse provided intervention facilities with information
and resources on preventing falls and fractures. Initial training session followed by 3-
monthly network meetings. Intervention staff also could attend workshop on planning
and running exercise programs

• Control: usual care. Staff attended a workshop where data collection procedures
were explained
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Ward 2010 (Continued)

Outcomes • Number of falls
• Number sustaining a fracture (hip fractures)

Duration of the study 17 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “randomly allocated within strata into
intervention or control groups by the statisti-
cian ... using the procedure ”surveyselect“ in
SAS statistical software”

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Staff recording falls and carrying out monthly
record audit were aware of group allocation.
Failure to produce monthly data followed up by
project nurse (also aware of group allocation)

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Judgement comment: losses balanced but large
loss of 3 facilities/arm of study

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified,
fallers data not reported

Method of ascertaining falls High risk Judgement comment: no definition of falls. Fall
data retrieved by facility through record audit -
likely to be variable reporting between facilities

Baseline imbalance High risk Judgement comment: although data in table 1
(limited participant variables) show reasonable
balance between groups, there was moderate
difference (2 falls
/month) between groups in the 7-month pre-
intervention falls data

Other bias Low risk Judgement comment: none detected
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Whitney 2017

Methods Cluster RCT (pilot, cross-over study).

Participants Setting: Four nursing homes and five residential homes in London, UK, mixed-level
care, 97% cognitively impaired. 9 clusters: 5 intervention, 4 usual care
N = 191 participants. 9 clusters.
Sample: 69% women
Age (years): mean 83.5 (SD 8.8)
Baseline Characteristics

Individualised fall prevention programme

• N: 103
• Age - mean (SD) : 84.6 (5.6)
• Female - N (%): 92 (46.0)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: N
• Cognitive status defined? Y/N: N

Usual care

• N: 88
• Age - mean (SD) : 84.1 (7.7)
• Female - N (%): 173 (56.1)
• Medical status defined? - Y/N: Yes
• Falls risk defined (with valid tool at baseline)? -Y/N: No
• Dependency defined? Y/N: No
• Cognitive status defined? Y/N: N

Inclusion criteria: over 65 years; admitted to rehabilitation ward
Exclusion criteria: restricted to bed; refused to participate
Pretreatment differences (phase 1): longer stay in the control group patients (P <0.001)
; higher percentage of females in the control group (P =0.03)

Interventions • Multifactorial intervention (exercise, dementia related behaviour management,
comprehensive geriatric assessment including medication review, staff training,
movement sensors). Falls risk assessment and management: including medical
interventions, environmental modifications, equipment modifications, cognitive and
behavioural treatment, family guidance. Mobility restrictions and optimising location
on ward instituted in high risk patients. For moderate-risk patients mobility (transfers,
walking, toilets usage, etc.) was done only under supervision and/or assistance of a
professional staff member. High-risk patients had permanent personal supervision.
Weekly assessment.

• Usual care. Any activities undertaken by the participants recommended or
administered by their treating team

Outcomes • Rate ratio
• Risk ratio
• Numbers on injurious falls and fractures
• Adverse events

Duration of the study 6 months

Notes Costs of the programme to be reported. Other outcomes not included in this review
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Whitney 2017 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Judgement comment: computer-generated
randomisation, stratified by nursing home beds

Allocation concealment (selection bias) Low risk Judgement comment: randomisation con-
ducted by separate clinical trials unit. Alloca-
tion concealed and no recruitment after allo-
cation revealed

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: blinding not feasible

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by care
home staff who were not blinded

Incomplete outcome data (attrition bias)
All outcomes

High risk Judgement comment: 17.8% loss to follow-up.
Large amounts of missing data on many out-
comes (up to 60%). Not clear what loss to fol-
low-up/missing data for falls outcome

Selective reporting (reporting bias) Low risk Judgement comment: falls, fallers, injury and
fracture falls data reported

Method of ascertaining falls Unclear risk Judgement comment: falls definition used.
Facilities used their “usual reporting mecha-
nisms” for falls - no detail of what these mech-
anisms were or if they varied substantially be-
tween facilities

Baseline imbalance High risk Judgement comment: significant baseline dif-
ferences in number of medical conditions, time
to complete Timed Up and Go, and likelihood
on being in nursing home bed. Although anal-
ysis involved some adjustments (for the base-
line score on the outcome being investigated) it
does not appear these baseline differences were
adjusted for across the outcome measures

Other bias Low risk None detected
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Wolf 2013

Methods RCT (individually randomised)

Participants Setting: Subacute hospital setting, single geriatric ward, Germany
N = 98
Sample: 65% women
Age (years): 76.1
Baseline Characteristics

Bed-exit alarm

• N: 48
• Age - mean (SD) : NR
• Female - N (%): NR
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Usual care

• N: 50
• Age - mean (SD) : NR
• Female - N (%): NR
• Medical status defined? - Y/N: N
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: N

Inclusion criteria: patients at high risk of falls defined by a score of 3 or more in
STRATIFY; requirement for assistance with mobilization during resting time
Exclusion criteria: immobility; participation in another trial
Pretreatment differences: NR

Interventions Intervention Characteristics

• Bed-exit alarm. Patients fitted with sensors to upper leg at rest time. Based on
Wireless Sensing Triple Axis Reference Design. Sensors worn during rest periods 1 to 3
pm and 8 pm to 6 am.

• Usual care

Outcomes • Number of falls
• Number of fallers

Duration of the study During admission period, total trial period 13 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: method of sequence generation
not described in adequate detail

Allocation concealment (selection bias) Unclear risk Judgement comment: no information provided about
allocation methods
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Wolf 2013 (Continued)

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

High risk Judgement comment: falls recorded by nurses who
were not blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: author correspondence indi-
cated no loss to follow-up

Selective reporting (reporting bias) Unclear risk Judgement comment: no protocol identified

Method of ascertaining falls Unclear risk Judgement comment: no falls definition provided,
standard reporting mechanisms used

Baseline imbalance Unclear risk Judgement comment: inadequate details on baseline
characteristics of patients to make a judgement

Other bias Low risk Judgement comment: none detected

Yokoi 2015

Methods RCT (cluster randomised).

Participants Setting: 5 residential care facilities, intermediate-level care, Japan
N = 105 participants. 5 clusters.
Sample: 60% women
Age (years): 79.4
Baseline Characteristics

Short stick exercises

• N: 51
• Age - mean (SD) : 80.2 (7.9)
• Female - N (%): 33 (64.7)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y (TUG)
• Dependency defined? Y/N: Y (independent for inclusion & SF-8 performed)
• Cognitive status defined? Y/N: Y (MMSE)

Usual care

• N: 54
• Age - mean (SD) : 78.5 (5.2)
• Female - N (%): 30 (55.6)
• Medical status defined? - Y/N: Y
• Falls risk defined (with valid tool at baseline)? -Y/N: Y
• Dependency defined? Y/N: Y
• Cognitive status defined? Y/N: Y

Inclusion criteria (facilities): with 50 beds in the Kinki area in Japan; where no in-
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Yokoi 2015 (Continued)

tervention for fall prevention was conducted. Residents: able to walk without assistive
devices and take care of themselves without assistance; had sufficient cognition to follow
directions; had never performed an SSE before; were allowed by their chief physician to
exercise
Exclusion criteria: residents: with dementia or severe cardiac, pulmonary or muscu-
loskeletal disorders that are associated with a higher fall risk
Pretreatment differences: BMI significantly less in the Intervention group, but as both
groups were in normal range, probably would not have had impact on outcome

Interventions Intervention Characteristics

• Short stick exercises. Group-based supervised short stick exercises, performed in a
seated position, and performing 6 activities with a rolled Japanese newspaper as the
stick (warm up included). 25 minute sessions, twice weekly.

• Usual care. Daily housekeeping, hobbies, work and 10-minute group stretching
exercises were continued.

Outcomes • Time to first fall
• Number of falls
• Number of fallers
• Compliance

Duration of the study 12 months, 6 months intervention period.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Judgement comment: randomisation of the 5 facilities was
by lottery using envelopes by a researcher not involved
with study. Insufficient information but reason for not
using sequence generation not really valid despite only 5
facilities, so some risk of bias

Allocation concealment (selection bias) Unclear risk Judgement comment: allocation of facilities probably ad-
equate, assuming envelopes were sealed and opaque. It
does not appear that individual participant recruitment
was completed prior to cluster allocation. The study states
that research assistants were not informed of the results of
randomisation, but it appears that the research assistants
were involved with falls data collection, not with recruit-
ment

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not possible to blind participants.
Highly unlikely that personnel could be blinded
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Yokoi 2015 (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Quote: “Research assistants were not informed of the re-
sults of the randomization. The staff was asked not to tell
the research assistants about which group was undergo-
ing the intervention.” Judgement comment: unblinding
is likely

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: losses to follow-up balanced be-
tween groups with similar reasons

Selective reporting (reporting bias) High risk Judgement comment: the number of falls were not re-
ported

Method of ascertaining falls Unclear risk Falls determined by interviews with staff and medical
records. Not clear whether staff were asked to recall for pe-
riods longer than one month. Unclear whether the method
and reliability of staff recording falls in patient records
were the same in all the facilities

Baseline imbalance Unclear risk Judgement comment: baseline characteristics of individ-
uals in the facilities appear to be reasonably balanced al-
though BMI significantly different but both groups within
normal range for BMI so not likely to be important. Base-
line characteristics of the facilities were not compared - in
particular the rates of falling in each of the facilities prior
to the intervention

Other bias Low risk None detected

Zermansky 2006

Methods RCT (individually randomised)

Participants Setting: 65 care homes for the elderly (high, intermediate and mixed levels of care), UK
N = 661
Sample: 77% women
Age (years): mean 85 (interquartile range 80 to 90)
Inclusion criteria: aged ≥ 65; resident in a care home with ≥ 6 residents
Exclusion criteria: participating in another trial; terminally ill; already receiving clinical
medication review; at GP request

Interventions • Clinical medication review by a pharmacist comprising a review of the GP record
and consultation with the participant and their carer. Written recommendations
forwarded to participant GPs

• Control: usual care

Outcomes • Rate of falls
• Number of people falling
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Zermansky 2006 (Continued)

Duration of the study 6 months

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote: “After collection of baseline data, patients
were randomised in randomly sized blocks of two to
eight patients using an algorithm written in Visual
Basic in Microsoft Access.”

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judgement

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Judgement comment: not possible to blind the inter-
vention

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Falls data collected from accident book. Unclear
whether staff recording falls in accident book would
have been aware of allocation status

Incomplete outcome data (attrition bias)
All outcomes

Low risk Judgement comment: loss to follow-up similar in
both groups, as was main reason for loss (death)

Selective reporting (reporting bias) Unclear risk Judgement comment: falls not reported as an out-
come in trial registration

Method of ascertaining falls High risk Judgement comment: no falls definition reported

Baseline imbalance Low risk Judgement comment: groups balanced at baseline

Other bias Low risk Judgement comment: none detected

A&E: emergency department
ADLs: activities of daily living
AMTS: Abbreviated Mental Test Score
BMI: body mass index
CPG: clinical practice guideline
DCM: dementia care mapping
GCS: Glasgow Coma Score
GP: general practitioner
IQR: interquartile range
ITT: intention-to-treat
IU: international unit
MMSE: Mini Mental State Examination
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N: No
NR: not reported
OT: occupational therapist
RCT: randomised controlled trial
SD: standard deviation
STOPP/START: Screening Tool of Older Persons potentially inappropriate Prescriptions/Screening Tool to Alert doctors to Right
Treatment
vs: versus
Y: Yes

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Barreca 2004 RCT. Falls outcomes. Supervised exercises in older people post stroke

Bernhardt 2008 RCT. Falls recorded as adverse events. Early rehabilitation post stroke

Bosner 2012 Not randomised. Five nursing homes agreed to participate; three were assigned sequentially for the inter-
vention and two for the control group

Bouwen 2008 RCT (cluster randomised). Nursing homes. Outcome of the study was a subgroup of falls only (falls with
medical consequences)

Capezuti 1998 RCT (cluster randomised). Nursing homes. The intervention was designed to minimise restraints, not to
reduce falls. Falls reported as adverse events

Crotty 2002 RCT. Accelerated discharge after hip fracture and home based rehabilitation in the community. Not designed
to reduce falls. Falls recorded as adverse events

Cucca 2017 Falls recorded as adverse events

Cummings 2015 Falls recorded as adverse events

Dattalo 2015 Wrong setting, participants likely to be in the community. Attempts to contact authors unsuccessful

Davison 2005 RCT. Post-fall intervention with falls outcomes. Only one participant in residential/nursing care

de Morton 2007 CCT. The primary outcome was discharge destination. Falls were recorded as adverse events

de Souto 2016 Falls recorded as adverse events

de Souto 2017 Falls recorded as adverse events

DeSure 2013 RCT, cross-over trial. Exercise Program to Prevent Falls in Institutionalized Elderly with Cognitive Deficits.
Falls data for phase 1 not clearly reported, falls data for phase 2 has contamination of intervention group.
Attempts to contact author unsuccessful. Available falls data considered invalid
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(Continued)

Donat 2007 RCT. Exercise interventions in nursing homes. No falls outcomes

Drahota 2013 Pilot RCT. Intervention was intended to reduce fall injuries, rather than falls

Fiatarone 1994 RCT. Boston FICSIT study in nursing home residents. No falls outcomes

Forster 2017 Falls recorded as adverse events

Fossey 2006 RCT. Nursing homes. Intervention to reduce antipsychotics in people with severe dementia. Falls were
recorded as adverse events

Galik 2014 Falls reported as adverse events

Galik 2015 Falls recorded as adverse events

Gianturco 2013 Wrong setting, RCT conducted at a geriatric day service with community-dwelling participants

Ginde 2017 Falls recorded as adverse events

Graafmans 1996 Wrong setting. 49% residing in homes for the elderly, included in community review

Grant 2005 RCT. Participants recruited in hospital after a hip fracture. Preventing falls in older people living in the
community

Greenspan 2013 Wrong study design, not an RCT.

Greenspan 2015 Falls recorded as adverse events

Gruber-Baldini 2011 RCT. Intervention to motivate nursing assistants to actively engage nursing home residents in functional
and physical activities. Falls recorded as adverse events

Gu 2006 Non-randomised controlled trial of exercise intervention in nursing homes. Experimental group was a
convenience sample from two nursing homes; matched control group selected from another nursing home
[personal communication]

Hardin 2013 Wrong patient population. Hospital setting. Author confirmed age of participants unknown

Harwood 2004 RCT. Participants recruited at the end of ward rehabilitation post hip fracture. Preventing falls in older
people living in the community

Hauer 2001 RCT. Exercise intervention. Recruited at the end of ward rehabilitation. Majority were community-dwelling
(4% living in nursing homes)

Heiberg 2017 Falls recorded as adverse events

Herrmann 2016 Falls reported as adverse events
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(Continued)

Hopman-Rock 1999 RCT. Participants with dementia in homes for the elderly. Falls recorded as safety issue, i.e. as adverse events

Huang 2005 RCT. Discharge planning intervention to prevent falls in older people living in the community

Il’nitskii 2014 Wrong study design, not an RCT

Ilfeld 2010 Falls recorded as adverse events

Jarret 2015 RCT. Intervention delivered in a rehabilitation setting, patients admitted from community, no falls in
hospitals, falls outcomes recorded post-discharge. Included in community review

Jeon 2015 Only injurious falls reported

JPRN-UMIN0000167 Wrong setting: likely community. Attempts to contact author unsuccessful. Trial discontinued

Kato 2006 Not RCT. “Prospective clinical trial” of an exercise programme in a long-term care facility with falls out-
comes. Nurses volunteered their ward to be an intervention ward (personal communication from authors)

Katz 2004 RCT in residential care population. Intervention: three doses of risperidone in people with dementia and
psychosis or agitation. Post hoc subgroup analysis of falls based on 85.9% of those randomised. Falls
reported as adverse events

Katz 2005 This study was not primarily a falls prevention intervention. Falls reported as adverse events

Kenny 2001 RCT. Follow-up of falls outcomes appears to be primarily in the community

Koczy 2011 The intervention was designed to minimise restraints, not to reduce falls. Falls reported as adverse events

Kopke 2012 RCT (cluster randomised). Nursing homes. The intervention was designed to minimise restraints, not to
reduce falls. Falls reported as adverse events

Kwok 2006 RCT. Intervention to determine whether bed-chair pressure sensors reduced physical restraint use. Falls
reported as adverse events

Lackner 2008 RCT in cognitively impaired nursing home residents with urge urinary incontinence. Falls reported as
adverse events

Li 2017 Falls recorded as adverse events

Lord 2003b RCT. Majority of participants community-dwelling. Only 121/551 participants were residents of an inter-
mediate level nursing care facility

Mailhot 2012 Falls recorded as adverse events

Mailhot 2014 Falls reported as adverse events

Mak 2016 Wrong setting. Intervention delivered in hospital, falls recorded in the community
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(Continued)

Mansfield 2015 Falls recorded as adverse events

McRae 1996 Not RCT. Falls and fallers were not primary outcomes but were monitored as possible adverse events

Mudge 2008 Non-randomised controlled study. Patients admitted to an intervention ward or control ward

NCT00973297 Wrong population: Patients post-stroke

NCT01054287 Author correspondence confirmed that study unpublished and unlikely to be published as primary author
has left the institution. Trial discontinued (results unavailable)

NCT01523600 Trial discontinued due to lack of funding.

NCT01618786 Intervention intended to reduce injuries not falls.

NCT02686515 Wrong population: Patients post-stroke

Nyaruhirira 2013 Wrong setting. Setting unclear, attempts to contact author unsuccessful

Ouslander 2005 RCT testing ’Functional Incidental Training’ in nursing homes. Not designed to reduce falls. Falls recorded
as adverse events

Parasurum 2011 Wrong patient population. Hospital mental health setting, patient age unknown, attempt to contact authors
unsuccessful, participants unlikely to be elderly

Pedreira 2014 Wrong population: Patients post-stroke

Peng 2014 Falls recorded as adverse events

Peri 2008 RCT (cluster). Pilot for Kerse 2008 (same intervention). Excluded because falls were recorded as possible
adverse effects of the intervention

Rantz 2001 RCT. Quality improvement intervention in nursing care facilities targeting 29 quality indicators, of which
falls was one. Only included 87/113 homes in the analysis (23% loss). Insufficient information provided
on falls outcomes to use in this review

Ray 2005 RCT. Study of falls related injuries. No data provided on falls or fallers

Reinhardt 2014 Falls reported as adverse events

Resnick 2002 Participants resident in continuing care retirement community but all living independently

Resnick 2012 RCT in assisted living facilities. Testing changing model of care to function-focused care. Falls monitored
as a safety issue, i.e. adverse events. Hypothesised that the intervention might increase the likelihood of
falling

Richter 2015 Falls recorded as adverse events
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(Continued)

Rolland 2007 RCT. Exercise programme to improve ability to perform ADL for people with Alzheimer’s disease in nursing
homes. Falls monitored as a safety issue, i.e. adverse events

Sackley 2009 RCT. Falls described as an outcome at trial registration but not mentioned as an outcome in the published
paper

Sahota 2014 Specific type of falls only, reported bedside and injurious falls, not total falls

Said 2012 Falls recorded as adverse events

Said 2015 RCT. Falls recorded as adverse events

Sato 2000 RCT. Etidronate versus placebo in older people with post stroke hemiplegia. Falls outcomes. Wrong pop-
ulation; article subsequently retracted

Sato 2005a RCT. Vitamin D vs placebo in older people with post stroke hemiplegia. Falls outcomes. Wrong population;
article subsequently retracted

Sato 2005b RCT. Folate and mecobalamine (vitamin B12) vs placebo in older people with post stroke hemiplegia. Falls
outcomes. Wrong population; article subsequently retracted

Sato 2011 RCT. Aledronate versus alphacalcidol in older people post-stroke. Falls outcomes. Wrong population;
scientific misconduct also likely

Schneider 2006 The objective of this study was to determine the effectiveness of atypical antipsychotic medications. Falls
were monitored as a potential adverse effect

Schwendimann 2006 Not RCT. Described as quasi-randomised in abstract but author confirmed that all consecutively admitted
patients were allocated at non-random order either to nursing unit A or B whenever a free hospital bed was
available (1 to 5 admissions/discharges per day). Nurse-led fall prevention programme

Sherrington 2016a Wrong setting, correspondence with the author indicated 3% participants were in care - excluded as majority
living in a community setting

Shimada 2003 RCT. Majority of participants community-dwelling (62%)

Shimada 2009 Not RCT. Exercise intervention versus control in a residential-care facility. Falls outcomes. Intervention on
2 days per week and 2 other days randomly selected to be control days

Siddiqi 2016 No falls outcomes

Sjoberg 2013 Wrong setting. Intervention partly in hospital and partly in community. Author confirmed that < 50%
residing in nursing homes at 6 and 12 months

Smith 2017 Falls data not reported separately to slips and trips. Not an RCT

Sola 2014 RCT. Setting unclear, likely to be in the community. Attempts to contact author unsuccessful
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(Continued)

Southard 2006 RCT with no falls outcomes. Balance and confidence were the primary outcomes of this study

Steadman 2003 RCT. Participants were attendees of a hospital-based falls clinic. “Prevously living in the community”
[personal communication]. Not preventing falls in hospital or nursing care facility

Tanikawa 2014 Falls recorded as adverse events

Tariot 2004 RCT. Trial testing effectiveness of memantine in people with Alzheimer’s disease already receiving donepezil.
Falls were monitored as a potential adverse effect of the intervention

Tariot 2005 RCT. Trial testing effectiveness of divalproex sodium in nursing home residents with possible or probable
Alzheimer disease. Falls were monitored as a potential adverse effect of the intervention

Teresi 2013 Wrong study design. Not an RCT, random selection for data collection, rather than allocation

Underwood 2011 Ongoing RCT (cluster randomised). Exercise intervention in residential and nursing homes Primary out-
come depression. No falls outcomes. Recording peripheral fractures and fear of falling

van Ooijen 2013 Wrong setting. Intervention delivered in hospital, author confirmed falls recorded post dischage and the
majority of participants were in the community

Vassallo 2004 Non-randomised controlled trial of a multidisciplinary fall-prevention programme in hospital. Falls out-
comes

Visvanathan 2015 Not an RCT

Von Koch 2001 RCT. Intervention: rehabilitation at home after a stroke. Not intervention to prevent falls; falls recorded as
adverse events

Wolf 2003 RCT. Participants in independent living facilities or congregate living facilities, i.e. not nursing care facilities.
Community-dwelling

Zhong 2007 RCT. Institutionalised participants with dementia randomised to quetiapine 200 mg per day, 100 mg per
day, or placebo. Falls monitored as a potential adverse effect of the intervention

ADL: activities of daily living
CCT: controlled clinical trial
RCT: randomised controlled trial
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Characteristics of studies awaiting assessment [ordered by study ID]

Dever 2016

Methods RCT

Participants Setting and sample: 26 care facilities, N = 150, Canada
Age (years): mean 86

Interventions • Falls-risk assessment
• Usual care

Outcomes • Number of falls

Notes Article located in search update (August 2017); pending processing
Falls reported as medians with range

Frohnhofen 2013

Methods RCT

Participants Setting and sample: Hospital setting, N = 178 geriatric patients during rehabilitation

Interventions FORTA (Fit-for-the-Aged) medication review

Outcomes • Number of falls.

Notes Conference abstract only. Publication likely to be same study as Michalek 2014, attempts to contact author unsuc-
cessful 6/7/16 and 26/10/16

Hewitt 2014

Methods RCT (cluster randomised)

Participants Inclusion criteria: residential-aged care facilities: have a mix of high-care residents and/or low-care residents; likely to
have 15 residents willing to participate; the facility manager consents to participation in the trial and to the allocation
of staff time.Participants: permanently reside in residential-aged care
Exclusion criteria: terminal or unstable illness; significant advanced cognitive decline (Mini Mental State Examination
</= 15); physical symptoms that preclude the safe use of exercise equipment in a group setting (e.g.. Parkinson’s
disease or hemiplegia); permanently wheelchair- or bed-bound; performed a similar balance and/or resistance training
programme within the previous 12 months

Interventions SUNBEAM program (Strength and Balance Exercise in Aged Care) conducted in group settings; comprising pro-
gressive resistance training and balance exercises from 0-6 months; then maintenance exercises for 7-12 months
Usual care

Outcomes • Number of falls
• Falls rate

Notes ACTRN12613000179730
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MacRitchie 2001

Methods RCT

Participants Setting and sample: two nursing homes, Connecticut, USA
N = 88
Age (years): mean 84 (SD 6.9), range 65 to 98
Inclusion criteria: none stated

Interventions • Standing-exercise Functional Maintenance programme of 4 months duration
• Control

Outcomes • Incidence of falls

Notes Thesis identified in the Cochrane Library (CENTRAL). No usable falls data in abstract. No published papers
identified

Raymond 2017

Methods RCT

Participants Setting and sample: Hospital setting, sub-acute, N = 468, Australia
≥ 65 years.

Interventions • Standing high-intensity functional group exercise 3x week plus individual physiotherapy 2x week.
• Daily individual physiotherapy exercises.

Outcomes • Number of falls
• Number of fallers

Notes Article located in search update (August 2017); pending processing
Few falls (total 12), not reported by group allocation.

Tallon 2013

Methods RCT

Participants Setting and sample: residential care
Inclusion criteria: living in nursing home, able to walk, no contra-indication to whole body vibration

Interventions • Exercise with whole body vibration, 3 times weekly for 20 minutes
• Standard exercise: same exercises on a non-vibrating platform

Outcomes • Number of falls
• Risk of falling

Notes Study completed. Conference abstract available. Author indicated study completed but analysis ongoing, study
unpublished [email 11/7/16]. No response received to follow-up email 31/1/2017
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Van der Linden 2017

Methods Consecutive allocation, prospective controlled trial.

Participants Setting and sample: hospital setting, sub-acute, N = 172, Belgium

Interventions • Medication review using RASP (Rationalization of home medication by an Adjusted STOPP in older Patients)
list and pharmacist led review.

• Control.

Outcomes • Number of falls
• Number of participants falling.

Notes Article located in search update (August 2017); pending processing
NCT01513265

Wylie 2017

Methods Pilot RCT

Participants Setting and sample: 6 care facilities, N = 468, UK, East Scotland

Interventions • 3-month podiatry intervention comprising core podiatry care, foot and ankle exercises, orthoses and footwear
provision

• Usual care

Outcomes • Number of falls
• Time to first fall

Notes Article located in search update (August 2017); pending processing
NCT02178527

RCT: randomised controlled trial
SD: standard deviation

Characteristics of ongoing studies [ordered by study ID]

ACTRN12613000228785

Trial name or title Preventing falls and fractures in low-level aged-care residents by increasing dairy food intake by two serves
per day

Methods RCT

Participants Low-level aged care residents with dietary calcium intake below 600 mg/day

Interventions • Additional 2 serves of dairy foods per day
• Usual diet
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ACTRN12613000228785 (Continued)

Outcomes • Falls
• Fractures

Starting date Not commenced.

Contact information Dr Sandra Iuliano
Endocrinology,
Level 2 Centaur Building
Heidelberg Repatriation Hospital
Waterdale Rd,
West Heidelberg, VIC, 3081
Australia
+61394963216
sandraib@unimelb.edu.au

Notes

ACTRN12615000817549

Trial name or title Establishing the effectiveness, cost-effectiveness and student experience of simulation training for the preven-
tion of falls amongst hospitalised inpatients

Methods RCT

Participants Inclusion criteria: patients admitted to intervention wards within a public hospital
Group 1

• All health professional undergraduate students from Monash University attending placement at
Peninsula Health for at least two weeks or more.

• Placement on wards which have been randomised to the intervention or control.
Group 2

Patients admitted to intervention wards within PH

Interventions • Health professional students attend a four hour simulation training session
• Usual care

Outcomes • Rate of falls
• Proportion of fallers
• Rate of injurious falls

Starting date 17/08/2015

Contact information Dr Cylie Williams
Peninsula Health 2 Hastings Rd Frankston, VIC, 3199, Australia
cyliewilliams@phcn.vic.gov.au
+61 3 97848125

Notes
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ACTRN12617000314325

Trial name or title Does abbreviating patient falls risk screening in documentation impact on falls in hospital inpatients: a stepped
wedge cluster randomised control trial

Methods RCT (stepped wedge)

Participants All patients who are admitted to intervention wards at Peninsula Health, Non inclusion of paediatric and
maternity wards

Interventions • The short Falls Risk Assessment Tool (FRAT) - a template which guides the user to falls intervention
strategies only.

• Patient focused falls interventions will be documented on a Short FRAT based on observed and
personalised need rather then the risk level.

• Control: the traditional FRAT

Outcomes • Rate of falls

Starting date March 2017.

Contact information Dr Cylie Williams
Peninsula Health
Level 3 - Office for Research
2 Hastings Rd,
Frankston VIC 3199
Australia
cyliewilliams@monash.edu

Notes Trial may be eligible depending on mean age of patients on trial completion

Dal Bello-Haas 2012

Trial name or title The effects of a long-term care walking programme on balance, falls and well-being

Methods RCT

Participants Inclusion criteria: 60 years or older; living in long-term care facility; able to follow simple instructions; able
to ambulate with or without an aid for at least 10 m; available Monday to Friday; willing to participate in a
5 days per week walking programme over a 4-month period
Exclusion criteria: recent cardiovascular event; uncontrolled hypertension; uncontrolled epilepsy; recent
fracture; unable to satisfactorily comply with the protocol requirements; recent admission into an acute care
facility (past 4 months); scheduled for surgery or hospitalisation in the next 6 months; participating in another
regular exercise programme (half an hour or more, three or more times per week ) aimed at improving balance
or strength

Interventions • Individualised; progressive; one-to-one supervised walking programme provided by study personnel
and supervised by a licensed physiotherapist

• Usual care

Outcomes 1. Falls incidence
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Dal Bello-Haas 2012 (Continued)

Starting date December 2010
Estimated completion December 2016

Contact information Vanina PM Dal Bello-Haas
School of Rehabilitation Sciences, McMaster University, 1400 Main Street West, 403/E, Hamilton, Ontario
L8S 1C7, Canada
vdalbel@mcmaster.ca

Notes CT.gov NCT01277809

Hassett 2016

Trial name or title Activity and MObility UsiNg Technology (AMOUNT) rehabilitation trial

Methods RCT

Participants Inclusion criteria: admitted for rehabilitation or assessment at one of the 3 study sites with: reduced mobility
(Short Physical Performance Battery score of less than 12); clinician-assessed capacity for improvement in
mobility; likely life expectancy of more than 12 months; anticipated length of stay of greater than or equal to
10 days; ability to maintain a standing position with 1 person assist as a minimum standard
Exclusion criteria: marked cognitive impairment; insufficient English language skills to participate in reha-
bilitation and no available interpreter; inadequate vision to use the devices; medical condition precluding ex-
ercise (unstable cardiac disease, uncontrolled hypertension, uncontrolled metabolic diseases, large abdominal
aortic aneurysm or a weight-bearing restriction); lack of interest in the use of the technologies; anticipated
discharge to nursing home; discharge location too far from study site to complete home visits and follow-up
assessments

Interventions • Tailored technology use (video and computer games/exercises and tablet applications as well as activity
monitors) to promote physical activity in addition to usual care

• Usual care

Outcomes 1. Number of falls.

Starting date September 2014. Data collection completed.

Contact information Prof Cathie Sherrington
The George Institute for Global Health
PO Box M201, Missenden Road Sydney NSW 2050 Australia
Phone: +61280524300
Email: csherrington@georgeinstitute.org.au

Notes ANZCTR. ACTRN12614000936628
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ISRCTN34353836

Trial name or title Finch: Falls in care homes study

Methods RCT (cluster randomised)

Participants Inclusion criteria: Care Home inclusion criteria

• Long stay with old age and/or dementia registration
• 10 or more potentially eligible residents
• Routinely record falls in resident personal records and on incident sheets
• Consent of care home manager to comply with the protocol and identify a care home fall champion

Resident inclusion criteria

• All long-term care home residents
Staff Inclusion Criteria (Process Evaluation Only)

• Employed by a Care Home participating in FINCH and selected for participation in the Process
Evaluation

• Employed in a caring role
Exclusion criteria: Care Home exclusion criteria

• Participated in GtACH pilot/feasibility studies
• Homes exclusively providing care for those with learning difficulties or substance dependency
• Homes with contracts under suspension with health or social providers, or that are currently subject to

safeguarding investigations or homes under CQC special measures
• Homes with a significant proportion of beds taken up by health-service commissioned intermediate-

care services
• Trained and routinely using a systematic falls prevention programme

Resident exclusion criteria

• Residents on short-term care (e.g. respite)
• Residents identified to be in the last few days of life

Staff Exclusion Criteria (Process Evaluation Only)

• Have a significant proportion of time caring for residents in health-service commissioned
intermediate-care services funded beds

Interventions • Guide to Action Care Home (GtACH) fall-prevention programme
• Usual care

Outcomes • Rate of falls
• Rate of fractures
• Injurious falls

Starting date 1 November 2016
No longer recruiting

Contact information Pip Logan
B108a Div Rehab and Ageing Medical School Queen’s Medical Centre
NG7 2UH
Nottingham
United Kingdom
pip.logan@nottingham.ac.uk

Notes
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ISRCTN42003273

Trial name or title Polypharmacy reduction in patients treated for chronic diseases (POLITE-RCT)

Methods RCT (cluster randomised)

Participants Hospital (acute care) inpatients aged 65 and over

Interventions • Medication review
• Usual care

Outcomes • Number of falls
• Fall related injury
• Fall related fractures

Starting date 1 November 2013. Completed October 2016.

Contact information Prof Attila Altiner
Rostock University Medical Center
Institute of General Practice
(Universitätsmedizin Rostock
Institut für Allgemeinmedizin)
POB 100888
Rostock
18055
Germany
+49 (0)381 4942481
altiner@med.uni-rostock.de

Notes

JPRN-UMIN000000555

Trial name or title The effects of whole body vibration for the prevention of falls in elderly

Methods RCT

Participants ≥ 65 years, resident of senior citizen institution
Excluded criteria: bedridden

Interventions • Whole Body Vibration; 3 minutes twice weekly for 12 months

Outcomes • Rate of falls

Starting date Study registered 25/12/2006
Study completed. Analysis completed 1/6/2009.

Contact information Tatsuya Koike, Osaka City University Medical School, Abenoku Asahimachi 1-4-3, Osaka, 545-8585, Japan

Notes Trials registry page last updated on 28/11/2012 .Attempt to contact author 3/7/16 unsuccessful
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JPRN-UMIN000008361

Trial name or title Multicenter, randomised, double-blind, placebo controlled, parallel group trial to evaluate the effect of Vitamin
D supplementation for fall prevention

Methods RCT (double-blind)

Participants Residents in the social welfare corporation kensyokai associated facilities

Interventions • Beverage contained Vitamin D supplement (liquid), 1 drop/day (1,000 IU) for 1 year
• Placebo beverage without Vitamin D supplement for 1 year

Outcomes • Falls
• Fracture incidence

Starting date Start: 20 Jan 2013. Data analysis completed 31/12/2014. No publication identified

Contact information Tetsuya Enishi
Division of Rehabilitation, Tokushima University Hospital, Tokushima University
enishi.tetsuya@tokushima-u.ac.jp

Notes Authors contacted 16/5/16, no response received. Last modified 17/8/2017, status indicates unpublished

McCullagh 2016

Trial name or title A twice-daily individual targeted exercise program in frail hospitalised older medical in-patients (APEP)

Methods RCT

Participants Inclusion criteria: ≥65 years, medical patients, anticipated length of stay greater than 2 days, planned for
discharge home, mobility aid and /or assistance required on admission
Exclusion criteria: contraindications to exercise, unable to follow commands in the English language, unable
to exercise with the assistance of one person only, when active palliative care is required, when full isolation
for containment of a contagious infection is required

Interventions • Twice-daily, individual, targeted, strengthening, balance and endurance exercise sessions
• Twice-daily, individual, stretching and relaxation exercise sessions (sham exercise)

Outcomes • Number of falls
• Number of falls injuries

Starting date March 2015.
Estimated completion May 2017.

Contact information Dr Suzanne Timmons,
Senior Lecturer in Gerontology and Rehabilitation,
University College Cork

Notes NCT02463864
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Mestres 2017

Trial name or title Supporting Clinical Rules Engine in the Adjustment of Medication (SCREAM)

Methods RCT (cluster randomised)

Participants Inclusion criteria: residents living in a nursing home in the Netherlands. The nursing homes are able to
deliver the medication and lab data electronically

Interventions • Medication review. A clinical decision support system, the CRR (clinical rule reporter) will be used to
weekly screen medication list, laboratory values and medical history in order to obtain potential clinical
relevant remarks that will be sent to the correspondent physician with an advice on how to improve/solve
the situation.

• Usual care.

Outcomes • Number of falls (as part of composite measure)

Starting date June 2013.
Planned completion June 2016.

Contact information Dr. PHM van der Kuy

Notes NTR5165

Mudge 2017

Trial name or title CHERISH (Collaborative for Hospitalised Elders: Reducing the Impact of Stays in Hospital)

Methods RCT (cluster randomised)

Participants Inclusion criteria: ≥ 65 years, admitted to hospital for 3 or more days, with admission to nominated
intervention or control ward
Exclusion criteria: discharged from hospital within 2 days; palliative intent of care

Interventions • “Eat Walk Engage”, a quality improvement programme designed to enhance uptake of evidence-based
processes of care for older inpatients.The target processes are early mobility; adequate oral nutritional
intake; and meaningful, cognitively stimulating activities.

• Usual care, including any facility based improvement programmes.

Outcomes • Number of falls (as part of composite measure)

Starting date October 2015.

Contact information Prof Alison Mudge
Building C28 Level 1
Royal Brisbane and Women’s Hospitals
Herston Queensland 4029 Australia
Email Alison.Mudge@health.qld.gov.au

Notes ACTRN12615000879561
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NCT00636675

Trial name or title CONNECT

Methods RCT (cluster randomised by nursing home)

Participants 16 nursing homes (560 residents and 576 staff members)

Interventions • CONNECT plus standard FALLS quality improvement programme. CONNECT is a multi-
component intervention that helps staff; learn new strategies to improve day-to-day interactions; establish
relationship networks for creative problem-solving; and sustain newly acquired interaction behaviours
through mentorship

• FALLS quality improvement programme

Outcomes • Fall rates (secondary outcome)

Starting date September 2009. Estimated completion September 2016.

Contact information Ruth Anderson, RN, PhD
Duke University School of Nursing
Durhan, North Carolina, USA, 27710
Email: ruth.anderson@duke.edu

Notes Included study (Colon-Emeric 2013) is a pilot study including 8 care facilities, this study includes 16 sites

NCT01483456

Trial name or title Impact of multidisciplinary program on falls in elderly inpatients (IPR)

Methods RCT (stepped wedge)

Participants Setting: hospitals (rehabilitation wards and geriatric acute wards), France
N = 1680 (target sample size)
Inclusion Criteria: aged ≥ 65; admitted during study; consenting
Exclusion Criteria: cognitively impaired (MMSE < 10); psychiatric pathology; bedridden

Interventions • Multifactorial intervention; identification of patient’s fall risk; multifactorial fall-prevention
programme (integrated actions targeted on risk factors; exercise programs and review of the hospital
environment); “Get up” workshop and morbidity and mortality conferences related to fall cases

• Usual care

Outcomes • Incidence of falls
• Incidence of fall-related injury

Starting date July 2011

Contact information P Krolak-Salmon
Hospices Civils de Lyon
Email: pierre.krolak-salmon@chu-lyon.fr
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NCT01483456 (Continued)

Notes IPR (in French “Identifier, Prévenir, Relever”). Study design described as “Intervention model: single group
assignment” no mention of a control group. Contact person has confirmed that this is an RCT
Author correspondence confirmed trial design. Enquired about study completion 13 Jan 2017, no response
received

NCT01551121

Trial name or title Assessment of an automated telesurveillance system on the incidence of serious falls in nursing homes
(TELEHPAD)

Methods RCT (individually randomised)

Participants Settting: 3 Nursing homes in the Limousin region
Target sample size: N = 216
Sample: people admitted to Limoges or Gueret nursing homes
Inclusion criteria: aged 75; consenting; able to understand the study and complete evaluations; able to stand
up from the bed; covered by French health insurance
Exclusion criteria: short-term prognosis; in multiple bed room and one co-occupant does consent to partic-
ipate

Interventions • Installation of automated telesurveillance system (camera installed in room)
• Usual care

Outcomes Duration: 1 year
• Number of people falling

Starting date March 2012.

Contact information Thierry Dantoine, MD
University Hospital
Limoges
Email: thierry.dantoine@chu-limoges.fr

Notes Correspondence with T Dantoine confirmed study ongoing 10 August 2016. Study listed as recruiting as at
10 November 2017

NCT01561872

Trial name or title Assessment of an automated telesurveillance system on serious falls prevention in an elderly suffering from
dementia specialized care unit: the URCC (GET-BETTER)

Methods RCT (individually randomised)

Participants Setting: Limoges and Brive’s URCC
Target sample size = 350
Inclusion Criteria: men and women aged > 65; admitted to Limoges or Brive’s URCC (dementia care unit)
; consenting; covered by French health insurance
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NCT01561872 (Continued)

Exclusion Criteria: short-term prognosis

Interventions • Automated telesurveillance system (camera installed)
• Control: usual care (no telesurveillance)

Outcomes Duration of study: 6 months
• Rate of falls
• Rate of injurious falls

Starting date April 2012.Completed 2016

Contact information Dr T Dantoine
University Hospital
Limoges
France
Email: thierry.dantoine@chu-limoges.fr

Notes URCC: Unité de Réadaptation Cogintico-Comportementale (Unit for demented patients’ rehabilitation)
(Dantoine T, personal communication Oct 20 2012). Correspondence with T Dantoine confirmed study
completed, analysis ongoing as at 10 August 2016

NCT01735682

Trial name or title Whole body vibration exercise training for institutionalized elderly

Methods RCT (single blind)

Participants Inclusion Criteria

• ≥ 65 years
• Functional Ambulation Category 1 to 4
• able to understand simple verbal commands
• able to tolerate intermittent physical activity for at least 45 minutes
• able to perform knee flexion > 45 degree
• able to stand with or without support for 1 minute or more

Interventions • Whole body vibration
• Conventional exercise
• Upper limb exercise

Outcomes • Falls incidence

Starting date Estimted study completion October 2015. Last verified May 2014

Contact information The Hong Kong Polytechnic, University
Shatin Hospital, Hong Kong

Notes Enquiry sent to author about study completion 3 July 2016. No response received
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NCT01876095

Trial name or title Discontinuing Inappropriate Medication in Nursing Home Residents (DIM-NHR)

Methods RCT

Participants Inclusion criteria

Wards

• Long-stay ward
• Capability and commitment to perform a multidisciplinary multi-step medication review.

Participants

• A life expectancy of > 4 weeks as judged by the treating elderly care physician.
• IC provided by patients themselves or provided by a legal representative for incapacitated patients.

Interventions • Multidisciplinary medication review
• Usual care

Outcomes 1. Falling

Starting date Study completed April 2016

Contact information Dr Katja Taxis
University of Groningen
ZonMw: The Netherlands Organisation for Health, Research
Development,

Notes Author enquiry sent 3 July 2016, 14 Oct 2016, no response received

NCT02295462

Trial name or title Effect of person-centred-care on antipsychotic drug use in nursing homes: a cluster-randomised trial

Methods RCT

Participants Inclusion Criteria

• Nursing homes with at least 50 residents
• All residents within a cluster are eligible to participate in the study

Interventions • Medication review + person-centred care
• Medication review only

Outcomes • Falls

Starting date Start date December 2014.
Estimated completion March 2017

Contact information Prof. Dr.Gabriele Meyer,
Martin-Luther-Universität Halle-Wittenberg
Halle (Saale), Sachsen-Anhalt, Germany, 06110
+49 ext 3455574498gabriele.meyer@medizin.uni-halle.de
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NCT02295462 (Continued)

Notes

NCT02570945

Trial name or title Trial of a pharmacist-physician intervention model to reduce high-risk drug use by hospitalised elderly patients

Methods RCT

Participants Inclusion Criteria

• Patients 65 and older admitted at the Centre hospitalier universitaire de Sherbrooke

Interventions • Pharmacist-physician medication review to reduce high-risk medication use by elderly inpatients
• Control

Outcomes • Number of falls

Starting date Study completed. Completion December 2015

Contact information Benoit Cossette, Principal investigator, Centre de recherche du Centre hospitalier universitaire de Sherbrooke

Notes

NCT02604056

Trial name or title Pragmatic cluster trial for nursing home antipsychotic prescribing

Methods RCT (cluster randomised)

Participants Inclusion Criteria

• Nursing homes within pre-determined regions of Ontario that expressed an interest in the full
intervention (the regions; or hubs; contain a wide variety of nursing home types within a reasonable travel
distance [i.e. < 100 km])

• Nursing homes within the hubs in which the medical and administrative leads agree to and support the
project
Exclusion Criteria

• Nursing homes with a previous or ongoing involvement in externally supported quality improvement
initiatives focusing on antipsychotic medications

• Nursing homes without any prescribers caring for at least 10 residents routinelyNursing homes with
fewer than 30 residents

Interventions • Audit & feedback & educational outreach. Educational Outreach offered to each prescriber and team
members in the home

• Usual care: Audit & feedback. Standard quality improvement supports (including online Audit and
Feedback reports for each prescriber in the home)

Outcomes • Falls
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NCT02604056 (Continued)

Starting date September 2015. Estimated completion December 2017

Contact information Women’s College Hospital, Ontario Ministry of Health, Long Term Care, Ontario Medical Association,
Health Quality Ontario, Centre for Effective Practice

Notes

NCT02702037

Trial name or title Older Person’s Exercise and Nutrition study (OPEN): a simple physical exercise combined with protein sup-
plement - effects on functional status and independence among older people: a cluster randomised controlled
trial

Methods RCT (individually randomised)

Participants Inclusion Criteria

• 75 Years and older
• Able to rise independently from a seated position to standing
• Nursing home setting

Exclusion Criteria

• BMI >30
• Severe dysphagia
• Tube feeding
• Severe kidney failure
• Bedridden people
• Terminal stage of life
• Lack of informed consent

Interventions • The participants will be supported to perform the sit-to-stand exercise at least four times per day
during 12 weeks (7 days/week). The participants will also be offered an oral protein-rich supplement (125
mL, 18 g protein (24% of RDI), 300 kcal) twice a day in conjunction with two of the four sit-to-stand
exercises during 12 weeks (7 days/week)

• Usual care

Outcomes • Falls

Starting date March 2016

Contact information Karolinska Institute, Nutricia Foundation

Notes Anne-Marie Bostrom, PhD
Karolinska Institutet
Stockholm, Sweden
anne-marie.bostrom@ki.se

264Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.

http://mailto:anne-marie.bostrom%40ki.se?subject=NCT02702037,%20ISS.FinGrant_Fortimel_2015,%20Older%20Person%27s%20Exercise%20and%20Nutrition%20Study
http://mailto:anne-marie.bostrom%40ki.se?subject=NCT02702037,%20ISS.FinGrant_Fortimel_2015,%20Older%20Person%27s%20Exercise%20and%20Nutrition%20Study


NCT02714257

Trial name or title Seniors avoiding falls through exercise study

Methods RCT

Participants Inclusion Criteria

• ≥ 65 years old
• Previous Fragility Fracture (FF) in past 5 years
• Able to speak and understand English
• Participants will need to be willing to try exercising and agree to annual follow-up measurements

Interventions • Enhanced Usual Care plus Exercise Coaching Intervention. Participants will receive the three printed
pamphlets on fall risks and exercising in groups (same as the controls) plus; (1) an exercise programme that
includes strength, balance, and aerobic exercises; (2) an exercise coach that provides in-person and telephone
support/feedbacks to enhance participation in the exercise programme; and (3) regular progress reports sent
by coaches by fax/Electronic Health Records every 12 weeks, to communicate the patient’s progress

• 2. Usual care. Enhanced usual care by reviewing three printed pamphlets on fall risks and
recommendation to exercise. In addition, to maximise patient safety, the investigators will communicate the
baseline bone density results (measured by Dual-energy X-ray absorptiometry, DXA) to the patient’s
primary care provider, and any critical values of a baseline measure

Outcomes • Number of falls
• Injurious falls

Starting date September 2016
Estimated study completion August 2020

Contact information Sol M Rodriguez-Colon
Penn State Hershey Medical Center
Hershey, Pennsylvania, USA, 17033
smr359@psu.edu

Notes The intervention will be held in churches, community centres, and senior residential facilities. Study may be
eligible depending on proportion of participants in aged-care facilities

NCT02714582

Trial name or title Feasibility, appropriateness, meaningfulness and effectiveness of bedside shift reporting

Methods RCT

Participants Inclusion Criteria

• Admitted on a participating hospital ward
• Be conscious
• Speak Dutch
• Participated in at least 3 bedside shift reports

Exclusion Criteria

• Dementia or other severe cognitive/mental disorders
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NCT02714582 (Continued)

Interventions • Bedside Shift Reporting (BSR). The experimental group (nurses and patients) will:
◦ develop a tailored BSR-intervention by use of co-design; diagnostic interviews and pilot testing
◦ use the tailored BSR-intervention, with participation of the patient; instead of the regular nurse

shift report
• Usual care. No bedside shift report

Outcomes • Falls incidence

Starting date March 2016
Estimated completion February 2018

Contact information Ann Van Hecke, MSc, PhD
Ghent University/Ghent University Hospital

Notes

NCT02757131

Trial name or title Dedicated ambulator-assisted physical activity to improve hospital outcome measures in elderly patients

Methods RCT

Participants Hospital setting.
Inclusion Criteria

• Men or women 60 years of age or older admitted as inpatients to participating wards in the Medicine
Institute, Cleveland Clinic Main Campus during the study time period

• Hospitalised for a medical illness
• Complete history and physical examination on file
• Physical therapy consult and 6-Clicks score between 16-20 a. This is based on a usual care assessment

ordered by a physician that will happen prior to any study recruitment - it is entirely independent of the
study
Exclusion Criteria

• Observational status
• Admission to ICU
• Surgical patients
• Patients diagnosed with: decompensated heart failure, unstable angina, other medical conditions

precluding participation in exercise/ambulation
• Comfort care measures only

Interventions • Ambulator-assisted physical therapy, Ambulation protocol as directed by physical therapist and three
times daily under supervision of dedicated ambulator patient care nursing assistant

• Usual care

Outcomes • Number of falls.

Starting date July 2016.
Completed July 2017.
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NCT02757131 (Continued)

Contact information Aaron Hamilton, MD
Cleveland Clinic Foundation
Cleveland, Ohio, USA, 44195

Notes

NCT02969343

Trial name or title Patient safety learning laboratory: making acute care more patient-centered

Methods RCT (stepped wedge)

Participants Hospital setting

Estimated enrolment 21,000 participants.
Inclusion Criteria: patients 18-99 years of age on hospital care units where the PSLL patient safety health
information technology tools are implemented

Interventions • Implementation of three Patient Safety Learning Laboratory (PSLL) toolkits. 1) Patient-centered fall-
prevention toolkit 2) Patient safety checklist tool and 3) MySafeCare Patient Safety Reporting System

• Usual care

Outcomes • Rate of falls
• Rate of injurious falls

Starting date April 2015.
Estimated completion September 2018.

Contact information Principal Investigator: David W. Bates, MD, MSc, Brigham and Women’s Hospital
Contact: Alexandra C Businger 617-732-7063 abusinger@partners.org
Contact: Patricia Dykes, RN PhD 617-732-8925 pdykes@partners.org
Boston, Massachusetts, USA, 02115

Notes Trial may be eligible depending on age of patients on trial completion

NCT03014570

Trial name or title Testing iImplementation of EIT-4-BPSD.

Methods RCT

Participants Inclusion Criteria

• Living in the nursing home
• 55 years of age or older
• score 0-12 on the Brief Interview of Mental Status

Exclusion Criteria

• Enrolled in hospice
• in the nursing home for short-stay rehabilitation
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NCT03014570 (Continued)

Interventions • 4-step intervention: a. Assessment of the environment and policies; b. Education of staff; c.
Establishing person-centered care plans; and d. Mentoring and motivating staff.

• Education-only control

Outcomes • Number of falls.

Starting date April 2016.

Contact information Barbara Resnick, Professor, University of Maryland
Baltimore, Maryland, USA, 21201

Notes

NCT03019211

Trial name or title Feasibility aquatic physical exercise to reduce falls in institutionalized elderly (PrePhysFalls)

Methods RCT

Participants Inclusion criteria

• Be institutionalised in a care centre
• Participate voluntarily and sign the informed consent
• Have a punctuation of 2 or more in The Downton Fall Risk Index

Exclusion criteria

• Suffer from a condition that can be affected or hinder exercise
• Acute disease unresolved in 10 days
• Not controlled hypertension
• Contagious skin disorder
• Urinary or faecal incontinence

Interventions • Hydrotherapy. Static/dynamic exercises (balance and resistance training) in an aquatic environment
• Control. Exercises out of a water environment

Outcomes • Number of falls.

Starting date Started April 2016.
Completed March 2017.

Contact information Mercè Sitjà Rabert
Universitat Ramon Llull, Barcelona, Spain

Notes
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NCT03192384

Trial name or title A service intervention to reduce falls in hospital

Methods RCT (stepped wedge, cluster randomised)

Participants Inclusion Criteria

• All patients on ward

Interventions • Implementation of educational programme intervention
• Usual care

Outcomes • Rate of falls.

Starting date May 2017

Contact information Professor Richard Lilford, University of Warwick
Coventry, Warwickshire, United Kingdom, CV2 2DX

Notes

NTR5015

Trial name or title Randomized controlled intervention trial on falling and functional decline in the hospitalised elderly

Methods RCT (cross-over trial)

Participants Inclusion criteria: patients >70 years; stay in hospital > 3 days; agreement by the attending doctor; informed
consent; ability to read and write Dutch
Exclusion criteria: patients in isolation precautions; patients who can not go to the room where the activity
programme is given; patients participating in another study

Interventions • A daily two hours activities of daily life programme with occupational therapy by volunteers;
physiotherapy and ergotherapy to improve the physical and mental condition

Outcomes • Incidence of falls

Starting date 5 January 2015

Contact information Sandra Koster
s.koster@mst.nl

Notes Author correspondence indicated that quote: “we can inform you that the main group of participants can be
defined as elderly patients (> 65 year)”
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Scheffers-Barnhoorn 2017

Trial name or title FIT-HIP. Fear of falling intervention in hip fracture geriatric rehabilitation: a cluster randomised controlled
trial

Methods RCT (cluster randomised)

Participants Inclusion criteria

• Aged 65 years or older
• Admitted to a geriatric rehabilitation (GR) unit for rehabilitation due to a hip fracture
• Concerned to fall. This is measured by the one item fear of falling question (answering ‘positively’ in

the category sometimes, often or very often)
Exclusion criteria

The patient has a condition interfering with learning ability, such as:
• A diagnosis of dementia or score on the ’hetero-anamnesis list cognition’ > 1, suggesting pre-morbid

cognitive problems
• A major psychiatric disease
• Insufficient mastery of Dutch language
• The patient has a limited life expectancy
• The patient has a pathological hip fracture
• Pre-fracture Barthel-index score < 15 (as a measure of ADL dependency)

Interventions • Treatment of fear of falling. The FIT-HIP intervention consists of various elements of cognitive-
behaviour therapy (guided exposure, psycho-education, cognitive restructuring, relapse prevention). This
will be combined with exercise training in the physiotherapy sessions

• Usual care

Outcomes • Number of falls

Starting date March 2016.

Contact information Maaike Scheffers-Barnhoorn
Leiden University Medical Center (LUMC), Department of Public Health and Primary Care
The Netherlands.

Notes NTR5695

ADL: activities of daily living
BMI: body mass index
IC: informed consent
ICU: intensive care unit
IU: international unit
RCT: randomised controlled trial
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D A T A A N D A N A L Y S E S

Comparison 1. Care facilities: Exercise vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 2002 Rate ratio (Random, 95% CI) 0.93 [0.72, 1.20]
2 Rate of falls and number of

fallers: trials with incomplete
data

Other data No numeric data

3 Number of fallers 10 2090 Risk Ratio (Random, 95% CI) 1.02 [0.88, 1.18]
4 Number of people sustaining a

fracture
1 Risk Ratio (Fixed, 95% CI) Subtotals only

4.1 Hip fractures 1 183 Risk Ratio (Fixed, 95% CI) 0.16 [0.01, 2.81]
4.2 All fractures 1 183 Risk Ratio (Fixed, 95% CI) 0.88 [0.25, 3.14]

5 Rate of falls, excluding studies
with ≤20 participants in each
arm

8 1959 Rate ratio (Random, 95% CI) 0.91 [0.72, 1.15]

6 Number of fallers, excluding
studies with ≤20 participants
in each arm

9 Risk Ratio (Random, 95% CI) 1.04 [0.89, 1.21]

7 Adverse events: aches and pains 1 582 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.61, 2.48]
7.1 Severe soreness 1 194 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.40, 2.04]
7.2 Severe bruises 1 194 Risk Ratio (M-H, Fixed, 95% CI) 2.0 [0.18, 21.69]
7.3 Severe fatigue 1 194 Risk Ratio (M-H, Fixed, 95% CI) 4.0 [0.46, 35.14]

Comparison 2. Care facilities: Exercises vs usual care (grouped by type of exercise)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 Rate Ratio (Random, 95% CI) Subtotals only
1.1 Gait, balance, functional

training
4 1347 Rate Ratio (Random, 95% CI) 0.96 [0.69, 1.33]

1.2 Whole body vibration 1 62 Rate Ratio (Random, 95% CI) 0.96 [0.58, 1.60]

1.3 Combination of exercise
categories (see Appendix 4 for
categories in each trial)

6 683 Rate Ratio (Random, 95% CI) 0.94 [0.60, 1.47]

2 Number of fallers 10 Risk Ratio (Random, 95% CI) Subtotals only
2.1 Gait, balance, and

functional training
5 1452 Risk Ratio (Random, 95% CI) 1.02 [0.80, 1.31]

2.2 3D (Tai Chi) 1 59 Risk Ratio (Random, 95% CI) 0.60 [0.19, 1.87]
2.3 Whole body vibration vs

usual care
1 62 Risk Ratio (Random, 95% CI) 0.88 [0.54, 1.43]
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2.4 Combination of exercise
categories (see Appendix 4 for
categories in each trial)

4 607 Risk Ratio (Random, 95% CI) 1.07 [0.88, 1.29]

Comparison 3. Care facilities: Exercise vs usual care (grouped by level of care)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 Rate ratio (Random, 95% CI) Subtotals only
1.1 High level nursing care

facilities
2 210 Rate ratio (Random, 95% CI) 1.79 [0.89, 3.60]

1.2 Intermediate level care
facilities

5 1315 Rate ratio (Random, 95% CI) 0.70 [0.47, 1.04]

1.3 Facilities providing mixed
levels of care

3 477 Rate ratio (Random, 95% CI) 1.08 [0.92, 1.28]

2 Number of fallers 10 2090 Risk Ratio (Random, 95% CI) 1.02 [0.88, 1.18]
2.1 High level nursing care

facilities
1 194 Risk Ratio (Random, 95% CI) 1.16 [0.83, 1.62]

2.2 Intermediate level care
facilities

6 1419 Risk Ratio (Random, 95% CI) 0.94 [0.75, 1.17]

2.3 Mixed level care facilities 3 477 Risk Ratio (Random, 95% CI) 1.05 [0.76, 1.47]

Comparison 4. Care facilities: Comparisons of different exercise programs (see Appendix 4 for details)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 5 Rate Ratio (Fixed, 95% CI) Subtotals only
1.1 Additional gait, balance,

functional training
2 56 Rate Ratio (Fixed, 95% CI) 0.62 [0.40, 0.96]

1.2 Strength/resistance vs self-
training

1 34 Rate Ratio (Fixed, 95% CI) 0.74 [0.50, 1.10]

1.3 Balance and strength vs
self-training

1 32 Rate Ratio (Fixed, 95% CI) 0.48 [0.30, 0.77]

1.4 Flexibility (Yoga) vs
’Staying active’ program

1 20 Rate Ratio (Fixed, 95% CI) 0.47 [0.24, 0.91]

1.5 3D (Tai Chi) vs ’Staying
active’ program

1 20 Rate Ratio (Fixed, 95% CI) 0.52 [0.28, 0.98]

1.6 Flexibility (Yoga) vs 3D
(Tai Chi)

1 18 Rate Ratio (Fixed, 95% CI) 1.11 [0.51, 2.37]

1.7 3D exercises (“In balance”)
vs Functional balance, strength
& mobility

1 142 Rate Ratio (Fixed, 95% CI) 0.73 [0.60, 0.89]

1.8 Wii balance board vs
Otago balance program

1 60 Rate Ratio (Fixed, 95% CI) 0.35 [0.19, 0.63]
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2 Rate of falls and number of
fallers: trials with incomplete
data

Other data No numeric data

3 Number of fallers 5 Risk Ratio (Fixed, 95% CI) Subtotals only
3.1 Additional gait, balance,

and functional training
2 56 Risk Ratio (Fixed, 95% CI) 0.79 [0.43, 1.45]

3.2 Strength/resistance vs self-
training

1 34 Risk Ratio (Fixed, 95% CI) 0.56 [0.30, 1.03]

3.3 Balance and strength vs
self-training

1 32 Risk Ratio (Fixed, 95% CI) 0.55 [0.29, 1.05]

3.4 Additional whole body
vibration

1 159 Risk Ratio (Fixed, 95% CI) 1.28 [0.71, 2.31]

3.5 3D exercises (“In balance”)
vs Functional balance, strength
& mobility

1 142 Risk Ratio (Fixed, 95% CI) 0.92 [0.70, 1.21]

3.6 Comparison of
combination exercise
programmes

1 41 Risk Ratio (Fixed, 95% CI) 0.54 [0.29, 1.01]

4 Number of people sustaining a
fracture

1 Risk Ratio (Fixed, 95% CI) Totals not selected

4.1 Total fractures 1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 5. Care facilities: Medication review vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 7 Rate ratio (Random, 95% CI) Subtotals only

1.1 General medication
reviews vs usual care

6 2409 Rate ratio (Random, 95% CI) 0.93 [0.64, 1.35]

1.2 Medication review for
hyponatraemia

1 9 Rate ratio (Random, 95% CI) 0.63 [0.16, 2.49]

2 Number of fallers 7 Risk Ratio (Random, 95% CI) Subtotals only
2.1 General medication review

vs usual care
6 5139 Risk Ratio (Random, 95% CI) 0.93 [0.80, 1.09]

2.2 Medication review for
hyponatraemia

1 9 Risk Ratio (Random, 95% CI) 0.42 [0.07, 2.59]

3 Number of people sustaining a
fracture

1 Risk Ratio (Fixed, 95% CI) Totals not selected

3.1 General medication review
vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Rate of falls post-hoc sensitivity
analysis (excluding Potter
2016)

5 Rate ratio (Random, 95% CI) Subtotals only

4.1 General medication
reviews vs usual care

5 Rate ratio (Random, 95% CI) 0.82 [0.60, 1.11]

5 Serious adverse events 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
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5.1 General medication review
vs usual care

1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 6. Care facilities: Vitamin D supplementation vs no vitamin D supplementation

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 6 Rate ratio (Random, 95% CI) Subtotals only
1.1 Additional Vitamin D

supplementation
4 4512 Rate ratio (Random, 95% CI) 0.72 [0.55, 0.95]

1.2 Multivitamins (including
vitamin D3 + calcium) vs
placebo

1 91 Rate ratio (Random, 95% CI) 0.38 [0.20, 0.71]

1.3 Education on Vitamin
D + calcium + osteoporosis
medications vs usual care

1 4017 Rate ratio (Random, 95% CI) 1.03 [0.85, 1.25]

2 Number of fallers 7 Risk Ratio (Random, 95% CI) Subtotals only
2.1 Vitamin D

supplementation
4 4512 Risk Ratio (Random, 95% CI) 0.92 [0.76, 1.12]

2.2 Vitamin D + calcium
supplementation vs placebo

1 583 Risk Ratio (Random, 95% CI) 1.03 [0.90, 1.18]

2.3 Multivitamins (including
vitamin D3 + calcium) vs usual
care or placebo

1 91 Risk Ratio (Random, 95% CI) 0.82 [0.40, 1.66]

2.4 Education on Vitamin
D + calcium + osteoporosis
medications vs usual care

1 4017 Risk Ratio (Random, 95% CI) 1.05 [0.90, 1.23]

3 Number of people sustaining a
fracture

4 Risk Ratio (Random, 95% CI) Subtotals only

3.1 Vitamin D
supplementation

3 4464 Risk Ratio (Random, 95% CI) 1.09 [0.58, 2.03]

3.2 Vitamin D3 + calcium vs
placebo

1 583 Risk Ratio (Random, 95% CI) 0.62 [0.36, 1.07]

4 Adverse events 4 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
4.1 Multivitamins (including

vitamin D3 + calcium) vs usual
care or placebo

1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.2 Vitamin D + calcium
supplementation

1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.3 Vitamin D
supplementation

2 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Comparison 7. Care facilities: Environmental interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 1 Rate Ratio (Fixed, 95% CI) Totals not selected
1.1 Wireless position-

monitoring patch vs usual care
1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 8. Care facilities: Social environment vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 4 Rate Ratio (Fixed, 95% CI) Totals not selected

1.1 Staff education on fracture
prevention vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Guideline implementation
programme vs control

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.3 Risk assessment tool vs
nurses’ judgement

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.4 Dementia care mapping
vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 1 Risk Ratio (Fixed, 95% CI) Totals not selected
2.1 Risk assessment tool vs

nurses’ judgement
1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Number of people sustaining a
fracture

2 Risk Ratio (Fixed, 95% CI) Subtotals only

3.1 Risk assessment tool vs
nurses’ judgement

1 1125 Risk Ratio (Fixed, 95% CI) 0.96 [0.57, 1.63]

3.2 Project nurse facilitating
best-practice falls injury
prevention strategies vs usual
care

1 5391 Risk Ratio (Fixed, 95% CI) 0.95 [0.63, 1.44]

Comparison 9. Care facilities: Psychological interventions vs control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 1 Rate Ratio (Fixed, 95% CI) Totals not selected
1.1 Exercise + cognitive

training vs exercise
1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 1 Risk Ratio (Fixed, 95% CI) Totals not selected
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2.1 Exercise + cognitive
training vs exercise

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 10. Care facilities: Other single interventions vs control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 2 Rate Ratio (Fixed, 95% CI) Totals not selected
1.1 Lavender patch vs placebo 1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]
1.2 Sunlight exposure vs usual

care
1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 2 Risk Ratio (Fixed, 95% CI) Totals not selected
2.1 Lavender patch vs placebo 1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]
2.2 Sunlight exposure vs usual

care
1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Number of people sustaining a
fracture

1 Risk Ratio (Fixed, 95% CI) Totals not selected

3.1 Sunlight exposure vs usual
care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 11. Care facilities: Multiple interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 2 Rate Ratio (Fixed, 95% CI) Totals not selected

1.1 Exercise + management of
urinary incontinence + fluid
therapy vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Sunlight exposure +
calcium vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 2 Risk Ratio (Fixed, 95% CI) Totals not selected
2.1 Exercise + management of

urinary incontinence + fluid
therapy vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 Sunlight exposure +
calcium vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Number of people sustaining a
fracture

2 Risk Ratio (Fixed, 95% CI) Totals not selected

3.1 Exercise + management of
urinary incontinence + fluid
therapy vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3.2 Sunlight exposure +
calcium vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]
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Comparison 12. Care facilities: Multifactorial interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 3439 Rate ratio (Random, 95% CI) 0.88 [0.66, 1.18]
2 Number of fallers 9 3153 Risk Ratio (Random, 95% CI) 0.92 [0.81, 1.05]
3 Number of people sustaining a

fracture
5 2160 Risk Ratio (Random, 95% CI) 0.79 [0.30, 2.07]

Comparison 13. Care facilities: Multifactorial interventions vs usual care (grouped by level of care)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 3439 Rate Ratio (Random, 95% CI) 0.88 [0.66, 1.18]
1.1 High level nursing care

facilities
2 1499 Rate Ratio (Random, 95% CI) 0.59 [0.44, 0.79]

1.2 Intermediate level care
facilities

3 670 Rate Ratio (Random, 95% CI) 0.64 [0.50, 0.83]

1.3 Mixed level care facilities 5 1270 Rate Ratio (Random, 95% CI) 1.23 [0.85, 1.77]
2 Number of fallers 9 Risk Ratio (Random, 95% CI) Subtotals only

2.1 High level nursing care
facilities

1 981 Risk Ratio (Random, 95% CI) 0.75 [0.57, 0.98]

2.2 Intermediate level care
facilities

3 670 Risk Ratio (Random, 95% CI) 0.75 [0.60, 0.94]

2.3 Mixed level care facilities 5 1502 Risk Ratio (Random, 95% CI) 1.01 [0.88, 1.15]

Comparison 14. Care facilities: Multifactorial interventions vs usual care (grouped by level of cognition)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 10 Rate ratio (Random, 95% CI) Subtotals only
1.1 Participants with cognitive

impairment
4 1199 Rate ratio (Random, 95% CI) 0.83 [0.49, 1.40]

1.2 Participants with no
cognitive impairment or mixed
sample

8 1805 Rate ratio (Random, 95% CI) 0.84 [0.62, 1.13]

2 Number of fallers 10 Risk Ratio (Random, 95% CI) Subtotals only
2.1 Participants with cognitive

impairment
4 955 Risk Ratio (Random, 95% CI) 0.79 [0.57, 1.12]

2.2 Participants with no
cognitive impairment or mixed
sample

8 1805 Risk Ratio (Random, 95% CI) 0.94 [0.78, 1.12]

277Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Comparison 15. Hospitals: Additional exercises vs usual physiotherapy

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 2 215 Rate Ratio (Fixed, 95% CI) 0.59 [0.26, 1.34]
2 Number of fallers 2 83 Risk Ratio (Fixed, 95% CI) 0.36 [0.14, 0.93]

Comparison 16. Hospitals: Medication review vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 1 Rate Ratio (Fixed, 95% CI) Totals not selected
2 Number of fallers 1 Risk Ratio (Fixed, 95% CI) Totals not selected

Comparison 17. Hospitals: Vitamin D supplements vs no vitamin D supplements

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Number of fallers 1 Risk Ratio (Fixed, 95% CI) Totals not selected
1.1 Vitamin D + calcium vs

calcium
1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of people sustaining a
fracture

1 Risk Ratio (Fixed, 95% CI) Totals not selected

2.1 Vitamin D + calcium vs
calcium

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Adverse events 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
3.1 Gastrointestinal

complaints (nausea, vomiting,
diarrhoea)

1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 18. Hospitals: Environmental interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 5 Rate Ratio (Random, 95% CI) Subtotals only
1.1 Carpet flooring vs vinyl

flooring
1 54 Rate Ratio (Random, 95% CI) 14.73 [1.88, 115.35]

1.2 Low-low beds vs usual care 1 11099 Rate Ratio (Random, 95% CI) 1.39 [0.22, 8.78]
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1.3 Blue identification bracelet
vs usual care (no bracelet)

1 134 Rate Ratio (Random, 95% CI) 1.15 [0.72, 1.84]

1.4 Bed alarms vs usual care 2 28649 Rate Ratio (Random, 95% CI) 0.60 [0.27, 1.34]
2 Number of fallers 4 Risk Ratio (Fixed, 95% CI) Subtotals only

2.1 Carpet flooring vs vinyl
flooring

1 54 Risk Ratio (Fixed, 95% CI) 8.33 [0.95, 73.37]

2.2 Blue identification bracelet
vs usual care (no bracelet)

1 134 Risk Ratio (Fixed, 95% CI) 1.34 [0.76, 2.36]

2.3 Bed alarms vs usual care 2 28649 Risk Ratio (Fixed, 95% CI) 0.93 [0.38, 2.24]

Comparison 19. Hospitals: Social environment vs control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 5 Rate Ratio (Fixed, 95% CI) Totals not selected
1.1 Organisational service

model change (fall prevention
guideline implementation)

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Organisation service
model change (falls prevention,
incontinence and ulcer
guideline implementation)

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.3 Organisational service
model change (fall prevention
toolkit software)

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.4 Acute care service for
elderly patients vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.5 Post-operative
orthogeriatric service after hip
fracture

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 3 Risk Ratio (Fixed, 95% CI) Totals not selected
2.1 Fall prevention tool kit

software vs usual care
1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2.2 Behaviour advisory service
vs usual care

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2.3 Post-operative
orthogeriatric service after hip
fracture

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Number of people sustaining a
fracture

1 Risk Ratio (Fixed, 95% CI) Totals not selected

3.1 Post-operative
orthogeriatric service after hip
fracture

1 Risk Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]
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Comparison 20. Hospitals: Knowledge/education interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 1 Rate Ratio (Fixed, 95% CI) Totals not selected
1.1 Educational materials +

health professional follow-up
vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

1.2 Educational materials only
vs usual care

1 Rate Ratio (Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Number of fallers 2 Risk Ratio (Random, 95% CI) Totals not selected
2.1 Individualised educational

session vs usual care
1 Risk Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

2.2 Educational materials +
health professional follow-up
vs usual care

1 Risk Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

2.3 Educational materials only
vs usual care

1 Risk Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

Comparison 21. Hospitals: Multifactorial interventions vs usual care

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 5 44664 Rate ratio (Random, 95% CI) 0.80 [0.64, 1.01]
2 Number of fallers 3 39889 Risk Ratio (Random, 95% CI) 0.82 [0.62, 1.09]
3 Number of people sustaining a

fracture
2 Risk Ratio (Fixed, 95% CI) 0.76 [0.14, 4.10]

Comparison 22. Hospitals: Multifactorial interventions vs usual care (grouped by type of care)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Rate of falls 5 44664 Rate Ratio (Random, 95% CI) 0.80 [0.64, 1.01]
1.1 Acute level of care 1 35264 Rate Ratio (Random, 95% CI) 1.04 [0.79, 1.37]
1.2 Subacute or acute (mixed)

levels of care
2 5653 Rate Ratio (Random, 95% CI) 0.88 [0.61, 1.27]

1.3 Subacute level of care 2 3747 Rate Ratio (Random, 95% CI) 0.67 [0.54, 0.83]
2 Number of fallers 3 Risk Ratio (Random, 95% CI) 0.82 [0.62, 1.09]

2.1 Acute level care 1 Risk Ratio (Random, 95% CI) 0.99 [0.33, 3.00]
2.2 Subacute or acute (mixed)

levels of care
1 Risk Ratio (Random, 95% CI) 1.04 [0.48, 2.28]

2.3 Subacute level of care 1 Risk Ratio (Random, 95% CI) 0.78 [0.57, 1.07]
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3 Number of people sustaining a
fracture

2 Risk Ratio (Fixed, 95% CI) 0.76 [0.14, 4.10]

3.1 Subacute or acute (mixed)
levels of care

1 Risk Ratio (Fixed, 95% CI) 0.32 [0.01, 8.95]

3.2 Subacute level of care 1 Risk Ratio (Fixed, 95% CI) 1.02 [0.14, 7.24]

Analysis 1.1. Comparison 1 Care facilities: Exercise vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 1 Rate of falls

Study or subgroup Exercise Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Buckinx 2014 (1) 31 31 -0.04 (0.26) 9.7 % 0.96 [ 0.58, 1.60 ]

Faber 2006 (2) 142 90 0.12 (0.09) 14.6 % 1.13 [ 0.95, 1.35 ]

Irez 2011 30 30 -1.27 (0.33) 7.8 % 0.28 [ 0.15, 0.54 ]

Kerse 2008 310 329 0.1 (0.14) 13.3 % 1.11 [ 0.84, 1.45 ]

Kovacs 2013 32 30 -0.26 (0.38) 6.7 % 0.77 [ 0.37, 1.62 ]

Mulrow 1994 97 97 0.28 (0.17) 12.4 % 1.32 [ 0.95, 1.85 ]

Rosendahl 2008 (3) 87 96 -0.2 (0.32) 8.1 % 0.82 [ 0.44, 1.53 ]

Sakamoto 2006 315 212 -0.2 (0.12) 13.9 % 0.82 [ 0.65, 1.04 ]

Schoenfelder 2000 9 7 1 (0.33) 7.8 % 2.72 [ 1.42, 5.19 ]

Sihvonen 2004 20 7 -0.92 (0.43) 5.8 % 0.40 [ 0.17, 0.93 ]

Total (95% CI) 1073 929 100.0 % 0.93 [ 0.72, 1.20 ]

Heterogeneity: Tau2 = 0.11; Chi2 = 37.19, df = 9 (P = 0.00002); I2 =76%

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours exercise Favours usual care

(1) 12 months follow-up

(2) Functional Walking (FW) and In Balance groups (IB) combined vs control

(3) Functional exercise programme vs seated activities
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Analysis 1.2. Comparison 1 Care facilities: Exercise vs usual care, Outcome 2 Rate of falls and number of

fallers: trials with incomplete data.

Rate of falls and number of fallers: trials with incomplete data

Study Intervention Comparator Participants (N) Study findings (NR = not re-

ported)

Buettner 2002 Exercise: Su-
pervised group exercises,
combination exercises.

Usual care 27 Rate of falls: Falls were reduced
but the treatment effect estimate
and confidence interval were not
reported in the published study
or research monograph
Risk of falling: NR

Cadore 2014 Exercise: Multi-
component exercise pro-
gramme including gait/
balance and strength/re-
sistance training

Usual care including mo-
bility exercises

24 Rate of falls: Over 12 weeks there
were no falls in the multicompo-
nent arm in comparison to a rate
of falls of 0.8 falls per patient per
month in the mobility exercises
arm of the study (P < 0.001). Par-
ticipants were aged > 85 years.
Risk of falling: NR

da Silva Borges 2014 Exercise: Ballroom danc-
ing (3D exercises; EG)

No regular physical activ-
ity (CG)

59 Rate of falls: The authors re-
ported “ fewer falls in the EG
post-test compared to the CG
post-test (p<0.0001).”
Risk of falling: NR

Nowalk 2001 Exercise: 1. “Fit NB
Free” Individually tai-
lored combination exer-
cises
2. “Living and Learning/
Tai Chi”

Usual routine activities 110 Rate of falls: NR
Risk of falling: No significant dif-
ference in risk of falling (time
to first fall) between either inter-
vention group and the usual care
group (P = 0.29)

Toulotte 2003 Exercise: Supervised exer-
cises, combination exer-
cises.

Usual care 20 Rate of falls: The authors re-
ported that falls were reduced but
a falls rate could not be deter-
mined from the published data
Risk of falling: NR
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Analysis 1.3. Comparison 1 Care facilities: Exercise vs usual care, Outcome 3 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 3 Number of fallers

Study or subgroup Exercise Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Buckinx 2014 (1) 31 31 -0.13 (0.25) 7.8 % 0.88 [ 0.54, 1.43 ]

Choi 2005 29 30 -0.51 (0.58) 1.7 % 0.60 [ 0.19, 1.87 ]

Faber 2006 (2) 142 90 0.31 (0.19) 12.0 % 1.36 [ 0.94, 1.98 ]

Kerse 2008 310 329 0.17 (0.12) 21.8 % 1.19 [ 0.94, 1.50 ]

Kovacs 2013 32 30 -0.4 (0.31) 5.4 % 0.67 [ 0.37, 1.23 ]

Mulrow 1994 97 97 0.15 (0.17) 14.1 % 1.16 [ 0.83, 1.62 ]

Rosendahl 2008 87 96 0.05 (0.16) 15.4 % 1.05 [ 0.77, 1.44 ]

Sakamoto 2006 315 212 -0.11 (0.16) 15.4 % 0.90 [ 0.65, 1.23 ]

Sihvonen 2004 20 7 -0.26 (0.31) 5.4 % 0.77 [ 0.42, 1.42 ]

Yokoi 2015 (3) 51 54 -1.2 (0.74) 1.0 % 0.30 [ 0.07, 1.28 ]

Total (95% CI) 1114 976 100.0 % 1.02 [ 0.88, 1.18 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 11.61, df = 9 (P = 0.24); I2 =23%

Test for overall effect: Z = 0.26 (P = 0.80)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours exercise Favours usual care

(1) 12 months follow-up

(2) Functional Walking (FW) and In Balance (IB) groups combined vs control

(3) 12 month outcomes
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Analysis 1.4. Comparison 1 Care facilities: Exercise vs usual care, Outcome 4 Number of people sustaining

a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 4 Number of people sustaining a fracture

Study or subgroup Exercise Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Hip fractures

Rosendahl 2008 (1) 87 96 -1.83 (1.46) 100.0 % 0.16 [ 0.01, 2.81 ]

Subtotal (95% CI) 87 96 100.0 % 0.16 [ 0.01, 2.81 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.25 (P = 0.21)

2 All fractures

Rosendahl 2008 87 96 -0.13 (0.65) 100.0 % 0.88 [ 0.25, 3.14 ]

Subtotal (95% CI) 87 96 100.0 % 0.88 [ 0.25, 3.14 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.20 (P = 0.84)

0.001 0.01 0.1 1 10 100 1000

Favours exercise Favours usual care

(1) Functional exercise programme vs seated activities; mixed levels of care
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Analysis 1.5. Comparison 1 Care facilities: Exercise vs usual care, Outcome 5 Rate of falls, excluding studies

with ≤20 participants in each arm.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 5 Rate of falls, excluding studies with ≤20 participants in each arm

Study or subgroup Exercise Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Buckinx 2014 31 31 -0.04 (0.26) 10.4 % 0.96 [ 0.58, 1.60 ]

Faber 2006 (1) 142 90 0.12 (0.09) 18.6 % 1.13 [ 0.95, 1.35 ]

Irez 2011 30 30 -1.27 (0.33) 8.0 % 0.28 [ 0.15, 0.54 ]

Kerse 2008 310 329 0.1 (0.14) 16.2 % 1.11 [ 0.84, 1.45 ]

Kovacs 2013 32 30 -0.26 (0.38) 6.7 % 0.77 [ 0.37, 1.62 ]

Mulrow 1994 97 97 0.28 (0.17) 14.6 % 1.32 [ 0.95, 1.85 ]

Rosendahl 2008 87 96 -0.2 (0.32) 8.3 % 0.82 [ 0.44, 1.53 ]

Sakamoto 2006 315 212 -0.2 (0.12) 17.2 % 0.82 [ 0.65, 1.04 ]

Total (95% CI) 1044 915 100.0 % 0.91 [ 0.72, 1.15 ]

Heterogeneity: Tau2 = 0.07; Chi2 = 23.47, df = 7 (P = 0.001); I2 =70%

Test for overall effect: Z = 0.80 (P = 0.43)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours exercise Favours usual care

(1) Functional Walking (FW) and In Balance groups (IB) combined vs control
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Analysis 1.6. Comparison 1 Care facilities: Exercise vs usual care, Outcome 6 Number of fallers, excluding

studies with ≤20 participants in each arm.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 6 Number of fallers, excluding studies with ≤20 participants in each arm

Study or subgroup log [Risk Ratio] Risk Ratio Weight Risk Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Buckinx 2014 -0.13 (0.25) 8.3 % 0.88 [ 0.54, 1.43 ]

Choi 2005 -0.51 (0.58) 1.8 % 0.60 [ 0.19, 1.87 ]

Faber 2006 (1) 0.31 (0.19) 12.8 % 1.36 [ 0.94, 1.98 ]

Kerse 2008 0.17 (0.12) 22.8 % 1.19 [ 0.94, 1.50 ]

Kovacs 2013 -0.4 (0.31) 5.8 % 0.67 [ 0.37, 1.23 ]

Mulrow 1994 0.15 (0.17) 15.0 % 1.16 [ 0.83, 1.62 ]

Rosendahl 2008 0.05 (0.16) 16.2 % 1.05 [ 0.77, 1.44 ]

Sakamoto 2006 -0.11 (0.16) 16.2 % 0.90 [ 0.65, 1.23 ]

Yokoi 2015 -1.2 (0.74) 1.1 % 0.30 [ 0.07, 1.28 ]

Total (95% CI) 100.0 % 1.04 [ 0.89, 1.21 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 10.62, df = 8 (P = 0.22); I2 =25%

Test for overall effect: Z = 0.44 (P = 0.66)

Test for subgroup differences: Not applicable
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(1) Functional Walking (FW) and In Balance (IB) groups combined vs control
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Analysis 1.7. Comparison 1 Care facilities: Exercise vs usual care, Outcome 7 Adverse events: aches and

pains.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 1 Care facilities: Exercise vs usual care

Outcome: 7 Adverse events: aches and pains

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Severe soreness

Mulrow 1994 10/97 11/97 84.6 % 0.91 [ 0.40, 2.04 ]

Subtotal (95% CI) 97 97 84.6 % 0.91 [ 0.40, 2.04 ]

Total events: 10 (Exercise), 11 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.23 (P = 0.82)

2 Severe bruises

Mulrow 1994 2/97 1/97 7.7 % 2.00 [ 0.18, 21.69 ]

Subtotal (95% CI) 97 97 7.7 % 2.00 [ 0.18, 21.69 ]

Total events: 2 (Exercise), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

3 Severe fatigue

Mulrow 1994 4/97 1/97 7.7 % 4.00 [ 0.46, 35.14 ]

Subtotal (95% CI) 97 97 7.7 % 4.00 [ 0.46, 35.14 ]

Total events: 4 (Exercise), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.25 (P = 0.21)

Total (95% CI) 291 291 100.0 % 1.23 [ 0.61, 2.48 ]

Total events: 16 (Exercise), 13 (Control)

Heterogeneity: Chi2 = 1.83, df = 2 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 0.58 (P = 0.56)

Test for subgroup differences: Chi2 = 1.80, df = 2 (P = 0.41), I2 =0.0%
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Analysis 2.1. Comparison 2 Care facilities: Exercises vs usual care (grouped by type of exercise), Outcome 1

Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 2 Care facilities: Exercises vs usual care (grouped by type of exercise)

Outcome: 1 Rate of falls

Study or subgroup Exercise Usual care log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Gait, balance, functional training

Faber 2006 (1) 64 90 0.28 (0.1) 31.3 % 1.32 [ 1.09, 1.61 ]

Kerse 2008 (2) 310 329 0.1 (0.14) 28.3 % 1.11 [ 0.84, 1.45 ]

Sakamoto 2006 (3) 315 212 -0.2 (0.12) 29.8 % 0.82 [ 0.65, 1.04 ]

Sihvonen 2004 (4) 20 7 -0.92 (0.43) 10.6 % 0.40 [ 0.17, 0.93 ]

Subtotal (95% CI) 709 638 100.0 % 0.96 [ 0.69, 1.33 ]

Heterogeneity: Tau2 = 0.08; Chi2 = 14.81, df = 3 (P = 0.002); I2 =80%

Test for overall effect: Z = 0.25 (P = 0.81)

2 Whole body vibration

Buckinx 2014 (5) 31 31 -0.04 (0.26) 100.0 % 0.96 [ 0.58, 1.60 ]

Subtotal (95% CI) 31 31 100.0 % 0.96 [ 0.58, 1.60 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.15 (P = 0.88)

3 Combination of exercise categories (see Appendix 4 for categories in each trial)

Faber 2006 (6) 78 90 -0.04 (0.11) 21.1 % 0.96 [ 0.77, 1.19 ]

Irez 2011 30 30 -1.27 (0.33) 15.1 % 0.28 [ 0.15, 0.54 ]

Kovacs 2013 32 30 -0.26 (0.38) 13.7 % 0.77 [ 0.37, 1.62 ]

Mulrow 1994 97 97 0.28 (0.17) 19.7 % 1.32 [ 0.95, 1.85 ]

Rosendahl 2008 87 96 -0.2 (0.32) 15.4 % 0.82 [ 0.44, 1.53 ]

Schoenfelder 2000 9 7 1 (0.33) 15.1 % 2.72 [ 1.42, 5.19 ]

Subtotal (95% CI) 333 350 100.0 % 0.94 [ 0.60, 1.47 ]

Heterogeneity: Tau2 = 0.23; Chi2 = 27.70, df = 5 (P = 0.00004); I2 =82%

Test for overall effect: Z = 0.27 (P = 0.79)

Test for subgroup differences: Chi2 = 0.01, df = 2 (P = 1.00), I2 =0.0%

0.2 0.5 1 2 5

Exercise Usual care

(1) Functional Walking (FW) group vs control

(2) goal-setting physical activity programme

(3) balance training: one-leg standing

(4) balance training: mechanical apparatus

(5) Whole body vibration vs usual care (12 months)

(6) In Balance (IB) group vs control
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Analysis 2.2. Comparison 2 Care facilities: Exercises vs usual care (grouped by type of exercise), Outcome 2

Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 2 Care facilities: Exercises vs usual care (grouped by type of exercise)

Outcome: 2 Number of fallers

Study or subgroup Exercise Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Gait, balance, and functional training

Faber 2006 (1) 64 90 0.27 (0.21) 21.3 % 1.31 [ 0.87, 1.98 ]

Kerse 2008 (2) 310 329 0.17 (0.12) 35.2 % 1.19 [ 0.94, 1.50 ]

Sakamoto 2006 (3) 315 212 -0.11 (0.16) 28.2 % 0.90 [ 0.65, 1.23 ]

Sihvonen 2004 (4) 20 7 -0.26 (0.31) 12.6 % 0.77 [ 0.42, 1.42 ]

Yokoi 2015 (5) 51 54 -1.2 (0.74) 2.8 % 0.30 [ 0.07, 1.28 ]

Subtotal (95% CI) 760 692 100.0 % 1.02 [ 0.80, 1.31 ]

Heterogeneity: Tau2 = 0.03; Chi2 = 6.93, df = 4 (P = 0.14); I2 =42%

Test for overall effect: Z = 0.16 (P = 0.87)

2 3D (Tai Chi)

Choi 2005 29 30 -0.51 (0.58) 100.0 % 0.60 [ 0.19, 1.87 ]

Subtotal (95% CI) 29 30 100.0 % 0.60 [ 0.19, 1.87 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.88 (P = 0.38)

3 Whole body vibration vs usual care

Buckinx 2014 (6) 31 31 -0.13 (0.25) 100.0 % 0.88 [ 0.54, 1.43 ]

Subtotal (95% CI) 31 31 100.0 % 0.88 [ 0.54, 1.43 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

4 Combination of exercise categories (see Appendix 4 for categories in each trial)

Faber 2006 (7) 78 90 0.17 (0.21) 21.2 % 1.19 [ 0.79, 1.79 ]

Kovacs 2013 32 30 -0.4 (0.31) 9.7 % 0.67 [ 0.37, 1.23 ]

Mulrow 1994 97 97 0.15 (0.17) 32.4 % 1.16 [ 0.83, 1.62 ]

Rosendahl 2008 87 96 0.05 (0.16) 36.6 % 1.05 [ 0.77, 1.44 ]

Subtotal (95% CI) 294 313 100.0 % 1.07 [ 0.88, 1.29 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 2.76, df = 3 (P = 0.43); I2 =0.0%

Test for overall effect: Z = 0.66 (P = 0.51)

Test for subgroup differences: Chi2 = 1.40, df = 3 (P = 0.71), I2 =0.0%

0.2 0.5 1 2 5

Exercise Usual care

(1) Functional Walking (FW) group vs control

(2) goal-setting physical activity programme

(3) balance training: one-leg standing

(4) balance training: mechanical apparatus

(5) short stick exercises, 12 month outcomes

(6) Whole body vibration vs usual care (12 months)

(7) In Balance (IB) group vs control
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Analysis 3.1. Comparison 3 Care facilities: Exercise vs usual care (grouped by level of care), Outcome 1

Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 3 Care facilities: Exercise vs usual care (grouped by level of care)

Outcome: 1 Rate of falls

Study or subgroup Exercise Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 High level nursing care facilities

Mulrow 1994 97 97 0.28 (0.17) 57.7 % 1.32 [ 0.95, 1.85 ]

Schoenfelder 2000 9 7 1 (0.33) 42.3 % 2.72 [ 1.42, 5.19 ]

Subtotal (95% CI) 106 104 100.0 % 1.79 [ 0.89, 3.60 ]

Heterogeneity: Tau2 = 0.19; Chi2 = 3.76, df = 1 (P = 0.05); I2 =73%

Test for overall effect: Z = 1.64 (P = 0.10)

2 Intermediate level care facilities

Buckinx 2014 31 31 -0.04 (0.26) 19.6 % 0.96 [ 0.58, 1.60 ]

Irez 2011 30 30 -1.27 (0.33) 16.4 % 0.28 [ 0.15, 0.54 ]

Kerse 2008 310 329 0.1 (0.14) 25.3 % 1.11 [ 0.84, 1.45 ]

Sakamoto 2006 315 212 -0.2 (0.12) 26.1 % 0.82 [ 0.65, 1.04 ]

Sihvonen 2004 20 7 -0.92 (0.43) 12.6 % 0.40 [ 0.17, 0.93 ]

Subtotal (95% CI) 706 609 100.0 % 0.70 [ 0.47, 1.04 ]

Heterogeneity: Tau2 = 0.14; Chi2 = 18.18, df = 4 (P = 0.001); I2 =78%

Test for overall effect: Z = 1.76 (P = 0.078)

3 Facilities providing mixed levels of care

Faber 2006 (1) 142 90 0.12 (0.09) 88.1 % 1.13 [ 0.95, 1.35 ]

Kovacs 2013 32 30 -0.26 (0.38) 4.9 % 0.77 [ 0.37, 1.62 ]

Rosendahl 2008 (2) 87 96 -0.2 (0.32) 7.0 % 0.82 [ 0.44, 1.53 ]

Subtotal (95% CI) 261 216 100.0 % 1.08 [ 0.92, 1.28 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.76, df = 2 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 0.93 (P = 0.35)

Test for subgroup differences: Chi2 = 6.39, df = 2 (P = 0.04), I2 =69%
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Favours exercise Favours usual care

(1) Functional Walking (FW) and In Balance groups (IB) combined vs control

(2) Functional exercise programme vs seated activities
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Analysis 3.2. Comparison 3 Care facilities: Exercise vs usual care (grouped by level of care), Outcome 2

Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 3 Care facilities: Exercise vs usual care (grouped by level of care)

Outcome: 2 Number of fallers

Study or subgroup Exercise Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 High level nursing care facilities

Mulrow 1994 97 97 0.15 (0.17) 14.1 % 1.16 [ 0.83, 1.62 ]

Subtotal (95% CI) 97 97 14.1 % 1.16 [ 0.83, 1.62 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.88 (P = 0.38)

2 Intermediate level care facilities

Buckinx 2014 31 31 -0.13 (0.25) 7.8 % 0.88 [ 0.54, 1.43 ]

Choi 2005 29 30 -0.51 (0.58) 1.7 % 0.60 [ 0.19, 1.87 ]

Kerse 2008 310 329 0.17 (0.12) 21.8 % 1.19 [ 0.94, 1.50 ]

Sakamoto 2006 315 212 -0.11 (0.16) 15.4 % 0.90 [ 0.65, 1.23 ]

Sihvonen 2004 20 7 -0.26 (0.31) 5.4 % 0.77 [ 0.42, 1.42 ]

Yokoi 2015 (1) 51 54 -1.2 (0.74) 1.0 % 0.30 [ 0.07, 1.28 ]

Subtotal (95% CI) 756 663 53.1 % 0.94 [ 0.75, 1.17 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 6.85, df = 5 (P = 0.23); I2 =27%

Test for overall effect: Z = 0.56 (P = 0.58)

3 Mixed level care facilities

Faber 2006 (2) 142 90 0.31 (0.19) 12.0 % 1.36 [ 0.94, 1.98 ]

Kovacs 2013 32 30 -0.4 (0.31) 5.4 % 0.67 [ 0.37, 1.23 ]

Rosendahl 2008 87 96 0.05 (0.16) 15.4 % 1.05 [ 0.77, 1.44 ]

Subtotal (95% CI) 261 216 32.8 % 1.05 [ 0.76, 1.47 ]

Heterogeneity: Tau2 = 0.04; Chi2 = 3.90, df = 2 (P = 0.14); I2 =49%

Test for overall effect: Z = 0.31 (P = 0.76)

Total (95% CI) 1114 976 100.0 % 1.02 [ 0.88, 1.18 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 11.61, df = 9 (P = 0.24); I2 =23%

Test for overall effect: Z = 0.26 (P = 0.80)

Test for subgroup differences: Chi2 = 1.15, df = 2 (P = 0.56), I2 =0.0%
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Favours exercise Favours usual care

(1) 12 month outcomes

(2) Functional Walking (FW) and In Balance (IB) groups combined vs control
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Analysis 4.1. Comparison 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for

details), Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for details)

Outcome: 1 Rate of falls

Study or subgroup Exercise A Exercise B log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Additional gait, balance, functional training

Shimada 2004 (1) 15 11 -0.63 (0.47) 22.1 % 0.53 [ 0.21, 1.34 ]

Tuunainen 2013 (2) 14 16 -0.43 (0.25) 77.9 % 0.65 [ 0.40, 1.06 ]

Subtotal (95% CI) 29 27 100.0 % 0.62 [ 0.40, 0.96 ]

Heterogeneity: Chi2 = 0.14, df = 1 (P = 0.71); I2 =0.0%

Test for overall effect: Z = 2.15 (P = 0.032)

2 Strength/resistance vs self-training

Tuunainen 2013 (3) 16 18 -0.3 (0.2) 100.0 % 0.74 [ 0.50, 1.10 ]

Subtotal (95% CI) 16 18 100.0 % 0.74 [ 0.50, 1.10 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.50 (P = 0.13)

3 Balance and strength vs self-training

Tuunainen 2013 14 18 -0.73 (0.24) 100.0 % 0.48 [ 0.30, 0.77 ]

Subtotal (95% CI) 14 18 100.0 % 0.48 [ 0.30, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.04 (P = 0.0024)

4 Flexibility (Yoga) vs ’Staying active’ program

Saravanakumar 2014 9 11 -0.76 (0.34) 100.0 % 0.47 [ 0.24, 0.91 ]

Subtotal (95% CI) 9 11 100.0 % 0.47 [ 0.24, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.24 (P = 0.025)

5 3D (Tai Chi) vs ’Staying active’ program

Saravanakumar 2014 9 11 -0.65 (0.32) 100.0 % 0.52 [ 0.28, 0.98 ]

Subtotal (95% CI) 9 11 100.0 % 0.52 [ 0.28, 0.98 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.03 (P = 0.042)

6 Flexibility (Yoga) vs 3D (Tai Chi)

Saravanakumar 2014 9 9 0.1 (0.39) 100.0 % 1.11 [ 0.51, 2.37 ]

Subtotal (95% CI) 9 9 100.0 % 1.11 [ 0.51, 2.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.26 (P = 0.80)

7 3D exercises (”In balance”) vs Functional balance, strength % mobility

Faber 2006 78 64 -0.31 (0.1) 100.0 % 0.73 [ 0.60, 0.89 ]

0.2 0.5 1 2 5

Exercise A Exercise B

(Continued . . . )

292Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



(. . . Continued)
Study or subgroup Exercise A Exercise B log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Subtotal (95% CI) 78 64 100.0 % 0.73 [ 0.60, 0.89 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.10 (P = 0.0019)

8 Wii balance board vs Otago balance program

Fu 2015 30 30 -1.05 (0.3) 100.0 % 0.35 [ 0.19, 0.63 ]

Subtotal (95% CI) 30 30 100.0 % 0.35 [ 0.19, 0.63 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.50 (P = 0.00047)

0.2 0.5 1 2 5

Exercise A Exercise B

(1) balance training: mechanical apparatus + combination exercises vs combination exercises

(2) Balance and strength training vs strength training

(3) Progressive resistance group training vs self-training

Analysis 4.2. Comparison 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for

details), Outcome 2 Rate of falls and number of fallers: trials with incomplete data.

Rate of falls and number of fallers: trials with incomplete data

Study Intervention Comparator Participants (N) Study findings

Imaoka 2016 Exercise: Additional
group exercise (described
by author as “Usual care”:
combination group exer-
cises plus individualised
exercise)

Individualised
exercise (described by au-
thor as “reduced exercise”)

39 Rate of falls: Not reported
Risk of falling: No strong evi-
dence for a reduction in the risk
of falling in the post-intervention
period with additional group exer-
cise (RR 0.48, 95% CI 0.17 to 1.
3). The falls data are not presented
in the forest plot as they exclude
the intervention period

Serra-Rexach 2011 Exercise: Training sessions
(combination exer-
cises) plus usual care phys-
iotherapy

Usual care physiotherapy
(40-45 min / day 5 x
weekly)

40 Rate of falls: “The mean number
of falls per participant recorded
over the study period was 1.2
fewer in the intervention group
than in the control group (95% CI
= 0.0-3.0, P =.03).”
Risk of falling: not reported
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Analysis 4.3. Comparison 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for

details), Outcome 3 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for details)

Outcome: 3 Number of fallers

Study or subgroup Exercise A Exercise B log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Additional gait, balance, and functional training

Shimada 2004 (1) 15 11 -0.49 (0.46) 45.5 % 0.61 [ 0.25, 1.51 ]

Tuunainen 2013 (2) 14 16 -0.02 (0.42) 54.5 % 0.98 [ 0.43, 2.23 ]

Subtotal (95% CI) 29 27 100.0 % 0.79 [ 0.43, 1.45 ]

Heterogeneity: Chi2 = 0.57, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.45)

2 Strength/resistance vs self-training

Tuunainen 2013 16 18 -0.58 (0.31) 100.0 % 0.56 [ 0.30, 1.03 ]

Subtotal (95% CI) 16 18 100.0 % 0.56 [ 0.30, 1.03 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.87 (P = 0.061)

3 Balance and strength vs self-training

Tuunainen 2013 14 18 -0.6 (0.33) 100.0 % 0.55 [ 0.29, 1.05 ]

Subtotal (95% CI) 14 18 100.0 % 0.55 [ 0.29, 1.05 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.82 (P = 0.069)

4 Additional whole body vibration

Sitja Rabert 2015 (3) 81 78 0.25 (0.3) 100.0 % 1.28 [ 0.71, 2.31 ]

Subtotal (95% CI) 81 78 100.0 % 1.28 [ 0.71, 2.31 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.83 (P = 0.40)

5 3D exercises (”In balance”) vs Functional balance, strength % mobility

Faber 2006 78 64 -0.08 (0.14) 100.0 % 0.92 [ 0.70, 1.21 ]

Subtotal (95% CI) 78 64 100.0 % 0.92 [ 0.70, 1.21 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

6 Comparison of combination exercise programmes

Kovacs 2012 (4) 21 20 -0.62 (0.32) 100.0 % 0.54 [ 0.29, 1.01 ]

Subtotal (95% CI) 21 20 100.0 % 0.54 [ 0.29, 1.01 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.94 (P = 0.053)

0.2 0.5 1 2 5

Exercise A Exercise B

(1) balance training: mechanical apparatus + combination exercises vs combination exercises

(2) Balance and strength training vs strength training

(3) Whole body vibration balance % strength training vs balance % strength training

(4) Multimodel exercise programme based on Otago plus oesteoporosis exercises vs osteoporosis exercises
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Analysis 4.4. Comparison 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for

details), Outcome 4 Number of people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 4 Care facilities: Comparisons of different exercise programs (see Appendix 4 for details)

Outcome: 4 Number of people sustaining a fracture

Study or subgroup Exercise A Exercise B log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Total fractures

Sitja Rabert 2015 (1) 81 78 1.06 (1.62) 2.89 [ 0.12, 69.07 ]

0.001 0.01 0.1 1 10 100 1000

Exercise A Exercise B

(1) Whole body vibration balance % strength training vs balance % strength training

Analysis 5.1. Comparison 5 Care facilities: Medication review vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 5 Care facilities: Medication review vs usual care

Outcome: 1 Rate of falls

Study or subgroup Medication review Control log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 General medication reviews vs usual care

Frankenthal 2014 (1) 160 146 -0.49 (0.12) 16.8 % 0.61 [ 0.48, 0.78 ]

Houghton 2014 (2) 381 445 0.01 (0.16) 16.0 % 1.01 [ 0.74, 1.38 ]

Juola 2015 (3) 93 96 -0.33 (0.14) 16.4 % 0.72 [ 0.55, 0.95 ]

Patterson 2010 (4) 173 161 0.36 (0.15) 16.2 % 1.43 [ 1.07, 1.92 ]

Potter 2016 (5) 45 48 0.51 (0.11) 17.0 % 1.67 [ 1.34, 2.07 ]

Zermansky 2006 (6) 331 330 -0.48 (0.08) 17.5 % 0.62 [ 0.53, 0.72 ]

Subtotal (95% CI) 1183 1226 100.0 % 0.93 [ 0.64, 1.35 ]

0.2 0.5 1 2 5

Favours medication review Favours control

(Continued . . . )
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(. . . Continued)
Study or subgroup Medication review Control log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Heterogeneity: Tau2 = 0.20; Chi2 = 75.25, df = 5 (P<0.00001); I2 =93%

Test for overall effect: Z = 0.39 (P = 0.70)

2 Medication review for hyponatraemia

Peyro Saint Paul 2013 (7) 4 5 -0.46 (0.7) 100.0 % 0.63 [ 0.16, 2.49 ]

Subtotal (95% CI) 4 5 100.0 % 0.63 [ 0.16, 2.49 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.66 (P = 0.51)

0.2 0.5 1 2 5

Favours medication review Favours control

(1) Medication review with recommendations to chief physician based on STOPP/START criteria

(2) Medication review meeting involving a meeting involving clinical pharmacist, pharmacy technician, care home staff and GP(s)

(3) Nurse education on harmful medications in older people, adjusted for age, sex, comorbidities

(4) Monthly review targeting psychoactive medication prescribing for 12 months

(5) Medication review with desprescribing vs medication review without deprescribing

(6) One review of GP record + consultation with patient and carer

(7) Pharmacist review of medications of patients identified with hyponatremia

Analysis 5.2. Comparison 5 Care facilities: Medication review vs usual care, Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 5 Care facilities: Medication review vs usual care

Outcome: 2 Number of fallers

Study or subgroup Medication review Control log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 General medication review vs usual care

Crotty 2004a (1) 56 54 0.17 (0.26) 7.4 % 1.19 [ 0.71, 1.97 ]

Crotty 2004b (2) 381 384 0.16 (0.16) 14.8 % 1.17 [ 0.86, 1.61 ]

Juola 2015 (3) 93 96 -0.342 (0.177) 13.0 % 0.71 [ 0.50, 1.00 ]

Lapane 2011 (4) 1769 1552 0.03 (0.06) 31.0 % 1.03 [ 0.92, 1.16 ]

Potter 2016 (5) 45 48 -0.15 (0.17) 13.7 % 0.86 [ 0.62, 1.20 ]

Zermansky 2006 (6) 331 330 -0.24 (0.12) 20.1 % 0.79 [ 0.62, 1.00 ]

Subtotal (95% CI) 2675 2464 100.0 % 0.93 [ 0.80, 1.09 ]

0.1 0.2 0.5 1 2 5 10

Favours medication review Favours control

(Continued . . . )
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(. . . Continued)
Study or subgroup Medication review Control log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Heterogeneity: Tau2 = 0.02; Chi2 = 9.66, df = 5 (P = 0.09); I2 =48%

Test for overall effect: Z = 0.86 (P = 0.39)

2 Medication review for hyponatraemia

Peyro Saint Paul 2013 (7) 4 5 -0.87 (0.93) 100.0 % 0.42 [ 0.07, 2.59 ]

Subtotal (95% CI) 4 5 100.0 % 0.42 [ 0.07, 2.59 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.94 (P = 0.35)

0.1 0.2 0.5 1 2 5 10

Favours medication review Favours control

(1) Pharmacist transition coordinator for patients discharged from hospital to nursing care facilities for the first time

(2) Pharmacist-led outreach programme (audit + feedback + education of staff regarding medications and falls risk)

(3) Nurse education on harmful medications in older people

(4) GRAM software for decision support for prescribing practices vs monthly medication review

(5) A GP and a geriatrician/pharmacologist independently identified deprescribing targets using a list of potentially inappropriate medicines

(6) One review of GP record + consultation with patient and carer

(7) Pharmacist review of medications of patients identified with hyponatremia

Analysis 5.3. Comparison 5 Care facilities: Medication review vs usual care, Outcome 3 Number of people

sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 5 Care facilities: Medication review vs usual care

Outcome: 3 Number of people sustaining a fracture

Study or subgroup Medication review Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 General medication review vs usual care

Potter 2016 45 48 0.47 (0.89) 1.60 [ 0.28, 9.16 ]

0.01 0.1 1 10 100

Favours medication review Favours control
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Analysis 5.4. Comparison 5 Care facilities: Medication review vs usual care, Outcome 4 Rate of falls post-

hoc sensitivity analysis (excluding Potter 2016).

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 5 Care facilities: Medication review vs usual care

Outcome: 4 Rate of falls post-hoc sensitivity analysis (excluding Potter 2016)

Study or subgroup log [Rate ratio] Rate ratio Weight Rate ratio

(SE) IV,Random,95% CI IV,Random,95% CI

1 General medication reviews vs usual care

Frankenthal 2014 (1) -0.49 (0.12) 20.5 % 0.61 [ 0.48, 0.78 ]

Houghton 2014 (2) 0.01 (0.16) 18.7 % 1.01 [ 0.74, 1.38 ]

Juola 2015 (3) -0.33 (0.14) 19.6 % 0.72 [ 0.55, 0.95 ]

Patterson 2010 (4) 0.36 (0.15) 19.2 % 1.43 [ 1.07, 1.92 ]

Zermansky 2006 (5) -0.48 (0.08) 22.0 % 0.62 [ 0.53, 0.72 ]

Subtotal (95% CI) 100.0 % 0.82 [ 0.60, 1.11 ]

Heterogeneity: Tau2 = 0.10; Chi2 = 30.72, df = 4 (P<0.00001); I2 =87%

Test for overall effect: Z = 1.29 (P = 0.20)

Test for subgroup differences: Not applicable

0.5 0.7 1 1.5 2

Favours medication review Favours control

(1) Medication review with recommendations to chief physician based on STOPP/START criteria

(2) Medication review meeting involving a meeting involving clinical pharmacist, pharmacy technician, care home staff and GP(s)

(3) Nurse education on harmful medications in older people, adjusted for age, sex, comorbidities

(4) Monthly review targeting psychoactive medication prescribing for 12 months

(5) One review of GP record + consultation with patient and carer
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Analysis 5.5. Comparison 5 Care facilities: Medication review vs usual care, Outcome 5 Serious adverse

events.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 5 Care facilities: Medication review vs usual care

Outcome: 5 Serious adverse events

Study or subgroup Medication review Control Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 General medication review vs usual care

Potter 2016 3/45 3/48 1.07 [ 0.23, 5.01 ]

0.005 0.1 1 10 200

Favours medication review Favours usual care

Analysis 6.1. Comparison 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation,

Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation

Outcome: 1 Rate of falls

Study or subgroup Vitamin D No vitamin D log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Additional Vitamin D supplementation

Bischoff 2003 (1) 62 60 -0.67 (0.41) 9.5 % 0.51 [ 0.23, 1.14 ]

Broe 2007 (2) 23 25 -1.27 (0.51) 6.5 % 0.28 [ 0.10, 0.76 ]

Flicker 2005 (3) 313 312 -0.31 (0.13) 35.3 % 0.73 [ 0.57, 0.95 ]

Law 2006 (4) 1762 1955 -0.14 (0.04) 48.7 % 0.87 [ 0.80, 0.94 ]

Subtotal (95% CI) 2160 2352 100.0 % 0.72 [ 0.55, 0.95 ]

Heterogeneity: Tau2 = 0.04; Chi2 = 7.85, df = 3 (P = 0.05); I2 =62%

Test for overall effect: Z = 2.32 (P = 0.020)

2 Multivitamins (including vitamin D3 + calcium) vs placebo

Grieger 2009 48 43 -0.97 (0.32) 100.0 % 0.38 [ 0.20, 0.71 ]

Subtotal (95% CI) 48 43 100.0 % 0.38 [ 0.20, 0.71 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.03 (P = 0.0024)

0.1 0.2 0.5 1 2 5 10

Favours vitamin D Favours no vitamin D

(Continued . . . )
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(. . . Continued)
Study or subgroup Vitamin D No vitamin D log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

3 Education on Vitamin D + calcium + osteoporosis medications vs usual care

Kennedy 2015 1290 2727 0.03 (0.1) 100.0 % 1.03 [ 0.85, 1.25 ]

Subtotal (95% CI) 1290 2727 100.0 % 1.03 [ 0.85, 1.25 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.76)

Test for subgroup differences: Chi2 = 11.35, df = 2 (P = 0.00), I2 =82%

0.1 0.2 0.5 1 2 5 10

Favours vitamin D Favours no vitamin D

(1) Vitamin D3 + calcium vs calcium

(2) 800 IU vitamin D group only vs placebo

(3) Vitamin D3 + calcium vs calcium

(4) Vitamin D2 vs usual care

Analysis 6.2. Comparison 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation,

Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation

Outcome: 2 Number of fallers

Study or subgroup Vitamin D No vitamin D log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Vitamin D supplementation

Bischoff 2003 (1) 62 60 -0.36 (0.41) 5.1 % 0.70 [ 0.31, 1.56 ]

Broe 2007 (2) 23 25 -0.82 (0.55) 3.0 % 0.44 [ 0.15, 1.29 ]

Flicker 2005 (3) 313 312 -0.15 (0.11) 35.7 % 0.86 [ 0.69, 1.07 ]

Law 2006 (4) 1762 1955 0.03 (0.05) 56.2 % 1.03 [ 0.93, 1.14 ]

Subtotal (95% CI) 2160 2352 100.0 % 0.92 [ 0.76, 1.12 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 5.16, df = 3 (P = 0.16); I2 =42%

Test for overall effect: Z = 0.82 (P = 0.41)

2 Vitamin D + calcium supplementation vs placebo

Chapuy 2002 (5) 393 190 0.03 (0.07) 100.0 % 1.03 [ 0.90, 1.18 ]

Subtotal (95% CI) 393 190 100.0 % 1.03 [ 0.90, 1.18 ]

0.2 0.5 1 2 5

Favours vitamin D Favours no vitamin D

(Continued . . . )
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(. . . Continued)
Study or subgroup Vitamin D No vitamin D log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Heterogeneity: not applicable

Test for overall effect: Z = 0.43 (P = 0.67)

3 Multivitamins (including vitamin D3 + calcium) vs usual care or placebo

Grieger 2009 48 43 -0.2 (0.36) 100.0 % 0.82 [ 0.40, 1.66 ]

Subtotal (95% CI) 48 43 100.0 % 0.82 [ 0.40, 1.66 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.56 (P = 0.58)

4 Education on Vitamin D + calcium + osteoporosis medications vs usual care

Kennedy 2015 1290 2727 0.05 (0.08) 100.0 % 1.05 [ 0.90, 1.23 ]

Subtotal (95% CI) 1290 2727 100.0 % 1.05 [ 0.90, 1.23 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

Test for subgroup differences: Chi2 = 1.52, df = 3 (P = 0.68), I2 =0.0%

0.2 0.5 1 2 5

Favours vitamin D Favours no vitamin D

(1) Vitamin D3 + calcium vs calcium

(2) 800 IU vitamin D group only vs placebo

(3) Vitamin D3 + calcium vs calcium

(4) Vitamin D2 vs usual care

(5) Vitamin D3 + calcium vs placebo
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Analysis 6.3. Comparison 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation,

Outcome 3 Number of people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation

Outcome: 3 Number of people sustaining a fracture

Study or subgroup Vitamin D No vitamin D log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Vitamin D supplementation

Bischoff 2003 (1) 62 60 0.66 (1.21) 6.2 % 1.93 [ 0.18, 20.73 ]

Flicker 2005 (2) 313 312 -0.34 (0.25) 44.5 % 0.71 [ 0.44, 1.16 ]

Law 2006 (3) 1762 1955 0.39 (0.2) 49.3 % 1.48 [ 1.00, 2.19 ]

Subtotal (95% CI) 2137 2327 100.0 % 1.09 [ 0.58, 2.03 ]

Heterogeneity: Tau2 = 0.17; Chi2 = 5.41, df = 2 (P = 0.07); I2 =63%

Test for overall effect: Z = 0.26 (P = 0.80)

2 Vitamin D3 + calcium vs placebo

Chapuy 2002 (4) 393 190 -0.48 (0.28) 100.0 % 0.62 [ 0.36, 1.07 ]

Subtotal (95% CI) 393 190 100.0 % 0.62 [ 0.36, 1.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.71 (P = 0.086)

Test for subgroup differences: Chi2 = 1.76, df = 1 (P = 0.18), I2 =43%

0.05 0.2 1 5 20

Favours vitamin D Favours no vitamin D

(1) Hip fracture; Vitamin D3 + calcium vs calcium

(2) All fractures; Vitamin D3 + calcium vs calcium

(3) Non vertebral fractures; Vitamin D2 vs usual care

(4) Hip fracture; Vitamin D3 + calcium vs placebo
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Analysis 6.4. Comparison 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation,

Outcome 4 Adverse events.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 6 Care facilities: Vitamin D supplementation vs no vitamin D supplementation

Outcome: 4 Adverse events

Study or subgroup Vitamin D No vitamin D Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Multivitamins (including vitamin D3 + calcium) vs usual care or placebo

Grieger 2009 (1) 0/48 3/43 0.13 [ 0.01, 2.41 ]

2 Vitamin D + calcium supplementation

Chapuy 2002 (2) 3/393 0/190 3.39 [ 0.18, 65.36 ]

Chapuy 2002 (3) 27/393 16/190 0.82 [ 0.45, 1.48 ]

3 Vitamin D supplementation

Bischoff 2003 (4) 2/62 0/60 4.84 [ 0.24, 98.80 ]

Bischoff 2003 (5) 0/62 0/60 Not estimable

Flicker 2005 (6) 0/313 0/312 Not estimable

0.01 0.1 1 10 100

Favours vitamin D Favours usual care

(1) rash/vertigo, behavioural issues, indigestion

(2) Hypercalcaemia

(3) Gastrointestinal disorders

(4) constipation

(5) Hypercalcaemia

(6) No adverse events
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Analysis 7.1. Comparison 7 Care facilities: Environmental interventions vs usual care, Outcome 1 Rate of

falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 7 Care facilities: Environmental interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup Wireless monitoring Usual care log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Wireless position-monitoring patch vs usual care

Clifton 2009 33 39 -0.43 (0.34) 0.65 [ 0.33, 1.27 ]

0.01 0.1 1 10 100

Favours monitoring Favours usual care

Analysis 8.1. Comparison 8 Care facilities: Social environment vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 8 Care facilities: Social environment vs usual care

Outcome: 1 Rate of falls

Study or subgroup

Social
environment

change Usual care log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Staff education on fracture prevention vs usual care

Cox 2008 3315 2322 0.17 (0.13) 1.19 [ 0.92, 1.53 ]

2 Guideline implementation programme vs control

Van Gaal 2011a 196 196 -0.46 (0.31) 0.63 [ 0.34, 1.16 ]

3 Risk assessment tool vs nurses’ judgement

Meyer 2009 574 551 -0.04 (0.07) 0.96 [ 0.84, 1.10 ]

4 Dementia care mapping vs usual care

Van de Ven 2014 137 156 0.61 (0.14) 1.84 [ 1.40, 2.42 ]

0.2 0.5 1 2 5

Favours intervention Favours usual care
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Analysis 8.2. Comparison 8 Care facilities: Social environment vs usual care, Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 8 Care facilities: Social environment vs usual care

Outcome: 2 Number of fallers

Study or subgroup

Social
environment

change Usual care log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Risk assessment tool vs nurses’ judgement

Meyer 2009 574 551 -0.01 (0.08) 0.99 [ 0.85, 1.16 ]

0.2 0.5 1 2 5

Favours intervention Favours usual care

Analysis 8.3. Comparison 8 Care facilities: Social environment vs usual care, Outcome 3 Number of people

sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 8 Care facilities: Social environment vs usual care

Outcome: 3 Number of people sustaining a fracture

Study or subgroup

Social
environment

change Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Risk assessment tool vs nurses’ judgement

Meyer 2009 (1) 574 551 -0.04 (0.27) 100.0 % 0.96 [ 0.57, 1.63 ]

Subtotal (95% CI) 574 551 100.0 % 0.96 [ 0.57, 1.63 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.15 (P = 0.88)

2 Project nurse facilitating best-practice falls injury prevention strategies vs usual care

Ward 2010 (2) 2802 2589 -0.05 (0.21) 100.0 % 0.95 [ 0.63, 1.44 ]

Subtotal (95% CI) 2802 2589 100.0 % 0.95 [ 0.63, 1.44 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.24 (P = 0.81)

0.5 0.7 1 1.5 2

Favours intervention Favours usual care
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(1) All fractures

(2) Hip fracture

Analysis 9.1. Comparison 9 Care facilities: Psychological interventions vs control, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 9 Care facilities: Psychological interventions vs control

Outcome: 1 Rate of falls

Study or subgroup Psychological Int Control log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Exercise + cognitive training vs exercise

Van het Reve 2014 60 54 0.2 (0.23) 1.22 [ 0.78, 1.92 ]

0.5 0.7 1 1.5 2

Favours psychological int Favours control

Analysis 9.2. Comparison 9 Care facilities: Psychological interventions vs control, Outcome 2 Number of

fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 9 Care facilities: Psychological interventions vs control

Outcome: 2 Number of fallers

Study or subgroup Psychological Int Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Exercise + cognitive training vs exercise

Van het Reve 2014 60 54 0.3 (0.9) 1.35 [ 0.23, 7.88 ]

0.2 0.5 1 2 5

Favours psychological int Favours control
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Analysis 10.1. Comparison 10 Care facilities: Other single interventions vs control, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 10 Care facilities: Other single interventions vs control

Outcome: 1 Rate of falls

Study or subgroup Intervention Control log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Lavender patch vs placebo

Sakamoto 2012 73 72 -0.56 (0.29) 0.57 [ 0.32, 1.01 ]

2 Sunlight exposure vs usual care

Sambrook 2012 190 205 0.05 (0.2) 1.05 [ 0.71, 1.56 ]

0.5 0.7 1 1.5 2

Favours intervention Favours control

Analysis 10.2. Comparison 10 Care facilities: Other single interventions vs control, Outcome 2 Number of

fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 10 Care facilities: Other single interventions vs control

Outcome: 2 Number of fallers

Study or subgroup Intervention Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Lavender patch vs placebo

Sakamoto 2012 73 72 -0.4 (0.26) 0.67 [ 0.40, 1.12 ]

2 Sunlight exposure vs usual care

Sambrook 2012 190 205 0.09 (0.11) 1.09 [ 0.88, 1.36 ]

0.5 0.7 1 1.5 2

Favours intervention Favours control
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Analysis 10.3. Comparison 10 Care facilities: Other single interventions vs control, Outcome 3 Number of

people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 10 Care facilities: Other single interventions vs control

Outcome: 3 Number of people sustaining a fracture

Study or subgroup Intervention Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Sunlight exposure vs usual care

Sambrook 2012 190 205 0.07 (0.36) 1.07 [ 0.53, 2.17 ]

0.01 0.1 1 10 100

Favours intervention Favours control

Analysis 11.1. Comparison 11 Care facilities: Multiple interventions vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 11 Care facilities: Multiple interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup Multiple Intervention Usual care log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Exercise + management of urinary incontinence + fluid therapy vs usual care

Schnelle 2003 92 98 -0.48 (0.25) 0.62 [ 0.38, 1.01 ]

2 Sunlight exposure + calcium vs usual care

Sambrook 2012 207 205 0.03 (0.1) 1.03 [ 0.85, 1.25 ]

0.2 0.5 1 2 5

Favours multiple Favours usual care
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Analysis 11.2. Comparison 11 Care facilities: Multiple interventions vs usual care, Outcome 2 Number of

fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 11 Care facilities: Multiple interventions vs usual care

Outcome: 2 Number of fallers

Study or subgroup Multiple Intervention Usual care log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Exercise + management of urinary incontinence + fluid therapy vs usual care

Schnelle 2003 92 98 -0.48 (0.27) 0.62 [ 0.36, 1.05 ]

2 Sunlight exposure + calcium vs usual care

Sambrook 2012 207 205 -0.04 (0.11) 0.96 [ 0.77, 1.19 ]

0.5 0.7 1 1.5 2

Favours multiple Favours usual care

Analysis 11.3. Comparison 11 Care facilities: Multiple interventions vs usual care, Outcome 3 Number of

people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 11 Care facilities: Multiple interventions vs usual care

Outcome: 3 Number of people sustaining a fracture

Study or subgroup Multiple Intervention Usual care log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Exercise + management of urinary incontinence + fluid therapy vs usual care

Schnelle 2003 92 98 1.45 (1.11) 4.26 [ 0.48, 37.55 ]

2 Sunlight exposure + calcium vs usual care

Sambrook 2012 207 205 -0.25 (0.39) 0.78 [ 0.36, 1.67 ]

0.01 0.1 1 10 100

Favours multiple Favours usual care
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Analysis 12.1. Comparison 12 Care facilities: Multifactorial interventions vs usual care, Outcome 1 Rate of

falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 12 Care facilities: Multifactorial interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup MultifactoriaI Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Becker 2003 509 472 -0.6 (0.15) 11.7 % 0.55 [ 0.41, 0.74 ]

Dyer 2004 102 94 -0.62 (0.13) 12.1 % 0.54 [ 0.42, 0.69 ]

Jensen 2002 188 196 -0.29 (0.2) 10.7 % 0.75 [ 0.51, 1.11 ]

Kerse 2004 309 238 0.29 (0.12) 12.3 % 1.34 [ 1.06, 1.69 ]

McMurdo 2000 52 38 -0.25 (0.24) 9.9 % 0.78 [ 0.49, 1.25 ]

Neyens 2009 249 269 -0.24 (0.31) 8.4 % 0.79 [ 0.43, 1.44 ]

Rubenstein 1990 79 81 -0.05 (0.1) 12.6 % 0.95 [ 0.78, 1.16 ]

Salv 2016 193 137 0.8 (0.23) 10.1 % 2.23 [ 1.42, 3.49 ]

Walker 2015 22 20 -0.73 (0.45) 6.0 % 0.48 [ 0.20, 1.16 ]

Whitney 2017 103 88 0.46 (0.44) 6.2 % 1.58 [ 0.67, 3.75 ]

Total (95% CI) 1806 1633 100.0 % 0.88 [ 0.66, 1.18 ]

Heterogeneity: Tau2 = 0.17; Chi2 = 57.84, df = 9 (P<0.00001); I2 =84%

Test for overall effect: Z = 0.85 (P = 0.39)

Test for subgroup differences: Not applicable

0.2 0.5 1 2 5

Favours multifactorial Favours usual care

310Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Analysis 12.2. Comparison 12 Care facilities: Multifactorial interventions vs usual care, Outcome 2 Number

of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 12 Care facilities: Multifactorial interventions vs usual care

Outcome: 2 Number of fallers

Study or subgroup MultifactoriaI Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Becker 2003 509 472 -0.29 (0.14) 13.4 % 0.75 [ 0.57, 0.98 ]

Dyer 2004 102 94 0.03 (0.28) 5.0 % 1.03 [ 0.60, 1.78 ]

Jensen 2002 188 196 -0.34 (0.14) 13.4 % 0.71 [ 0.54, 0.94 ]

Kerse 2004 309 238 0.25 (0.17) 10.6 % 1.28 [ 0.92, 1.79 ]

McMurdo 2000 52 38 -0.42 (0.3) 4.4 % 0.66 [ 0.36, 1.18 ]

Rubenstein 1990 79 81 -0.06 (0.1) 18.5 % 0.94 [ 0.77, 1.15 ]

Salv 2016 193 137 0.27 (0.22) 7.4 % 1.31 [ 0.85, 2.02 ]

Shaw 2003 130 144 -0.08 (0.07) 23.2 % 0.92 [ 0.80, 1.06 ]

Whitney 2017 103 88 0.09 (0.32) 4.0 % 1.09 [ 0.58, 2.05 ]

Total (95% CI) 1665 1488 100.0 % 0.92 [ 0.81, 1.05 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 13.73, df = 8 (P = 0.09); I2 =42%

Test for overall effect: Z = 1.19 (P = 0.23)

Test for subgroup differences: Not applicable
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Analysis 12.3. Comparison 12 Care facilities: Multifactorial interventions vs usual care, Outcome 3 Number

of people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 12 Care facilities: Multifactorial interventions vs usual care

Outcome: 3 Number of people sustaining a fracture

Study or subgroup MultifactoriaI Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Becker 2003 (1) 509 472 -0.07 (0.81) 20.8 % 0.93 [ 0.19, 4.56 ]

Jensen 2002 (2) 188 196 -1.47 (0.7) 24.2 % 0.23 [ 0.06, 0.91 ]

Salv 2016 (3) 193 137 1.49 (1.09) 14.2 % 4.44 [ 0.52, 37.58 ]

Shaw 2003 (4) 130 144 -0.6 (0.49) 32.4 % 0.55 [ 0.21, 1.43 ]

Whitney 2017 (5) 103 88 1.45 (1.54) 8.4 % 4.26 [ 0.21, 87.21 ]

Total (95% CI) 1123 1037 100.0 % 0.79 [ 0.30, 2.07 ]

Heterogeneity: Tau2 = 0.50; Chi2 = 7.12, df = 4 (P = 0.13); I2 =44%

Test for overall effect: Z = 0.48 (P = 0.63)

Test for subgroup differences: Not applicable
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(1) Hip fracture

(2) Hip fracture

(3) Total fractures

(4) Hip fracture

(5) Total fractures

312Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Analysis 13.1. Comparison 13 Care facilities: Multifactorial interventions vs usual care (grouped by level of

care), Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 13 Care facilities: Multifactorial interventions vs usual care (grouped by level of care)

Outcome: 1 Rate of falls

Study or subgroup Multifactorial Usual care log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 High level nursing care facilities

Becker 2003 509 472 -0.6 (0.15) 11.7 % 0.55 [ 0.41, 0.74 ]

Neyens 2009 249 269 -0.24 (0.31) 8.4 % 0.79 [ 0.43, 1.44 ]

Subtotal (95% CI) 758 741 20.2 % 0.59 [ 0.44, 0.79 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 1.09, df = 1 (P = 0.30); I2 =8%

Test for overall effect: Z = 3.52 (P = 0.00042)

2 Intermediate level care facilities

Dyer 2004 102 94 -0.62 (0.13) 12.1 % 0.54 [ 0.42, 0.69 ]

Jensen 2002 188 196 -0.29 (0.2) 10.7 % 0.75 [ 0.51, 1.11 ]

McMurdo 2000 52 38 -0.25 (0.24) 9.9 % 0.78 [ 0.49, 1.25 ]

Subtotal (95% CI) 342 328 32.7 % 0.64 [ 0.50, 0.83 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 2.98, df = 2 (P = 0.23); I2 =33%

Test for overall effect: Z = 3.44 (P = 0.00058)

3 Mixed level care facilities

Kerse 2004 309 238 0.29 (0.12) 12.3 % 1.34 [ 1.06, 1.69 ]

Rubenstein 1990 79 81 -0.05 (0.1) 12.6 % 0.95 [ 0.78, 1.16 ]

Salv 2016 193 137 0.8 (0.23) 10.1 % 2.23 [ 1.42, 3.49 ]

Walker 2015 22 20 -0.73 (0.45) 6.0 % 0.48 [ 0.20, 1.16 ]

Whitney 2017 103 88 0.46 (0.44) 6.2 % 1.58 [ 0.67, 3.75 ]

Subtotal (95% CI) 706 564 47.1 % 1.23 [ 0.85, 1.77 ]

Heterogeneity: Tau2 = 0.11; Chi2 = 17.67, df = 4 (P = 0.001); I2 =77%

Test for overall effect: Z = 1.11 (P = 0.27)

Total (95% CI) 1806 1633 100.0 % 0.88 [ 0.66, 1.18 ]

Heterogeneity: Tau2 = 0.17; Chi2 = 57.84, df = 9 (P<0.00001); I2 =84%

Test for overall effect: Z = 0.85 (P = 0.39)

Test for subgroup differences: Chi2 = 10.68, df = 2 (P = 0.00), I2 =81%
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Analysis 13.2. Comparison 13 Care facilities: Multifactorial interventions vs usual care (grouped by level of

care), Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 13 Care facilities: Multifactorial interventions vs usual care (grouped by level of care)

Outcome: 2 Number of fallers

Study or subgroup Multifactorial Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 High level nursing care facilities

Becker 2003 509 472 -0.29 (0.14) 100.0 % 0.75 [ 0.57, 0.98 ]

Subtotal (95% CI) 509 472 100.0 % 0.75 [ 0.57, 0.98 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.07 (P = 0.038)

2 Intermediate level care facilities

Dyer 2004 102 94 0.03 (0.28) 17.0 % 1.03 [ 0.60, 1.78 ]

Jensen 2002 188 196 -0.34 (0.14) 68.1 % 0.71 [ 0.54, 0.94 ]

McMurdo 2000 52 38 -0.42 (0.3) 14.8 % 0.66 [ 0.36, 1.18 ]

Subtotal (95% CI) 342 328 100.0 % 0.75 [ 0.60, 0.94 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.62, df = 2 (P = 0.44); I2 =0.0%

Test for overall effect: Z = 2.50 (P = 0.012)

3 Mixed level care facilities

Kerse 2004 309 238 0.25 (0.17) 13.4 % 1.28 [ 0.92, 1.79 ]

Rubenstein 1990 79 81 -0.06 (0.1) 29.7 % 0.94 [ 0.77, 1.15 ]

Salv 2016 193 137 0.27 (0.22) 8.6 % 1.31 [ 0.85, 2.02 ]

Shaw 2003 130 144 -0.08 (0.07) 44.0 % 0.92 [ 0.80, 1.06 ]

Whitney 2017 103 88 0.09 (0.32) 4.3 % 1.09 [ 0.58, 2.05 ]

Subtotal (95% CI) 814 688 100.0 % 1.01 [ 0.88, 1.15 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 5.27, df = 4 (P = 0.26); I2 =24%

Test for overall effect: Z = 0.11 (P = 0.91)

Test for subgroup differences: Chi2 = 7.01, df = 2 (P = 0.03), I2 =71%
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Analysis 14.1. Comparison 14 Care facilities: Multifactorial interventions vs usual care (grouped by level of

cognition), Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 14 Care facilities: Multifactorial interventions vs usual care (grouped by level of cognition)

Outcome: 1 Rate of falls

Study or subgroup Multifactorial Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Participants with cognitive impairment

Becker 2003 (1) 150 169 -0.84 (0.22) 27.4 % 0.43 [ 0.28, 0.66 ]

Jensen 2002 (2) 69 102 0.05 (0.11) 31.9 % 1.05 [ 0.85, 1.30 ]

Neyens 2009 (3) 249 269 -0.24 (0.31) 23.2 % 0.79 [ 0.43, 1.44 ]

Whitney 2017 (4) 103 88 0.46 (0.44) 17.6 % 1.58 [ 0.67, 3.75 ]

Subtotal (95% CI) 571 628 100.0 % 0.83 [ 0.49, 1.40 ]

Heterogeneity: Tau2 = 0.21; Chi2 = 14.98, df = 3 (P = 0.002); I2 =80%

Test for overall effect: Z = 0.71 (P = 0.48)

2 Participants with no cognitive impairment or mixed sample

Becker 2003 (5) 215 191 -0.39 (0.19) 12.6 % 0.68 [ 0.47, 0.98 ]

Dyer 2004 102 94 -0.62 (0.13) 14.0 % 0.54 [ 0.42, 0.69 ]

Jensen 2002 (6) 112 79 -0.49 (0.12) 14.3 % 0.61 [ 0.48, 0.78 ]

Kerse 2004 309 238 0.29 (0.12) 14.3 % 1.34 [ 1.06, 1.69 ]

McMurdo 2000 52 38 -0.25 (0.24) 11.3 % 0.78 [ 0.49, 1.25 ]

Rubenstein 1990 79 81 -0.05 (0.1) 14.6 % 0.95 [ 0.78, 1.16 ]

Salv 2016 (7) 96 77 0.59 (0.2) 12.3 % 1.80 [ 1.22, 2.67 ]

Walker 2015 22 20 -0.73 (0.45) 6.6 % 0.48 [ 0.20, 1.16 ]

Subtotal (95% CI) 987 818 100.0 % 0.84 [ 0.62, 1.13 ]

Heterogeneity: Tau2 = 0.15; Chi2 = 52.63, df = 7 (P<0.00001); I2 =87%

Test for overall effect: Z = 1.15 (P = 0.25)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.97), I2 =0.0%

0.2 0.5 1 2 5
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(1) At least one sign of cognitive impairment or depression based on Minimum Data Set of the Resident Assessment Instrument (MDS RAI 2.0)

(2) Subgroup with MMSE score <19

(3) Psychogeriatric patients

(4) 97% Addenbrooke s Cognitive Examination (ACE-R) score <80

(5) No sign of cognitive impairment or depression based on Minimum Data Set of the Resident Assessment Instrument (MDS RAI 2.0)

(6) Subgroup with MMSE score ≥19

(7) Higher cognition subgroup (excluding those with dementia)
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Analysis 14.2. Comparison 14 Care facilities: Multifactorial interventions vs usual care (grouped by level of

cognition), Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 14 Care facilities: Multifactorial interventions vs usual care (grouped by level of cognition)

Outcome: 2 Number of fallers

Study or subgroup Multifactorial Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Participants with cognitive impairment

Becker 2003 (1) 150 169 -0.71 (0.17) 26.6 % 0.49 [ 0.35, 0.69 ]

Jensen 2002 (2) 69 102 -0.12 (0.21) 23.5 % 0.89 [ 0.59, 1.34 ]

Shaw 2003 (3) 130 144 -0.08 (0.07) 33.7 % 0.92 [ 0.80, 1.06 ]

Whitney 2017 (4) 103 88 0.09 (0.32) 16.2 % 1.09 [ 0.58, 2.05 ]

Subtotal (95% CI) 452 503 100.0 % 0.79 [ 0.57, 1.12 ]

Heterogeneity: Tau2 = 0.08; Chi2 = 12.42, df = 3 (P = 0.01); I2 =76%

Test for overall effect: Z = 1.32 (P = 0.19)

2 Participants with no cognitive impairment or mixed sample

Becker 2003 (5) 215 191 -0.09 (0.15) 19.7 % 0.91 [ 0.68, 1.23 ]

Dyer 2004 102 94 0.03 (0.28) 8.7 % 1.03 [ 0.60, 1.78 ]

Jensen 2002 (6) 112 79 -0.36 (0.24) 11.0 % 0.70 [ 0.44, 1.12 ]

Kerse 2004 309 238 0.25 (0.17) 17.2 % 1.28 [ 0.92, 1.79 ]

McMurdo 2000 52 38 -0.42 (0.3) 7.8 % 0.66 [ 0.36, 1.18 ]

Rubenstein 1990 79 81 -0.06 (0.1) 27.4 % 0.94 [ 0.77, 1.15 ]

Salv 2016 (7) 96 77 0.56 (0.43) 4.2 % 1.75 [ 0.75, 4.07 ]

Walker 2015 22 20 -0.73 (0.45) 3.9 % 0.48 [ 0.20, 1.16 ]

Subtotal (95% CI) 987 818 100.0 % 0.94 [ 0.78, 1.12 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 10.76, df = 7 (P = 0.15); I2 =35%

Test for overall effect: Z = 0.70 (P = 0.48)

Test for subgroup differences: Chi2 = 0.69, df = 1 (P = 0.41), I2 =0.0%
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Favours multifactorial Favours usual care

(1) At least one sign of cognitive impairment or depression based on Minimum Data Set of the Resident Assessment Instrument (MDS RAI 2.0)

(2) Subgroup with MMSE score <19

(3) All participants had an MMSE score <24

(4) 97% Addenbrooke s Cognitive Examination (ACE-R) score <80

(5) No sign of cognitive impairment or depression based on Minimum Data Set of the Resident Assessment Instrument (MDS RAI 2.0)

(6) Subgroup with MMSE score ≥19

(7) Higher cognition subgroup (excluding those with dementia)
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Analysis 15.1. Comparison 15 Hospitals: Additional exercises vs usual physiotherapy, Outcome 1 Rate of

falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 15 Hospitals: Additional exercises vs usual physiotherapy

Outcome: 1 Rate of falls

Study or subgroup Additional exercise Usual physiotherapy log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Donald 2000 (1) 30 24 -0.62 (0.62) 45.8 % 0.54 [ 0.16, 1.81 ]

Treacy 2015 80 81 -0.45 (0.57) 54.2 % 0.64 [ 0.21, 1.95 ]

Total (95% CI) 110 105 100.0 % 0.59 [ 0.26, 1.34 ]

Heterogeneity: Chi2 = 0.04, df = 1 (P = 0.84); I2 =0.0%

Test for overall effect: Z = 1.26 (P = 0.21)

Test for subgroup differences: Not applicable
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(1) Factorial design: additional exercises with carpet or vinyl flooring vs conventional physiotherapy with carpet or vinyl flooring

Analysis 15.2. Comparison 15 Hospitals: Additional exercises vs usual physiotherapy, Outcome 2 Number

of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 15 Hospitals: Additional exercises vs usual physiotherapy

Outcome: 2 Number of fallers

Study or subgroup Additional exercise Usual physiotherapy log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Donald 2000 (1) 30 24 -1.56 (0.87) 30.8 % 0.21 [ 0.04, 1.16 ]

Jarvis 2007 14 15 -0.78 (0.58) 69.2 % 0.46 [ 0.15, 1.43 ]

Total (95% CI) 44 39 100.0 % 0.36 [ 0.14, 0.93 ]

Heterogeneity: Chi2 = 0.56, df = 1 (P = 0.46); I2 =0.0%

Test for overall effect: Z = 2.11 (P = 0.035)

Test for subgroup differences: Not applicable
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(1) Factorial design: additional exercises with carpet or vinyl flooring vs conventional physiotherapy with carpet or vinyl flooring
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Analysis 16.1. Comparison 16 Hospitals: Medication review vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 16 Hospitals: Medication review vs usual care

Outcome: 1 Rate of falls

Study or subgroup Medication review Control log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Michalek 2014 58 56 -1.97 (1.97) 0.14 [ 0.00, 6.63 ]

0.01 0.1 1 10 100

Favours medication review Favours control

Analysis 16.2. Comparison 16 Hospitals: Medication review vs usual care, Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 16 Hospitals: Medication review vs usual care

Outcome: 2 Number of fallers

Study or subgroup Medication review Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Michalek 2014 58 56 -1.71 (1.49) 0.18 [ 0.01, 3.35 ]

0.01 0.1 1 10 100

Favours medication review Favours control
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Analysis 17.1. Comparison 17 Hospitals: Vitamin D supplements vs no vitamin D supplements, Outcome 1

Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 17 Hospitals: Vitamin D supplements vs no vitamin D supplements

Outcome: 1 Number of fallers

Study or subgroup Vitamin D No vitamin log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Vitamin D + calcium vs calcium

Burleigh 2007 100 103 -0.2 (0.17) 0.82 [ 0.59, 1.14 ]
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Favours vitamin D Favours no vitamin D

Analysis 17.2. Comparison 17 Hospitals: Vitamin D supplements vs no vitamin D supplements, Outcome 2

Number of people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 17 Hospitals: Vitamin D supplements vs no vitamin D supplements

Outcome: 2 Number of people sustaining a fracture

Study or subgroup Vitamin D No vitamin log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Vitamin D + calcium vs calcium

Burleigh 2007 100 103 -1.08 (1.12) 0.34 [ 0.04, 3.05 ]

0.002 0.1 1 10 500

Favours vitamin D Favours no vitamin D
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Analysis 17.3. Comparison 17 Hospitals: Vitamin D supplements vs no vitamin D supplements, Outcome 3

Adverse events.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 17 Hospitals: Vitamin D supplements vs no vitamin D supplements

Outcome: 3 Adverse events

Study or subgroup Vitamin D No vitamin Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Gastrointestinal complaints (nausea, vomiting, diarrhoea)

Burleigh 2007 4/100 3/103 1.37 [ 0.32, 5.98 ]

0.01 0.1 1 10 100

Favours vitamin D Favours no vitamin D

Analysis 18.1. Comparison 18 Hospitals: Environmental interventions vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 18 Hospitals: Environmental interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup Environmental Int Usual care log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Carpet flooring vs vinyl flooring

Donald 2000 (1) 28 26 2.69 (1.05) 100.0 % 14.73 [ 1.88, 115.35 ]

Subtotal (95% CI) 28 26 100.0 % 14.73 [ 1.88, 115.35 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.56 (P = 0.010)

2 Low-low beds vs usual care

Haines 2010 6113 4986 0.33 (0.94) 100.0 % 1.39 [ 0.22, 8.78 ]

Subtotal (95% CI) 6113 4986 100.0 % 1.39 [ 0.22, 8.78 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.35 (P = 0.73)

3 Blue identification bracelet vs usual care (no bracelet)

Mayo 1994 65 69 0.14 (0.24) 100.0 % 1.15 [ 0.72, 1.84 ]

Subtotal (95% CI) 65 69 100.0 % 1.15 [ 0.72, 1.84 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.58 (P = 0.56)

0.01 0.1 1 10 100

Favours intervention Favours usual care

(Continued . . . )

320Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



(. . . Continued)
Study or subgroup Environmental Int Usual care log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

4 Bed alarms vs usual care

Shorr 2012 (2) 11115 17436 0.09 (1.02) 16.3 % 1.09 [ 0.15, 8.08 ]

Wolf 2013 (3) 48 50 -0.63 (0.45) 83.7 % 0.53 [ 0.22, 1.29 ]

Subtotal (95% CI) 11163 17486 100.0 % 0.60 [ 0.27, 1.34 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.42, df = 1 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 1.25 (P = 0.21)
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Favours intervention Favours usual care

(1) Factorial design: carpet flooring with or without additional exercises vs vinyl flooring with or without additional exercises

(2) Education and support on use of sensor pads applied to the bed, chair or commode

(3) Sensor alarm fitted to patients upper leg at rest time

Analysis 18.2. Comparison 18 Hospitals: Environmental interventions vs usual care, Outcome 2 Number of

fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 18 Hospitals: Environmental interventions vs usual care

Outcome: 2 Number of fallers

Study or subgroup Environmental Int Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Carpet flooring vs vinyl flooring

Donald 2000 28 26 2.12 (1.11) 100.0 % 8.33 [ 0.95, 73.37 ]

Subtotal (95% CI) 28 26 100.0 % 8.33 [ 0.95, 73.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.91 (P = 0.056)

2 Blue identification bracelet vs usual care (no bracelet)

Mayo 1994 (1) 65 69 0.29 (0.29) 100.0 % 1.34 [ 0.76, 2.36 ]

Subtotal (95% CI) 65 69 100.0 % 1.34 [ 0.76, 2.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.00 (P = 0.32)

3 Bed alarms vs usual care

Shorr 2012 (2) 11115 17436 0.05 (0.9) 25.0 % 1.05 [ 0.18, 6.13 ]

Wolf 2013 (3) 48 50 -0.12 (0.52) 75.0 % 0.89 [ 0.32, 2.46 ]

0.05 0.2 1 5 20

Favours intervention Favours usual care
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(. . . Continued)
Study or subgroup Environmental Int Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Subtotal (95% CI) 11163 17486 100.0 % 0.93 [ 0.38, 2.24 ]

Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.87); I2 =0.0%

Test for overall effect: Z = 0.17 (P = 0.86)

0.05 0.2 1 5 20

Favours intervention Favours usual care

(1) Blue identification bracelet vs usual care (no bracelet)

(2) Education and support on bed alarm use

(3) Bec and chair sensor alarm

Analysis 19.1. Comparison 19 Hospitals: Social environment vs control, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 19 Hospitals: Social environment vs control

Outcome: 1 Rate of falls

Study or subgroup Social environment Control log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Organisational service model change (fall prevention guideline implementation)

Koh 2009 (1) 612 510 0.6 (1.06) 1.82 [ 0.23, 14.55 ]

2 Organisation service model change (falls prevention, incontinence and ulcer guideline implementation)

Van Gaal 2011b (2) 1081 1120 -0.4 (0.69) 0.67 [ 0.17, 2.59 ]

3 Organisational service model change (fall prevention toolkit software)

Dykes 2010 (3) 2755 2509 -0.6 (1.73) 0.55 [ 0.02, 16.29 ]

4 Acute care service for elderly patients vs usual care

Wald 2011 122 95 -0.33 (1) 0.72 [ 0.10, 5.10 ]

5 Post-operative orthogeriatric service after hip fracture

Stenvall 2007 (4) 102 97 -0.97 (0.34) 0.38 [ 0.19, 0.74 ]

0.005 0.1 1 10 200

Favours intervention Favours control

(1) Multifaceted fall prevention guideline implementation vs routine dissemination

(2) Guideline implementation (falls, urinary tract infection, pressure ulcers) programme vs control

(3) Fall prevention tool kit software vs usual care

(4) Acute care: unit specialising in geriatric orthopaedic care versus conventional orthopaedic care after proximal femoral fracture surgery
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Analysis 19.2. Comparison 19 Hospitals: Social environment vs control, Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 19 Hospitals: Social environment vs control

Outcome: 2 Number of fallers

Study or subgroup Social environment Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Fall prevention tool kit software vs usual care

Dykes 2010 2755 2509 -0.09 (1.4) 0.91 [ 0.06, 14.21 ]

2 Behaviour advisory service vs usual care

Mador 2004 36 35 0.89 (0.54) 2.44 [ 0.85, 7.02 ]

3 Post-operative orthogeriatric service after hip fracture

Stenvall 2007 (1) 102 97 -0.89 (0.36) 0.41 [ 0.20, 0.83 ]

0.05 0.2 1 5 20

Favours intervention Favours control

(1) Acute care: unit specialising in geriatric orthopaedic care versus conventional orthopaedic care after proximal femoral fracture surgery

Analysis 19.3. Comparison 19 Hospitals: Social environment vs control, Outcome 3 Number of people

sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 19 Hospitals: Social environment vs control

Outcome: 3 Number of people sustaining a fracture

Study or subgroup Social environment Control log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Post-operative orthogeriatric service after hip fracture

Stenvall 2007 (1) 102 97 -2.21 (1.34) 0.11 [ 0.01, 1.52 ]

0.005 0.1 1 10 200

Favours intervention Favours control

(1) Acute care: unit specialising in geriatric orthopaedic care versus conventional orthopaedic care after proximal femoral fracture surgery
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Analysis 20.1. Comparison 20 Hospitals: Knowledge/education interventions vs usual care, Outcome 1 Rate

of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 20 Hospitals: Knowledge/education interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup Knowledge/education Usual care log [Rate Ratio] Rate Ratio Rate Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Educational materials + health professional follow-up vs usual care

Haines 2011 401 381 -0.19 (0.22) 0.83 [ 0.54, 1.27 ]

2 Educational materials only vs usual care

Haines 2011 424 381 -0.09 (0.2) 0.91 [ 0.62, 1.35 ]

0.5 0.7 1 1.5 2

Favours knowledge Favours usual care

Analysis 20.2. Comparison 20 Hospitals: Knowledge/education interventions vs usual care, Outcome 2

Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 20 Hospitals: Knowledge/education interventions vs usual care

Outcome: 2 Number of fallers

Study or subgroup Knowledge/education Usual care log [Risk Ratio] Risk Ratio Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Individualised educational session vs usual care

Ang 2011 910 912 -1.24 (0.48) 0.29 [ 0.11, 0.74 ]

2 Educational materials + health professional follow-up vs usual care

Haines 2011 401 381 -0.3 (0.22) 0.74 [ 0.48, 1.14 ]

3 Educational materials only vs usual care

Haines 2011 424 381 -0.17 (0.21) 0.84 [ 0.56, 1.27 ]

0.1 0.2 0.5 1 2 5 10

Favours knowledge Favours usual care
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Analysis 21.1. Comparison 21 Hospitals: Multifactorial interventions vs usual care, Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 21 Hospitals: Multifactorial interventions vs usual care

Outcome: 1 Rate of falls

Study or subgroup Multifactorial Usual care log [Rate ratio] Rate ratio Weight Rate ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Barker 2016 (1) 17698 17566 0.04 (0.14) 25.4 % 1.04 [ 0.79, 1.37 ]

Cumming 2008 (2) 2047 1952 -0.04 (0.15) 24.1 % 0.96 [ 0.72, 1.29 ]

Haines 2004 (3) 310 316 -0.36 (0.13) 26.8 % 0.70 [ 0.54, 0.90 ]

Healey 2004 (4) 749 905 -0.53 (0.42) 6.3 % 0.59 [ 0.26, 1.34 ]

Hill 2015 (5) 1402 1719 -0.51 (0.21) 17.3 % 0.60 [ 0.40, 0.91 ]

Total (95% CI) 22206 22458 100.0 % 0.80 [ 0.64, 1.01 ]

Heterogeneity: Tau2 = 0.03; Chi2 = 8.38, df = 4 (P = 0.08); I2 =52%

Test for overall effect: Z = 1.90 (P = 0.058)

Test for subgroup differences: Not applicable

0.2 0.5 1 2 5

Favours multifactorial Favours usual care

(1) Acute care: risk assessment and up to 6 interventions for high risk patients, plus staff education vs usual care

(2) Acute and subacute care: risk assessment, staff and patient education, drug review, environmental modifications, exercise vs usual care

(3) Subacute: risk assessment and targeted interventions (exercise, educational sessions from OT, hip protectors) vs usual care

(4) Acute and subacute care: risk factor screening and targeted care plan in at-risk patients vs usual care

(5) Subacute care: Multimedia falls education with follow-up for patients plus staff education and feedback.
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Analysis 21.2. Comparison 21 Hospitals: Multifactorial interventions vs usual care, Outcome 2 Number of

fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 21 Hospitals: Multifactorial interventions vs usual care

Outcome: 2 Number of fallers

Study or subgroup Multifactorial Usual care log [Risk Ratio] Risk Ratio Weight Risk Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

Barker 2016 (1) 17698 17566 -0.01 (0.565) 6.5 % 0.99 [ 0.33, 3.00 ]

Cumming 2008 (2) 2047 1952 0.04 (0.4) 12.9 % 1.04 [ 0.48, 2.28 ]

Haines 2004 (3) 310 316 -0.25 (0.16) 80.6 % 0.78 [ 0.57, 1.07 ]

Total (95% CI) 20055 19834 100.0 % 0.82 [ 0.62, 1.09 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.57, df = 2 (P = 0.75); I2 =0.0%

Test for overall effect: Z = 1.37 (P = 0.17)

Test for subgroup differences: Not applicable

0.02 0.1 1 10 50

Favours multifactorial Favours usual care

(1) Acute care: risk assessment and up to 6 interventions for high risk patients, plus staff education vs usual care

(2) Acute and subacute care: risk assessment, staff and patient education, drug review, environmental modifications, exercise vs usual care

(3) Subacute: risk assessment and targeted interventions (exercise, educational sessions from OT, hip protectors) vs usual care

Analysis 21.3. Comparison 21 Hospitals: Multifactorial interventions vs usual care, Outcome 3 Number of

people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 21 Hospitals: Multifactorial interventions vs usual care

Outcome: 3 Number of people sustaining a fracture

Study or subgroup log [Risk Ratio] Risk Ratio Weight Risk Ratio

(SE) IV,Fixed,95% CI IV,Fixed,95% CI

Cumming 2008 (1) -1.14 (1.7) 25.7 % 0.32 [ 0.01, 8.95 ]

Haines 2004 (2) 0.02 (1) 74.3 % 1.02 [ 0.14, 7.24 ]

Total (95% CI) 100.0 % 0.76 [ 0.14, 4.10 ]

Heterogeneity: Chi2 = 0.35, df = 1 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 0.32 (P = 0.75)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours multifactorial Favours usual care
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(1) Acute and subacute care: risk assessment, staff and patient education, drug review, environmental modifications, exercise vs usual care

(2) Subacute: risk assessment and targeted interventions (exercise, educational sessions from OT, hip protectors) vs usual care

Analysis 22.1. Comparison 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of

care), Outcome 1 Rate of falls.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of care)

Outcome: 1 Rate of falls

Study or subgroup Multifactorial Usual care log [Rate Ratio] Rate Ratio Weight Rate Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 Acute level of care

Barker 2016 17698 17566 0.04 (0.14) 25.4 % 1.04 [ 0.79, 1.37 ]

Subtotal (95% CI) 17698 17566 25.4 % 1.04 [ 0.79, 1.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.29 (P = 0.78)

2 Subacute or acute (mixed) levels of care

Cumming 2008 2047 1952 -0.04 (0.15) 24.1 % 0.96 [ 0.72, 1.29 ]

Healey 2004 749 905 -0.53 (0.42) 6.3 % 0.59 [ 0.26, 1.34 ]

Subtotal (95% CI) 2796 2857 30.4 % 0.88 [ 0.61, 1.27 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 1.21, df = 1 (P = 0.27); I2 =17%

Test for overall effect: Z = 0.68 (P = 0.50)

3 Subacute level of care

Haines 2004 310 316 -0.36 (0.13) 26.8 % 0.70 [ 0.54, 0.90 ]

Hill 2015 1402 1719 -0.51 (0.21) 17.3 % 0.60 [ 0.40, 0.91 ]

Subtotal (95% CI) 1712 2035 44.1 % 0.67 [ 0.54, 0.83 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.37, df = 1 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 3.63 (P = 0.00028)

Total (95% CI) 22206 22458 100.0 % 0.80 [ 0.64, 1.01 ]

Heterogeneity: Tau2 = 0.03; Chi2 = 8.38, df = 4 (P = 0.08); I2 =52%

Test for overall effect: Z = 1.90 (P = 0.058)

Test for subgroup differences: Chi2 = 6.38, df = 2 (P = 0.04), I2 =69%

0.2 0.5 1 2 5

Favours multifactorial Favours usual care
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Analysis 22.2. Comparison 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of

care), Outcome 2 Number of fallers.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of care)

Outcome: 2 Number of fallers

Study or subgroup log [Risk Ratio] Risk Ratio Weight Risk Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

1 Acute level care

Barker 2016 (1) -0.01 (0.565) 6.5 % 0.99 [ 0.33, 3.00 ]

Subtotal (95% CI) 6.5 % 0.99 [ 0.33, 3.00 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.99)

2 Subacute or acute (mixed) levels of care

Cumming 2008 (2) 0.04 (0.4) 12.9 % 1.04 [ 0.48, 2.28 ]

Subtotal (95% CI) 12.9 % 1.04 [ 0.48, 2.28 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.10 (P = 0.92)

3 Subacute level of care

Haines 2004 (3) -0.25 (0.16) 80.6 % 0.78 [ 0.57, 1.07 ]

Subtotal (95% CI) 80.6 % 0.78 [ 0.57, 1.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.56 (P = 0.12)

Total (95% CI) 100.0 % 0.82 [ 0.62, 1.09 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.57, df = 2 (P = 0.75); I2 =0.0%

Test for overall effect: Z = 1.37 (P = 0.17)

Test for subgroup differences: Chi2 = 0.57, df = 2 (P = 0.75), I2 =0.0%

0.02 0.1 1 10 50

Favours multifactorial Favours usual care

(1) Acute care: risk assessment and up to 6 interventions for high risk patients, plus staff education vs usual care

(2) Acute and subacute care: risk assessment, staff and patient education, drug review, environmental modifications, exercise vs usual care

(3) Subacute: risk assessment and targeted interventions (exercise, educational sessions from OT, hip protectors) vs usual care
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Analysis 22.3. Comparison 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of

care), Outcome 3 Number of people sustaining a fracture.

Review: Interventions for preventing falls in older people in care facilities and hospitals

Comparison: 22 Hospitals: Multifactorial interventions vs usual care (grouped by type of care)

Outcome: 3 Number of people sustaining a fracture

Study or subgroup log [Risk Ratio] Risk Ratio Weight Risk Ratio

(SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Subacute or acute (mixed) levels of care

Cumming 2008 (1) -1.14 (1.7) 25.7 % 0.32 [ 0.01, 8.95 ]

Subtotal (95% CI) 25.7 % 0.32 [ 0.01, 8.95 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.67 (P = 0.50)

2 Subacute level of care

Haines 2004 (2) 0.02 (1) 74.3 % 1.02 [ 0.14, 7.24 ]

Subtotal (95% CI) 74.3 % 1.02 [ 0.14, 7.24 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

Total (95% CI) 100.0 % 0.76 [ 0.14, 4.10 ]

Heterogeneity: Chi2 = 0.35, df = 1 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 0.32 (P = 0.75)

Test for subgroup differences: Chi2 = 0.35, df = 1 (P = 0.56), I2 =0.0%

0.002 0.1 1 10 500

Favours multifactorial Favours usual care

(1) Acute and subacute care: risk assessment, staff and patient education, drug review, environmental modifications, exercise vs usual care

(2) Subacute: risk assessment and targeted interventions (exercise, educational sessions from OT, hip protectors) vs usual care

A D D I T I O N A L T A B L E S

Table 1. Description of included studies: reference links

Study description Links to references

Additional studies included in this update Care facilities N = 28: Beck 2016; Buckinx 2014; Cadore 2014; Colon-Emeric 2013;
da Silva Borges 2014; Houghton 2014; Frankenthal 2014; Fu 2015; Garcia Gollarte
2014; Huang 2016; Imaoka 2016; Irez 2011; Juola 2015; Kennedy 2015; Kovacs
2012; Kovacs 2013; Peyro Saint Paul 2013; Potter 2016; Salvà 2016; Saravanakumar
2014; Sitja Rabert 2015; Streim 2012; Tuunainen 2013; Van de Ven 2014; Van het
Reve 2014; Walker 2015; Whitney 2017; Yokoi 2015
Hospitals N = 7: Aizen 2015; Barker 2016; Hill 2015; Michalek 2014; Shorr 2012;
Treacy 2015; Wolf 2013
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Table 1. Description of included studies: reference links (Continued)

Design Cluster randomised N = 42: Aizen 2015; Barker 2016; Beck 2016; Becker 2003;
Chenoweth 2009; Choi 2005; Colon-Emeric 2013; Cox 2008; Crotty 2004b;
Cumming 2008; Dyer 2004; Dykes 2010; Garcia Gollarte 2014; Haines 2010; Healey
2004; Hill 2015; Houghton 2014; Jensen 2002; Juola 2015; Kennedy 2015; Kerse
2004; Kerse 2008; Koh 2009; Lapane 2011; Law 2006; McMurdo 2000; Meyer
2009; Michalek 2014; Neyens 2009; Patterson 2010; Ray 1997; Rosendahl 2008;
Salvà 2016; Sambrook 2012; Shorr 2012; Van de Ven 2014; Van Gaal 2011a; Van
Gaal 2011b; Walker 2015; Ward 2010; Whitney 2017; Yokoi 2015

Setting (country) Australia (N = 17): Barker 2016; Chenoweth 2009; Crotty 2004a; Crotty 2004b;
Cumming 2008; Flicker 2005; Grieger 2009; Haines 2004; Haines 2010; Haines
2011; Hill 2015; Mador 2004; Potter 2016; Sambrook 2012; Saravanakumar 2014;
Treacy 2015; Ward 2010
Belgium (N = 1): Buckinx 2014
Brazil (N = 1): da Silva Borges 2014
Denmark (N = 1): Beck 2016
Canada (N = 3): Kennedy 2015; Klages 2011; Mayo 1994
China (N = 1): Fu 2015
Finland (N = 3): Juola 2015; Sihvonen 2004; Tuunainen 2013
France (N = 3): Chapuy 2002; Peyro Saint Paul 2013; Toulotte 2003
Germany (N = 4): Becker 2003; Meyer 2009; Michalek 2014; Wolf 2013
Hungary (N = 2): Kovacs 2012; Kovacs 2013
Israel (N = 2): Aizen 2015; Frankenthal 2014
Korea (N = 1): Choi 2005
Japan (N = 5): Imaoka 2016; Sakamoto 2006; Sakamoto 2012; Shimada 2004; Yokoi
2015
The Netherlands (N = 5): Faber 2006; Neyens 2009; Van de Ven 2014; Van Gaal
2011a; Van Gaal 2011b
New Zealand (N = 2): Kerse 2004; Kerse 2008
Singapore (N = 2): Ang 2011; Koh 2009
Spain (N = 5): Cadore 2014; Garcia Gollarte 2014; Salvà 2016; Serra-Rexach 2011;
Sitja Rabert 2015
Sweden (N = 3): Jensen 2002; Rosendahl 2008; Stenvall 2007
Switzerland (N = 2): Bischoff 2003; Van het Reve 2014
Taiwan (N = 1): Huang 2016
Turkey (N = 1): Irez 2011
United Kingdom (N = 14): Burleigh 2007; Cox 2008; Houghton 2014; Donald
2000; Dyer 2004; Healey 2004; Jarvis 2007; Law 2006; McMurdo 2000; Patterson
2010; Shaw 2003; Walker 2015; Whitney 2017; Zermansky 2006
USA (N = 16): Broe 2007; Buettner 2002; Clifton 2009; Colon-Emeric 2013; Dykes
2010; Lapane 2011; Mulrow 1994; Nowalk 2001; Ray 1997; Rubenstein 1990;
Schnelle 2003; Schoenfelder 2000; Shorr 2012; Streim 2012; Tideiksaar 1993; Wald
2011

Setting Care facilities N = 71
High level nursing care N = 17: Beck 2016; Becker 2003; Bischoff 2003; Broe 2007;
Chenoweth 2009; Clifton 2009; Crotty 2004a; Fu 2015; Imaoka 2016; Meyer 2009;
Mulrow 1994; Neyens 2009; Ray 1997; Schnelle 2003; Schoenfelder 2000; Van de
Ven 2014; Van Gaal 2011a;
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Table 1. Description of included studies: reference links (Continued)

Intermediate level care N = 17: Buckinx 2014; Chapuy 2002; Choi 2005; da
Silva Borges 2014; Dyer 2004; Irez 2011; Jensen 2002; Kerse 2008; Kovacs 2012;
McMurdo 2000; Sakamoto 2006; Sakamoto 2012; Sambrook 2012; Serra-Rexach
2011; Sihvonen 2004; Van het Reve 2014; Yokoi 2015
Mixed levels of care N = 37: Buettner 2002; Cadore 2014; Colon-Emeric 2013; Cox
2008; Crotty 2004b; Houghton 2014; Faber 2006; Flicker 2005; Frankenthal 2014;
Garcia Gollarte 2014; Grieger 2009; Huang 2016; Juola 2015; Kennedy 2015; Kerse
2004; Klages 2011; Kovacs 2013; Lapane 2011; Law 2006; Nowalk 2001; Patterson
2010; Peyro Saint Paul 2013; Potter 2016; Rosendahl 2008; Rubenstein 1990; Salvà
2016; Saravanakumar 2014; Shaw 2003; Shimada 2004; Sitja Rabert 2015; Streim
2012; Toulotte 2003; Tuunainen 2013; Walker 2015; Ward 2010; Whitney 2017;
Zermansky 2006
Hospitals N = 24
Acute care N = 10: Ang 2011; Barker 2016; Dykes 2010; Koh 2009; Mador 2004;
Shorr 2012; Stenvall 2007; Tideiksaar 1993; Van Gaal 2011b; Wald 2011
Subacute care N = 12: Aizen 2015; Burleigh 2007; Donald 2000; Haines 2004;
Haines 2010; Healey 2004; Hill 2015; Jarvis 2007; Mayo 1994; Michalek 2014;
Treacy 2015; Wolf 2013
Acute and subacute care N = 2: Cumming 2008; Haines 2011

Care facilities Exercises N = 23: Buckinx 2014; Buettner 2002; Cadore 2014; Choi 2005; da Silva
Borges 2014; Faber 2006; Fu 2015; Irez 2011; Kerse2008; Kovacs 2012; Kovacs 2013;
Mulrow 1994; Nowalk 2001; Rosendahl 2008; Sakamoto 2006; Saravanakumar
2014; Schoenfelder 2000; Serra-Rexach 2011; Shimada 2004; Sihvonen 2004; Sitja
Rabert 2015; Toulotte 2003; Tuunainen 2013; Yokoi 2015

Table 2. Description of interventions in studies of exercise interventions in care facilities

Trial Intervention Control Comment

Buckinx 2014 Whole body vibration exercise pro-
gramme

Usual care: no change to lifestyle

Buettner 2002 Supervised group exercises Usual care

Cadore 2014 Multicomponent exercises. Twice-
weekly, 40-minute duration

Usual care: “mobility” exercises (30
minutes per day at least 4 days
per week), small active and passive
movements applied as stretches in
a rhythmic fashion

Choi 2005 Tai Chi Usual care: routine activities, with-
out participation in any regular ex-
ercise classes

da Silva Borges 2014 Ballroom dancing Usual care: agreed not to engage in
any regular physical activity
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Table 2. Description of interventions in studies of exercise interventions in care facilities (Continued)

Faber 2006 • A functional balance,
strength and mobility programme

• 3D (balance)

Usual care: no change usual pattern
of activity

Both comparisons of interventions
vs usual care considered under ex-
ercise vs usual care. Comparisons
of interventions arms considered
under comparisons of different ex-
ercise categories

Fu 2015 Wii balance training (1 hour 3 x
week)

Different exercise: Balance training
(Otago) (1 hour, 3 x week)

Imaoka 2016 Reduced exercise - individualised
exercise only.

Different exercise: groups plus in-
dividualised exercises (described by
study authors as usual care)

Irez 2011 Combination exercises: Pilates Usual care: no Pilates, instructed
not to change current activity levels

Kerse 2008 Activity programme Usual care

Kovacs 2012 Multimodal exercise - Otago Exer-
cise programme

Different exercise: Osteoporosis
exercise programme, includes bal-
ance and strengthening exercises

Kovacs 2013 Multimodal exercise - Otago Exer-
cise programme

Usual care: social activities such as
board games, listening to music

Mulrow 1994 Tailored exercises Usual care: friendly visit, usually
involved reading to participant,
avoided physical activity

Nowalk 2001 • Supervised exercise
• Tai Chi

Plus control (basic enhanced pro-
gramme)

Usual care: basic enhanced pro-
gramme including falls-prevention
programme with 3 education ses-
sions and a walking programme

Results for interventions vs usual
care as reported by study authors
presented in Analysis 1.2 as data
not suitable for calculation of RaR
or RR.

Rosendahl 2008 Functional exercise programme Usual care: Seated activities, in-
cluding watching films, reading,
singing

Sakamoto 2006 Single leg practice 1 min / leg, 3 x
daily

Usual care: no details

Saravanakumar 2014 • Tai Chi
• Flexibility (yoga)

Different exercise: “staying active”:
includes games, group activities, a
gym with bike and activities such
as walking and gardening

All comparisons presented under
comparisons of different exercise
categories
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Table 2. Description of interventions in studies of exercise interventions in care facilities (Continued)

Schoenfelder 2000 Ankle-strengthening exercise Usual care: little information

Serra-Rexach 2011 Training sessions + usual care phys-
iotherapy

Different exercise: usual care phys-
iotherapy (40 to 45 minutes/day 5
x weekly)- stretches, aerobic exer-
cise such as walking (though low
intensity)

Shimada 2004 Gait exercises + usual exercises Different exercise: physiotherapy
for pain, stretches, low- and high-
intensity resistance training, gait
training, stairs, lower limb func-
tion

Sihvonen 2004 Balance training (visual feedback) Usual care: little information

Sitja Rabert 2015 Whole body vibration + exercise
static and dynamic balance and
strength exercise)

Different exercise: same exercise
programme done on land

Toulotte 2003 Supervised exercises Usual care: continued daily routine

Tuunainen 2013 • Group strength training:
Progressive resistance, supervised
group training, 1 hour, 2x weekly

• Balance and strength
training

Different exercise: self-adminis-
tered training (1 hour, 2 x weekly)
: Stretching, crouching and rising
administered by nurses written in-
structions from physiotherapist

All comparisons presented under
comparisons of different exercise
categories

Yokoi 2015 Group supervised seated stick ex-
ercises 25 minutes, 2 x weekly
(included daily house-keeping and
hobbies for both exercise and con-
trol group)

Usual care: activities of daily liv-
ing and 10-minute group stretch-
ing exercises continued. No other
exercises were conducted

Table 3. Description of interventions in the medication review trials

Study Medication review Control Comment

Crotty 2004a Additional pharmacist Usual care

Crotty 2004b Additional pharmacist Usual care

Frankenthal 2014 Medication review No interventional recommenda-
tions made by pharmacist to chief
physician
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Table 3. Description of interventions in the medication review trials (Continued)

Garcia Gollarte 2014 Physician education on drug use
in older people, plus medication
review in 10%

No intervention or information
about an educational intervention

Falls data excludes the intervention
period; not suitable for pooling

Houghton 2014 Multiprofessional medication re-
view

Usual care (support from the
NHS)

Juola 2015 Nursing education to reduce med-
ication use

Usual care

Lapane 2011 Clinical informatics tool for medi-
cation review: providing reports to
pharmacists and nursing staff to as-
sist identifying residents at risk for
delirium and falls. Reports gener-
ated within 24 hours of admission,
used during monthly medication
review and at time of Minimum
Data Set reporting or when falls or
delirium triggered resident assess-
ment protocols

Usual care (includes monthly
medication review by pharmacist)

Patterson 2010 Pharmacist review of psychoactive
medications

Usual care

Peyro Saint Paul 2013 Ceasing medication to avoid hy-
ponatraemia

Usual care Unusual study, not pooled with
others

Potter 2016 Deprescribing Medication review without depre-
scribing

Streim 2012 Deprescribing antidepressants Continue taking antidepressants Data not suitable for pooling.

Zermansky 2006 Medication review by pharmacist Usual care

Table 4. Summary of ’Risk of bias’ assessment of included studies

Risk of Bias Low High Unclear

Sequence generation (selection
bias)

69% (66/95) 2% (2/95) 28% (27/95)

Allocation (selection bias) 45% (43/95) 15% (14/95) 40% (38/95)

Blinding of participants and
personnel (performance bias)

7% (7/95) 91% (86/95) 2% (2/95)
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Table 4. Summary of ’Risk of bias’ assessment of included studies (Continued)

Blinding of outcome assessors
(detection bias)

11% (10/95) 68% (65/95) 21% (20/95)

Incomplete outcome data (at-
trition bias)

63% (60/95) 27% (26/95) 9% (9/95)

Selective reporting (reporting
bias)

53% (50/95) 8% (8/95) 39% (37/95)

Method of ascertaining falls 47% (45/95) 28% (27/95) 24% (23/95)

Baseline imbalance 54% (51/95) 27% (26/95) 19% (18/95)

Other bias 92% (87/95) 2% (2/95) 6% (6/95)

A P P E N D I C E S

Appendix 1. Search strategies (2012 to February 2016)

For this update the searches were modified to broaden sensitivity and bring them in line with current Cochrane guidelines. Previous
search strategies are given in Cameron 2012.
The search process was run in two stages: the first search was run in February 2016 and a second top-up search was run in August 2017.

CENTRAL 2016, Issue 2 (Cochrane Central Register of Studies Online)

Initial search (February 2016)

#1 MESH DESCRIPTOR Accidental Falls (945)
#2 MESH DESCRIPTOR Hip Fractures EXPLODE ALL TREES WITH QUALIFIERS PC (122)
#3 (falls or faller*):TI,AB,KY (2980)
#4 #1 OR #2 OR #3 (3051)
#5 MESH DESCRIPTOR Aged EXPLODE ALL TREES (863)
#6 (older or senior* or elderly):TI,AB,KY (35860)
#7 #5 OR #6 (36186)
#8 #4 AND #7 (1491)
#9 MESH DESCRIPTOR Residential Facilities EXPLODE ALL TREES (1269)
#10 MESH DESCRIPTOR Long-Term Care (989)
#11 MESH DESCRIPTOR Institutionalization (159)
#12 MESH DESCRIPTOR Hospitalization (3772)
#13 MESH DESCRIPTOR Subacute Care (9)
#14 MESH DESCRIPTOR Hospitals EXPLODE ALL TREES (2630)
#15 MESH DESCRIPTOR Hospital Units (173)
#16 MESH DESCRIPTOR Rehabilitation Centers (233)
#17 MESH DESCRIPTOR Inpatients (631)
#18 MESH DESCRIPTOR Geriatric Assessment (1117)
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#19 ((long stay or long term or acute or sub-acute or subacute or residential or hospital) adj3 (care or ward* or hospital)):TI,AB,KY
(9444)
#20 ((rehabilitation or geriatric) adj (ward* or hospital* or unit* or department*)):TI,AB,KY (2261)
#21 (hostel* or nursing home*):TI,AB,KY (2109)
#22 inpatient*:TI,AB,KY (7336)
#23 residen*:TI,AB,KY (7244)
#24 institution*:TI,AB,KY (8275)
#25 #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23
OR #24 (36817)
#26 #8 AND #25 (495)
#27 18/04/2012 TO 29/02/2016:DL (261267)
#28 #26 AND #2 (7214)
#29 * NOT INMEDLINE NOT INEMBASE AND 18/04/2012 TO 29/02/2016:DL (61657)
#30 #28 AND #29 (7)
Top-up search (August 2017)

#27 29/02/2016 TO 31/08/2017:DL (146249)
#28 #26 AND #27 (120)

MEDLINE (OvidSP)

Initial search (February 2016)

1 Accidental Falls/ or exp Hip Fractures/pc [Prevention & Control] (18380)
2 (falls or faller$).tw. (33218)
3 or/1-2 (42468)
4 exp Aged/ or Middle Aged/ (4118285)
5 (older or senior$ or elderly).tw. (473795)
6 or/4-5 (4287430)
7 and/3,6 (21348)
8 exp Residential Facilities/ (45187)
9 Long-Term Care/ (22760)
10 Institutionalization/ or Hospitalization/ (84278)
11 Subacute Care/ (757)
12 exp Hospitals/ (230464)
13 Hospital Units/ (9255)
14 Rehabilitation Centers/ (7271)
15 Inpatient/ (14941)
16 Geriatric Assessment/ (20228)
17 ((long stay or long term or acute or sub-acute or subacute or residential or hospital) adj3 (care or ward$1 or hospital)).tw. (744645)
18 ((rehabilitation or geriatric) adj (ward$1 or hospital$1 or unit$1 or department$1)).tw. (7183)
19 (hostel$1 or nursing home$).tw. (24258)
20 inpatient.tw. (51064)
21 residen$.tw. (170300)
22 institution$.tw. (191229)
23 or/8-22 (1281719)
24 and/7,23 (6980)
25 Randomized controlled trial.pt. (406953)
26 Controlled clinical trial.pt. (90108)
27 randomized.ab. (336211)
28 placebo.ab. (166425)
29 Drug therapy.fs. (1819658)
30 randomly.ab. (242642)
31 trial.ab. (347439)
32 groups.ab. (1517503)
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33 or/25-32 (3659217)
34 exp Animals/ not Humans/ (4187037)
35 33 not 34 (3146945)
36 24 and 35 (1918)
37 (2012* or 2013* or 2014* or 2015* or 2016*).ed,dc. (4739332)
38 36 and 37 (660)
Top-up search (August 2017)

37 (2016* or 2017*).ed,dc,yr. (2902640)
38 36 and 37 (444)

Embase (OvidSP)

Initial search (February 2016)

1 Falling/ or exp Hip fracture/pc (30681)
2 (falls or faller$).tw. (42331)
3 or/1-2 (60124)
4 Aged/ or Middle Aged/ (2951209)
5 (older or senior$ or elderly).tw. (623077)
6 or/3-4 (2990799)
7 and/3,6 (60124)
8 Residential Home/ or Nursing Home/ or Assisted Living Facility/ (48670)
9 Halfway House/ or Long Term Care/ (102560)
10 Hospitalization/ (243942)
11 Institutional Care/ or Residential Care/ or Home For The Aged/ or Institutionalization/ (29979)
12 exp Hospital/ or Hospital Patient/ (893392)
13 Rehabilitation Center/ (10566)
14 ((long stay or long term or acute or sub-acute or subacute or residential or hospital) adj3 (care or ward$1 or hospital)).tw. (1054527)
15 ((rehabilitation or geriatric) adj (ward$1 or hospital$1 or unit$1 or department$1)).tw. (11032)
16 (hostel$1 or nursing home$).tw. (30080)
17 inpatient.tw. (78633)
18 residen$.tw. (208729)
19 institution$.tw. (287669)
20 or/8-19 (2160272)
21 and/7,20 (15557)
22 exp Randomized Controlled Trial/ or exp Single Blind Procedure/ or exp Double Blind Procedure/ or Crossover Procedure/ (443586)
23 (random* or RCT or placebo or allocat* or crossover* or ’cross over’ or trial or (doubl* adj1 blind*) or (singl* adj1 blind*)).ti,ab.
(1472662)
24 22 or 23 (1551624)
25 (exp Animal/ or animal.hw. or Nonhuman/) not (exp Human/ or Human cell/ or (human or humans).ti.) (5440113)
26 24 not 25 (1369711)
27 21 and 26 (1849)
28 (2012* or 2013* or 2014* or 2015* or 2016*).em,dd. (6468106)
29 27 and 28 (849)
Top-up search (August 2017)

28 (2016* or 2017*).dd,yr. (2947022)
29 27 and 28 (362)

CINAHL (EBSCOhost)

Initial search (February 2016)

S1 (MH “Accidental Falls”) (14,702)
S2 TI ( (falls or faller or fallers) ) OR AB ( (falls or faller or fallers) ) (18,518)
S3 S1 or S2 (25,905)
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S4 (MH “Aged+”) (554,747)
S5 TI ( (senior or seniors or elderly or older) ) OR AB ( (senior or seniors or elderly or older) ) (154,950)
S6 S4 or S5 (606,645)
S7 S3 and S6 (12,500)
S8 (MH “Residential Facilities+”) (24,586)
S9 (MH “Long Term Care”) (20,495)
S10 MH Hospitalization OR MH institutionalisation (22,416)
S11 (MH “Subacute Care”) (1,163)
S12 (MH “Hospitals+”) (82,740)
S13 (MH “Hospital Units”) (5,365)
S14 (MH “Rehabilitation Centers”) (6,003)
S15 TX (long stay or acute or sub-acute or subacute or residential) N3 (care or ward or wards or hospital*) (42,572)
S16 TX (rehabilitation or geriatric) N1 (ward* or hospital* or unit* or department*) (27,626)
S17 TX hostel OR TX hostels (342)
S18 TI inpatient OR AB inpatient (23,497)
S19 TI residen* OR AB residen* (44,727)
S20 TI institution* OR AB institution* (42,946)
S21 TX nursing home (49,403)
S22 S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 (306,197)
S23 S7 AND S22 (3,504)
S24 PT Clinical Trial (79,124)
S25 (MH “Clinical Trials+”) (196,188)
S26 TI clinical trial* OR AB clinical trial* (51,126)
S27 TI ( (single blind* or double blind*) ) OR AB ( (single blind* or double blind*) ) (23,585)
S28 TI random* OR AB random* (166,482)
S29 S24 OR S25 OR S26 OR S27 OR S28 (302,149)
S30 S23 AND S29 (496)
S31 EM 2012 OR EM 2013 OR EM 2014 OR EM 2015 OR EM 2016 (1,482,299)
S32 S30 AND S31 (145)
Top-up search (August 2017)

S31 EM 2016 OR EM 2017 (1,830,054)
S32 S30 AND S31 (169)

WHO ICTRP

Initial search (February 2016)

fall* AND prevent* OR fall AND reduc* (368 records for 361 trials)
Top-up search (August 2017)

89 additional records identified

ClinicalTrials.gov

Initial search (March 2016)

(fall OR falls OR falling) AND (prevention OR prevent OR reduce OR reduction)
Interventional Studies
received from 01/01/2012 to 22/03/2016
551 records
Top-up search (August 2017)

232 additional records identified
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Appendix 2. ’Risk of bias’ assessment criteria

Bias Judgement of risk of bias: LOW, HIGH, or UNCLEAR

Random sequence generation

Relating to selection bias (biased allocation to interventions) due
to inadequate generation of a randomised sequence

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions.

Allocation concealment

Relating to selection bias (biased allocation to interventions) due
to inadequate concealment of allocations prior to assignment

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions. In cluster randomised trials, if pa-
tients were recruited following allocation of the cluster, this was
considered as high risk. The timing of recruitment of individuals
to clusters was considered within this domain

Blinding of participants and personnel

Relating to performance bias due to knowledge of the allocated
interventions by participants and personnel carrying out the in-
terventions

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions.

Blinding of outcome assessment

Relating to detection bias due to knowledge of the allocated in-
terventions by outcome assessors

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions.

Incomplete outcome data

Relating to attrition bias due to amount, nature or handling of
incomplete outcome data

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions. For cluster-randomised trials, po-
tential bias due to loss of clusters was considered within this do-
main

Selective outcome reporting

Relating to bias due to the selective reporting or non reporting of
findings

According to recommendations in the Cochrane Handbook for Sys-
tematic Reviews of Interventions. Where no protocol was identified,
but all expected falls outcomes were reported and appropriate ad-
justments for clustering were performed, a ‘low risk’ rather than
unclear judgement was made

Method of ascertaining falls

Relating to bias in the recall of falls due to unreliable methods of
ascertainment

All studies were assessed as follows.
Judgement of ’Low risk’ if the study used a clear definition of
falls plus some form of concurrent collection of data about falling,
e.g. staff recorded falls daily on a hospital register.
Judgement of ’High risk’ if ascertainment relied on participant
recall at longer intervals than one month during the study or at its
conclusion, or if there were important differences in the methods
of ascertainment of falls between study arms, or falls were poorly
defined
Judgement of ’Unclear’ if there was retrospective recall over a
short period only, or a definition of falls was not described, or
details of ascertainment were not described, i.e. insufficient infor-
mation was provided to allow a judgement of ’Low risk’ or ’High
risk’
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(Continued)

Bias resulting from major baseline imbalances

Relating to bias resulting from major imbalances in key baseline
characteristics

Judgement of ’Low risk’ if good comparability of groups, or
confounding adjusted for in analysis
Judgement of ‘High risk’ if imbalance in characteristics likely
to impact on falls rate (particularly age, previous falls/falls risk,
medical status, dependency, cognitive function) and confounding
not adjusted for in analysis
Judgement of ‘Unclear’ if not discussed.

Appendix 3. Settings, combinations and categories of interventions (ProFaNE) for each included
study

Setting/

Combina-

tion

Study ID Exercises Medica-

tion (drug

target)

Manage-

ment

of urinary

inconti-

nence

Fluid or

nutri-

tional

therapy

Environ-

ment/ as-

sis-

tive tech-

nology

Social en-

vironment

Knowl-

edge

Other

CARE FA-

CILITIES

Single Bischoff
2003

****

Broe 2007 ****

Buckinx
2014

****

Buettner
2002

****

Cadore
2014

****

Chapuy
2002

****

Chenoweth
2009

****

Choi 2005 ****

Clifton
2009

****
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(Continued)

Colon-
Emeric
2013

****

Cox 2008 ****

Crotty
2004a

****

Crotty
2004b

****

da Silva
Borges
2014

****

Houghton
2014

****

Faber 2006 ****

Flicker
2005

****

Franken-
thal
2014

****

Fu 2015 ****

Garcia
Gollarte
2014

****

Grieger
2009

****

Huang
2016 (CB)

****
Psycholog-
ical

Imaoka
2016
(RED EX)

****

Imaoka
2016 (Vit
D)

****

Irez 2011 ****
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(Continued)

Juola 2015 ****

Kennedy
2015

****

Kerse 2008 ****

Klages
2011

****
Multisen-
sory stimu-
lation

Kovacs
2012

****

Kovacs
2013

****

Lapane
2011

**** ****

Law 2006 ****

Meyer
2009

****

Mulrow
1994

****

Nowalk
2001

****

Patterson
2010

****

Peyro Saint
Paul 2013

****

Potter
2016

****

Rosendahl
2008

****

Sakamoto
2006

****

Sakamoto
2012

****
Lavender
patches
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(Continued)

Sambrook
2012 (UV)

****
Sunlight

Sara-
vanaku-
mar
2014

****

Schoen-
felder
2000

****

Serra-
Rexach
2011

****

Shimada
2004

****

Sihvonen
2004

****

Sitja
Rabert
2015

****

Streim
2012

****

Toulotte
2003

****

Tuunainen
2013

**** ****

Van de Ven
2014

Van Gaal
2011a

****

Van het
Reve 2014

****
Psycholog-
ical

Ward 2010 ****

Yokoi
2015

****
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(Continued)

Zerman-
sky
2006

****

Multiple Huang
2016

**** ****

Imaoka
2016

**** ****

Schnelle
2003

**** **** ****

Sambrook
2012
(UV+)

**** ****
Sunlight

Multifac-

torial

Beck 2016 **** ****

Becker
2003

**** **** **** ****

Dyer 2004 **** **** **** **** ****
Podiatry
referral

Jensen
2002

**** **** **** ****

Kerse 2004 **** **** **** ****

McMurdo
2000

**** **** **** ****

Neyens
2009

**** **** **** ****

Ray 1997 **** **** **** ****

Ruben-
stein
1990

**** ****

Salvà 2016
a

**** **** **** ****
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(Continued)

Shaw 2003 **** **** ****

Walker
2015

**** **** **** **** **** ****

Whitney
2017

**** **** **** ****

HOSPI-

TALS

Single Ang 2011 ****

Burleigh
2007

****

Donald
2000 (2 x 2
factorial)

**** ****

Dykes
2010

****

Haines
2010

****

Haines
2011

****

Jarvis 2007 ****

Koh 2009 ****

Mador
2004

****

Mayo
1994

****

Michalek
2014

****

Shorr
2012

****

Stenvall
2007

****
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(Continued)

Tideiksaar
1993

****

Treacy
2015

****

Van Gaal
2011b

****

Wald 2011 ****

Wolf 2013 ****

Multifac-

torial

Aizen
2015

**** **** **** **** Psycholog-
ical

Barker
2016

**** **** ****

Cumming
2008

**** **** **** **** ****

Haines
2004

**** **** ****

Healey
2004

**** **** ****
Opthal-
mology re-
ferral

Hill 2015 **** ****

aLikely types of interventions based on falls risk factors assessed, actual interventions instigated unclear

Abbreviations

CB: cognitive behavioural
RED EX: reduced exercise
UV: increased sunlight exposure group.
UV+: increased sunlight exposure + calcium supplementation group
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Appendix 4. Categories of exercise (ProFaNE) by study setting and combination

Study

setting/type

Study ID Gait/bal-

ance/ func-

tional

training

Strength/

resistance

training

Flexibility 3D (Tai

Chi, dance

etc)

General

physical ac-

tivity

Endurance Other

CARE FA-

CILITIES

Single Buckinx
2014

**** **** **** (WBV)

Buettner
2002

**** **** **** **** ****

Cadore
2014

**** **** ****

Choi 2005 ****

da Silva
Borges 2014

**** ****

Faber 2006
(FW)

****

Faber 2006
(IB)

**** **** **** ****

Fu 2015 ****

Imaoka
2016

****

Irez 2011 **** **** ****

Kerse 2008 ****

Kovacs 2012 **** **** **** ****

Kovacs 2013 **** **** **** ****

Mulrow
1994

**** **** ****

Nowalk
2001
(FNBF)

**** ****
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(Continued)

Nowalk
2001 (LL/
TC)

****

Rosendahl
2008

**** ****

Sakamoto
2006

****

Saravanaku-
mar
2014 (Tai
Chi)

****

Saravanaku-
mar
2014 (Yoga)

****

Schoen-
felder
2000

**** ****

Serra-
Rexach
2011

**** **** ****

Shimada
2004

****

Sihvonen
2004

****

Sitja Rabert
2015

**** **** **** (WBV)

Toulotte
2003

**** **** ****

Tuunainen
2013 (MF)

****

Tuunainen
2013(MFB)

**** ****

Yokoi 2015 **** ****
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(Continued)

Multiple Huang 2016 **** ****

Imaoka
2016

****

Schnelle
2003

**** ****

Multifacto-

rial

Beck 2016 **** ****

Becker 2003 **** ****

Dyer 2004 **** **** **** ****

Jensen 2002 **** ****

McMurdo
2000

**** **** ****

Neyens
2009a

Salvà 2016 **** **** **** ****

Shaw 2003 **** **** ****

Walker
2015a

Whitney
2017

****

HOSPI-

TALS

Single Donald
2000 (EX)

****

Jarvis 2007 **** **** ****

Treacy 2015 ****
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(Continued)

Multifacto-

rial

Cumming
2008

****

Haines
2004

**** **** ****

a No description of the exercise components

Abbreviations

EX: supplementary exercises
FNBF: ’Fit NB Free’ group
FW: ’Functional Walking’ group
IB: ’In Balance’ group
LL/TC: ’Living and learning/Tai Chi’ group
MF: muscle force
MFB: muscle force & balance

WBV: whole body vibration

Appendix 5. Categories of environment/assistive technology interventions (ProFaNE) by study
setting and combination

Study setting/

type

Study ID Furnishing/

adaptations

Personal mobil-

ity aids

Communica-

tion/signalling

aids

Body

worn care/pro-

tection aids

Other environ-

mental

CARE FACILI-

TIES

Single Clifton 2009 ****

Multifactorial Becker 2003 **** **** ****

Dyer 2004 ****

Jensen 2002 **** **** **** ****

Kerse 2004 **** **** ****

McMurdo 2000 ****

Neyens 2009 **** ****
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(Continued)

Ray 1997 **** ****

Rubenstein
1990

****

Salvà 2016a

Shaw 2003 **** **** ****

Walker 2015 **** **** ****

Whitney 2017 **** **** ****

HOSPITALS

Single Donald 2000
(FL)

****

Mayo 1994 ****

Haines 2010 ****

Shorr 2012 ****

Tideiksaar 1993 ****

Wolf 2013 ****

Multifactorial Aizen 2015 **** **** ****

Barker 2016 **** ****

Cumming 2008 **** **** ****

Haines 2004 **** ****

Healey 2004 **** **** **** ****

Stenvall 2007 ****
Home visit by
OT and/or PT

aNo clear description of types of environment/assistive technology
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Abbreviations

FL: carpet flooring group
OT: occupational therapist
PT: physiotherapist

Appendix 6. Categories of medication (drug target, ProFaNE) interventions by study setting and
combination

Setting/

Combina-

tion

Study ID Vitamin D Calcium Other bone

health

medication

Antidepres-

sants

Antipsy-

chotics/

neuroleptics

Medication

review

Other

CARE FA-

CILITIES

Single Bischoff
2003

****

Broe 2007 ****

Chapuy
2002

**** ****

Crotty
2004a

**** Pharm

Crotty
2004b

**** Pharm

Houghton
2014

**** MultiP

Flicker 2005 ****

Frankenthal
2014

**** Pharm

Garcia
Gollarte
2014

**** Educ

Grieger
2009a

**** ****

Imaoka
2016a

**** ****

Juola 2015b ****
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(Continued)

Kennedy
2015c

**** **** ****

Law 2006 ****

Patterson
2010d

****

Peyro Saint
Paul 2013e

****

Potter 2016

Sambrook
2012

**** (UV)

Streim 2012 **** Depresc

Zermansky
2006

**** Pharm

Multiple Imaoka
2016a

Sambrook
2012

**** (UV) ****

Multifacto-

rial

Dyer 2004 ****

Jensen 2002 ****

McMurdo
2000

****

Neyens
2009

****

Ray 1997 ****

Rubenstein
1990

****

Salvà 2016 ****

Shaw 2003 ****
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(Continued)

Walker
2015

Whitney
2017

****

HOSPI-

TALS

Burleigh
2007

****

Michalek
2014

****

Multifacto-

rial

Aizen 2015 ??

Cumming
2008

****

Healey 2004 ****

Stenvall
2007

**** **** ****

a Multivitamin
b Nurse education on harmful medications
cTraining to increase appropriate prescription of vitamin D, calcium and osteoporosis medications
d Medication review of antipsychotics
e Review by a pharmacologist for patients with hyponatraemia
Abbreviations
Depresc: deprescribing
Educ: education on medication review
Multi P: multiprofessional review by clinical pharmacist, pharmacy technician, care home staff and GP
Pharm: pharmacist
UV: increased sunlight exposure group
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Appendix 7. Source of data for generic inverse variance analysis (see footnotes for explanation of
codes)

Study ID Source for rate ratio

(falls)

Source for risk ratio

(fallers)

Source of risk ratio

(number with fractures)

Aizen 2015 ND ND NA

Ang 2011 NA 4 NA

Barker 2016 1b 7c ND

Beck 2016 ND NA NA

Becker 2003 1b 5b 7c

Becker 2003
(Cognitively impaired/not im-
paired subgroup analysis)

1 5 NA

Bischoff 2003 1a 5a 7

Broe 2007 (800 IU) 1a 4a NA

Buckinx 2014 3 7 NA

Buettner 2002 ND NA NA

Burleigh 2007 ND 5 7

Cadore 2014 ND NA NA

Chapuy 2002 NA 7 7

Chenoweth 2009 NA ND NA

Choi 2005 NA 7c NA

Clifton 2009 3 NA NA

Colon-Emeric 2013 ND NA NA

Cox 2008 1ab NA ND

Crotty 2004a NA 5 NA

Crotty 2004b NA 5ab NA

Cumming 2008 1ab 7c 7c
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(Continued)

da Silva Borges 2014 ND NA NA

Donald 2000 3 5 NA

Dyer 2004 3c 6b NA

Dykes 2010 3c 7c NA

Faber 2006 3 4 (FW vs control and IB vs con-
trol)
4a (FW + IB vs control)

NA

Flicker 2005 1 4 7

Frankenthal 2014 3 NA NA

Fu 2015 1a NA NA

Garcia Gollarte 2014 ND ND NA

Grieger 2009 3 7 NA

Haines 2004 3 5 7

Haines 2010 3c NA NA

Haines 2011 2a 6a NA

Healey 2004 3c NA NA

Hill 2015 1ab NDa NDa

Houghton 2014 1b NA NA

Huang 2016 ND ND NA

Imaoka 2016 ND ND NA

Irez 2011 3 NA NA

Jarvis 2007 ND 7 NA

Jensen 2002 1b 4b 6a

Jensen 2002
(MMSE < 19/ ≥ 19 subgroup
analysis)

1b 7c NA
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Juola 2015 1ac 7c NA

Juola 2015 (MMSE >15, 10-
15, <10 subgroups)

3ac NA NA

Kennedy 2015 3c 7c ND

Kerse 2004 1ab 7c NA

Kerse 2008 2b 7c NA

Klages 2011 ND NA NA

Koh 2009 3c NA NA

Kovacs 2012 NA 5 NA

Kovacs 2013 1 5 NA

Lapane 2011 NA 4b NA

Law 2006 3c 7c 5ab

Mador 2004 NA 7 NA

Mayo 1994 3 4 NA

McMurdo 2000 3c 7c 7c

Meyer 2009 3c 7c 7c

Michalek 2014 3c 7c NA

Mulrow 1994 3 7 NA

Neyens 2009 1b NA NA

Nowalk 2001 NA ND NA

Patterson 2010 3c NA NA

Peyro Saint Paul 2013 3 7 NA

Potter 2016 3 7 7

Ray 1997 NA ND NA

Rosendahl 2008 1c 7c 7c
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Rubenstein 1990 3 7 7

Sakamoto 2006 3 7 7

Sakamoto 2012 1 4 NA

Salvà 2016 1ab 7c 7c

Salvà 2016 (subgroup exclud-
ing dementia)

1ab 6ab NA

Sambrook 2012 1c 7c 7c

Saravanakumar 2014 3 NA NA

Schnelle 2003 3 7 7

Schoenfelder 2000 3 NA NA

Serra-Rexach 2011 ND NA NA

Shaw 2003 ND 5 5

Shimada 2004 3 7 NA

Shorr 2012 3ab 7c NA

Sihvonen 2004 1a 7 NA

Sitja Rabert 2015 ND 7 7

Stenvall 2007 1 4 ND

Stenvall 2007 (dementia sub-
group in Stenvall 2012)

1 7 7

Streim 2012 ND NA NA

Tideiksaar 1993 ND NA NA

Toulotte 2003 ND NA NA

Treacy 2015 1 NA NA

Tuunainen 2013 3 7 NA

Van de Ven 2014 3c NA NA

Van Gaal 2011a 1c NA NA
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Van Gaal 2011b 1c NA NA

Van het Reve 2014 3 7 NA

Wald 2011 3 NA NA

Walker 2015 3c NA NA

Ward 2010 ND NA 7c

Whitney 2017 1b 5a 7c

Wolf 2013 3 7 NA

Yokoi 2015 NA 7c NA

Zermansky 2006 3 7 NA

aData reported as admissions not patients
Abbreviations

FW: ’Functional Walking’ group
IB: ’In Balance’ group
MMSE: Mini Mental State Examination
800 IU: 800 International Units vitamin D group
Codes for source of rate ratio:

1: incidence rate ratio reported by trial authors
2: hazard ratio/relative hazard (multiple events) reported by trial authors
3: incidence rate ratio calculated by review authors
a: adjusted for confounders by trial authors
b: adjusted for clustering by trial authors
c: adjusted for clustering by review authors
Codes for source of risk ratio:

4: hazard ratio/relative hazard (first fall only) reported by trial authors
5: relative risk reported by trial authors
6: odds ratio reported by trial authors
7: relative risk calculated by review authors
a: adjusted for confounders by trial authors
b: adjusted for clustering by trial authors
c: adjusted for clustering by review authors
NA: not applicable. Falls (for rate ratio) or fallers (for risk ratio) or number of people sustaining a fracture (for risk ratio) not reported
as an outcome in the trial
ND: outcomes relating to falls or fallers or fractures were reported, but there were no useable data; results from the paper reported in
the text of the review
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Appendix 8. Raw data for rate of falls and number of fallers when available

Study ID Interven-

tion group:

falls per

person year

Control

group: falls

per person

year

Interven-

tion group:

number of

fallers

Interven-

tion group:

number in

analysis

Interven-

tion group:

proportion

of fallers

Con-

trol group:

number of

fallers

Con-

trol group:

number in

analysis

Control

group: pro-

portion of

fallers

CARE FA-

CILITIES

Beck 2016 0 0.43 --- 9 --- --- 22

Becker 2003 1.40 2.56 188 509 0.37 247 472 0.52

Becker 2003
(Cognitively
impaired)

1.10 2.71 50 150 0.33 98 169 0.58

Becker 2003
(Not cogni-
tively
impaired)

1.42 2.04 93 215 0.43 91 191 0.48

Bischoff
2003

--- --- 14 62 0.23 18 60 0.30

Broe 2007
(800 IU)

0.28 1.00 5 23 0.22 11 25 0.44

Buckinx
2014

1.16 1.21 15 31 0.48 17 31 0.55

Buettner
2002

--- --- --- --- --- --- --- ---

Cadore
2014

0 9.6 --- 11 --- --- 13 ---

Chapuy
2002

--- --- 251 393 0.64 118 190 0.62

Chenoweth
2009

--- --- --- --- --- --- --- ---

Choi 2005 --- --- 9 29 0.31 15 30 0.50

Clifton
2009

2.45 3.79 --- 43 --- --- 43 ---
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(Continued)

Colon-
Emeric
2013

2.06a 2.64a --- --- --- --- --- ---

Cox 2008b --- --- --- 3315 --- --- 2322 ---

Crotty
2004a

--- --- 19 44 0.43 16 44 0.36

Crotty
2004b

--- --- 97 381 0.26 73 334 0.22

da Silva
Borges 2014

--- --- --- 30 --- --- 29 ---

Houghton
2014

3.32 3.0 --- 381 --- --- 445 ---

Dyer 2004 2.17 4.02 56 102 0.55 51 94 0.54

Faber 2006
(FW)

3.3 2.5 40 64 0.63 48 90 0.53

Faber 2006
(IB)

2.4 2.5 45 78 0.58 48 90 0.53

Faber 2006
(FW + IB)

2.8 2.5 85 142 0.60 48 90 0.53

Flicker 2005 1.26 1.90 170 313 0.54 185 312 0.59

Frankenthal
2014

0.80 1.30 --- 160 --- --- 146 ---

Fu 2015 0.54 1.52 --- 30 --- --- 30 ---

Garcia
Gollarte
2014

1.28 1.72 82 344 0.24 104 372 0.28

Grieger
2009

0.60 1.60 11 48 0.23 12 43 0.28

Huang 2016
(CB)

0.00 1.67 0 25 0.00 7 24 0.29

Huang 2016
(CB + EX)

0.00 1.67 0 24 0.00 7 24 0.29
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Imaoka
2016 (RED
EX)

--- --- 7 22 0.32 9 17 0.53

Imaoka
2016 (Vit
D)

--- --- 6 17 0.35 9 17 0.53

Imaoka
2016 (mul-
tiple)

--- --- 4 19 0.21 9 17 0.53

Irez 2011 1.60 5.63 --- 30 --- --- 30 ---

Jensen 2002 2.45 3.03 82 188 0.44 109 196 0.56

Jensen 2002
(MMSE <
19)

3.50 3.34 37 69 0.54 62 102 0.61

Jensen 2002
(MMSE ≥

19)

1.77 2.90 42 112 0.38 43 79 0.54

Juola 2015 2.25 3.25 42 93 0.45 60 96 0.63

Juola 2015
(MMSE
>15)

3.90 3.08 --- 45 --- --- 50 ---

Juola 2015
(MMSE 10-
15)

1.12 4.22 --- 23 --- --- 22 ---

Juola 2015
(MMSE
<10)

0.61 2.70 --- 25 --- --- 24 ---

Kennedy
2015

2.57 2.51 853 1290 0.66 1712 2727 0.63

Kerse 2004 4.1 2.3 173 309 0.56 103 238 0.43

Kerse 2008 --- --- 162 310 0.52 146 329 0.44

Klages 2011 --- --- --- --- --- --- --- ---

Koh 2009 0.40 0.22 --- 612 --- --- 510 ---
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Kovacs 2012 --- --- 8 21 0.38 14 20 0.70

Kovacs 2013 0.69 0.97 16 32 0.50 20 30 0.67

Lapane
2011

--- --- --- 1769 --- --- 1552 ---

Law 2006 2.01 2.31 770 1762 0.44 833 1955 0.43

McMurdo
2000

3.02 3.85 20 52 0.38 22 38 0.58

Meyer 2009 1.97 2.04 299 574 0.52 291 551 0.53

Mulrow
1994

1.86 2.44 44 97 0.45 38 97 0.39

Neyens
2009

2.09 2.54 --- 249 --- --- 269 ---

Nowalk
2001 (LL/
TC)

--- --- --- --- --- --- --- ---

Nowalk
2001
(FNBF)

--- --- --- --- --- --- --- ---

Patterson
2010

1.96 1.37 --- 173 --- --- 161 ---

Peyro Saint
Paul 2013

3.00 4.80 1 4 0.25 3 5 0.60

Potter 2016 4.91 2.96 25 45 0.56 31 48 0.65

Ray 1997 --- --- --- --- --- --- --- ---

Rosendahl
2008

3.6 4.6 46 87 0.53 49 96 0.51

Rubenstein
1990

2.49 2.63 56 79 0.71 61 81 0.75

Sakamoto
2006

0.93 1.14 68 315 0.22 51 212 0.24

Sakamoto
2012

1.04 1.40 26 73 0.36 36 72 0.50
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(Continued)

Salvà 2016 1.93 0.89 94 193 0.49 52 137 0.38

Salvà 2016
(excluding
dementia)

--- --- --- --- --- --- --- ---

Sambrook
2012 (UV)

--- --- 111 190 0.58 111 205 0.54

Sambrook
2012 (UV+)

--- --- 108 207 0.52 111 205 0.54

Saravanaku-
mar
2014 (Tai
Chi)

2.02 3.90 --- 9 --- --- 11 ---

Saravanaku-
mar
2014 (Yoga)

2.87 3.90 --- 9 --- --- 11 ---

Schnelle
2003

0.68 1.09 17 92 0.18 29 98 0.30

Schoen-
felder
2000

9.33 3.43 --- 9 --- --- 7 ---

Serra-
Rexach
2011

--- --- --- --- --- --- --- ---

Shaw 2003 --- --- 96 130 0.74 115 144 0.80

Shimada
2004

1.07 2.00 5 15 0.33 6 11 0.55

Sihvonen
2004

--- --- 11 20 0.55 5 7 0.71

Sitja Rabert
2015

--- --- 20 81 0.25 15 78 0.19

Streim 2012 --- --- --- --- --- --- --- ---

Toulotte
2003

--- --- --- --- --- --- --- ---
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Tuunainen
2013 (MF)

0.88 1.19 7 16 0.44 14 18 0.78

Tuunainen
2013 (MFB)

0.57 1.19 6 14 0.43 14 18 0.78

Van de Ven
2014

1.81 3.33 --- 137 --- --- 156 ---

Van Gaal
2011a

1.56 2.08 --- 196 --- --- 196 ---

Van het
Reve 2014

0.50 0.80 3 54 0.06 2 60 0.03

Walker
2015

4.00 1.90 22 20

Ward 2010 --- --- --- --- --- --- --- ---

Whitney
2017

1.51 0.93 31 103 0.30 25 88 0.28

Yokoi 2015 --- --- 6 51 0.12 16 54 0.30

Zermansky
2006

1.60 2.60 84 331 0.25 106 330 0.32

HOSPI-

TALS

Aizen 2015 0.67 0.48 13.00 200 0.065 8.00 308 0.026

Ang 2011 --- --- 4 910 0.004 14 912 0.02

Barker 2016 2.72 2.57 623 17698 0.035 646 17566 0.04

Burleigh
2007

--- --- 36 100 0.36 45 103 0.44

Cumming
2008

3.36 3.39 157 2047 0.08 143 1952 0.07

Donald
2000 (FL)

5.75 0.39 7 28 0.25 1 26 0.04

Donald
2000 (EX)

2.22 2.10 2 30 0.07 6 24 0.25
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Dykes 2010 1.01 1.84 34 2755 0.01 51 2509 0.02

Haines
2004

4.12 5.94 54 310 0.17 71 316 0.22

Haines
2010

1.91 1.37 --- 6113 --- --- 4986 ---

Haines
2011 (ED)

3.14 3.39 56 424 0.13 54 381 0.14

Haines
2011 (ED+)

2.79 3.39 44 401 0.11 54 381 0.14

Healey 2004 4.12 7.03 --- 749 --- --- 905 ---

Hill 2015 2.85 5.03 136 1623 0.08 248 1983 0.13

Jarvis 2007 --- --- 3 14 0.21 7 15 0.47

Mador 2004 --- --- 10 36 0.28 4 35 0.11

Mayo 1994 4.62 4.01 27 65 0.42 21 69 0.30

Michalek
2014

0.55 3.87 2 58 0.03 12 56 0.21

Shorr 2012 2.05 1.66 282 11115 0.03 359 17436 0.02

Stenvall
2007

2.30 5.95 12 102 0.12 26 97 0.27

Stenvall
2007 de-
mentia sub-
group (Sten-
vall, 2012)

0.65 10.67 1 28 0.04 11 36 0.31

Tideiksaar
1993

--- --- --- --- --- --- --- ---

Treacy 2015 2.28 3.53 --- --- --- --- --- ---

Van Gaal
2011b

1.04 1.04 --- 1081 --- --- 1120 ---

Wald 2011 1.75 2.45 --- 122 --- --- 95 ---

Wolf 2013 3.00 5.66 6 48 0.13 7 50 0.14
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aFalls per bed year.
bRaw data not available, data reported by authors as rate ratios
Abbreviations
ED: educational materials only group
ED+: educational materials plus physiotherapist follow-up
EX: supplementary exercises group
FL: carpet flooring group
FNBF: ’Fit NB Free’ group
FW: ’Functional Walking’ group (a functional balance, strength & mobility programme)
IB: ’In Balance’ group
MF: muscle force
MFB: muscle force & balance
MMSE: Mini Mental State Examination
LL/TC: ’Living and learning/Tai Chi’ group
RED EX: reduced exercise
UV: increased sunlight exposure group.
UV+: increased sunlight exposure + calcium supplementation group
Vit D: Vitamin D3 & calcium in multivitamin supplement
800 IU: 800 International Units vitamin D group

Appendix 9. Raw data for number of fractures when available

Study ID Intervention

group: number

of people with

fractures

Intervention

group: number

in analysis

Interven-

tion group: pro-

portion of frac-

ture fallers

Control group:

number of peo-

ple with frac-

tures

Control group:

number in anal-

ysis

Con-

trol group: pro-

portion of frac-

ture fallers

CARE FACILI-

TIES

Beck 2016 --- 9 --- --- 22 ---

Becker 2003: hip 17 509 0.033 15 472 0.032

Bischoff 2003:
hip

2 62 0.032 1 60 0.017

Broe 2007 (800
IU)

--- 23 --- --- 25

Buckinx 2014 --- 31 --- --- 31

Buettner 2002 --- --- --- --- ---

Cadore 2014 --- 11 --- --- 13
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Chapuy 2002:
NV

70 393 0.178 34 190 0.179

Chapuy 2002:
hip

27 393 0.069 21 190 0.111

Chenoweth
2009

--- --- --- --- ---

Choi 2005 --- 29 --- --- 30

Clifton 2009 --- 43 --- --- 43

Colon-Emeric
2013

--- --- --- --- ---

Cox 2008a --- 3315 --- --- 2322

Crotty 2004a --- 44 --- --- 44

Crotty 2004b --- 381 --- --- 334

da Silva Borges
2014

--- 30 --- --- 29

Houghton 2014 --- 381 --- --- 445

Dyer 2004 4 102 0.039 3 94 0.032

Faber 2006
(FW)

--- 64 --- 90

Faber 2006 (IB) --- 78 --- 90

Faber 2006 (FW
+ IB)

--- 142 --- 90

Flicker 2005 25 313 0.080 35 312 0.112

Frankenthal
2014

--- 160 --- 146

Fu 2015 --- 30 --- 30

Garcia Gollarte
2014

--- 344 --- 372

Grieger 2009 --- 48 --- 43
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Huang 2016 --- 51 --- 24

Imaoka 2016
(RED EX)

--- 22 --- 17

Imaoka 2016
(Vit D)

--- 17 --- 17

Imaoka 2016
(multiple)

--- 19 --- 17

Irez 2011 --- 30 --- 30

Jensen 2002 3 188 0.016 12 196 0.061

Juola 2015 --- 93 --- 96

Kennedy 2015 --- 1290 --- 2727

Kerse 2004 --- 309 --- 238

Kerse 2008 --- 310 --- 329

Klages 2011 --- --- --- ---

Koh 2009 --- 612 --- 510

Kovacs 2012 --- 21 --- 20

Kovacs 2013 --- 32 --- 30

Lapane 2011 --- 1769 --- 1552

Law 2006: NV 64 1762 0.036 51 1955 0.026

Law 2006: hip 24 1762 0.014 20 1955 0.010

McMurdo 2000 1 52 --- 3 38

Meyer 2009 39 574 0.068 38 551 0.069

Mulrow 1994 --- 97 97

Neyens 2009 --- 249 269

Nowalk 2001
(LL/TC)

--- --- ---
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Nowalk 2001
(FNBF)

--- --- ---

Patterson 2010 --- 173 161

Peyro Saint Paul
2013

--- 4 5

Potter 2016 3 45 0.067 2 48 0.042

Ray 1997 --- --- ---

Rosendahl 2008 4 87 0.046 6 96 0.063

Rubenstein
1990

7 79 0.089 5 81 0.062

Sakamoto 2006:
hip

1 315 0.003 1 212 0.005

Sakamoto 2012 --- 73 72

Salvà 2016 10 193 0.052 1 137 0.007

Salvà 2016
(excluding
dementia)

--- --- ---

Sambrook 2012
(UV)

17 190 0.089 17 205 0.083

Sambrook 2012
(UV+)

13 207 0.063 17 205 0.083

Saravanakumar
2014

---

Schnelle 2003 4 92 0.043 1 98 0.010

Schoenfelder
2000

--- 9 7

Serra-Rexach
2011

--- --- ---

Shaw 2003 6 130 0.046 12 144 0.083

Shimada 2004 --- 15 11
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Sihvonen 2004 --- 20 7

Sitja Rabert
2015

1 81 0.012 0 78 0

Streim 2012 --- --- ---

Toulotte 2003 --- --- ---

Tuunainen 2013
(MF)

--- 16 18

Tuunainen 2013
(MFB)

--- 14 18

Van de Ven 2014 --- 137 156

Van Gaal 2011a --- 196 196

Van het Reve
2014

--- 54 60

Walker 2015 --- 22 20

Ward 2010 109 2802 0.039 106 2589 0.041

Whitney 2017 3 103 0.029 0 88 0

Yokoi 2015 --- 51 54

Zermansky 2006 --- 331 330

HOSPITALS

Aizen 2015 --- 200 308

Ang 2011 --- 910 912

Barker 2016 11 17698 0.0006 13 17566 0.0007

Burleigh 2007 1 100 0.010 3 103 0.029

Cumming 2008 2 2047 0.001 3 1952 0.002

Donald 2000
(FL)

--- 28 26

Donald 2000
(EX)

--- 30 24
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Dykes 2010 --- 2755 2509

Haines 2004 2 310 0.006 2 316 0.006

Haines 2010 --- 6113 4986

Haines 2011
(ED)

--- 424 381

Haines 2011
(ED+)

--- 401 381

Healey 2004 --- 749 905

Hill 2015 4b 1623 --- 6b 1983 ---

Jarvis 2007 --- 14 15

Mador 2004 --- 36 35

Mayo 1994 --- 65 69

Michalek 2014 --- 58 56

Shorr 2012 --- 11115 17436

Stenvall 2007 0 102 0 4 97 0.041

Stenvall 2007
de-
mentia subgroup
(Stenvall 2012)

0 28 0 3 36 0.083

Tideiksaar 1993 --- --- ---

Treacy 2015 --- --- ---

Van Gaal 2011b --- 1081 1120

Wald 2011 --- 122 95

Wolf 2013 --- 48 50

aRaw data not available, data reported by authors as rate ratios
badmissions
Abbreviations
ED: educational materials only group
ED+: educational materials plus physiotherapist follow-up
EX: supplementary exercises group
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FL: carpet flooring group
FNBF: ’Fit NB Free’ group
FW: ’Functional Walking’ group (a functional balance, strength & mobility programme)
IB: ’In Balance’ group
LL/TC: ’Living and learning/Tai Chi’ group
MF: muscle force
MFB: muscle force & balance
NV: non-vertebral
RED EX: reduced exercise
UV: increased sunlight exposure group.
UV+: increased sunlight exposure + calcium supplementation group
Vit D: Vitamin D3 & calcium in multivitamin supplement
800 IU: 800 International Units vitamin D group

Appendix 10. Studies reporting cost-effectiveness or costs of the intervention and/or healthcare
resource use

Study

ID (source if

not primary ref-

erence), sample,

efficacy analy-

ses, type of eval-

uation

Intervention(s)

and comparator

(N in analysis)

Perspec-

tive(s), type of

currency, price

year, time hori-

zon

Cost items mea-

sured

Mean (SD) in-

tervention cost

per person

Healthcare ser-

vice costs

Incremental

cost per fall pre-

vented/per

QALY gained

•Buettner 2002
•Residents of 3
dementia
care units (Ox-
ford, Boston,
and Palo Alto,
USA) ≥ 2 falls in
1 month, mean
age 83 (range 60
to 98) years
•No effective-
ness data avail-
able for analysis
•Cost analysis

•Daily “graded”
walking, “exer-
cise for function”
programme 3 x
week, sensory air
mat 2 x week
(evenings) for 2
months vs usual
care, number al-
located to each
group not re-
ported (total N =
27)

•Not stated
•US dollar
•Not stated
•2 months

•Ther-
apist time (inter-
vention only)
•Cost of falls and
injuries (“based
on research data
on falls”)

•Treatment
group USD 30,
031, con-
trol group USD
79,535

•Chenoweth
2009 (Norman
2008)
•Residents from
15 dementia care

•Dementia care
map-
ping (DCM) (N
= 109, 5 sites)
vs person centred

•Health service
•Australian dol-
lar
•2008
•8 months

•Trainer time,
post-
training support,
staff replacement
(DCM, PCC)

•Not
reported (annual
total cost per res-
idential care set-
ting DCM AUD

•An-
nual pharmaceu-
tical cost per res-
ident AUD 545.
55

•Not
reported •Incre-
mental cost per
behaviour
(CMAI point)
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(Continued)

sites across Syd-
ney, Aus-
tralia, category 1
to 3 on Aus-
tralian Resident
Classification
Scale (high level
of care), mean
age 84 (SD 7)
years
•No effective-
ness data avail-
able for analysis
•Cost-effective-
ness analysis

care (PCC) (N
= 98, 5 sites) vs
usual care (N =
82, 5 sites) for 4
months

•Pharmaceutical
use

10,034, PCC
AUD 2250)

averted DCM vs
usual care AUD
46.89, PCC vs
usual care AUD
6.43

•Clifton 2009
•Skilled nursing
care-facility resi-
dents, Eastern
Washing-
ton State, USA,
mean age 82 (SD
7) years
•Analysis 7.1
•Analytic model

•Wear FallSaver
monitor for 60
days (N = 33) vs
no device for 60
days (N = 39),
cross-over trial

•Not stated
•US dollar
•2004
•1 year

•Annual
intervention im-
plementation for
100
residents (direct
costs only)
•Mean hospitali-
sation cost for in-
jurious fall (from
the literature)

•USD 2 per resi-
dent per day (an-
nual cost for 100
resident facility
USD 73,000)

•Assum-
ing 35 injurious
falls per 100 res-
idents per year,
annual cost sav-
ings for 100 res-
ident facility if
12% fewer inju-
rious falls USD
429, USD 232,
953 if 50% fewer
injurious falls

Houghton 2014
(Sach 2015)
•Residents
from care homes
with average age
> 65, registered
with GP in lo-
cal area and reg-
istered with Care
Quality
Commission for
at least 6 months
•Analysis 5.1
•Cost
analysis, detailed
micro-costing

• Multipro-
fessional medica-
tion review (N =
826)

•NHS and care
homes
•Pound sterling
•2012
•1 year

•Intervention
costs: personnel
and resources,
Staff costs for
time spent on re-
views, travel time
and costs
•Medication
costs
•Healthcare re-
source use
•Hospitalisa-
tions

•GBP
104.80 (SD 50.
91) per resident

374Interventions for preventing falls in older people in care facilities and hospitals (Review)

Copyright © 2018 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



(Continued)

•Haines
2013 (analysis of
Haines 2011)
•Acute and Re-
habilitation hos-
pital
inpatients age ≥

60, Brisbane and
Perth, Australia,
mean age 75 (SD
11) years
•Analysis 20.1,
Analysis 20.2
•Cost-effective-
ness analysis

•Multimedia pa-
tient educa-
tion programme
with physiother-
apist follow up
(total N = 1,206)

•Health service
provider
•Australian dol-
lar
•2008
•Period of hospi-
talisation

•Acute care costs
•Rehabilitation
costs
•Direct falls re-
lated costs: ra-
diological inves-
tigations, medi-
cal costs, nurs-
ing costs, medi-
cation costs, on-
call payment
costs, suture pro-
cedure costs, or-
thoses costs, and
other tests costs

Intervention/
control group
costs post con-
sent per partici-
pant (mean (SD)
AUD)
Subgroup cogni-
tively intact:
Intervention
cost (complete
programme)
•Acute
care AUD 10,
774 (18,344)
•Rehabil-
itation AUD 11,
197 (18,906)
•Direct falls re-
lated costs AUD
1 (7)
Control cost
•Acute care
AUD 8,481
(12,856)
•Rehabilitation
AUD 10,964
(19,972)
•Direct falls re-
lated costs intact
AUD 8 (47)
Subgroup cogni-
tively impaired:
Intervention
cost (complete
programme)
•Acute
care AUD 11,
128 (28,570)
•Rehabil-
itation AUD 21,
740 (37,130)
•Direct falls re-
lated costs AUD
187 (1,602)
Control group

For subgroup
who were cogni-
tively intact:
• AUD 294 per
fall prevented
•AUD 526 per
faller prevented
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•Acute care
AUD 5,140
(8,142)
•Rehabilitation
AUD 26,050
(36,776)
•Direct falls re-
lated costs AUD
15 (85)

•Meyer 2009
•Nurs-
ing home resi-
dents in Ham-
burg, Germany,
mean age 86 (SD
6) years
•Analysis 8.1,
Analysis 8.2,
Analysis 8.3
•Cost
description

•Administer
standardised risk
assessment tool
(Downton
Index) monthly
(N = 574, 29
nursing homes)
vs usual care (N
= 551, 29 nurs-
ing homes)

•Nursing care fa-
cility
•Euro
•2006
•1 year

•Nurse time for
training and as-
sessing using the
Downton Index

•Not reported
(total during the
study EUR 10,
500 (USD 16,
170, GBP 8160)

•Mulrow 1994
•Residents from
9 nursing homes
in San Antonio,
Texas, USA, de-
pendent in ≥ 2
activities of daily
living, mean age
80 (SD 8) years
•Analysis 3.1,
Analysis
3.2, Analysis 2.1,
Analysis 2.2
•Cost analysis

•One-on-one
physical therapy
sessions (N = 97)
vs friendly vis-
its (N = 97) 3
x week for 4
months

•Not stated
•US dollar
•Not stated
•4 months

•In-
tervention deliv-
ery (wages, travel
expenses, equip-
ment,
overheads)
•Nursing
home, hospitali-
sation, physician
and other health
professional
visits, emergency
department vis-
its, procedures,
and medication
charges

•USD
1220 (95% CI
412 to 1832)
for physical ther-
apy programme,
USD 189 (95%
CI 80 to 298)
control group

•Healthcare
charges (81%
nursing home,
15% hospitalisa-
tion) USD 11,
398 (95% CI
10,929 to 11,
849) per partici-
pant (NS)

•Schnelle 2003
•Residents of 4
nursing homes,
incontinence of
urine, US, mean
age 88 (SD 8)
years
•Analysis 11.1,
Analysis 11.2,

•Low-inten-
sity functionally
orientated exer-
cise and inconti-
nence care 5 days
a week every 2
hours between 8:
00 am and 4:00

•Not stated
•US dollar
•1997/98
•8 months

•Diagnos-
tic tests, treat-
ment related to
each acute con-
dition (dermato-
logical, geni-
tourinary, gas-
trointestinal, res-

•USD 24.42 per
resident per week
to evaluate and
treat the selected
conditions inter-
vention
group, USD 38.
36 control group
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Analysis 11.3
•Cost analysis

pm for 8 months
(N = 92) vs usual
care (N = 98)

piratory and car-
diovascular sys-
tems; falls; pain;
psychiatric and
nutritional dis-
turbances)

(NS)

•Van de Ven
2014
•Dementia spe-
cial care units,
diagnosed with
dementia,
≥1 neuropsychi-
atric symptom,
mean age 84.7
years
•Analysis 8.1
•Cost analysis

•Demen-
tia care mapping
(DCM)
, 4 months in-
tervention deliv-
ered twice dur-
ing the study (N
= 154) vs usual
care (N=164)

•Healthcare per-
spective
•US dollar
•Not stated
•18 months

•Intervention
costs: DCM ba-
sic and advanced
training, map-
ping exercise, in-
ter-rater reliabil-
ity test, observa-
tion, prepar-
ing the DCM
reports, feedback
sessions
•Hospital costs:
outpatient, inpa-
tient, emergency
department &
ambulance
•Psychotropic
drugs
•Nursing home
healthcare pro-
fessional costs

•Intervention
cost per resident
per day USD 0.
63 (SD 0.23)

•Healthcare con-
sump-
tion and drug use
per resident per
day at 18 months
(mean(SD):
intervention
group USD 4.25
(0.59)
vs usual care
USD 4.4 (0.57)

•Wald 2011
•Medical in-
patients at Uni-
versity of Col-
orado Hospital,
USA, aged ≥ 70
years, mean age
81 (SD 7) years
•Analysis 19.1
•Cost analysis

•Hospitalist run
acute care service
for elderly peo-
ple (N = 122) vs
usual hospital in-
patient care (N =
95)

•Not stated
•US dollar
•2007
•6 months

•“Hospital
charges”

•Mean “hospi-
tal charges” USD
24,617 (SD 15,
828) interven-
tion vs USD 21,
488 (SD 13,407)
usual care, P = 0.
12

•Zermansky
2006
•Residents of 65
nursing care fa-
cilities in Leeds,
UK taking ≥ 1
medicines,
mean age 85 (in-
terquartile range

•Clinical medi-
cation review by
pharmacist (N =
331)
vs usual general
practitioner care
(N = 330)

•Not stated
•Pound sterling
•2003
•6 months

• Pharmaceutical
use

•Mean
medication cost
per patient per
28 days medica-
tion review
group GBP 42.
24 (SD 38.33)
vs GBP 42.95
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80 to 91) years
•Analysis 5.1,
Analysis 5.2
•Cost analysis

(SD 41.01) con-
trol group, mean
difference GBP -
0.70 (95% CI -7.
28 to 5.71)

CMAI: Cohen-Mansfield agitation inventory
NS: difference between groups not statistically significant
QALY: quality adjusted life year
SD: standard deviation

Appendix 11. Additional detail for other identified systematic reviews including meta-analyses

Additional detailed discussion of comparisons of the current review with other identified systematic reviews is provided.

Exercise

Lee 2017 included 21 studies of exercise in care facilities, 15 with exercise as a single intervention, six with exercise combined with
one or more interventions. Data were pooled from studies comparing exercise with other interventions, usual care or placebo. In the
current review, comparisons of alternate exercise programmes were not pooled with trials of exercise in comparison with usual care.
Lee 2017 reported that pooled data from all trials showed a decrease in the rate of falls (RaR 0.81, 95% CI 0.68 to 0.97) but not
risk of falling (RR 0.93, 95% CI to 0.86 to 1.01). When exercise was combined with other falls interventions (which were considered
as multifactorial interventions in our review) the effect on the rate of falls was greater (RR 0.61, 95% CI 0.52-0.72) and there was
a reduction in the risk of falling (RR 0.85, 95% CI 0.77 to 0.95). Post-hoc analysis in Lee 2017 indicated that gait, balance, and
functional training with mechanical devices (two studies, Shimada 2004; Sihvonen 2004) reduced the rate of falls. The current review
has pooled gait, balance, and functional training with mechanical devices in Sihvonen 2004 with the functional walking arm of Faber
2006, Kerse 2008 and the Sakamoto 2006 one-leg standing arm as interventions of gait, balance, and functional training compared
to usual care and found no change in the rate of falls. A post-hoc analysis of balance and strength training in Lee 2017 that shows a
reduction in the rate of falls also considers different studies within this category to the current review.

Vitamin D supplementation

Le Blanc 2015, in a systematic review examining trials conducted in both institutionalised or community settings, found that vitamin
D significantly reduced the number of falls per person (5 trials, RR 0.66, 95%CI 0.50 to 0.88) but did not significantly reduce the risk
of falling (5 trials, RR 0.84, 95%CI 0.69 to 1.02, I² = 70%), consistent with the findings in care facilities in this review. The authors
found subgroup analyses based on institutionalisation, baseline 25-hydroxyvitamin D level, vitamin D dosage study duration and age
did not explain the heterogeneity in the risk of falling outcome. Heterogeneity was reduced to zero when two studies treating with a
combination of vitamin D and calcium were excluded; vitamin D treatment alone decreased the risk of falling (3 studies, RR 0.65,
95%CI 0.51 to 0.81, I² = 0%). The two included studies conducted in institutionalised settings are included in this review. The other
trials included patients of an older age (>70 years), with mobility problems or multiple co-morbidities. Pooled analysis of four trials
and one nested case-control study did not find a significant effect on the risk of any fracture (RR 0.98 95%CI, 0.82 to 1.16, I² = 32%)
or hip fracture (4 trials; RR, 0.96 95%CI, 0.72 to 1.29, I² = 46%).
Bolland 2014, pooled outcomes from six randomised trials conducted in care facilities or hospitals and found no significant reduction
in falls with vitamin D supplementation, with or without calcium supplementation (RR 0.96, 95%CI 0.88 to 1.05). These authors
conducted a sequential analysis of trials in any setting and considered that a risk reduction of less than 15% was not clinically relevant
for an individual, but also considered a threshold of 10% as a sensitivity analysis. It was proposed that smaller treatment benefits are
unlikely to be considered attractive to an individual. It was concluded that supplementation with vitamin D does not reduce risk of
falling by 15% or more and that future trials are unlikely to alter this conclusion. One study included as institutional in the Bolland
2014 review was excluded from this review as 51% of participants were residing in the community (Graafmans 1996); all other studies
were included in this review. The Bolland 2014 review focused on analysis of falls risk but also acknowledges that it is useful to consider
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the rate of falls from a public health perspective due to plausible effects on multiple fallers. The authors conducted a secondary analysis
of rate of falls of studies conducted in any setting, and did not consider pooling to be appropriate due to high heterogeneity (I² = 92%).
This Cochrane Review has focused on studies conducted in care facilities or hospitals and found that whilst vitamin D supplementation
did not reduce the risk of falling, it did reduce the rate of falls in care facilities. Our analysis included data on the rate of falls from the
same four studies pooled for the risk of falling and whilst there was heterogeneity for the pooled rate of falls outcome (I² = 62%), it
was lower than observed in Bolland 2014 for studies overall. Consideration of the acceptability of the intervention should be explored
in a cost-effectiveness analysis and/or discrete choice experiments to gain insight into consumer preferences.

Appendix 12. Contribution of authors for the first version of this review

Contribution of authors for the first version of this review

Ian Cameron and Lesley Gillespie initiated splitting the previous review, entitled ’Interventions for preventing falls in elderly people’, into
separate reviews for older people living in the community and for older people in nursing care facilities and hospitals. The protocol was
adapted by Geoffrey Murray from the previous review with guidance from Lesley Gillespie and Ian Cameron. All authors then met to
finalise the protocol before preparation by Geoffrey Murray. Geoffrey Murray was primarily responsible for locating studies, and both
he and Ian Cameron decided independently and then by consensus which studies met inclusion criteria. All seven authors assessed
quality and extracted data from included studies. Keith Hill adjudicated differences in quality assessments and data in most studies
and Geoffrey Murray adjudicated the others. Geoffrey Murray prepared the drafts and did the primary data entry and analysis into
RevMan. Lesley Gillespie and Clare Robertson provided guidance with this process. Clare Robertson prepared the generic inverse data
for entry into RevMan. All authors commented on re-analyses and revisions at all stages. Ian Cameron is the guarantor of the review.

Contribution of authors for the 2012 update of this review

Ian Cameron, the guarantor of the review, conceived and designed the review and for this update carried out ’Risk of bias’ assessment
and data extraction, assisted with categorisation of trial interventions using the ProFaNE taxonomy, and commented on drafts of the
review. Lesley Gillespie conceived the review and for this update co-ordinated the review, modified the search strategies, carried out the
searches,
screened search results and obtained papers, screened retrieved papers against inclusion criteria, carried out ’Risk of bias’ assessment
and data extraction, entered data into RevMan, and wrote the review. Clare Robertson carried out ’Risk of bias’ assessment and data
extraction for all newly included trials, managed data and carried out statistical calculations, wrote the economic evaluation section
and Appendix 9, and wrote the review. Geoff Murray conceived and designed the review, and for this update screened retrieved papers
against inclusion criteria, updated the Characteristics of included studies table, Appendix 3, Appendix 4 and Appendix 5, assisted with
categorisation of trial interventions using the ProFaNE taxonomy, and commented on drafts of the review. Keith Hill carried out ’Risk
of bias’ assessment and data extraction, and commented on drafts of the review. Robert Cumming carried out ’Risk of bias’ assessment
and data extraction, and commented on drafts of the review. Ngaire Kerse carried out ’Risk of bias’ assessment and data extraction, and
commented on drafts of the review.

W H A T ’ S N E W

Last assessed as up-to-date: 3 August 2017.

Date Event Description

7 September 2018 Amended NIHR acknowledgement added
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H I S T O R Y

Protocol first published: Issue 3, 2005

Review first published: Issue 1, 2010

Date Event Description

10 August 2018 New search has been performed For this update, the following changes were made.
• Search updated to August 2017.
• 35 new trials added.
• The classification of social environment

interventions has been reconsidered. Stenvall 2007
has been reclassified as a social environment
intervention (previously multifactorial). Koh 2009
and Van Gaal 2011b are still classified within the
social environment ProFaNE category but considered
as organisational service model change rather than
staff training.

• Trials on medication review in care facilities
reclassified according to medication target, rather
than according to the type of health professional
performing the review.

• Additional subgroup analysis by level of care
conducted for multifactorial interventions in
hospitals.

• Background section revised and citations
updated.

• Risk of bias conducted for additional items for
previously included trials according to current
Cochrane guidelines.

• Overall quality of evidence for main
comparisons assessed according to GRADE.

• A new cost-effectiveness analysis of Haines
2011 (Haines 2013) has been added.

• Exercise interventions are reported according to
the ProFaNE exercise category and the comparator
arm of the trial.

10 August 2018 New citation required and conclusions have changed New evidence, the reclassification of some interven-
tion categories and the implementation of new meth-
ods, including assessment of the quality of the evi-
dence using GRADE, has resulted in some changed
conclusions
Changes made to authorship, including addition of
new authors

27 February 2013 Feedback has been incorporated Changes relate to two pieces of feedback, received 19
December 2013 and 12 February 2013. Two Sum-
mary [of feedback] and Reply entries were added to the
Feedback section. There were no changes to the review
in relation to the second piece of feedback. Changes
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(Continued)

in relation to the first piece included:
1. Appendix 6 was revised and Appendices 7 and 8
were deleted.
2. A new Appendix 7, containing raw data, was added.
3. Sections of the review (principally, the ’Description
of studies’) were revised to reflect these changes

9 November 2012 New search has been performed For this update, published in Issue 12, 2012, the fol-
lowing changes were made:
1. Search updated to March 2012
2. Twenty additional trials (35,270 participants) in-
cluded in this update
3. One previously included trial recruiting people post
stroke (Barreca 2004) excluded, as no longer within
the scope of this version of the review
4. Kerse 2008 reclassified as an exercise intervention
(formerly multifactorial)
5. Additional trials testing multifactorial interventions
with results for subgroups with and without cognitive
impairment
6. Evidence relating to additional interventions, these
include: patient education in hospital (Ang 2011;
Haines 2011), dementia care mapping (Chenoweth
2009), motion sensors (Clifton 2009), decision-sup-
port software (Dykes 2010; Lapane 2011), multi-
vitamin supplementation (Grieger 2009), low-low
beds (Haines 2010), multisensory stimulation (Klages
2011), guideline implementation (Koh 2009; Van
Gaal 2011a; Van Gaal 2011b), a fall risk assess-
ment tool (Meyer 2009), increased sunlight exposure
(Sambrook 2012), lavender oil stimulation (Sakamoto
2012), an acute care service for elderly people (Wald
2011)
7. One newly included trial included a cost-effective-
ness analysis (Chenoweth 2009)
8. Background section revised and citations updated
9. ’Risk of bias’ item relating to ’Allocation conceal-
ment’ split into two: ’Sequence generation’ and ’Allo-
cation concealment’ and applied to all included stud-
ies
10. Subgroup analyses revised

9 November 2012 New citation required and conclusions have changed 1. In response to the external referee’s comments, the
title of this review has been changed to reflect the fact
that facilities which do not include nursing care are
also included in this review.
2. Change in conclusion for multifactorial interven-
tions in care facilities from no evidence of effect to a
suggestion of possible benefits. Evidence from one trial
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(Continued)

for the effectiveness of an educational session targeting
identified risk factors in acute hospital setting

30 November 2009 Amended Correction of two minor errors

23 September 2009 Amended The published review ’Interventions for preventing
falls in elderly people’ (Gillespie 2003) is not being
updated. Due to its size and complexity it was split
into two reviews: ’Interventions for preventing falls in
older people living in the community’ and ’Interven-
tions for preventing falls in older people in nursing
care facilities and hospitals’

1 April 2009 Amended Converted to new review format

C O N T R I B U T I O N S O F A U T H O R S

ID Cameron, the guarantor for this review, conceived and designed the review and for this update contributed to assessment of retrieved
studies against inclusion criteria, carried out ’Risk of bias’ assessment, data extraction and assessment of GRADE quality of the evidence,
assisted with categorisation of trial interventions using the ProFaNE taxonomy, and commented on drafts of the review.

SM Dyer for this update co-ordinated the review, carried out trial registry searches, screened search results and obtained papers, screened
retrieved papers against inclusion criteria, carried out ’Risk of bias’ assessment, data extraction and assessment of GRADE quality of
the evidence, managed data and carried out statistical calculations, entered data into Review Manager, and drafted the review.

CE Panagoda screened search results and obtained papers, screened retrieved papers against inclusion criteria, carried out ’Risk of bias’
assessment and data extraction, and commented on drafts of the review.

GR Murray carried out ’Risk of bias’ assessment, data extraction and assessment of GRADE quality of the evidence, assisted with
categorisation of trial interventions using the ProFaNE taxonomy, and commented on drafts of the review.

KD Hill carried out ’Risk of bias’ assessment and data extraction, and commented on drafts of the review.

RG Cumming carried out ’Risk of bias’ assessment and data extraction, and commented on drafts of the review.

N Kerse carried out ’Risk of bias’ assessment and data extraction, and commented on drafts of the review.

See Appendix 12 for ’Contribution of authors’ for the previous version of this review.

D E C L A R A T I O N S O F I N T E R E S T

Four review authors were investigators for seven included studies: ID Cameron (Cumming 2008; Sambrook 2012) and RG Cumming
(Barker 2016; Cumming 2008; Sambrook 2012); KD Hill (Barker 2016; Haines 2004; Haines 2011); N Kerse (Kerse 2004; Kerse
2008). Authors did not assess risk of bias in their own trials.
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S O U R C E S O F S U P P O R T

Internal sources

• John Walsh Centre for Rehabilitation Research, Kolling Institute, The University of Sydney, Australia.
Salary, administration, computing, and library services (IDC, RGC)

• Illawarra Shoalhaven Local Health Network, Warrawong, Australia.
Computing and library services (GM)

• Curtin University, Perth, Australia.
Salary, administration, computing, and library services (KDH)

• University of Auckland, New Zealand.
Salary, administration, computing and library services (NK)

External sources

• National Health and Medical Research Council, Practitioner Fellowship, Australia.
Salary contribution (IDC)

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

Latest update

’Risk of bias’ assessment

In this version of the review, we now exclusively assess risk of bias of each included study based on the recommended tool described
in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011b). We also assessed bias in the recall of falls due to less
reliable methods of ascertainment (Hannan 2010).

Assessing the quality of the evidence and ’Summary of findings’ tables

We now use the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to assess the quality
of the body of evidence. We prepared ’Summary of findings’ tables for each of the main categories of interventions, for the listed
outcomes. The risk of bias has been assessed according to the Cochrane tool for assessing risk of bias, plus two items relating to method
of ascertaining falls and baseline imbalance.

Data synthesis

Where the reported trial outcomes did not include falls during the intervention period, we did not pool these data with those of other
trials.

Subgroup analysis and investigation of heterogeneity

In addition to subgroup analyses by intervention types according to the Prevention of Falls Network Europe ( ProFaNE) fall-prevention
taxonomy ( Lamb 2007; Lamb 2011), we conducted sensitivity analyses of exercise trials excluding those with 20 participants or less in
each arm of the trial. We also conducted a sensitivity analysis of medication review excluding one trial with three participants with more
than 30 falls in the intervention arm of the trial. In the previous version of this review, subgroup analyses were conducted according
to level of cognition and level of care in care facilities. In this update, we have added subgroup analysis by level of care (setting) in
hospitals. We have conducted a sensitivity analysis for the rate of falls analysis for exercise versus usual care in care facilities to test the
exclusion of one trial with zero falls recorded in the intervention arm of the trial.
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Reconsideration of categorisation of some interventions according to ProFaNE

Upon further consideration, we have re-categorised some interventions across different ProFaNE categories that fall within the social
environment classification. Stenvall 2007 has been reclassified as a social environment intervention (previously multifactorial). Koh
2009 and Van Gaal 2011b remain classified within the social environment ProFaNE category but are considered as organisational
service model change rather than staff training as these interventions are primarily to introduce new guidelines and staff training was
secondary.

Update in 2012

Criteria for considering studies for this review

Trials including only participants after stroke were excluded as a protocol for a Cochrane Review on interventions for preventing falls
in people after stroke has been published ( Verheyden 2010).

Separation of analyses by setting

We reported the results for care facilities and hospitals separately as the primary analyses because this is likely to be more useful to the
users of this review. Interventions will be organised differently in these two types of settings and there may be different effectiveness of
similar interventions between the two settings.

’Risk of bias’ assessment

The protocol was completed and submitted for publication prior to the general release of RevMan 5 and the supporting version of
the Cochrane Handbook for Systematic Reviews of Interventions (version 5.0) in February 2008. In the protocol, we stated that we would
assess methodological quality using the 11-item tool used in Gillespie 2003.
For this version of the review, we used three criteria from the Cochrane tool for assessing risk of bias: ’Random sequence generation’,
’Allocation concealment’, and ’Blinding of outcome assessment’, and eight items from the 11-item tool (see Appendix 2). The items
relating to allocation concealment and blinding of outcome assessors have not been used (now redundant). Also, the item relating to
appropriateness of duration of clinical surveillance was not used due to very poor agreement between assessors during preparation of
the first version of this review.

Other changes

Interventions were classified using the Prevention of Falls Network Europe ( ProFaNE) fall-prevention taxonomy ( Lamb 2007; Lamb
2011). Subgroup analyses were conducted to explore heterogeneity where appropriate.

I N D E X T E R M S

Medical Subject Headings (MeSH)

∗Hospitals [statistics & numerical data]; ∗Nursing Homes [statistics & numerical data]; Accidental Falls [∗prevention & control;
statistics & numerical data]; Calcium, Dietary [administration & dosage]; Exercise; Randomized Controlled Trials as Topic; Safety
Management; Vitamin D [administration & dosage]; Vitamins [administration & dosage]
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MeSH check words

Aged; Aged, 80 and over; Female; Humans; Male
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A B S T R A C T

Background

Chronic pain is defined as pain lasting beyond normal tissue healing time, generally taken to be 12 weeks. It contributes to disability,
anxiety, depression, sleep disturbances, poor quality of life, and healthcare costs. Chronic pain has a weighted mean prevalence in adults
of 20%.

For many years, the treatment choice for chronic pain included recommendations for rest and inactivity. However, exercise may have
specific benefits in reducing the severity of chronic pain, as well as more general benefits associated with improved overall physical and
mental health, and physical functioning.

Physical activity and exercise programmes are increasingly being promoted and offered in various healthcare systems, and for a variety of
chronic pain conditions. It is therefore important at this stage to establish the efficacy and safety of these programmes, and furthermore
to address the critical factors that determine their success or failure.

Objectives

To provide an overview of Cochrane Reviews of adults with chronic pain to determine (1) the effectiveness of different physical activity
and exercise interventions in reducing pain severity and its impact on function, quality of life, and healthcare use; and (2) the evidence
for any adverse effects or harm associated with physical activity and exercise interventions.

Methods

We searched theCochrane Database of Systematic Reviews (CDSR) on the Cochrane Library (CDSR 2016, Issue 1) for systematic reviews
of randomised controlled trials (RCTs), after which we tracked any included reviews for updates, and tracked protocols in case of full
review publication until an arbitrary cut-off date of 21 March 2016 (CDSR 2016, Issue 3). We assessed the methodological quality of
the reviews using the AMSTAR tool, and also planned to analyse data for each painful condition based on quality of the evidence.
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We extracted data for (1) self-reported pain severity, (2) physical function (objectively or subjectively measured), (3) psychological
function, (4) quality of life, (5) adherence to the prescribed intervention, (6) healthcare use/attendance, (7) adverse events, and (8)
death.

Due to the limited data available, we were unable to directly compare and analyse interventions, and have instead reported the evidence
qualitatively.

Main results

We included 21 reviews with 381 included studies and 37,143 participants. Of these, 264 studies (19,642 participants) examined
exercise versus no exercise/minimal intervention in adults with chronic pain and were used in the qualitative analysis.

Pain conditions included rheumatoid arthritis, osteoarthritis, fibromyalgia, low back pain, intermittent claudication, dysmenorrhoea,
mechanical neck disorder, spinal cord injury, postpolio syndrome, and patellofemoral pain. None of the reviews assessed ’chronic pain’
or ’chronic widespread pain’ as a general term or specific condition. Interventions included aerobic, strength, flexibility, range of motion,
and core or balance training programmes, as well as yoga, Pilates, and tai chi.

Reviews were well performed and reported (based on AMSTAR), and included studies had acceptable risk of bias (with inadequate
reporting of attrition and reporting biases). However the quality of evidence was low due to participant numbers (most included studies
had fewer than 50 participants in total), length of intervention and follow-up (rarely assessed beyond three to six months). We pooled
the results from relevant reviews where appropriate, though results should be interpreted with caution due to the low quality evidence.

Pain severity: several reviews noted favourable results from exercise: only three reviews that reported pain severity found no statistically
significant changes in usual or mean pain from any intervention. However, results were inconsistent across interventions and follow-
up, as exercise did not consistently bring about a change (positive or negative) in self-reported pain scores at any single point.

Physical function: was the most commonly reported outcome measure. Physical function was significantly improved as a result of the
intervention in 14 reviews, though even these statistically significant results had only small-to-moderate effect sizes (only one review
reported large effect sizes).

Psychological function and quality of life: had variable results: results were either favourable to exercise (generally small and moderate
effect size, with two reviews reporting significant, large effect sizes for quality of life), or showed no difference between groups. There
were no negative effects.

Adherence to the prescribed intervention: could not be assessed in any review. However, risk of withdrawal/dropout was slightly
higher in the exercising group (82.8/1000 participants versus 81/1000 participants), though the group difference was non-significant.

Healthcare use/attendance: was not reported in any review.

Adverse events, potential harm, and death: only 25% of included studies (across 18 reviews) actively reported adverse events. Based
on the available evidence, most adverse events were increased soreness or muscle pain, which reportedly subsided after a few weeks
of the intervention. Only one review reported death separately to other adverse events: the intervention was protective against death
(based on the available evidence), though did not reach statistical significance.

Authors’ conclusions

The quality of the evidence examining physical activity and exercise for chronic pain is low. This is largely due to small sample sizes
and potentially underpowered studies. A number of studies had adequately long interventions, but planned follow-up was limited to
less than one year in all but six reviews.

There were some favourable effects in reduction in pain severity and improved physical function, though these were mostly of small-
to-moderate effect, and were not consistent across the reviews. There were variable effects for psychological function and quality of life.

The available evidence suggests physical activity and exercise is an intervention with few adverse events that may improve pain severity
and physical function, and consequent quality of life. However, further research is required and should focus on increasing participant
numbers, including participants with a broader spectrum of pain severity, and lengthening both the intervention itself, and the follow-
up period.

P L A I N L A N G U A G E S U M M A R Y
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Physical activity and exercise for chronic pain in adults - an overview of Cochrane Reviews

Background

Chronic (long-term) pain is pain that has lasted beyond the body’s usual healing time. It is often described as pain that has lasted for
at least three months. Chronic pain causes many problems, beyond the pain itself, including fatigue, anxiety, depression, and a poor
quality of life.

In the past, people with chronic pain were told to rest. However, general advice now is to keep active - whether to affect the pain directly
or to combat the other problems associated with it. Therefore, research studies have attempted to examine the effect of physical activity
in people with chronic pain.

This overview aimed to bring together and analyse any reviews published by Cochrane that looked at physical activity and exercise
studies in any chronic pain condition, including arthritis, back and neck pain, and menstrual (period) pain.

Key results and quality of the evidence

In January 2016, we identified 21 Cochrane Reviews which covered 10 different diagnoses (osteoarthritis (a joint disease), rheumatoid
arthritis (joint pain and swelling), fibromyalgia (widespread pain condition), low back pain, intermittent claudication (cramping pain
in the legs), dysmenorrhoea (period pain), mechanical neck disorders (neck pain), spinal cord injury, postpolio syndrome (a condition
occurring in people who have had polio), patellofemoral pain (pain at the front of the knee)). The physical activity or exercise programme
used in the trials ranged in frequency, intensity, and type, including land- and water-based activities, those focusing on building strength,
endurance, flexibility and range of motion, and muscle activation exercises.

The quality of the evidence was low. This was mostly due to the small numbers of people with chronic pain who participated in each
reviewed study. Ideally, a study should have hundreds of people assigned to each group, whereas most of the studies included in the
review process here had fewer than 50 people in total.

There was evidence that physical activity reduced the severity of pain, improved physical function, and had a variable effect on both
psychological function and quality of life. However, these results were not found in all studies. The inconsistency could be due to the
quality of the studies or because of the mix of different types of physical activity tested in the studies. Additionally, participants had
predominantly mild-to-moderate pain, not moderate-to-severe pain.

Conclusions

According to the available evidence (only 25% of included studies reported on possible harm or injury from the intervention), physical
activity did not cause harm. Muscle soreness that sometimes occurs with starting a new exercise subsided as the participants adapted
to the new activities. This is important as it shows physical activity in general is acceptable and unlikely to cause harm in people with
chronic pain, many of whom may have previously feared it would increase their pain further.

Future studies should focus on increasing participant numbers, including a wider range of severity of pain (more people with more
severe pain), and lengthening both the intervention (exercise programme) itself, and the follow-up period. This pain is chronic in
nature, and so a long-term intervention, with longer periods of recovery or follow-up, may be more effective.

B A C K G R O U N D

Description of the condition

Chronic pain has been defined as pain lasting beyond normal tis-
sue healing time, generally taken to be 12 weeks (International

Association for the Study of Chronic Pain; Merskey 2011). It con-
tributes to disability, anxiety and depression, sleep disturbances,
poor quality of life, and healthcare costs (Leadley 2014; Moore
2014a; Park 2012).
Chronic pain has a weighted mean prevalence in adults of 20%
(Breivik 2006; Moore 2014a), which increases as the population
ages (32% of adults aged 25 to 34 years, 62% of adults over 75
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years; Abdulla 2013; Elliott 1999). This is a greater proportion
than people with asthma (To 2012) or diabetes (IDF 2012) in the
same population (van Hecke 2013a). The World Health Organi-
zation (WHO) recognises chronic pain as a public health problem
throughout the world, with one systematic review assessing the
growing evidence that the prevalence of chronic pain in the gen-
eral population is high internationally (34% in low-income coun-
tries and 30% in high-income countries; Elzahaf 2012). Chronic
painful conditions comprise four of the 10 highest ranking con-
ditions for years lived with disability in 2013 (Vos 2015), and are
responsible for considerable loss of quality of life and employment,
and increased healthcare costs (Moore 2014b). Despite this, the
term ’chronic pain’ was only added as a MeSH term in MEDLINE
in January 2012 (National Library of Medicine), highlighting the
relatively small proportion of specific research dedicated to this
population.
Certain factors can contribute to an increased risk of chronic pain
(female gender, older age, lower socioeconomic status, geographi-
cal and cultural background, and genetics; Smith 2007; van Hecke
2013b). Other factors associated with chronic pain conditions are
modifiable, such as smoking status, alcohol intake, nutrition, obe-
sity, comorbidities, employment status and occupational factors,
and physical activity level (Smith 2007; van Hecke 2013a).
A review of current issues in the treatment of chronic pain strongly
suggests that health professionals traditionally focus on biomedical
views of pain, utilising pharmacology first and foremost, and some-
times not addressing potential non-pharmacological approaches
such as physical activity and changing attitudes towards chronic
pain (Schofield 2011). Guidance often suggests that lifestyle ad-
vice is important: for example, the National Institute for Health
and Care Excellence (NICE) osteoarthritis guidelines state that
“exercise should be a core treatment ... irrespective of age, comor-
bidity, pain severity and disability. Exercise should include: local
muscle strengthening [and] general aerobic fitness” (NICE 2014).
Non-pharmacological treatments have been developed, investi-
gated, and implemented, with Cochrane Reviews and proto-
cols evaluating the available evidence for psychological, physical,
and other non-medical interventions (e.g. cognitive behavioural
and behavioural therapy, Eccleston 2014; Williams 2012; TENS,
Nnoaham 2008; low-impact/intensity movement/exercise ther-
apy, Wieland 2013; dietary, Straube 2015; and patient education,
Engers 2008; Gross 2009). While evidence for the effectiveness of
these interventions is of variable quantity and quality, the 2013
Scottish Intercollegiate Guideline Network (SIGN) guidelines on
the management of chronic pain made strong recommendations
on the use of exercise, based on evidence drawn from randomised
controlled trials (RCTs), stating: “exercise and exercise therapies,
regardless of their form, are recommended in the management of
patients with chronic pain” (SIGN 2013).

Description of the interventions

Physical activity has been defined by the WHO as “any bodily
movement produced by skeletal muscles that requires energy ex-
penditure, including activities undertaken while working, playing,
carrying out household chores, travelling, and engaging in recre-
ational pursuits” (WHO 2015). WHO also states that “exercise ...
is a sub-category of physical activity that is planned, structured,
repetitive, and aims to improve or maintain one or more compo-
nents of physical fitness” (WHO 2015).
Physical activity for health can take many different forms: it can
be structured exercise, such as in classes, gym-based, or a DVD
or programme performed at home; or unstructured and involve
adding just a few small activities each day (activities of daily living).
Physical activity and exercise can also vary in intensity, duration,
and type: aerobic (such as walking) or more focused on increasing
flexibility, strength, or balance. Physical activity and exercise can
also be taught (or led) by another individual such as an exercise
professional, or initiated and maintained through the person’s own
initiative and motivation.
Both physical activity and exercise can be performed on land or in
the water, and can range from whole-body to localised (body site-
specific) training. Most forms of exercise can also be modified to
be performed where there is restricted movement (e.g. in a chair,
a bed, or another assistive device).

How the intervention might work

Physical activity and exercise can be adapted for an individual, and
is something people can do to help themselves. It is likely to be
associated with minimal adverse effects, such as interactions with
medication and potential for abuse in adults with chronic pain,
when compared to pharmaceutical and surgical interventions. It is
therefore an attractive option to help manage an individual’s pain
if the systematic reviews show benefit. However, current evidence
suggests that simply giving an individual advice to exercise is in-
sufficient to bring about significant change (SIGN 2013), and a
badly prescribed intervention that does not consider the individ-
ual’s conditions and present state of health and fitness, such as one
that does not incorporate pacing or gradual progression, may bring
about adverse events such as pain ’flare-ups’, or lead to cardiac or
respiratory events (American College of Sports Medicine 2007).
This suggests that supervised or structured interventions may be
more fruitful, though this is currently unconfirmed.
Since the 1980s, primary care physician advice for treating pain
has changed, moving away from “rest”, to minimising or elimi-
nating bedrest and instead remaining active (back pain, Waddell
1987). Exercise may have specific benefits in reducing the severity
of chronic pain, as well as more general benefits associated with
improved overall physical and mental health, and physical func-
tioning of people with chronic pain, as depression (Finan 2013),
deconditioning (Bousema 2007), and obesity are commonly ob-
served in these people (headache/migraine, Bigal 2012; fibromyal-
gia, Ursini 2011). For example, studies have revealed that a sin-
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gle bout of exercise increases the production of endogenous opi-
oids, leading to transient anti-nociception in both animals and
humans, and repeated exercise produces long-lasting anti-nocicep-
tion in otherwise untreated animals (Stagg 2011). Aerobic exer-
cise is also strongly linked to weight loss (Messier 2013), which in
turn has implications for the management of chronic pain as the
pressure on joints is reduced. Alternatively, resistance exercise, or
other forms of strength training, can improve the person’s capac-
ity to support bone and cartilage through improved musculature
supporting movement around a joint, with potential to relieve
stiffness (Mayer 2008) and bringing about some pain relief. Re-
sistance training through repetitive full range-of-motion exercise
around the lumbar spine (in chronic low back pain) may affect disc
metabolism itself, with the possibility that the exercise programme
could improve metabolic exchange in the lumbar discs and aid in
repair (Mooney 2006). Training to improve balance and flexibility
also has benefits as it reduces the risk of falls, and the potential for
further pain or injury (Harvard 2013).

Why it is important to do this overview

If physical activity and exercise interventions are shown to ef-
fectively and safely reduce pain intensity or frequency (or both),
they are likely to be a preferable alternative or adjunct therapy to
pharmacological/surgical treatments for chronic pain. The inter-
ventions could promote personal involvement of individuals in
the management of their pain, thus increasing self-efficacy and
the ability to self-manage. In turn this could lead to an increase
in overall quality of life and a consequent reduction in health-
care use. In addition, exercise is of great importance for cardio-
vascular (Vigorito 2014) and bone health (Sakuma 2012). Re-
duced physical function and consequent lack of mobility in people
with chronic pain is associated with increased all-cause and car-
diovascular mortality (Nüesch 2011), with other studies linking
severe chronic pain to general increased all-cause mortality (Moore
2014a; Torrance 2010).
Physical activity and exercise programmes are increasingly being
promoted and offered in various healthcare systems (American
College of Sports Medicine (ACSM) ’Exercise is Medicine’ global
pledge at the Inaugural World Congress 2010) and for a variety of
chronic pain conditions, including arthritis (Fransen 2014; Silva
2010), fibromyalgia (Busch 2013), and dysmenorrhoea (Brown
2010). At this stage it is important to establish the efficacy and
safety of these programmes, and furthermore to address the critical
factors that determine their success or failure.
It is therefore important to identify whether (and how) exercise
interventions can be effectively and safely applied in people with
chronic pain.
With a number of systematic reviews published by Cochrane eval-
uating the effectiveness of exercise in various painful conditions, it
is timely and important to bring together all relevant published in-
formation to evaluate the current evidence, and identify the avail-

ability and quality of evidence-based exercise interventions. This
overview will determine the extent to which the published sys-
tematic reviews have accurately assessed the evidence for exercise
in chronic pain conditions/syndromes, which will help to direct
future guidelines and identify current research gaps.

O B J E C T I V E S

To provide an overview of Cochrane Reviews of adults with
chronic pain to determine (1) the effectiveness of different phys-
ical activity and exercise interventions in reducing pain severity
and its impact on function, quality of life, and healthcare use; and
(2) the evidence for any adverse effects or harm associated with
physical activity and exercise interventions.

M E T H O D S

Criteria for considering reviews for inclusion

We included only systematic reviews of RCTs of physical activity
and exercise in participants with chronic pain, and published in
the Cochrane Database of Systematic Reviews. The included reviews
had to fulfil the following criteria:

Participants

Adults (aged 18 years and over) reporting chronic non-cancer pain,
including persistent (e.g. chronic back pain, fibromyalgia) and
intermittent (e.g. migraine, dysmenorrhoea) pain, for at least three
months (12 weeks) in any body site.

Intervention

Reviews of RCTs assessing physical activity or exercise as the inter-
vention (any reviews where that assessed physical activity or exer-
cise as a stand-alone intervention). This included physical activity
interventions that could be initially taught by an exercise profes-
sional, or involve periodical/ongoing supervision.

Exclusions

Interventions not deemed physical activity or exercise using the
WHO definition, such as manipulation, mobilisation, or passive
movement. Any multi-modal interventions were excluded if phys-
ical activity/exercise could not be assessed for effect (the effect of
exercise must have been measured distinctly).
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Comparison

Usual care, waiting list control, placebo/sham treatment, other
treatment, or a combination of treatments (as long as the effect of
exercise could be measured distinctly).

Primary outcome

• self-reported pain (severity).

This could be presented and analysed as change on a continuous
scale, the proportion of participants who ’responded’, or, ideally,
in a dichotomised format as the proportion of participants in each
group who achieved a predetermined threshold of improvement
(e.g. outcome in individual participants of at least 50% pain in-
tensity reduction, or no worse than mild pain, at the end of the
trial, with at least 30% pain intensity reduction as a secondary
outcome, or recovery; Moore 2013).

Secondary outcomes

• Physical function (objectively or subjectively measured).
• Psychological function.
• Quality of life.
• Adherence to the prescribed intervention.
• Healthcare use/attendance.
• Adverse events (not death).
• Death.

Reviews may not always report specifically on activity or exercise
for chronic pain in adults. We anticipated two possible circum-
stances which might have arisen.

• A review included some interventions of interest or reported
only some outcomes of interest. In this case we extracted the
interventions and outcomes of interest, but we did not include
interventions or outcomes outside the scope of this overview.

• Reviews occasionally included papers that included children
and adults together, but the results for adults were not reported
or analysed separately in the included papers or the review. In
this case we made a judgement as to whether the review could be
included based on the proportion of adults. Our intention was to
include only those reviews where more than 80% of participants
were adults.

Search methods for identification of reviews

We searched the Cochrane Database of Systematic Reviews (CDSR),
2016, Issue 1, on the Cochrane Library for relevant reviews using
the search strategy: (pain or migraine or headache) and (exercise or
activity or physical). We did not seek non-Cochrane reviews.

Data collection and analysis

Two overview authors (LG, CC) independently carried out
searches and selected reviews for inclusion. Disagreements were
resolved through discussion, and a third overview author (RAM)
acted as arbitrator where necessary.
Two overview authors (independently carried out assessment of
methodological quality (LG, CC), and extracted data (LG, RAM).
Any disagreements were resolved through discussion, or involving
a third overview author if necessary (DM).
One overview author (LG) tracked results of the search for the
most up to date version of each review and protocol that fulfilled
the inclusion criteria.

Selection of reviews

Included reviews assessed RCTs of the effects of exercise for pain
management in adults (as defined by individual reviews), com-
pared with any of the listed comparators, and included:

• a clearly defined clinical question;
• details of inclusion and exclusion criteria;
• details of databases searched and relevant search strategies;
• participant-reported pain severity (primary outcome

measure);
• summary results for at least one other desired outcome.

Data extraction and management

Two overview authors (LG, RAM) independently extracted data
from the included review using a standardised data extraction form
and checked for agreement prior to entry into Microsoft Excel for
Windows. We did not extract data from reports included in the
reviews again, neither did we undertake any re-analysis of data
from reviews. Data were not entered for analysis into Cochrane’s
statistical software due to the lack of relevant and comparable data
(RevMan 2014).
We collected the following information (where available) from the
reviews:

• number of included studies and participants;
• intervention (exercise or activity type) and dose (frequency/

intensity);
• comparator;
• condition treated;
• time of assessment;
• duration of follow-up;
• relevant outcomes.

Where possible we extracted risk ratio (RR), number needed to
treat for an additional beneficial outcome (NNTB), mean differ-
ence (MD), and standardised mean difference (SMD), and other
relevant statistical data for the primary and secondary outcomes.
This included:

• obtaining 50% pain relief (participant-reported);
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• obtaining any other measure of ’improvement’ (participant-
reported);

• adverse events;
• death;
• withdrawals.

Assessment of methodological quality of included

reviews

Quality of included reviews

Two overview authors (LG, CC) independently assessed each in-
cluded review to see if it satisfied the criteria specified in the ’as-
sessment of multiple systematic reviews’ (AMSTAR) measurement
tool (Shea 2007), for rigorous methodological quality. Arbitration
by a third overview author (DM) was necessary for some fields.
High quality reviews were required to fulfil each of the established
AMSTAR criteria (further criteria to fulfil each field is listed in
Table 1).
For each review we also planned to assess the likelihood of pub-
lication bias by calculating the number of participants in studies
with zero effect (relative benefit of one) that would be needed to
give an NNTB too high to be clinically relevant (Moore 2008). In
this case we would have considered an NNTB of 10 or greater for
the outcome of participant-reported pain relief of 30% or greater
to be the cut-off for clinical relevance. This method is used as sta-
tistical tests for the presence of publication bias have been shown
to be unhelpful (Thornton 2000). However, assessment of pub-
lication bias was not possible due to the lack of specificity of the
populations included within the reviews, and so we were unable
to extract comparable data.

Quality of evidence in included reviews

We planned to use two main indicators for the quality of evidence:
all included reviews must have used only primary studies that were
both randomised and double-blind, so minimising the risk of bias
from these items; and all included reviews must have included
only people with at least moderate pain intensity at baseline (visual
analogue scale greater than 30/100, categorical rating scale greater
than 1/3, and numerical rating scale greater than 3/10, Collins
1997), providing a sensitive assay of intervention efficacy.
Subsequently, we planned to analyse data for each painful condi-
tion in three tiers, according to outcome and freedom from known
sources of bias.

• The first tier used data meeting current best standards,
where studies reported the outcome of at least 50% pain
intensity reduction from baseline (where 50% was the cut-off for
a dichotomous (yes/no) outcome: was a 50% reduction in pain
observed?), or its equivalent, without using last observation
carried forward (LOCF) or other imputation method for
dropouts, reported an intention-to-treat (ITT) analysis, lasted

eight or more weeks, had a parallel-group design, and had at least
200 participants (preferably at least 400) in the comparison
(Moore 2010). These top-tier results were usually reported first.

• The second tier used any available data, but where one or
more of these conditions were not met, for example reporting at
least 30% pain intensity reduction, using LOCF or a completer
analysis, lasting four to eight weeks, and where the numbers of
participants were at least 200.

• A third tier of evidence related to small amounts of data
(fewer than 200 participants), or short studies of less than four
weeks, or where there was obvious major heterogeneity between
studies, or where there were other shortcomings in allocation
concealment, considerable attrition, and incomplete outcome
data. For this third tier of evidence, no data synthesis was
reasonable, and may have been misleading, but an indication of
beneficial effects might be possible.

This overview examined the quality of all included reviews accord-
ing to current best standards for reporting in pain. These included
the attempt and ability of the reviews to identify studies/interven-
tions with the maximum evidence of effectiveness, and minimum
risk of bias, including the reporting of the following.

• Outcomes in trials of the proportion of participants
obtaining at least 50% pain intensity reduction, or no worse
than mild pain, at the end of the trial (with at least 30% pain
intensity reduction as a secondary outcome). We did not
consider the use of mean changes in pain scores as high quality
because responses to pain interventions are not Gaussian, and
few people have the mean response.

• Duration of included studies of eight weeks or longer.
• Imputation method of baseline observation carried forward

(BOCF), LOCF, or worst observation carried forward (WOCF)
if adverse event withdrawals were similar in active and control
groups.

• At least 200 participants per treatment group in included
studies, with at least two trials, as a minimum criterion for
trustworthiness of any analysis. Pooled analysis of small studies
may be considered good quality if at least 400 participants were
involved, but we regarded these as being potentially subject to
bias.

We extracted the ’Risk of bias’ as assessed by the original review
authors from included reviews. Counts of low risk of bias were
extracted from relevant studies in the included reviews and tabu-
lated under the following headings to evaluate the proportion of
studies achieving a low risk of bias for each:

• random sequence generation (selection bias);
• allocation concealment (selection bias);
• blinding of participants and personnel (performance bias);
• blinding of outcome assessment (detection bias);
• incomplete outcome data (attrition bias);
• selective reporting (reporting bias);
• sample size;
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• any other biases.

Data synthesis

Additional quantitative analyses were not required, since we only
considered results from properly conducted (Cochrane) reviews.
The aim was to concentrate on specific outcomes such as the pro-
portion of participants with at least 50% pain relief, all-cause or
adverse event discontinuations, or serious adverse events, and to
explore how these can be compared across different treatments for
the same condition. We planned to compare only like with like
(where possible); for example in study duration, which can be an
additional source of bias if insufficient in length (Moore 2010).
However due to the limited data available, we were unable to
directly compare and analyse interventions, and have instead re-
ported the evidence qualitatively only. We had also planned to em-
ploy subgroup analyses assessing age, condition, and intervention
type/intensity, though this was not feasible using the available data
from included reviews. For this reason we have also been unable
to include a ’Summary of findings’ table as planned and stated in
the protocol.
Importantly, we have tried to highlight issues of low trial quality,
inadequate size, and whether trials were truly valid for the partic-
ular condition in making between-therapy comparisons.
We approached each review with four main questions/focus, and
extracted data accordingly.

• Did they report exercise versus non-exercise studies?
• Did the review or studies included in the review (or both)

have low risk of bias?
• Did they have our main outcome?

• What were the actual intervention/s included in the review?

R E S U L T S

We included 21 reviews with 381 included studies, totalling
37,143 participants. Of these, 264 studies (19,642 participants)
examined exercise versus no exercise/minimal intervention in
adults with chronic pain (the focus of this overview) and so were
used in the qualitative analysis.

Description of included reviews

The search strategy was performed in the Cochrane Library only,
and revealed 475 potentially relevant titles, of which 75 were as-
sessed as full papers.
The search was undertaken on 31 January 2016 (CDSR 2016,
Issue 1), after which any included reviews were tracked for updates,
and protocols were followed in case of full review publication until
21 March 2016 (CDSR 2016, Issue 3).
All extracted data and methodological quality assessment were
taken from the most recent published version of the full review.
Ultimately, of the 75 titles requiring further assessment, 10 were
reviews at protocol stage only (five of which have potential to be
included once published as a full review, one which was unclear,
and four that were excluded based on information within the pro-
tocol). Hence, we excluded 54 titles (10 protocols and 44 full re-
views; Figure 1), reasons for which are listed in Table 2.
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Figure 1. Study flow diagram.
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Detailed information about the included reviews is available in
Table 3. Trial and participant number, age, and gender distribution
is reported in Table 4.

Specificity of chronic pain condition of included

reviews

Following abstract and full paper assessment, 21 reviews fulfilled
the inclusion criteria: four in rheumatoid arthritis (Cramp 2013;
Han 2004; Hurkmans 2009; Silva 2010), four in osteoarthritis
(Bartels 2007; Fransen 2014; Fransen 2015; Regnaux 2015), three
in fibromyalgia (Bidonde 2014; Busch 2007; Busch 2013), three
in low back pain (Hayden 2005; Saragiotto 2016; Yamato 2015),
two in intermittent claudication (Lane 2014; Lauret 2014), one in
dysmenorrhoea (Brown 2010), one in mechanical neck disorder
(Gross 2015a), one in spinal cord injury (Boldt 2014), one in
postpolio syndrome (Koopman 2015), and one in patellofemoral
pain (van der Heijden 2015). None of the included reviews assessed
’chronic pain’ or ’chronic widespread pain’ as a general term or
specific condition.
The 21 included reviews were published by five different Cochrane
Review groups: 11 from the Cochrane Musculoskeletal Group
(Bartels 2007; Bidonde 2014; Busch 2007; Busch 2013; Cramp
2013; Fransen 2014; Fransen 2015; Han 2004; Hurkmans 2009;
Regnaux 2015; Silva 2010); four from the Cochrane Neck and
Back Group previously the Cochrane Back Group) (Gross 2015a;
Hayden 2005; Saragiotto 2016; Yamato 2015); two from the
Cochrane Peripheral Vascular Diseases Group (Lane 2014; Lauret
2014); one from the Cochrane Menstrual Disorders and Subfertil-
ity Group (Brown 2010); one from the Cochrane Injuries Group
(Boldt 2014); one from the Cochrane Neuromuscular Group
(Koopman 2015); and one from the Cochrane Bone, Joint and
Muscle Trauma Group (van der Heijden 2015).
Protocols that may be included in updates of this overview fo-
cus on osteoarthritis (Østerås 2013 from the Cochrane Muscu-
loskeletal Group), migraine (Brønfort 2015 from the Cochrane
Pain, Palliative and Supportive Care Group), chronic low back
pain (Hayden 2012 from the Cochrane Back Group), ankylosing
spondylitis (Regnaux 2014 from the Cochrane Musculoskeletal
Group), and temporomandibular disorders (Craane 2006 from
the Cochrane Oral Health Group).

Exercise and physical activity interventions

implemented in the included reviews

Interventions assessed included: any specified style of land-based
exercise or physical activity such as one designed to improve
strength, range of movement, aerobic capacity, or a combination
of these (Boldt 2014; Busch 2007; Busch 2013; Cramp 2013;
Fransen 2014; Fransen 2015; Gross 2015a; Hurkmans 2009;
Koopman 2015; Regnaux 2015; van der Heijden 2015); a single

style of land-based exercise only (tai chi only: Han 2004, walk-
ing only: Lauret 2014, walking or jogging only: Brown 2010;
Lane 2014, balance training only: Silva 2010, motor control ex-
ercise only: Saragiotto 2016, Pilates method only: Yamato 2015);
any pool-based or aquatic therapy (Bartels 2007; Bidonde 2014;
Cramp 2013), or “any exercise therapy” (Hayden 2005).

Aquatic exercise

Any exercise performed in water. This can include swimming,
though many studies will be referring to exercises performed ver-
tically in the water (not horizontally), either using the water to
support the body through the exercise, or as resistance against the
body.

Range of motion and flexibility exercise

Can be performed in water or on land. The intention is to increase
the range of motion around a joint through progressive stretching
and mobilising of the muscles around and crossing the joint. For
the purposes of this overview, we only included active movement
where the movement was brought about by the participant, and
not passively moved by an external force such as a therapist.

Aerobic exercise

Can be performed in water or on land. Exercise usually performed
continuously to raise the heart rate and breathing rate for a pro-
longed period. Examples include walking, jogging, running, cy-
cling, and swimming. Often presented as a percentage of the par-
ticipant’s heart rate max (HRmax) - the highest heart rate reached
when performing at their absolute maximum. Similarly it may be
presented as a percentage of VO2max or VO2peak (a proportion
of the maximum amount of oxygen the muscle can take up per
minute), or as an absolute value (mL/kg/minute).

Strength/resistance exercise

Can be performed in water or on land. Exercise performed against
a progressive resistance with the intention of improving muscle
strength, muscle endurance, muscle power, or a combination of
these. Resistance can come from fixed or free weights, elastic bands,
body weight (against gravity), and water resistance. It may also
involve static or isometric strength (holding a position or weight
without moving against it). Often presented as a percentage of
the participant’s one repetition maximum (1-RM) - the maximum
weight they can lift/move if they only have to do it once.
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Motor control exercise

Can be performed in water or on land. Exercise to bring about
activation of the deep trunk muscles, targeting the restoration
of control and co-ordination of these ’core muscles’ (Saragiotto
2016).

Balance (proprioceptive) training

Can be performed in water or on land (water may be used initially
for support). Exercise emphasises the maintenance of balance dur-
ing visual and perturbation challenges with eyes open or closed,
range of motion, and maintaining stability over reduced areas of
support and unstable surface (Silva 2010), that is improving bal-
ance in increasingly unstable situations.

Tai chi

An ancient Chinese discipline developed from martial arts, in-
volving a continuous series of very controlled (and usually slow)
movements designed to improve physical and mental wellbeing.

Yoga

Arising out of Hindu philosophy. Exercise includes breath control,
simple meditation, and the adoption of specific bodily postures. It
is widely practised for health, relaxation, and control (physically
and mentally). Incorporates stretching and flexibility training with
isometric strength training (holding certain poses, with no move-
ment against a resistance).

Pilates

Developed by Joseph Pilates in the 20th Century, it is a system of
exercises (often using special apparatus) designed to improve phys-
ical strength, flexibility, and posture, and enhance mental aware-
ness.

Duration and dose (frequency/intensity) of the

exercise and physical activity interventions

A detailed breakdown of each review can be seen in Table 5.

Duration of intervention

Interventions assessed by the included reviews varied in length
from a single session (Fransen 2015) to 30 months (Fransen 2015).
Only five reviews enforced a minimum intervention period to
reduce risk of bias, and were able to attribute any effects to the
intervention (Brown 2010; Busch 2013; Gross 2015a; Hurkmans
2009; Silva 2010).

Frequency

There was large variation in the exercise or physical activity in-
tervention being implemented, ranging from just once a week
(Bidonde 2014; Busch 2007; Fransen 2014; Fransen 2015; Han
2004; Saragiotto 2016), to twice a day (Boldt 2014), and some
performing a short series of exercises (two-minute duration) ev-
ery 15 minutes during the day (Gross 2015a). However, when
reported, most included studies in the reviews implemented the
programme twice a week (or stated at least twice a week).

Intensity

Few studies quantified the intensity of each session. Baseline inten-
sity was often accepted as low/moderate, with the aim to progress
over the intervention period to 70% to 85% of HRmax or heart
rate reserve (HRR) for aerobic interventions (Brown 2010; Cramp
2013; Hurkmans 2009), 70% to 80% of an individual’s 1-RM, or
50% to 70% maximum voluntary contraction (Koopman 2015) in
strength/resistance training programmes (Busch 2013; Hurkmans
2009). In other reviews, intensity was described more loosely as
“variable” or “low intensity (very light) to maximum effort (vigor-
ous)” (Bidonde 2014; Fransen 2014; Lane 2014; Regnaux 2015),
“low intensity” (Fransen 2014; Gross 2015a; Han 2004; Silva
2010), or “moderate or moderate-to-high” (Cramp 2013; Fransen
2015).

Duration (per session)

Individual sessions varied in length from two minutes (Gross
2015a), to 90 minutes (Busch 2013; Cramp 2013; Han 2004)
or 120 minutes (Boldt 2014), but mostly situated around 45 to
60 minutes. However, it is important to note that the shorter
sessions were often performed more regularly than longer sessions.
With more information it would have been possible to calculate
total volume of exercise or physical activity (session duration ×
frequency per week × number of weeks), for a more accurate and
detailed analysis.

Intervention specificity for chronic pain in the

included reviews

The focus of this overview was exercise versus no-exercise inter-
ventions with the intention of answering the original question:
is exercise beneficial, detrimental, or ineffective for people with
chronic pain when compared to inactivity? Two of the 21 reviews
did not include/locate any studies that examined simply exercise
versus no exercise (Lauret 2014; Silva 2010). However, many of the
included reviews compared varying exercise modality, duration,
intensity, and frequency. The “no-exercise” intervention referred
to the control group where there was a minimal intervention (such
as sham exercise or education) or wait-list control/no treatment
(see Table 3 for more information on control group activity).
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Time points reported

Four of the 19 reviews that reported data, reported results at a single
time point only (’post-intervention’: Bidonde 2014; Busch 2007;
Cramp 2013; Han 2004). Reviews also analysed outcome mea-
sures immediately post-intervention and at one or more follow-up
points. Each review defined short-, intermediate-, and long-term
follow-up according to their own assessment, so when the time pe-
riod was not mentioned explicitly, we grouped the reviews accord-
ing to the review authors’ own classification only, and where a time
period (weeks, month, years) was explicitly listed but not defined
by the authors, we grouped them as short-term (follow-up as under
six months), intermediate-term (six to 12 months), and long-term
(longer than 12 months): short-term: Busch 2013; Fransen 2014;
Fransen 2015; Gross 2015a; Hayden 2005; Lane 2014; Regnaux
2015; Saragiotto 2016; intermediate-term: Bartels 2007; Fransen
2015; Gross 2015a; Hayden 2005; Lane 2014; Regnaux 2015;
Saragiotto 2016; long-term: Gross 2015a; Hayden 2005; Regnaux
2015; Saragiotto 2016. Five reviews did not report “post-interven-
tion” but at short-term, mid/intermediate-term, and long-term
postrandomisation (short, mid, and long term: Boldt 2014; short
and intermediate term: Koopman 2015; Yamato 2015; short and
long-term: Hurkmans 2009; van der Heijden 2015). One review
assessed participants in an ongoing fashion “over three menstrual
cycles” (Brown 2010).

Long-term follow-up

Of the seven reviews claiming to report “long term” follow-up,
one classed long-term as longer than six weeks (intermediate term
as one to six weeks’ follow-up) (Boldt 2014). The remaining six
reviews defined long-term follow up as over 12 months (one year)
post-intervention (Gross 2015a; Hayden 2005; Hurkmans 2009;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015).

Methodological quality of included reviews

AMSTAR quality assessment of included reviews

No review achieved a perfect score of 11/11, though five achieved
10/11 (Boldt 2014; Busch 2013; Hayden 2005; Koopman 2015;
Regnaux 2015) and eight scored 9/11 (Cramp 2013; Gross 2015a;
Hurkmans 2009; Lane 2014; Lauret 2014; Saragiotto 2016; van
der Heijden 2015; Yamato 2015). The lowest score was 6/11 (
Silva 2010) though five categories were not applicable (n/a) due
to there being no included studies. Quality assessment results for
each individual review are presented in Table 6.
All reviews except one (Bidonde 2014) fulfilled the basic criteria
(questions one to three of Table 1); to follow an ’a priori’ design
as Cochrane implements a system of protocol publication before
undertaking the full reviews, where it also specifies dual study se-
lection and data extraction from a comprehensive literature search.
One review did not fulfil the ’a priori’ design as this was an update

and separation from a broader review series, and so the criteria had
not been explicitly listed prior to publication for this specific title
(Bidonde 2014).
Criteria which scored badly using the AMSTAR tool were charac-
teristics of included studies (question six of Table 1), reporting of
publication bias (question 10 of Table 1), and conflict of interest
declarations (question 11 of Table 1).

• Included study characteristics were limited, often reporting
the “inclusion criteria” used to recruit participants in the study
instead of the characteristics of actual included participants, and
excluding information such as participants’ age, gender split,
ethnicity, and disease status.

• Assessment of publication bias was omitted entirely in five
reviews (Bartels 2007; Fransen 2014; Fransen 2015; Han 2004;
Hurkmans 2009), and when it was assessed, it was reported
using only a simple statement (with no test values, analyses used,
or diagrams to demonstrate the result; Busch 2007; Koopman
2015). Two reviews mentioned in the methods as planned
analyses, though was not mentioned again (Brown 2010; van der
Heijden 2015), and a third review mentioned it in the methods,
but appeared to use it interchangeably with reporting bias
causing great confusion (Bidonde 2014).

• Conflicts of interest were sufficiently reported in only three
out of 21 of the included reviews (Hayden 2005; Koopman
2015; Silva 2010). In the remaining reviews, a cursory statement
was commonly made regarding the review authors’ conflicts of
interests, however, fulfilling the AMSTAR criteria also requires a
statement to be made regarding any conflict of interest for any of
the included studies.

Risk of bias in included reviews

The original review authors assessed risk of bias (see Table 7). The
table shows the number of studies assessed as low risk of bias only,
and excluded those that were assessed as unclear or high risk of
bias.

Selection bias (randomisation and allocation concealment)

Selection bias had the largest proportion of included studies with
low risk of bias (63% and 42% of studies adequately undertaking
and reporting the methods used).

Performance and detection bias (blinding participants,

personnel, outcome assessors)

With any exercise or physical activity intervention it is very difficult
to blind both participants and personnel to the allocation, though
some studies included in reviews attempted to by offering sham
exercise.
Due to the difficulty of blinding participants to their group allo-
cation, review authors assessed the risk of bias in different ways,
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which may cause confusion: whereas the majority declared this
lack of possible blinding to be high risk of bias or unclear, two re-
views labelled such cases as low risk of bias in order not to exclude
these studies unnecessarily from their analysis (Lane 2014; Lauret
2014). Without these two reviews, only a small percentage (7.8%
or 18/229) of the included studies would have scored low risk of
performance bias (blinding of participants and personnel), but by
including them (all 35 studies from those two reviews assessed as
low risk of bias) the overall proportion of studies assessed as having
low risk of bias was closer to 20% (53/264).

Attrition (incomplete outcome data, withdrawals/dropouts)

About 55% (144/264) of the studies included in these reviews
showed low risk of bias.

Reporting bias (selective reporting)

Reporting bias was classed as low risk in only 46% of included
studies. However, it is important to note this was not due to the
remainder having high risk of bias, but instead ’unclear’, as trial
protocols were not always published or accessible to the review
authors to accurately assess/interpret.

Study/sample/group size

Sample size was not always included within the risk of bias assess-
ment. It was therefore extracted directly from each review’s table
of included study characteristics by a single overview author (LG),
and assessed as being low risk of bias when there was a minimum
of 50 participants per arm, or 100 in total. Numbers were then
separated for the proportion of studies with greater than 100 par-
ticipants per arm (or 200 in total), and 200 participants per arm
(or 400 in total), as this could then be considered higher tiered
evidence.
Only 26 out of 264 included studies (10%) across the 21 reviews
reported over 100 participants in total (or 50 per arm), a further
6% (15/264) included over 200 participants per arm. The remain-
ing 223 studies (84%) had fewer than 50 participants per arm (or
sample size was not reported), often not reaching 50 in total.

Other bias

The format for reporting bias has changed, and therefore some
earlier reviews (that are yet to be updated) did not assess bias using
the same format. Others reported additional criteria as ’other bias’
including the similarity of baseline characteristics, and similarity
of timing points.

Interpretation of results/conclusions by original

review authors

For conclusions made by the original review authors, see Table
8. We assessed whether these conclusions/interpretations of the
results accurately reflected the information provided within the
review, and if any further information should have been included.
This final assessment of the review is an important stage in deter-
mining any author bias within the review process, as many readers,
funders, and policy makers will focus on the author conclusions
without a full appraisal of the actual presented data.
Eleven of the 21 reviews reported appropriate conclusions based
on the data available in the context of the quality of evidence
(Bidonde 2014; Boldt 2014; Busch 2007; Busch 2013; Fransen
2015; Gross 2015a; Koopman 2015; Regnaux 2015; Saragiotto
2016; Silva 2010; Yamato 2015); five reviews had appropriate con-
clusions, did not mention quality of the evidence in the conclu-
sion, but did discuss it in detail earlier in the review (Bartels 2007;
Cramp 2013; Han 2004; Hayden 2005; Lauret 2014); two re-
views had appropriate conclusions but had only limited discussion
of quality or did not adequately consider the quality of the evi-
dence in the interpretation of the results (Hurkmans 2009; Lane
2014); and three reviews needed further comment as the strength
of the conclusions were not appropriate based on the available data
(Brown 2010; Fransen 2014), or we were unable to agree with
their interpretation due to difficulty in extracting the data (van
der Heijden 2015).

Effect of interventions

We have interpreted results using data reported in the reviews,
and did not return to the original studies. Where data have been
reported as MDs or as an absolute or relative change score we have
used the appropriate scales (where possible) to determine whether
this was clinically significant. When data have only been presented
as SMD, with or without 95% confidence intervals (CI), with or
without level of significance (P value), we have cautiously used the
interpretation by Cohen 1988 who defined effect size using the
SMD as small (SMD 0.2 to 0.5), moderate (SMD 0.5 to 0.8), or
large (SMD greater than 0.8).
For the purposes of clarity, we have used the term ’intervention’ to
refer to the exercise or physical activity intervention, and ’control’
to refer to the included comparison group which did not involve
any exercise or physical activity element.

Primary outcome

Self-reported pain (severity)

Part of the inclusion criteria for this overview was for pain severity
to be listed as an outcome measure.
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Two of the 21 reviews did not include/identify any studies that
examined intervention versus control (Lauret 2014; Silva 2010).
Of the remaining reviews that did report studies examining inter-
vention versus control (no physical activity or exercise, or minimal
intervention), two did not report pain as an absolute or relative
score of severity, intensity, or change as a result of the interven-
tion (Brown 2010; Han 2004), and one review assessed pain-free
time and distance during exercise (they did not assess pain using
a mean/usual pain scale; Lane 2014). We could not extract rele-
vant data for one review as they compared two different exercise
interventions and a control but did not report the data compared
to the control (Regnaux 2015).
The remaining 15 reviews reported a mean or usual pain score for
exercise (intervention) and no-exercise (control) groups (Bartels
2007; Bidonde 2014; Boldt 2014; Busch 2007; Busch 2013;
Cramp 2013; Fransen 2014; Fransen 2015; Gross 2015a; Hayden

2005; Hurkmans 2009; Koopman 2015; Saragiotto 2016; van der
Heijden 2015; Yamato 2015).

Reported baseline pain score

Of the 15 reviews that were able to assess pain (Table 9), only three
reviews reported actual baseline pain scores (Bidonde 2014; Boldt
2014; Hayden 2005). Three reviews reported change data (Bartels
2007; Busch 2007; Busch 2013), but we were able to use control
group baseline and earliest control group scores as assumed or
approximate baseline measures for the intervention groups in nine
reviews (Bartels 2007; Busch 2007; Fransen 2014; Fransen 2015;
Gross 2015a; Koopman 2015; Saragiotto 2016; van der Heijden
2015; Yamato 2015). Overall, only three reviews that assessed pain
did not provide baseline or control group scores for comparison
(Busch 2013; Cramp 2013; Hurkmans 2009).

Intervention group at baseline Control group at baseline Control group at earliest follow-up

Median pain score 70.9/100
(based on 7 studies, n = 382; Bidonde
2014)

WOMAC 9.1/20 (2 studies, n = 380)
VAS ~ 55/100 (3 studies, n = 117)
HAQ 1.05/3 (1 study, n = 249) (Bartels
2007)

Mean pain score ~ 29/100
(9 studies, n = 549; Fransen 2014)

11.05 to 22.6 on a 0 to 150 WUSPI score
(1 study, n = 35; Boldt 2014)

VAS 35/100 to 61/100
(4 studies, n = 204; Busch 2007)

44/100
(44 studies, n = 3537; Fransen 2015)

Mean pain score 46/100 (95% CI 41 to 50)
(8 studies, n = 370; Hayden 2005)

- 40/100 to 60/100
(2 studies, n = 147; Gross 2015a)

- - 44/100 SD 24
(1 study, n = 55; Koopman 2015)

- - range 25/100 to 56/100
(4 studies, n = 291; Saragiotto 2016)

- - 2.1/10 to 6.0/10
(2 studies, n = 41; van der Heijden 2015)

- - range 18/100 to 52/100
(6 studies, n = 148; Yamato 2015)

Range: 46 to 70.9 on a 0 to 100 scale

16 studies, n = 787

Range: 35 to 55 on a 0 to 100 scale

10 studies, n = 950

Range: 18 to 60 on a 0 to 100 scale

68 studies, n = 4768

CI: confidence interval; HAQ: Health Assessment Questionnaire; n: number of participants; SD: standard deviation; VAS: visual
analogue score; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; WUSPI: Wheelchair User’s Shoulder
Pain Index
HAQ: mean of different category scores, 0 or 1 (mild to moderate disability), up to 2 or 3 (severe to very severe disability); WOMAC
pain score: 5 items summed to 0 (no pain) to 20 (worst pain ever); WUSPI: 15 items of 0 to 10 VAS scores, summed to form total

CI: confidence inter
ment Questionnair
SD: standard deviation;
score; WOMAC:
ter Universities Osteoar
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(Continued)

of 0 (no pain) to 150 (worst pain ever) Wheelchair User’
HAQ: mean of differ
1 (mild to moderate
(severe to very sever
score: 5 items summed
(worst pain ever);
VAS scores, summed
to 150 (worst pain

This suggests the majority of participants reviewed had mild-to-
moderate pain (only one review reported a mean of severe pain
(aquatic exercise for fibromyalgia, Bidonde 2014) at the com-
mencement of each intervention (less than 30/100 mild pain, 30/
100 to 60/100 moderate pain, more than 60/100 severe pain;
Collins 1997), though labelling the majority as having only mild-
to-moderate pain should be interpreted with caution due to the
lack of specific data available - the baseline data of the intervention
group would have been preferable to the proxies we have had to
use.

Quality judgement/ tiered quality (first, second, third tier

evidence)

Our assessment criteria stated that we would accept the informa-
tion as graded evidence when reported as the number of partic-
ipants achieving a 50% (first tier evidence) or 30% (second tier
evidence) reduction in pain, but none of the included reviews re-
ported results in this way, and so instead we used the reported
absolute and relative change values.
None of the included reviews fulfilled the requirements for first
tier evidence (at least 50% pain reduction from baseline, study
duration longer than eight weeks, and more than 200 participants
per arm).
Second tier evidence (at least 30% pain reduction from baseline,
study duration between four and eight weeks, and more than 200
participants in total or 100 participants per arm) was also lacking
in these reviews; three reviews found at least 30% reduction in
pain from baseline (Busch 2007; Busch 2013; van der Heijden
2015), one of which also used long enough exercise programmes
(eight to 21 weeks’ intervention, Busch 2013) but totalled only
81 participants across two studies. The other two reviews did not
fulfil the study duration criteria (interventions from 2.5 weeks,
Busch 2007; and three weeks, van der Heijden 2015) or study size
criteria.
Consequently results from relevant reviews have been pooled (all
tier three quality) where appropriate, though results should be
interpreted with caution due to the low quality evidence.

Treatment effect

Data that could be extracted for pain can be seen in Table 9 for
all reviews. Only three reviews found no statistically significant
changes in usual or mean pain from any intervention (Cramp
2013; Hurkmans 2009; Koopman 2015 (assumed due to lack of
presented data)). The remaining reviews reported a statistically
significant effect of the intervention at one or more time points,
in at least one subgroup.
Three reviews found at least 30% pain reduction from baseline
(post-intervention - strength training: Busch 2007; Busch 2013, at
short-term follow-up: van der Heijden 2015). Additionally, seven
reviews reported clinically significant results (minimally important
difference: reduction in pain from baseline of at least 10 points on a
0 to 100 scale or an absolute improvement of at least 10% to 20%,
Dworkin 2008) as a result of the exercise intervention (1.3/10 from
aerobic training, Busch 2007; 12/100 (95% CI 10 to 15), Fransen
2015,; 14.9/100 (95% CI 7.39 to 22.40), Gross 2015a; 10.2/100
(95% CI 1.31 to 19.09), Hayden 2005; 2.5/10 (95% CI 1.52 to
3.48), Boldt 2014; 10.01/100 (95% CI 4.35 to 15.67), Saragiotto
2016; 14.05/100 (95% CI 9.19 to 18.91), Yamato 2015). Three
reviews found statistically significant improvements as a result of
the intervention, but they did not reach clinical significance (post-
intervention, P = 0.02, Bartels 2007; “small to moderate” benefit
post-intervention and at six-month follow-up, P < 0.001, Fransen
2014; “moderate effect” of 7% (95% CI 3 to 11) benefit post-
intervention, Bidonde 2014).
Overall, results were inconsistent across interventions and follow-
up (see Table 9), as exercise did not consistently bring about a
change (positive or negative) in self-reported pain scores at any
single point.

Secondary outcomes

Physical function (objectively or subjectively measured)

Measures of physical function were the primary outcome measure
in eight out of 21 reviews (Busch 2013; Han 2004; Hayden 2005;
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Hurkmans 2009; Koopman 2015; Lane 2014; Lauret 2014; Silva
2010), and a reported (non-primary) outcome measure in nine
more reviews (Bartels 2007; Bidonde 2014; Busch 2007; Fransen
2014; Fransen 2015; Gross 2015a; Regnaux 2015; Saragiotto
2016; van der Heijden 2015, plus some which assessed disability;
Cramp 2013; Saragiotto 2016; Yamato 2015). Only Boldt 2014
and Brown 2010 did not list physical function (or disability, or
activity limitation) as a potential outcome measure.

Treatment effect

Data that could be extracted for physical function are shown in
Table 10. Two reviews which reported physical function had no
data to extract (Lauret 2014; Silva 2010), and for one review we
were unable to extract the relevant data (Regnaux 2015). Two
reviews found no significant difference in physical function be-
tween the intervention and control groups (Han 2004; Hurkmans
2009, both rheumatoid arthritis, 8 studies, n = 240). The remain-
ing 14 reviews showed that the intervention produced a statis-
tically significant benefit over the control at a minimum of one
reported time point (Bartels 2007; Bidonde 2014; Busch 2007;
Busch 2013; Cramp 2013; Fransen 2014; Fransen 2015; Gross
2015a; Hayden 2005; Koopman 2015; Lane 2014; Saragiotto
2016; van der Heijden 2015; Yamato 2015; 129 studies, n greater
than 9559 (exact number unknown due to some participant num-
bers not being reported)).
Many of these statistically significant results were of small or mod-
erate effect size (as reported by the review authors, or using the
definition by Cohen 1988 if unreported; small effect size: Bartels
2007; Bidonde 2014; Fransen 2014; Fransen 2015; Gross 2015a;
Koopman 2015; Saragiotto 2016; Yamato 2015, moderate effect
size: Busch 2007; Fransen 2015; Yamato 2015).
Only one review reported statistical significance and large effect
size (both short-term and long-term follow-up: SMD 1.10 (95%
CI 0.58 to 1.63) and 1.62 (95% CI 0.31 to 2.94), van der Heijden
2015). However, the original review authors highlighted the low
to very low quality of the evidence as many studies had high or
unclear risk of bias across multiple domains (van der Heijden
2015).

Psychological function

Only five out of 21 reviews assessed psychological function as
mental health (Bartels 2007; Bidonde 2014; Busch 2013), anxiety
(Cramp 2013), and depression (Boldt 2014; Busch 2013; Cramp
2013).

Treatment effect

Data that could be extracted for psychological function can be
seen in Table 11. There were significant effects in favour of the in-
tervention for mental health (Bartels 2007) and depression (Busch
2013) scores, and “variable effect” for depression (Cramp 2013).

However, there was also no effect or no differences between con-
trol and intervention groups reported for mental health (Bidonde
2014; Busch 2013), anxiety (Cramp 2013), and depression (Boldt
2014).

Quality of life

A version of quality of life assessment was reported in nine reviews.
Six were termed quality of life or health-related quality of life
(HRQoL) (Bartels 2007; Boldt 2014; Fransen 2014; Fransen
2015; Gross 2015a; Lauret 2014).
Other reviews assessed global perceived effect (Gross 2015a),
global wellbeing (Busch 2007), global assessment (Hayden 2005),
global impression of recovery (Saragiotto 2016; Yamato 2015),
health assessment questionnaire (Silva 2010), multi-dimensional
function (Bidonde 2014; Busch 2013), and work status (Hayden
2005). These have been reported separately to quality of life (Table
12).

Treatment effect

Data that could be extracted for quality of life can be seen in
Table 12. Four reviews found no significant difference between
intervention and control groups in health-related quality of life
post-intervention (9 studies, n = 556) (HRQoL: Boldt 2014;
Fransen 2014; Gross 2015a, global assessment: Bidonde 2014;
Gross 2015a)), three reviews did not or were unable to report
any data (HRQoL: Lauret 2014, global assessment: Hayden 2005,
other assessment: Silva 2010), and seven reviews found a signifi-
cant improvement as a result of the intervention (34 studies, n =
2700) (HRQoL: Bartels 2007, Fransen 2015, global assessment:
Busch 2007; Saragiotto 2016; Yamato 2015, other assessment:
Bidonde 2014; Busch 2013).
Two reviews assessing strength/resistance training interventions
found significantly large effect sizes (SMD greater than 0.8, as
defined by Cohen 1988) in favour of the intervention (global
wellbeing measure, SMD 1.43 (95% CI 0.76 to 2.10), Busch
2007; Fibromyalgia Impact Questionnaire, SMD 1.27 (95% CI
0.72 to 1.83), Busch 2013). Other statistically significant changes
reported in the included reviews were of small-to-moderate effect
size (SMD 0.2 to 0.8, Cohen 1988).

Adherence to the prescribed intervention

Only one review reported adherence to the intervention as an out-
come measure (Regnaux 2015), but the authors were unable to
perform an analysis on attendance as most studies did not clearly
report attendance or compliance (Regnaux 2015). However, five
reviews assessed withdrawals or dropouts (Bidonde 2014; Fransen
2014; Han 2004; Regnaux 2015; Saragiotto 2016), one reported
all-cause attrition (Busch 2013), and another reported the discon-
tinuation rate (Silva 2010).
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Data that could be extracted for adherence, withdrawals, and at-
trition can be seen in Table 13. Pooling all available data for with-
drawals/dropout/attrition gave an RR of 1.02 (95% CI 0.94 to
1.12) in favour of the control group (6 reviews, 30 studies, n =
2256, control withdrawal 81/1000, intervention withdrawal 82.8/
1000).
One clinically controlled trial (CCT) in one review reported sta-
tistically significant improvement in enjoyment of exercise/rest (P
= 0.0002) and self-reported benefit from exercise/rest (P = 0.006)
at both post-intervention (end of therapy, 10 weeks) and follow-
up (four months later) (n = 95, Han 2004).

Healthcare use/attendance

None of the reviews reported healthcare use/attendance.

Adverse events (not death)

Eighteen out of 21 reviews reported adverse effects (three reviews
did not report adverse events as an outcome measure due to lack
of studies or other undisclosed reasons; Brown 2010; Lauret 2014;
Silva 2010). Two reviews only assessed a specific adverse event
(“amputation” Lane 2014; “motor unit survival” Koopman 2015),
one review observed “safety - pain and radiological damage” (
Hurkmans 2009), and another referred to any “side-effects” (Han
2004).
Data that could be extracted for adverse events (not death) can be
seen in Table 14. The total number of reported adverse events (not
death) was 137 events across 39 studies out of 61 studies that had
adverse events as an outcome measure (over one-third of all trials
that reported them found no adverse events related to the inter-
vention): six reviews reported no adverse events from the included
trials (Bartels 2007; Busch 2013; Cramp 2013; Hurkmans 2009;
Koopman 2015; Yamato 2015) though the authors questioned
whether this was due to lack of reporting by the trial authors, or
whether there were no adverse events.
Adverse events were largely reported as a total number per trial,
though one review separately reported results for the intervention
group versus the control group (Saragiotto 2016), and two oth-
ers reported adverse events for the intervention group only (Boldt
2014; Regnaux 2015). Only one review calculated an RR for the
adverse events, showing a reduced risk for amputation in the inter-
vention group (two amputations in the usual care/control group:
RR 0.20, 95% CI 0.01 to 4.15, based on one study in one review,
Lane 2014).

Death

Only one out of 21 reviews reported death separately to other
adverse events (Lane 2014). Based on five studies within the review,
death had an RR of 0.71 (95% CI 0.28 to 1.78) in favour of
exercise as being protective, though was not statistically significant
(P = 0.47).

D I S C U S S I O N

Specificity of the condition: despite the heterogeneous nature of
chronic pain, in this overview we have combined several painful
conditions covering a number of conditions and diagnoses. Re-
gardless of aetiology, the impact of chronic pain is broadly similar
across many conditions.

Summary of main results

Pain severity: there were favourable results in a number of reviews
as a result of exercise: only three reviews found no statistically
significant changes in usual or mean pain from any intervention.
However, results were inconsistent across interventions and follow-
up, as the intervention did not consistently bring about a change
(positive or negative) in self-reported pain scores at any single
point. The exercise or physical activity interventions did not have a
negative effect on the outcome (did not worsen the pain). A factor
in the lack of statistical and clinically significant result may be the
baseline pain severity of participants. The majority of the included
population had an assumed mild-to-moderate pain severity score
(assumed only due to lack of exact group data at baseline). This
is often the desired outcome (post-intervention) of many drug
therapies for pain, and it may therefore be difficult to show a
clinically significant improvement in these people.
Physical function: physical function/disability was the most com-
monly reported outcome measure, and was the primary measure
in eight out of the 21 reviews. Physical function was significantly
(statistically) improved as a result of the intervention in 14 reviews,
though even these statistically significant results had only small-
to-moderate effect sizes in all but one review.
Psychological function and quality of life: there were variable
results for psychological function and quality of life: results were
either favourable to exercise (two reviews reporting significantly
large effect sizes for quality of life), or showed no difference be-
tween groups. There were no negative effects.
Adherence to the prescribed intervention: could not be assessed
in any included review. However, risk of withdrawal/dropout was
slightly higher in the exercising group (82.8/1000 participants
versus 81/1000 participants), though the group difference was not
significant.
Healthcare use/attendance: not reported in any included review.
Adverse events, potential harm, and death: importantly, exercise
caused no actual harm, with most adverse events being increased
soreness or muscle pain, which reportedly subsided after several
weeks of the intervention. One review reported a non-significant
reduction in risk of death as a result of the intervention.

Overall completeness and applicability of
evidence

Of the 21 included reviews, seven could be considered out of
date as they were most recently assessed as up-to-date prior to
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2010 such that any recent controlled trials assessing pain severity
have not been included in this overview (Cochrane recommends
updating reviews every two years) (Bartels 2007; Brown 2010;
Busch 2007; Han 2004; Hayden 2005; Hurkmans 2009; Silva
2010). We included these reviews in the overview, but they may not
be as relevant now due to the elapsed time since they were updated.
One protocol that had potential to be included was published in
2006 with no full review available yet (Craane 2006).
Available data suggest that participants in the included reviews and
studies would generally be characterised as having mild-moderate
pain (moderate greater than 30/100 or 3/10) with only one review
reporting moderate-severe pain (severe greater than 60/100 or 6/
10). Therefore whether the evidence of change or no change seen
here as a result of each intervention is applicable to people further
along on the pain spectrum (with higher pain scores/worse pain)
is debatable. However, it can be argued that those people are more
likely to be assigned medical or surgical interventions than physical
activity and exercise alone (where available), and as a group they
may be less able to engage in exercise, and may therefore be more
difficult to recruit into exercise-only studies. Having said this,
the labelling of participants as having mild-moderate pain was
a cautious one within this overview due to the lack of specific
data available at baseline assessment; only three reviews included
baseline pain scores in the intervention group, and two further
reviews provided control group baseline scores.
There are still gaps in the available literature, and therefore also
within this overview. None of the included reviews examined gen-
eralised or widespread chronic pain as a global condition, each in-
stead examined specific conditions that included chronic pain as a
symptom or result of the ongoing condition (rheumatoid arthri-
tis, osteoarthritis, fibromyalgia, low back pain, intermittent clau-
dication, dysmenorrhoea, mechanical neck disorder, spinal cord
injury, postpolio syndrome, and patellofemoral pain). The pain
in these cases can occur secondary to other symptoms such as fa-
tigue, muscle stiffness, difficulty sleeping, and depression, all of
which could separately (and more effectively) be influenced by the
intervention. Additionally, only 25% of included studies actively
reported adverse events. This may affect the completeness of the
evidence as conclusions have been drawn based on the available
data. The included reviews did not discuss the possible impact
of this non-reporting by the original trials, and this may lead to
underestimating possible adverse events from an intervention, or
overestimating its safety.
The exercise interventions examined in the included reviews were
broad; including aerobic, strength, flexibility, range of motion,
and core or balance training programmes, as well as yoga, Pilates,
and tai chi. Many of these interventions can be accessed in the
community by the general public and people with chronic pain,
either individually or in classes (yoga, Pilates, tai chi). Other exer-
cise intervention programmes, such as the motor control exercise
and proprioceptive (balance) training, requires at least initial su-
pervision by a therapist to teach the correct techniques and pro-

vide feedback for progression.

Quality of the evidence

In assessing the quality of the evidence, we employed the AM-
STAR tool to examine the reviews, extracted data on risk of bias
to examine the available primary evidence, and evaluated the au-
thors’ conclusions to ensure that they were appropriate based on
the available data.
The AMSTAR tool is useful in assessing the reporting of a system-
atic review, though it does not inform us of the actual undertaking
or conduct of the review process. All 21 included reviews scored
well across the AMSTAR assessment, though this is likely due to
the stringent reporting guidelines implemented by Cochrane prior
to publication. However, it may be necessary or advisable for the
Cochrane guidelines to be further expanded and detailed with re-
gards to reporting study characteristics, publication bias, and con-
flicts of interest, as these areas often did not meet the requirements
laid out in the AMSTAR criteria (Table 1).
Data extracted from the reviews regarding their assessment of bias
(risk of bias) showed moderate level scores at best across all in-
cluded studies within the included reviews. Other than issues sur-
rounding blinding (which are problematic in exercise intervention
studies due to the nature of the intervention), the trials did not
consistently and adequately report potential attrition and report-
ing biases, with less than half of studies within these reviews at low
risk of bias.
However, the most prominent issue with regards to bias in these
exercise and physical activity intervention studies is the sample
size used. This subcategory is not used as standard in the assess-
ment of bias in Cochrane Reviews, despite the increasing volume
of research available suggesting that small studies of fewer than
100 participants per arm (Moore 2010; Nüesch 2010) are at in-
creased risk of succumbing to the random effects in estimating
both direction and magnitude of treatment effects (Moore 1998;
Turner 2013) due to greater heterogeneity within and between
small studies (IntHout 2015).
Studies within the included reviews here were very small (often
fewer than 50 participants in total). For greater quality and a more
reliable effect, at least 100 participants per arm should be analysed
for a study to potentially be classed as tier two evidence (200 per
arm for tier one); small studies are known to overestimate the
treatment effect by up to 32% in comparison with larger studies
(Deschartes 2013).
Assessing studies for risk of bias based on study size (total num-
ber or per arm) should be included in any review or meta-analy-
sis in future, to adequately assess the influence of small trials on
the estimated treatment effect (Nüesch 2010). Inclusion in the
standard assessment process may in turn influence the design and
undertaking of future research trials to increase the sample size,
and produce more consistent clinically and statistically accurate
results.
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Of the 21 included reviews, 12 used a pain measure as their pri-
mary outcome (Bartels 2007; Boldt 2014; Brown 2010; Busch
2007; Fransen 2014; Fransen 2015; Gross 2015a; Hayden 2005;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015; Yamato
2015), and the remaining nine reviews included the measure as a
secondary outcome only. Other outcomes were shared, including
physical and psychological function, and quality of life. Likewise,
each review team will have included studies that did not use their
chosen outcome measures as the primary measure, and that were
therefore powered according to a different primary outcome. On
collating the evidence, some studies may appear underpowered
for the outcome(s) of interest to us (Turner 2013), yet were ade-
quately powered for the studies’ primary measure. To increase the
power of the results of this overview, and the intermediary reviews
we have included, intervention studies that focus on painful con-
ditions should include pain intensity as the primary outcome, or
at least as a prominent secondary outcome; alternatively review
authors should seek to include only those studies that were ade-
quately powered for pain intensity as a primary outcome measure.
Intervention length ranged from a single session to regular sessions
over a period of 30 months, though the majority were between
eight and 12 weeks. Durations of this length are common among
exercise and physical activity intervention studies to allow for phys-
iological adaptation and familiarisation. In contrast, the follow-up
period was often inadequate, as many reviews reported only a sin-
gle follow-up point (immediately post-intervention), or repeated
measures over the short-term (less than six months): only six of
the 21 reviews planned to assess participants over the long term
(over 12 months: Gross 2015a; Hayden 2005; Hurkmans 2009;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015). With
chronic conditions, it would be advisable to include longer follow-
up periods (beyond 12 months post-randomisation) as long-term
solutions may be more relevant to their control or pain manage-
ment. It is also possible that initial adaptation and potential bene-
fits as a result of an exercise intervention may take longer to man-
ifest in comparison to a ’healthy’ person due to the possible limi-
tations in exercise intensity and progression (a training threshold)
beyond which any additional physical training may be detrimental
to the underlying pathophysiological mechanisms (Daenen 2015)
or simply be additional physical stress with no additional physical
benefit (Benton 2011).
We grouped outcome measurement points in this overview into
short term (less than six months), intermediate term (six to 12
months), and long term (longer than 12 months). The broad time
window for ’short term’ outcomes (less than six months) is a po-
tential source of heterogeneity as the early period is the one where
time of measurement is most likely to result in variable outcomes.
These initial problems could be overcome by use of standard re-
porting periods in exercise intervention studies (suggested four-
weekly within the ’short term’ period to assess both neural adap-
tation and other physiological changes). This would allow review
authors to use the data gathered closest to the time point they are

assessing, for more accurate analyses. Additionally, by extending
the follow-up period beyond one year (long-term follow-up), het-
erogeneity may be reduced further.
Reviews generally did not enforce a minimum exercise require-
ment for inclusion in their review. Additionally, not all exercise
sessions were supervised or baseline fitness/physical ability was as-
sessed subjectively, and consequently it was not reported whether
the intervention was fulfilled as described, or whether the dose
was enough to elicit a physiological response. Studies often rely
on the self-report of participants as to the actual physical activity
and exercise being undertaken, which can lead to a greater risk of
bias, and reduced study quality as it is questionable as to whether
the effect can be truly attributed to the intervention. This was
examined in a previous review, where it was concluded that non-
subjective physical assessment should be performed where possible
(Perruchoud 2014), though these still have challenges regarding
implementation.
In summary, the quality of the evidence was low (third tier): within
this overview we found no tier one or tier two evidence. This is
largely due to the small sample sizes and potentially underpowered
studies. A number of studies within the reviews had adequately
long interventions, but planned follow-up was limited to less than
one year (12 months) in all but six reviews.
Interpretation of the available data, and conclusions drawn by the
review authors, were appropriate, although the conclusions were
sometimes stronger than warranted by the available data. Occa-
sionally results were not discussed with regards to the quality of
the evidence or risk of bias: it is important to discuss the findings
in the context of the quality of the evidence, with complete trans-
parency, as this may affect future research, and implications for
patients, funders, and policy makers.

Potential biases in the overview process

While we have attempted to include all relevant reviews in the
overview process, we do concede that by only searching the
Cochrane Library, and including only current Cochrane Reviews
we may have missed some key literature. However previous publi-
cations have referred to the higher quality grading (high AMSTAR
score) in Cochrane Reviews due to the basic criteria necessary for
publication at any stage (protocol or full review) suggesting they
may be the most reliable source of evidence (O’Connell 2013).

Agreements and disagreements with other
studies or reviews

This is a summary overview of current Cochrane Reviews, we are
not aware of any overviews or reviews summarising non-Cochrane
reviews.
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A U T H O R S ’ C O N C L U S I O N S

There is limited evidence of improvement in pain severity as a
result of exercise. There is some evidence of improved physical
function and a variable effect on both psychological function and
quality of life. However, results are inconsistent and the evidence is
low quality (tier three). Promisingly however, none of the physical
and activity interventions assessed appeared to cause harm to the
participants.

Implications for practice

For clinicians and people with chronic pain

The evidence in this overview suggests that the broad spectrum of
physical activity and exercise interventions assessed here (aerobic,
strength, flexibility, range of motion, and core or balance training
programmes, as well as yoga, Pilates, and tai chi) are potentially
beneficial, though the evidence for benefit is low quality and in-
consistent. The most commonly reported adverse events were in-
creased soreness or muscle pain, which subsided after several weeks
of the intervention.

Physical activity and exercise may improve pain severity as well as
physical function and quality of life.

For policy makers

The evidence showed variable results, though in some reviews
there was a clinical and statistical benefit in pain relief and physical
function (based on low quality evidence). The evidence suggests
that physical activity or exercise is an acceptable intervention in
people with chronic pain, with minimal negative adverse effects.
However based on this low quality evidence, we cannot provide
direction to the content of an exercise programme should clinicians
decide to implement one.

Implications for research

There is a clear need for further research into exercise and physical
activity for chronic pain in adults.

General implications

• Future research should report baseline values for outcome
measures in both intervention and control groups, together with
detailed relevant information about the participants. Knowing
the baseline value is relevant to interpreting any change observed
as a result of the intervention, and understanding the broader
value of the intervention.

• Where possible, pain results should be reported as the
number of people achieving 50%, 30%, and 10% pain relief,
and the number who did not meet that point (dichotomous

outcome). These are clinically important cut-offs in pain
intervention research, and reporting in this way allows readers to
observe the clinical effect more effectively.

• Reporting should include median and range as well as mean
and standard deviation (SD) of results. This will allow readers to
review the effects of any outliers that may have skewed the data,
which often goes unnoticed in the reporting of mean and SD
alone.

• The importance of clear intervention reporting is
underestimated: often studies report both intervention and
control programmes simply, where other researchers and
clinicians alike are unable to replicate the trial or intervention.
Recommendations for reporting are based on the Consolidated
Standards of Reporting Trials (CONSORT) statement (
www.consort-statement.org/), but this alone does not detail the
extent of necessary intervention and control programmes
reporting. The template for intervention description and
replication (TIDieR) approach (Hoffman 2014) is intended as
an extension to CONSORT item 5 (“The interventions for each
group with sufficient details to allow replication, including how
and when they were actually administered”) and is a checklist for
detailing the programmes using: why (rationale), what (materials
and procedures), who, how, where, when, and how much.

Design

• One previous review highlighted the increased bias often
present in questionnaires and other self-report measures of
physical activity in people with chronic pain, and as a result
made the recommendation to use objective measures instead,
such as accelerometers, or the use of direct and indirect
calorimetry, where possible (Perruchoud 2014), though these
still have challenges regarding implementation. This would allow
direct and exact comparison and analyses of actual energy
expenditure and treatment effect.

Population/participants/sample

• There needs to be a focus on participants with generalised
and/or widespread chronic pain, instead of (or as well as)
condition-specific populations.

• Studies should include people with higher pain severity
(greater than 50/100 on a 100-point visual analogue scale) at
baseline. People with mild-moderate pain should still be
included, but it would be advisable to separate the results for
analysis, ensuring the study is adequately powered to allow this
subgroup analysis in advance. This way we could determine if
exercise has benefit overall, or affects one group more than
another, and tailor exercise programmes according to the
individual needs.

• It has been previously suggested that for 20% to 25% of
participants undertaking an exercise programme there is little to
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no favourable response (Timmons 2014), while a small
percentage (5% to 10%) have adverse events (Bouchard 2012). It
is therefore vitally important that much larger sample sizes are
used: ideally more than 200 participants per arm, though even this
number in total would increase the quality of the evidence in the
first instance. In this way we may be able to learn to identify
individuals who will benefit, and those who will require further
intervention.

Interventions

• Different forms of exercise should be researched in detail.
For the purposes of this overview, we combined all physical
activity and exercise interventions under one banner to
determine if there was any effect. However a number of reviews
separately analysed resistance (strength) training, aerobic
(endurance), and combination programmes. It is important to
continue to examine different modalities, but currently there is
not enough high quality evidence to exclude or prioritise one
specific mode (resistance, endurance, stability) or medium (land/
water based), or the proportion of a combination programme to
be assigned to each, as all may have individual benefits for people
with chronic pain.

• Intensity of exercise, duration of individual sessions, and
frequency should be investigated. It is this dose alongside
duration (of the entire intervention) and adherence that may
determine the actual efficacy.

• More reviews and trials should attempt to minimise
intervention heterogeneity by implementing minimum and
maximum requirements. Only this way will the research
community be able to determine more accurately the direction
and magnitude of effect of a specific programme or intervention.
Many of these important restrictions can be implemented as
subgroup analyses, though if this is the case it is important to
have adequate study numbers (ideally 200 participants per arm
or subgroup).

• Due to the chronicity and long-term nature of the
condition, physiological and psychological changes may take
longer to manifest. It is widely accepted that there is a delay in
muscular hypertrophy as a result of exercise, and initial gains
within the first few weeks of any training programme will be as a
result of neural factors (Enoka 1997); this is also in line with the
grading of evidence (tier two evidence or higher requires a
minimum of a four-week intervention). This suggests that longer
interventions may be necessary (eight weeks for tier one
evidence), though assessing participants at regular intervals,
including at four weeks, would be beneficial to examine the
effect of the neural adaptation alone.

Measurement (end-points)

• Randomised controlled trials with long-term follow-up are
needed. Chronic pain is defined by its chronic nature, and
therefore long-term follow-up of results is equally important as
the initial short-term effect (if not more so): outcomes should be
assessed beyond one year after randomisation. In turn this will
inform the direct effect of the intervention, as well as the
proportion of the population who maintains the programme of
exercise employed in the intervention, or something else under
the guise of physical activity as a result of participation.

• The broad time window for ’short term’ outcomes (less than
six months) is a potential source of heterogeneity as the early
period is the one where time of measurement is most likely to
result in variable outcomes. These initial problems could be
overcome by use of standard reporting periods in exercise
intervention studies (suggested four-weekly assessment within
the ’short term’ period to assess both neural adaptation and other
physiological changes). This would allow review authors to use
the data recorded closest to the time point they are assessing, for
more accurate and comparable analyses.

• Outcome measures used by researchers should be
standardised across trials and studies. Recommendations for
selecting the most appropriate and important outcome measures
to those who live with chronic pain have previously been
published (Initiatives on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) Consensus
Recommendations, Dworkin 2005; Turk 2003).

Other

• It would be of interest in future research to determine the
reasons for non-participation in regular physical activity or non-
compliance to a prescribed exercise intervention in people with
chronic pain, and how to overcome these barriers.

• Future Cochrane Reviews could include: exercise for
chronic pain or chronic widespread pain (and not specific
conditions such as osteoarthritis, fibromyalgia, etc.), and exercise
for neuropathic pain. These areas have not been covered by
Cochrane with an exercise or physical activity intervention.
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A D D I T I O N A L T A B L E S

Table 1. AMSTAR tool to assess the methodological quality of systematic reviews

Criteria Specific requirements (possible answers: yes, no, cannot an-

swer, not applicable)

1. Was an ’a priori’ design used? The research question and inclusion criteria should be established
before the conduct of the review
Note: need to refer to a protocol, ethics approval, or predetermined/a
priori published research objectives to score a “yes.”
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Table 1. AMSTAR tool to assess the methodological quality of systematic reviews (Continued)

2. Was there duplicate study selection and data extraction? There should be at least 2 independent data extractors and a con-
sensus procedure for disagreements should be in place
Note: 2 people do study selection, 2 people do data extraction, consensus
process or 1 person checks the other person’s work.

3. Was a comprehensive literature search performed? At least 2 electronic sources should be searched. The report must
include years and databases used (e.g. CENTRAL, MEDLINE,
and Embase). Keywords or MeSH terms (or both) must be stated
and where feasible the search strategy should be provided. All
searches should be supplemented by consulting current contents,
reviews, textbooks, specialised registers, or experts in the particular
field of study, and by reviewing the references in the studies found
Note: if at least 2 sources + 1 supplementary strategy used, select “yes”
(Cochrane register/ CENTRAL counts as 2 sources; a grey literature
search counts as supplementary).

4. Was the status of the publication (i.e. grey literature) used as
inclusion criteria?

The authors should state that they searched for reports regardless
of their publication type. The authors should state whether or not
they excluded any reports (from the systematic review), based on
their publication status, language, etc
Note: if review indicates that there was a search for “grey litera-
ture”or “unpublished literature,”indicate “yes.”SIGLE database, dis-
sertations, conference proceedings, and trial registries are all considered
grey for this purpose. If searching a source that contains both grey and
non-grey, must specify that they were searching for grey/unpublished
literature.

5. Was a list of studies (included and excluded) provided? A list of included and excluded studies should be provided.
Note: acceptable if the excluded studies were referenced. If there was
an electronic link to the list but the link is no longer active, select “no.
”

6. Were the characteristics of the included studies provided? In an aggregated form such as a table, data from the original
studies should be provided on the participants, interventions, and
outcomes. The ranges of characteristics in all the studies analysed,
e.g. age, race, sex, relevant socioeconomic data, disease status,
duration, severity, or other diseases should be reported
Note: acceptable if not in table format as long as they are described as
above.

7. Was the scientific quality of the included studies assessed and
documented?

’A priori’ methods of assessment should be provided (e.g. for effec-
tiveness studies if the author(s) chose to include only randomised,
double-blind, placebo-controlled studies, or allocation conceal-
ment as inclusion criteria); for other types of studies alternative
items will be relevant
Note: can include use of a quality scoring tool or checklist, e.g. Jadad
scale, risk of bias, sensitivity analysis, etc., or a description of quality
items, with some type of result for EACH study (“low”or “high”is
acceptable, as long as it is clear which studies scored “low”and which
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Table 1. AMSTAR tool to assess the methodological quality of systematic reviews (Continued)

scored “high;”a summary score/range for all studies is not acceptable).

8. Was the scientific quality of the included studies used appro-
priately in formulating conclusions?

The results of the methodological rigor and scientific quality
should be considered in the analysis and the conclusions of the
review, and explicitly stated in formulating recommendations
Note: might say something such as “the results should be interpreted
with caution due to poor quality of included studies.”Cannot score
“yes”for this question if scored “no”for question 7.

9. Were the methods used to combine findings of studies appro-
priate?

For the pooled results, a test should be done to ensure the studies
were combinable, to assess their homogeneity (i.e. Chi2 test for
homogeneity, I2 statistic). If heterogeneity exists, a random-effects
model should be used or the clinical appropriateness of combining
should be taken into consideration (i.e. is it sensible to combine?
), or both
Note: indicate “yes”if they mention or describe heterogeneity, i.e. if
they explain that they cannot pool because of heterogeneity/variability
between interventions.

10. Was the likelihood of publication bias assessed? An assessment of publication bias should include a combination of
graphical aids (e.g. funnel plot, other available tests) or statistical
tests (e.g. Egger regression test), or both
Note: if no test values or funnel plot included, score “no.”Score “yes”if
they mention that publication bias could not be assessed because there
were fewer than 10 included studies.

11. Was the conflict of interest stated? Potential sources of support should be clearly acknowledged in
both the systematic review and the included studies
Note: to get a “yes,”must indicate source of funding or support for the
systematic review AND for each of the included studies.

Table 2. Reasons for exclusion

Review Reason for exclusion from overview

Aggarwal 2011 Not exercise/physical activity

Brønfort 2015 Protocol stage only - possibly include when published as full review

Bierma-Zeinstra 2011 Protocol stage only - exclude when published as full review

Brønfort 2014 Withdrawn from the Cochrane Library

Choi 2010 Not chronic using definition of > 3 months

Craane 2006 Protocol stage only - possibly include when published as full review
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Table 2. Reasons for exclusion (Continued)

Dagfinrud 2008 Physiotherapy - required therapist to perform intervention

Dahm 2010 Acute pain, not chronic. Intervention was advice

Dal Bello-Haas 2013 Malignant condition

de Souza 2012 Drug- and surgery-based interventions

Fokkenrood 2013 Did not include RCTs (excluded studies with control groups)

Franke 2015 Not exercise/physical activity

Green 2003 Physiotherapy - required therapist to perform intervention

Gross 1998 Withdrawn from the Cochrane Library

Gross 2012 Not exercise/physical activity

Gross 2015b Not exercise/physical activity

Hayden 2012 Protocol stage only - possibly include when published as full review

Heintjes 2003 Withdrawn from the Cochrane Library January 2015

Henschke 2010 Not exercise/physical activity

Heymans 2004 Exercise could not be assessed as stand-alone intervention

Hilde 2006 Withdrawn from the Cochrane Library

Hoving 2014 No exercise intervention, and no pain outcome measure

Hurley 2013 Protocol stage only - exclude when published as full review

IJzelenberg 2011 Protocol stage only - exclude when published as full review

Jones 2000 Drug-based interventions

Jordan 2010 Intervention to improve adherence to exercise, not exercise itself

Kamper 2014 Exercise could not be assessed as stand-alone intervention

Karjalainen 1999 Exercise could not be assessed as stand-alone intervention

Karjalainen 2003 Exercise could not be assessed as stand-alone intervention
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Table 2. Reasons for exclusion (Continued)

Larun 2016 Chronic fatigue, not chronic pain

Liddle 2015 Pain in pregnancy only, not chronic pain

Liu 2013 Protocol stage only - unsure about inclusion when published as full review

Miller 2014 Protocol stage only - exclude when published as full review

Moi 2013 Exercise could not be assessed as stand-alone intervention

O’Brien 2004 No pain outcome measure

O’Connell 2013 Overview of reviews, not systematic review

Østerås 2013 Protocol stage only - possibly include when published as full review

Page 2012 No pain outcome measure

Page 2014 Manual therapy - required therapist to perform intervention

Peters 2013 Exercise could not be assessed as stand-alone intervention

Preston 2004 No pain outcome measure

Proctor 2007 Exercise could not be assessed as stand-alone intervention

Radner 2012 Drug-based interventions

Regnaux 2014 Protocol stage only - possibly include when published as full review

Richards 2012 Not exercise/physical activity

Riemsma 2003 Not exercise/physical activity

Schaafsma 2013 No pain outcome measure

Steultjens 2004 Occupational therapy - exercise could not be assessed as stand-alone intervention

Stones 2005 Exercise cannot be assessed as stand-alone intervention

Takken 2008 Aged < 18 years - not adults

van Dessel 2014 Not chronic pain and no specific pain outcome measure

White 2004 No pain outcome measure

Williams 2012 Not exercise/physical activity
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Table 2. Reasons for exclusion (Continued)

Zammit 2010 Surgery or required therapist to perform intervention

RCT: randomised controlled trial.

Table 3. Characteristics of included reviews

Review and

Cochrane Re-

view Group

Assessed as

up to date

Chronic pain

condition

Duration of

pain/ diagno-

sis

Intervention

description

Control

description

Outcomes

with data re-

ported

Time points

reported

Bartels 2007
Cochrane
Musculoskele-
tal Group

Aug 2007 Hip or knee
OA

Not reported All types of ex-
ercises devel-
oped in
the therapeu-
tic/heated in-
door pool
(ROM, dy-
namics, aero-
bics, etc.) were
permitted

No treatment
or other treat-
ment.

Function,
quality of life,
mental health,
pain, adverse
events

Post-interven-
tion (immedi-
ate), 6-month
follow-up

Bidonde 2014
Cochrane
Musculoskele-
tal Group

Oct 2013 Fibromyalgia 12 yr (range 6
to 24)

Aquatic
exercise train-
ing interven-
tion defined as
“exercise con-
ducted in a
vertical stand-
ing position.”

Treat-
ment as usual,
physical activ-
ity as usual,
wait list con-
trol, placebo
or sham, edu-
cation-only,
water immer-
sion-only, and
attention only

Multi-dimen-
sional func-
tion (wellness)
, self-reported
physical func-
tion (wellness)
,
pain
(symptoms),
stiffness
(symptoms),
muscle
strength
(physical
fitness),
submaxi-
mal cardiores-
piratory func-
tion (physical
fitness),
withdrawals
(safety and ac-
ceptability),
adverse effects
(safety and ac-
ceptability)

Post-interven-
tion (4 to 32
wk)
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Table 3. Characteristics of included reviews (Continued)

Boldt 2014
Cochrane In-
juries Group

Mar 2011 Spinal cord in-
jury

Mean 66
months, and 1
to 24 yr when
reported

“Exercise”:
stretching and
strength-
ening exercises
aimed at mo-
bilising
painful shoul-
der joint

Wait list con-
trol or no in-
tervention.

Pain, de-
pression, qual-
ity of life, ad-
verse effects

Short
term (within
24 hours of
last interven-
tion, i.e. post-
intervention)
and interme-
diate term (1
to 6 wk post-
intervention)
and long term
(> 6 wk post-
intervention)

Brown 2010
Cochrane
Men-
strual Disor-
ders and Sub-
fertility Group

Aug 2009 Primary dys-
menorrhoea
in the major-
ity (≥ 50%) of
cycles

Ongoing/not
appropriate

12-wk walk or
jog training
programme at
an intensity of
70% to 85%
of the HR
range. Train-
ing for 3 days/
wk and dura-
tion of aerobic
phase was 30
min-
utes with 15-
minute warm-
up and cool-
down periods

Asked
not to exercise
during the ex-
perimental pe-
riod.

Pain: men-
strual disor-
ders question-
naire (MDQ)
score

Ongoing
- over 3 men-
strual cycles

Busch 2007
Cochrane
Musculoskele-
tal Group

Aug 2007 Fibromyalgia Not reported Exercise-only
interventions
included aero-
bic-only train-
ing, strength-
only train-
ing, flexibility-
only training,
or mixed ex-
ercise-only in-
terventions

“Untreated.” Pain, global
wellbeing, ob-
jectively mea-
sured physical
function

Post-interven-
tion (strength
exercise
21 wk, aero-
bic exercise 6
to 23 wk)

Busch 2013
Cochrane
Musculoskele-
tal Group

Mar 2013 Fibromyalgia mean range
from 4 yrs (SD
3.1) to 12 yrs
(SD 4)

Defined resis-
tance training
as exercise per-
formed
against a pro-
gressive

Untreated
control condi-
tions
(treatment as
usual, activity
as usual, wait

Multi-
dimensional
function, self-
reported phys-
ical function,

Post-interven-
tion, follow-
up (12 wk) in
1 study only
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Table 3. Characteristics of included reviews (Continued)

resistance on a
minimum of 2
days/wk
(on non-con-
secutive days)
with the in-
tention of im-
proving mus-
cle
strength, mus-
cle endurance,
muscle power,
or a combina-
tion of these

list control,
and placebo),
other types of
ex-
ercise or phys-
ical activity in-
terventions (e.
g. aero-
bic, flexibility)
, and other re-
sistance train-
ing interven-
tions (head-
to-head com-
parisons)

pain, tender-
ness, muscle
strength, ad-
verse ef-
fects, all-cause
attrition

Cramp 2013
Cochrane
Musculoskele-
tal Group

Oct 2012 Rheumatoid
arthritis

Not reported Included
pool-based
therapy
(twice/wk,
moderate
intensity,
music-paced)
, yoga (6 wk,
twice/wk, 1.5-
hour sessions)
, dynamic
strength train-
ing (home-
based after
inpatient
programme,
all main
muscle groups
using dumb-
bells and
elastic bands)
, stationary
cycling (70%
HRmax,
5 minute
excluding:
1-minute of
rest, increased
duration),
low-impact
aerobics (class

“Could have
been placebo,
an alternative
inter-
vention (phar-
macological or
non-pharma-
cological) or
usual care.”

Fatigue, pain,
anxiety, de-
pression, dis-
abil-
ity, tender and
swollen joints,
adverse events

Post-inter-
vention (only
a sin-
gle time point
analysed)
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Table 3. Characteristics of included reviews (Continued)

at fitness cen-
tre and video
at home,
individual
HR targets)
, tai chi (1-
hour group
sessions)

Fransen 2014
Cochrane
Musculoskele-
tal Group

May 2013 Hip OA Not reported Any land-
based thera-
peutic exercise
regimens aim-
ing to relieve
the symptoms
of hip OA, re-
gard-
less of con-
tent, duration,
frequency, or
intensity. This
included any
exercise de-
signed to im-
prove muscle
strength,
range of joint
movement or
aerobic capac-
ity (or combi-
nations of the
three)
. Programmes
could be de-
signed and su-
pervised
by physiother-
apists or other
professionals,
or provided as
a home pro-
gramme with
minimal mon-
itoring

Wait-list con-
trol,
usual care, GP
education.

Self-
reported pain,
physical func-
tion,
quality of life,
withdrawal or
dropouts, ad-
verse events

post-interven-
tion (immedi-
ate
in 9/10 stud-
ies) follow-up
3 to 6 months

Fransen 2015
Cochrane
Musculoskele-
tal Group

May 2013 Knee OA Often not re-
ported: some
less
than 1yr, oth-

“land-based
therapeutic
ex-
ercise.” Along

No exercise:
active (any no-
exercise inter-
vention) or no

Knee pain,
self-reported
physical func-
tion, quality of

Imme-
diately at the
end of treat-
ment (post-
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Table 3. Characteristics of included reviews (Continued)

ers over 10yr with deliv-
ery mode and
content, treat-
ment ’dosage’
(duration, fre-
quency, inten-
sity) var-
ied widely be-
tween studies

treatment (in-
cluding wait-
ing list)

life treatment), 2
to 6 months
after cessation
of monitored
study
treatment and
longer than six
months
after cessation
of monitored
study
treatment

Gross 2015a
Cochrane
Back Group

May 2014 Mechanical
neck disorders

“Chronic”
(not subacute
or acute)

Cervical
stretch/ROM
exercises + cer-
vical/
scapulotho-
racic strength-
ening + static/
dynamic cer-
vical/shoulder
stabilisation

Wait list con-
trol.

Pain intensity,
function,
quality of life,
global per-
ceived effect,
adverse effects

Immediately
post-
treatment (≤
1 day),
short-term
follow-
up (1 day to 3
months),
interme-
diate-term fol-
low-up
(3 months up
to, but not in-
cluding, 1 yr),
and
long-term fol-
low-up (≥ 1
yr)

Han 2004
Cochrane
Musculoskele-
tal Group

Apr 2004 Rheumatoid
arthritis

Not reported Only trials of
exercise pro-
grammes with
tai chi instruc-
tion or incor-
porating prin-
ciples of tai chi
philosophy

Not reported. Function, ten-
der and
swollen joints,
ROM,
strength, en-
joyment,
withdrawals,
adverse effects

Post-interven-
tion (8 to 10
wk)

Hayden 2005
Cochrane
Back Group

Sep 2004 Non-specific
low back pain

Chronic, i.
e. longer than
12 wk: 5.6 yr
(95% CI 3.4
to 7.8)

Exercise ther-
apy defined as
“a se-
ries of specific
movements
with the aim
of training or
developing the

No exer-
cise: no treat-
ment or
placebo treat-
ment,
other conser-
vative therapy,
or another ex-

Pain, func-
tional abil-
ity, work sta-
tus, global as-
sessment, ad-
verse events

Earliest, 6 wk,
6 months, 12
months
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Table 3. Characteristics of included reviews (Continued)

body by
a routine prac-
tice or as phys-
ical training to
promote good
physical
health;”
only 54% ade-
quately
described the
exercise inter-
vention

ercise group

Hurkmans
2009
Cochrane
Musculoskele-
tal Group

Jun 2009 Rheumatoid
arthritis

5 to 14 yr Dy-
namic exercise
programmes -
aerobic capac-
ity and muscle
strength train-
ing; short-
term muscle
strength train-
ing (high qual-
ity); short-
term dynamic
exercise to im-
prove aerobic
capacity (not
high method-
ological
quality); exer-
cise frequency
of at least 20
minutes twice
a week. Dura-
tion of exercise
programme at
least 6 wk (du-
ration <
3 months was
con-
sidered short-
term; duration
> 3 months
was con-
sidered long-
term)

Not reported Functional
ability, aerobic
capacity, mus-
cle strength,
safety (pain
and radiologi-
cal damage)

Follow-up (12
wk and 24
months)
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Table 3. Characteristics of included reviews (Continued)

. Exercise pro-
gramme per-
formed under
supervision
Aerobic exer-
cise intensity
at least 55% of
the maximum
HR; or inten-
sity starting at
40% to 50%
of
the maximum
oxygen uptake
reserve or HR
maximum re-
serve. Further-
more, the in-
tensity was in-
creased up to
85% dur-
ing the inter-
vention. Pro-
gressively
strengthening
exercise loads
starting at
30% to 50%
and increasing
to 80%
of maximum
(defined as the
percentage of
either 1 rep-
etition maxi-
mum,
1 MVC, max-
imum speed,
or as maximal
subjective ex-
ertion)

Koopman
2015
Cochrane
Neuromuscu-
lar Group

Jul 2014 Postpolio syn-
drome (PPS)

Not reported Exer-
cise therapy (e.
g. aerobic ex-
ercise, muscle
strengthening
exercise, respi-
ratory muscle

Placebo, usual
care or no
treatment.

Self-perceived
activity limita-
tions, muscle
strength, mus-
cle endurance,
fatigue, pain,
adverse events

3 and 6
months
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Table 3. Characteristics of included reviews (Continued)

train-
ing, warm cli-
mate training,
hydro
training)

(minor and se-
rious)

Lane 2014
Cochrane Pe-
ripheral Vas-
cular Diseases
Group

Sep-2013 intermittent
claudication

not reported Any exercise
pro-
gramme used
in the treat-
ment of inter-
mittent clau-
dication
was included,
such as walk-
ing, skipping
and running.
Inclusion of
trials was not
affected by the
duration, fre-
quency or in-
tensity
of the exercise
programme
but these is-
sues were
taken into ac-
count in the
meta-analysis

Exercise was
compared to
six different
modes of
treatment, the
most com-
mon being
usual care
or placebo.
Two early
trials com-
pared exercise
with placebo
tablets but in
more recent
studies usual
care was used
as the control
comparator.
Exercise was
compared
with the fol-
lowing drug
therapies:
antiplatelet
agents pen-
toxifylline,
iloprost, and
vitamin E.
One study
compared
exercise with
pneumatic
foot and calf
compression

max-
imal walking
time, pain-free
walk-
ing time, pain-
free walking
distance, max-
imum walking
distance,
ankle brachial
index (ABI)
, peak exer-
cise calf blood
flow,
mortality, am-
putation

Post-interven-
tion, 3-month
follow up, six-
month follow
up

Lauret 2014
Cochrane Pe-
ripheral Vas-
cular Diseases
Group

Jul 2013 Intermittent
claudication

Not reported Super-
vised walking
programme
needed to be
supervised
at least twice
a week for a

Alternative ex-
ercise.

Maximum
walking dis-
tance (METs),
pain-free
walking dis-
tance (METs),
health-related

n/a
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Table 3. Characteristics of included reviews (Continued)

consecutive 6
wk of training

quality of life
and functional
impairment

Regnaux 2015
Cochrane
Musculoskele-
tal Group

Jun 2014 Hip or knee
OA

> 6 months High-
intensity
physical activ-
ity or exercise
programme.

Low-intensity
physical activ-
ity or exercise
programme
and
con-
trol (no-exer-
cise) group in
1 study.

Pain, physical
function,
quality of life,
adverse effects
(related to in-
tervention),
severe adverse
events or with-
drawal (due to
intervention)

Post-interven-
tion, interme-
diate term (6
to 12 months)
, long-
term (over 12
months)
follow-up

Saragiotto
2016
Cochrane
Back and
Neck Group

Apr 2015 Low back pain > 12 wk MCE: activa-
tion of
the deep trunk
mus-
cles, targeting
the restoration
of control and
co-ordi-
nation of these
muscles

Placebo, no
treatment, an-
other ac-
tive treatment,
or when MCE
was added as
a supplement
to other inter-
ventions.
When MCE
was
used in addi-
tion to other
treatments, it
had to repre-
sent at least
50% of the to-
tal treatment
programme to
be included

Pain intensity
and disability,
function,
quality of life,
global impres-
sion of recov-
ery, return to
work, adverse
events and re-
currence

Post-inter-
vention, short
term (4 to 10
wk), interme-
diate term (3
to 6 months),
long term (12
to 36 months)

Silva 2010
Cochrane
Musculoskele-
tal Group

Jun 2009 Rheumatoid
arthritis

No studies
found

Balance train-
ing (proprio-
ceptive train-
ing).

No interven-
tion or other
intervention.

ACR-50,
pain,
disease activity
score (DAS),
Health Assess-
ment
Questionnaire
(HAQ
for function)
, gait, adverse
ef-
fects, discon-
tinuation rate

n/a
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Table 3. Characteristics of included reviews (Continued)

van der
Heijden 2015
Cochrane
Bone, Joint
and Muscle
Trauma
Group

May 2014 Adolescents
and adults
with
patellofemoral
pain

3 wk to
8 months (as
minimum re-
quirement)
; reported pain
4 wk to 9 yr

Exercise ther-
apy for
patellofemoral
pain
syndrome;
exercises could
be performed
at home or
under supervi-
sion of a ther-
apist - various
descriptions in
the included
trials, includ-
ing knee exer-
cises, hip and
knee exercises,
home ex-
ercises, super-
vised exercises,
closed kinetic
chain, open
kinetic chain

No treatment,
placebo,
or waiting list
controls. This
also included
’exercise ther-
apy + another
interven-
tion (e.g. tap-
ing) versus the
other inter-
vention alone
(e.g. taping).’

Pain during
activity, usual
pain, func-
tional ability,
recovery

4-
to 12-wk fol-
low-up (short
term) and 16
wk
to 12 months
(long term)

Yamato 2015
Cochrane
Back Group

Mar 2014 Low back pain Acute, sub-
acute, chronic
(i.e. no mini-
mum)

Explicitly
stated as based
on Pilates
principles, or
the therapists
who provided
the interven-
tions had pre-
vious training
in Pilates ex-
ercises or the
therapists
were described
as certified Pi-
lates instruc-
tors

No interven-
tion, placebo,
or other inter-
ventions.

Pain intensity,
disability,
global impres-
sion of recov-
ery, quality of
life, return to
work, adverse
effects

Short term (4
to 8 wk), in-
termedi-
ate term (3 to
6 months)

ACR: American College of Rheumatology; GP: general practitioner; HR: heart rate; MCE: motor control exercise; MET: metabolic
equivalents; n/a: not applicable; OA: osteoarthritis; ROM: range of motion; wk: week; yr: year.
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Table 4. Further characteristics of included reviews

Review Number of trials in-

cluded

Total number of partic-

ipants

Gender distribution Participants ages

Bartels 2007 6 (4 exercise vs no exer-
cise)

800 (674 exercise vs no
exercise)

50% to 86% Female Means ranged from 66 to
71 yr

Bidonde 2014 16 (9 exercise vs no exer-
cise)

881 (519 exercise vs no
exercise)

513 female, 6 male Means ranged from 46.3
to 48.3 yr

Boldt 2014 16 (3 exercise vs no exer-
cise)

616 (149 exercise vs no
exercise)

115 male, 41 female
across 3 studies

Range 19 to 65 yr and
mean 35 to 45 yr

Brown 2010 1 36 100% female Not reported

Busch 2007 34 (in meta-analysis -
strength training vs con-
trol: 2;
aerobic training vs con-
trol: 4)

2276 total
(in
meta-analysis - strength:
47, aerobic: 269)

96.4% female when re-
ported (in 2197 partici-
pants)

Range reported as 27.5 to
60.2 yr

Busch 2013 5 studies as 7 publica-
tions (exercise vs control:
3 publications, 2 studies)

219 with fibromyalgia
(exercise vs control: 81)

100% female Not reported

Cramp 2013 24 (only 6 using physical
activity interventions)

2882 (physical activity
interventions: 371)

“A higher
percentage of females”…
when reported

“Mainly within the fifth
decade”

Fransen 2014 10 > 549 75% to 80% female
when reported

58 to 70 yr (means) when
reported

Fransen 2015 54 5362 When reported 55% to
100% female

When reported mean age
60 to 70 yr

Gross 2015a 27 (16 chronic pain) 2485 Not reported Not reported

Han 2004 4 (3 RCTs). Pain not re-
ported in any included
study

206 total; pain not re-
ported in any included
study

Not reported Range 38 to 72 yr

Hayden 2005 61 (43 chronic low back
pain)

6390 (3907 chronic low
back pain)

Chronic: 46% male
(95% CI 39 to 52)

Chronic: 42 yr (95% CI
40 to 44)

Hurkmans 2009 8 RCTs (5 exercise vs no-
exercise)

575 “Mainly female” 52 yr
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Table 4. Further characteristics of included reviews (Continued)

Koopman 2015 13 (2 exercise vs no exer-
cise)

675 (68 exercise vs no
exercise) - 1 study used
3 arms (no treatment in
cold, exercise in cold, ex-
ercise in warm; we have
excluded the warm exer-
cise arm as cannot com-
pare directly to the con-
trol)

~ 25% male Mean 58 and 65 yr

Lane 2014 30 1822 total Not reported Mean > 65 yr

Lauret 2014 5 (0 for exercise vs no ex-
ercise)

184 (0 for exercise vs no
exercise)

n/a n/a

Regnaux 2015 6 (1 for exercise vs no ex-
ercise) only 1 study that
had a no exercise control

656 (102 for exercise vs
no exercise)

79 female 62.6 yr

Saragiotto 2016 29 (7 for exercise vs no ex-
ercise/minimal interven-
tion)

2431 (671 for exercise vs
no exercise)

“Mixed” Median 40.9 yr (IQR 11.
2) (range 20.8 to 54.8)

Silva 2010 None None n/a n/a

van der Heijden 2015 31 (10 for exercise vs con-
trol)

1690 0% to 100% female;
equally distributed across
range

Mean 25 to 50 yr

Yamato 2015 10 (6 exercise vs minimal
intervention (control))

478 (265 exercise vs con-
trol)

2 trials were all female,
the others included both
genders

Mean 38 yr (range 22 to
50)

CI: confidence interval; GP: general practitioner; IQR: interquartile range; OA: osteoarthritis; RCT: randomised controlled trial; ROM:
range of motion; wk: week; yr: year.

Table 5. Dose and duration of exercise interventions in included reviews

Review Duration Frequency

(sessions per day/

wk/month)

Intensity Duration

(per session)

Other description

Bartels 2007 Not reported Not reported “Muscle main-
tenance” and “range
of motion”

Not reported No minimum re-
quirement for inclu-
sion.
Actual intervention
only reported by 2
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

of 6 included stud-
ies

Bidonde 2014 17 wk (range 4 to
32)

1 to 4/wk Very light (< 57%
HRmax) to vigor-
ous (95% HRmax)
, self-selected, and
not specified

45 minutes (range
30 to 70)

No minimum re-
quirement for inclu-
sion.
None of the stud-
ies met the ACSM
exercise guidelines
specified for aerobic
or strength training.
Only 1 study met
the ACSM guide-
lines for flexibility
training

Boldt 2014 12 wk to 9 months 2/day to 2/wk Not reported Reported for 1 study
only (90 to 120
minutes)

No minimum re-
quirement for inclu-
sion.
Stretch-
ing and strengthen-
ing exercises aimed
at mobilis-
ing painful shoulder
joint

Brown 2010 ≥ 12 wk 3/wk 70% to 85% HRR 1 hour No minimum re-
quirement for inclu-
sion.

Busch 2007 3 wk to 6 months 1 to 5/wk Not reported Not reported No minimum re-
quirement for inclu-
sion.
Assessed as whether
they “met ACSM
recommendations.”

Busch 2013 8 to 21 wk (median
16 wk)

≥ 2/wk > 4/10 RPE rating
progressing to 70%
to 80% 1RM

40 to 90 minutes Assessed as whether
they “met ACSM
recommendations.”

Cramp 2013 6 wk (when re-
ported)

2/wk “Low im-
pact”, “moderate”,
and 70% HRmax

1 to 1.5 hours, when
reported

No minimum re-
quirement for inclu-
sion.

Fransen 2014 6 to 12 wk (median
8)

1 to 3/wk “Low intensity” to
“max effort”

30 to 60 minutes No minimum re-
quirement for inclu-
sion.
Intensity only re-

45Physical activity and exercise for chronic pain in adults: an overview of Cochrane Reviews (Review)

Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Table 5. Dose and duration of exercise interventions in included reviews (Continued)

ported in 2 of 10
studies.

Fransen 2015 single session to 30
months

1 to 5/wk “Moderate to mod-
erately high inten-
sity”

15 to 60 minutes No minimum re-
quirement for inclu-
sion.
Varied in dose and
duration.

Gross 2015a 2 wk to 3 months 5/wk to every 15
minutes/day

Low intensity 2 to 20 minutes -

Han 2004 8 to 10 wk (when re-
ported)

1 to 7/wk (median
1/wk)

Tai chi = low inten-
sity

1 to 1.5 hours No minimum re-
quirement for inclu-
sion.

Hayden 2005 Not reported Not reported Not reported Not reported No minimum re-
quirement for inclu-
sion.
Could not extract
actual data.

Hurkmans 2009 ≥ 6 wk 2/wk Aerobic: ≥ 55%
HRmax increasing
to 85% HRmax
strength: start 30%
1RM increasing to
80% 1RM

20 minutes -

Koopman 2015 4 to 12 wk Daily to 3/wk Reported in 1 study:
50% to 70% MVC

45 minutes No minimum re-
quirement for inclu-
sion.
1 study: supervised
progressive resis-
tance training con-
sisting of 3 sets of
8 isometric contrac-
tions of the thumb
muscles
1 study: combina-
tion of individual
and group therapy
with daily treatment
in a swimming pool
(45 minutes), phys-
iotherapy, individu-
ally adapted training
programme
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

Lane 2014 3 to 12 months ≥ 2/wk “Variable” ~ 60 minutes No minimum re-
quirement for inclu-
sion.

Lauret 2014 ≥ 6 wk ≥ 2/wk Not reported Not reported No minimum re-
quirement for inclu-
sion.
Must be supervised.

Regnaux 2015 8 wk 3/wk Compared high vs
low intensity vs con-
trol

30 to 50 minutes Every 2 wk 1RM
was retested and in-
creased by 5% as tol-
erated in each group
Supervision: an ex-
perienced therapist.
3 arms (n=34 per
arm): high intensity,
low intensity, con-
trol (no exercise)

Saragiotto 2016 20 days to 12 wk
(median 8 wk (IQR
2.0))

1 to 5/wk (median
12 sessions (IQR 6.
0))

Not reported 20 to 90 minutes
(median 45 (IQR
30) minutes)

MCE is usually de-
livered in 1:1 su-
pervised treatment
sessions, and some-
times involves ul-
trasound imaging,
the use of pressure
biofeedback units or
palpation to pro-
vide feedback on the
activation of trunk
muscles

Silva 2010 ≥ 6 wk 2/wk Balance training
only

≥ 30 minutes No studies found.

van der Heijden
2015

3 to 16 wk 2/wk to daily Not reported Not reported No minimum re-
quirement for inclu-
sion.
Assessed by dura-
tion (< or > 3
months), frequency
(sev-
eral times, or once
a week), medium
(land or water), etc
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

Yamato 2015 10 to 90 days
(mostly 8 wk)

2/wk (mean session
number 15.3, range
6 to 30)

Not reported 1 hour No minimum re-
quirement for inclu-
sion.
Must be supervised
(for the Pilates tech-
nique).

1RM: one repetition maximum; ACSM: American College of Sport Medicine; HRmax: maximum heart rate; HRR: heart rate reserve,
IQR: interquartile range; MCE: motor control exercise; MVC: maximum voluntary contraction; RPE: rating of perceived exertion;
wk: week.

Table 6. Methodological quality of included reviews using the AMSTAR tool

Re-

view

Criteria Total “Y” Total “N” Total “n/a”

1 2 3 4 5 6 7 8 9 10 11

Bar-
tels
2007

Y Y Y Y Y N Y Y Y N N 8 3 -

Bidonde
2014

N Y Y Y Y Y Y Y Y N N 8 3 -

Boldt
2014

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Brown
2010

Y Y Y N Y Y Y Y n/a N N 7 3 1

Busch
2007

Y Y Y N Y Y Y Y Y N N 8 3 -

Busch
2013

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Cramp
2013

Y Y Y Y Y N Y Y Y Y N 9 2 -

Fransen
2014

Y Y Y Y Y N Y Y Y N N 8 3 -

Fransen
2015

Y Y Y Y Y N Y Y Y N N 8 3 -
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Table 6. Methodological quality of included reviews using the AMSTAR tool (Continued)

Gross
2015a

Y Y Y Y Y N Y Y Y Y N 9 2 -

Han
2004

Y Y Y Y Y N Y Y N N N 7 4 -

Hay-
den
2005

Y Y Y Y Y N Y Y Y Y Y 10 2 -

Hurk-
mans
2009

Y Y Y Y Y Y Y Y Y N N 9 2 -

Koop-
man
2015

Y Y Y Y Y Y Y Y Y N Y 10 1 -

Lane
2014

Y Y Y Y Y Y Y Y N Y N 9 2 -

Lauret
2014

Y Y Y Y Y N Y Y Y Y N 9 2 -

Reg-
naux
2015

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Sara-
giotto
2016

Y Y Y Y Y N Y Y Y Y N 9 2 -

Silva
2010

Y Y Y Y Y n/a n/a n/a n/a n/a Y 6 0 5

van
der
Heij-
den
2015

Y Y Y Y Y Y Y Y Y N N 9 2 -

Yam-
ato
2015

Y Y Y Y Y N Y Y Y Y N 9 2 -

Total

“Y”

20 21 21 19 21 10 20 20 17 10 3 - - -

Total

“N”

1 - - 2 - 10 - - 2 10 18 - - -
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Table 6. Methodological quality of included reviews using the AMSTAR tool (Continued)

Total

“n/a”

- - - - - 1 1 1 2 1 - - - -

N: no; n/a: not applicable; Y: yes; out of maximum summative score of 11.
Following arbitration, the authors removed the response “cannot answer” due to no responses as such.

Table 7. Risk of bias - studies assessed as low risk of bias

Review Number

of studies

in assess-

ment

Selection bias Perfor-

mance

bias

Detection

bias

Attrition

bias

Reporting

bias

Other bias

Random

sequence

genera-

tion (stud-

ies)

Alloca-

tion con-

cealment

(studies)

Blinding

of partici-

pants and

personnel

(studies)

Blind-

ing of out-

come as-

sessment

(studies)

Incom-

plete out-

come data

(studies)

Selective

reporting

(studies)

Sample

size

Other bi-

ases (stud-

ies)

Bartels
2007

6 Not
reported

3 Not
reported

2 3 Not
reported

2, n > 100
per arm

-

Bidonde
2014

9 5 3 2 8 8 5 1, n > 50
per arm

7

Boldt
2014

3 1 1 0 1 2 3 0 1

Brown
2010

1 0 0 0 0 1 1 1, n > 50
per arm

-

Busch
2007

34 17 10 8 20 Unclear 32 5, n > 50
per arm

-

Busch
2013

5 4 2 1 2 5 3 0, n > 50
per arm

-

Cramp
2013

7 5 2 0 Not
reported

6 4 1

Fransen
2014

10 8 7 0 0 7 4 1, n > 50
per arm

7

Fransen
2015

54 40 22 3 4 29 10 5, total n >
200

Gross
2015a

16 8 8 1 0 11 0 0 11
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Table 7. Risk of bias - studies assessed as low risk of bias (Continued)

Han 2004 4 2 0 0 0 0 Not
reported

0

Hayden
2005

43 27 22 Not
reported

12 29 Not
reported

10, total n
> 100
+
5, total n >
200

-

Hurkmans
2009

8 8 1 - 4 5 - 1, total n >
200

1

Koopman
2015

2 1 0 0 0 0 0 0 1

Lane 2014 30 16 14 30 7 19 29 3, total n >
100

Lauret
2014

5 4 2 5 3 4 5 1, total n >
100

4

Regnaux
2015

1 1 0 0 1 0 0 1, total n >
100

1

Saragiotto
2016

7 5 4 1 1 2 7 1, total n >
100
+
1, total n >
200

7

Silva 2010 0 n/a n/a n/a n/a n/a n/a n/a n/a

van der
Heijden
2015

10 8 6 0 0 6 9 2, total n >
100

10

Yamato
2015

9 5 5 2 7 7 9 0 9

Studies

with

low risk of

bias

(number)

264 165 112 53 72 144 121 total n >

100: 26

total n >

200: 15

total n >

400: 0

71

Studies

with

low risk of

bias (per-

- 63% 42% 20% 27% 55% 46% total n >

100: 10%

total n >

27%
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Table 7. Risk of bias - studies assessed as low risk of bias (Continued)

centage) 200: 6%

total n >

400: 0%

n: number of participants, n/a: not applicable.

Table 8. Interpretation of results by original review authors

Review Review authors’ conclusions Overview authors’ assessment of conclusions

Bartels 2007 “Aquatic exercise has some short-term beneficial ef-
fects on the condition of OA patients with hip or
knee OA or both. The controlled and randomised
studies in this area are still too few to give further
recommendations on how to use this therapy... No
long-term effects have been found.”

Appropriate conclusions based on available data. No
mention of quality/risk of bias in conclusions, though
found to be high quality in results section

Bidonde 2014 “Low to moderate quality evidence relative to control
suggests that aquatic training is beneficial for improv-
ing wellness, symptoms, and fitness in adults with fi-
bromyalgia. Very low to low quality evidence suggests
that there are benefits of aquatic and land-based exer-
cise, except in muscle strength (very low quality evi-
dence favoring land). No serious adverse effects were
reported.”

Appropriate conclusions based on available data.

Boldt 2014 “Evidence is insufficient to suggest that non-pharma-
cological treatments are effective in reducing chronic
pain in people living with SCI. The benefits and
harms of commonly used non-pharmacological pain
treatments should be investigated in randomised con-
trolled trials with adequate sample size and study
methodology”

Appropriate conclusions based on available data.

Brown 2010 “There is a lack of available evidence to support the
use of exercise in the alleviation of symptoms associ-
ated with dysmenorrhoea. The limited evidence im-
plies that there are no adverse effects associated with
exercise.”

Review authors should not have commented on lack
of adverse events as this was not reported in the in-
cluded study. The comment on lack of adverse events
contravened present Cochrane guidance

Busch 2007 “There is moderate quality evidence that short-term
aerobic training (at the intensity recommended for
increases in cardiorespiratory fitness) produces im-
portant benefits in people with FM in global out-
come measures, physical function, and possibly pain
and tender points. There is limited evidence that
strength training improves a number of outcomes
including pain, global wellbeing, physical function,

Appropriate conclusions based on available data.
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Table 8. Interpretation of results by original review authors (Continued)

tender points and depression. There is insufficient
evidence regarding the effects of flexibility exercise.
Adherence to many of the aerobic exercise interven-
tions described in the included studies was poor.”

Busch 2013 “We have found evidence in outcomes representing
wellness, symptoms, and physical fitness favoring re-
sistance training over usual treatment and over flexi-
bility exercise, and favoring aerobic training over re-
sistance training. Despite large effect sizes for many
outcomes, the evidence has been decreased to low
quality based on small sample sizes, small number of
randomized clinical trials (RCTs), and the problems
with description of study methods in some of the in-
cluded studies.”

Appropriate conclusions based on available data.

Cramp 2013 “There is some evidence that physical activity inter-
ventions ... may help to reduce fatigue in RA. How-
ever, the optimal parameters and components of these
interventions are not yet established.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion despite low/unclear quality score in
results and discussion sections
No conclusions about effect on pain (insufficient
data).

Fransen 2014 “There is currently high-level evidence that land-
based exercise will reduce hip pain, and improve phys-
ical function, among people with symptomatic hip
osteoarthritis.”

Evidence was good quality though sample sizes were
often small (i.e. it is debatable if this was high level
evidence as claimed by authors). Agree that results
demonstrate small but significant benefit from inter-
vention

Fransen 2015 “High-quality evidence suggests that land-based ther-
apeutic exercise provides benefit in terms of reduced
knee pain and quality of life and moderate-quality
evidence of improved physical function among peo-
ple with knee OA… Despite the lack of blinding we
did not downgrade the quality of evidence for risk of
performance or detection bias.”

Appropriate conclusions based on available data. May
have been generous with quality assessment but this
was stated in conclusions for transparency

Gross 2015a “…there is still no high quality evidence and un-
certainty about the effectiveness of exercise for neck
pain… Moderate quality evidence supports the use
specific strengthening exercises as a part of routine
practice … Moderate quality evidence supports the
use of strengthening exercises, combined with en-
durance or stretching exercises may also yield simi-
lar beneficial results. However, low quality evidence
notes when only stretching or only endurance type
exercises … there may be minimal beneficial effects
for both neck pain and function.”

Appropriate conclusions based on available data.
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Table 8. Interpretation of results by original review authors (Continued)

Han 2004 “Tai chi appears to have no detrimental effects on
the disease activity of RA in terms of swollen/tender
joints and activities of daily living…tai chi appears to
be safe, since only 1 participant out of 121 withdrew
due to adverse effects and withdrawals were greater
in the control groups than the tai chi groups.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias in con-
clusion despite very low quality score in results sec-
tion

Hayden 2005 “Evidence from randomized controlled trials demon-
strates that exercise therapy is effective at reducing
pain and functional limitations in the treatment of
chronic low-back pain, though cautious interpreta-
tion is required due to limitations in this literature.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion despite low quality score in results
and discussion sections

Hurkmans 2009 “Short-term, land-based dynamic exercise programs
have a positive effect on aerobic capacity (aerobic ca-
pacity training whether or not combined with muscle
strength training) and muscle strength (aerobic ca-
pacity training combined with muscle strength train-
ing) immediately after the intervention, but not after
a follow-up period. Short-term, water-based dynamic
exercise programs have a positive effect on functional
ability and aerobic capacity directly after the interven-
tion but it is unknown whether these effects are main-
tained after follow-up. Long-term, land-based dy-
namic exercise programs (aerobic capacity and mus-
cle strength training) have a positive effect on func-
tional ability, aerobic capacity, and muscle strength
immediately after the intervention but it is unknown
whether these effects are maintained after follow-up...
Based on the evidence, aerobic capacity training com-
bined with muscle strength training is recommended
for routine practice in patients with RA.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion
No conclusions regarding pain severity.

Koopman 2015 “Data from two single trials suggested that muscle
strengthening of thumb muscles (very low-quality ev-
idence) ... are safe and beneficial for improving mus-
cle strength ... with unknown effects on activity lim-
itations.”
“We found evidence varying from very low quality to
high quality that ... rehabilitation in a warm or cold
climate are not beneficial in PPS.”
“Due to a lack of good-quality data and randomised
studies, it was impossible to draw definitive conclu-
sions about the effectiveness of interventions in peo-
ple with PPS.”

Appropriate conclusions based on available data.

Lane 2014 “… Exercise therapy should play an important part
in the care of selected patients with intermittent clau-
dication, to improve walking times and distances. Ef-

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
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Table 8. Interpretation of results by original review authors (Continued)

fects were demonstrated following three months of
supervised exercise although some programmes lasted
over one year.”

ies in conclusion
No conclusions regarding pain severity.

Lauret 2014 “There was no clear evidence of differences between
supervised walking exercise and alternative exercise
modes in improving the maximum and pain-free
walking distance of patients with intermittent clau-
dication…. The results indicate that alternative ex-
ercise modes may be useful when supervised walking
exercise is not an option for the patient.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion (in discussion)

Regnaux 2015 “We found very low- to low-quality evidence for no
important clinical benefit of high-intensity compared
to low-intensity exercise programs in improving pain
and physical function in the short term.... The in-
cluded studies did not provide any justification for
the levels of intensity of exercise programs. No au-
thors reported evidence for the minimal and maximal
intensity that could be delivered.”

Appropriate conclusions based on available data. This
overview has only used one study of the six included
as it alone included a control group, for which we
could not extract data as the control comparison was
not used in the analysis by the review authors

Saragiotto 2016 “There is very low to moderate quality evidence that
MCE has a clinically important effect compared with
a minimal intervention for chronic low back pain..
. As MCE appears to be a safe form of exercise and
none of the other types of exercise stands out, the
choice of exercise for chronic low back pain should
depend on patient or therapist preferences, therapist
training, costs and safety.”

Appropriate conclusions based on available data.

Silva 2010 “We were not able to provide any evidence to support
the application of balance exercises (proprioceptive
training) alone in patients with RA.”

Appropriate conclusions based on available data (no
included studies)

van der Heijden 2015 “This review has found very low quality but consis-
tent evidence that exercise therapy for patellofemoral
pain syndrome (PFPS) may result in clinically im-
portant reduction in pain and improvement in func-
tional ability.”

No subgroup analysis to differentiate between acute,
subacute, and chronic pain made it difficult to extract
appropriate data for this review

Yamato 2015 “No definite conclusions or recommendations can be
made as we did not find any high quality evidence
for any of the treatment comparisons, outcomes or
follow-up periods investigated. However, there is low
to moderate quality evidence that Pilates is more ef-
fective than minimal intervention in the short and
intermediate term as the benefits were consistent for
pain intensity and disability, with most of the effect
sizes being considered medium.”

Appropriate conclusions based on available data.
There was no subgroup analysis to differentiate be-
tween acute, subacute, and chronic pain made it dif-
ficult to extract appropriate data for this review (one
included study had subacute back pain (> 6 weeks),
all others were chronic back pain (> 12 weeks)) but
results are presented altogether as chronic pain
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FM: fibromyalgia; MCE: motor control exercise; OA: osteoarthritis; PPS: postpolio syndrome; RA: rheumatoid arthritis; SCI: spinal
cord injury.

Table 9. Pain severity

Review Number

of trials (and par-

ticipants) assessing

’pain severity’

Baseline pain score Post-interven-

tion reported re-

sult or change data

(or if only one data

point reported in

review)

Follow-up Overall comment/

statement

Bartels 2007
(osteoarthritis)

Hip + knee OA:
Post-intervention: 4
(638)
Follow-up: 1 (310)
Hip only:
follow-up: 1 (17)
Knee only:
post-intervention: 1
(46)

Control baseline:
Hip + knee OA
WOMAC 0 to 20 (2
studies): 9.10 (SD 3.
14)
VAS 0 to 100 (1
study): 55.3 (SD 24.
6)
HAQ 0 to 3 (1
study): 1.05 (SD 0.
61)
Hip only
VAS 0 to 100 (1
study): 56 (SD 21.
89)
Knee only
VAS 0 to 10 (1
study): 5.6 (SD 1.4)

Hip + knee OA
A minor effect of
a 3% absolute re-
duction (0.6 fewer
points on WOMAC
0 to 20 scale) and
6.6% relative reduc-
tion
SMD 0.19 (95% CI
0.04 to 0.35) (P = 0.
02)
Knee only
SMD 0.86 (95% CI
0.25 to 1.47)
(P = 0.005)
Absolute
difference 12% (1.2
fewer points on a 0
to 10 scale)
Relative change
22% improvement

Hip + knee OA
Follow-up at 6
months: SMD 0.11
(95% CI -0.12 to 0.
33) (ns)
No difference
Hip only
SMD 1.00 (95% CI
-0.04 to 2.04) (P =
0.06, ns)

Statistically signifi-
cant post-interven-
tion in hip + knee
OA group, but not
clinically significant
Knee-only OA had
moderate to large
effect size (statisti-
cally significant) im-
mediately post-in-
tervention

Bidonde 2014
(fibromyalgia)

Post-intervention: 7
(382)

Weighted mean
score at baseline (all
participants): 69.59
median value for
pain was 70.9 in
studies comparing
aquatic training to
control

On 100-point scale:
MD -6.59 (95% CI
-10.71 to -2.48)
SMD -0.53 (95%
CI -0.76 to -0.31)
Absolute difference
-7% (95% CI -11 to
-3)
NNTB 5 (95% CI 3
to 8)

3 studies at 12, 48,
or 52 weeks’ post-
intervention
could not be com-
bined.
2 studies showed
SMD favouring in-
tervention at follow-
up.

“We found a moder-
ate effect favouring
the aquatic exercise
training for pain”
…“similar improve-
ments in pain in
the low pain groups
(SMD -0.60, 95%
CI -0.98 to -0.23)
and in the high pain
groups (SMD -0.57,
95% CI -1.11 to -0.
03).”
Among the
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Table 9. Pain severity (Continued)

major wellness out-
comes, none of the
outcomes met the
threshold for clini-
cally relevant differ-
ences (15%)

Boldt 2014
(spinal cord injury)

Post-intervention: 3
(149)

WUSPI score 22.
6 (exercise group)
to 11.05 (control
group) in 1 group at
baseline
Not reported for 2
studies

WUSPI change
score:
Exercise group: -7.7
(SD 19.01)
Control group: 12.8
(SD 12.74)
SF-36 (pain expe-
rience): -1.9 (95%
CI -3.4 to -0.4)
favoured exercise (P
= 0.01)
VAS (0 to 10): MD
-2.8 (95% CI -3.77
to -1.83) favoured
exercise (P < 0.
00001)

1 study at 4 weeks:
VAS (0 to 10): -2.50
(95% CI -3.48 to -
1.52) (P < 0.00001)
WUSPI: -26.40
(95% CI -37.62 to -
15.18favoured exer-
cise (P < 0.00001)

“All three studies
were fraught with
high overall
risk of bias. In par-
ticular, the compar-
ison with ’no treat-
ment’ or waiting
lists as control inter-
ventions likely leads
to an overestimation
of the effectiveness
of the exercise pro-
grammes provided
in
these studies. Con-
sequently, no con-
clusion on their ef-
fectiveness can be
drawn.”

Busch 2007
(fibromyalgia)

Strength training: 1
(21) Aerobic train-
ing: 3 (183)

Control baseline:
Aerobic: 6.1/10
(VAS) (SD 1.97)
Strength: 35/100
(VAS) (SD 19)

Aerobic
training: SMD 0.65
(95% CI -0.09 to 1.
39) (ns)
Weighted absolute
change 13% (1.3
cm lower on 10-cm
scale)
Relative change
21%
Strength
training: SMD 3.00
(95% CI 1.68 to 4.
32) (ns)
Weighted ab-
solute change 49%
(49 points lower on
100-point scale)
Relative change
140%, NNTB 2

n/a “>30% improve-
ment was seen in
the strength training
group as compared
to an untreated con-
trol group in pain.”
Aerobic training led
to an improvement
of 1.3/10.
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Table 9. Pain severity (Continued)

Busch 2013
(fibromyalgia)

Post-intervention: 2
(81)
Follow-up at 8
weeks, 16 weeks, 28
weeks: 1 (60)

Not reported -
change data only

Change score on
VAS (in cm):
MD -3.30 (95% CI
-6.35 to -0.26) (P =
0.03)
SMD -1.89 (95%
CI -3.86 to 0.07)
Relative % change
44.6% (95% CI 3.
5 to 85.9) favoured
exercise
NNTB 2 (95% CI 1
to 34)

8 weeks: MD -0.68
(95% CI -1.62 to 0.
26) (ns)
16 weeks: MD -1.79
(95% CI -2.70 to -
0.88) (P < 0.001)
28 weeks: MD -0.85
(95% CI -1.77 to 0.
07) (P = 0.07, ns)
Overall (n = 180):
MD -1.12 (95% CI
-1.65 to -0.58) (P <
0.0001)

> 30% improve-
ment post-interven-
tion.

Cramp 2013
(rheumatoid arthri-
tis)

4 (not reported) Not reported In nar-
rative only - Hark-
com 1985: statistics
not reported sepa-
rately for pain data,
but reported as im-
provement
over time; Hakki-
nen 2003: “stat sig-
nificant
improvement in 24
months”; Evans
2012 and
Wang 2008: no sta-
tistically significant
effects

Not reported “Improvement over
time” with “signif-
icant improvement
in 24 months.”
No actual data avail-
able.

Fransen 2014
(OA)

End of treatment: 9
(549)
3 to 6 months: 5
(391)

Not reported; land
based exercise vs no
exercise: mean pain
in control group ~
29/100 (based on 9
studies’ control val-
ues)

End of treatment:
SMD -0.38 (95%
CI -0.55 to -0.20)
“small to moderate”
favoured exercise (P
< 0.0001)

3 to 6 months:
SMD -0.38 (95%
CI -0.58 to -0.18)
“small to moderate”
favoured exercise (P
= 0.0002)

“Small to moderate”
statistically signifi-
cant improvement,
but only mild pain
at baseline

Fransen 2015
(OA)

End of treatment:
44 (3537)
Follow-up (2 to 6
months): 12 (1468)
Follow-up (> 6
months): 8 (1272)

Not reported; land-
based exercise vs no
exercise: mean pain
in control group 44/
100 (based on 1
study control val-
ues)

Land-based exercise
vs no exercise:
Mean pain in
intervention groups
was 0.49 SDs lower
(95% CI 0.39 to 0.
59 lower).
This translates to an
absolute mean re-
duction of 12 points

2 to 6 months:
SMD -0.24 (95%
CI -0.35 to -0.14)
favoured exercise (P
< 0.00001)
> 6 months: SMD -
0.52 (95% CI -1.01
to -0.03) favoured
exercise (P = 0.04)

Ab-
solute improvement
of 12/100 post-in-
tervention (statisti-
cally significant)
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Table 9. Pain severity (Continued)

(95% CI 10 to 15)
compared with con-
trol group on a 0 to
100 scale
SMD -0.49 (95%
CI -0.39 to -0.59)
(P < 0.00001)
Absolute reduction
12% (95% CI 10%
to 15%)
Relative change
27% (95% CI 21%
to 32%)
NNTB 4 (95% CI 3
to 5)

Gross 2015a
(mechanical neck
disorders)

12-week treatment:
2 (147)
24 week (or 12-
week treatment +
12-week follow-up)
: 2 (140)

Not reported, but
control scores at end
of treatment 40 to
60/100 (moderate
pain)

12 weeks: pooled
MD -14.90 (95%
CI -22.40 to -7.39)
favoured exercise (P
= 0.0001)

24 weeks: pooled
MD -10.94 (95%
CI -18.81 to -3.08)
favoured exercise (P
= 0.0064)

2 trials
showed a moderate
(statistically signifi-
cant) reduction in
pain post-interven-
tion (14.9/100)

Hayden 2005
(low back pain)

Earliest follow-up: 8
(370)
Follow-
up (time since ran-
domisation)
Short term (6
weeks): 6 (268)
Intermediate term
(6 months): 5 (249)
Long term (12
months): 2 (126)

“Chronic group” at
baseline: mean 46/
100 (95% CI 41 to
50) (moderate pain)

Earliest: MD -10.20
(95% CI -19.09 to -
1.31) (P = 0.02)

Short term: MD -8.
58 (95% CI -18.46
to 1.29) (P = 0.09,
ns)
Intermediate term:
MD -12.48 (95%
CI -22.69 to -2.27)
(P = 0.02)
Long term: MD -3.
93 (95% CI -9.89 to
2.02) (P = 0.2, ns)

Reduction of ~ 10/
100 at earliest mea-
surement point.

Hurkmans 2009
(rheumatoid arthri-
tis)

4 studies (total 188
participants) in dif-
ferent categories (re-
sults not combined)

Not reported Short-term (12
weeks):
Short-term
land-based (aerobic
and strength train-
ing) SMD -0.53
(95% CI -1.09 to 0.
04)
Short-term land-
based (aerobic only)
SMD -0.27 (95%
CI -0.79 to 0.26)
Short-term wa-
ter-based SMD 0.06

Long-term (24
months)
land-based (aerobic
and strength train-
ing)
SMD 0.35 (95% CI
-0.46 to 1.16)

No significant dif-
ference
between control and
intervention.
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Table 9. Pain severity (Continued)

(95% CI -0.43 to 0.
54)

Koopman 2015
(postpolio
syndrome)

1 (55) Not reported, but
control scores at end
of treatment mean
44 (SD 24) on a 0 to
100 scale (moderate
pain)

3 months post-in-
tervention:
VAS (0 to 100): MD
11.00 (95% CI -0.
98 to 22.98) (P = 0.
072)

n/a No significant
effect/no difference
between groups.

Regnaux 2015
(OA)

Only 1 study that
had a no-exercise
control:
1 (68) - excluded
data for control (no
exercise) from anal-
ysis (n = 34)

Not reported Post-intervention:
WOMAC (0 to 20)
Change
data presented for
high- vs low-inten-
sity groups only, not
compared to control

n/a Actual individual
study data was ex-
tracted (where pos-
sible)
instead of pooled
MD or SMD due
to comparison this
overview wishes to
make (exercise vs
no-exercise only)
Could not extract
exercise vs control
data.

Saragiotto 2016
(low back pain)

Short term (< 3
months): 4 (291)
Intermediate term
(3 to 12 months): 4
(348)
Long term (> 12
months): 3 (279)

Not reported, but
control scores at fol-
low-up range 25 to
56/100 (mild-mod-
erate pain)

Short term: MD -
10.01 (95%
CI -15.67 to -4.35)
favoured exercise (P
< 0.001)

Intermediate term:
MD -12.61 (95%
CI -20.53 to -4.69)
favoured exercise (P
= 0.002)
Long term: MD -
12.97 (95%
CI -18.51 to -7.42)
favoured exercise (P
< 0.001)

Medium effect size
favouring exercise at
all follow-up assess-
ments (moder-
ate quality evidence
at short- and long-
term, low quality ev-
idence at intermedi-
ate term)
Clinically
important effect.

van der Heijden
2015
(patellofemoral pain
syndrome)

3 studies with pain >
3 months (135 par-
ticipants), 2 studies
used in analysis (41
participants)
Long-term follow-
up: 1 (94)

Not reported, but
control scores at fol-
low-up range 2.1 to
6.0/10 (mild-mod-
erate pain)

Short-term (4 to 8
weeks):
MD for usual pain
in the exercise group
was 0.93 (95% CI
1.60 to 0.25) SDs
lower
SMD -0.93 (95%
CI -1.60 to -0.25)
(P = 0.008)

“Long term”
(16 weeks) VAS (0
to 10): MD -4.42
(95% CI -7.75 to -
0.89) favoured exer-
cise (P = 0.01)

Reduction in pain of
4/10 at 16 weeks’
follow-up.

Yamato 2015
(low back pain)

Short term: 6 (265)
Intermediate term:

Not reported, but
control scores at ear-

Short-term follow-
up (< 3 months):

Intermediate term
(3 to 12 months):

“Low quality evi-
dence (downgraded
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Table 9. Pain severity (Continued)

2 (148) liest follow-up range
18 to 52/100 (mild-
moderate pain)

MD -14.05 (95%
CI -18.91 to -9.19)
(P < 0.001)

MD -10.54, (95%
CI -18.54 to -2.62)
(P = 0.009)

due to imprecision
and risk of bias)
that Pilates reduces
pain compared with
minimal interven-
tion at short-term
follow-up, with a
medium effect size..
intermediate-term
follow-up, two tri-
als, provided mod-
erate quality evi-
dence (downgraded
due to imprecision)
that Pilates reduces
pain compared with
minimal interven-
tion, with a medium
effect size”

CI: confidence interval; HAQ: Health Assessment Questionnaire; MD: mean difference; n/a: not applicable; NNTB: number needed
to treat for an additional beneficial outcome; ns: not significant; OA: osteoarthritis; SD: standard deviation; SF-36: 36-item Short
Form; SMD: standardised mean difference; VAS: visual analogue score; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index; WUSPI; Wheelchair User Shoulder Pain Index.

Table 10. Physical function

Review Outcome

measure

Num-

ber of trials

(and partici-

pants) used in

analysis

Post-inter-

vention result

(or if only 1

result

reported)

Short-term

follow-up (or

if only 1 fol-

low-up point

reported)

Intermedi-

ate-term fol-

low-up

Long-term

follow-up

Over-

all comment/

statement

Bartels 2007
(OA)

Self-reported
function
(WOMAC
and HAQ)
and walk-
ing ability, and
DRI

Post-
intervention
Hip + knee
function: 4
(648)
walking abil-
ity: 2 (355)
Hip
only function:
1 (28)
Follow-up
function hip +
knee: 1 (306)
hip only: 1
(17)

Function (hip
+ knee): SMD
0.26 (95% CI
0.11 to 0.42)
favoured exer-
cise (P < 0.
001)
Walking (hip
+ knee): SMD
0.18 (95% CI
-0.03 to 0.39)
favoured exer-
cise (P = 0.08,
ns)

Hip only
Disabil-
ity, SMD 1.
00 (95% CI -
0.04 to 2.04)
favoured exer-
cise (P = 0.06,
ns)

Hip + knee (6
months)
Func-
tion, SMD 0.
10 (95% CI -
0.12 to 0.33)
(ns)

n/a Func-
tion was sig-
nificantly im-
proved in peo-
ple with hip +
knee OA im-
medi-
ately post-in-
tervention
only - small ef-
fect size only
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Table 10. Physical function (Continued)

Function (hip
only): SMD 0.
76 (95% CI -
0.02 to 1.53)
favours exer-
cise (P = 0.06,
ns)

Bidonde 2014
(fibromyalgia)

Self-reported
physical func-
tion (0 to 100
scale)

5 (285) MD -4.
35 (95% CI -
7.77 to -0.94)
SMD -0.
44 (95% CI -
0.76 to -0.11)
Abso-
lute difference
-4 (95% CI -8
to -1)
NNTB 6
(95% CI 3 to
22)

n/a n/a n/a Small differ-
ence (im-
provement) in
aquatic exer-
cise group.
Among the
major wellness
outcomes,
none of the
outcomes met
the threshold
for clinically
relevant differ-
ences (15%)

Busch 2007
(fibromyalgia)

Physical func-
tion

Aerobic: 4
(253)
Strength: 2
(47)

Aerobic: SMD
0.66 (95% CI
0.41 to 0.92)
favoured exer-
cise (P < 0.
0001)
Strength:
SMD
0.52 (95% CI
-0.07 to 1.10)
favoured exer-
cise (P = 0.08,
ns)

n/a n/a n/a Func-
tion was sig-
nificantly im-
proved from
aerobic exer-
cise training,
strength train-
ing neared sig-
nificance
Moderate ef-
fect size.

Busch 2013
(fibromyalgia)

HAQ and SF-
36 for func-
tion

3 (107) Change score
MD -6.29
(95% CI -10.
45 to -2.13)
favoured exer-
cise (P < 0.01)

n/a n/a n/a Significantly
favourable ef-
fect of exer-
cise.

Cramp 2013
(rheumatoid
arthritis)

Disability 4 (not
reported)

n/a n/a n/a n/a “Stud-
ies investigat-
ing hydrother-
apy and tai chi
demon-
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Table 10. Physical function (Continued)

strated statis-
tically signifi-
cant improve-
ments in the
intervention
arm compared
to the con-
trol arm be-
tween baseline
and follow-up.
The studies
investigating
strength train-
ing and Iven-
gar yoga did
not demon-
strate a statis-
tically signifi-
cant difference
between study
arms.”

Fransen 2014
(OA)

Physical func-
tion

Post-interven-
tion: 9 (521)
Follow-up (3
to 6 months):
5 (365)

SMD -0.30
(95% CI -0.54
to -0.05) “sig-
nificant ben-
efit” favoured
exercise (P = 0.
02)
The demon-
strated effect
size for exer-
cise was equiv-
alent to an im-
provement of
physical func-
tion
of 7 points
(95% CI 1 to
12) on a 0 to
100 scale com-
pared with a
control group

SMD -0.
37 (95% CI -
0.57 to -0.16)
favoured exer-
cise (P < 0.
001)

n/a n/a Statis-
tically signifi-
cant, but small
effect size
only.

Fransen 2015
(OA)

Physical func-
tion

Post-in-
tervention: 44
(3913)
Follow-up (2
to 6 months):

SMD -0.
52 (95% CI -
0.64 to -0.39)
favoured exer-
cise (P < 0.

SMD -0.
15 (95% CI -
0.26 to -0.04)
favoured exer-
cise (P = 0.

SMD -0.
57 (95% CI -
1.05 to -0.10)
favoured exer-
cise (P = 0.02)

n/a Significant ef-
fect from ex-
ercise at ev-
ery follow-up
point.
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Table 10. Physical function (Continued)

10 (1279)
Follow-up (>
6 months): 8
(1266)

0001); an im-
provement of
10 points
(95% CI 8 to
13) on a 0-
to 100-point
scale

008) Moderate ef-
fect
size at short-
and long-term
follow-up, but
only small ef-
fect at inter-
mediate-term
follow-up

Gross 2015a
(mechani-
cal neck disor-
ders)

Physical func-
tion

12 wk: 2 (147)
24 wk: 2 (140)

12
wk treatment:
pooled SMD -
0.50 (95% CI
-1.04 to 0.03)
favoured exer-
cise (P = 0.07,
ns)

24 wk treat-
ment (or 12
wk’
treatment + 12
wk follow-up)
: pooled SMD
-0.40 (95% CI
-0.74 to -0.06)
favoured exer-
cise (P = 0.02)

n/a n/a 2 trials showed
a mod-
erate (statisti-
cal) improve-
ment in func-
tion

Han 2004
(rheumatoid
arthritis)

Functional as-
sess-
ment and 50-
feet walk test

Function: 2
(52)
Walk test: 2
(48)

Func-
tion: MD 0.01
(95% CI -2.94
to 2.97) (ns)
Walk test:
MD 0.35 sec-
onds (95% CI
-1.14 to 1.84)
(ns)

n/a n/a n/a No significant
effect.

Hayden 2005
(low back
pain)

Function Earliest: 7
(337)
Short term: 6
(268)
Intermediate
term: 4 (216)
Long term: 2
(126)

Earliest: MD -
2.98 (95% CI
-6.48 to 0.53)
favoured exer-
cise (P = 0.09,
ns)

Short
term: MD -3.
03 (95% CI -
6.35 to 0.53)
favoured exer-
cise (P = 0.07,
ns)

Intermediate
term: MD -3.
84 (95% CI -
7.06 to -0.61)
favoured exer-
cise (P = 0.02)

Long
term: MD -4.
22 (95% CI -
7.99 to -0.46)
favoured exer-
cise (P = 0.03)

Favoured exer-
cise from the
earliest
measure, but
only reached
statistical sig-
nificance at in-
termediate
and long term
after randomi-
sation

Hurkmans
2009
(rheumatoid
arthritis)

Functional
ability

Land-based
aerobic: 2 (66)
Land-
based aerobic
+ strength: 2
(74)

n/a Short-
term training
(12 wk)
Land-
based aerobic
only training

n/a n/a No significant
difference be-
tween control
and interven-
tion groups
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Table 10. Physical function (Continued)

SMD
0.03 (95% CI
-0.46 to 0.51)
(ns)
Land-based
aerobic and
strength train-
ing SMD -0.4
(95% CI -0.86
to 0.06) (ns)

Koopman
2015
(postpolio
syndrome)

Muscle
strength; and
activity limita-
tion (Sunnaas
ADL-
index range 0
to 36; River-
mead Mobil-
ity Index
(RMI) range 0
to 15)

Strength: 1
(10)
Activity limi-
tation: 1 (53)

Iso-
metric muscle
strength
(postinterven-
tion): MD 39.
00% (95% CI
6.12 to 71.88)
Activ-
ity limitation:
3 months’
postinterven-
tion:
ADL-
index: MD -2.
70 (95% CI -
4.53 to -0.87)
River-
mead Mobil-
ity Index
(RMI): MD -
1.50 (95% CI
-2.93 to -0.07)

Activity
limitation: 6-
months post-
intervention:
ADL-
index: MD -2.
90 (95% CI -
4.73 to -1.07)
RMI: MD -1.
80 (95% CI -
3.19 to -0.41)

n/a n/a Activity limi-
ta-
tion: favoured
intervention
at both assess-
ment points
“The base-
line imbalance
in favour of
the usual care
group proba-
bly biased
these results.”

Lane 2014
(intermittent
claudication)

Max-
imal walking
time and max-
imal walking
distance

Post-
intervention
Walking time:
12 (577)
Walking dis-
tance: 9 (480)
3-month fol-
low-up
Walking time:
5 (174)
Walking dis-
tance: 3 (116)
6-month fol-
low-up
Walking time:

Time: MD 4.
51 min-
utes (95% CI
3.11 to 5.92)
favoured exer-
cise (P < 0.
00001)
Distance: 108.
99 m (95% CI
38.20 to 179.
78) favoured
exercise (P = 0.
003)

Time: MD 6.
05 min-
utes (95% CI
5.47 to 6.62)
favoured exer-
cise (P < 0.
00001)
Distance: MD
104.46 m
(95% CI -64.
33 to 273.24)
favoured exer-
cise (ns)

Time: MD 3.
20 minutes (2.
04 to 4.36)
favoured exer-
cise (P < 0.
0001)
Distance: MD
138.36 m
(95% CI 22.
39 to 254.34)
favoured exer-
cise (P = 0.02)

n/a Ob-
jectively mea-
sured walking
time and dis-
tance showed
significant im-
provement
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Table 10. Physical function (Continued)

4 (295)
Walking dis-
tance: 3 (156)

Lauret 2014
(intermittent
claudication)

Maximal
walking time
(mins)
and maximal
walking dis-
tance (metres)

No relevant
studies

n/a n/a n/a n/a No relevant
studies.

Regnaux 2015
(OA)

WOMAC (0
to 68) disabil-
ity scale, and
muscle
strength

1 (68) - ex-
cluded control
(no-exercise
data: n = 34)

n/a n/a n/a n/a Could
not extract ex-
ercise vs con-
trol data - data
presented for
high vs low in-
tensity groups
only, not com-
pared to con-
trol

Saragiotto
2016
(low back
pain)

Disabil-
ity (Oswestry
Disability In-
dex,
Roland Mor-
ris Disabil-
ity Question-
naire)

Short-term
follow-up (< 3
months): 5
(332)
Intermedi-
ate term (3 to
12 months): 4
(348)
Long term (>
12 months): 3
(279)

- MD -8.63
(95% CI -14.
78 to -2.47) (P
< 0.01)

MD -5.
47 (95% CI -
9.17 to -1.77)
(P = 0.004)

MD -5.
96 (95% CI -
9.81 to -2.11)
(P = 0.002)

Small effect
sizes, favoured
exercise.
Short term: CI
included
a clinically im-
portant effect.

Silva 2010
(rheumatoid
arthritis)

HAQ
function

No studies
found

n/a n/a n/a n/a No studies
found.

van der
Heijden 2015

(patellofemoral
pain syn-
drome)

Functional
ability

Short-term
follow-up: 7
(483)
Long-term
follow-up: 3
(274)

n/a Short-term (4
to 8 wk):
SMD
1.10 (95% CI
0.58 to 1.63)
favoured exer-
cise (P < 0.
0001)

n/a SMD
1.62 (95% CI
0.31 to 2.94)
favoured exer-
cise (P = 0.02)

Significant ef-
fect of exer-
cise.
Very
large effect size
at short- and
long-term fol-
low-up.

Yamato 2015
(low back
pain)

Disability (all
measures con-

Short-term (<
3 months) fol-

n/a MD -7.95
(95% CI -13.

MD -11.17
(95% CI -18.

n/a “Low quality
ev-
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Table 10. Physical function (Continued)

verted to 0 to
100 scale)

low-up: 5
(248)
-Interme-
diate-term (3
to 12 months)
follow-up: 2
(146)

23 to -2.67) (P
= 0.003)

41 to -3.92) (P
= 0.0025)

idence (down-
graded due
to imprecision
and inconsis-
tency) that Pi-
lates improves
disability
at short-term
follow-
up compared
with
minimal inter-
vention, with
a small effect
size ...
interme-
diate-term fol-
low-up,
two trials pro-
vided moder-
ate quality ev-
idence (down-
graded due to
im-
precision) of a
significant ef-
fect in favour
of Pilates, with
a medium ef-
fect size”

ADL: activities of daily living; CI: confidence interval; DRI: Disability Rating Index; HAQ: Health Assessment Questionnaire; MD:
mean difference; n/a: not applicable; NNTB: number needed to treat for an additional beneficial outcome; ns: not significant;
OA: osteoarthritis; SF-36: 36-item Short Form; SMD: standardised mean difference; wk: week; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index,

Table 11. Psychological function

Review Outcome measure Number

of trials (and par-

ticipants) reporting

psychological func-

tion

Outcome result

(postintervention

or if only one mea-

surement point)

Follow-up Additional state-

ment/comment

Mental health Mental health

Bartels 2007 - 4 studies SMD 0.16 (95% CI
0.01 to 0.032)

No significant differ-
ence at 6 months, 1

Very small effect size
postintervention.
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Table 11. Psychological function (Continued)

favoured aquatic ex-
ercise

study

Busch 2013 SF-36 - Mental
health scale

1 study - n/a No group
differences.

Bidonde 2014 SF-36 - mental
Health scale
SF-12 - Mental
Health scale

4 studies, n = 243 MD -3.03 (95% CI -
8.06 to 2.01)

n/a No effect.

Anxiety Anxiety

Cramp 2013 Brief Symptom In-
ventory

1 study “No significant ef-
fect”

n/a -

Depression Depression

Boldt 2014 CES-D 1 study, n = 34 MD -6.0 (95% CI -
15.87 to 3.87) (P = 0.
23)

n/a No effect.

Busch 2013 HADS - Depression
Beck Depression In-
dex

1 study, n = 21 MD -3.70 (95% CI -
6.37 to -1.03)
Relative difference
57%

n/a Signif-
icant effect, favoured
resistance training.

Cramp 2013 CES-D Not reported “Variable effect” re-
ported in text only

n/a -

CES-D: Centre for Epidemiological Studies-Depression; CI: confidence interval; HADS: Hospital Anxiety and Depression Scale; MD:
mean difference; n: number of participants; n/a: not applicable; SF-12: 12-item Short Form; SF-36: 36-item Short Form; SMD:
standardised mean difference.

Table 12. Quality of life

Review Outcome measure Num-

ber of trials (and partici-

pants) reporting Quality

of Life (QoL)

Outcome result Additional statement/

comment

(Health-related) Quality of Life (Health-related)

Bartels 2007 QoL: SF-12 (Physical),
PQoL, EuroQoL

Hip + knee OA (post-in-
tervention): 3 studies, n =
599
Hip only OA (post-inter-
vention): 1 study, n = 28

Hip + knee (post-interven-
tion): SMD 0.32 (95% CI
0.03 to 0.61) (P = 0.028)
Hip only (post-interven-
tion): SMD 0.76 (95% CI

Significantly favoured
aquatic exercise post-inter-
vention in hip + knee OA
Small effect
size only (when statistically
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Table 12. Quality of life (Continued)

Hip only OA (follow-up):
1 study, n = 17

-0.02 to 1.53) (ns)
Hip only (follow-up):
SMD 1.00 (95% CI -0.04
to 2.04) (ns)

significant).

Boldt 2014 PQoL (perceived quality of
life)
SQoL (subjective quality
of life)

Post-intervention: 1 study,
n = 34, PQoL; 1 study, n =
80, SQoL
Follow-
up (intermediate term): 1
study, n = 80, SQoL

Post-intervention:
PQoL MD 10.8 (95% CI
-4.2 to 25.8) (P = 0.16)
SQoL MD 0.3 (95% CI -
0.22 to 0.82) (P = 0.25)
Follow-up: SQoL MD 0.5
(95% CI -0.03 to 1.03) (P
= 0.07)

No difference between
groups.

Fransen 2014 QoL Post-intervention: 3 stud-
ies, n = 183

SMD 0.07 (95% CI -0.23
to 0.36) (ns)

No difference between
groups.

Fransen 2015 QoL: self-report question-
naire, scale 0 to 100 (100
is maximum QoL)

Post-intervention: 13
studies, n = 1073

SMD 0.28 (95% CI 0.15
to 0.40) (P < 0.0001)
Absolute difference 4%
(95% CI 2% to 5%)
relative difference 9%
(95% CI 5% to 13%)

Statistically significant, but
equates to an absolute im-
provement of 4 points
(95% CI 2 to 5) on a 0 to
100 scale
Small effect size only.

Gross 2015a QoL: SF-36 (Physical
Function subscale)

Post-intervention: 2 stud-
ies, n = 143

12-wk intervention: MD -
2.22 (95% CI -5.17 to 0.
72) (ns)
24-wk intervention: MD
0.06 (95% CI -4.06 to 4.
17) (ns)

No significant difference
between groups.

Lauret 2014 HRQoL No relevant studies n/a n/a

Global assessment Global assessment

Busch 2007 Global wellbeing Strength: 2 studies, n = 47
Aerobic: 4 studies, n = 269

Strength: SMD 1.43 (95%
CI 0.76 to 2.10)
Aerobic: SMD 0.49 (95%
CI 0.23 to 0.75)

Favoured exercise - higher
score showed better QoL,
Strength: very large effect
size.
Aerobic: small-to-moder-
ate effect size only.

Bidonde 2014 Participant-rated global
(10-cm VAS)

1 study, n = 46 MD -0.87 (95% CI -1.74
to 0.00)

No effect.

Gross 2015a Global perceived effect 1 study, n = 70 “No significant difference” No significant difference.

Hayden 2005 Global assessment 7 studies, n = 16 Not reported n/a
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Table 12. Quality of life (Continued)

Saragiotto 2016 Global impression of re-
covery

1 study, n = 154 Short term, MD 1.30
(95% CI 0.30 to 2.30) (P
= 0.01)
Intermediate term, MD 1.
20 (95% CI 0.31 to 2.09)
(P = 0.008)
Long term, MD 1.50
(95% CI 0.61 to 2.39) (P
< 0.001)

Medium effect size.

Yamato 2015 Global impression of re-
covery

1 study, n = 86 Short term (< 3 months):
MD 1.50 (95% CI 0.70 to
2.30)
Intermediate term (3 to 12
months): MD 0.70 (95%
CI -0.11 to 1.51)

“Low quality
evidence (downgraded due
to imprecision and incon-
sistency), we found a sig-
nificant short-term effect,
with a small effect size, but
not for intermediate/mid-
term follow up.”

Other method of assessment Other method of

Bidonde 2014 Multi-dimensional func-
tion- FIQ

7 studies, n = 367 MD -5.97 (95% CI -9.06
to -2.88)
SMD -0.55 (95% CI -0.83
to -0.27)
Absolute difference -6
(95% CI -9 to -3)
NNTB 5 (95% CI 3 to 9)

Favoured aquatic exercise
- lower score showed re-
duced impact of pain on
life
“Moderate difference.”

Busch 2013 Multi-dimensional func-
tion - FIQ

1 study, n = 60 SMD -1.27 (95% CI -1.83
to -0.72)
Absolute difference -16.75
FIQ units (95% CI -23.31
to -10.19)

Favoured exercise - lower
score showed reduced im-
pact of pain on life
Very large effect size.

Hayden 2005 Work status 9 studies, n = 21 Not reported n/a

Silva 2010 Health Assessment Ques-
tionnaire (HAQ)

No included studies n/a n/a

FIQ: Fibromyalgia Impact Questionnaire; HRQoL: health-related quality of life; MD: mean difference; n: number of participants; n/
a: not applicable; NNTB: number needed to treat for an additional beneficial outcome; OA: osteoarthritis; PQoL: perceived quality
of life; QoL: quality of life; SF-36: 36-item Short Form; SMD: standardised mean difference; SQoL: subjective quality of life; VAS:
visual analogue scale.
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Table 13. Adherence/withdrawals

Review Number of trials (and

participants) reporting

withdrawals

Number

withdrawn (per 1000) -

intervention group

Number

withdrawn (per 1000) -

control group

RR or OR

Bidonde 2014
(fibromyalgia)

8 studies, n = 472 151 (imputed from re-
ported 38/252)

129 (imputed from re-
ported 30/232)

RR 1.13 (95% CI 0.73
to 1.77) (P = 0.45)

Busch 2013
(fibromyalgia)

3 studies, n = 107 134 (95% CI 30 to 439) 39 RR 3.50 (95% CI 0.79
to 15.49)

Fransen 2014
(osteoarthritis)

7 studies, n = 715 59 (95% CI 30 to 114) 34 OR 1.77 (95% CI 0.86
to 3.65)

Han 2004
(rheumatoid arthritis)

4 studies, n = 189 109 (imputed from re-
ported 11/101)

284 (imputed from re-
ported 25/88)

RR 0.37 (95% CI 0.19
to 0.72)

Regnaux 2015
(osteoarthritis)

1 study, n = 102 44 (imputed
from reported 3/68 (4%)
; all from high-intensity
group)

0 Calculated RR 3.55
(95% CI 0.19 to 66.8)

Saragiotto 2016
(low back pain)

7 studies, n = 671 0 0 -

Silva 2010
(rheumatoid arthritis)

No included studies n/a n/a n/a

Total 30 studies, n = 2256 82.8/1000 81/1000 Calculated RR 1.02

(95% CI 0.94 to 1.12)

Calculated OR 1.05

(95% CI 0.88 to 1.25)

CI: confidence interval; n: number of participants; n/a: not applicable; OR: odds ratio; RR: risk ratio.

Table 14. Adverse events (not death)

Review Total number of trials

(and participants) in re-

view reporting exercise

vs control in chronic

pain population

Number of trials (and

participants) reporting

adverse events

Number of adverse

events

Overall statement

Bartels 2007 4 (674) 2 (148) 0 Adverse events were
recorded (and reported),
but none occurred
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Table 14. Adverse events (not death) (Continued)

Bidonde 2014 9 (519) 0 0 Review stated that no in-
cluded studies actively re-
ported on adverse events
(some reported
withdrawal)

Boldt 2014 3 (149) 2 (115) 5 events over 2 studies “Neck, shoulder and el-
bow injuries in five par-
ticipants in the interven-
tion group.”

Busch 2007 34 (2276) 6 (strength training: 115,
aerobic: 1264)

Strength training: 3
Aerobic training: 5

-

Busch 2013 3 (81) 2 (86 exercising partici-
pants)

0 Adverse events were
recorded (and reported),
but none occurred

Cramp 2013 6 (371) 3 0 Adverse events were
recorded (and reported),
but none occurred

Fransen 2014 10 (> 549) 5 7 events over 3 studies -

Fransen 2015 54 (5362) 11 42 events over 8 studies -

Gross 2015a 16 (2485) 11 41 events over 6 studies -

Han 2004 3 (206) 2 1 event in 1 study In narrative: “approxi-
mately one-third of the
patients complained of
soreness in the knee,
shoulder or lower back
during the first 3 weeks…
pain eventually subsided
for all patients… only ex-
ception was one patient,
who complained of knee
pain.”

Hayden 2005 43 (3907) 10 23 events over 10 studies “Negative reported: 16
events over 7 trials.”

Hurkmans 2009 5 (575) 2 0 Adverse events were
recorded (and reported),
but none occurred

72Physical activity and exercise for chronic pain in adults: an overview of Cochrane Reviews (Review)

Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Table 14. Adverse events (not death) (Continued)

Koopman 2015 2 (68) 1 (10) 0 Adverse events were
recorded (and reported),
but none occurred
“The study inves-
tigated deleterious effects
of this training on mo-
tor unit survival through
motor unit number esti-
mates (MUNE). Results
showed that the MUNE
did not change at the end
of the training.”

Lane 2014 30 (1822) 1 (88 exercising partici-
pants)

2 events in control group
in 1 study

RR 0.20 (95% CI 0.01 to
4.15) in favour of exercise
group.

Regnaux 2015 1 (102) 1 (68 exercising partici-
pants over 2 groups: low
and high resistance)

3 events in 1 study “3 participants in high re-
sistance group discontin-
ued the exercise interven-
tion due to severe knee
pain.”

Saragiotto 2016 7 (671) 1 (154) 5 events in 1 study “Five patients (three from
the MCE [motor control
exercise] group and two
from the minimal inter-
vention group) had mild
adverse effects during the
study (all temporary ex-
acerbations of pain).”

van der Heijden 2015 10 (1690) 0 0 Of the relevant studies,
none actively reported on
adverse events

Yamato 2015 6 (265) 1 (86) 0 Adverse events were
recorded (and reported),
but none occurred

Total 246 studies

(> 21,772)

61 studies

(> 2134 participants)

137 events over 39 stud-

ies

61/246 (25%) of stud-

ies have reported on ad-

verse events; of which

39/61 (64%) did have

adverse events occur as

a result of the interven-

tion or control.

n: number of participants; RR: risk ratio.
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Background: The purpose of this study was to conduct a meta-analysis and systematic review 

to assess the effect of exercise on cognitive function in people with chronic diseases.

Methods: PubMed, Web of Science, Embase, the Cochrane Library, CINAHL, PsycINFO, 

and three Chinese databases were electronically searched for papers that were published until 

September 2016. This meta-analysis and systematic review included randomized controlled 

trials that evaluated the effect of exercise on cognitive function compared with control group 

for people with chronic diseases.

Results: Totally, 35 studies met the inclusion criteria, with 3,113 participants. The main analysis 

revealed a positive overall random effect of exercise intervention on cognitive function in patients 

with chronic diseases. The secondary analysis revealed that aerobic exercise interventions and 

aerobic included exercise interventions had a positive effect on cognition in patients with chronic 

diseases. The intervention offering low frequency had a positive effect on cognitive function in 

patients with chronic diseases. Finally, we found that interventions offered at both low exercise 

intensity and moderate exercise intensity had a positive effect on cognitive function in patients 

with chronic diseases. The secondary analysis also revealed that exercise interventions were 

beneficial in Alzheimer’s disease patients when grouped by disease type.

Conclusion: This meta-analysis and systematic review suggests that exercise interventions 

positively influence cognitive function in patients with chronic diseases. Beneficial effect was 

independent of the type of disease, type of exercise, frequency, and the intensity of the exercise 

intervention.
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Introduction
Chronic diseases are long-term conditions with slow disease 

progression and without an effective cure,1 and 38 million 

people die from chronic diseases each year. In addition, 

16 million of these deaths occur before the age of 70 years. 

Chronic diseases may lead to alteration in brain structure and 

function and are associated with cognitive change.2–5 Some of 

these changes may be related to neurodegenerative diseases 

(such as Alzheimer’s disease and other types of dementia), 

increased dementia incidence, and cognitive decline. Strate-

gies are needed to reduce disease-related cognitive impair-

ment in chronic disease patients.

Exercise, the aim of which is to improve or maintain 

physical fitness, is a subset of physical activity that is planned, 

structured, and flexible, in addition to promoting aerobic 

endurance.6 Exercise is essential in maintaining physical 

function and physiological health. The results of animal 

studies have identified that engagement in physical activity 

may enhance neurotrophic factor levels,7,8 neurogenesis,9,10 

and vascularization11 and may even reduce aggregation 

of pathogenic proteins,12,13 mediate neuroinflammation,13 

and inhibit neuronal dysfunction.14 Exercise also appears 

to be associated with the maintenance of brain health and 

cognitive performance in cognitively normal older adults. 

Most experimental studies have identified increased lifetime 

physical activity to be associated with reduced risk of suffer-

ing from dementia in cognitively normal older persons.15–17 

The results of a meta-analysis of prospective studies on 

physical activity and the risk of cognitive decline, which 

included 15 prospective studies (12 cohorts) with 33,816 

nondemented subjects followed for 1–12 years, showed 

that a total of 3,210 patients demonstrated cognitive decline 

during the follow-up period. The results of the cumulative 

analysis indicated that subjects who performed high levels of 

physical activity were significantly less likely to demonstrate 

cognitive decline during the follow-up period.18

The results of a meta-analysis of the effect of physical 

activity on cognitive function in patients with dementia 

suggested that physical activity interventions positively 

influenced cognitive function in patients with dementia.19 The 

results of another meta-analysis of aerobic exercise implied 

that this practice promotes cognitive function in older adults 

with mild cognitive impairment, finding that aerobic exercise 

was associated with an improvement in global cognitive 

ability.20 However, a comprehensive evaluation of the effect 

of exercise interventions on cognitive function in chronic 

disease patients has not been conducted. We therefore con-

ducted a meta-analysis and systematic review of randomized 

controlled trials investigating the effect of exercise interven-

tion on cognitive outcomes in chronic disease patients.

Methods
Protocol and registration
The meta-analysis was conducted and reported in accordance 

with the PRISMA guidelines21 to ensure comprehensive and 

transparent reporting of our methods and results.

Search strategy
PubMed, Web of Science, Embase, the Cochrane Library, 

CINAHL, PsycINFO, and three Chinese databases (CNKI, 

WanFang Data, and VIP) were electronically searched 

for papers that were published until September 2016. The 

search strategy included various combinations of the terms 

“Cognition”, “Cognitive function”, and “MMSE”, with exer-

cise intervention terms such as “Exercise” or “Muscle Stretch-

ing Exercises” or “Resistance Training” or “Running” or 

“Swimming” or “Walking” or “Cycling” or “Physical activity” 

or “Aerobic” or “Yoga” or “Tai Chi” or “Qigong”. Randomized 

controlled trials were specifically targeted using the follow-

ing search terms: “Randomized controlled trial”, “Controlled 

clinical trial”, or “Randomized” or “Randomly” or “Trial” or 

“Group”. The search was limited to human studies.

eligibility criteria
Types of studies
Only randomized controlled trials were included in this 

review. No publication date restrictions were imposed on 

the initial search.

Types of participants
The participants were adults ($18 years) who had been diag-

nosed with a chronic disease (eg, arthritis, asthma, cancer, 

COPD, diabetes, heart disease, or AIDS).1 Participants with 

mental problems were excluded.

Types of interventions
The inclusion criteria were as follows: 1) the intervention 

group underwent exercise intervention. When a study included 

two or more intervention groups that were found to be eligible 

criteria, we included all in the meta-analysis; 2) the control 
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group did not undergo any type of exercise intervention. 

However, studies in which exercise training was part of an 

intervention with multiple components (eg, combined with 

a drug intervention) were excluded.

Types of outcomes
The studies were required to report global cognitive func-

tion as the outcome measure. Any studies reporting only the 

results for a specific cognition scale, including scales assess-

ing memory, attention, language, verbal fluency, visuospatial 

ability, or executive ability, were excluded.

Study selection
The study selection process is outlined in Figure 1. The eligi-

bility assessment was performed by two independent review-

ers in a standardized manner. All papers identified using the 

search strategy were assessed for eligibility, as indicated 

based on the previously defined inclusion criteria, by review-

ing their titles and/or abstracts. If insufficient information was 

available to evaluate the inclusion or exclusion of an article, 

then a full-text version was obtained. Full-text versions of 

all the relevant studies were obtained and reviewed by two 

independent reviewers to ensure that the studies met the 

inclusion criteria. Disagreements were resolved by discus-

sion with a third reviewer. When insufficient information or 

data were available in the included articles, the authors were 

contacted to obtain additional information if possible.

Quality assessment
Two reviewers independently assessed the quality of all 

included studies, using the Downs and Black Quality Index. 

The scales are designed to assess the methodological qual-

ity of randomized studies of health care interventions22 and 

include reporting, external validity, bias, confounding, and 

power, and their maximum scores are 11, 3, 7, 6, and 5, 

respectively. The maximum possible total score is 32. 

Quality was then rated on a four-category scale: poor (,18), 

moderate (18–23), good (24–29), and excellent ($30).

Data extraction and statistical analysis
Data were extracted from the included articles using a data 

extraction form (Table 1). Sample characteristics were col-

lected, including the sample size, intervention and control 

group sizes, diagnoses, baseline MMSE scores, and age. 

Details on exercise interventions were collected, including 

intervention category, frequency, duration, HR
max

, and exer-

cise intensity. The effects of the exercise training interven-

tions, including cognitive function measures and the study 

results, were extracted. One investigator performed the data 

extraction, which was checked by a second investigator.

The statistical analyses were performed using version 5.3 

of the RevMan meta-analysis software. The intervention 

effect sizes for continuous variables were measured by 

determining the SMDs between the intervention and con-

trol groups with regard to the change observed between 

the baseline and follow-up cognitive scores and their cor-

responding 95% CI. According to the recommendations 

of the Cochrane Handbook for Systematic Reviews of 

Interventions, published by Cochrane Collaboration and 

Wiley, the selection of fixed- or random-effects model is 

based on the underlying effect of the intervention.23 Due 

to the expected heterogeneity across studies (eg, different 

intervention types and cognitive outcome measurements), 

we performed random-effects meta-analysis. Additionally, 

when the heterogeneity identified across studies was high, a  

subgroup analysis was performed to identify potential 

causes of heterogeneity, including exercise types, types of 

disease, exercise frequency, and intensity. Heterogeneity 

Figure 1 Flow diagram of literature search.
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Seventeen studies used the MMSE,24,25,27,30,34,37,40,44,47,48, 

50–54,56,57 three studies used the ADAS-cog,33,38,39 three studies 

used the EORTC questionnaire,42,45,49 two studies used the 

CDT,43,46 one study used the FAB,32 one study used the 

ACE-R,41 one study used the BOPI-cog,29 one study used 

the BDI-cog,31 one study used the PFS-cog,35 one study used 

the FACS,28 one study used the SLCT,26 one study used the 

MoCA,58 one study used the ERFC,55 and one study used the 

TCD assessment tool.36 These different tools were applied 

to evaluate the same cognitive domain within a study or 

between studies.

Among the included studies, three studies compared two 

intervention types with a control group (Table 1).32,43,51

Quality assessment
Thirty-five studies were included in the quality assessment. 

The assessment of bias in each domain across the included 

studies is shown in Table 2. The quality of the majority 

of the studies was moderate, with a mean score of 22.05. 

Four studies were rated as of poor quality, 18 studies were 

deemed to be of moderate quality, and 13 studies were 

deemed to be of good quality.

Main analysis: effects of exercise 
intervention on cognitive function
Thirty-five studies with 3,113 participants evaluated the 

effect of exercise on cognitive function in patients with 

chronic diseases.24–58 The main analysis revealed a positive 

overall random effect of the exercise interventions on cogni-

tive function in patients with chronic diseases (Table 3).

Secondary analyses
Types of disease
Thirteen studies containing 958 participants examined the 

effect of exercise on cognitive function in patients with 

Alzheimer’s disease.24,25,27,28,30,34,43,46,50,52,54–56 We found 

positive overall random effect of exercise intervention 

on cognitive function in studies evaluating Alzheimer’s 

disease patients. Nine studies containing 1,117 participants 

examined the effect of exercise on cognitive function in 

patients with MCI.33,37–39,47,48,51,53,57,58 In these studies, the 

difference observed in postintervention cognitive function 

did not differ between the exercise group and the control 

group. Five studies containing 502 participants examined 

the effect of exercise on cognitive function in patients with 

cancer.29,35,42,45,49 In these studies, the difference observed in 

postintervention cognitive function did not differ between 

the exercise group and the control group in cancer patients. 

was assessed using Higgins I2 values. The significance level 

was set at P,0.05.

Results
Study search and selection
We identified 12,174 studies based on the database searches; 

962 articles were excluded because of duplicate records. 

Based on title and abstract, we excluded 11,135 studies. The 

full-text papers of 77 studies were reviewed and 42 studies 

were excluded. These studies were excluded because they did 

not assess exercise interventions, reported incomplete data, 

their control group underwent an exercise intervention, or 

they did not report cognitive function as an outcome mea-

surement. Finally, 35 studies with 3,113 participants were 

included in the final analysis (Figure 1).24–58

Description of studies
The characteristics of the included articles are stated in 

Table 1. In the included studies, the sample size ranged from 

2024 to 27837 participants. Thirteen studies examined the effect 

of exercise on cognitive function in patients with Alzheimer’s 

disease.24,25,27,28,30,34,43,46,50,52,54–56 Nine studies examined the 

effect of exercise on cognitive function in patients with mild 

cognitive impairment.33,37–39,47,48,53,57,58 Five studies examined 

the effect of exercise on cognitive function in patients with 

cancer.29,35,42,45,49 One study examined the effect of exercise on 

cognitive function in patients with Parkinson’s disease.32 One 

study examined the effect of exercise on cognitive function in 

patients with heart failure.40 One study examined the effect of 

exercise on cognitive function in patients with stroke.41 One 

study examined the effect of exercise on cognitive function 

in patients with metabolic syndrome.36 One study examined 

the effect of exercise on cognitive function in patients with 

osteoarthritic knee.44 And one study examined the effect of 

exercise on cognitive function in patients with fibromyalgia.31 

One study examined the effect of exercise on cognitive 

function in patients with climacteric syndrome.26 The mean 

baseline MMSE ranged from 5.828 to 28.7,33 excluding 

11 studies that did not report baseline MMSE. The mean age 

ranged from 47.5 years49 to 82.5 years.28 The interventions 

were then divided into three exercise modes: aerobic, resis-

tance, and a combination of aerobic and resistance, according 

to the American College of Sports Medicine.59 The frequency 

of the exercise intervention varied from 40 min56 to 300 min26 

per week. The duration of the total training period varied 

from 6 weeks35,49 to 60 weeks.25 Fitness level was divided 

into three modes: low, moderate, and high, according to the 

American College of Sports Medicine.60
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Three studies assessed the effect of exercise intervention 

on cognitive function in patients with osteoarthritic knee,44 

heart failure,40 and metabolic syndrome.36 In these studies, 

the difference observed in postintervention cognitive func-

tion did not differ between the exercise and control groups. 

Four studies evaluated the effect of exercise on cognitive 

function in patients with fibromyalgia,31 stroke,41 Parkinson’s 

disease,32 and climacteric syndrome,26 and the results of 

these studies indicated that exercise had a positive effect on 

cognitive function.

Types of exercise intervention
Twenty-three studies containing 2,120 participants exam-

ined the effect of aerobic exercise on cognitive function 

in patients with chronic disease.24–33,35–37,40,42,44,46,49,51,53,55,57,58 

Five studies containing 261 participants examined the effect 

of resistance exercise on cognitive function in patients 

with chronic disease.32,39,41,45,54 Eight studies containing 

725 participants examined the effect of combined exer-

cise on cognitive function in patients with chronic 

disease.34,38,43,47,48,50,52,56 We identified an overall positive 

random effect for aerobic exercise interventions but not for 

resistance exercise interventions and combined exercise inter-

ventions. Twenty-seven studies containing 2,845 participants 

examined the effect of interventions including aerobic 

exercise (both combined exercise and aerobic exercise 

intervention) on cognitive function in patient with chronic 

disease.24–38,40,42–44,46–53,55–58 We identified positive overall ran-

dom effect for the included aerobic exercise interventions.

Frequency of exercise intervention
According to the World Health Organization recommenda-

tions, a weekly schedule of 150 min exercise was used to 

distinguish between high- and low-frequency interventions.61 

Table 2 Quality of included studies

First author (year) Reporting 
(11 points)

External validity 
(3 points)

Bias  
(7 points)

Confounding 
(6 points)

Power  
(5 points)

Total  
(32 points)

Quality as per 
cutoff described

Arcoverde (2013)24 10 3 6 3 5 27 Good
Oh (2012)42 10 3 5 3 5 26 Good
Tsai (2013)44 8 3 5 3 0 19 Moderate
Moore (2015)41 9 3 6 1 5 24 Good
Derry (2015)29 8 2 5 2 5 17 Poor
varela (2011)51 8 3 5 3 0 19 Moderate
Hildreth (2015)33 8 2 5 4 0 16 Poor
Lindsay (2014)40 8 3 5 4 0 20 Moderate
vadiraja (2009)49 10 2 5 4 0 21 Moderate
Schimidt (2015)45 9 3 5 4 0 21 Moderate
Gowans (2001)31 9 3 5 4 5 26 Good
Kim (2005)35 9 2 5 3 0 19 Moderate
Ohman (2016)43 9 2 5 5 0 21 Moderate
Cancela (2016)25 9 3 5 4 5 27 Good
Chattha (2008)26 9 3 5 3 5 25 Good
Cheng (2014)27 9 3 5 4 5 26 Good
Cott (2002)28 9 2 5 3 0 19 Moderate
Christofoletti (2008)54 7 2 5 2 0 16 Poor
Hashimoto (2015)32 9 2 5 1 5 22 Moderate
Holthoff (2015)34 9 2 5 2 5 23 Moderate
Lam (2015)37 10 2 6 4 0 22 Moderate
Lam (2012)57 8 3 5 3 0 19 Moderate
Lautenschlager (2011)38 9 2 5 3 5 24 Good
Lu (2016)39 9 2 5 3 5 24 Good
Miu (2008)30 10 2 6 4 5 27 Good
Nascimento (2014)58 8 2 5 2 0 17 Poor
Kwak (2008)56 9 1 5 4 5 24 Moderate
Kemoun (2010)55 7 3 5 2 5 22 Moderate
Kim (2011)36 9 3 6 3 5 26 Good
Stevens (2016)46 8 2 5 3 0 18 Moderate
Suzuki (2013)47 9 2 5 4 0 20 Moderate
Suzuki (2012)48 9 2 5 4 5 25 Good
van (2004)50 8 2 5 3 5 23 Moderate
vreugdenhil (2011)52 9 3 5 4 5 26 Good
wei (2014)53 7 2 5 2 5 21 Moderate
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Eighteen studies containing 1,494 participants examined the 

effect of high-frequency exercise intervention on cognitive 

function in patients with chronic disease.26–28,33,35,37–40,42,47–50, 

52,54,55,58 Sixteen studies containing 1,547 participants exam-

ined the effect of low-frequency exercise intervention on 

cognitive function in patients with chronic disease.24,25,29–32, 

34,36,43–46,51,53,56,57 We identified a positive overall random effect 

for low-frequency interventions but not for high-frequency 

interventions. Further investigations revealed that after the 

exclusion of resistance exercise interventions, the effect of 

low-frequency exercise interventions was not significant. 

Further investigations revealed that after the exclusion of 

resistance interventions, the effect of the high-frequency 

exercise interventions was significant. Moore et al41 exam-

ined the effect of an intervention including 135–180 min of 

weekly exercise on cognitive function in patients with stroke 

and found that the exercise intervention did not have an effect 

on cognitive function.

Intensity of exercise intervention
Thirteen studies containing 1,609 participants examined the 

effect of low-intensity exercise intervention on cognitive 

function in patients with chronic diseases.25–29,35,37,42–44,49,51,57 

Twenty-one studies containing 1,322 participants examined 

the effect of moderate-intensity exercise intervention on 

cognitive function in patients with chronic diseases.24,30–33, 

38–40,43,46–48,50–56,58 Two studies containing 138 participants 

examined the effect of high-intensity exercise intervention 

on cognitive function in patients with chronic diseases.41,45 

We found positive random effects for low-intensity and 

moderate-intensity exercise interventions but not for high-

intensity exercise interventions. Further investigations 

revealed that after the exclusion of resistance interventions, 

the effect of moderate-intensity exercise intervention on the 

cognitive function was significant.

Discussion
In this meta-analysis of randomized controlled trials, we 

identified a positive overall effect of exercise interventions 

on cognitive function in patients with chronic diseases. 

Aerobic exercise interventions were found to have a positive 

effect on cognitive function in patients with chronic disease. 

In addition, the effect of exercise on cognitive function 

was independent of the presence of Alzheimer’s disease. 

Furthermore, we found that low-frequency exercise interven-

tions had a positive effect on cognitive function in chronic 

disease patients. Finally, we observed positive effects of 

low-intensity and moderate-intensity exercise intervention 

on cognitive function in chronic disease patients.

In this meta-analysis and systematic review, we found 

that the exercise interventions were beneficial in the cur-

rent sample of chronic disease patients. Exercise has been 

reported to cause physiological state changes that disrupt 

brain homeostasis.41 The brain has been found to modify 

its resource allocation in response to these changes. Studies 

have suggested that maintenance of physical activity may 

Table 3 Meta-analysis of effect of exercise on cognitive function

Parameters Included 
studies

N P-value I Z SMD (95% CI)

Main outcome 35 3,113 0.0007 74% 3.41 0.26 (0.11, 0.41)
Types of disease
Alzheimer’s disease 13 958 0.004 77% 2.88 0.42 (0.14, 0.71)
Mild cognitive impairment 9 1,117 0.21 77% 1.25 0.17 (–0.10, 0.44)
Cancer 5 502 0.66 86% 0.44 0.11 (–0.39, 0.61)
Types of exercise intervention
Aerobic 23 2,120 0.0008 70% 3.34 0.29 (0.12, 0.47)
Resistance 5 261 0.69 73% 0.40 0.10 (–0.39, 0.59)
Combined 8 725 0.14 83% 1.46 0.29 (–0.10, 0.67)
Aerobic included 31 2,845 0.0005 75% 3.47 0.28 (0.12, 0.45)
Frequency of exercise intervention
High frequency 18 1,494 0.07 83% 1.82 0.25 (–0.02, 0.52)
High frequency (excluded resistance) 16 1,450 0.02 82% 2.24 0.31 (0.04, 0.57)
Low frequency 16 1,547 0.0008 40% 2.67 0.19 (0.05, 0.33)
Low frequency (excluded resistance) 14 1,409 0.15 60% 1.43 0.13 (–0.05, 0.32)
Intensity of exercise intervention
Low 13 1,609 0.03 77% 2.12 0.24 (0.02, 0.47)
Moderate 21 1,322 0.03 72% 2.13 0.24 (0.02, 0.46)
Moderate (excluded resistance) 19 1,199 0.008 76% 2.66 0.34 (0.09, 0.59)
High 2 138 0.30 0% 1.04 0.18 (–0.16, 0.51)

Abbreviations: CI, confidence interval; SMD, standardized mean difference.
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be associated with increased neural resources in some 

brain regions and reduced neural resources in other brain 

regions.47,58,62 Exercise affects cognitive function by causing a 

significant reduction in the peripheral concentrations of IL-6 

and TNF-α, as well as a significant increase in peripheral 

levels of BDNF in individuals with chronic diseases.58 

Exercise also leads to structural changes in the brain, such as 

increases in dendritic length and branching and hippocampal 

neurogenesis,62 as well as maintains the atrophy levels of the 

whole brain cortex.47

Cognition is a complex term that includes various 

domains. Some studies have proposed relationships between 

specific exercise regimens and specific cognitive domains in 

chronic disease patients. Aerobic exercise has been reported 

to contribute to further beneficial effects on the memory 

domain.32,36,48 The results of an animal study investigating the 

effects of 12 weeks of voluntary running on the restoration of 

place recognition memory in 20-month-old rats emphasized 

the unique synaptic effects of exercise on the aged brain and 

their specific relevance to the hippocampal-based system 

for place recognition memory.63 Dancing involves paying 

attention to music and signals while envisaging the next 

movement, and these feature may help patients to perform 

better in the verbal fluency category.50 Lu et al39 found that 

variations in position changes and movement configurations 

during dumbbell-training sessions were associated with 

changes in the spatiotemporal orientation, selective attention, 

and executive control of participants.

The results of our study showed that aerobic exercise 

interventions had a positive effect on cognitive function. 

This result was consistent with the recommendations of 

the World Health Organization for a weekly minimum 

of 150 min of moderate-intensity aerobic or 75 min of 

vigorous-intensity aerobic activity with additional muscle-

strengthening exercises.61 Two meta-analyses of the effect 

of aerobic exercise on cognitive function found that aerobic 

exercise improved cognitive function.19,20 These results 

were similar to the results of our study. Aerobic exercises 

improve the maximum oxygen uptake and increase and 

redistribute cerebral blood flow, enhance antioxidant action 

via repair enzymes and proinflammatory cytokines, as well 

as increase beta-amyloid degradation, levels of neurotrophic 

factors, neurogenesis, and angiogenesis.24,58 In this meta-

analysis, we did not find resistance exercises to have an 

effect on cognitive function in chronic disease patients, 

which may be due to the difficulties related to controlling 

for some methodological and sampling biases and the short 

follow-up periods.54

In this meta-analysis and systematic review, we found 

that exercise interventions were beneficial for cognitive 

function in Alzheimer’s disease patients. The results of this 

study were similar to those of previous studies that reported 

that exercise has a positive effect on cognitive function in 

Alzheimer disease patients.19,64,65 These trends may indicate 

that the practice of regular physical exercise might contribute 

to slower declines in cognitive function. In our study, the 

exercise interventions were not found to have a positive effect 

on cognitive function in patients with MCI. There may be 

insufficient evidence for an effect of exercise intervention 

on MCI patients. A meta-analysis and systematic review of 

the effect of aerobic exercise on cognitive function in older 

adults with MCI showed that aerobic exercise significantly 

improved global cognitive ability (MMSE scores: MD =0.98, 

95% CI: 0.5–1.45; P,0.0001).20 The cited meta-analysis and 

systematic review evaluated interventions encompassing 

the practice of any aerobic exercises regardless of the style 

(eg, yoga, Tai Chi, or treadmill) for at least 4 weeks, with .1 

exercise session per week. In addition, the outcomes assessed 

included global cognitive ability and any specific domains 

of cognition assessed in the aforementioned meta-analysis. 

Our meta-analysis and systematic review was not restricted 

by type of exercise, and the outcome of interest was global 

cognitive function. In our study, the exercise intervention 

was not found to have a positive effect on cognitive function 

in patients with cancer. The studies that assessed the effects 

of exercise interventions on cognitive function in cancer 

patients all provided data for short-term interventions that 

did not exceed 12 weeks.

In this meta-analysis and systematic review, we found 

that low-frequency exercise intervention was beneficial 

in chronic disease patients. The studies providing low-

frequency exercise intervention all exceeded 12 weeks’ dura-

tion, and two studies even exceeded 48 weeks’ duration.25,43 

The beneficial effect of low-frequency exercise on cognitive 

function may be associated with a good performance of the 

functional capacity.24 Additionally, all the included studies 

of low-frequency exercise interventions were of good 

methodological quality.

The American College of Sports Medicine has suggested 

that moderate-intensity physical exercise may lead to signifi-

cant changes in brain health and cognitive performance, with 

potential effects on a broad range of cognitive domains.66 

In this meta-analysis and systematic review, we found that 

both low-intensity and moderate-intensity exercise interven-

tions appeared to be effective in improving cognitive function 

in chronic disease patients. Moderate-intensity exercise might 
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be an effective alternative to reduce the level of systemic 

inflammation and decrease cognitive decline.58 Additionally, 

most of the studies evaluating moderate-intensity exercise 

were of good methodological quality. The included studies 

indicated that low-intensity exercise such as Tai Chi27,42,44 or 

yoga29 exerted positive effects on cognitive function. Patients 

involved in low-exercise intensity interventions demonstrated 

more notable changes in physical functioning, contributing to 

the positive effects observed in psychological well-being.42 

Lower levels of distress and fatigue may have contributed to 

the beneficial effects of low-intensity exercise interventions 

on cognitive function.29

Limitations
This study had some limitations. First, the weekly duration 

of exercise intervention used in the included studies varied 

from 40 min to 300 min per week, and the overall duration 

of the exercise intervention used in the included studies 

varied from 6 weeks to 60 weeks. These differences may have 

affected the relationship observed between the specific types 

of exercise and improvements in the evaluated cognitive 

domains. Second, it was not possible to blind participants to 

the exercise intervention. Therefore, performance bias may 

have been unavoidable.

Conclusion
The findings of this meta-analysis support the efficacy of 

exercise interventions in improving cognitive function in 

individuals affected by chronic disease. Beneficial effects 

were observed independent of the type of clinical disease, 

type of exercise, frequency, and intensity of the exercise 

intervention.
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The utilization of physical activity as a therapeutic tool is rapidly growing in the medical
community and the role exercise may offer in the alleviation of painful disease states is an
emerging research area. The development of neuropathic pain is a complex mechanism,
which clinicians and researchers are continually working to better understand. The
limited therapies available for alleviation of these pain states are still focused on pain
abatement and as opposed to treating underlying mechanisms. The continued research
into exercise and pain may address these underlying mechanisms, but the mechanisms
which exercise acts through are still poorly understood. The objective of this review is
to provide an overview of how the peripheral nervous system responds to exercise, the
relationship of inflammation and exercise, and experimental and clinical use of exercise to
treat pain. Although pain is associated with many conditions, this review highlights pain
associated with diabetes as well as experimental studies on nerve damages-associated
pain. Because of the global effects of exercise across multiple organ systems, exercise
intervention can address multiple problems across the entire nervous system through a
single intervention. This is a double-edged sword however, as the global interactions of
exercise also require in depth investigations to include and identify the many changes
that can occur after physical activity. A continued investment into research is necessary
to advance the adoption of physical activity as a beneficial remedy for neuropathic pain.
The following highlights our current understanding of how exercise alters pain, the varied
pain models used to explore exercise intervention, and the molecular pathways leading
to the physiological and pathological changes following exercise intervention.

Keywords: exercise, pain management, neuropathy, inflammation, neurotrophins, dorsal root ganglion

INTRODUCTION

Twenty five million Americans are encumbered by acute pain and over 50 million suffer from
varying chronic pain syndromes, leading to a medical cost of over $635 billion a year (Gaskin
and Richard, 2012). This enormous health plight highlights the need to find novel interventions
to reduce the burden of chronic pain. Generally speaking, chronic pain undergoes a progressive
movement from peripheral tissues, such as the hands and feet, to the central nervous system which
often leads to even more debilitating and chronic effects as the disease progresses (Tesfaye et al.,
2013; Jones et al., 2016). The perception of pain is a very broad and complex mechanism to study,
having multiple origins including nerve damage, metabolic disease, and numerous others. Each
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form of pain may be unique not only in its development but
also in the treatments necessary to provide relief. Unfortunately,
current therapies available for the treatment of these pain states
are still associated with pain abatement and do not address
underlying mechanisms driving the development of varying
forms and levels of sensory discomfort (Schreiber et al., 2015).

Physical activity offers a wide array of benefits and is well
documented to help in a myriad of diseases, however the
mechanisms by which exercise exerts its benefits are poorly
understood. The complexities of understanding how global cross
organ communication and changes induce molecular changes to
provide benefits in disease makes exercise research often hard to
perform on a basic level. However, the clear benefits of exercise
provide a strong rational to continue to study this complex
intervention.

Nociceptive and neuropathic pain syndromes both receive
physiological and behavioral benefits from exercise intervention,
even though they are thought to have separate physiological
characteristics. Nociceptive pain results from an expected
noxious stimulus, while neuropathic pain occurs in the absence
of a stimulus, or with a normally innocuous stimulus. The
neuronal pathway of nociceptive pain starts with a noxious
stimulus detected by a peripheral sensory peripheral terminal,
of an Aδ- or C-fiber. The electrical signal is then propagated
up through spinal and thalamic pathways to terminate in an
appropriate somatotopic region of the cortex (Serpell, 2006). In
the case of neuropathic pain, adaptations occur in Schwann cells,
satellite cells, the peripheral immune system, spinal microglia,
and astrocytes that lead to the development of a painful
syndrome when one would not normally exist (Scholz and
Woolf, 2007). Important areas to examine in these pain pathways
are interneuronal interactions and the molecular and cellular
changes that are initiated within them. This is an important
aspect of any therapeutic target for pain due to the activity-
dependent neuronal plasticity that occurs in the nervous system
(Zhuo et al., 2011).

In response to new information about neuronal activity-
dependent plasticity, a new and rapidly growing area within
both pain research and neural physiology has begun to examine
the effects of exercise on peripheral and central nervous system
components. However, the scarcity of well-controlled basic
research in this area hampers the utilization of exercise as a
therapy for neuropathic and other chronic pain syndromes.

Abbreviations: EPR, exercise pressor reflex; HR, heart rate; TRPV1, transient
receptor potential vanilloid 1; ASIC3, acid sensing ion channel 3; DRG, dorsal
root ganglion; BDNF, brain-derived neurotrophic factor; NGF, nerve growth
factor; NT-3, neurotrophin 3; SNAP1, synapsin I; GAP43, growth associated
protein 43; TrkA, tropomyosin receptor kinase A; NGF, nerve growth factor;
NMDA, N-methyl-D-aspartate; CNS, central nervous system; CGRP, calcitonin
gene-related peptide; TNF- α, tumor necrosis factor alpha; IL1-β, interleukin 1
beta; IL-10, interleukin 10; IL-6, interleukin 6; IL1- α, interleukin 1 alpha; IL-2,
interleukin 2; Il-4, interleukin 4; IFN-γ, interferon gamma; TGF-β, transforming
growth factor beta; IL-1RA, IL-1 receptor agonist; HSP72, heat shock protein-72;
DPN, diabetic peripheral neuropathy; TRPM8, transient receptor potential cation
channel subfamily M member 8; NT-3, neurotrophin 3; IENFD, intraepidermal
nerve fiber density; VAS, visual analog scale; QOL, quality of life; EIH, exercise-
induced hypoalgesia; TSP, temporal summation of pain; ALA, alpha-lipoic acid
treatment.

While exercise intervention is growing quickly as a clinical
therapeutic tool for many diseases, its use to reduce pain states is
still relatively new and the research available leaves an incomplete
picture of the molecular pathways affected. Continued research
therefore is vital to gain a better understanding of how exercise
benefits the management of various pain syndromes and for the
implementation of this therapeutic technique on a broader scale
by physicians.

SENSORY PATHWAYS SENSITIVE TO
EXERCISE

A well-established effect of exercise is its activation of afferent
sensory nerves from active muscles to the spinal cord. Activity
in sensory fibers of working muscles is increased throughout
exercise and provides important feedback on the cardiovascular
and respiratory systems during physical activity (Mitchell, 1985).
One example of afferent nerve activity affected by exercise is
the exercise pressor reflex (EPR), which is responsible for the
control of blood pressure and heart rate (HR) changes during
physical activity through sympathetic nerve activation (O’Leary
et al., 1999; Amann et al., 2011). This reflex is partially mediated
by the transient receptor potential vanilloid 1 (TRPV1) receptor,
the sensory receptor respondent to capsaicin that is stimulated
from temperature and pH level changes (Smith et al., 2010).
Similar to TRPV1, the acid sensing ion channel 3 (ASIC3)
found on sensory nerve terminals in active skeletal muscle
is involved in the regulation of arterial pressure through the
EPR (Tsuchimochi et al., 2011). However, EPR is additionally
modulated by sodium channel (Nav) function; these channels in
turn, may be modulated through reactive oxygen species levels
in the dorsal root ganglion (DRG) (Wang et al., 2011). The
EPR sensory pathway crosses over with known painful sensory
pathways through the TRPV1, ASIC3 and sodium channel
alterations; this cross talk can provide possible avenues by which
exercises known benefits may also connect to painful sensory
states.

Studies now demonstrate molecular and cellular changes in
DRG sensory neurons can be induced by exercise. The benefits
of exercise can appear quickly as seen in the improvement in
regeneration after nerve injury following as little as 3 or 7 days
of exercise (Molteni et al., 2004). This effect may be related to
increased production of a number of molecular signals, including
brain-derived neurotrophic factor (BDNF), nerve growth factor
(NGF), neurotrophin 3 (NT-3), synapsin I (SNAP1), and growth
associated protein 43 (GAP43) in sensory ganglia, thereby
stimulating axonal growth (Molteni et al., 2004; López-Álvarez
et al., 2015). Consistent with this idea, exercised animals display
clear alterations in molecular mediators in their DRGs, in large
DRG neurons undergo changes in mRNA expression that are
associated with neuronal plasticity and apoptosis in response to
prolonged exercise, including higher BDNF, NT3, SNAP1, and
GAP43 mRNA levels compared to sedentary animals (Keeler
et al., 2012). Exercise of animals that have been given a high fat
diet suggests that exercise can reverse alterations in neurotrophin
changes that are associated with a high fat diet, insulin resistance
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and pain (Groover et al., 2013). For example, exercise of diabetic
mice induces significant increases in GDNF in the spinal cord
and sciatic nerve, along with axonal transport in the sciatic nerve
(Wright, unpublished observations).

Our own studies suggest that important phenotypic changes
can occur in peripheral terminals of epidermal axons in response
to exercise (Groover et al., 2013). A high fat diet increases
the number of epidermal axons that express tropomyosin
receptor kinase A (TrkA), the high affinity receptor for nerve
growth factor (NGF). This phenotypic change in peripheral
axons corresponds to an increase in pain thresholds of the
mice. Importantly, however, continuous exercise reverses this
phenotypic change and normalizes pain thresholds (Groover
et al., 2013). Finally, Schwann cell proliferation is increased
following exercise and may play an important role in the increase
in axonal regeneration necessary for appropriate response to
peripheral nerve injury The benefits seen with peripheral nerve
regeneration are significant enough to achieve improved values
in both functional and morphological markers of nerve and
motor function post exercise (Bobinski et al., 2011). These studies
bolster the idea that axonal regeneration responds positively to
exercise.

Exercise’s benefits are not only limited to the periphery, as
they also display a substantial value to the central nervous
system. The numerous benefits of exercise on both the peripheral
and central sensory nervous system are highlighted in Figure 1.
Centrally, the brain imparts bi-directional control of pain
processing and pain modulation that alters the transmission
and perception of pain and sensation (Denk et al., 2014). The
effects of physical activity on this system are grossly understudied
and this important central modulation of pain and sensation
would benefit by continued examination of the metabolic,
inflammatory, and ionic changes within the CNS.

Although only a few studies have been published, regular
physical exercise has been reported to prevent the development
of chronic muscle pain and exercise induced muscle pain,
possibly by reducing phosphorylation of the NR1 subunit of
the N-methyl-D-aspartate (NMDA) receptor in the brainstem,
modulating nociception and individual experiences (Sluka et al.,
2013). Utilizing either aerobic and resistance exercise, an increase
in circulating nitrate levels is seen in both the plasma and
cerebrospinal fluid, this observation as well as a loss of analgesic
benefit of exercise by nitric oxide inhibitors suggest the nitric
oxide/cyclic GMP pathway may provide an antinociceptive
benefit during physical activity (Galdino et al., 2010a, 2015a,b).

Additionally in the brain, exercise increases the endogenous
opioid content in brainstem regions important in pain
modulation, suggesting that exercise-induced reversal of
neuropathic pain may include an up-regulation of endogenous
opioids (Stagg et al., 2011). This may be a key analgesic
mechanism as patients with chronic pain display a reduced
endogenous pain inhibition system and creating an imbalance
between pain modulation systems (Denk et al., 2014). This
highlights another benefit of exercise in which it can increase
endogenous analgesic systems known to be critically important
in modulating pain. However, the endogenous opioid system
however has been disputed in its role in modulating internal

antinociceptive effects during physical activity (Galdino et al.,
2010b, 2014a). This group has instead suggested the endogenous
endocannabinoid system is playing a prominent role in the
antinociceptive benefits of exercise (Galdino et al., 2014b,c).
There is a definitive need to further explore these endogenous
systems that are sensitive to exercise and play a prominent role
in antinociception.

The primary benefits of physical activity may have an additive
effect when paired with pharmacological interventions. One
such study reported that the osteoporosis drug risedronate
combined with treadmill running had the most efficacious effects
on improving bone mineral density and decreasing sensory
nerve calcitonin gene-related peptide (CGRP) expression in
osteoporotic rats, as compared to rats receiving only the drug
(Orita et al., 2010). In conclusion, while exercise is often thought
of as a preventative intervention, there also appears to be a
clear benefit after injury. The benefits of exercise affect the
nervous system at multiple levels and multiple sites associated
with sensory function. Emerging evidence is also revealing the
molecular pathways that seem sensitive to, including axonal
growth, altered neurotrophin levels, and phenotypic changes
in both the periphery and central components of the nervous
system.

THE RELATIONSHIP OF INFLAMMATION
AND EXERCISE

The immune and nervous systems interact substantially in
chronic pain states via immune cells, glia and neurons that
coordinate immune responses and the excitation of the pain
pathway. Many of these interactions include the synthesis and
release of inflammatory mediators and neurotransmitters (Ren
and Dubner, 2010). When injured, damaged tissue will signal
mast cell degranulation and pro-inflammatory cytokine release
such as tumor necrosis factor alpha (TNF- α) and interleukin 1
beta (IL1-β). Additional actions include increased NGF signaling
via TrkA that enhances substance P release and pain signal
propagation in the spinal cord. In response to peripheral
tissue injury, immune cells also synthesize and secrete anti-
inflammatory cytokines (IL-10 and IL-6), pro-resolution lipid
mediators and opioid peptides to suppress the pain from pro-
inflammation cytokines (Rittner et al., 2008; Xu et al., 2010).
Many of these pro-inflammatory signals are present acutely after
exercise, however, chronic examination of these markers post-
exercise often show a robust anti-inflammatory signaling cascade
in response to these acute pro-inflammatory markers (Woods
et al., 2012). However, it is important to note that in non-
healthy patients, there is variability in the acute and chronic
inflammatory effects. Overall, however, the chronic effects of
exercise on inflammation are still viewed as beneficial to reduce
inflammatory signaling in disease (Ploeger et al., 2009). For this
reason, exercise has been utilized as an intervention that can
activate this natural anti-inflammatory mechanism that causes
cells to secrete anti-inflammatory cytokines that suppress the
pain induced by pro-inflammatory cytokines (Paley and Johnson,
2015).
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FIGURE 1 | Exercise driven alterations in the sensory nervous system. Overview of the numerous positive mechanical alterations that may contribute to the
global sensory benefits created with physical activity.

Numerous cytokines [interleukin 1 alpha (IL1- α), IL1-β,
interleukin 2 (IL-2), interleukin 4 (Il-4), interleukin 6 (IL-6),
interleukin 10 (IL-10), interferon gamma (IFN-γ), transforming
growth factor beta (TGF-β), TNF-α] become active in the spinal
cord and DRG during conditions of neuropathic pain (Hopkins
and Rothwell, 1995; Ledeboer et al., 2007; Mika et al., 2008; Racz
et al., 2008; Wei et al., 2013). Pro-inflammatory cytokines have
been implicated in neuropathic and inflammatory nociceptive
conditions in a wide array of research (Mika et al., 2013). The
most prominently studied inflammation marker, TNF-α, has
been implicated as having a key role in both the peripheral and
central mechanisms of sensitization to painful stimuli (Leung
and Cahill, 2010). Due to their recurring presence during painful
stimuli, inflammatory cytokines have been investigated as a
sensible target for the explanation of the reduction in allodynia
and nociceptive symptoms observed in neuropathic models
that utilize endurance and resistance exercise as a rehabilitative
technique (Zdziarski et al., 2015).

A prominent benefit of both endurance and resistance exercise
programs is their reduction of pro-inflammatory cytokines
and their increase in anti-inflammatory markers as displayed
in Figure 2 (Gleeson et al., 2011). The pro-inflammatory
acute affects of exercise are proposed to cause a subsequent
spike in anti-inflammatory cytokines that are long-lasting after
completion of the exercise bout. Regular exercise has been found

to decrease inflammatory markers in both young and older
humans (Mattusch et al., 2000; Tsukui et al., 2000; Geffken et al.,
2001; Colbert et al., 2004). During and after exercise, skeletal
muscle increases levels of IL-6, which appears to be responsible
for the rise in levels of anti-inflammatory cytokines such as IL-
10 and IL-1 receptor agonist (IL-1RA) (Pedersen, 2009). IL-6
has been described as a myokine, a cytokine that is released
from muscle fibers during contraction while exerting its effects
on other organs (Petersen and Pedersen, 2005). When given as
an intravenous infusion, IL-6 provide anti-inflammatory effects
similar to a bout of exercise and suppressed pro-inflammatory
cytokines such as TNF- α suggesting that IL-6 levels are the cause
of anti-inflammatory benefits seen from exercise (Starkie et al.,
2003).

Anti-inflammatory markers respond to the rise in IL-6
induced by exercise and have compounding effects that can
cause a decrease in allodynia. Increases in IL-10 are able to
decrease the expression of pro-inflammatory cytokines and, in-
turn, increase the ability of T cells to provide inflammatory
responses (Maynard andWeaver, 2008). In mice that exercise via
running wheels, T cells were increased in number and associated
with a reduction in pro-inflammatory cytokines and an increase
in anti-inflammatory cytokines (Wang et al., 2012).

Research showing a decrease in allodynia and hyperalgesia
due to exercise intervention suggests that the alterations in
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FIGURE 2 | Signaling alterations associated with inflammation by exercise in the sensory nervous system. (A) Overview of the inflammatory alterations in
the sensory nervous system of rodents. Inflammatory cytokines are increased throughout the DRG, spinal cord, and peripheral tissues during numerous pain states,
which is associated with the development of mechanical and thermal hypersensitivity. (B) Anti-inflammatory signaling observed in the sensory nerves of exercised
rodents. Exercise’s anti-inflammatory signals may reduce pro-inflammatory cytokines; while increasing heat shock proteins and T-cells leading to reduced mechanical
and thermal hypersensitivity normally associated with inflammation.

painful sensations are strongly influenced by the increase in
anti-inflammatory and decrease in pro-inflammatory cytokines.
For example, forced treadmill running reduces substance P,
IL-6, TNF- α, NR1, and IL-1β levels after the development

of mechanical allodynia induced by skin/muscle incision and
retraction (Chen et al., 2013b, 2014). Swimming and treadmill
exercise decrease mechanical allodynia, cold allodynia, and heat
hyperalgesia while also decreasing TNF- α and IL1-β production
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(Chen et al., 2012; Yoon et al., 2015). Diabetes associated
neuropathic pain is markedly reduced by progressive exercise
training, possibly mediated by an increase of heat shock protein-
72 (HSP72) without increases in TNF- α and IL-6 (Chen et al.,
2013a). HSP72 is suggested to have a role in the inhibition of
TNF- α and IL-6 as well as many other cytokines (Moseley,
1998). A greater expression of HSP72 and a reduction in diabetes-
associated neuropathic pain, including thermal hyperalgesia and
mechanical allodynia is seen after exercise (Chen et al., 2013a).
HSP72 has an essential role in blocking inflammation and insulin
resistance associated with a high-fat diet that can lead to type
2 diabetes (Chung et al., 2008). Extended swimming reduces
mechanical allodynia and thermal hyperalgesia in rats with
formalin and nerve injury-induced inflammatory pain (Kuphal
et al., 2007). In conclusion, the interactions between release
of pro-inflammatory cytokines and exercise’s anti-inflammatory
role via the up-regulation and release of anti-inflammatory
myokines provides a mechanism that includes multiple sites and
actions by which exercise can benefit overactive pain neurons.

EXPERIMENTAL STUDIES OF
NEUROPATHIC PAIN AND EXERCISE

Many of these studies discussed above have centered on the
ability of exercise to alleviate neuropathic pain associated with
diabetes as it is the most prevalent form of neuropathic pain
being investigated in hopes of improving diabetic neuropathy
(Zilliox and Russell, 2011). Table 1 highlights studies in rodents
in which exercise was used as an intervention. A delay in onset
of diabetes-associated neuropathy with continuous exercise may
be associated to changes in calcium channel function in the
DRG allowing for an alteration in nociceptive signaling from
the periphery (Shankarappa et al., 2011). Additional benefits
such as increased motor nerve conduction velocities occur in
diabetic patients, modifying or delaying the natural course of
diabetic peripheral neuropathy (DPN) (Balducci et al., 2006).
The mechanism by which exercise is alleviating neuropathic
pain is still far from known however, and may very well be the
combination of amultitude of changes driven by physical activity.
This may especially be true in instances where exercise is seen
to provide alleviation in differing forms of neuropathy as well as
different types of allodynia.

In a type I DPN rodent model, running is able to rescue many
different forms of allodynia including mechanical, cold, and heat
hyperalgesia. Associated with these forms of allodynia are key
molecular markers such as TRPV1 (heat) and transient receptor
potential cation channel subfamilyMmember 8 (TRPM8) (cold),
which were also positively altered by forced running (Yoon
et al., 2015). Voluntary aerobic exercise has a recovery effect
on nociceptive symptoms and behavior developed from early
stages of diabetes such as pre-diabetes induced by a high-fat diet
(Groover et al., 2013). However, researchers and clinicians must
always be careful not to exceed the level of exercise at which
activity is no longer a therapeutic tool, as there has been limited
evidence that exercise can increase negative outcome variables in
some instances, as discussed in the Clinical section of the current

review. An over zealous training protocol can lead to the loss of
many benefits seen with activity due to the bodies self protection
through the downward activation of glial cells in both motor and
sensory neurons (Pereira et al., 2015).

A survey of the literature suggests that diabetes is the most
researched disease relative to exercise and neuropathic pain;
however, physical activity is also a useful therapeutic tool for
pain derived from other sources. Paclitaxel-induced neuropathy
frequently occurs in patients undergoing chemotherapy and
induces a loss of sensation and sensory fiber loss in the skin.
Treadmill exercise reduces the symptoms of sensory loss and
increases epidermal nerve fiber density in paclitaxel-treated mice
(Park et al., 2015). Additional results include the ability of
exercise to decrease abnormal levels of detyrosinated tubulin in
paclitaxel-treated nerves, highlighting important anti-neurotoxic
effects of exercise (Park et al., 2015). Other studies have
shown that moderate intensity exercise reduces hyperalgesia and
increases in the neurotrophin, neurotrophin 3 (NT-3), which
acts in an analgesic fashion in a number of different pain
conditions (Sharma et al., 2010). In studies of spinal cord injury
associated pain, treadmill training improves sensory function,
ameliorated allodynia, and restores normal sensation after within
5 weeks of the spinal cord injury (Hutchinson et al., 2004).
Physical activity also decreases the presence of phagocytic and
reactive glial cells following spinal cord injury, suggesting that
the positive impact of exercise is limited not only to pain scores,
but may also lead to improved functional scores and improved
neuronal tissue health (Sandrow-Feinberg et al., 2009). This
finding suggests that rhythmic, weight-bearing exercise may be
an effective intervention to counter spinal cord injury induced
allodynia. Finally, studies of pain associated with sciatica report
that physical exercise has a negative influence on nociception.
Although this model is not a widely utilized model of pain, in this
case, exercise producing more hyperalgesia in rats with sciatica
than in a control, non-exercised group (Bertolini et al., 2011).
Thus, studies demonstrating negative actions of exercise demand
that caution be used to address pain with exercise, as all forms of
pain do not respond in the same fashion to exercise.

Varying modes and intensities of exercise have been tested
to treat neuropathic pain, almost all of which have a positive
effect (Hutchinson et al., 2004; Balducci et al., 2006; Kuphal et al.,
2007; Sharma et al., 2010; Shankarappa et al., 2011; Stagg et al.,
2011; Sluka et al., 2013). However, not all forms and types of
exercise provide the same type or degree of benefit, particularly
related to the intensity of exercise (Seo et al., 2009). For instance,
treadmill running will increase neurite outgrowth with low
intensity, but not high intensity exercise levels. However, studies
have not rigorously investigated how varying modes of exercise
impact a single model and a single sensory dysfunction. This
is likely because researchers focus on a single exercise modality
throughout their research study for consistency and control
among experimental studies.

Regardless of mode, almost all prominent exercise methods
demonstrate beneficial effects as seen with the number of
studies previously discussed utilizing traditional aerobic and
resistance exercise methods, however even less common forms
such as swimming provide a benefit to the nervous system.
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TABLE 1 | Summary of various rodent studies addressing sensory dysfunction associated with pain.

Species Mode of exercise Pain model Benefit References

Rat Forced running Skin/muscle incision ↓ Substance P, TNF-α, IL-1β Chen et al., 2013b, 2014

Chronic muscle pain ↓ NR1 phosphorylation Sluka et al., 2013

Spinal cord injury and acidic saline ↓ Mechanical allodynia Hutchinson et al., 2004; Sharma
et al., 2010

Sciatic nerve constriction ↓ Heat hyperalgesia and cold allodynia Chen et al., 2012

Sciatic nerve crush ↑ Schwann cell proliferation Seo et al., 2009

Lumbar spinal nerve ligation ↑ Endogenous opioids Stagg et al., 2011

Sciatic nerve cut ↓ NGF and BDNF López-Álvarez et al., 2015

Sciatic nerve cut Normalized NKCC1 regulation López-Álvarez et al., 2015

Osteoporosis ↓ CGRP fibers in bone Orita et al., 2010

Paclitaxel-induced neuropathy ↑ Epidermal axon innervation Park et al., 2015

Streptozotocin ↑ HSP72 Chen et al., 2013a

Streptozotocin ↓ TRPM8, TRPV1, and pp38 Yoon et al., 2015

Acute antinociception Activated endogenous cannabinoid system Galdino et al., 2014b

Acute antinociception Activation of nitrous Oxide/cGMP pathway Galdino et al., 2010a, 2015a

Rat Swimming Nerve constriction and inflammation ↓ Mechanical allodynia and heat hyperalgesia Kuphal et al., 2007; Chen et al.,
2012

Streptozotocin ↓ TNF-alpha and IL-1β Yoon et al., 2015

CRPS type I ↑ Adenosine Martins et al., 2013

Rat Resistance exercise Acute antinociception Activated endogenous cannabinoid system Galdino et al., 2014a

Acute antinociception Activated nitrous oxide/cGMP/KATP pathway Galdino et al., 2015b

Mouse Running wheel High fat diet/pre-diabetes ↓ Mechanical allodynia Groover et al., 2013

High fat diet/pre-diabetes ↓ TrkA positive fibers Groover et al., 2013

High fat diet/pre-diabetes ↓ NGF, ↑ BDNF Groover et al., 2013

Nerve crush ↑ BDNF, NT3, GAP43, and SNAP1 (mRNA) Molteni et al., 2004

Mouse Treadmill Sciatic nerve crush ↑ Nerve regeneration Bobinski et al., 2011

A range of species, modes of exercises, pain model, and primary outcomes are provided.

Swimming provides positive results as a therapy for induced
nerve injury in rats, reducing both mechanical allodynia
and thermal hyperalgesia (Shen et al., 2013). In addition,
swimming reduces pain hypersensitivity in a number of
experimental models, including formalin and nerve injury-
induced animal models of persistent pain, decreasing nerve
injury, induced cold allodynia, thermal hyperalgesia in rats,
and decreased nerve injury-induced hyperalgesia in mice
(Kuphal et al., 2007). The mechanism by which swimming
exercise reduces mechanical allodynia may involve endogenous
adenosine and adenosine A1 receptors (Martins et al., 2013).
It is reported that agonists to the adenosine A1 receptor
reduce mechanical allodynia in a neuropathic pain model
of diabetes, suggesting another possible mechanism in which
exercise may reduce pain (Katz et al., 2015). These positive
results from swimming offer an extremely attractive exercise
modality for patients with neuropathic pain due to the
reduced load on pain-affected extremities and problems with
coordination many patients, especially in elderly patients.
For this reason, additional research in swimming regimens
is needed to understand benefits for neuropathic pain, as

its utilization could be the best avenue for relief for many
patients.

Just as exercise intensity and mode may be key factors in
the benefits of physical activity, time of exercise onset and
duration may prove to be important as well. Intense short-
burst exercise significantly reduced mechanical allodynia in a
chronic constriction injury model of neuropathic pain, resulting
in better recovery of sensorimotor function (Cobianchi et al.,
2010). The relationship of time between the onset of injury and
the start of exercise is not clear, however, there are multiple
studies that have reported positive results with exercise starting
within 1 week of injury. Initiation of treadmill running 3 days
after an induced injury had an immediate and long-lasting
reduction in pain that was independent of the duration of exercise
(Cobianchi et al., 2013). Exercise training beginning 5 days after
injury was sufficient to prevent the development of neuropathic
pain (Detloff et al., 2014). Also, exercise initiation 7 days after
spinal nerve ligation was able to reduce thermal and tactile
hypersensitivity (Stagg et al., 2011). These studies suggest that
there may be no need to wait for a certain amount of time
to pass after injury before the introduction of exercise as a
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therapeutic aide; however, understanding of how a given injury
may affect motor control should be taken into consideration
as improper exercise technique can minimize benefits or even
increase negative effects of an injury.

CLINICAL USE OF EXERCISE

The use of physical exercise as a therapeutic treatment to
specifically address pain is a relatively new and developing
field. The majority of research on exercise for peripheral pain
syndromes in human subjects is associated with diabetic or
pre-diabetic neuropathic pain. The few studies, which have
utilized physical activity, are displayed in Table 2. Historically,
clinicians may have been reluctant to encourage exercise in
patients with diabetic neuropathy due to the risk of possible
adverse outcomes such as foot ulcers in insensate feet or increased
pain. People with fibromyalgia have expressed exercise as a
pain-inducing stimulus, and report an increase in negative
symptoms due to exercise, however, cumulatively exercise has
been shown to improve patients quality of life (Nijs et al., 2012;
Daenen et al., 2015). Additionally, people with painful diabetic
neuropathy (PDN) have reported higher ratings of perceived
exertion and muscle pain during exercise and no improvements
in thermal pain ratings following exercise (Knauf and Koltyn,
2014). Importantly, however, it has been reported by numerous
groups that exercise can be performed safely in patients with
type 2 diabetic neuropathies and exercise intervention produces
a marked improvement in certain nerve functions (Fisher et al.,
2007; Kluding et al., 2015).

Aerobic exercise is an often-studied modality in clinical
programs for people with diabetes. Diabetics have experienced
a benefit in both motor and sensory neuropathy measures.
Aerobic exercise reduces the development of diabetic neuropathy
(Balducci et al., 2006), as well as increasing the intraepidermal
nerve fiber density (IENFD) and visual analog scale (VAS) pain
measure in people with diabetes (Smith et al., 2006; Fisher et al.,
2007; Kluding et al., 2012; Singleton et al., 2014, 2015). Similarly,
exercise induced improvement in metabolic syndrome patients
saw an increase in cutaneous IENFD even though these patients
were non-diabetic (Singleton et al., 2015). Physical exercise when
paired with diet counseling has resulted in partial cutaneous
re-innervation in pre-diabetic individuals, highlighting that
exercise may have on early symptoms and possible prevention of
neuropathic symptoms (Smith et al., 2006).

With sensory changes, it is important to remember that
anatomical changes are not the only factor to examine,
functional changes are just as important for clinical implications.
Exercise training’s benefit through the reinforcement of existent
sensorimotor pathways rather than promoting generation of new
pathways may be a significant reason to examine functional
changes as outcomemeasures (de Leon et al., 1998). For instance,
patients with motor and sensory neuropathy see a gain in
strength with exercise training, but only a marginal functional
increase (Allet et al., 2010; Song et al., 2011; Mueller et al., 2013;
Dixit et al., 2014). These sensorimotor benefits such as improved
balance, mobility, and a decrease in peripheral neuropathy, can

combine to significant whole measure outcome increases such
as quality of life (QOL) (Streckmann et al., 2014). Even with
the knowledge that exercise is beneficial in multiple diseases,
providing benefits through a multitude of mechanisms, there
exists a great limitation in the breadth of knowledge as to how
exercise truly exerts its benefit.

One extremely well documented result of exercise on the
sensorimotor pathways is the observation of exercise-induced
hypoalgesia (EIH) resulting in a myriad of populations and
testing conditions (Koltyn and Arbogast, 1998; Koltyn, 2002;
Koltyn and Umeda, 2006; Kodesh and Weissman-Fogel, 2014;
Koltyn et al., 2014; Vaegter et al., 2014, 2015b). This induction of
hypoalgesia occurs independent of exercise mode with benefits
occurring with both interval and traditional aerobic exercise,
as well as with resistance exercise (Koltyn and Arbogast, 1998;
Kodesh and Weissman-Fogel, 2014; Vaegter et al., 2015b). In
line with the development of hypoalgesia, numerous groups
have reported a reduction in temporal summation of pain (TSP)
following physical activity (Koltyn et al., 2013; Naugle and Riley,
2014; Vaegter et al., 2015a). TSP is commonly used to reflect the
amount of CNS involved nociception and is often hypothesized
as being sensitive to alteration in acute and chronic pain states,
suggesting that exercise may be providing a benefit in both the
peripheral and central nervous system pathways important for
pain.

A unique aspect of clinical trials in human patients is the
ability to perform voluntary resistance based exercise as well as
aerobic exercise. A study associated with metabolic features of
diabetes that combined aerobic and resistance training did not
observe an increase in detrimental affects when compared to a
program that utilized only one form of exercise (Sigal et al., 2007).
This study saw an improvement in glycemic control through
measurement of hemoglobin A1C values in elderly adults that
completed a moderate intensity weight program. Combining
resistance training with balance training and vibration as
opposed to aerobic training saw an improvement in balance,
muscle strength, and hemoglobin A1C levels when compared to
balance and vibration alone (Lee et al., 2013). Resistance training
combined with high intensity training significantly improved
muscle strength, blood pressure regulation in long-standing,
insulin-treated type 2 diabetics with diabetic neuropathy (Praet
et al., 2008). Therefore, individuals with type 2 diabetes looking
to improve glycemic control through physical activity should be
encouraged to perform both aerobic and resistance training. This
point needs to be addressed in future clinical studies associated
with pain.

Moderate aerobic exercise helps to preserve peripheral nerve
function and help to combat health behaviors associated with
DPN in type 2 diabetes (Dixit et al., 2014). In adults with
and without diabetic neuropathy, aerobic exercise benefited gait
changes, reaction times, and balance measures, although it did
not reduce the rate of falls in these groups (Morrison et al., 2014).
Combination therapy of backward walking and alpha-lipoic acid
treatment (ALA) to reduce and prevent free radical damage
through antioxidant action was more effective than just ALA
alone when examining plantar pressure in patients with DPN,
suggesting that just as seen with mammalian models, exercise
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TABLE 2 | Summary of human studies addressing sensory dysfunction associated with pain.

Mode of exercise Pain model Benefit References

Aerobic exercise Diabetic neuropathy ↑ Motor conduction velocity Balducci et al., 2006

DPN and metabolic syndrome ↑Epidermal innervation Kluding et al., 2012; Singleton
et al., 2015

DPN ↓ Pain ratings Kluding et al., 2012

Vibration Platform DPN ↓ Pain levels and improved gait Hong et al., 2013

DPN ↓ Neuropathic pain scale Kessler and Hong, 2013

DPN ↓ Pain ratings Kessler and Hong, 2013

Modes of exercises, pain model, and primary outcomes are provided.

may have an additive affect when paired with pharmacological
agents (Zhang et al., 2014). A 2013 case study showed that a 4-
week vibration treatment designed to simulate movement on the
feet of patients with diabetic peripheral small fiber neuropathy
significantly improved pain levels and gait (Hong et al., 2013).
Another study reported that whole body vibration significantly
reduced acute pain in the visual analog pain scale and chronic
reduction in neuropathic pain scales (Kessler and Hong, 2013).
This proposes that movement alone, or simulation of movement,
may be able to provide a benefit for painful symptoms. However,
there still remains a significant gap in our knowledge about the
molecular pathways altered by exercise.

CONCLUSIONS

The use of exercise as a therapeutic tool is a rapidly growing
field in biomedical research. However, there is a dire need
for increased research into understanding the role of exercise
in sensory nerve disorders. The lack of understanding in the
pathways affected by exercise and the molecular changes that
lead to the benefits seen with exercise is a hindrance to the
medical community working to utilize this tool for their patients.
It is our expectation that certain types of pain may benefit from
exercise, though different mechanisms driving the development
of pain can vary. For instance the benefits of exercise on
diabetic pain may be influenced by concurrent correction of
metabolic abnormalities, while nerve damage associate pain may
be associated with local, acute alterations in gene expression and
inflammation. Overall however, the prevailing literature suggests

that for the vast majority of nerve related disorders; exercise
offers a benefit and can be an attractive therapeutic aide for
clinicians. However, the clinical use of exercise requires the
investment of the patient and their willingness to expend the
effort which exercise requires. To motivate patients to exercise,
they must perceive there will be approximately two times greater
improvement of symptoms than without exercise (Anderson
et al., 2015). Clinicians and researchers therefore must continue
to examine and highlight the myriad of benefits which exercise
provides. Future research should continue to examine the use
of exercise in a clinical setting, looking to answer what changes
occur in different neural compartments that underlie reductions
in pain. Finally, the use of exercise in human subjects in a larger
array of diseases will help expose the clinical benefits of exercise
for a larger portion of the health care community.
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Tormod Landmark1,2*, Pål R. Romundstad3, Petter C. Borchgrevink2,4, Stein Kaasa1,5, Ola Dale4,6

1Department of Cancer Research and Molecular Medicine, Faculty of Medicine, Norwegian University of Science and Technology, Trondheim, Norway, 2National

Competence Centre for Complex Symptom Disorders, St Olavs University Hospital, Trondheim, Norway, 3Department of Public Health, Faculty of Medicine, Norwegian

University of Science and Technology, Trondheim, Norway, 4Department of Circulation and Medical Imaging, Faculty of Medicine, Norwegian University of Science and

Technology, Trondheim, Norway, 5Department of Oncology, St Olavs University Hospital, Trondheim, Norway, 6Department of Anaesthesia and Emergency Medicine, St

Olavs University Hospital, Trondheim, Norway

Abstract

Background: Population-based studies have reported conflicting findings on the relationship between physical activity and
pain, and most studies reporting a relationship are cross sectional. Temporal relationships are therefore difficult to infer and
associations may be subject to confounding from a variety of other factors. The aim of the current study was to investigate
the association between exercise and pain longitudinally and to use within subjects analyses to remove between subjects
confounding.

Methods: In the population-based HUNT 3 study, participants reported both pain and level of exercise. A random sub-
sample of 6419 participants was in addition invited to report their last week pain and exercise every three months over a 12
month period (five measurements in total). We used multilevel mixed effects linear regression analyses to prospectively
estimate the association between regular levels of exercise (measured in HUNT 3) and subsequent longitudinal reporting of
pain. We also estimated within-subjects associations (i.e. the variation in pain as a function of variation in exercise, over time,
within individuals) to avoid confounding from between subject factors.

Results: Among those invited to participate (N= 6419), 4219 subjects returned at least two questionnaires. Compared with
subjects who reported no or light exercise, those who reported moderate levels of exercise or more at baseline, reported
less pain in repeated measures over a 12 month period in analyses adjusted for age, sex,education and smoking. Adjusting
for baseline level of pain distinctly attenuated the findings. Within subjects, an increase in exercise was accompanied by a
concurrent reduction in intensity of pain. However, we found no indication that exercise level at one occasion was related to
pain reporting three months later.

Conclusion: This longitudinal population-based study indicates that exercise is associated with lower level of pain and that
this association is close in time.
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Introduction

Pain complaints are common and costly. The prevalence of

current pain ranges from 27% to 49% [1,2], and the prevalence

of chronic pain ranges from 11% to 64% [3–5]. Common pain

conditions are major reasons for work related disability and for

lost productivity in the work force [6,7]. The health care

expenditures among subjects with common pain complaints

have been estimated to be more than twice as high as for those

without pain complaints, and they seem to continue to escalate

[8–10]. Moreover, pain is associated with a substantial

reduction in self reported health and functioning [11,12]. The

best way of managing this public health problem is uncertain

[13]. However, promoting a healthy lifestyle in the whole

population may have beneficial effects on the prevention of pain

complaints and its consequences [14].

Clinical studies have shown that exercise may relieve pain

among patients with fibromyalgia and chronic low back pain

[15,16] and prevent the recurrence of low back pain after

treatment [17]. However, there is conflicting evidence whether

exercise relates to the occurrence of pain in the general

population [18–21]. Results are difficult to compare due to high

variability in the definitions and measurements of both activity

and pain and differences in study design and population. It has

been suggested that significant associations may be hidden when

measures are dichotomized into active vs. inactive [22], and

that physical activity may be related to the severity of pain once

established [23]. In a recent study, we showed that both

frequency, duration and the intensity of exercise were indepen-
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dently associated with a lower prevalence of chronic pain of at

least moderate intensity in the general Norwegian population

[24]. The cross-sectional nature of these findings limits their use

in interpreting the relationship since low levels of exercise may

be both a risk and a consequence of pain. Moreover, chronic

pain is determined by multiple causal chains involving

biological, psychological and social risk factors which may

interact with or be associated with physical activity. Socioeco-

nomic status, occupation, lifestyle and genetic makeup are

factors that remain stable over time and may confound the

relationship between exercise and pain. A confounder may,

however, also vary across time. For example, variation in sleep,

mood, or injuries may explain variations in both level of

exercise and pain across time, within individuals.

In the current longitudinal population-based study, we used two

separate analytical strategies to investigate the relationship

between exercise and pain. First, we prospectively studied whether

the baseline level of regular exercise was associated with the level

of pain during 12 months of follow up. Second, we estimated the

association between exercise and pain within individuals over

time. When investigating the association within subjects, each

individual serves as its own control and the estimates are not

subject to confounding related to factors that remain stable within

individuals (such as sex, socioeconomic status, occupation, genetic

makeup, presence of chronic disease etc.).

Materials and Methods

Study Population
The basis for the present study is the Nord-Trøndelag Health

Study (the HUNT study) conducted in the county of Nord-

Trøndelag in Norway. The HUNT study consists of three cross-

sectional surveys (HUNT 1, 1985–1987, HUNT 2, 1995–1997

and HUNT 3, 2006–2008). All inhabitants in Nord-Trøndelag

aged 20 or more (N = 94194) was invited to participate in the

HUNT 3 study. A total of 50839 (54%) participated. The response

rate was higher among women (58%) than men (50%) and lowest

among the youngest age groups (31% and 42% for the age groups

20–29 and 30–39 years, respectively). The study population is

stable with sex and age distributions similar to the average of

Norway, but with somewhat lower levels of education and income

compared to national averages. The county is mostly rural and

sparsely populated [25].

Participants and Procedure
A random sample of 6419 HUNT 3 participants in two

municipalities (Levanger and Verdal) was mailed a questionnaire

and invited to participation in the current project, which main

focus is on physical activity and pain. Questionnaires were mailed

every three months for the following 12 months (totally five

questionnaires) to those agreeing to participate (n = 4782).

Reminders were mailed to non-responders together with a copy

of the questionnaire after one month. If the reminder was not

returned, but the subjects had not actively withdrawn from the

study, no new questionnaires were mailed until the fifth mailing at

12 months follow up.

The study was approved by the Regional Committee for

Medical and Health Research Ethics Central-Norway and the

Norwegian Data Inspectorate.

Questionnaire
The HUNT 3 questionnaire included three questions regarding

exercise during the past year; the average number of times

exercising per week (never, less than once, once a week, 2–3 times per week

or almost every day), the average minutes each time (less than 15

minutes, 16–30 minutes, 30–60 minutes or more than 60 minutes) and

average intensity each time (easy, without breaking a sweat or losing

breath, lose breath and brake into sweat or near exhaustion). The questions

have shown acceptable test-retest reliability with kappa values

ranging from 0.52 to 0.77 and significant correlations with

VO2max (ranging from 0.31 for duration) to (0.43 for frequency) in

adult males [26]. In a previous HUNT 3 study [24], we showed

that association between frequency of exercise and prevalence of

chronic pain was u-shaped among participants in working age,

whereas the association between intensity of exercise and chronic

pain was linear. The associations were stronger among those

above working age (65 years or more) and linear in shape. To

account for the unique contribution of all three dimensions

(frequency, duration and intensity) of exercise, and the divergence

from linearity in the association with chronic pain, we constructed

a variable as follows: Those who reported no activity, light

intensity activity and activity for less than 30 minutes were defined

as reference group. Those reporting moderate to vigorous physical

activity of 30 minutes or more were divided into two groups; those

who reported 1–3 times per week, and those who reported nearly

every day.

The HUNT 3 questionnaire included one question regarding

pain intensity: ‘‘How much bodily pain have you had during the

past four weeks?’’ This is a six point verbal rating scale including

the response options: None, very mild, mild, moderate, severe or

very severe. It has been extensively used, among others in the

various versions of the SF-36 health survey [27] and is validated as

a single item measure as part of the SF-8 health surveys [28].

In the one year follow up study, each of the five mailings

included the one week version of the SF-8 bodily pain scale [28].

The scale was transformed according to the scoring procedures by

assigning a new value to each response category based on the US

SF-36 norm data [28]. This ensured a mean score close to 50 and

a standard deviation close 10 in the US normative data.

Recreational exercise was defined in the follow up question-

naires by giving the following examples: going for a walk, skiing,

swimming, exercise or sports. The Borg ratings of perceived

exertion (RPE) scale [29] was used as an index of exercise intensity

with the following instruction: ‘‘On a scale from 6 to 20, how hard

is the activity that you usually do when you exercise? (Take an

average from the last week). The Borg RPE scale has been shown

to be a valid measure of exercise intensity in various populations

[30]. In a recent investigation using the same instruction in

another subsample form the HUNT 3 study, the scale corre-

sponded well with Peak oxygen uptake (VO2peak) measured during

an exercise test [31]. Responders were also asked how often they

had engaged in recreational exercise during the last week, and the

average duration each time. For the purpose of the current study,

participants reporting no exercise or exercise of less than 15

minutes were assigned the value 5 and included in the Borg scale.

This gave a variable ranging from 5 (no exercise) to 20 (very, very

hard).

Information on the highest attained level of education was

obtained from the National Education database (NUDB). Educa-

tional attainment was classified into three levels; primary,

secondary and tertiary.

Statistical Analyses
To investigate longitudinal associations between exercise and

pain, multilevel mixed effects linear regression analyses were

performed using the xtmixed function in Stata version 11.0 for

Windows (Stata Corporation, College Station, Texas). In longitu-

dinal studies, mixed models accounts for the dependency of

Exercise and Pain: Longitudinal Associations
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observations within subjects by inducing subject specific (random)

effects into the model. Missing data are handled by using all

available data for each person.

First, we prospectively studied the association of exercise

measured at baseline in the HUNT 3 study with the reporting

of pain in the following five subsequent measurements. That is, we

estimated the difference in pain during the 12 month follow up

period by different levels of exercise at baseline. The estimates

from these analyses were based on the mixed effects, i.e. no

attempts were made at disentangling the variation within subjects

from the variation between subjects. The analyses were adjusted

for sex, age, education, smoking and baseline level of pain.

Second, we used the repeated measurements in the 12 month

follow up to investigate within subjects associations. To disentangle

the within subjects associations from the between subjects

associations, two exercise variables were computed for each

person: a mean score across all five measurement occasions and a

deviation from the mean at each measurement occasion. The

deviation scores were used to calculate the within subjects

associations. These are longitudinal in that they estimate the

variation in pain as a function of variation in exercise over time,

within individuals. Most cross sectional and prospective analyses

address research questions on a group level, such as: ‘‘Compared

with individuals who report lower level of exercise, do individuals

who report higher level of exercise report less pain?’’ Whereas

within subjects analyses address questions on and individual level,

such as: ‘‘Compared with time points when they report lower level

of exercise, do individuals report less pain at time points when they

report higher level of exercise?’’ In this way, subjects function as

their own controls and the analyses have the advantage of not

being subject to confounding by factors that remain constant over

time, such as sex, socioeconomic status, genetic makeup and

presence of chronic disease. In the primary model we studied

whether change in exercise was associated with a simultaneous

change in pain. We then investigated whether level of exercise at

one occasion was associated with pain reporting three months

later.

Likelihood ratio tests were used to evaluate the interactions

between exercise and age and exercise and sex. Analyses were also

carried out separately for each sex.

Results

Characteristics of the Participants
Of the 6419 subjects invited to participate in the HUNT pain

study, 75% (n = 4782) responded to the baseline questionnaire

(table 1). Among these, 56% were women, 28% were aged 20–44

year, 47% were 45 to 64 years and 24% were 65 years or older.

One third of the participants had tertiary education, 50% had

secondary education, and 17% had only primary education.

Compared to the HUNT 3 population, the sex distribution was

similar, whereas the proportion of middle aged and individuals

with higher education were higher in the HUNT pain study. Less

than 15% of the participants were lost to 12 months follow up, and

attrition was neither associated with sex nor education. The

proportion of subjects in the youngest age group declined

somewhat throughout the follow up period. The mean pain score

in the SF-8 scale (49.4; sd = 9.6) and mean exercise score on the

Borg scale (11.4; sd = 3.9) were similar throughout the five

occasions, indicating no attrition due to the primary study

variables. Intraclass correlation coefficients (ICC) for exercise

was 0.55 (95% CI 0.54, 0.57) and for pain it was 0.66 (95%

CI = 0.65, 0.67). Thus, 45% of the variance in exercise and 34% of

the variance in pain was accounted for by within-subject variation,

respectively. This implies that the measures were quite stable, and

reduces the power to detect significant within subject associations.

Prospective Associations between Regular Exercise and
Subsequent Pain

In the HUNT 3 study, subjects reported their level of exercise

on an average week during the past year. Compared to those not

reporting regular exercise in HUNT 3, those reporting at least

moderate exercise 1–3 times a week reported 1.12 points less pain

on the SF-8 scale (95% CI: 0.60, 1.63) during the 12 months of

follow up in analyses adjusted for sex, age, education and smoking

(table 2). The difference remained significant although attenuated

when additionally adjusted for baseline level of pain. A similar but

weaker association was seen between reports of moderate or hard

exercises almost every day and subsequent level of pain.

Significant interactions were seen between exercise and sex (p-

value interaction,0.001). Stratified analyses revealed a stronger

association between exercise of 1–3 times a week of at least

Table 1. Characteristics of the study sample at each follow up (T1–T5) and compared to the entire HUNT 3 population.

Study sample Hunt 3

T1 n=4782 T2 n=4219 T3 n=3926 T4 n=3791 T5 n=4140 n=50827

% % % % % %

Sex

female 56.0 56.1 56.3 56.4 56.1 54.6

male 44.0 43.9 43.7 43.6 43.9 45.4

Age

20–44 yrs 28.4 26.2 25.1 24.5 26.0 29.6

45–64 yrs 47.4 48.4 48.9 49.1 49.1 43.6

65 yrs or more 24.3 25.4 26.0 26.5 24.9 26.8

Education

Primary 17.2 16.9 16.7 16.8 16.7 21.2

Secondary 49.7 49.5 49.7 49.6 49.7 52.7

Tertiary 33.2 33.6 33.7 33.7 33.6 26.1

doi:10.1371/journal.pone.0065279.t001
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moderate exercise and subsequent pain among men than women

in the adjusted models (table 2). After adjustment for baseline pain

the association was no longer significant for women. Significant

interactions were also seen between exercise and age, revealing a

stronger relationship when age increased (p-value interaction

,0.001).

Within Subjects Associations between Exercise and Pain
Within subjects associations were considered in two different

temporal models (table 3). In the first model we investigated

whether exercise intensity were associated with concurrently

reported pain intensity (during the past week). A robust association

was seen, indicating that a one point change in exercise was

associated with a concurrent 0.25 point improvement in pain (95%

CI: 0.21, 0.28). Thus, a 7 point increase on the scale, which would

indicate a change from no to moderate exercise, would account for

a simultaneous 1.75 points improvement in pain on the SF-8 scale.

A significant interaction was seen between exercise and sex

(p,0.001). However, separate analyses revealed quite similar

findings for men and women (table 3). Interaction between

exercise and age (p,0.001) suggested a stronger association with

increasing age.

In the second model, exercise at one occasion was not related to

pain reported at a subsequent occasion (table 3).

Discussion

In this longitudinal population-based study, regular exercise

reported at baseline was associated with less pain in repeated

measures over a subsequent 12 month period. However, the

associations were substantially attenuated when adjusting for

baseline level of pain and remained significant only for men. The

within subjects analyses revealed a significant concurrent associ-

ation between exercise and pain. However, no association was

seen between exercise at one occasion and pain measured three

months later.

Most previous population-based studies have failed to show an

association between physical activity and pain [18–21]. It has been

suggested that significant associations may be hidden when

measures of physical activity are dichotomized [22] and when

severity of pain is not accounted for [23]. In a recent cross

sectional study we found that exercise was associated with a lower

prevalence of chronic pain of at least moderate intensity, especially

among older subjects [24]. In a previous HUNT study lower level

Table 2. Prospective associations between exercise* reported in the HUNT 3 study and subsequent reporting of pain{ measured
every third month during a 12 month follow up period of the HUNT pain study.

Total sample Women Men

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Unadjusted

None exercise 0 Ref 0 Ref 0 Ref

1–3 times/week 2.15 1.63, 2.67 1.95 1.25, 2.66 2.26 1.51, 3.00

$4 times/week 1.53 0.69, 2.37 1.83 0.70, 2.96 1.13 20.10, 2.36

Adjustment`

None exercise 0 Ref 0 Ref 0 Ref

1–3 times/week 1.12 0.60, 1.63 0.78 0.66, 1.50 1.47 0.72, 2.21

$4 times/week 0.78 0.03, 1.60 0.83 20.28, 1.94 0.63 20.58, 1.85

Adjustment1

None exercise 0 Ref 0 Ref 0 Ref

1–3 times/week 0.42 0.23, 0.82 0.10 20.42, 0.64 0.81 0.21, 1.40

$4 times/week 0.32 20.32, 0.96 0.27 20.58, 1.11 0.34 20.64, 1.32

*Average number of times per week during the last year of at least 30 minutes and either lose breath and brake into sweat or near exhaustion.
{SF-8 Bodily pain scale.
`Adjusted for age, education, smoking and sex as appropriate.
1Further adjustment for baseline pain.
doi:10.1371/journal.pone.0065279.t002

Table 3. Within subjects associations between exercise* and pain{ at the same time points (concurrent) and after three months
(subsequent).

Total sample Women Men

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Concurrent 0.25 0.21, 0.28 0.29 0.25, 0.34 0.19 0.14, 0.24

Subsequent 0.00 20.05, 0.0) 0.01 20.05, 0.07 20.02 20.08, 0.03

*Borg scale of Perceived exertion; how hard is the activity that you usually do when you exercise? (Take an average from the last week) 5 = no exercise; 20 = very, very
hard.
{SF-8 Bodily pain scale.
doi:10.1371/journal.pone.0065279.t003
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of physical activity at baseline was associated with higher

prevalence of widespread chronic pain 11 years later [32].

However, this study failed to account for baseline pain. It is

difficult to infer any temporal relationship between activity and

pain from these studies since pain might have caused reduced

physical activity. One previous longitudinal study showed that

physical activity was associated with less pain on the SF-36 scale

measured repeatedly during three years of follow up among

midlife women not reporting moderate or severe pain at baseline

[33].

In the within subject analyses we found evidence for a

relationship between exercise and pain that is close in time. That

is, subjects reported less pain at times when they reported more

exercise, whereas exercise was not related to a subsequent change

in pain within individuals. This close relation in time may indicate

an important reciprocity of the relationship between exercise and

pain. That is, a lower level of exercise may be both a risk for and a

consequence of pain. This is of particular importance when

interpreting cross sectional studies of the association. However, it

also shows the importance of considering baseline level of pain in

prospective studies. When adjusting for baseline pain in our

cohort, exercise was only related to subsequent level of pain

among men. This sex difference was not as evident in the

unadjusted model and may indicate that a bidirectional relation-

ship between exercise and pain is stronger among women.

The current findings show that changes in pain might be related

to exercise, in particular among men, and that the relationship is

independent of time invariant factors that differ between subjects

such as other lifestyle factors, sex, socioeconomic status, genetic

makeup, presence of chronic disease, occupation etc.

It is difficult to draw firm conclusions about the importance of

these findings. Even though we found statistically significant

associations, the effect sizes were small and far from what can be

regarded as clinically significant [34]. However, considering the

high prevalence of chronic pain [5], even low effect sizes could

have public health significance. That is, if we could increase the

level of physical activity in the population, chronic pain could

potentially be prevented in a noticeable number of subjects. Future

studies should use long term follow up with the aim at identifying

the proportion of cases with significant chronic pain that might be

prevented by regular exercise. Moreover, the relationship is likely

to be stronger in certain clinical populations than in the population

at large [15,16]. Identifying subgroups that may benefit more from

exercise interventions on a population level may therefore be an

objective for future investigations.

Some considerations regarding the statistical analyses need to be

mentioned. When modelling within subjects associations, the

factors of interest must vary within individuals. In the current

study both pain and exercise were relatively stable. This may have

reduced our power to study longitudinal associations as only those

individuals with time related variations contributed to the within

subject estimates. Still, the number of participants was substantial

and the model was able to detect significant relations. Although

these analyses removed the confounding of time invariant factors,

factors that may vary within individuals, such as injuries, mood,

sleep and anxiety could have confounded the associations.

However, these factors may be part of causal chains between

physical activity and pain, and including them as time-varying

covariates in the analysis would require quite complex theoretical

models of the relationships [35]. We assumed a liner relationship

after having plotted the SF-8 pain scores against the exercise scores

in a cross sectional dataset. A linear association between intensity

of exercise and prevalence of chronic pain was also reported in a

previous cross sectional study [24]. In that study, the frequency of

exercise was not linearly associated with the prevalence of chronic

pain, however, and this was also evident in our prospective

analyses which indicated a weaker association with pain as the

frequency of exercise exceeded 3 times a week. In the prospective

analyses we adjusted for baseline pain. In some cases, when there

is considerably measurement error, adjustment for baseline scores

of the outcome variable might cause inflation of the association

[36]. Such adjustments should therefore be done with caution.

Our adjustments, on the other hand, led to an attenuation of the

associations, which was in accordance to what would be expected.

In the time lag model, we did not find evidence for an

association between exercise during one week and subsequent

changes in pain. One possible explanation for this might be that

the three month intervals between measurements were too long.

That is, exercise during one week might have been related to pain

during the next week, although it was not related to pain during

one week three months later. However, the lack of evidence for an

association in the time lag model corresponds with the attenuation

of the estimates in the prospective analyses after adjustments for

baseline pain, indicating that only a limited change in pain was

seen over the one year course as a function of regular exercise

reported at baseline.

We had to rely on self report measures. In terms of pain there is

no alternative as pain per definition is a subjective experience.

Even though the verbal rating scale we used to assess pain is well

validated [28], it is unlikely to possess ratio qualities, i.e. equal

intervals between the categories. Nevertheless, it has been

increasingly recognised that parametric statistics, such as regres-

sion analyses, are valid for ordinal pain scales, at least those

containing 5 categories or more [37]. Objective measures of

physical fitness are likely to give more valid results than self reports

of physical activity [38,39]. However, the repetition of measure-

ments at five occasions during one year in a large population-

based sample would require extensive financial resources and even

though the activity may change, measures if fitness would not

change in the same degree. We therefore used the Borg Scale of

perceived exertion which gives detailed information on exercise

intensity. The scale is well validated and, self-reports of usual

exercise intensity is independently associated with VO2peak in the

general population [31].

Conclusion
This longitudinal population-based study gives robust evidence

for an association between exercise and pain. However, the

association was close in time and weak, and its importance remains

open to debate.
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The purpose of the current study was to determine if exercise-induced muscle pain is modulated

by central neural mechanisms (i.e. higher brain systems). Ratings of muscle pain perception

(MPP) and perceived exertion (RPE), muscle sympathetic nerve activity (MSNA), arterial

pressure, and heart rate were measured during fatiguing isometric handgrip (IHG) at 30%

maximum voluntary contraction and postexercise muscle ischaemia (PEMI). The exercise trial

was performed twice, before and after administration of naloxone (16 mg intravenous; n = 9)

and codeine (60 mg oral; n = 7). All measured variables increased with exercise duration.

During the control trial in all subjects (n = 16), MPP significantly increased during PEMI

above ratings reported during IHG (6.6 ± 0.8 to 9.5 ± 1.0; P < 0.01). However, MSNA did

not significantly change compared with IHG (7 ± 1 to 7 ± 1 bursts (15 s)−1), whereas mean

arterial blood pressure was slightly reduced (104 ± 4 to 100 ± 3 mmHg; P < 0.05) and heart

rate returned to baseline values during PEMI (83 ± 3 to 67 ± 2 beats min−1; P < 0.01). These

responses were not significantly altered by the administration of naloxone or codeine. There was

no significant relation between arterial blood pressure and MSNA with MPP during either IHG or

PEMI. A second study (n = 8) compared MPP during ischaemic IHG to MPP during PEMI. MPP

was greater during PEMI as compared with ischaemic IHG. These findings suggest that central

command modulates the perception of muscle pain during exercise. Furthermore, endogenous

opioids, arterial blood pressure and MSNA do not appear to modulate acute exercise-induced

muscle pain.
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Pain is an emotional and subjective experience that
involves both peripheral and central mechanisms.
Modulation of pain is a complex system in which
processing can occur in both ascending and descending
pathways. Nociceptors of the periphery sense pain and
relay this perception of pain to the central nervous system
via group III and IV afferent fibres (Besson, 1999; Millan,
2002). Nociceptive afferents synapse primarily in the
dorsal horn of the spinal cord where the nociceptive
signals are processed and transmitted to supraspinal
brain areas (Millan, 2002). Several supraspinal sites
have been implicated in nociceptive processing, but the
most recognized are the hypothalamus, periaqueductal
grey (PAG), rostral ventrolateral medulla (RVM) and
dorsolateral pontomesencephalic tegmentum (DLPT).

Although central processing of pain has been extensively
studied, one area that has received little attention is
central modulation of exercise-induced pain in humans.
Several studies indicate an analgesic effect during exercise,

but the mechanisms underlying this phenomenon are
poorly understood (Cook et al. 1997). In a previous study,
Cook et al. (2000) examined the role of the endogenous
opioid system on forearm muscle pain by recording
muscle pain perception during dynamic handgrip after
administration of either codeine (an opioid agonist),
naltrexone (an opioid antagonist) or placebo. Ratings
of muscle pain perception were not different among
trials, indicating the endogenous opioid system does not
alter muscle pain perception during exercise (Cook et al.
2000). However, the experimental design of this study
by Cook et al. (2000) could not definitively assess if
pain perception during exercise was centrally modulated
by higher brain systems (i.e. central command) because
endogenous opioid receptors are found on peripheral
(group III and IV afferents) and central (PAG, RVM and
DLPT) sites involved in pain processing (Millan, 2002).
Furthermore, it has been demonstrated that central motor
command can inhibit group III muscle afferent input to
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the dorsal horn (Degtyarenko & Kaufman, 2003). Thus, it
is possible that central command may have interacted with
afferent feedback from the muscle and the opioid system
to modulate pain perception.

Therefore, the primary purpose of this study was
to examine the effect of central command on muscle
pain perception during exercise. Muscle pain perception
was compared during isometric handgrip (IHG) and
postexercise muscle ischaemia (PEMI) because IHG
engages central command whereas PEMI does not. Central
command affects both cardiovascular and ventilatory
control during exercise (Williamson et al. 2006); thus we
hypothesized that central command may also influence the
perception of exercise-induced muscle pain. Specifically,
it was hypothesized that perception of exercise-induced
muscle pain would be augmented during PEMI when
central command is minimal. A secondary purpose was
to test the hypothesis that endogenous opioids alter
central modulation of muscle pain. Our results suggest
that central command attenuates muscle pain perception
during exercise and that endogenous opioids, arterial
blood pressure and MSNA do not appear to influence this
central modulation of pain.

Methods

Subjects

Twenty-four healthy men and women (18 men and
6 women; age 25 ± 1 years, height 176 ± 2 cm, weight
77 ± 4 kg) volunteered to participate in the study.
Subjects abstained from nicotine, alcohol and caffeine for a
minimum of 8 h prior to the experiment. The Institutional
Review Board at The Pennsylvania State University College
of Medicine approved the study and the written informed
consent form. All participants signed the informed consent
form after verbal explanation of the testing procedures.

Experimental design

Study 1. Subjects performed two bouts of exercise. The
first exercise bout was designated as the control trial
because no drug intervention was performed. The second
exercise bout was performed after administration of either
naloxone (n = 9) or codeine (n = 7). Naloxone was infused
intravenously (16 mg) over 2 min into the non-exercising
arm 20 min after the control exercise bout. Another 2 min
elapsed between final infusion and the start of the second
exercise bout to allow systemic distribution of the drug.
During the codeine trial, subjects received a 60 mg capsule
of codeine immediately following the control exercise
bout. After 1 h, the exercise protocol was repeated. The
timing of codeine administration was based on previous
reports that peak plasma concentrations occur ∼1 h after
a single oral does of 60 mg (Quiding et al. 1986). Subjects

were randomly assigned to naloxone and codeine groups,
and both the investigator and the subjects were blinded
with regard to the drug intervention until analysis of data
was completed.

During each exercise bout, subjects performed IHG
(30% maximum voluntary contraction) to fatigue,
followed by 2 min of PEMI before (control) and after
administration of either naloxone or codeine. Maximal
voluntary contraction was established using the peak force
generated from three maximal handgrip efforts. PEMI was
induced 5 s prior to the cessation of exercise by inflating
a blood pressure cuff on the arm to suprasystolic levels
(240 mmHg). Each exercise trial began and ended with a
3 min baseline and recovery period. Forearm muscle pain
and exertion ratings were obtained every 15 s of IHG and
PEMI.

Study 2. To determine if cuff inflation during PEMI
influenced pain perception, a second study (n = 8) was
performed in which subjects performed IHG during
muscle ischaemia induced by the same cuff compression
used during PEMI. This ischaemic IHG was followed by
2 min of PEMI. IHG was performed until subjects reached
fatigue or until a pain perception score of seven or greater
was reported. This number was selected to match the level
of pain reached by subjects in the first study. Forearm
muscle pain and exertion ratings were obtained every 15 s
of ischaemic IHG and PEMI.

Pain and exertion assessment

Forearm muscle pain perception was assessed using a
category scale with ratio properties. The pain intensity
scale ranged from 0 (no pain at all) to 10 (extremely
intense pain, almost unbearable). If the subjective intensity
increased above 10, the subject chose any number larger in
proportion to 10 that described the proportional growth
of the sensation. Prior work has provided evidence for the
validity and reliability of this scale for quantifying naturally
occurring muscle pain during exercise (Cook et al. 1997).
Ratings of perceived exertion were assessed during and
after exercise by using Borg’s 6–20 category scale (Borg,
1978).

Measurements

Multifibre recordings of MSNA were made by inserting
a tungsten microelectrode into the peroneal nerve at the
head of the fibula of a resting leg. A reference electrode
was inserted subcutaneously 2–3 cm from the recording
electrode. Both electrodes were connected to a differential
preamplifier, and then to an amplifier (total gain between
40 000 and 80 000) where the nerve signal was band-pass
filtered (700–2000 Hz), and integrated (time constant,
0.1s) to obtain a mean voltage display of the nerve
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Table 1. Preexercise baseline values during the control, naloxone, and codeine trials

Variable Control (n = 16) Naloxone (n = 9) Codeine (n = 7)

MSNA (bursts (15 s)−1) 4 ± 1 3 ± 1 4 ± 1
MSNA, total 191 ± 26 189 ± 25 193 ± 52
HR (beats min−1) 65 ± 2 65 ± 3 61 ± 3
SAP (mmHg) 120 ± 2 122 ± 4 120 ± 2
DAP (mmHg) 63 ± 2 63 ± 3 65 ± 2
MAP (mmHg) 79 ± 2 80 ± 3 80 ± 2
MPP (a.u.) 0 ± 0 0 ± 0 0 ± 0
RPE (a.u.) 6 ± 0 6 ± 0 6 ± 0

Values are mean ± S.E.M.; MSNA, muscle sympathetic nerve activity; HR, heart rate; SAP,
systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure;
MPP, muscle pain perception; RPE, rating of perceived exertion; a.u., arbitrary units.
Baseline values for all three trials were not different from each other; P > 0.05. Subjects
were randomly assigned to the naloxone and codeine groups.

activity. Satisfactory recordings of MSNA were defined
by spontaneous, pulse synchronous bursts that increased
during end-expiratory apnoea, and did not change during
stroking of the skin or auditory stimulation (yell).

Arterial blood pressure and heart rate (HR) were
recorded using a Finapres (Ohmeda, Louisville, CO,
USA) positioned on the middle digit of the subject’s
non-exercising hand. A pneumograph bellows was
wrapped around the subject’s chest to monitor respiratory
rate and to ensure subjects avoided a Valsalva manoeuver
during IHG. Force output from handgrip and all other
recorded variables were routed and recorded to an on-line
computer (MacLab 8E, ADInstruments, Milford, MA,
USA).

Data analysis

As control trials were not different in the naloxone
and codeine groups, these results were combined for
data presentation. The naloxone and codeine trials were
analysed using a two-within-factor (intervention (placebo
versus drug) × exercise bout) repeated analysis of variance.
Pearson correlations were used to examine the relations
between systolic arterial pressure, MSNA and muscle pain
perception. Muscle pain perception was reported every
15 s, and the highest values reported during IHG and PEMI
were used for data analysis. Significance was accepted at
the P < 0.05 level. All data are presented as mean ± s.e.m.

Results

Study 1: Isometric handgrip

Preexercise baseline values before (control) and after
administration of either naloxone or codeine are presented
in Table 1. Naloxone and codeine did not change baseline
values of MSNA, heart rate and arterial blood pressure.
Subjects reported no muscle pain or perceived exertion
during baseline.

Heart rate and mean arterial blood pressure (MAP)
significantly increased during IHG for all trials (Fig. 1).
During PEMI, MAP remained elevated from baseline, but
MAP decreased slightly compared with IHG. Heart rate
returned to baseline levels during PEMI. MSNA increased
during IHG and PEMI for all trials, but increases in MSNA
during IHG and PEMI were not different (Fig. 1).

Muscle pain perception significantly increased during
IHG and PEMI with and without any drug intervention
(Fig. 2). During PEMI, muscle pain perception was
significantly greater than IHG values during the control
and codeine trials (P < 0.01) and tended to increase in
the naloxone trial (P < 0.09). Increases in muscle pain
perception were not correlated to changes in arterial
blood pressure during IHG and PEMI for any of the
trials (Fig. 3). Similarly, muscle pain perception was
not correlated to changes in MSNA during IHG (total
activity, R2 = 0.01; burst frequency, R2 = 0.16) or PEMI
(total activity, R2 = 0.0005; burst frequency, R2 = 0.006).
Ratings of perceived exertion increased as a function of
exercise duration and were not different between trials
(peak value 19 ± 0 units).

Study 2: Ischaemic isometric handgrip

Heart rate (60 ± 2 to 78 ± 6 beats min−1) and
MAP (93 ± 2 to 113 ± 4 mmHg) increased during
ischaemic IHG. During PEMI, MAP (111 ± 9 mmHg)
remained elevated from baseline, but heart rate
(64 ± 3 beats min−1) returned to baseline levels. Muscle
pain perception significantly increased during ischaemic
IHG (5.9 ± 0.9 units), but increased even further during
PEMI (8.4 ± 1.1 units, P < 0.05; Fig. 4).

Discussion

This study identifies three novel findings: (1) muscle
pain perception increases during PEMI compared with
IHG; (2) endogenous opioids do not modulate muscle
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pain perception during either forearm exercise or muscle
ischaemia; and (3) muscle pain perception during forearm
exercise or PEMI is not correlated to changes in arterial
blood pressure or MSNA. Since PEMI reduces central
command but not muscle afferent feedback, our results
suggest that central command attenuates muscle pain
perception during exercise and thus serves as a modulator
of acute exercise-induced muscle pain.

During exercise, several reflexes are simultaneously
engaged, including the muscle metaboreflex, muscle
mechanoreflex, arterial baroreflex and central command
(Rowell & O’Leary, 1990). A method commonly used
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Figure 1. Change in heart rate (HR), mean arterial pressure (MAP) and muscle sympathetic nerve activity
(MSNA; total activity) during isometric handgrip (IHG) and postexercise muscle ischaemia (PEMI) before
(Pre) and after (Post) codeine and naloxone
MSNA and MAP significantly increased during all trials, while HR only increased during IHG trials. Administration
of codeine (n = 7) and naloxone (n = 9) did not alter HR, MAP or MSNA responses to IHG or PEMI. ∗P < 0.05
versus IHG.

to specifically examine the effect of muscle metaboreflex
during exercise is PEMI. During PEMI, the exercising
forearm is occluded to prevent removal of the metabolic
by-products of exercise. In addition, PEMI eliminates the
muscle mechanoreflex and greatly reduces the input from
central command. Therefore, any responses suppressed
by central command during exercise should be observed
during PEMI. To test if central command influences
the perception of muscle pain, we induced PEMI after
fatiguing IHG. Our subjects reported an increase in muscle
pain perception during IHG and a further increase during
PEMI. This greater increase in pain perception during
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Figure 2. Muscle pain perception during isometric handgrip (IHG) and postexercise muscle ischaemia
(PEMI) before (Pre) and after (Post) codeine and naloxone
Muscle pain perception increased during IHG for all trials but was greater during PEMI. ∗P < 0.01 versus baseline;
†P < 0.05 versus IHG; §P < 0.09 versus IHG.

PEMI strongly suggests that the pain was masked
centrally during the IHG trial. These results indicate that
central command attenuates the perception of muscle
pain.

Figure 3. Correlations of muscle pain perception and systolic arterial pressure (SAP) during isometric
handgrip and postexercise muscle ischaemia (PEMI) in the control trial for Study 1
There is no correlation between muscle pain perception and SAP during either isometric handgrip or PEMI (n = 16).

In Study 1, PEMI reduced one stimulus (central
command), but added a new stimulus (cuff compression).
Thus, the increase in pain rating could have been mediated
by (1) the reduction of central influences or (2) the
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addition of cuff compression. Therefore, we designed a
second control study that permitted us to determine if the
elevation in muscle pain perception during PEMI was due
to the added cuff compression. In Study 2, fatiguing IHG
was performed during muscle ischaemia and then followed
by PEMI. Using this design, the cuff compression was
present throughout the experiment and any change in pain
perception during PEMI would be due to withdrawal of
central command. The data from Study 2 also demonstrate
an increase in muscle pain perception during PEMI, thus
supporting the results from Study 1. Collectively, both
studies indicate that muscle pain perception is modulated
by central command during exercise.

What central mechanisms could mediate the
attenuation of pain perception during muscle contraction?
Pain can be modulated at peripheral and central sites.
A number of possible areas of the brain modulate pain
perception, including the thalamus, hypothalamus,
nucleus tractus solitarius, RVM, dorsal reticular nucleus,
parabrachial nucleus, periaqueductal grey and amygdala
(Millan, 2002). It is also possible that GABA and glycine
release in the spinal cord may play an important role
in the suppression of muscle afferent activity by central
command (Degtyarenko & Kaufman, 2003). The current
study does not permit us to determine which of these areas
is most prominent in attenuating the pain perception
during exercise, but our results clearly demonstrate
that central modulation is occurring during IHG. This
modulation could help explain the analgesic effects
observed during exercise.

Although pain processing by the central nervous
system is a complex process, the endogenous opioid
system has been recognized as a powerful modulator of
pain perception (Kanjhan, 1995; Stein, 1995; Urban &
Gebhart, 1999). Endogenous opioid receptors are located
on nociceptive afferent fibres and several centres of the
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Figure 4. Muscle pain perception during ischaemic isometric
handgrip (IHG) and postexercise muscle ischaemia (PEMI)
Muscle pain perception increased during ischaemic IHG and increased
further during PEMI (n = 8). ∗P < 0.01 versus baseline; †P < 0.05
versus IHG.

brain stem that are involved with pain processing (Millan,
2002). Activation of opioid receptors have well-established
analgesic actions, including decreasing the sensitivity of
pain perception in humans.

Cook et al. (2000) previously reported that the opioid
agonist codeine and the opioid antagonist naltrexone do
not alter the perception of muscle pain during exercise.
However, this study could not definitively assess whether
muscle pain perception during exercise was altered by
central mechanisms (i.e. higher brain systems). It is
possible that central command may have interacted
with afferent feedback from the exercising muscle to
modulate pain perception. In the current study, muscle
pain perception during PEMI was significantly increased
from the corresponding IHG value during the control
and codeine trials (P < 0.01) and tended to increase
in the naloxone trial (P < 0.09). These results suggest
that administration of codeine and naloxone had little
influence on perception of muscle pain. The current
study answers an important question that could not be
answered in our first study; opioids do not appear to
centrally modulate muscle pain perception. Collectively,
these findings indicate that the endogenous opioid system
does not alter the perception of acute exercise-induced
muscle pain.

Previous studies suggest a relation between pain
perception and arterial blood pressure (Randich &
Maixner, 1984; Ghione et al. 1988; Lovick, 1993; Schobel
et al. 1998). Specifically, several studies report that hyper-
tensive subjects have a higher pain threshold compared
with nomotensive subjects, suggesting that increased levels
of arterial blood pressure are associated with diminished
perception of pain (Ghione et al. 1988; Schobel et al. 1998).
It has been suggested that the decreased pain perception
reported in hypertensive subjects may be modulated by
the arterial baroreflexes and the release of endogenous
opioids (Randich & Maixner, 1984). Thus, it is reasonable
to speculate that the increased arterial blood pressure
during exercise may decrease the perception of pain to
exercise.

Our results reveal that muscle pain perception during
exercise is not correlated with changes in arterial blood
pressure. This finding suggests that increased arterial
blood pressure during exercise is not modulating the
perception of pain. In Study 1, PEMI increased muscle pain
perception and slightly decreased arterial blood pressure
when compared with IHG, but muscle pain perception
was not correlated to changes in arterial blood pressure.
Study 2 demonstrated that PEMI increased muscle pain
perception but did not change arterial pressure when
compared with ischaemic IHG. Collectively, these results
indicate that increases in arterial blood pressure during
exercise are not associated with alterations in muscle pain
perception. This also indicates that muscle pain perception
during exercise is not modulated by arterial baroreflexes.
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These findings support the concept that the suppression
of muscle pain perception during exercise is modulated by
central command.

It has also been suggested that there may be a
potential relation between MSNA and pain perception.
Specifically, Knardahl et al. (1998) demonstrated an
increased pain threshold that paralleled increases in MSNA
after acupuncture, suggesting that pain may be attenuated
by increased MSNA. However, Cook et al. (2000) reported
no correlation between muscle pain perception and MSNA
during IHG. Our results support the findings of Cook et al.
(2000) and extend them by demonstrating no correlation
between muscle pain perception and MSNA during PEMI.
Furthermore, the naloxone and codeine trials also revealed
no correlation between muscle pain perception and MSNA
during IHG or PEMI. Ray & Pawelczyk (1994) had
previously demonstrated that naloxone did not modulate
MSNA during IHG or PEMI, but muscle pain perception
was not recorded. To our knowledge, this is the first
study that has examined the relation between muscle pain
perception and MSNA during both IHG and PEMI. The
results of the current study, coupled with prior work
(Victor et al. 1987; Ray & Pawelczyk, 1994; Cook et al.
2000), support the concept that pain is not correlated to
MSNA during exercise.

The current study has three potential limitations. First,
we cannot guarantee that the ischaemic contractions
of Study 2 did not alter group III and IV muscle
afferents. Kaufman et al. (1984) demonstrated that
some group III and IV muscle afferents are stimulated
more during ischaemic static contraction than during
non-ischaemic contraction in cats. However, our data
from Study 2 (ischaemic IHG) parallel the data from
Study 1 (non-ischaemic IHG); thus we do not believe
this limitation affects our conclusions. Second, our
results indicate that central command modulates
exercise-induced muscle pain, but we do not offer a
mechanism of action. However, we suggest the dismissal
of arterial blood pressure and MSNA as potential
mechanisms because muscle pain perception during IHG
and PEMI was not correlated to changes in arterial
blood pressure or MSNA. Third, our results suggest that
the central modulation is not influenced by endogenous
opioids, but do not exclude other potential modulators
of pain at the spinal level (Jordan et al. 1978, 1979).
Furthermore, it must be noted that there are several
factors that can interfere with afferent traffic, including
presynaptic inhibition or primary afferent depolarization
induced by higher brain centres (Lundberg et al. 1962;
Lundberg & Voorhoeve, 1962).

In summary, this study demonstrates that muscle pain
perception increases during exercise and further increases
with PEMI. The augmentation of muscle pain perception
during PEMI was not related to changes in arterial blood
pressure or MSNA. Furthermore, endogenous opioids do

not appear to modulate muscle pain perception during
isometric forearm exercise. These findings suggest that
central command, not an increase in arterial blood
pressure or MSNA, modulates the perception of muscle
pain during exercise, and reinforces the concept that endo-
genous opioids do not modulate acute exercise-induced
muscle pain.
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Background and objectives: Contradictory results have been found about the effect of dif-

ferent exercise modalities on pain. The aim of this study was to investigate the early effects of 

aerobic and isometric exercise on different types of experimental pain, including visceral pain, 

compared to an active control condition.

Methods: Fifteen healthy subjects (6 women, mean [standard deviation] age 25 [6.5] years) 

completed 3 interventions consisting of 20 minutes of aerobic cycling, 12 minutes of isometric 

knee extension and a deep breathing procedure as active control. At baseline and after each 

intervention, psychophysical tests were performed, including electrical stimulation of the 

esophagus, pressure pain thresholds and the cold pressor test as a measure for conditioned pain 

modulation. Participants completed the Medical Outcome Study Short-Form 36 and State-

Trait Anxiety Inventory prior to the experiments. Data were analyzed using two-way repeated 

measures analysis of variance.

Results: No significant differences were found for the psychophysical tests after the interven-

tions, compared to baseline pain tests and the control condition.

Conclusion: No hypoalgesic effect of aerobic and isometric exercise was found. The evidence 

for exercise-induced hypoalgesia appears to be not as consistent as initially thought, and caution 

is recommended when interpreting the effects of exercise on pain.

Keywords: motor activity, breathing exercises, pain measurement, pain perception

Abbreviations
ANOVA: analysis of variance, BP: blood pressure, CPM: conditioned pain modulation, 

EIH: exercise-induced hypoalgesia, HR: heart rate, MCS: mental component score, 

MOS SF-36: medical outcomes study short-form-36 health survey, PCS: physical 

component score, PPT: pressure pain threshold, STAI: State-Trait Anxiety Inventory, 

VAS: visual analogue scale, VO
2max

: maximal oxygen uptake.

Introduction
The modulatory effect of physical exercise on pain perception has been widely studied. 

Many studies found a favorable effect in healthy volunteers on somatic pain indicated 

with the term EIH, which is manifested as increased pain thresholds and pain tolerance 

levels and decreased evoked pain ratings during and immediately after exercise, persist-

ing for 10–30 minutes post exercise.1 This effect is seen with several types of exercise, 

including aerobic exercise,2–4 isometric exercise5–10 and dynamic resistance exercise.11,12 

EIH has been shown in healthy individuals, as well as in patients with chronic low 

back pain,13,14 shoulder myalgia,15 fibromyalgia16–18 and chronic musculoskeletal pain,19 
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although large variations were demonstrated between chronic 

pain syndromes.20

In a meta-analysis, Naugle et al1 combined different experi-

mental pain threshold effect sizes from several studies, which 

were averaged for each exercise type and pain testing method 

and adjusted for sample size. They calculated effect sizes 

using Cohen’s d as a standardized mean difference between 

the control condition and the exercise condition and reported 

moderate effect size of 0.43 for aerobic exercise (4 studies), a 

large effect size of 1.05 for isometric exercise (9 studies) and 

0.83 for dynamic resistance exercise (2 studies). Furthermore, 

the effect sizes for pain intensity ratings reported by the par-

ticipants varied from 0.64 (7 studies) to 0.72 (7 studies) to 0.75 

(2 studies) for the 3 exercise types, respectively.1

However, not all studies found positive effects. Some 

studies found the hypoalgesic effect only in women, not 

in men,4,5 some found only trivial effects at lower exercise 

intensities and durations8,21,22 and others used pain testing 

methods with more variability in the effect size such as 

thermal stimulation.23

This contradicting evidence from the literature is not 

surprising due to many methodological variations. Studies 

have used different types of exercise and different exercise 

intensities, durations and measures to control the intensity. 

Moreover, varying methods of pain testing were used, includ-

ing pressure, electrical and thermal stimulation, which were 

applied to different body sites and yielded pain thresholds, 

suprathreshold intensity ratings or general pain intensity rat-

ings.1 Another method of pain testing used is CPM, the ability 

to influence the incoming pain signals from the periphery 

via descending pain inhibition from brainstem centers. It 

has been shown that CPM can induce a transient hypoal-

gesic effect, which involves a neural network comprising 

the nucleus tractus solitarius and brainstem nuclei.24–26 The 

most frequently studied stimuli are cold water immersion 

as conditioning stimulus and PPTs as test stimulus, which 

have shown good inter- and intrasession reliability.27 The 

dissimilarities between study methods make comparisons 

between studies and interpretations of the results difficult.

Another limitation in most study designs is the lack of a 

control condition. Only a few studies used quiet rest for this 

purpose,2,3,10 which is not adequate, since it does not control 

for attention differences and cardiovascular changes during 

exercise. In this explorative study, a deep breathing procedure 

was used as active control to take into account the increased 

breathing rate and attention. Moreover, deep breathing con-

trols for the increased HR in exercise conditions by causing 

an HR reduction through parasympathetic activation.

Furthermore, so far known, all studies evaluated the 

effect of exercise on somatic pain, thereby disregarding 

visceral pain as a common cause of chronic pain. Visceral 

pain is difficult to characterize in contrast to somatic pain, 

mainly due to diffuse termination of afferents and poor 

corticotropic organization.28 This makes treatment often 

challenging for physicians and alternative treatments very 

relevant. To obtain detailed information about the visceral 

pain response, experimental pain models can be used to 

induce visceral pain in a controlled manner, while psycho-

physical and neurophysiological measures are carried out. 

In this explorative study, an experimental model of acute 

visceral pain was used, by delivering single pulse electrical 

stimuli in the esophagus. To measure the effect of exercise 

on other pain modalities than those of visceral origin, PPTs 

and CPM were also assessed. The hypothesis was that both 

aerobic and isometric exercise would induce hypoalgesia on 

experimentally induced pain, based on the psychophysical 

measurements. Hence, the aim of this study was to investi-

gate the immediate effect of aerobic and isometric exercise 

compared with deep breathing as active control condition 

on visceral pain sensitivity, PPTs and induction of descend-

ing inhibition.

Methods
Participants
Fifteen participants (9 men and 6 women, mean [SD] age 

25 [6.5] years) were recruited in Region North Jutland in 

Denmark. These healthy volunteers had no history of car-

diovascular, gastrointestinal or neurological disorders that 

could interfere with the exercise interventions and pain 

measurements. The study protocol was approved by the 

Regional Ethics Committee of Northern Jutland, Denmark 

(N-200900), and all participants signed informed consent. 

Participants were instructed to refrain from any pain-modify-

ing medication, alcohol and physical exercise 24 hours prior 

to the experimental procedure. Additionally, to minimize the 

unpleasantness of the esophageal tube, food, drinks, nicotine 

and caffeine were restrained 2 hours prior to insertion.

Study design
The crossover study with a randomized order of inter-

ventions was carried out at Mech-Sense, Department of 

 Gastroenterology at Aalborg University Hospital. An over-

view of study procedures can be seen in Figure 1. Baseline 

pain measurements were conducted, including esophageal 

electrical stimulation, pressure algometry and cold pressor 

test. Within 5 minutes thereafter, 3 interventions: aerobic 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

39

Exercise and visceral pain

bicycling exercise, isometric knee extensions and a control 

condition were randomly performed to avoid bias of period 

effects and order effects. The randomization list was gener-

ated from http://www.randomisation.com. Directly after 

every intervention, the pain measurements were repeated, 

followed by a resting period of 30 minutes.

Questionnaires
The participants filled out the Danish MOS SF-36, a general 

health survey of 36 questions. It produces a profile of 8 scales, 

addressing several health aspects, and 2 composite summary 

scores of physical health (PCS) and mental health (MCS).29 

Furthermore, they filled out the Y1 and Y2 form of the Dan-

ish translation of STAI, which evaluates general emotional, 

cognitive and behavioral aspects of anxiety. The Y1 form 

was about anxiety “at this moment” and the Y2 form about 

anxiety “in general.”30

Visual analogue scale
A modified VAS comprising ratings of non-painful (1–5) 

and painful sensations (5–10) was used to rate the sensa-

tion of electrical stimulation in the esophagus. This scale 

was used as strong pain stimuli to the esophagus carry the 

risk of excessive vomiting, which makes it difficult to use 

a pure pain VAS. It has previously been used for more than 

50 studies of the gastrointestinal tract, where it has shown 

to be robust and reliable.31,32

The following anchor words were used to further assist 

in rating on the scale. 1, vague perception of mild sensation; 

2, definite perception of mild sensation; 3, vague perception 

of moderate sensation; 4, definite perception of moderate 

sensation; 5, pain detection threshold; 6, slight pain; 7, 

moderate pain; 8, medium pain intensity; 9, intense pain and 

10, unbearable pain.

For the cold pressor test, a pure pain VAS was used, 

where “0” indicated no pain, “5” moderate pain and “10” 

the worst pain imaginable. For the pressure algometry, VAS 

scores were used to clarify at which VAS level participants 

indicated their PPT.

Psychophysical tests
Visceral pain sensitivity
For electrical stimulation of the esophagus, a 2.6 mm diam-

eter probe was used with 2 bipolar platinum ring electrodes 

attached to it, at 8.0 and 9.0 cm from the distal end (Gaeltec 

transducer; Gaeltec Ltd., Isle of Skye, Scotland, UK). The 

probe was inserted through the mouth until the interelec-

trode space was positioned at 34 cm from the frontal teeth 

and taped to the skin. Before stimulation, the impedance 

was checked and kept <3 kΩ by giving some water or by 

changing the participants’ position. During stimulations, a 

3-lead electrocardiogram was recorded to monitor the heart. 

Single pulse electrical stimulation of 2 ms was provided by a 

computer-controlled current stimulator, which started at an 

intensity of 0 mA and was increased with steps of 0.5 mA, 

with a predefined maximum of 60 mA. The participants 

scored the sensation with the modified VAS, indicating 

when they reached 1, 3, 5 and 7 on the VAS. At a VAS score 

Figure 1 Timeline study procedures.
Notes: Interventions consisted of aerobic cycling, isometric knee extension and deep breathing as active control condition, followed by the pain measures and 30 minutes 
of rest. The numbers indicate the time in minutes. (a)This block was repeated twice.
Abbreviations: CPM, conditioned pain modulation; HR, heart rate; Borg, Borg’s Rate of Perceived Exertion scale.
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corresponding to 7, corresponding to moderate pain, electri-

cal stimulation was stopped.

Pressure algometry
PPTs were measured using a hand held algometer with a 

standard probe tip of 1 cm2 (SBMEDIC Electronics, Solna, 

Sweden). The algometer was pressed on 5 locations at the 

dominant site, namely on the medial part of the trapezius 

muscle, the dorsal T10 dermatome, the thenar muscle, the 

rectus femoris muscle and the abductor halluces muscle 

as shown in Figure 2. Starting at 0 kPa, the pressure was 

gradually increased with 30 kPa/s. The participants were 

asked to indicate the moment the sensation changed from 

pressure to pain, whereupon pressure testing was stopped 

immediately and the maximal reached pressure was noted 

as PPT. The mean PPT of the 5 locations was calculated for 

every participant in every intervention. All measurements 

were performed by the same investigator.

Cold pressor test
CPM was examined with the cold pressor test, studying the 

ability of descending inhibitory modulation. The participant 

immersed their nondominant hand up to the wrist with the 

fingers spread in a water bath containing cold circulating 

water with a temperature of 2°C (±0.1°C). They kept the hand 

in the water for 2 minutes, or less if the pain was unbearable 

and reached the maximum VAS score of 10 on the pure pain 

VAS. Before and immediately after the test, the PPT on the 

quadriceps muscle at the nondominant site was examined. 

Furthermore, the participant rated the pain every 30 seconds 

during the test and immediately after, with the VAS.33 The 

relative change between the PPT before and the PPT after 

the cold water test was calculated in percentages, as well as 

the mean VAS scores during the immersion.

Interventions
Aerobic bicycling exercise
After warming up for 10 minutes at a self-selected cycling 

intensity, the participants bicycled 20 minutes at 75%–88% 

of their HR
max

, which corresponds to 60%–80% of their 

VO
2max

. The individual HR that matches this intensity was 

calculated with the Karvonen formula, which is related to 

the age-predicted HR
max

 but allows for differences in resting 

HR: Target HR=[(220-age-resting HR)×%Intensity]+resting 

HR.34 The participants had visual feedback of the HR on the 

oximeter (Nellcor™ OxiMax N-65; Tyco Healthcare Group 

LP, Pleasanton, CA, USA) and were encouraged to keep their 

HR in the 75%–88% range by cycling faster or adjusting the 

resistance of the bicycle.

Isometric knee extension
The participants performed isometric knee extension of the 

quadriceps muscle. They sat straight with 90° flexion in the 

hip joint and in 0° extension in the knee joint. A weight strap 

of 0.75 kg was attached around the ankle at the dominant side, 

to obtain the same strenuous intensity in all participants. They 

were instructed to extend the knee, without lifting the upper leg 

from the bed, for a maximum of 12 minutes or to exhaustion.

Control condition
Deep breathing was used as active control condition. The 

participants executed a deep breathing procedure for 30 min-

utes, consisting of 10 rounds. For 1 minute in every round, 

the participants inhaled quickly applying diaphragmatic 

Anterior Posterior

Location 1

Location 2

Location 3

Location 4

Location 5

Figure 2 Locations pressure algometry.
Note: Pressure algometry locations, including the trapezius muscle (location 1), 
T10 dermatome (location 2), thenar muscle (location 3), rectus femoris muscle 
(location 4) and adductor halluces muscle (location 5).
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(abdominal) breathing and hold their breath for a total of 

4 seconds. Then, they exhaled to their forced expiratory vital 

capacity for 6 seconds, through pursed lips. This produces 

breathing at a frequency of 0.1 Hz, corresponding to 6 breaths 

per minute. After this minute, there was a period with normal 

breathing until the HR and breathing had normalized and the 

participant was ready for the next round.35

Exercise measurements
HR
To measure the cardiovascular reaction on exercise, HR was 

measured before and every 5 minutes during the isometric 

knee extension. In the aerobic cycling exercise, HR was 

measured every 5 minutes. In the deep breathing intervention, 

HR measurements were used to monitor the parasympathetic 

nervous system activation, indicated by a decrease in HR. To 

demonstrate a vagal activation, the starting and lowest HR in 

every round of deep breathing were noted.

Borg
The Borg’s Rate of Perceived Exertion scale ranges from 6 to 

20 to follow the general HR of a healthy adult by multiplying 

with 10. In this scale, “6” means no exertion at all and “20” 

means maximal exertion. The participants were told to focus 

on the overall feeling of exertion and not just to 1 factor, 

such as muscle pain. The score was asked every 5 minutes 

during aerobic cycling exercise and every 2.5 minutes dur-

ing isometric knee extension. The Borg scale was not used 

in the control condition, as exertion was not applicable to 

this intervention.

Statistics
The absolute outcomes and baseline-corrected outcomes 

(baseline values subtracted from the pain measurements) 

were compared between the interventions and control 

condition using two-way RM-ANOVA. For the visceral 

stimulation, the factors intervention (3 levels) and VAS 

score (4 levels) were analyzed, for the pressure algometry, 

the factors intervention (3 levels) and location (5 levels). 

If an overall difference was found, post hoc analyses (Stu-

dent’s t-test compared with Bonferroni corrected p-values) 

were used to describe the differences within the pain 

measurements. One-way ANOVA was used to compare 

the differences between interventions (3 levels) regarding 

the change in pain thresholds before and after the cold 

pressor test. p-values <0.05 were considered significant. 

In this explorative study, effect sizes were calculated using 

Cohen’s d, which is a standardized mean difference. The 

effect sizes were calculated with the use of the baseline-

corrected data, as the mean for the deep breathing condition 

minus the mean for the 2 exercise interventions, divided 

by the pooled standard deviation. It was calculated for the 

visceral pain sensitivity at moderate pain (VAS 7), the 

mean PPT from pressure algometry and the mean relative 

increase in PPT after CPM.

Results
Baseline characteristics and 
questionnaires
The baseline characteristics of the study participants are 

presented in Table 1.

Psychophysical tests
The data are presented as mean (SD) in the text and in Table 2.

Visceral pain sensitivity
There was no significant difference between the baseline-

corrected mean (SD) of the control condition and the exercise 

interventions for the esophageal stimulation (F(2, 78)=2.0; 

p=0.15), as shown in Figure 3. The effect size at moderate 

visceral pain for aerobic cycling was d=-0.39 and for the iso-

metric exercise d=-0.18. These results indicate that exercise 

induced no visceral hypoalgesia.

Pressure algometry
When comparing the baseline-corrected means of the PPTs 

on the 5 locations as shown in Figure 4, no significant dif-

ference was found between the control condition and the 

exercise interventions (F(2, 112)=0.37; p=0.7). The effect 

size for aerobic cycling was d=-0.09 and for isometric 

exercise d=-0.06. These data suggest that no hypoalgesia 

was induced by exercise.

Table 1 Baseline characteristics of the healthy volunteers (n=15)

Characteristics Mean (SD)
Age, years 25 (6.5)
Gender, M:F 9:6
Height, m 1.79 (0.08)
Weight, kg 73 (9.7)
Body mass index, kg/m2 22.6 (2.0)
STAI Y1 scorea 27.67 (5.5)
STAI Y2 scorea 31.20 (9.7)
MOS SF-36 PCS 54.02 (3.4)
MOS SF-36 MCS 51.93 (5.0)

Note: aY1: state, score at this moment; Y2: trait, score in general.
Abbreviations: M, male; F, female; STAI, State-Trait Anxiety Inventory; MOS SF-
36, Medical Outcome Short-Form 36; PCS, physical component summary; MCS, 
mental component summary.
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CPM
Except for one, all participants were able to complete the 

2-minute cold pressor tests. An overall increase in PPTs 

was found after CPM induction (F(1, 42)=14.8; p=0.002; 

Figure 5). The mean (SD) relative increase for baseline was 

9.3% (20.1), for aerobic cycling 10.2% (15.4), for isometric 

knee extension 16.1% (15.9) and for deep breathing 25.5% 

(22.5). However, no significant difference in CPM effect 

was found between the conditions (F(2, 28)=2.9; p=0.07). 

The effect size for the aerobic cycling was d=0.81 and for 

isometric exercise d=0.49. No significant differences were 

found between mean VAS scores during the cold pressor 

test, which were 6.7 (1.8) at baseline, 6.6 (2.1) after aerobic 

cycling, 6.8 (1.9) after isometric extension and 7.0 (1.8) after 

deep breathing (F=1.0; p=0.4).

Table 2 Outcomes of the pain measurement at baseline and after aerobic cycling exercise, isometric knee extension and the control 
condition

Pain test Baseline, 
mean (SD)

Aerobic cycling, 
mean (SD)

Isometric extension, 
mean (SD)

Control condition, 
mean (SD)

Visceral stimulation (mA)
VAS 1 9.1 (3.6) 9.2 (4.6) 7.8 (2.9) 7.9 (4.6)
VAS 3 11.7 (3.4) 13.4 (6.5) 11.3 (3.5) 11.4 (4.6)
VAS 5 17.9 (7.1) 18.6 (8.2) 17.1 (6.0) 16.0 (5.2)
VAS 7 22.0 (8.4) 22.2 (8.7) 20.8 (7.2) 19.8 (4.8)
Pressure algometry (kPa)
Trapezius muscle 491 (118) 461 (143) 426 (111) 433 (184)
T10 dermatome 549 (142) 509 (124) 496 (114) 528 (145)
Thenar muscle 493 (116) 462 (77) 445 (85) 445 (100)
Rectus femoris muscle 641 (179) 669 (154) 671 (185) 598 (134)
Adductor halluces muscle 552 (141) 515 (98) 559 (115) 548 (157)
CPM
PPT before (kPa) 677 (148) 688 (161) 679 (137) 619 (139)
PPT after (kPa) 724 (154) 756 (198) 777 (145) 775 (227)
VAS 30 seconds 4.6 (1.7) 4.9 (2.4) 5.1 (2.1) 5.2 (1.9)
VAS 60 seconds 6.5 (1.6) 6.3 (2.1) 6.4 (1.6) 6.8 (1.5)
VAS 90 seconds 7.5 (1.4) 7.1 (1.5) 7.4 (1.4) 7.5 (1.3)
VAS 120 seconds 7.9 (1.2) 7.7 (1.4) 8.0 (1.3) 8.1 (1.2)
VAS overall 6.9 (1.2) 6.9 (1.6) 7.1 (1.5) 7.3 (1.4)

Notes: PPT before: pressure pain threshold before cold pressor test, PPT after: pressure pain threshold after cold pressor test and VAS overall: mean VAS scores during 
the immersion.
Abbreviations: SD, standard deviation; VAS, visual analogue scale; CPM, conditioned pain modulation.
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Figure 3 Visceral stimulation.
Note: Baseline-corrected mean intensities (mA) where participants rated 1, 3, 
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Cardiovascular responses and exertion 
during interventions
Data are presented in Table 3.

Aerobic cycling exercise
The mean HR of the participants during the 20 minutes of 

cycling ranged between the target intensities 75% to 88%. 

There was a significant increase from HR during rest to 

HR during exercise (F(2, 42)=801; p<0.001). Borg scores 

increased significantly (from 6 (0.5) to 16 (2.2); F(2, 42)=175; 

p<0.001).

Isometric knee extension
There was no significant increase in HR during isometric 

knee extension. However, Borg scores increased significantly 

(from 6 (0.7) to 15 (1.6); F(2, 42)=137; p<0.001).

Control condition
Figure 6 shows the mean absolute difference between the 

starting HR and the lowest HR in every round of deep 

breathing for every individual. Except for one participant, HR 

decreased, with a mean (SD) of 5.4 beats per minute (4.9). 

However, no significant decrease was found when comparing 

the mean values of all participants.

Discussion
The aim of this study was to evaluate the effect of different 

exercise modalities on visceral and somatic pain sensitivity 

and CPM, compared to deep breathing as active control 

condition. Unexpectedly, no significant effects of aerobic 

and isometric exercise were found on any of the pain tests. 

Furthermore, no differences between the exercise conditions 

and control condition were found. These results suggest that 

exercise may not change pain evoked in healthy subjects.

Our findings contradict other studies, which found higher 

PPTs during and after exercise, using similar types of aero-

bic and isometric exercise.2,3,6,9 However, this effect was not 

consistently found, likely due to many methodological varia-

tions and the absence of a control condition in many previous 

studies. Another difference when comparing the literature is 

that our study was performed on 1 day to maintain similar 

physiological and emotional states. To minimize period and 

carry over effects, the interventions were randomized and a 

30-minute washout period was held between the end of pain 

measurements and the beginning of the next intervention. The 

number of participants included in the study is comparable 

to previous studies with similar exercise interventions; how-

ever, insufficient reliable input assumptions were available 

to perform a prospective power analysis. The relative small 
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Figure 5 Conditioned pain modulation.
Note: Baseline-corrected pressure pain thresholds (PPT) before and after the cold 
pressor test after aerobic cycling, isometric extension and the control condition.

Table 3 Heart rate (HR) during aerobic cycling, isometric 
extension and the control condition

HR Aerobic 
cycling, 
mean (SD)

Isometric 
extension, 
mean (SD)

Control 
condition, 
mean (SD)

Resta 63 (7.2) 76 (13.4) 69 (7.9)
Endb 162* (9.6) 86 (11.3) 64 (7.6)
Meanc 164* (5.7) 87 (11.4) 66 (7.6)

Notes: aHR rest was measured before the interventions. bHR end was measured at 
the end of aerobic cycling and isometric knee extension. In the control condition, 
“HR end” was the minimum HR in every round of deep breathing. cHR mean was 
the mean heart rate over the complete intervention. *Significant increase; p<0.001.

Figure 6 Heart rate during deep breathing.
Notes: Mean absolute difference between start heart rate (HR) and minimum HR 
in every round of deep breathing in the control condition. Data are presented for 
each participant individually.
Abbreviation: bpm, beats per minute.
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sample size and low statistical power could have influenced 

the nonsignificant results.

In this study, deep breathing was used as active control 

condition, compared to no control condition or quiet rest in 

previous studies.2,3,10 Positive characteristics of deep breath-

ing are the control for increased breathing intensity, which 

occurs also during exercise, without the physical exercise and 

increase in HR. Furthermore, distraction during the interven-

tions is taken into account, as participants are supposed to 

focus on their breathing. However, 2 main concerns have to 

be considered for the use of deep breathing as active control 

condition. First, the response to deep breathing differs among 

individuals and it is difficult to objectively measure the 

largely unknown variations in this response. Second, the deep 

breathing could have induced a hypoalgesic effect of itself, 

which makes the interpretation of the study effects compli-

cated. It has been shown that slow, deep breathing results 

in lower heat pain intensity ratings36 and increased thermal 

pain thresholds,37 induces hypoalgesia for suprathreshold 

electrical stimulations38 and prevents the development of 

acid-induced esophageal hypersensitivity.35 It is thought 

that HR variability and thus parasympathetic activity during 

deep breathing might contribute to the hypoalgesic effect by 

shared cardiorespiratory and nociceptive neurophysiological 

pathways,35,37 although this is not consistently found.38

Various parameters for determining exercise intensities 

at which hypoalgesia would occur have been investigated in 

healthy individuals. Naugle et al9 showed a dose–response 

effect between cycling exercise intensity and hypoalgesic 

effect. According to American College of Sports Medicine, 

intensities corresponding to 60% to 80% of the VO
2max

 are 

favorable for developing cardiovascular fitness and thus often 

used for training. Corresponding to this intensity, Swain 

et al39 recommended the use of 75%–88% of HR maximum, 

which is a more practical method of measuring the intensity. 

Therefore, in our study, HR was used to monitor the exer-

cise intensity, using the Karvonen formula to calculate the 

individual target HR, which takes the resting HR and age-

related maximum HR into account.9 However, this monitored 

intensity could only be used for the aerobic exercise and not 

for isometric exercise, which makes it impossible to compare 

the physiological stress between the exercise conditions.

During isometric exercise, the strongest effect of hypo-

algesia has been shown at low-to-moderate intensity held 

for longer durations, as high-threshold motor units become 

increasingly activated to maintain the required force. 

Consequently, a plausible explanation is that in order to 

evoke hypoalgesia, high-threshold motor units need to be 

recruited.1,8 Synergistically, central inhibitory pathways might 

be activated, as studies showed an extrasegmental hypoalge-

sic effect, thus not restricted to the contracting muscle. In 

the same line, the hypoalgesic effect on heterotopic body 

parts was shown to be comparable to that on the contract-

ing muscle.1 Our nonsignificant results could not reproduce 

these previous findings. The isometric knee extension was 

performed for 12 minutes with a 0.75 kg weight attached 

around the ankle.6 This produced the same strenuous intensity 

for every participant and therefore this was preferred over 

other methods, in which a dynamometer is used to assess the 

maximal voluntary contraction.

In this research, 2 different exercise types were used 

to evaluate different cardiovascular responses. An inverse 

relationship between resting BP and pain perception has 

been found,40 and a few studies investigated the interaction 

between exercise, BP and hypoalgesia. There is some evi-

dence for the hypothesis that an interaction exists between 

pain modulatory and cardiovascular systems, involving the 

same neuropeptides (e.g., opioids), neurotransmitters (e.g., 

monoamines) and brain stem nuclei (e.g., nucleus tractus 

solitarius and locus coeruleus).1,20,40–42 The HR increased 

significantly during aerobic cycling and not during isometric 

extensions, thus the cardiovascular responses was dissimilar. 

However, no differences between the hypoalgesic effects 

were found.

An acute experimental pain model was used to induce 

visceral pain in healthy volunteers. In patients, pain is a sub-

jective experience, influenced by many factors, for example, 

emotional and psychological aspects, genetics and cultural 

background. This makes it difficult to characterize pain 

mechanisms and hypoalgesic effects. The use of an experi-

mental pain model prevents some of this bias and facilitates 

a controlled frequency, duration, intensity and localization 

of the pain stimuli. To mimic the clinical setting as much 

as possible, different pain modalities can be used, such as 

mechanical, thermal, electrical and chemical stimuli, and 

the pain perception can be assessed both subjectively (using 

the VAS) and objectively (e.g., with nociceptive reflexes or 

cerebral evoked potentials).43 With these characteristics, 

experimental pain models help reduce the gap between pre-

clinical studies and clinical trials.

There are some limitations inherent in this study. First, 

only electrical stimulations were used to induce visceral pain 

in the experimental pain model, due to ethical and practi-

cal motives. Electricity stimulates afferent nerves directly, 

therefore bypassing receptors. Furthermore, the 4-hour long 

position of the esophageal probe during exercise was not 
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visually controlled, as endoscopy was avoided to minimize 

the unpleasantness. Even though impedance was controlled 

before stimulation, it was not checked after the interventions, 

and hence this may affect pain measurements. As innervation 

and nerve density of the esophagus are unevenly distributed, 

minor changes in probe position could in themselves lead 

to differences.44 It is challenging to measure visceral pain 

sensitivity objectively as it is difficult to characterize for both 

patients and investigators. However, it remains important to 

study this pain type, as it is a common cause of chronic pain 

with limited treatment possibilities.45

Conclusion
This explorative study was the first to investigate the effect of 

aerobic and isometric exercise on visceral and somatic pain 

in an experimental pain model, compared to deep breathing 

as an active control condition. No significant differences 

were found for the psychophysical tests after the 2 exercise 

interventions compared to the control condition, although 

methodological problems cannot be excluded. The hypoal-

gesic effect of exercise appears to be less stable than initially 

thought. Further studies are recommended to increase our 

knowledge about the effect of exercise and deep breathing 

on pain perception, including comparisons of the effect of 

exercise on different types of pain between exercise interven-

tions and an equivalent control condition.
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Multidisciplinary treatment for chronic pain: a systematic

review of interventions and outcomes

L. Scascighini1, V. Toma1, S. Dober-Spielmann2 and H. Sprott1

Objectives. To provide an overview of the effectiveness of multidisciplinary treatments of chronic pain and investigate about their differential

effects on outcome in various pain conditions and of different multidisciplinary treatments, settings or durations.
Methods. In this article, the authors performed a systematic review of all currently available randomized controlled trials (RCTs) fulfilling the

inclusion criteria, by using a recently developed rating system aimed to assess the strength of evidence with regard to the methodological
quality of the trials.

Results. Compared with other non-disciplinary treatments, moderate evidence of higher effectiveness for multidisciplinary interventions was
shown. In contrast to no treatment or standard medical treatment, strong evidence was detected in favour of multidisciplinary treatments. The

evidence that comprehensive inpatient programmes were more beneficial that outpatient programmes was moderate. Fibromyalgia and
chronic back pain patients tended to profit more substantially than patients with diverse origins or chronic pain diagnoses. No evidence was

found that treatment variables, such as duration or programme components, were influential for the success of the intervention.
Conclusion. A standard of multidisciplinary programmes should be internationally established to guarantee generally good outcomes in the

treatment of chronic pain. Our results highlight the lack of quality of design, execution or reporting of many of the RCTs included in this article.
Future studies should more specifically focus on differential effects of treatment components and patient variables, allowing the identification

of subgroups, which most probably would profit from multidisciplinary pain programmes.

KEY WORDS: Back pain, Chronic pain, Fibromyalgia, Multidisciplinary treatment, Systematic review.

Introduction

Chronic pain symptoms cause major medical and socioeconomical
problems in industrialized countries due to high direct and indirect
costs and are the most common cause of long-term disability in
middle-aged people [1]. A great variety of treatment strategies
suggest difficulties to treat these patients effectively. Knowing that
chronic pain and disability are not only influenced by somatic
pathology, but also by psychological and social factors, multi-
disciplinary interventions for chronic pain have become more
accepted in various comprehensive approaches and have rapidly
increased in number over the last few decades [2–4]. These are
currently based on a cognitive-behavioural principle aimed at
reducing disability through the modification of both cognitive
processes and environmental contingencies. While cognitive
treatment is aimed at modifying maladaptive cognitions on pain
and its control, operant-behavioural treatment is designed to
support healthy behaviours by reinforcement of those behaviours
and through withdrawal of attention from pain behaviour. Time-
contingent instead of pain-contingent drug use may be a part of
this strategy as well, as is the involvement of the spouse. A third
approach focuses on the physiological response system and aims
at reducing muscular tension by providing the patient with a
model of the relationship between tension and pain and teaching
him/her relaxation techniques. It is mostly combined with
cognitive techniques. A further common method is ‘the graduated
activity exposure or pacing, which is an operant-strategy used in
the management of chronic pain conditions, to enable patients to
control exacerbations in pain by learning to regulate the activity
and once a regime of paced activity is established, to gradually
increase their activity level’ [5].

A comprehensive treatment approach for chronic pain patients
includes one or more of these four methods combined with
therapies such as physiotherapy, pain management by medication,
patient education and ergonomic training. Multidisciplinary
treatment has been acknowledged in the past few decades and
now finds further expansion [6]. It has been evaluated in many
studies and some reviews do exist, but they have their specific
limitations.

The first meta-analysis [2] retrieved in our literature search
included non-controlled clinical trials. More recent reviews or
meta-analyses are either restricted to chronic low back pain [7, 8],
fibromyalgia (FM) [9, 10] or investigated behavioural treatment
alone and not multidisciplinary approaches [11–15]. Others have
not been updated in the last 5 yrs [3], or included different inter-
vention modalities for FM (i.e. pharmacological approach) [16].

For those reasons, the aims of this systematic comprehensive
review on multidisciplinary treatment of chronic pain first is to
give an overview on multidisciplinary treatment for chronic non-
malignant pain in general, second, to compare the results for
different pain diagnoses and third, to find out whether a
conclusion may be drawn about the efficacy of different kinds
of multidisciplinary treatments, settings or durations.

Methods

The updated guidelines for systematic reviews of the Cochrane
Collaboration Back Review Group were consulted to determine
the inclusion criteria, as well the methods, used in this systematic
review [17], some aspects (i.e. quality assessment) were tailored
according to the recent literature [18].

Publications were retrieved by comprehensive, computer-aided
search on the Cochrane Central Register of Controlled Trials,
MEDLINE, CINAHL, EMBASE, PEDro, PSYCINFO and
PSYNDEX up to September 2006. A specific search strategy
was developed for each database by using the Cochrane method-
ological filter for randomized controlled trials (RCTs) and
combing MeSH keywords and other relevant terms including:
‘multidisciplinary, interdisciplinary, patient care team, back pain,
fibromyalgia, chronic pain syndrome,’ exploded when necessary.
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The secondary search strategy was performed by contacting
experts in this field, screening of references of the RCTs included
and relevant reviews.

Abstract selection and eligibility criteria

In order to optimize agreement between the two reviewers
(L.S. and V.T.), all assessment tools were independently pre-
tested using a few studies and comparing the results. After this
pilot stage, L.S. and V.T. inspected the titles and abstracts of
all the references retrieved by our search strategy. L.S., V.T.
independently assessed the abstracts of relevant papers using a
structured form to determine whether the inclusion criteria were
fulfilled. In doubtful cases, the article was retrieved in full length
and evaluated before making any decision. In case of uncertain-
ties, a third reviewer (H.S.) was consulted.

RCTs were exclusively included. The original study had to deal
with adult patients (>18-yrs old) with chronic non-specific
musculoskeletal pain (e.g. chronic low back or back pain, FM).
At least one study group had to be treated in a multidisciplinary
approach in a group setting. To rank as a multidisciplinary
treatment, at least three out of the following categories of psycho-
therapy (PS), physiotherapy, relaxation techniques, medical treat-
ment or patient education, vocational therapy, needed to be part
of the programme. At least 2 of the 12 following domains had to
be covered: pain, emotional strain, quality of life, disability,
coping, physical capacity, return to work, sick leave, use of
medicaments, use of the health care system, pain behaviour or
subjective overall success. A follow-up (FUP) of at least 3 months
had to have been conducted. The studies had to be published in
full length in any language and no publication date restrictions
were made. To note, we focused, as mentioned in the introduction,
on cognitive-behavioural, operant, psychological response system
and graded exposure pain management programmes, excluding
work-hardening programmes, which have partially the same
contents but are otherwise weighted and have generally other
primary outcomes.

Methodological quality assessment and levels of evidence

Even though there is still limited empirical evidence [19] of a
relationship between specific methodological criteria and bias, it
cannot be excluded that methodological flaws, which affect the
internal validity of a study may introduce some bias in its results.

All trials selected were judged according to a 10-item checklist by
two independent reviewers (L.S., V.T.) to describe the methodo-
logical quality. ‘Assessing the quality of trials in the field of this
systematic reviews is faced up to differences regarding pharma-
cological trial (e.g. influence of experience of the care givers,
blinding of the patients not always possible) and therefore specific
instruments should be used’ [20]. Hence, a recently developed
checklist to evaluate reports of non-pharmacological trials
(CLEAR NPT [18, 21]) was utilized to assess the methodological
quality of the studies included in this systematic review. This
checklist was specifically developed to assess the reporting of
RCTs assessing non-pharmacological treatment [18, 21]. Many
validity questionnaires include the items about comparability of
the different groups at baseline and eligibility criteria. As those
items are not part of the CLEAR NPT, indeed, we decided
to introduce two supplementary items [(11) Comparability; (12)
Eligibility criteria]. To draw a conclusion on the quality of
evidence, we followed the criteria of the modified GRADE quality
assessment, as described elsewhere (Table 1) [22].

We based our conclusions on the effectiveness of the various
therapeutic interventions and on the strength of scientific evidence
using a rating system with four different levels based on the
quality of the studies (Table 2) [17].

Data extraction

Two reviewers (L.S., V.T.) independently extracted data accord-
ing to a pre-defined protocol and a final version of the data
extraction was developed by consensus. The majority of the
studies measured various outcomes and our decision about
primary and secondary outcomes was somewhat arbitrary. In
accordance with the literature, we considered the following
domains as primary outcomes: psychological strain, disability in
everyday life, health-related quality of life and pain, as well as
more appropriate coping strategies, which seem to account for
these changes [23]. Physical capacity, return to work rate, sick
leave, the use of the health care system, medication, pain
behaviour, quality of sleep and other domains (e.g. subjective
improvement) were considered as secondary outcomes.
Furthermore, we extracted data regarding duration of the
multidisciplinary pain programme (weeks and hours), type of
interventions of the pain programmes and treatment components,
setting and follow-up length.

TABLE 1. GRADE quality assessment criteria [22]

Quality of evidence Study design Lower ifa Higher ifa

High Randomized trial Study quality Strong association
�1—serious limitation þ1—strong, no plausible confounders, consistent and direct evidence
�2—very serious limitations þ2—very strong, no major threats to validity and direct evidence
�1—important inconsistency þ1—evidence of a dose response gradient
Directness
�1—some uncertainty þ1—all plausible confounders would have reduced the effect
�2—major uncertainty
�1 Sparse data
�1 High probability of Reporting bias

Moderate Quasi-randomized trial
Low Observational study
Very low Any other evidence

a1 or 2: move up or down one/two grade/s.

TABLE 2. Levels of evidence [17]

Strong evidence Moderate evidence Limited evidence No evidence

� Multiple high-quality RCTs with
consistent findings

� One high-quality RCT and one or
more low-quality RCTs with consistent findings

� One high-quality RCT or
� Multiple low-quality RCTs with

consistent findings or

� Only one low-quality RCT or

� Contradictory outcomes of studies
with high and low quality

� Contradictory outcomes of studies
of the same quality
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Determination of success

Most chronic pain patients have a long clinical history of more or
less successful treatments and the goals of therapy have to be
realistically adapted to each individual situation. A multidisci-
plinary treatment was considered as successful if it was more
effective than a control treatment [treatment as usual (TAU),
waiting list control (WLC), placebo (attention control) or a
treatment that did not fulfil our criteria for a multidisciplinary
treatment (e.g. either physiotherapy, PS or relaxation techniques
solely)]. The higher effectiveness had to be demonstrated in at
least two out of the five primary outcomes, or at least in one of the
primary and two of the secondary outcomes.

Results

Study selection

We retrieved 11 457 articles with our search strategy. Thereafter,
459 abstracts were selected on the basis of the title, abstract and
keywords. Of those 459 abstracts, 141 articles were obtained
in full-text version. Finally, we selected 35 articles by personal
searching and use of references. The flow chart through the study
is reported in Fig. 1.

Upon evaluation, 27 studies did qualify for entry into this
review [24–50], 6 FUP studies [51–56] and 2 studies with
additional analysis (Table 3) [57, 58]. Of these studies, 21 included
patients with chronic low back or back pain [24–28, 32–35, 37, 38,
42, 43, 45, 48, 51–54, 56, 58], 9 included patients with FM [29–31,
36, 39, 41, 46, 49, 57] and 5 included mixed chronic pain patients
[40, 44, 47, 50, 55]. Three studies had treatment programmes
devoted to women only (two for chronic back pain [33, 35] and
one for FM [29] with additional analysis study [57]).

Description of included studies

The number of patients of the studies included, varied between 15
and 214 (median¼ 86), totalling 2407 patients. The size of the
individual treatment groups varied between 3 and 10 patients, but
was mostly between 5 and 7.

Eighteen of 27 programmes were performed in an outpatient
setting [25, 26, 29–32, 35–37, 39–43, 45–47, 49], five of 27 took place
as an inpatient setting [24, 27, 33, 38, 48] (one of these with an
outpatient post-treatment after inpatient treatment [38]) and four
compared an inpatient with an outpatient setting [28, 34, 44, 50].

The duration of the programmes varied between 4 and 15 weeks
for outpatient programmes over 15–135 h (median¼ 31 h) and
between three and eight weeks for inpatient programmes over up

to 200 h (median¼ 150 h). Based on the available data, the median
duration of all treatments was 45 h. In order to obtain a better
comparability, we tried to classify the multidimensional treat-
ments into treatments with cognitive-behavioural approaches
(CBT) and operant-behavioural approaches (OBT), although the
authors called it integrated or multidisciplinary group therapy.

Central elements of multidisciplinary therapy

As study settings, populations, interventions and control groups
were heterogeneous, we decided not to pool effect sizes in a meta-
analysis. Details of the intervention administered were made in all
reports (100.0%, Table 4). The 27 studies comprised of 74 groups
including 39 with multidisciplinary treatment regimens, 20 with
non-multidisciplinary treatment strategies and 15 with WLC or
TAU (Table 3).

CBTs are the most common interventions and are used in all
studies and in 38 of the 74 treatment groups (48%). OBT is part of
the programme in 14 studies [24, 30–32, 35, 37–41, 44, 48, 49, 56].
PS is mainly administered in groups. Individual PS is part of the
programme in four studies [26, 38, 47, 56]. This part usually covers
1 or 1.5 h/week, but increases to up to 6 h of group therapy per
week. Aerobic exercises were used to foster endurance in 10
studies [24, 26–29, 34, 36, 39, 44, 45, 56] and muscle stretching
techniques were part of the physical program in 9 studies [26–29,
31, 34, 36, 37, 50, 56]. Exercise therapy to improve activity
tolerance and strengthening were part of 17 studies [24, 26–28, 30,
32–40, 47, 48, 50, 56] and back-education was taught in 4 studies
[35, 42, 43, 56]. Hydrotherapy or swimming was used in nine
studies [29–32, 34, 42–45].

Biofeedback training was performed in six studies [24, 38, 44,
46, 48, 49]. Progressive muscle relaxation [59] was part of the
programme in eight studies [25, 30, 32, 35, 37, 41–43] and
‘autogenic training’ [60] was part of the programme in one study
[36]. Twelve studies used other less common techniques (e.g.
applied relaxation) [24, 27–29, 33, 39, 40, 44, 45, 47, 49, 50].

A medical doctor was part of the team in eight studies [31, 32,
34, 35, 39, 40, 44, 47]. His/her task was mostly the adaptation and/
or reduction of the medication, as well as information about the
patho-physiological processes of chronic pain.

Patient education was often an integral part of the therapy.
In 16 studies, some sort of patient education was conducted
[24–27, 30–33, 37, 39, 41, 44–46, 49, 50, 56]. Other elements that
were part of the therapy were ergonomic training [25, 32, 35, 37],
vocational therapy or occupational therapy [24, 27, 30, 34, 35, 38,
40, 44, 47, 56], nutritional counselling [31, 39, 42, 43] or
therapeutic massage [39].

11457 citations 
identified by electronic literature search

459 Abstracts selected

141 Potentially relevant studies 
identified and screened for Inclusion in full text

35 RCT included in the systematic review
27 reports, 6 FUP studies, 2 additional  

106 Studies excluded; reasons:
61 not RCT, 30 not multidisciplinary group approach

4 FUP too short, 4 not non-specific chronic pain patients

349 Not fulfilling the inclusion criteria 

10998 Not fulfilling the inclusion criteria 

FIG. 1. Flow diagram of included and excluded studies.
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TABLE 3. Characteristics of studies included (n¼35)

Domains of measurements (Bold shows significant results at post measurement, cursive at FUP)

Reference;
FUP study Diagnosis
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in the
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Linton and
Gotestan [40]

Mixed
CP

15 5 9 OBTþAR: out,
4 w, ?80 h

AR out, 5 w, 7.5 h
WLC 4 w

NRS BDI
VAS

ADL – – – X – – 27 Low

Peters and Large
[44] FUP in:
Peters et al. [55]

Mixed
CP

22 6–10 12 CBTþOBT: in,
4 w, 200 h CBT:
out, 9 w, 18 h

TAU VAS
MPQ
PD

BDI GHQ SIP – – – X – PBC
Video

21.25
29

Low

Nicholas et al. [42] CBP 58 5 12 2 CBT groups
with/without
relaxationþPT
out, 5 w, 17.5 h
2 OBT groups
with/without
relaxationþPT
ut, 5 w, 17.5 h

PTþ discussion out,
5 w, 17.5 h PT out,
5 w, 17.5 h

PRC BDI
STAI

– SIP CSQ
PBQ

– – D X – – Moderate

Altmaier et al. [24]
FUP in: Patrick
et al. [54]

CBP 45 ? 6 OBTþCBTþTAU
in, 3 w,? h

TAU in, 3 w ? h MPQ WHYMPI – LBPRS SE – X – – – – Moderate

Nicholas et al. [43] CBP 20 5 6 CBTþPT out,
5 w, 17.5 h

Attention
controlþPT out,
5 w, 17.5 h

PRC BDI – SIP CSQ
PBQ
PSEQ

– – X X – 27 Moderate

Burckhardt
et al. [29]
Lomi et al. [57]

FM
women

99 5–6 6 CBTþPT out,
6 w, 15 h

PE; out, 6 w,
9 h WLC, 12 w

FIQ BDI QOLS FIQ FAI
SELF
ASES

Div. – – – – 23 Low

Vlaeyen et al. [48] CBP 71 4 12 OBTþCBT; in,
8 w, ?h

OBT; in, 8 w,
? OBTþAR, in,
8w, ?

VAS BDI – – PCL – – – – CHIP
BAT

– Low

Bendix et al. [26]
FUP in: Bendix
et al. [56] Bendix
et al. [52] Bendix
et al. [51]

CBP 132 6-8 60 CBTþ physical
training out,
6 w, 135 h

Physical training out,
6 w, 24 h
PSþ physical
training, out, 6 w, 24 h

NRS – – NRS – – X X X – 21.22 Low

Bendix et al. [27]
FUP in: Bendix
et al. [52] Bendix
et al. [51]

CBP 106 7 24 CBTþ physical
training in,
3 w,117 h

TAU NRS – – NRS – – X X X – – Low

Vlaeyen et al. [49] FM 131 6 12 CBTþOBT;
out, 6 w,
42 h PEþ

discussion
out, 6 w, 42 h

WLC; 8 w MPQ BDI FSS-III-R
MOCI

– – CSQ
PCL
MPCL

– – – – UAB
CHIP
BAT

24 Moderate

Williams et al. [50] Mixed
CP

121 10 12 CBT; in, 4 w,
140 h CBT;
out, 8 w, 28 h

WLC VAS
MPI

BDI
STAI

– SIP PSEQ
CSQ
PCQ

Div. – X X – 27 Moderate

Basler et al. [25] CBP 94 5–8 6 CBTþPTþ

medical
treatment
out, 12 w, 30 h

TAU D – – DDS HCS – – – – – 22 Moderate

Keller [37] CBP 65 9 6 OBTþCBT out,
6 w, 45 h

WLC NRS CES-D WBQ PDI SE Div. – – – Video – Low
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Rose [45] CBP 102 5–10 6 6 CBT groups;
comparison of
individual and
group therapy
and of 1 w (15 h,
30 h) or 1.5 w
(60 h) out

No non-multidimensional
control treatment

VAS ZDI – RMDQ PLOC
PSEQ

– – – – – 26 Low

Jensen et al. [33] CBP
women

63 ? 18 2 CBT groups;
both: in, 5 w,
200 h

No non-multidimensional
control treatment

VAS BDI GSI DRI CSQ
RAI

– X – – – 22 High

Nicassio
et al. [41]

FM 86 3–7 6 OBTþCBT
out, 10 w, 15 h

PEþ discussion out,
10w, 15 h

FIQ
MPQ

CES-D QWB – RAI
PMI

– – – – PBCL
OPB

23 Low

Keel et al. [36] FM 32 8 3 CBT out, 15 w,
30 h

Autogenic training out,
15 w, 30 h

D – – – LOC – – D D – 21 Moderate

Kole-Snijders
[38] Spinhoven
et al. [58]m

CBP 148 5 12 OBTþCBT
In, 5 wþ out,
3 w), 160 h

OBTþ group discussion,
in, 5 wþ out 3 w

VAS BDI
FSS-III-R

– – CSQ
MPLC
PCL

BAT – – – PBS
CHIP

25 High

Non-standardized
OBT
WLC
Gowans
et al. [31]

FM 41 ? 6 CBTþOBT out,
6 w, 18 h

WLC – – – FIQ ASES Div.
RPE

– – – – 24 Moderate

Bendix et al. [28] CBP 127 ? 12 CBTþ physical
training In?,
3 w, 117 h

Physical training
Out, 8 w, 36 h

NRS – – ADL – X – X – – 21 Moderate

Jensen et al.
[32] FUP in:
Jensen et al. [53]

CBP 214 4–8 36 CBTþPT; out,
4 w, 134 h

TAU PT; out, 4 w,
80 h CBT; out,
4 w, 54 h

– – SF-36 – – – X – X – – High

Soares and
Gross [46]

FM 53 3–5 6 PE Out, 10 w,
102 h

CBTþAR out,
10 w, 120 h WLC

D
MPQ
PQ

SCL-90R – FIQ CSQ
ASES

– – X – – 30 Low

Turner-stokes
et al. [47]

Mixed CP 113 8–10 12 CBT; out, 8 w,
32 h

Individual PS; out,
8 w, 8 h

BDI
WHYMPI
STAI

– – – – – X – – – Moderate

Jousset
et al. [34]

CBP 86 ? 6 PTþOTþmedical
treatment In,
5 w, 150 h

Individual PT out,
5 w, 15 h

VAS HAD DPQ QBPD – Div. X – – – Moderate

Cedraschi
et al. [30]

FM 164 8–10 6 CBTþOBT
out, 6 w, 18 h

WLC RPS – PGWB
SF-36

FIQ – – – – – – 23,
27

High

Lemstra and
Olszynski [39]

FM 79 ? 15 CBTþOBTþPT;
out, 6 w, 31 h?

TAU VAS BDI PDI – – – X X – – High

Kääpä et al. [35] CBP women 120 6–8 24 CBTþOBT out,
8 w, 70 h

Individual PT; out,
6–8 w, 10 h

NRS DEPS WBQ OSW – – X X – 28 High

aPain: VAS: Visual Analogue Scale; D: diary; NRS: Numeric Rating Scale; FIQ: Fibromyalgia Questionnaire; MPQ: McGill Pain Questionnaire; PRC: pain rating chart; PD: pain drawings; RPS: regional pain score. bEmotional Strain: BDI: Beck Depression
Inventory; MSPQ: Modified Somatic Perception Questionnaire; ZDI: Zung Depression Inventory; ADS: Allgemeine Depressivitätsskala: CES-D: Center for Epidemiological Studies – Depression Scale; STAI: State-Trait Anxiety Inventory; FSS-III-R: Fear Survey
Schedule; MOCI: Maudsley Obsessive Compulsive Inventory; VAS-D: VAS for Depression; WHYMPI: West Haven Yale Multidimensional Pain Inventory; POMS: Profile of Mood States; HAD: Hospital Anxiety Depression. cQuality of Life: GSI: Global Self Rating
Index; WBQ: Well-Being Questionnaire; QWB: Quality of Well-Being Scale; QOLS: Quality of Life Scale; GHQ: General Health Questionnaire; DPQ: Dallas Pain Questionnaire. dDisability: NRS: Numeric Rating Scale; RMDQ: Roland and Morris Disability
Questionnaire; DRI: Disability Rating Scale; PDI: Pain Disability Index; DDS: Düsseldorf Disability Scale; SIP: Sickness Impact Profile; FIQ: Fibromyalgia Impact Questionnaire; LBPPS: Low Back Pain Rating Scale; QBPD: Quebec Back Pain Disability. eCoping:
CSQ: Coping Strategies Questionnaire; MPLC: Multidimensional Pain Locus of Control Scale; PLOC: Pain Locus of Control Scale; PCL: Pain Cognition List; LOC: Locus of Control Scale; PSEQ: Pain Self Efficacy Questionnaire; RAI: Rheumatology Attitudes Index;
SE/SELF: Self Efficacy Scale; ASES: Arthritis Self-efficacy Scale; HCS: Heidelberg Coping Scale; PMI: Pain Management Inventory; FAI: Fibromyalgia Attitudes Index; PBQ: Pain Beliefs Questionnaire fPhysical capacity: Div.: Diverse Tests; RPE: Rate of perceived
exertion. gReturn to work/sick leave: X: not specified. hDrug consummation: D: Diary; X: not specified. iConsultation of HCP: D: Diary; X: not specified. jPain Behaviour: PBS: Pain Behaviour Scale; CHIP: Checklist for Interpersonal Pain Behaviour; PBCL: Pain
Behaviour Check List; OPB: Observed Pain Behaviour; UAB: University of Alabama at Birmingham Pain Behaviour Scale; BAT: Behavioural Approach Test. kOther: 21: subjective improvements; 22: days of absence at work; 23: Tender Points; 24: Knowledge (FM);
25: Activity; 26: MSPQ: Modified Somatic Perception Questionnaire; 27: Satisfaction/Expectancy; 28: Subjective working ability; 29: ISCRG: Illness Self-construct repertory grid; 30: KSQ: Karolinska Sleep Questionnaire. lBurckhardt et al. [29]; Lomi et al. [57], same
study sample, in Lomi et al. [57] additional analysis of the ASES. mKole et al. [38], Spinhoven et al. [58], same sample, in Spinhoven et al. [58] additional analysis. AR: applied relaxation; PT: physiotherapy; OT: occupational therapy; PE: patient education; In:
inpatient setting; Out: outpatient setting. mixed CP: groups with patients with pain of mixed localization or origin; HCP: health care professionals; RTW: return to work; ?: No detailed information in the original article.
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Methodological quality of the studies

Table 4 shows the items of the CLEAR NPT of the 27 studies
included without FUP studies and the additional analysis studies.
The generation of allocation sequences was considered adequate
in 77.8% of the trials and only in 25.9% of the reports, the
treatment allocation was concealed. Based on the information
available in the text, we judged the care providers’ experience or
skill in each arm being adequate in 48.1% of the included studies,
though the information were rather scarcely reported. The
participants’ adherence was assessed quantitatively in just 33.3%
of the included reports. Blinding was adequately reported for
the participants in only 11.1% of the studies, for care providers in
11.1% and for the outcome assessors in 25.9%. When the blinding
criterion was not fulfilled, co-interventions were the same in
each randomized group in 16.7% of the studies. Withdrawals
and losses to follow-up were the same in each randomized group
in 25.0% of the studies. In most of the papers included, there
was insufficient information to make a decision for the items
6.1–6.2 and 7.1–7.3 (‘Unclear’ 75.0–25.0% and, respectively,
75.0–29.1%).

No specific methods were used to avoid ascertainment bias
(0.0%). The FUP schedule was the same in each group in almost
all studies (92.6%). The median of the length of the FUP is 12
months. An intention-to-treat analysis was calculated in 37.0% of
the articles. The baseline comparability was fulfilled in 25 articles
(92.7%). The same results were shown for the declaration of the
eligibility criteria (92.7%).

Table 3 shows the overall design quality of the studies included.
Only six studies were ranked as high-quality studies [30, 33, 35, 38,
39, 61] according to the GRADE definition (Table 1) [22].

Comparison of multidisciplinary treatment vs WLC or TAU

Fifteen studies comparing multidisciplinary treatment vs. WLC or
TAU [24, 25, 27, 29–32, 37–40, 44, 46, 49, 50] showed strong
evidence that a multidisciplinary treatment is superior to a
standard medical treatment or WLC (Table 5). Thirteen studies
reported positive results [25, 27, 29–32, 37–40, 44, 49, 50], and two
did not demonstrate positive results [24, 46]. Results of long-term
FUPs were not available for this comparison in all studies, as
patients from waiting lists often entered the treatment programme
after the post-assessment, due to ethical reasons. The differences
after treatment were maintained at FUP in those studies where
results were described.

Comparison of multidisciplinary treatment vs other control
group treatments

Fifteen studies comparing multidisciplinary treatment vs non-
multidisciplinary control group treatment (e.g. physiotherapy with
discussion group, patient education) were identified [26, 28, 29,
34–36, 38, 40–43, 46–48, 61]. Together they showed moderate
evidence that a multidisciplinary treatment is more effective.
In five studies, the results indicated no significant difference
between the groups [28, 35, 41, 46, 47]. Where success was
recorded, it was maintained at FUP (Table 5).

Comparison inpatient vs outpatient programmes

Four studies directly compared inpatient and outpatient pro-
grammes [28, 34, 44, 50]. Three of them demonstrated moderate
evidence for superior long-term effects of intensive inpatient
programmes. One study showed no differences [28]. Notably, the
inpatient programmes were much more intensive than the
outpatient programmes (Table 3).

Comparison of effects for groups with different
pain diagnoses

There is moderate evidence that a multidisciplinary programme is
more effective than no treatment or non-multidisciplinary
treatment for chronic back pain patients. Six of seven studies
comparing it with a WLC or TAU had positive results [25, 27, 32,
37, 38, 48], as well as the 8 of 11 studies comparing it with another
treatment showed moderate evidence that a multidisciplinary
treatment is more effective [26, 32–34, 38, 42, 43, 48]. In five
studies, no differences were shown between the groups [24, 28, 35,
45, 61].

In FM, there is moderate evidence that a multidisciplinary
programme is more effective than no treatment. Three studies
[30, 31, 49] showed positive results for a multidisciplinary
treatment vs a WLC, on the other hand two studies did not
show any difference [29, 46].

In two studies, the comparisons with other treatments did not
show any difference [29, 41]. Only two studies showed a
superiority of the multidisciplinary group [36, 39].

There was limited evidence that a multidisciplinary programme
for mixed chronic pain patients was more effective compared with
TAU or WLC [40, 44, 50]. No difference were shown for other
treatment strategies [47].

TABLE 4. Numbers (%) of the rated articles (n¼ 27) without FUPs and additional analysisa with corresponding CLEAR NPT [18, 21] (modified) items

Yes

Items of the CLEAR NPT [18, 21] (modified) n %

(1) Was the generation of allocation sequences adequate? 21/27 77.8
(2) Was the treatment allocation concealed? 7/27 25.9
(3) Were details of the intervention administered to each group made available ? 27/27 100.0
(4) Were care providers’ experience or skill in each arm adequate? 13/27 48.1
(5) Was participants (e.g., patients) adherence assessed quantitatively? 9/27 33.3
(6) Were participants adequately blinded? 3/27 11.1

(6.1) If participants were not adequately blinded were all other treatments and care (i.e., co-interventions) the same in each randomized group?b 4/24 16.7
(6.2) Were withdrawals and lost to FUP the same in each randomized group?b 6/24 25.0

(7) Were care providers or persons caring for the participants adequately blinded? 3/27 11.1
(7.1) If care providers were not adequately blinded were all other treatments and care (i.e., co-interventions) the same in each randomized

group?b
4/24 16.7

(7.2) Were withdrawals and lost to FUP the same in each randomized group?b 6/24 25.0
(8) Were outcome assessors adequately blinded to assess the primary outcomes? 7/27 25.9

(8.1) If outcome assessors were not adequately blinded, were specific methods used to avoid ascertainment bias (systematic differences in
outcome assessment)?b

0/20 0.0

(9) Was the FUP schedule the same in each group? 25/27 92.6
(10) Were the main outcomes analysed according to the intention-to-treat principle? 10/27 37.0
(11) Comparability at baseline 25/27 92.7
(12) Eligibility criteria 25/27 92.6

aFUP studies (n¼ 6) and additional analysis (n¼ 2) studies not included. bItem (6.1), (6.2), (7.1), (7.2), (8.1): If main item ‘Yes’, those questions are not to be answered.
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Comparison of different multidisciplinary programmes

Four studies compared different kinds or duration of multi-
disciplinary treatments [33, 42, 45, 49]. There is no evidence that a
special kind, duration or setting of multidisciplinary treatment as
described in the evaluated studies is superior to any of the other
study regimens (Table 5).

Success in connection with measurements

The range of instruments to assess the various domains of
interest is very broad. In fact, in each domain, 6–12 different
instruments were administered. There is no tendency that special
domains or certain instruments show successful results more often
and are more sensitive than others (Table 3). Most of the RCTs
used instruments to assess coping strategies (16/27; 59.3%),
emotional strain (19/27; 70.4%), health-related quality of life
(10/27; 37.0%) and/or disability outcomes (19/27; 70.4%).
Remarkably, pain measurement was rarely reported as a primary
outcome (88.9%).

Discussion

This article provides the most current and comprehensive review
of the existing evidence of the efficacy of multidisciplinary pain
programmes and represents an unique evaluation with a detailed
overview of the outcome instruments and intervention in multi-
disciplinary pain programmes. With reference to our first aim, it
seems that a minimum standard of multidisciplinary therapy can
be currently established from these data, namely ideally: specific
individual exercising, regular training in relaxation techniques,
group therapy led by a clinical psychologist (1.5 h) per week,
patient education sessions once a week, two physiotherapy
treatments per week (CBT) for pacing strategies, medical training
therapy and neuro-physiology information given by trained
physician.

The efficacy of such programmes is not only better than standard
medical treatment, but also better than other non-multidisciplinary
treatments. Therefore, the set-up of multidisciplinary programmes
for chronic pain patients appears to be reasonable and patients
should be referred to adequately specialized institutions, instead
of being sent to various individual medical specialists sequentially.

TABLE 5. Results according to the determination of success

Study Success at post measurement Success at FUP Success at long-term FUP

Linton and Gotestam [40] AR, ARþOBT>WLC AR>ARþOBT –
Peters and Large [44] FUP in: Peters

et al. [55]
CBT in>TAU; CBT out>TAU CBT

in¼CBT out
CBT in>CBT out>TAU CBT in>CBT out>TAU

Nicholas et al. [42] CBTþARþPT, CBTþPT,
OBTþARþPT,
OBTþPT>discussionþPT, PT
OBTþARþPT, OBTþPT>
CBTþARþPT, CBTþPT

BTþARþPT, CBTþPT,
OBTþARþPT,
OBTþPT>discussionþPT, PT

–

Altmaier et al. [24] FUP in: Patrick et al.
[54]

OBTþCBT¼TAU OBTþCBT¼TAU OBTþCBT¼TAU improvements
maintained

Nicholas et al. [43] CBT> attention control CBT>attention control –
Burckhardt et al. [29] Lomi et al. [57] CBTþPT>WLC Patient

education>WLC CBTþPT¼

patient education

CBTþPT¼ patient education –

Vlaeyen et al. [48] OBTþCBT, OBT, OBTþAR>WLC
OBTþCBT, OBTþAR>OBT

OBTþCBT, OBT, OBTþAR>WLC
OBTþCBT, OBTþAR>OBT
OBTþCBT>OBT, OBTþAR

–

Bendix et al. [26] FUP in: Bendix et al.
[56] Bendix et al. [52] Bendix et al.
[51]

CBT> physical training CBT>PS
and physical training

CBT>physical training CBT>PS
and physical training

CBTþOBTþPE>PSþphysical
training, physical training

Bendix et al. [27] FUP in: Bendix et al.
[52] Bendix et al. [51]

No results in the article CBT>TAU CBT>TAU

Vlaeyen et al. [49] CBTþOBT¼PEþdiscussion>WLC CBT 1¼CBT 2>WLC –
Williams et al. [50] CBT in>CBT out>WLC CBT in>CBT out –
Basler et al. [25] CBT>TAU CBT>TAU –
Keller et al. [37] CBTþOBT>WLC Improvements maintained –
Rose et al. [45] Individual¼group; 15 h¼30 h¼60 h

all CBT groups successful
Individual¼ group; 15 h¼30 h¼60 h

Improvements maintained
–

Jensen et al. [33] CBT women>CBT general CBT women>CBT general –
Nicassio et al. [41] OBTþCBT¼patient

educationþ discussion
OBTþCBT¼patient

educationþdiscussion
–

Keel et al. [36] CBT¼ autogenic training CBT>autogenic training –
Kole-Snijders et al. [38]

Spinhoven et al. [58]
OBTþCBT¼OBTþ discussion

OBTþCBT,
OBTþdiscussion>PSþPT
OBTþCBT,
OBTþdiscussion>WLC

OBTþCBT¼OBTþdiscussion
OBTþCBT,
OBTþ discussion>PSþPT

–

Gowans et al. [31] CBTþOBT>WLC CBTþOBT>WLC –
Bendix et al. [28] No results in the article CBTþphysical training¼physical

training
–

Jensen et al. [32] FUP in: Jensen et al.
[53]

No results in the article CBTþOBT, CBT, PT¼TAU CBT,
PT>TAU (women) CBTþOBT,
CBT>TAU (women)

CBTþOBT>CBT, PT>TAU
(women)

Soares et al. [46] CBT>PE¼WLC CBT¼PE¼WLC –
Turner-stokes et al. [47] CBT¼ individual PS CBT¼ individual PS –
Jousset et al. [34] No results in the article PTþOTþmedical treatment>PT

PTþOTþmedical treatment¼PT
–

Cedraschi et al. [30] No results in the article CBTþOBT>WLC –
Lemstra Olzynski [39] CBTþOBTþPT>WLC CBTþOBTþPT>WLC –
Kääpä et al. [35] CBTþOBT¼PT CBTþOBT¼PT –

>: first group has significantly better results than the second group; ¼: no significant difference between the two groups. Bold shows significant results in at least two of the primary outcomes or in at
least one primary and two secondary outcomes
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In relation to our second aim, the results seen in patients with
mixed chronic pain are definitely less beneficial as compared with
the promising studies with FM and chronic back pain patients,
and should be a question of further investigation. FM as well
chronic back pain are different but share some similarities. In fact,
both musculoskeletal disorders are strongly associated to a
behavioural component, i.e. fear avoidance, over-under activity,
passive coping strategies, etc. Additionally, we observed that both
diagnostic groups have maladaptive beliefs about the explanation
of the pain (catastrophizing behaviour, structural damage,
kinesiophobic disturbs, high level of depression, distress).

Our third aim was to assess different kinds of multidisciplinary
programmes. Intensive inpatient programmes seem to be more
effective, which is consistent with the findings of Guzman et al. [7].
Such programmes may be justified for patients with more severe
disabilities. Regarding treatment components or duration, there is
no evidence for a superior effect of a special treatment regimen.
However, a final conclusion cannot be drawn due to the low
number of studies comparing this aspect.

The overall methodological quality of the studies was found to
be rather low. Some requirements, such as the blinding of care
provider and patients, may not be met by multidisciplinary
therapy. Other requirements, such as coverage of the method of
randomization or concealment of treatment allocation, were
insufficiently reported. An important point to consider is the
small study population in some investigations. As a consequence,
some studies were underpowered and some effects may not have
been detected. For physicians it is fundamental to apply the
evidence from systematic reviews only if the results are judged as
clinically relevant and applicable. Thus, in accordance with the
criteria recommended from Malmivaara et al. [62], we can state
that generally the papers included are to be considered as clinically
relevant and applicable.

Our systematic review is (as any review or meta-analysis) bound
to publication bias and we cannot exclude that we may have
missed some relevant trials, despite the fact that we used a highly
sensitive search strategy, we did not have any language restrictions
and consulted an experienced librarian, as recommended in
Crumley et al. [63]. We did not apply a quantitative pooling of
effect sizes but decided to summarize the findings by strength of
evidence. Regarding the large heterogeneity of the studies, this
seemed to us the more appropriate way to report the results. The
decision to include or exclude some articles fulfilling the inclusion
criteria, but not with the main focus on pain programme, is
questionable. Our decision was based on the content of the
programme and depending on the primary outcome
measurements.

Multidisciplinary treatments are effective, but it is still not
known which treatment components are really important and
whether all patients (with different diagnoses, age, duration of
pain, social background, etc.) would profit from all components.
Future studies should compare different methods, settings and
durations of multidisciplinary treatments and examine their
connection with patient characteristics in more detail in order to
detect differential effects. In order to achieve these demanding
goals, multicentre studies may be useful. Further studies are
needed to establish determinants or prognostic indicators of
success, and to also define the therapeutic potential for a
successful rehabilitation. As an upshot of this systematic review,
we would recommend a stronger observance of methodological
guidelines and the use of internationally accepted outcome
measures in order to make studies more comparable, due to the
extensive heterogeneity among the outcome measurements. An
important task for the future will be the realization of more cost–
benefit analyses in order to see which of the treatments are really
worth being carried out. Health care insurances should finance
and promote high quality of pain programmes that fulfil the
minimal recommendations mentioned, representing the state of
the art for multidisciplinary pain programmes.

In summary, this work may be helpful, especially for practising
physicians in their daily work, in setting priorities more on
disabilities and health-related quality of life in the treatment of
chronic pain patients and also for researchers to optimally plan
the outcome measurements and intervention modalities of future
clinical trials.

Disclosure statement: The authors have declared no conflicts of
interest.
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A meta-analytic review of the hypoalgesic effects of exercise

Kelly M. Naugle, Roger B. Fillingim, and Joseph L. Riley III
Comprehensive Center for Pain Research, University of Florida

Abstract
The purpose of this article was to examine the effects of acute exercise on pain perception in
healthy adults and adults with chronic pain using meta-analytic techniques. Specifically, studies
using a repeated measures design to examine the effect of acute isometric, aerobic, or dynamic
resistance exercise on pain threshold and pain intensity measures were included in this
metaanalysis. The results suggest that all three types of exercise reduce perception of
experimentally induced pain in healthy participants, with effects ranging from small to large
depending on pain induction method and exercise protocol. In healthy participants, the mean effect
size for aerobic exercise was moderate (dthr =0.41, dint =0.59), while the mean effect sizes for
isometric exercise (dthr =1.02, dint =0.72) and dynamic resistance exercise (dthr =0.83, dint =0.75)
were large. In chronic pain populations, the magnitude and direction of the effect sizes were
highly variable for aerobic and isometric exercise and appeared to depend on the chronic pain
condition being studied as well as the intensity of the exercise. While trends could be identified,
the optimal dose of exercise that is needed to produce hypoalgesia could not be systematically
determined with the amount of data available.

Index words
hypoalgesia; analgesia; aerobic exercise; isometric exercise; resistance exercise; pain

Introduction
Physical exercise is an important component in the treatment and rehabilitation of many
patients with chronic pain, as well as vital to the overall health and wellbeing of any
individual. Importantly, laboratory studies report that acute exercise reduces sensitivity to
painful stimuli in healthy individuals, indicative of a hypoalgesic response. This
phenomenon has been termed exercise-induced analgesia or exercise-induced hypoalgesia
(EIH).36,37 However, the methodology of studies investigating exercise-induced hypoalgesia
is diverse and the results are not always consistent. A comprehensive understanding of how
exercise influences pain perception is necessary to optimize the clinical utility of exercise as
a method of pain management.
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Numerous experimental studies have examined the effect of acute exercise on responses to
experimentally induced noxious stimulation. These studies have included a variety of
exercise modalities, as well as a variety of pain induction techniques and measurement
procedures. For example, exercise modalities have included aerobic exercise, isometric
exercise, and dynamic resistance exercises. Aerobic exercises have typically included
stationary cycling, running, or step exercise. Isometric and dynamic resistance exercises are
both a form of strength training. Isometric exercise involves a static contraction in which the
joint angle does not change, whereas dynamic resistance exercise involves muscle
contractions that do produce joint movement. These exercise modes have differed across
many dimensions including the type, intensity, and duration of exercise. Furthermore,
techniques of pain induction have included electrical, pressure, thermal, and other forms of
noxious stimulation. These stimuli also differ across many dimensions, including site of
bodily application and temporal parameters of the stimulation. Pain measures have most
commonly included pain thresholds (i.e., the point at which noxious stimulation is first
perceived as painful) and/or suprathreshold pain intensity ratings during and following
exercise. EIH has also been investigated in healthy and clinical populations, including
fibromyalgia syndrome (FMS), chronic fatigue syndrome (CFS), chronic low back pain
(CLB), chronic musculoskeletal pain (CMP), and shoulder myalgia. These collective
differences between studies have made direct comparisons across studies difficult.

While several narrative reviews have elegantly summarized the exercise-induced
hypoalgesia literature36,37, to our knowledge no quantitative review of the acute exercise
literature has been published. Meta-analytic methods offer an alternative method to study the
impact of acute exercise on pain in terms of the magnitude and direction of effect.
Therefore, to extend and update the work in the previous reviews, the present study used
meta-analysis methodology to answer the following questions: 1) Is there a hypoalgesic
effect of acute bouts of exercise using measures of pain intensity and/or threshold 2) If there
is a hypoalgesic effect, what is its magnitude using the effect size metric? 3) Does the
magnitude of the effect vary by exercise mode (aerobic, isometric, dynamic resistance)? 4)
Is a hypoalgesic effect of exercise on experimental pain observed in healthy and chronic
pain populations?

Methods
Sample of Studies

Acute exercise studies that used an outcome measure involving pain were located on
computer based searches conducted on PubMED, Medline, PsychINFO, and Academic
Search Premier databases from 1900 to May 2012. The key words included ‘pain’,
‘exercise’, ‘contraction’, ‘hypoalgesia’, ‘analgesia’, and ‘isometric’. These searches were
extended by examining reference sections from published articles identified from the
databases. We believe that these studies represent a comprehensive selection of empirical
studies. Only published research was included in the analysis, which may have biased the
results as non-significant results are less likely to be published than those with significant
findings. When studies did not provide adequate statistical information for the calculation of
effect sizes, means and standard deviations were estimated from figures and authors were
contacted via electronic mail. Studies were included if they met the following criteria: 1)
study was performed on healthy adults or a chronic pain population, 2) a repeated measures,
with-in subject design was used, 3) pain threshold and/or intensity measures were used, 4)
exercise protocol was standardized, 5) pain induction protocol was standardized. The
literature search located 50 total studies. Eleven studies did not provide adequate
information for the calculation of effect sizes6,7,16,32,33,34,43,44,52,53,56, three studies did not
include pain threshold or intensity measures2,10,31, two studies did not implement
standardized exercise1,66, two studies did not standardize the method of pain induction18,54,
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two studies combined exercise with another manipulation25,70, and one study did not use a
repeated measures, within subjects design4. Thus, a total of 25 studies met criteria to be
included in the analysis, consisting of 622 participants (437 healthy, 185 chronic pain) and
118 effects (88 healthy, 28 chronic pain).

Statistical Analysis
The effect size (ES) for each study was calculated using Cohen’s d, defined as the mean for
the control condition minus the mean for the exercise condition, divided by the pooled
within group standard deviation (d=[Xcontrol – Xexercise]/pooled standard deviation). Thus, d
is a standardized mean difference that can be interpreted in the same manner as any standard
score. If data were reported separately for men and women, the effects were averaged into
one13. Effect sizes were calculated so that reductions in pain sensitivity resulted in positive
effect sizes. Due to the within subjects designs of the studies, the effect sizes were adjusted
as recommended by Portney and Watkins.58

The mean effect size of d was calculated using the pooled effect sizes within each exercise
mode for measures of threshold and intensity ratings (across pain stimuli). Due to the
variation in sample sizes, it has been argued that not all studies in meta-analyses should be
given equal weight. Hedges19,20, noting the bias in estimates of d when weighting for
sample size, developed a weighted estimator of effect size (d) which is asymptotically
efficient and appropriate for group sizes greater than 10:

d = Σwd/Σw where w=2N/8 +d2

In sum, we report the mean of the raw effect size d, standard deviation of d, and weighted
mean effect size (d). The effect sizes of healthy adults and those with chronic pain were
analyzed separately, and thus are presented separately.

Results
Division of Studies

The studies were first divided by type of exercise, with 12 studies implementing isometric
exercise (healthy: N=267, 59 effects; chronic pain: N= 84; 21 effects), 11 studies using
aerobic exercise (healthy: N= 136 participants, 23 effects; chronic pain: N=101, 10 effects),
and 2 studies using dynamic resistance training (healthy: N=34, 8 effects). They were further
subdivided by threshold and intensity pain measures. Of the 12 isometric studies, ten
measured threshold (healthy: 42 effects; chronic pain: 18 effects) and seven measured
intensity (healthy: 17 effects; chronic pain: 2 effects). Ten studies used pressure stimuli as
the method of pain induction, one study used thermal heat, and one used electric stimulation.
Of the eleven aerobic studies, six used threshold (healthy: 8 effects; chronic pain: 6 effects)
and nine used intensity (healthy: 15 effects; chronic pain: 4 effects) measures. Six studies
used pressure stimuli as the pain induction method, three used thermal heat stimuli, and
three used cold stimuli. The two dynamic resistance exercise studies measured threshold (4
effects) and intensity (4 effects) of pain induced by pressure stimuli.

Healthy Adults
Aerobic Exercise

Table 1 presents the results for the eight studies involving aerobic exercise and measuring
pain threshold and/or intensity. This table shows that aerobic exercise reduced pain
sensitivity across all types of pain stimuli and exercise type, with the largest effects found
for studies using pressure stimuli and the smallest effects on average for those using cold
and heat stimuli. The summary results (the mean of effect size d, standard deviation of d,
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and weighted mean effect size (d) averaged within each exercise type and stimuli) for pain
threshold and intensity are shown in Table 2 and Table 3, respectively. When averaged
across pain stimuli, the effect size for pain threshold was positive and moderate at 0.48 and
when adjusted for sample size and bias, 0.43. Two studies, Meeus et al.48 and Koltyn et
al.39, used pressure pain thresholds to test for EIH and reported moderate effect sizes, d
=0.58. Koltyn et al. found that pain threshold continued to be reduced 15 minutes post
exercise, with an effect size of 0.79. One study, Ruble et al.62, tested pain thresholds using
hot and cold thermal stimuli and found trivial effects, d’s= 0.04. Ruble et al. also found no
effect of thermal stimuli 30 minutes post exercise, d’s=0.21–0.25. However, Kemppainen et
al. reported a moderate and positive effect of 0.48 using cold stimuli.31

Averaged across stimuli, the average effect size for pain intensity was positive and slightly
greater in magnitude than for pain threshold at 0.68, and 0.64 when adjusted for sample size.
Once again, the effect size pooled within pressure stimuli was greater at 0.69 (3 studies - 5
effects) than those for heat stimuli, d=0.59 (2 studies – 2 effects), and cold stimuli d=0.61 (3
studies – 3 effects). Two studies took follow-up pain intensity measures 30 minutes post
exercise, with an average effect size of 0.33 (SD= 0.12).26,67

The pre-post exercise measurement design involving repeated tests before and after exercise
is commonly used in the EIH literature. This study design without the inclusion of a resting
control condition for comparison is flawed by the possibility that post-exercise pain ratings
are influenced by pre-exercise pain tests. Two studies, Koltyn et al.39 and Vierck et al.72,
compared pain measures assessed during an exercise condition to a resting control condition.
Importantly, these studies actually found positive and larger effect sizes (d’s = 0.83–1.18)
than studies employing pre-post designs without a resting control comparison condition,
with the exception of Gurevich et al.17 Two studies, Gurevich et al.17 and Ruble et al.62,
conducted reliability testing in which pain measures were assessed pre and post quiet rest.
These studies found no significant changes in pain ratings from pre to post, with effect sizes
ranging from −0.14 to 0.16.

Isometric Exercise
Table 4 presents the results for the 11 studies assessing pain threshold and/or intensity
immediately following or during isometric exercise. This table shows that isometric exercise
reduced pain perception across all pain stimuli and exercise protocols, with the exception of
the pain intensity measure in Umeda et al. 2009.69 The summary results for threshold and
intensity measures (the mean of effect size d, standard deviation of d, and weighted mean
effect size (d) averaged within each exercise type and stimuli) are shown in Table 2 and
Table 3, respectively. The average effect size for pain threshold (9 studies – 43 effects, all
studies used pressure stimuli) was positive and large at 1.27, with the weighted mean value
of 1.05. Three studies measured pain threshold during the contraction and reported large
positive effect sizes (14 effects: d=1.76, d=1.69)30,45,46, while six studies measured pain
threshold immediately after exercise reporting moderate to large effects (14 effects: d=0.70,
d=0.69).22,40,42,68,69 Three studies also measured pain threshold 15 minutes post contraction
(14 effects)30,45,46, with values of 0.58 and 0.43 for d and d, respectively.

The effect size for pain intensity measures averaged across stimuli was also positive and
large at 0.83, while the unbiased effect size was 0.72 (7 studies – 17 effects). Five studies
used pressure stimuli to test for EIH, with an unbiased effect size of 0.73. One study, Staud
et al.65, tested pain sensitivity using thermal heat stimuli and found a mean effect size of
1.35 (2 effects). The study using electrical stimulation, Ring et al.61, reported a medium
mean effect size of 0.40 (2 effects). Two studies measured pain intensity during the
contraction with an average effect of 0.87 and an unbiased effect of 0.67 (4 effects).61,65 The
average effect size for the studies measuring pain intensity immediately following the
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contraction was similar at 0.81, with an unbiased effect of 0.72 (12 effects). 22,40,42,68,69 No
studies conducted follow-up (i.e., 15–30 minutes post exercise) pain intensity tests.

Five studies assessed pain measures on the contracting body area, as well as on a remote
body area (often contralateral to contracting body part) following isometric
exercise.30,42,45,46,65 The average effect size for pain threshold (6 effects) assessed on the
contracting body area was 1.74 (SD= 0.53), and almost identical on the remote body area at
1.73 (SD=0.82). The average effect size for pain intensity (2 effects) assessed on the
contracting body area was 2.02 (SD=1.13), and slightly lower on the remote body area at
1.54 (SD=0.08). Thus, isometric exercise appears to exert a generalized pain inhibitory
response.

The magnitude of the effect of isometric exercise on pain threshold and intensity generally
increased for contractions of longer duration. Contractions of 1 minute or less had an
average effect size of 0.51 (SD=0.27, 2 effects) for threshold and 0.87 (SD=0.72, 4 effects)
for intensity. Contractions of 2–3 minutes had an average effect size of 0.96 (SD=0.36, 6
effects) for threshold and 0.83 (SD=1.00, 6 effects) for intensity, while contractions 5
minutes or greater were even larger at 1.74 (SD=0.75, 15 effects) and 1.70 (SD=0.13; 2
effects) for threshold and intensity, respectively. Examination of contraction intensity
reveals the largest positive effects at moderate intensity contractions. Those at 40–50%
MVC had an average effect size of 1.75 (SD=0.99, 3 effects) for intensity and 1.12 (SD=
0.14, 3 effects) for threshold, while those for the 10–25% MVC contractions were 0.67
(SD= 0.51, 11 effects) and 1.13 (SD=0.72, 16 effects) for intensity and threshold,
respectively. Contractions at 80%–100% MVC had the smallest effect on pain intensity
(M=0.50, SD=0.29, 3 effects) and threshold (M=0.57, SD=0.33, 3 effects) measures.

Few isometric exercise studies included a resting control condition in the experimental
design. Umeda et al. applied a pressure stimulus to the forefinger for 2 minutes following
isometric exercise and quiet rest.69 Interestingly, the effect sizes were generally smaller in
magnitude compared to the other isometric studies, ranging from −0.16 to 0.54. Ring et al.
compared pain intensity measures during 15 and 25% MVC contractions to a 1% MVC
control condition and reported moderate effect sizes (0.31–0.41).61 Hoeger Bement et al.
found trivial changes in the pain measures during reliability testing consisting of 30 minutes
of quiet rest (threshold = −0.03, intensity= 0.04).22

Dynamic Resistance Exercise
Two studies measured pain threshold and intensity immediately following dynamic
resistance exercise (See Table 5).9,38 The mean effect size for pain threshold was 0.99
(SD=0.18) and the weighted mean effect size was 0.83. The mean effect size for pain
intensity was 0.83 (SD=0.37) and the weighted mean effect size was 0.75. Both studies took
follow-up measures at 15 minutes post exercise, with the unbiased average effect size of
0.21 for threshold and 0.18 for intensity. Koltyn & Arbogast included a quiet rest condition,
which showed no significant changes from pre to post immediately following exercise, d=
−0.118, or 15 minutes post exercise, d=0.04.38

Chronic pain populations
Aerobic Exercise

As a reminder, the effect size data presented for chronic pain populations represent subjects’
responses to experimental pain and not subjects’ assessments of their pre-existing chronic
pain. Table 6 presents the results for the five studies involving chronic pain subjects and
aerobic exercise. As shown in the table, the effects sizes were highly variable, ranging from
- 1.13 to 1.50. When averaged across chronic pain syndromes, the effect for pain threshold
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was positive and small at 0.19 (SD=0.52) and when adjusted for sample size and bias, 0.15.
The effect sizes for pain intensity were highly variable with an average effect size of 0.42
(SD=1.53) and the adjusted effect size similar at 0.43. The two studies investigated FMS
reported contrasting effect sizes which were likely due to differing aerobic and pain testing
protocols.51,72 Newcomb et al. found that cycle ergometry at a self-selected intensity
increased PPTs, d=1.11, and decreased pressure pain intensity ratings, d=0.64.51 Cycle
ergometry at a prescribed intensity of 60–75% of HRmax had no effect on pressure pain
threshold, d=0.01, and a moderate pain reducing effect on pain intensity, d=0.55. In contrast,
Vierck et al. reported that temporal summation of pain was increased following maximal
treadmill exercise, with an effect size of - 1.59.72 One study investigated CFS and found
reduced PPTs following submaximal aerobic exercise, d=−0.45.48 Two studies examining
CLB found pain reducing effects of submaximal cycle ergometry.27,48 Meeus et al. reported
a small hypoalgesic effect on PPTs, d= 0.11, while Hoffman and colleagues reported a large
hypoalgesic effect on pressure pain intensity ratings 2 and 32 minutes following exercise,
d=1.50 and 1.14, respectively. One study investigating CMP reported small to minimal
effects of submaximal cycle ergometry on pressure and heat pain thresholds, with values of
0.07 and 0.31, respectively.3

Isometric Exercise
Table 7 presents the results for the four studies assessing EIH in chronic pain populations
using isometric exercise. This table primarily shows that isometric exercise reduces pain
perception for individuals with shoulder myalgia, but increases pain perception for
individuals with FMS. Across chronic pain conditions, the average effect size for pain
threshold was 0.40 (SD=1.43), while the unbiased effect size was 0.17. The average effect
size for pain intensity was −1.94 (SD=0.36), with the unbiased effect size −1.92. Three
studies assessed PPTs in individuals with FMS following24 or during30,46 isometric
contractions, with an unbiased effect size of −0.20 (11 effects). Two of these studies also
took threshold measures 10–15 minutes post isometric exercise, with values of 0.37 and 0.18
(8 effects) for d and d, respectively. One study of FMS patients measured pain intensity
using thermal stimuli during isometric exercise and found large hyperalgesic effects on the
contracting and contralateral forearms, with values of −1.68, and −2.2, respectively.65 One
study assessed EIH in individuals with should myalgia using pressure pain thresholds.46

When subjects contracted the affected shoulder, PPTs assessed on that shoulder were lower
indicating a hyperalgesic effect, d=−0.94. However, a hypoalgesic effect (average effect size
of 1.25) was found 1) when PPTs were assessed on resting muscles during contraction of the
affected shoulder and 2) during contractions of the knee when PPTs were assessed at the
contracting knee, resting knee, and affected shoulder.

Discussion
The impact of acute exercise on experimentally induced noxious stimulation was evaluated
with meta-analytic techniques. Effect sizes were derived from studies that measured pain
perception following or during aerobic, isometric, and dynamic resistance exercise. The
results suggest that all three types of acute exercise reduce perception of experimentally
induced pain in healthy participants, with the largest effect sizes found following isometric
exercise. In addition, pain response measures of threshold and intensity ratings were similar
in healthy adults, with threshold differences somewhat larger for isometric and dynamic
resistance exercise and intensity differences larger for aerobic exercise. The size and
direction of the effects for chronic pain conditions depended on the type of medical
condition being studied.
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Aerobic Exercise in Healthy Adults
The overall effect for aerobic EIH for pain threshold was moderate at 0.43 and somewhat
larger for pain intensity ratings at 0.64. The magnitude of the effect was variable, ranging
from 0.11 to 1.18 for intensity and from 0.04 to 1.47 for threshold. This broad range was
likely a function of several factors including pain induction techniques and intensity and
duration of exercise. Additionally, alterations in pain perception after exercise appeared to
last up to 15 minutes post exercise39, with trivial to small effects at 30 minutes post
exercise.29,62

The average effect size for the four studies assessing pain threshold and/or intensity using
pressure pain was moderate, with the results suggesting a dose response relationship
between the intensity and duration of exercise and its hypoalgesic effect. The largest effect
sizes were found when exercise was performed at a high intensity (i.e., 75% of VO2max) and
relatively longer duration (> 10 minutes). Thirty minutes of exercise performed at 50%
VO2 max produced a comparatively smaller effect, but still in the moderate range, while 10
minutes of high intensity exercise produced a small effect.62 Given that this dose-response
hypothesis is based on only a small number of effects, more work is needed to confirm this
relationship and determine whether it applies to other pain stimuli.

The four studies using thermal stimulation showed considerable variability in the magnitude
of the effect of exercise on pain perception, ranging from 0.04 – 1.17. Ruble et al. found
small and trivial effects (0.04–0.20) of 30 minutes of aerobic exercise performed at 75%
VO2max when hot and cold thermal stimuli were delivered using a thermode placed on the
thenar eminence of the hand.62 In contrast, Sternberg et al. reported a moderate effect of 10
minutes of treadmill running at 85% VO2max on intensity of cold pressor ratings.67

However, this effect separated by gender revealed a large effect for women (0.88) and no
effect for men (0.01). Additionally, Kemppainen et al. found moderate to large effects of
24–32 minutes of incremental cycling exercise using a cold pressor task in male fighter
pilots without neck pain.31 In contrast to Ruble’s thermal heat results, Vierck et al. revealed
a large effect of treadmill running to exhaustion on temporal summation of late pain
responses to heated thermal stimulation.72 Temporal summation of second pain is related to
C-fiber mediated processes, whereas suprathreshold first pain measures are mediated by A-
delta fibers.71 Research has shown that exercise activates endogenous opioid mechanisms,
and A-delta mediated pain is less susceptible to opioid inhibition.64,71 As such, the source of
nociceptive input may be a potentially important factor to consider when testing the effect of
exercise on thermal pain responses. Furthermore, it has been suggested that the mixed
results for thermal stimulation could be attributed to changes in skin and body temperature
during exercise, causing hot and cold thresholds to be obtained at higher stimulation
temperatures following exercise.35,36,53 However, evidence has also shown that heat pain
thresholds are not impacted by skin or body temperature.35 Nevertheless, future research is
needed to determine the magnitude of aerobic EIH with thermal stimulation techniques and
whether the effect differs depending on the type of measure (i.e., first pain responses vs.
second pain responses).

It should be noted that a substantial number of studies using aerobic exercise had to be
excluded from this meta-analysis because of either of a lack of information to calculate
effect size, not using intensity or threshold measures, or not standardizing exercise. All eight
of the studies excluded for a lack of information to calculate effect sizes found a hypoalgesic
effect of exercise (N=63) in healthy adults, with either an increase in pain thresholds or a
decrease in pain ratings following cycling exercise. Seven out of eight of these studies found
a reduction in pain using electrical dental pulp stimulation techniques. Thus, inclusion of
these studies in this metaanalysis would likely have confirmed or even strengthened the
hypoalgesic effect of aerobic exercise, while also extending it to an additional pain induction
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technique. Additionally, three of the excluded studies showed attenuation of pain responses
to heat and cold pressor pain following exercise.10,66,67 For example, Sternberg and
colleagues found reduced pain responses on a cold pressor test after participants competed in
basketball, track, and fencing competitions.66,67 Additionally, Robinson and Fuller found
lower discriminability measures on a heat pain perception task following the completion of a
6 mile outdoor road course.9 However, these studies did not control for the intensity and
duration of exercise and the competition within the exercise bouts provided a potential
confounding variable when determining the interaction between exercise and thermal pain
perception.

In sum, aerobic exercise has shown to be an effective means to reduce pain perception in
healthy adults among a variety of pain induction techniques. EIH appeared to be the
strongest when exercise was performed at a moderate to high intensity pace. Additionally,
hypoalgesia following exercise was found more consistently in studies that used pressure
stimuli to produce pain compared to studies that used thermal stimulation. Due to the small
number of studies, conclusions regarding differences in the magnitude of aerobic EIH
among pain induction techniques remain tenable.

Isometric Exercise in Healthy Adults
The magnitude of EIH for isometric exercise was generally moderate to large for both
threshold and intensity measures taken immediately after or during exercise, regardless of
the contraction location, intensity or duration, as well as the pain induction stimulus and
location. However, within the moderate to large effect size range, subtle patterns did emerge
with the hypoalgesic effect tending to be larger for contractions at a low to moderate
intensity held for longer durations. This finding was supported by Hoeger Bement et al. who
investigated the dose response of isometric contractions on pain perception and found the
greatest changes in pain threshold and intensity following long duration (i.e., until task
failure, ~ 5–9 minutes), low intensity contractions compared to low intensity contractions
held for a relatively shorter duration (2 minutes) and high intensity contractions held for 3–5
seconds.22 During a longduration static muscle contraction, active motor units eventually
become fatigued and higher threshold motor units become increasingly recruited to maintain
the required force.8,11 Thus, the authors explained their findings by suggesting that high-
threshold motor units need to be recruited during isometric contractions to elicit a significant
hypoalgesic response. However, this is likely not a complete explanation because other
studies have found moderate to large hypoalgesic effects following contractions of shorter
duration (i.e., 2 minutes or less).40,65,68

In regards to pain induction technique, only two studies have investigated changes in pain
perception following isometric contractions using pain induction techniques other than
pressure stimuli. The study employing electrical stimulation of the sural nerve found a
moderate effect of low-intensity handgrip contractions held for 4–5 minutes in men.61 Staud
et al. found very large effects of low intensity handgrip contractions on pain ratings of 5 s
supra-threshold heat stimuli applied to the forearm in women.65 While the results of these
two studies are promising, additional evidence is needed to confirm the efficacy of isometric
contractions in producing hypoalgesia with experimental pain induction techniques other
than pressure.

Several studies assessed the effect of isometric exercise on the contracting body part, as well
as on the contralateral and a distant body part to the contracting one.30,45,46,65 Importantly,
the hypoalgesic effect of isometric exercise was multisegmental and not isolated to the
contracting muscle. Moreover, the pain reducing effects of isometric exercise on the
contralateral and distant body parts were similar in magnitude to the local body part. These
results suggest that a central widespread inhibitory mechanism is activated by static muscle
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contractions. As discussed by Kosek and Lundenburg, these central mechanisms may
include increased secretion of β-endorphins, attention mechanisms, activation of diffuse
noxious inhibitory controls, or an interaction of the cardiovascular and pain regulatory
systems.45

Duration of the hypoalgesic effect of exercise has important implications for the use of
exercise as a method to manage clinical pain symptoms. The data suggest that isometric
contractions produce moderate to large pain reducing effects during the contraction and
immediately following the contraction, with the effects attenuating over time. For example,
Lannersten and Kosek assessed pain thresholds 10 minutes post contraction and EIH had
almost completely dissipated in the non-contracting body areas, but moderate effects still
existed in the contracting muscle.46 Kosek and Lundenburg revealed small effects of
isometric contractions in the contracting muscle 30 minutes post contraction and no effect in
the non-contracting body areas.45 This result is similar to the aerobic and dynamic resistance
exercise literature showing no EIH 30 minutes after the cessation of exercise.9,26,38,62

Dynamic Resistance Exercise in Healthy Adults
Only two dynamic resistance exercise studies measuring threshold and/or intensity were
included in the analysis.9,38 Both measures showed large effect sizes when assessed one to
five minutes after the dynamic resistance exercise session and small effects when assessed
15 minutes post exercise. Dynamic resistance exercise sessions were identical in each study,
including 10 repetitions of four different exercises performed at 75% 1RM. As such, the
threshold of dynamic resistance exercise required to produce EIH still needs to be
determined. For example, would completion of only one of the exercises produce the same
effect? Additionally, both studies used pressure stimuli to induce pain; therefore, whether
EIH elicited by dynamic resistance exercise generalizes to other types of pain stimuli
remains unknown. Importantly though, these studies showed that intermittent exercise, and
not just continuous exercise, is capable of producing medium to large EIH effects.

EIH in Chronic Pain Populations
The effect sizes for pain threshold and intensity measures from studies examining EIH in
chronic pain populations were highly variable for both aerobic and isometric exercise. The
type of chronic pain condition partially explained this variability. For example, studies
examining CLB found EIH effects similar to healthy individuals.27,48 Meeus et al. even
found that incremental cycle ergometry had pain reducing effects on PPTs at multiple body
sites, including the back. Furthermore, Hoffman et al. demonstrated that this effect is still
large 30 minutes post exercise.27 In individuals with shoulder myalgia, isometric
contractions of the quadriceps muscle elicited large hypoalgesic effects.46 Indeed, PPTs
assessed at the chronically painful shoulder even increased, with a large effect. However,
during contractions of the shoulder with myalgia, PPTs were lower at that shoulder. These
studies suggest that exercise of nonpainful muscles for individuals with regional chronic
pain conditions produce a hypoalgesic effect and may be an effective method to temporarily
relieve pain in painful muscles. Importantly, future research needs to determine the effects
of acute exercise on pre-existing clinical pain.

Several studies indicated that moderate submaximal isometric exercise and vigorous aerobic
exercise have a moderate to large hyperalgesic effect on experimental pain in FMS.46,65,72

However, aerobic exercise performed at a preferred intensity or a prescribed moderate
intensity elicited EIH in individuals with FM, with large to moderate effects.51 Furthermore,
submaximal isometric contractions performed at a low intensity (~10%) increased PPTs of
the deltoid muscle in FM patients, also with a large effect.30 These results suggest that EIH
in FM patients may only be elicited in response to low to moderate intensity exercise, which
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is in contrast to the results for healthy adults. However, additional studies are needed to
confirm this hypothesis. Moderate to vigorous intensity aerobic exercise also had a moderate
hyperalgesic effect on PPTs in individuals with CFS with chronic widespread pain48 and
minimal effects on heat and pressure thresholds in Gulf War veterans with CMP.3 The
mechanisms underlying exercise-induced hyperalgesia in response to moderate or vigorous
exercise in these chronic widespread conditions remain unknown, but have been suggested
to be caused by abnormal descending inhibition or excessive activation of muscle
nociceptive afferents.65,72

Conclusions
The analysis from this study provides quantitative evidence to address the question of the
magnitude of exercise-induced hypoalgesia in response to experimentally induced pain. We
found the average effect size to range from moderate to large in healthy adults depending on
pain induction method and exercise protocol. Importantly, all three types of exercise were
capable of producing large effects in healthy adults, although the effects were generally
transient. Also, while trends could be identified, the optimal dose of exercise that is needed
to produce hypoalgesia could not be systematically determined with the amount of data
available. We also found small to large EIH effects in individuals with regional chronic pain
conditions at the painful muscle when a distant muscle was being exercised and in
individuals with FMS when exercising at a low to moderate intensity. However, EIH was
nonexistent in individuals with chronic widespread pain when exercising at a moderate to
high intensity, with exercise often exacerbating experimental pain.

Although the exact mechanisms remain unknown, several have been proposed to explain
exercise-induced hypoalgesia. Perhaps the most widely considered mechanism is that the
activation of the endogenous opioid system during exercise reduces pain perception
following exercise. Exercise of sufficient intensity and duration results in the release of
peripheral and central beta-endorphins which have been associated with changes in pain
sensitivity.15,55,57,64 However, animal research has provided the most consistent support for
this hypothesis23,64, while the human data has been mixed.6,18,31,52 Animal data also shows
that non-opioid systems exist (e.g., endocannabinoid, neurotransmitters such as serotonin
and norephinephrine) and that parameters of the exercise (i.e., duration of session,
continuous vs. intermittent, and varying water temperature for swim protocols) may
determine which system is activated.5,28,50

Another potential mechanism involves an interaction between pain modulatory and
cardiovascular systems (See Koltyn & Umeda for a review).40 For example, pain regulation
and blood pressure control involve the same brain stem nuclei47,74, neurotransmitters (e.g.,
monoamines) and neuropeptides (e.g., opioids).12,60 Additionally, blood pressure and heart
rate increase significantly during aerobic and isometric exercise and these elevations have
been reported in conjunction with alterations in sensitivity to painful stimuli.12,13,63

However, only a few studies have systematically tested the relationship between blood
pressure and exerciseinduced hypoalgesia producing equivocal results.61,68,69 Other
potential mechanisms with mixed support include activation of ascending (e.g., activation of
muscle afferent A delta and C fibers)49 and descending (e.g., exercise acting as a distraction
and altering attention away from the pain stimulus)73 pain inhibition pathways by exercise.
The conflicting evidence for the causal mechanisms of EIH illustrates the complexity of this
phenomenon and suggests that EIH is likely caused by a combination of factors.

Experimental rigor is an important factor which can influence the magnitude of effect sizes,
with poorly designed studies having the potential to inflate or yield smaller effects. An
important study design characteristic includes the inclusion of a control condition. Few
studies in this meta-analysis compared pain perception during an exercise condition to a
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control condition. The aerobic exercise studies that included a control condition found
greater effect sizes than those without a control condition, suggesting that this factor likely
did not lead to the overestimation of the overall effect of aerobic exercise on pain
perception. The two isometric exercise studies with a control comparison condition reported
considerably smaller effects than the overall average effect size for isometric exercise. As
such, it is essential that future studies include a resting control condition so that valid
estimations of EIH elicited by isometric exercise can be estimated. Importantly, several
studies did perform reliability testing and found small and trivial effects of repeated pain
testing on the pain measures, indicating that the hypoalgesic effect was produced by exercise
and not pain pre-testing.
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Perspective: This article presents a quantitative review of the exercise-induced
hypoalgesia literature. This review raises several important questions that need to be
addressed while also demonstrating that acute exercise has a hypoalgesic effect on
experimentally-induced pain in healthy adults, and both a hypoalgesic and hyperalgesic
effect in adults with chronic pain.
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A B S T R A C T

Background

Chronic pain is defined as pain lasting beyond normal tissue healing time, generally taken to be 12 weeks. It contributes to disability,
anxiety, depression, sleep disturbances, poor quality of life, and healthcare costs. Chronic pain has a weighted mean prevalence in adults
of 20%.

For many years, the treatment choice for chronic pain included recommendations for rest and inactivity. However, exercise may have
specific benefits in reducing the severity of chronic pain, as well as more general benefits associated with improved overall physical and
mental health, and physical functioning.

Physical activity and exercise programmes are increasingly being promoted and offered in various healthcare systems, and for a variety of
chronic pain conditions. It is therefore important at this stage to establish the efficacy and safety of these programmes, and furthermore
to address the critical factors that determine their success or failure.

Objectives

To provide an overview of Cochrane Reviews of adults with chronic pain to determine (1) the effectiveness of different physical activity
and exercise interventions in reducing pain severity and its impact on function, quality of life, and healthcare use; and (2) the evidence
for any adverse effects or harm associated with physical activity and exercise interventions.

Methods

We searched theCochrane Database of Systematic Reviews (CDSR) on the Cochrane Library (CDSR 2016, Issue 1) for systematic reviews
of randomised controlled trials (RCTs), after which we tracked any included reviews for updates, and tracked protocols in case of full
review publication until an arbitrary cut-off date of 21 March 2016 (CDSR 2016, Issue 3). We assessed the methodological quality of
the reviews using the AMSTAR tool, and also planned to analyse data for each painful condition based on quality of the evidence.

1Physical activity and exercise for chronic pain in adults: an overview of Cochrane Reviews (Review)
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We extracted data for (1) self-reported pain severity, (2) physical function (objectively or subjectively measured), (3) psychological
function, (4) quality of life, (5) adherence to the prescribed intervention, (6) healthcare use/attendance, (7) adverse events, and (8)
death.

Due to the limited data available, we were unable to directly compare and analyse interventions, and have instead reported the evidence
qualitatively.

Main results

We included 21 reviews with 381 included studies and 37,143 participants. Of these, 264 studies (19,642 participants) examined
exercise versus no exercise/minimal intervention in adults with chronic pain and were used in the qualitative analysis.

Pain conditions included rheumatoid arthritis, osteoarthritis, fibromyalgia, low back pain, intermittent claudication, dysmenorrhoea,
mechanical neck disorder, spinal cord injury, postpolio syndrome, and patellofemoral pain. None of the reviews assessed ’chronic pain’
or ’chronic widespread pain’ as a general term or specific condition. Interventions included aerobic, strength, flexibility, range of motion,
and core or balance training programmes, as well as yoga, Pilates, and tai chi.

Reviews were well performed and reported (based on AMSTAR), and included studies had acceptable risk of bias (with inadequate
reporting of attrition and reporting biases). However the quality of evidence was low due to participant numbers (most included studies
had fewer than 50 participants in total), length of intervention and follow-up (rarely assessed beyond three to six months). We pooled
the results from relevant reviews where appropriate, though results should be interpreted with caution due to the low quality evidence.

Pain severity: several reviews noted favourable results from exercise: only three reviews that reported pain severity found no statistically
significant changes in usual or mean pain from any intervention. However, results were inconsistent across interventions and follow-
up, as exercise did not consistently bring about a change (positive or negative) in self-reported pain scores at any single point.

Physical function: was the most commonly reported outcome measure. Physical function was significantly improved as a result of the
intervention in 14 reviews, though even these statistically significant results had only small-to-moderate effect sizes (only one review
reported large effect sizes).

Psychological function and quality of life: had variable results: results were either favourable to exercise (generally small and moderate
effect size, with two reviews reporting significant, large effect sizes for quality of life), or showed no difference between groups. There
were no negative effects.

Adherence to the prescribed intervention: could not be assessed in any review. However, risk of withdrawal/dropout was slightly
higher in the exercising group (82.8/1000 participants versus 81/1000 participants), though the group difference was non-significant.

Healthcare use/attendance: was not reported in any review.

Adverse events, potential harm, and death: only 25% of included studies (across 18 reviews) actively reported adverse events. Based
on the available evidence, most adverse events were increased soreness or muscle pain, which reportedly subsided after a few weeks
of the intervention. Only one review reported death separately to other adverse events: the intervention was protective against death
(based on the available evidence), though did not reach statistical significance.

Authors’ conclusions

The quality of the evidence examining physical activity and exercise for chronic pain is low. This is largely due to small sample sizes
and potentially underpowered studies. A number of studies had adequately long interventions, but planned follow-up was limited to
less than one year in all but six reviews.

There were some favourable effects in reduction in pain severity and improved physical function, though these were mostly of small-
to-moderate effect, and were not consistent across the reviews. There were variable effects for psychological function and quality of life.

The available evidence suggests physical activity and exercise is an intervention with few adverse events that may improve pain severity
and physical function, and consequent quality of life. However, further research is required and should focus on increasing participant
numbers, including participants with a broader spectrum of pain severity, and lengthening both the intervention itself, and the follow-
up period.

P L A I N L A N G U A G E S U M M A R Y
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Physical activity and exercise for chronic pain in adults - an overview of Cochrane Reviews

Background

Chronic (long-term) pain is pain that has lasted beyond the body’s usual healing time. It is often described as pain that has lasted for
at least three months. Chronic pain causes many problems, beyond the pain itself, including fatigue, anxiety, depression, and a poor
quality of life.

In the past, people with chronic pain were told to rest. However, general advice now is to keep active - whether to affect the pain directly
or to combat the other problems associated with it. Therefore, research studies have attempted to examine the effect of physical activity
in people with chronic pain.

This overview aimed to bring together and analyse any reviews published by Cochrane that looked at physical activity and exercise
studies in any chronic pain condition, including arthritis, back and neck pain, and menstrual (period) pain.

Key results and quality of the evidence

In January 2016, we identified 21 Cochrane Reviews which covered 10 different diagnoses (osteoarthritis (a joint disease), rheumatoid
arthritis (joint pain and swelling), fibromyalgia (widespread pain condition), low back pain, intermittent claudication (cramping pain
in the legs), dysmenorrhoea (period pain), mechanical neck disorders (neck pain), spinal cord injury, postpolio syndrome (a condition
occurring in people who have had polio), patellofemoral pain (pain at the front of the knee)). The physical activity or exercise programme
used in the trials ranged in frequency, intensity, and type, including land- and water-based activities, those focusing on building strength,
endurance, flexibility and range of motion, and muscle activation exercises.

The quality of the evidence was low. This was mostly due to the small numbers of people with chronic pain who participated in each
reviewed study. Ideally, a study should have hundreds of people assigned to each group, whereas most of the studies included in the
review process here had fewer than 50 people in total.

There was evidence that physical activity reduced the severity of pain, improved physical function, and had a variable effect on both
psychological function and quality of life. However, these results were not found in all studies. The inconsistency could be due to the
quality of the studies or because of the mix of different types of physical activity tested in the studies. Additionally, participants had
predominantly mild-to-moderate pain, not moderate-to-severe pain.

Conclusions

According to the available evidence (only 25% of included studies reported on possible harm or injury from the intervention), physical
activity did not cause harm. Muscle soreness that sometimes occurs with starting a new exercise subsided as the participants adapted
to the new activities. This is important as it shows physical activity in general is acceptable and unlikely to cause harm in people with
chronic pain, many of whom may have previously feared it would increase their pain further.

Future studies should focus on increasing participant numbers, including a wider range of severity of pain (more people with more
severe pain), and lengthening both the intervention (exercise programme) itself, and the follow-up period. This pain is chronic in
nature, and so a long-term intervention, with longer periods of recovery or follow-up, may be more effective.

B A C K G R O U N D

Description of the condition

Chronic pain has been defined as pain lasting beyond normal tis-
sue healing time, generally taken to be 12 weeks (International

Association for the Study of Chronic Pain; Merskey 2011). It con-
tributes to disability, anxiety and depression, sleep disturbances,
poor quality of life, and healthcare costs (Leadley 2014; Moore
2014a; Park 2012).
Chronic pain has a weighted mean prevalence in adults of 20%
(Breivik 2006; Moore 2014a), which increases as the population
ages (32% of adults aged 25 to 34 years, 62% of adults over 75
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years; Abdulla 2013; Elliott 1999). This is a greater proportion
than people with asthma (To 2012) or diabetes (IDF 2012) in the
same population (van Hecke 2013a). The World Health Organi-
zation (WHO) recognises chronic pain as a public health problem
throughout the world, with one systematic review assessing the
growing evidence that the prevalence of chronic pain in the gen-
eral population is high internationally (34% in low-income coun-
tries and 30% in high-income countries; Elzahaf 2012). Chronic
painful conditions comprise four of the 10 highest ranking con-
ditions for years lived with disability in 2013 (Vos 2015), and are
responsible for considerable loss of quality of life and employment,
and increased healthcare costs (Moore 2014b). Despite this, the
term ’chronic pain’ was only added as a MeSH term in MEDLINE
in January 2012 (National Library of Medicine), highlighting the
relatively small proportion of specific research dedicated to this
population.
Certain factors can contribute to an increased risk of chronic pain
(female gender, older age, lower socioeconomic status, geographi-
cal and cultural background, and genetics; Smith 2007; van Hecke
2013b). Other factors associated with chronic pain conditions are
modifiable, such as smoking status, alcohol intake, nutrition, obe-
sity, comorbidities, employment status and occupational factors,
and physical activity level (Smith 2007; van Hecke 2013a).
A review of current issues in the treatment of chronic pain strongly
suggests that health professionals traditionally focus on biomedical
views of pain, utilising pharmacology first and foremost, and some-
times not addressing potential non-pharmacological approaches
such as physical activity and changing attitudes towards chronic
pain (Schofield 2011). Guidance often suggests that lifestyle ad-
vice is important: for example, the National Institute for Health
and Care Excellence (NICE) osteoarthritis guidelines state that
“exercise should be a core treatment ... irrespective of age, comor-
bidity, pain severity and disability. Exercise should include: local
muscle strengthening [and] general aerobic fitness” (NICE 2014).
Non-pharmacological treatments have been developed, investi-
gated, and implemented, with Cochrane Reviews and proto-
cols evaluating the available evidence for psychological, physical,
and other non-medical interventions (e.g. cognitive behavioural
and behavioural therapy, Eccleston 2014; Williams 2012; TENS,
Nnoaham 2008; low-impact/intensity movement/exercise ther-
apy, Wieland 2013; dietary, Straube 2015; and patient education,
Engers 2008; Gross 2009). While evidence for the effectiveness of
these interventions is of variable quantity and quality, the 2013
Scottish Intercollegiate Guideline Network (SIGN) guidelines on
the management of chronic pain made strong recommendations
on the use of exercise, based on evidence drawn from randomised
controlled trials (RCTs), stating: “exercise and exercise therapies,
regardless of their form, are recommended in the management of
patients with chronic pain” (SIGN 2013).

Description of the interventions

Physical activity has been defined by the WHO as “any bodily
movement produced by skeletal muscles that requires energy ex-
penditure, including activities undertaken while working, playing,
carrying out household chores, travelling, and engaging in recre-
ational pursuits” (WHO 2015). WHO also states that “exercise ...
is a sub-category of physical activity that is planned, structured,
repetitive, and aims to improve or maintain one or more compo-
nents of physical fitness” (WHO 2015).
Physical activity for health can take many different forms: it can
be structured exercise, such as in classes, gym-based, or a DVD
or programme performed at home; or unstructured and involve
adding just a few small activities each day (activities of daily living).
Physical activity and exercise can also vary in intensity, duration,
and type: aerobic (such as walking) or more focused on increasing
flexibility, strength, or balance. Physical activity and exercise can
also be taught (or led) by another individual such as an exercise
professional, or initiated and maintained through the person’s own
initiative and motivation.
Both physical activity and exercise can be performed on land or in
the water, and can range from whole-body to localised (body site-
specific) training. Most forms of exercise can also be modified to
be performed where there is restricted movement (e.g. in a chair,
a bed, or another assistive device).

How the intervention might work

Physical activity and exercise can be adapted for an individual, and
is something people can do to help themselves. It is likely to be
associated with minimal adverse effects, such as interactions with
medication and potential for abuse in adults with chronic pain,
when compared to pharmaceutical and surgical interventions. It is
therefore an attractive option to help manage an individual’s pain
if the systematic reviews show benefit. However, current evidence
suggests that simply giving an individual advice to exercise is in-
sufficient to bring about significant change (SIGN 2013), and a
badly prescribed intervention that does not consider the individ-
ual’s conditions and present state of health and fitness, such as one
that does not incorporate pacing or gradual progression, may bring
about adverse events such as pain ’flare-ups’, or lead to cardiac or
respiratory events (American College of Sports Medicine 2007).
This suggests that supervised or structured interventions may be
more fruitful, though this is currently unconfirmed.
Since the 1980s, primary care physician advice for treating pain
has changed, moving away from “rest”, to minimising or elimi-
nating bedrest and instead remaining active (back pain, Waddell
1987). Exercise may have specific benefits in reducing the severity
of chronic pain, as well as more general benefits associated with
improved overall physical and mental health, and physical func-
tioning of people with chronic pain, as depression (Finan 2013),
deconditioning (Bousema 2007), and obesity are commonly ob-
served in these people (headache/migraine, Bigal 2012; fibromyal-
gia, Ursini 2011). For example, studies have revealed that a sin-
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gle bout of exercise increases the production of endogenous opi-
oids, leading to transient anti-nociception in both animals and
humans, and repeated exercise produces long-lasting anti-nocicep-
tion in otherwise untreated animals (Stagg 2011). Aerobic exer-
cise is also strongly linked to weight loss (Messier 2013), which in
turn has implications for the management of chronic pain as the
pressure on joints is reduced. Alternatively, resistance exercise, or
other forms of strength training, can improve the person’s capac-
ity to support bone and cartilage through improved musculature
supporting movement around a joint, with potential to relieve
stiffness (Mayer 2008) and bringing about some pain relief. Re-
sistance training through repetitive full range-of-motion exercise
around the lumbar spine (in chronic low back pain) may affect disc
metabolism itself, with the possibility that the exercise programme
could improve metabolic exchange in the lumbar discs and aid in
repair (Mooney 2006). Training to improve balance and flexibility
also has benefits as it reduces the risk of falls, and the potential for
further pain or injury (Harvard 2013).

Why it is important to do this overview

If physical activity and exercise interventions are shown to ef-
fectively and safely reduce pain intensity or frequency (or both),
they are likely to be a preferable alternative or adjunct therapy to
pharmacological/surgical treatments for chronic pain. The inter-
ventions could promote personal involvement of individuals in
the management of their pain, thus increasing self-efficacy and
the ability to self-manage. In turn this could lead to an increase
in overall quality of life and a consequent reduction in health-
care use. In addition, exercise is of great importance for cardio-
vascular (Vigorito 2014) and bone health (Sakuma 2012). Re-
duced physical function and consequent lack of mobility in people
with chronic pain is associated with increased all-cause and car-
diovascular mortality (Nüesch 2011), with other studies linking
severe chronic pain to general increased all-cause mortality (Moore
2014a; Torrance 2010).
Physical activity and exercise programmes are increasingly being
promoted and offered in various healthcare systems (American
College of Sports Medicine (ACSM) ’Exercise is Medicine’ global
pledge at the Inaugural World Congress 2010) and for a variety of
chronic pain conditions, including arthritis (Fransen 2014; Silva
2010), fibromyalgia (Busch 2013), and dysmenorrhoea (Brown
2010). At this stage it is important to establish the efficacy and
safety of these programmes, and furthermore to address the critical
factors that determine their success or failure.
It is therefore important to identify whether (and how) exercise
interventions can be effectively and safely applied in people with
chronic pain.
With a number of systematic reviews published by Cochrane eval-
uating the effectiveness of exercise in various painful conditions, it
is timely and important to bring together all relevant published in-
formation to evaluate the current evidence, and identify the avail-

ability and quality of evidence-based exercise interventions. This
overview will determine the extent to which the published sys-
tematic reviews have accurately assessed the evidence for exercise
in chronic pain conditions/syndromes, which will help to direct
future guidelines and identify current research gaps.

O B J E C T I V E S

To provide an overview of Cochrane Reviews of adults with
chronic pain to determine (1) the effectiveness of different phys-
ical activity and exercise interventions in reducing pain severity
and its impact on function, quality of life, and healthcare use; and
(2) the evidence for any adverse effects or harm associated with
physical activity and exercise interventions.

M E T H O D S

Criteria for considering reviews for inclusion

We included only systematic reviews of RCTs of physical activity
and exercise in participants with chronic pain, and published in
the Cochrane Database of Systematic Reviews. The included reviews
had to fulfil the following criteria:

Participants

Adults (aged 18 years and over) reporting chronic non-cancer pain,
including persistent (e.g. chronic back pain, fibromyalgia) and
intermittent (e.g. migraine, dysmenorrhoea) pain, for at least three
months (12 weeks) in any body site.

Intervention

Reviews of RCTs assessing physical activity or exercise as the inter-
vention (any reviews where that assessed physical activity or exer-
cise as a stand-alone intervention). This included physical activity
interventions that could be initially taught by an exercise profes-
sional, or involve periodical/ongoing supervision.

Exclusions

Interventions not deemed physical activity or exercise using the
WHO definition, such as manipulation, mobilisation, or passive
movement. Any multi-modal interventions were excluded if phys-
ical activity/exercise could not be assessed for effect (the effect of
exercise must have been measured distinctly).
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Comparison

Usual care, waiting list control, placebo/sham treatment, other
treatment, or a combination of treatments (as long as the effect of
exercise could be measured distinctly).

Primary outcome

• self-reported pain (severity).

This could be presented and analysed as change on a continuous
scale, the proportion of participants who ’responded’, or, ideally,
in a dichotomised format as the proportion of participants in each
group who achieved a predetermined threshold of improvement
(e.g. outcome in individual participants of at least 50% pain in-
tensity reduction, or no worse than mild pain, at the end of the
trial, with at least 30% pain intensity reduction as a secondary
outcome, or recovery; Moore 2013).

Secondary outcomes

• Physical function (objectively or subjectively measured).
• Psychological function.
• Quality of life.
• Adherence to the prescribed intervention.
• Healthcare use/attendance.
• Adverse events (not death).
• Death.

Reviews may not always report specifically on activity or exercise
for chronic pain in adults. We anticipated two possible circum-
stances which might have arisen.

• A review included some interventions of interest or reported
only some outcomes of interest. In this case we extracted the
interventions and outcomes of interest, but we did not include
interventions or outcomes outside the scope of this overview.

• Reviews occasionally included papers that included children
and adults together, but the results for adults were not reported
or analysed separately in the included papers or the review. In
this case we made a judgement as to whether the review could be
included based on the proportion of adults. Our intention was to
include only those reviews where more than 80% of participants
were adults.

Search methods for identification of reviews

We searched the Cochrane Database of Systematic Reviews (CDSR),
2016, Issue 1, on the Cochrane Library for relevant reviews using
the search strategy: (pain or migraine or headache) and (exercise or
activity or physical). We did not seek non-Cochrane reviews.

Data collection and analysis

Two overview authors (LG, CC) independently carried out
searches and selected reviews for inclusion. Disagreements were
resolved through discussion, and a third overview author (RAM)
acted as arbitrator where necessary.
Two overview authors (independently carried out assessment of
methodological quality (LG, CC), and extracted data (LG, RAM).
Any disagreements were resolved through discussion, or involving
a third overview author if necessary (DM).
One overview author (LG) tracked results of the search for the
most up to date version of each review and protocol that fulfilled
the inclusion criteria.

Selection of reviews

Included reviews assessed RCTs of the effects of exercise for pain
management in adults (as defined by individual reviews), com-
pared with any of the listed comparators, and included:

• a clearly defined clinical question;
• details of inclusion and exclusion criteria;
• details of databases searched and relevant search strategies;
• participant-reported pain severity (primary outcome

measure);
• summary results for at least one other desired outcome.

Data extraction and management

Two overview authors (LG, RAM) independently extracted data
from the included review using a standardised data extraction form
and checked for agreement prior to entry into Microsoft Excel for
Windows. We did not extract data from reports included in the
reviews again, neither did we undertake any re-analysis of data
from reviews. Data were not entered for analysis into Cochrane’s
statistical software due to the lack of relevant and comparable data
(RevMan 2014).
We collected the following information (where available) from the
reviews:

• number of included studies and participants;
• intervention (exercise or activity type) and dose (frequency/

intensity);
• comparator;
• condition treated;
• time of assessment;
• duration of follow-up;
• relevant outcomes.

Where possible we extracted risk ratio (RR), number needed to
treat for an additional beneficial outcome (NNTB), mean differ-
ence (MD), and standardised mean difference (SMD), and other
relevant statistical data for the primary and secondary outcomes.
This included:

• obtaining 50% pain relief (participant-reported);
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• obtaining any other measure of ’improvement’ (participant-
reported);

• adverse events;
• death;
• withdrawals.

Assessment of methodological quality of included

reviews

Quality of included reviews

Two overview authors (LG, CC) independently assessed each in-
cluded review to see if it satisfied the criteria specified in the ’as-
sessment of multiple systematic reviews’ (AMSTAR) measurement
tool (Shea 2007), for rigorous methodological quality. Arbitration
by a third overview author (DM) was necessary for some fields.
High quality reviews were required to fulfil each of the established
AMSTAR criteria (further criteria to fulfil each field is listed in
Table 1).
For each review we also planned to assess the likelihood of pub-
lication bias by calculating the number of participants in studies
with zero effect (relative benefit of one) that would be needed to
give an NNTB too high to be clinically relevant (Moore 2008). In
this case we would have considered an NNTB of 10 or greater for
the outcome of participant-reported pain relief of 30% or greater
to be the cut-off for clinical relevance. This method is used as sta-
tistical tests for the presence of publication bias have been shown
to be unhelpful (Thornton 2000). However, assessment of pub-
lication bias was not possible due to the lack of specificity of the
populations included within the reviews, and so we were unable
to extract comparable data.

Quality of evidence in included reviews

We planned to use two main indicators for the quality of evidence:
all included reviews must have used only primary studies that were
both randomised and double-blind, so minimising the risk of bias
from these items; and all included reviews must have included
only people with at least moderate pain intensity at baseline (visual
analogue scale greater than 30/100, categorical rating scale greater
than 1/3, and numerical rating scale greater than 3/10, Collins
1997), providing a sensitive assay of intervention efficacy.
Subsequently, we planned to analyse data for each painful condi-
tion in three tiers, according to outcome and freedom from known
sources of bias.

• The first tier used data meeting current best standards,
where studies reported the outcome of at least 50% pain
intensity reduction from baseline (where 50% was the cut-off for
a dichotomous (yes/no) outcome: was a 50% reduction in pain
observed?), or its equivalent, without using last observation
carried forward (LOCF) or other imputation method for
dropouts, reported an intention-to-treat (ITT) analysis, lasted

eight or more weeks, had a parallel-group design, and had at least
200 participants (preferably at least 400) in the comparison
(Moore 2010). These top-tier results were usually reported first.

• The second tier used any available data, but where one or
more of these conditions were not met, for example reporting at
least 30% pain intensity reduction, using LOCF or a completer
analysis, lasting four to eight weeks, and where the numbers of
participants were at least 200.

• A third tier of evidence related to small amounts of data
(fewer than 200 participants), or short studies of less than four
weeks, or where there was obvious major heterogeneity between
studies, or where there were other shortcomings in allocation
concealment, considerable attrition, and incomplete outcome
data. For this third tier of evidence, no data synthesis was
reasonable, and may have been misleading, but an indication of
beneficial effects might be possible.

This overview examined the quality of all included reviews accord-
ing to current best standards for reporting in pain. These included
the attempt and ability of the reviews to identify studies/interven-
tions with the maximum evidence of effectiveness, and minimum
risk of bias, including the reporting of the following.

• Outcomes in trials of the proportion of participants
obtaining at least 50% pain intensity reduction, or no worse
than mild pain, at the end of the trial (with at least 30% pain
intensity reduction as a secondary outcome). We did not
consider the use of mean changes in pain scores as high quality
because responses to pain interventions are not Gaussian, and
few people have the mean response.

• Duration of included studies of eight weeks or longer.
• Imputation method of baseline observation carried forward

(BOCF), LOCF, or worst observation carried forward (WOCF)
if adverse event withdrawals were similar in active and control
groups.

• At least 200 participants per treatment group in included
studies, with at least two trials, as a minimum criterion for
trustworthiness of any analysis. Pooled analysis of small studies
may be considered good quality if at least 400 participants were
involved, but we regarded these as being potentially subject to
bias.

We extracted the ’Risk of bias’ as assessed by the original review
authors from included reviews. Counts of low risk of bias were
extracted from relevant studies in the included reviews and tabu-
lated under the following headings to evaluate the proportion of
studies achieving a low risk of bias for each:

• random sequence generation (selection bias);
• allocation concealment (selection bias);
• blinding of participants and personnel (performance bias);
• blinding of outcome assessment (detection bias);
• incomplete outcome data (attrition bias);
• selective reporting (reporting bias);
• sample size;
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• any other biases.

Data synthesis

Additional quantitative analyses were not required, since we only
considered results from properly conducted (Cochrane) reviews.
The aim was to concentrate on specific outcomes such as the pro-
portion of participants with at least 50% pain relief, all-cause or
adverse event discontinuations, or serious adverse events, and to
explore how these can be compared across different treatments for
the same condition. We planned to compare only like with like
(where possible); for example in study duration, which can be an
additional source of bias if insufficient in length (Moore 2010).
However due to the limited data available, we were unable to
directly compare and analyse interventions, and have instead re-
ported the evidence qualitatively only. We had also planned to em-
ploy subgroup analyses assessing age, condition, and intervention
type/intensity, though this was not feasible using the available data
from included reviews. For this reason we have also been unable
to include a ’Summary of findings’ table as planned and stated in
the protocol.
Importantly, we have tried to highlight issues of low trial quality,
inadequate size, and whether trials were truly valid for the partic-
ular condition in making between-therapy comparisons.
We approached each review with four main questions/focus, and
extracted data accordingly.

• Did they report exercise versus non-exercise studies?
• Did the review or studies included in the review (or both)

have low risk of bias?
• Did they have our main outcome?

• What were the actual intervention/s included in the review?

R E S U L T S

We included 21 reviews with 381 included studies, totalling
37,143 participants. Of these, 264 studies (19,642 participants)
examined exercise versus no exercise/minimal intervention in
adults with chronic pain (the focus of this overview) and so were
used in the qualitative analysis.

Description of included reviews

The search strategy was performed in the Cochrane Library only,
and revealed 475 potentially relevant titles, of which 75 were as-
sessed as full papers.
The search was undertaken on 31 January 2016 (CDSR 2016,
Issue 1), after which any included reviews were tracked for updates,
and protocols were followed in case of full review publication until
21 March 2016 (CDSR 2016, Issue 3).
All extracted data and methodological quality assessment were
taken from the most recent published version of the full review.
Ultimately, of the 75 titles requiring further assessment, 10 were
reviews at protocol stage only (five of which have potential to be
included once published as a full review, one which was unclear,
and four that were excluded based on information within the pro-
tocol). Hence, we excluded 54 titles (10 protocols and 44 full re-
views; Figure 1), reasons for which are listed in Table 2.
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Figure 1. Study flow diagram.
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Detailed information about the included reviews is available in
Table 3. Trial and participant number, age, and gender distribution
is reported in Table 4.

Specificity of chronic pain condition of included

reviews

Following abstract and full paper assessment, 21 reviews fulfilled
the inclusion criteria: four in rheumatoid arthritis (Cramp 2013;
Han 2004; Hurkmans 2009; Silva 2010), four in osteoarthritis
(Bartels 2007; Fransen 2014; Fransen 2015; Regnaux 2015), three
in fibromyalgia (Bidonde 2014; Busch 2007; Busch 2013), three
in low back pain (Hayden 2005; Saragiotto 2016; Yamato 2015),
two in intermittent claudication (Lane 2014; Lauret 2014), one in
dysmenorrhoea (Brown 2010), one in mechanical neck disorder
(Gross 2015a), one in spinal cord injury (Boldt 2014), one in
postpolio syndrome (Koopman 2015), and one in patellofemoral
pain (van der Heijden 2015). None of the included reviews assessed
’chronic pain’ or ’chronic widespread pain’ as a general term or
specific condition.
The 21 included reviews were published by five different Cochrane
Review groups: 11 from the Cochrane Musculoskeletal Group
(Bartels 2007; Bidonde 2014; Busch 2007; Busch 2013; Cramp
2013; Fransen 2014; Fransen 2015; Han 2004; Hurkmans 2009;
Regnaux 2015; Silva 2010); four from the Cochrane Neck and
Back Group previously the Cochrane Back Group) (Gross 2015a;
Hayden 2005; Saragiotto 2016; Yamato 2015); two from the
Cochrane Peripheral Vascular Diseases Group (Lane 2014; Lauret
2014); one from the Cochrane Menstrual Disorders and Subfertil-
ity Group (Brown 2010); one from the Cochrane Injuries Group
(Boldt 2014); one from the Cochrane Neuromuscular Group
(Koopman 2015); and one from the Cochrane Bone, Joint and
Muscle Trauma Group (van der Heijden 2015).
Protocols that may be included in updates of this overview fo-
cus on osteoarthritis (Østerås 2013 from the Cochrane Muscu-
loskeletal Group), migraine (Brønfort 2015 from the Cochrane
Pain, Palliative and Supportive Care Group), chronic low back
pain (Hayden 2012 from the Cochrane Back Group), ankylosing
spondylitis (Regnaux 2014 from the Cochrane Musculoskeletal
Group), and temporomandibular disorders (Craane 2006 from
the Cochrane Oral Health Group).

Exercise and physical activity interventions

implemented in the included reviews

Interventions assessed included: any specified style of land-based
exercise or physical activity such as one designed to improve
strength, range of movement, aerobic capacity, or a combination
of these (Boldt 2014; Busch 2007; Busch 2013; Cramp 2013;
Fransen 2014; Fransen 2015; Gross 2015a; Hurkmans 2009;
Koopman 2015; Regnaux 2015; van der Heijden 2015); a single

style of land-based exercise only (tai chi only: Han 2004, walk-
ing only: Lauret 2014, walking or jogging only: Brown 2010;
Lane 2014, balance training only: Silva 2010, motor control ex-
ercise only: Saragiotto 2016, Pilates method only: Yamato 2015);
any pool-based or aquatic therapy (Bartels 2007; Bidonde 2014;
Cramp 2013), or “any exercise therapy” (Hayden 2005).

Aquatic exercise

Any exercise performed in water. This can include swimming,
though many studies will be referring to exercises performed ver-
tically in the water (not horizontally), either using the water to
support the body through the exercise, or as resistance against the
body.

Range of motion and flexibility exercise

Can be performed in water or on land. The intention is to increase
the range of motion around a joint through progressive stretching
and mobilising of the muscles around and crossing the joint. For
the purposes of this overview, we only included active movement
where the movement was brought about by the participant, and
not passively moved by an external force such as a therapist.

Aerobic exercise

Can be performed in water or on land. Exercise usually performed
continuously to raise the heart rate and breathing rate for a pro-
longed period. Examples include walking, jogging, running, cy-
cling, and swimming. Often presented as a percentage of the par-
ticipant’s heart rate max (HRmax) - the highest heart rate reached
when performing at their absolute maximum. Similarly it may be
presented as a percentage of VO2max or VO2peak (a proportion
of the maximum amount of oxygen the muscle can take up per
minute), or as an absolute value (mL/kg/minute).

Strength/resistance exercise

Can be performed in water or on land. Exercise performed against
a progressive resistance with the intention of improving muscle
strength, muscle endurance, muscle power, or a combination of
these. Resistance can come from fixed or free weights, elastic bands,
body weight (against gravity), and water resistance. It may also
involve static or isometric strength (holding a position or weight
without moving against it). Often presented as a percentage of
the participant’s one repetition maximum (1-RM) - the maximum
weight they can lift/move if they only have to do it once.
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Motor control exercise

Can be performed in water or on land. Exercise to bring about
activation of the deep trunk muscles, targeting the restoration
of control and co-ordination of these ’core muscles’ (Saragiotto
2016).

Balance (proprioceptive) training

Can be performed in water or on land (water may be used initially
for support). Exercise emphasises the maintenance of balance dur-
ing visual and perturbation challenges with eyes open or closed,
range of motion, and maintaining stability over reduced areas of
support and unstable surface (Silva 2010), that is improving bal-
ance in increasingly unstable situations.

Tai chi

An ancient Chinese discipline developed from martial arts, in-
volving a continuous series of very controlled (and usually slow)
movements designed to improve physical and mental wellbeing.

Yoga

Arising out of Hindu philosophy. Exercise includes breath control,
simple meditation, and the adoption of specific bodily postures. It
is widely practised for health, relaxation, and control (physically
and mentally). Incorporates stretching and flexibility training with
isometric strength training (holding certain poses, with no move-
ment against a resistance).

Pilates

Developed by Joseph Pilates in the 20th Century, it is a system of
exercises (often using special apparatus) designed to improve phys-
ical strength, flexibility, and posture, and enhance mental aware-
ness.

Duration and dose (frequency/intensity) of the

exercise and physical activity interventions

A detailed breakdown of each review can be seen in Table 5.

Duration of intervention

Interventions assessed by the included reviews varied in length
from a single session (Fransen 2015) to 30 months (Fransen 2015).
Only five reviews enforced a minimum intervention period to
reduce risk of bias, and were able to attribute any effects to the
intervention (Brown 2010; Busch 2013; Gross 2015a; Hurkmans
2009; Silva 2010).

Frequency

There was large variation in the exercise or physical activity in-
tervention being implemented, ranging from just once a week
(Bidonde 2014; Busch 2007; Fransen 2014; Fransen 2015; Han
2004; Saragiotto 2016), to twice a day (Boldt 2014), and some
performing a short series of exercises (two-minute duration) ev-
ery 15 minutes during the day (Gross 2015a). However, when
reported, most included studies in the reviews implemented the
programme twice a week (or stated at least twice a week).

Intensity

Few studies quantified the intensity of each session. Baseline inten-
sity was often accepted as low/moderate, with the aim to progress
over the intervention period to 70% to 85% of HRmax or heart
rate reserve (HRR) for aerobic interventions (Brown 2010; Cramp
2013; Hurkmans 2009), 70% to 80% of an individual’s 1-RM, or
50% to 70% maximum voluntary contraction (Koopman 2015) in
strength/resistance training programmes (Busch 2013; Hurkmans
2009). In other reviews, intensity was described more loosely as
“variable” or “low intensity (very light) to maximum effort (vigor-
ous)” (Bidonde 2014; Fransen 2014; Lane 2014; Regnaux 2015),
“low intensity” (Fransen 2014; Gross 2015a; Han 2004; Silva
2010), or “moderate or moderate-to-high” (Cramp 2013; Fransen
2015).

Duration (per session)

Individual sessions varied in length from two minutes (Gross
2015a), to 90 minutes (Busch 2013; Cramp 2013; Han 2004)
or 120 minutes (Boldt 2014), but mostly situated around 45 to
60 minutes. However, it is important to note that the shorter
sessions were often performed more regularly than longer sessions.
With more information it would have been possible to calculate
total volume of exercise or physical activity (session duration ×
frequency per week × number of weeks), for a more accurate and
detailed analysis.

Intervention specificity for chronic pain in the

included reviews

The focus of this overview was exercise versus no-exercise inter-
ventions with the intention of answering the original question:
is exercise beneficial, detrimental, or ineffective for people with
chronic pain when compared to inactivity? Two of the 21 reviews
did not include/locate any studies that examined simply exercise
versus no exercise (Lauret 2014; Silva 2010). However, many of the
included reviews compared varying exercise modality, duration,
intensity, and frequency. The “no-exercise” intervention referred
to the control group where there was a minimal intervention (such
as sham exercise or education) or wait-list control/no treatment
(see Table 3 for more information on control group activity).
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Time points reported

Four of the 19 reviews that reported data, reported results at a single
time point only (’post-intervention’: Bidonde 2014; Busch 2007;
Cramp 2013; Han 2004). Reviews also analysed outcome mea-
sures immediately post-intervention and at one or more follow-up
points. Each review defined short-, intermediate-, and long-term
follow-up according to their own assessment, so when the time pe-
riod was not mentioned explicitly, we grouped the reviews accord-
ing to the review authors’ own classification only, and where a time
period (weeks, month, years) was explicitly listed but not defined
by the authors, we grouped them as short-term (follow-up as under
six months), intermediate-term (six to 12 months), and long-term
(longer than 12 months): short-term: Busch 2013; Fransen 2014;
Fransen 2015; Gross 2015a; Hayden 2005; Lane 2014; Regnaux
2015; Saragiotto 2016; intermediate-term: Bartels 2007; Fransen
2015; Gross 2015a; Hayden 2005; Lane 2014; Regnaux 2015;
Saragiotto 2016; long-term: Gross 2015a; Hayden 2005; Regnaux
2015; Saragiotto 2016. Five reviews did not report “post-interven-
tion” but at short-term, mid/intermediate-term, and long-term
postrandomisation (short, mid, and long term: Boldt 2014; short
and intermediate term: Koopman 2015; Yamato 2015; short and
long-term: Hurkmans 2009; van der Heijden 2015). One review
assessed participants in an ongoing fashion “over three menstrual
cycles” (Brown 2010).

Long-term follow-up

Of the seven reviews claiming to report “long term” follow-up,
one classed long-term as longer than six weeks (intermediate term
as one to six weeks’ follow-up) (Boldt 2014). The remaining six
reviews defined long-term follow up as over 12 months (one year)
post-intervention (Gross 2015a; Hayden 2005; Hurkmans 2009;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015).

Methodological quality of included reviews

AMSTAR quality assessment of included reviews

No review achieved a perfect score of 11/11, though five achieved
10/11 (Boldt 2014; Busch 2013; Hayden 2005; Koopman 2015;
Regnaux 2015) and eight scored 9/11 (Cramp 2013; Gross 2015a;
Hurkmans 2009; Lane 2014; Lauret 2014; Saragiotto 2016; van
der Heijden 2015; Yamato 2015). The lowest score was 6/11 (
Silva 2010) though five categories were not applicable (n/a) due
to there being no included studies. Quality assessment results for
each individual review are presented in Table 6.
All reviews except one (Bidonde 2014) fulfilled the basic criteria
(questions one to three of Table 1); to follow an ’a priori’ design
as Cochrane implements a system of protocol publication before
undertaking the full reviews, where it also specifies dual study se-
lection and data extraction from a comprehensive literature search.
One review did not fulfil the ’a priori’ design as this was an update

and separation from a broader review series, and so the criteria had
not been explicitly listed prior to publication for this specific title
(Bidonde 2014).
Criteria which scored badly using the AMSTAR tool were charac-
teristics of included studies (question six of Table 1), reporting of
publication bias (question 10 of Table 1), and conflict of interest
declarations (question 11 of Table 1).

• Included study characteristics were limited, often reporting
the “inclusion criteria” used to recruit participants in the study
instead of the characteristics of actual included participants, and
excluding information such as participants’ age, gender split,
ethnicity, and disease status.

• Assessment of publication bias was omitted entirely in five
reviews (Bartels 2007; Fransen 2014; Fransen 2015; Han 2004;
Hurkmans 2009), and when it was assessed, it was reported
using only a simple statement (with no test values, analyses used,
or diagrams to demonstrate the result; Busch 2007; Koopman
2015). Two reviews mentioned in the methods as planned
analyses, though was not mentioned again (Brown 2010; van der
Heijden 2015), and a third review mentioned it in the methods,
but appeared to use it interchangeably with reporting bias
causing great confusion (Bidonde 2014).

• Conflicts of interest were sufficiently reported in only three
out of 21 of the included reviews (Hayden 2005; Koopman
2015; Silva 2010). In the remaining reviews, a cursory statement
was commonly made regarding the review authors’ conflicts of
interests, however, fulfilling the AMSTAR criteria also requires a
statement to be made regarding any conflict of interest for any of
the included studies.

Risk of bias in included reviews

The original review authors assessed risk of bias (see Table 7). The
table shows the number of studies assessed as low risk of bias only,
and excluded those that were assessed as unclear or high risk of
bias.

Selection bias (randomisation and allocation concealment)

Selection bias had the largest proportion of included studies with
low risk of bias (63% and 42% of studies adequately undertaking
and reporting the methods used).

Performance and detection bias (blinding participants,

personnel, outcome assessors)

With any exercise or physical activity intervention it is very difficult
to blind both participants and personnel to the allocation, though
some studies included in reviews attempted to by offering sham
exercise.
Due to the difficulty of blinding participants to their group allo-
cation, review authors assessed the risk of bias in different ways,
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which may cause confusion: whereas the majority declared this
lack of possible blinding to be high risk of bias or unclear, two re-
views labelled such cases as low risk of bias in order not to exclude
these studies unnecessarily from their analysis (Lane 2014; Lauret
2014). Without these two reviews, only a small percentage (7.8%
or 18/229) of the included studies would have scored low risk of
performance bias (blinding of participants and personnel), but by
including them (all 35 studies from those two reviews assessed as
low risk of bias) the overall proportion of studies assessed as having
low risk of bias was closer to 20% (53/264).

Attrition (incomplete outcome data, withdrawals/dropouts)

About 55% (144/264) of the studies included in these reviews
showed low risk of bias.

Reporting bias (selective reporting)

Reporting bias was classed as low risk in only 46% of included
studies. However, it is important to note this was not due to the
remainder having high risk of bias, but instead ’unclear’, as trial
protocols were not always published or accessible to the review
authors to accurately assess/interpret.

Study/sample/group size

Sample size was not always included within the risk of bias assess-
ment. It was therefore extracted directly from each review’s table
of included study characteristics by a single overview author (LG),
and assessed as being low risk of bias when there was a minimum
of 50 participants per arm, or 100 in total. Numbers were then
separated for the proportion of studies with greater than 100 par-
ticipants per arm (or 200 in total), and 200 participants per arm
(or 400 in total), as this could then be considered higher tiered
evidence.
Only 26 out of 264 included studies (10%) across the 21 reviews
reported over 100 participants in total (or 50 per arm), a further
6% (15/264) included over 200 participants per arm. The remain-
ing 223 studies (84%) had fewer than 50 participants per arm (or
sample size was not reported), often not reaching 50 in total.

Other bias

The format for reporting bias has changed, and therefore some
earlier reviews (that are yet to be updated) did not assess bias using
the same format. Others reported additional criteria as ’other bias’
including the similarity of baseline characteristics, and similarity
of timing points.

Interpretation of results/conclusions by original

review authors

For conclusions made by the original review authors, see Table
8. We assessed whether these conclusions/interpretations of the
results accurately reflected the information provided within the
review, and if any further information should have been included.
This final assessment of the review is an important stage in deter-
mining any author bias within the review process, as many readers,
funders, and policy makers will focus on the author conclusions
without a full appraisal of the actual presented data.
Eleven of the 21 reviews reported appropriate conclusions based
on the data available in the context of the quality of evidence
(Bidonde 2014; Boldt 2014; Busch 2007; Busch 2013; Fransen
2015; Gross 2015a; Koopman 2015; Regnaux 2015; Saragiotto
2016; Silva 2010; Yamato 2015); five reviews had appropriate con-
clusions, did not mention quality of the evidence in the conclu-
sion, but did discuss it in detail earlier in the review (Bartels 2007;
Cramp 2013; Han 2004; Hayden 2005; Lauret 2014); two re-
views had appropriate conclusions but had only limited discussion
of quality or did not adequately consider the quality of the evi-
dence in the interpretation of the results (Hurkmans 2009; Lane
2014); and three reviews needed further comment as the strength
of the conclusions were not appropriate based on the available data
(Brown 2010; Fransen 2014), or we were unable to agree with
their interpretation due to difficulty in extracting the data (van
der Heijden 2015).

Effect of interventions

We have interpreted results using data reported in the reviews,
and did not return to the original studies. Where data have been
reported as MDs or as an absolute or relative change score we have
used the appropriate scales (where possible) to determine whether
this was clinically significant. When data have only been presented
as SMD, with or without 95% confidence intervals (CI), with or
without level of significance (P value), we have cautiously used the
interpretation by Cohen 1988 who defined effect size using the
SMD as small (SMD 0.2 to 0.5), moderate (SMD 0.5 to 0.8), or
large (SMD greater than 0.8).
For the purposes of clarity, we have used the term ’intervention’ to
refer to the exercise or physical activity intervention, and ’control’
to refer to the included comparison group which did not involve
any exercise or physical activity element.

Primary outcome

Self-reported pain (severity)

Part of the inclusion criteria for this overview was for pain severity
to be listed as an outcome measure.
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Two of the 21 reviews did not include/identify any studies that
examined intervention versus control (Lauret 2014; Silva 2010).
Of the remaining reviews that did report studies examining inter-
vention versus control (no physical activity or exercise, or minimal
intervention), two did not report pain as an absolute or relative
score of severity, intensity, or change as a result of the interven-
tion (Brown 2010; Han 2004), and one review assessed pain-free
time and distance during exercise (they did not assess pain using
a mean/usual pain scale; Lane 2014). We could not extract rele-
vant data for one review as they compared two different exercise
interventions and a control but did not report the data compared
to the control (Regnaux 2015).
The remaining 15 reviews reported a mean or usual pain score for
exercise (intervention) and no-exercise (control) groups (Bartels
2007; Bidonde 2014; Boldt 2014; Busch 2007; Busch 2013;
Cramp 2013; Fransen 2014; Fransen 2015; Gross 2015a; Hayden

2005; Hurkmans 2009; Koopman 2015; Saragiotto 2016; van der
Heijden 2015; Yamato 2015).

Reported baseline pain score

Of the 15 reviews that were able to assess pain (Table 9), only three
reviews reported actual baseline pain scores (Bidonde 2014; Boldt
2014; Hayden 2005). Three reviews reported change data (Bartels
2007; Busch 2007; Busch 2013), but we were able to use control
group baseline and earliest control group scores as assumed or
approximate baseline measures for the intervention groups in nine
reviews (Bartels 2007; Busch 2007; Fransen 2014; Fransen 2015;
Gross 2015a; Koopman 2015; Saragiotto 2016; van der Heijden
2015; Yamato 2015). Overall, only three reviews that assessed pain
did not provide baseline or control group scores for comparison
(Busch 2013; Cramp 2013; Hurkmans 2009).

Intervention group at baseline Control group at baseline Control group at earliest follow-up

Median pain score 70.9/100
(based on 7 studies, n = 382; Bidonde
2014)

WOMAC 9.1/20 (2 studies, n = 380)
VAS ~ 55/100 (3 studies, n = 117)
HAQ 1.05/3 (1 study, n = 249) (Bartels
2007)

Mean pain score ~ 29/100
(9 studies, n = 549; Fransen 2014)

11.05 to 22.6 on a 0 to 150 WUSPI score
(1 study, n = 35; Boldt 2014)

VAS 35/100 to 61/100
(4 studies, n = 204; Busch 2007)

44/100
(44 studies, n = 3537; Fransen 2015)

Mean pain score 46/100 (95% CI 41 to 50)
(8 studies, n = 370; Hayden 2005)

- 40/100 to 60/100
(2 studies, n = 147; Gross 2015a)

- - 44/100 SD 24
(1 study, n = 55; Koopman 2015)

- - range 25/100 to 56/100
(4 studies, n = 291; Saragiotto 2016)

- - 2.1/10 to 6.0/10
(2 studies, n = 41; van der Heijden 2015)

- - range 18/100 to 52/100
(6 studies, n = 148; Yamato 2015)

Range: 46 to 70.9 on a 0 to 100 scale

16 studies, n = 787

Range: 35 to 55 on a 0 to 100 scale

10 studies, n = 950

Range: 18 to 60 on a 0 to 100 scale

68 studies, n = 4768

CI: confidence interval; HAQ: Health Assessment Questionnaire; n: number of participants; SD: standard deviation; VAS: visual
analogue score; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; WUSPI: Wheelchair User’s Shoulder
Pain Index
HAQ: mean of different category scores, 0 or 1 (mild to moderate disability), up to 2 or 3 (severe to very severe disability); WOMAC
pain score: 5 items summed to 0 (no pain) to 20 (worst pain ever); WUSPI: 15 items of 0 to 10 VAS scores, summed to form total

CI: confidence inter
ment Questionnair
SD: standard deviation;
score; WOMAC:
ter Universities Osteoar
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(Continued)

of 0 (no pain) to 150 (worst pain ever) Wheelchair User’
HAQ: mean of differ
1 (mild to moderate
(severe to very sever
score: 5 items summed
(worst pain ever);
VAS scores, summed
to 150 (worst pain

This suggests the majority of participants reviewed had mild-to-
moderate pain (only one review reported a mean of severe pain
(aquatic exercise for fibromyalgia, Bidonde 2014) at the com-
mencement of each intervention (less than 30/100 mild pain, 30/
100 to 60/100 moderate pain, more than 60/100 severe pain;
Collins 1997), though labelling the majority as having only mild-
to-moderate pain should be interpreted with caution due to the
lack of specific data available - the baseline data of the intervention
group would have been preferable to the proxies we have had to
use.

Quality judgement/ tiered quality (first, second, third tier

evidence)

Our assessment criteria stated that we would accept the informa-
tion as graded evidence when reported as the number of partic-
ipants achieving a 50% (first tier evidence) or 30% (second tier
evidence) reduction in pain, but none of the included reviews re-
ported results in this way, and so instead we used the reported
absolute and relative change values.
None of the included reviews fulfilled the requirements for first
tier evidence (at least 50% pain reduction from baseline, study
duration longer than eight weeks, and more than 200 participants
per arm).
Second tier evidence (at least 30% pain reduction from baseline,
study duration between four and eight weeks, and more than 200
participants in total or 100 participants per arm) was also lacking
in these reviews; three reviews found at least 30% reduction in
pain from baseline (Busch 2007; Busch 2013; van der Heijden
2015), one of which also used long enough exercise programmes
(eight to 21 weeks’ intervention, Busch 2013) but totalled only
81 participants across two studies. The other two reviews did not
fulfil the study duration criteria (interventions from 2.5 weeks,
Busch 2007; and three weeks, van der Heijden 2015) or study size
criteria.
Consequently results from relevant reviews have been pooled (all
tier three quality) where appropriate, though results should be
interpreted with caution due to the low quality evidence.

Treatment effect

Data that could be extracted for pain can be seen in Table 9 for
all reviews. Only three reviews found no statistically significant
changes in usual or mean pain from any intervention (Cramp
2013; Hurkmans 2009; Koopman 2015 (assumed due to lack of
presented data)). The remaining reviews reported a statistically
significant effect of the intervention at one or more time points,
in at least one subgroup.
Three reviews found at least 30% pain reduction from baseline
(post-intervention - strength training: Busch 2007; Busch 2013, at
short-term follow-up: van der Heijden 2015). Additionally, seven
reviews reported clinically significant results (minimally important
difference: reduction in pain from baseline of at least 10 points on a
0 to 100 scale or an absolute improvement of at least 10% to 20%,
Dworkin 2008) as a result of the exercise intervention (1.3/10 from
aerobic training, Busch 2007; 12/100 (95% CI 10 to 15), Fransen
2015,; 14.9/100 (95% CI 7.39 to 22.40), Gross 2015a; 10.2/100
(95% CI 1.31 to 19.09), Hayden 2005; 2.5/10 (95% CI 1.52 to
3.48), Boldt 2014; 10.01/100 (95% CI 4.35 to 15.67), Saragiotto
2016; 14.05/100 (95% CI 9.19 to 18.91), Yamato 2015). Three
reviews found statistically significant improvements as a result of
the intervention, but they did not reach clinical significance (post-
intervention, P = 0.02, Bartels 2007; “small to moderate” benefit
post-intervention and at six-month follow-up, P < 0.001, Fransen
2014; “moderate effect” of 7% (95% CI 3 to 11) benefit post-
intervention, Bidonde 2014).
Overall, results were inconsistent across interventions and follow-
up (see Table 9), as exercise did not consistently bring about a
change (positive or negative) in self-reported pain scores at any
single point.

Secondary outcomes

Physical function (objectively or subjectively measured)

Measures of physical function were the primary outcome measure
in eight out of 21 reviews (Busch 2013; Han 2004; Hayden 2005;
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Hurkmans 2009; Koopman 2015; Lane 2014; Lauret 2014; Silva
2010), and a reported (non-primary) outcome measure in nine
more reviews (Bartels 2007; Bidonde 2014; Busch 2007; Fransen
2014; Fransen 2015; Gross 2015a; Regnaux 2015; Saragiotto
2016; van der Heijden 2015, plus some which assessed disability;
Cramp 2013; Saragiotto 2016; Yamato 2015). Only Boldt 2014
and Brown 2010 did not list physical function (or disability, or
activity limitation) as a potential outcome measure.

Treatment effect

Data that could be extracted for physical function are shown in
Table 10. Two reviews which reported physical function had no
data to extract (Lauret 2014; Silva 2010), and for one review we
were unable to extract the relevant data (Regnaux 2015). Two
reviews found no significant difference in physical function be-
tween the intervention and control groups (Han 2004; Hurkmans
2009, both rheumatoid arthritis, 8 studies, n = 240). The remain-
ing 14 reviews showed that the intervention produced a statis-
tically significant benefit over the control at a minimum of one
reported time point (Bartels 2007; Bidonde 2014; Busch 2007;
Busch 2013; Cramp 2013; Fransen 2014; Fransen 2015; Gross
2015a; Hayden 2005; Koopman 2015; Lane 2014; Saragiotto
2016; van der Heijden 2015; Yamato 2015; 129 studies, n greater
than 9559 (exact number unknown due to some participant num-
bers not being reported)).
Many of these statistically significant results were of small or mod-
erate effect size (as reported by the review authors, or using the
definition by Cohen 1988 if unreported; small effect size: Bartels
2007; Bidonde 2014; Fransen 2014; Fransen 2015; Gross 2015a;
Koopman 2015; Saragiotto 2016; Yamato 2015, moderate effect
size: Busch 2007; Fransen 2015; Yamato 2015).
Only one review reported statistical significance and large effect
size (both short-term and long-term follow-up: SMD 1.10 (95%
CI 0.58 to 1.63) and 1.62 (95% CI 0.31 to 2.94), van der Heijden
2015). However, the original review authors highlighted the low
to very low quality of the evidence as many studies had high or
unclear risk of bias across multiple domains (van der Heijden
2015).

Psychological function

Only five out of 21 reviews assessed psychological function as
mental health (Bartels 2007; Bidonde 2014; Busch 2013), anxiety
(Cramp 2013), and depression (Boldt 2014; Busch 2013; Cramp
2013).

Treatment effect

Data that could be extracted for psychological function can be
seen in Table 11. There were significant effects in favour of the in-
tervention for mental health (Bartels 2007) and depression (Busch
2013) scores, and “variable effect” for depression (Cramp 2013).

However, there was also no effect or no differences between con-
trol and intervention groups reported for mental health (Bidonde
2014; Busch 2013), anxiety (Cramp 2013), and depression (Boldt
2014).

Quality of life

A version of quality of life assessment was reported in nine reviews.
Six were termed quality of life or health-related quality of life
(HRQoL) (Bartels 2007; Boldt 2014; Fransen 2014; Fransen
2015; Gross 2015a; Lauret 2014).
Other reviews assessed global perceived effect (Gross 2015a),
global wellbeing (Busch 2007), global assessment (Hayden 2005),
global impression of recovery (Saragiotto 2016; Yamato 2015),
health assessment questionnaire (Silva 2010), multi-dimensional
function (Bidonde 2014; Busch 2013), and work status (Hayden
2005). These have been reported separately to quality of life (Table
12).

Treatment effect

Data that could be extracted for quality of life can be seen in
Table 12. Four reviews found no significant difference between
intervention and control groups in health-related quality of life
post-intervention (9 studies, n = 556) (HRQoL: Boldt 2014;
Fransen 2014; Gross 2015a, global assessment: Bidonde 2014;
Gross 2015a)), three reviews did not or were unable to report
any data (HRQoL: Lauret 2014, global assessment: Hayden 2005,
other assessment: Silva 2010), and seven reviews found a signifi-
cant improvement as a result of the intervention (34 studies, n =
2700) (HRQoL: Bartels 2007, Fransen 2015, global assessment:
Busch 2007; Saragiotto 2016; Yamato 2015, other assessment:
Bidonde 2014; Busch 2013).
Two reviews assessing strength/resistance training interventions
found significantly large effect sizes (SMD greater than 0.8, as
defined by Cohen 1988) in favour of the intervention (global
wellbeing measure, SMD 1.43 (95% CI 0.76 to 2.10), Busch
2007; Fibromyalgia Impact Questionnaire, SMD 1.27 (95% CI
0.72 to 1.83), Busch 2013). Other statistically significant changes
reported in the included reviews were of small-to-moderate effect
size (SMD 0.2 to 0.8, Cohen 1988).

Adherence to the prescribed intervention

Only one review reported adherence to the intervention as an out-
come measure (Regnaux 2015), but the authors were unable to
perform an analysis on attendance as most studies did not clearly
report attendance or compliance (Regnaux 2015). However, five
reviews assessed withdrawals or dropouts (Bidonde 2014; Fransen
2014; Han 2004; Regnaux 2015; Saragiotto 2016), one reported
all-cause attrition (Busch 2013), and another reported the discon-
tinuation rate (Silva 2010).
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Data that could be extracted for adherence, withdrawals, and at-
trition can be seen in Table 13. Pooling all available data for with-
drawals/dropout/attrition gave an RR of 1.02 (95% CI 0.94 to
1.12) in favour of the control group (6 reviews, 30 studies, n =
2256, control withdrawal 81/1000, intervention withdrawal 82.8/
1000).
One clinically controlled trial (CCT) in one review reported sta-
tistically significant improvement in enjoyment of exercise/rest (P
= 0.0002) and self-reported benefit from exercise/rest (P = 0.006)
at both post-intervention (end of therapy, 10 weeks) and follow-
up (four months later) (n = 95, Han 2004).

Healthcare use/attendance

None of the reviews reported healthcare use/attendance.

Adverse events (not death)

Eighteen out of 21 reviews reported adverse effects (three reviews
did not report adverse events as an outcome measure due to lack
of studies or other undisclosed reasons; Brown 2010; Lauret 2014;
Silva 2010). Two reviews only assessed a specific adverse event
(“amputation” Lane 2014; “motor unit survival” Koopman 2015),
one review observed “safety - pain and radiological damage” (
Hurkmans 2009), and another referred to any “side-effects” (Han
2004).
Data that could be extracted for adverse events (not death) can be
seen in Table 14. The total number of reported adverse events (not
death) was 137 events across 39 studies out of 61 studies that had
adverse events as an outcome measure (over one-third of all trials
that reported them found no adverse events related to the inter-
vention): six reviews reported no adverse events from the included
trials (Bartels 2007; Busch 2013; Cramp 2013; Hurkmans 2009;
Koopman 2015; Yamato 2015) though the authors questioned
whether this was due to lack of reporting by the trial authors, or
whether there were no adverse events.
Adverse events were largely reported as a total number per trial,
though one review separately reported results for the intervention
group versus the control group (Saragiotto 2016), and two oth-
ers reported adverse events for the intervention group only (Boldt
2014; Regnaux 2015). Only one review calculated an RR for the
adverse events, showing a reduced risk for amputation in the inter-
vention group (two amputations in the usual care/control group:
RR 0.20, 95% CI 0.01 to 4.15, based on one study in one review,
Lane 2014).

Death

Only one out of 21 reviews reported death separately to other
adverse events (Lane 2014). Based on five studies within the review,
death had an RR of 0.71 (95% CI 0.28 to 1.78) in favour of
exercise as being protective, though was not statistically significant
(P = 0.47).

D I S C U S S I O N

Specificity of the condition: despite the heterogeneous nature of
chronic pain, in this overview we have combined several painful
conditions covering a number of conditions and diagnoses. Re-
gardless of aetiology, the impact of chronic pain is broadly similar
across many conditions.

Summary of main results

Pain severity: there were favourable results in a number of reviews
as a result of exercise: only three reviews found no statistically
significant changes in usual or mean pain from any intervention.
However, results were inconsistent across interventions and follow-
up, as the intervention did not consistently bring about a change
(positive or negative) in self-reported pain scores at any single
point. The exercise or physical activity interventions did not have a
negative effect on the outcome (did not worsen the pain). A factor
in the lack of statistical and clinically significant result may be the
baseline pain severity of participants. The majority of the included
population had an assumed mild-to-moderate pain severity score
(assumed only due to lack of exact group data at baseline). This
is often the desired outcome (post-intervention) of many drug
therapies for pain, and it may therefore be difficult to show a
clinically significant improvement in these people.
Physical function: physical function/disability was the most com-
monly reported outcome measure, and was the primary measure
in eight out of the 21 reviews. Physical function was significantly
(statistically) improved as a result of the intervention in 14 reviews,
though even these statistically significant results had only small-
to-moderate effect sizes in all but one review.
Psychological function and quality of life: there were variable
results for psychological function and quality of life: results were
either favourable to exercise (two reviews reporting significantly
large effect sizes for quality of life), or showed no difference be-
tween groups. There were no negative effects.
Adherence to the prescribed intervention: could not be assessed
in any included review. However, risk of withdrawal/dropout was
slightly higher in the exercising group (82.8/1000 participants
versus 81/1000 participants), though the group difference was not
significant.
Healthcare use/attendance: not reported in any included review.
Adverse events, potential harm, and death: importantly, exercise
caused no actual harm, with most adverse events being increased
soreness or muscle pain, which reportedly subsided after several
weeks of the intervention. One review reported a non-significant
reduction in risk of death as a result of the intervention.

Overall completeness and applicability of
evidence

Of the 21 included reviews, seven could be considered out of
date as they were most recently assessed as up-to-date prior to
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2010 such that any recent controlled trials assessing pain severity
have not been included in this overview (Cochrane recommends
updating reviews every two years) (Bartels 2007; Brown 2010;
Busch 2007; Han 2004; Hayden 2005; Hurkmans 2009; Silva
2010). We included these reviews in the overview, but they may not
be as relevant now due to the elapsed time since they were updated.
One protocol that had potential to be included was published in
2006 with no full review available yet (Craane 2006).
Available data suggest that participants in the included reviews and
studies would generally be characterised as having mild-moderate
pain (moderate greater than 30/100 or 3/10) with only one review
reporting moderate-severe pain (severe greater than 60/100 or 6/
10). Therefore whether the evidence of change or no change seen
here as a result of each intervention is applicable to people further
along on the pain spectrum (with higher pain scores/worse pain)
is debatable. However, it can be argued that those people are more
likely to be assigned medical or surgical interventions than physical
activity and exercise alone (where available), and as a group they
may be less able to engage in exercise, and may therefore be more
difficult to recruit into exercise-only studies. Having said this,
the labelling of participants as having mild-moderate pain was
a cautious one within this overview due to the lack of specific
data available at baseline assessment; only three reviews included
baseline pain scores in the intervention group, and two further
reviews provided control group baseline scores.
There are still gaps in the available literature, and therefore also
within this overview. None of the included reviews examined gen-
eralised or widespread chronic pain as a global condition, each in-
stead examined specific conditions that included chronic pain as a
symptom or result of the ongoing condition (rheumatoid arthri-
tis, osteoarthritis, fibromyalgia, low back pain, intermittent clau-
dication, dysmenorrhoea, mechanical neck disorder, spinal cord
injury, postpolio syndrome, and patellofemoral pain). The pain
in these cases can occur secondary to other symptoms such as fa-
tigue, muscle stiffness, difficulty sleeping, and depression, all of
which could separately (and more effectively) be influenced by the
intervention. Additionally, only 25% of included studies actively
reported adverse events. This may affect the completeness of the
evidence as conclusions have been drawn based on the available
data. The included reviews did not discuss the possible impact
of this non-reporting by the original trials, and this may lead to
underestimating possible adverse events from an intervention, or
overestimating its safety.
The exercise interventions examined in the included reviews were
broad; including aerobic, strength, flexibility, range of motion,
and core or balance training programmes, as well as yoga, Pilates,
and tai chi. Many of these interventions can be accessed in the
community by the general public and people with chronic pain,
either individually or in classes (yoga, Pilates, tai chi). Other exer-
cise intervention programmes, such as the motor control exercise
and proprioceptive (balance) training, requires at least initial su-
pervision by a therapist to teach the correct techniques and pro-

vide feedback for progression.

Quality of the evidence

In assessing the quality of the evidence, we employed the AM-
STAR tool to examine the reviews, extracted data on risk of bias
to examine the available primary evidence, and evaluated the au-
thors’ conclusions to ensure that they were appropriate based on
the available data.
The AMSTAR tool is useful in assessing the reporting of a system-
atic review, though it does not inform us of the actual undertaking
or conduct of the review process. All 21 included reviews scored
well across the AMSTAR assessment, though this is likely due to
the stringent reporting guidelines implemented by Cochrane prior
to publication. However, it may be necessary or advisable for the
Cochrane guidelines to be further expanded and detailed with re-
gards to reporting study characteristics, publication bias, and con-
flicts of interest, as these areas often did not meet the requirements
laid out in the AMSTAR criteria (Table 1).
Data extracted from the reviews regarding their assessment of bias
(risk of bias) showed moderate level scores at best across all in-
cluded studies within the included reviews. Other than issues sur-
rounding blinding (which are problematic in exercise intervention
studies due to the nature of the intervention), the trials did not
consistently and adequately report potential attrition and report-
ing biases, with less than half of studies within these reviews at low
risk of bias.
However, the most prominent issue with regards to bias in these
exercise and physical activity intervention studies is the sample
size used. This subcategory is not used as standard in the assess-
ment of bias in Cochrane Reviews, despite the increasing volume
of research available suggesting that small studies of fewer than
100 participants per arm (Moore 2010; Nüesch 2010) are at in-
creased risk of succumbing to the random effects in estimating
both direction and magnitude of treatment effects (Moore 1998;
Turner 2013) due to greater heterogeneity within and between
small studies (IntHout 2015).
Studies within the included reviews here were very small (often
fewer than 50 participants in total). For greater quality and a more
reliable effect, at least 100 participants per arm should be analysed
for a study to potentially be classed as tier two evidence (200 per
arm for tier one); small studies are known to overestimate the
treatment effect by up to 32% in comparison with larger studies
(Deschartes 2013).
Assessing studies for risk of bias based on study size (total num-
ber or per arm) should be included in any review or meta-analy-
sis in future, to adequately assess the influence of small trials on
the estimated treatment effect (Nüesch 2010). Inclusion in the
standard assessment process may in turn influence the design and
undertaking of future research trials to increase the sample size,
and produce more consistent clinically and statistically accurate
results.
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Of the 21 included reviews, 12 used a pain measure as their pri-
mary outcome (Bartels 2007; Boldt 2014; Brown 2010; Busch
2007; Fransen 2014; Fransen 2015; Gross 2015a; Hayden 2005;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015; Yamato
2015), and the remaining nine reviews included the measure as a
secondary outcome only. Other outcomes were shared, including
physical and psychological function, and quality of life. Likewise,
each review team will have included studies that did not use their
chosen outcome measures as the primary measure, and that were
therefore powered according to a different primary outcome. On
collating the evidence, some studies may appear underpowered
for the outcome(s) of interest to us (Turner 2013), yet were ade-
quately powered for the studies’ primary measure. To increase the
power of the results of this overview, and the intermediary reviews
we have included, intervention studies that focus on painful con-
ditions should include pain intensity as the primary outcome, or
at least as a prominent secondary outcome; alternatively review
authors should seek to include only those studies that were ade-
quately powered for pain intensity as a primary outcome measure.
Intervention length ranged from a single session to regular sessions
over a period of 30 months, though the majority were between
eight and 12 weeks. Durations of this length are common among
exercise and physical activity intervention studies to allow for phys-
iological adaptation and familiarisation. In contrast, the follow-up
period was often inadequate, as many reviews reported only a sin-
gle follow-up point (immediately post-intervention), or repeated
measures over the short-term (less than six months): only six of
the 21 reviews planned to assess participants over the long term
(over 12 months: Gross 2015a; Hayden 2005; Hurkmans 2009;
Regnaux 2015; Saragiotto 2016; van der Heijden 2015). With
chronic conditions, it would be advisable to include longer follow-
up periods (beyond 12 months post-randomisation) as long-term
solutions may be more relevant to their control or pain manage-
ment. It is also possible that initial adaptation and potential bene-
fits as a result of an exercise intervention may take longer to man-
ifest in comparison to a ’healthy’ person due to the possible limi-
tations in exercise intensity and progression (a training threshold)
beyond which any additional physical training may be detrimental
to the underlying pathophysiological mechanisms (Daenen 2015)
or simply be additional physical stress with no additional physical
benefit (Benton 2011).
We grouped outcome measurement points in this overview into
short term (less than six months), intermediate term (six to 12
months), and long term (longer than 12 months). The broad time
window for ’short term’ outcomes (less than six months) is a po-
tential source of heterogeneity as the early period is the one where
time of measurement is most likely to result in variable outcomes.
These initial problems could be overcome by use of standard re-
porting periods in exercise intervention studies (suggested four-
weekly within the ’short term’ period to assess both neural adap-
tation and other physiological changes). This would allow review
authors to use the data gathered closest to the time point they are

assessing, for more accurate analyses. Additionally, by extending
the follow-up period beyond one year (long-term follow-up), het-
erogeneity may be reduced further.
Reviews generally did not enforce a minimum exercise require-
ment for inclusion in their review. Additionally, not all exercise
sessions were supervised or baseline fitness/physical ability was as-
sessed subjectively, and consequently it was not reported whether
the intervention was fulfilled as described, or whether the dose
was enough to elicit a physiological response. Studies often rely
on the self-report of participants as to the actual physical activity
and exercise being undertaken, which can lead to a greater risk of
bias, and reduced study quality as it is questionable as to whether
the effect can be truly attributed to the intervention. This was
examined in a previous review, where it was concluded that non-
subjective physical assessment should be performed where possible
(Perruchoud 2014), though these still have challenges regarding
implementation.
In summary, the quality of the evidence was low (third tier): within
this overview we found no tier one or tier two evidence. This is
largely due to the small sample sizes and potentially underpowered
studies. A number of studies within the reviews had adequately
long interventions, but planned follow-up was limited to less than
one year (12 months) in all but six reviews.
Interpretation of the available data, and conclusions drawn by the
review authors, were appropriate, although the conclusions were
sometimes stronger than warranted by the available data. Occa-
sionally results were not discussed with regards to the quality of
the evidence or risk of bias: it is important to discuss the findings
in the context of the quality of the evidence, with complete trans-
parency, as this may affect future research, and implications for
patients, funders, and policy makers.

Potential biases in the overview process

While we have attempted to include all relevant reviews in the
overview process, we do concede that by only searching the
Cochrane Library, and including only current Cochrane Reviews
we may have missed some key literature. However previous publi-
cations have referred to the higher quality grading (high AMSTAR
score) in Cochrane Reviews due to the basic criteria necessary for
publication at any stage (protocol or full review) suggesting they
may be the most reliable source of evidence (O’Connell 2013).

Agreements and disagreements with other
studies or reviews

This is a summary overview of current Cochrane Reviews, we are
not aware of any overviews or reviews summarising non-Cochrane
reviews.
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A U T H O R S ’ C O N C L U S I O N S

There is limited evidence of improvement in pain severity as a
result of exercise. There is some evidence of improved physical
function and a variable effect on both psychological function and
quality of life. However, results are inconsistent and the evidence is
low quality (tier three). Promisingly however, none of the physical
and activity interventions assessed appeared to cause harm to the
participants.

Implications for practice

For clinicians and people with chronic pain

The evidence in this overview suggests that the broad spectrum of
physical activity and exercise interventions assessed here (aerobic,
strength, flexibility, range of motion, and core or balance training
programmes, as well as yoga, Pilates, and tai chi) are potentially
beneficial, though the evidence for benefit is low quality and in-
consistent. The most commonly reported adverse events were in-
creased soreness or muscle pain, which subsided after several weeks
of the intervention.

Physical activity and exercise may improve pain severity as well as
physical function and quality of life.

For policy makers

The evidence showed variable results, though in some reviews
there was a clinical and statistical benefit in pain relief and physical
function (based on low quality evidence). The evidence suggests
that physical activity or exercise is an acceptable intervention in
people with chronic pain, with minimal negative adverse effects.
However based on this low quality evidence, we cannot provide
direction to the content of an exercise programme should clinicians
decide to implement one.

Implications for research

There is a clear need for further research into exercise and physical
activity for chronic pain in adults.

General implications

• Future research should report baseline values for outcome
measures in both intervention and control groups, together with
detailed relevant information about the participants. Knowing
the baseline value is relevant to interpreting any change observed
as a result of the intervention, and understanding the broader
value of the intervention.

• Where possible, pain results should be reported as the
number of people achieving 50%, 30%, and 10% pain relief,
and the number who did not meet that point (dichotomous

outcome). These are clinically important cut-offs in pain
intervention research, and reporting in this way allows readers to
observe the clinical effect more effectively.

• Reporting should include median and range as well as mean
and standard deviation (SD) of results. This will allow readers to
review the effects of any outliers that may have skewed the data,
which often goes unnoticed in the reporting of mean and SD
alone.

• The importance of clear intervention reporting is
underestimated: often studies report both intervention and
control programmes simply, where other researchers and
clinicians alike are unable to replicate the trial or intervention.
Recommendations for reporting are based on the Consolidated
Standards of Reporting Trials (CONSORT) statement (
www.consort-statement.org/), but this alone does not detail the
extent of necessary intervention and control programmes
reporting. The template for intervention description and
replication (TIDieR) approach (Hoffman 2014) is intended as
an extension to CONSORT item 5 (“The interventions for each
group with sufficient details to allow replication, including how
and when they were actually administered”) and is a checklist for
detailing the programmes using: why (rationale), what (materials
and procedures), who, how, where, when, and how much.

Design

• One previous review highlighted the increased bias often
present in questionnaires and other self-report measures of
physical activity in people with chronic pain, and as a result
made the recommendation to use objective measures instead,
such as accelerometers, or the use of direct and indirect
calorimetry, where possible (Perruchoud 2014), though these
still have challenges regarding implementation. This would allow
direct and exact comparison and analyses of actual energy
expenditure and treatment effect.

Population/participants/sample

• There needs to be a focus on participants with generalised
and/or widespread chronic pain, instead of (or as well as)
condition-specific populations.

• Studies should include people with higher pain severity
(greater than 50/100 on a 100-point visual analogue scale) at
baseline. People with mild-moderate pain should still be
included, but it would be advisable to separate the results for
analysis, ensuring the study is adequately powered to allow this
subgroup analysis in advance. This way we could determine if
exercise has benefit overall, or affects one group more than
another, and tailor exercise programmes according to the
individual needs.

• It has been previously suggested that for 20% to 25% of
participants undertaking an exercise programme there is little to
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no favourable response (Timmons 2014), while a small
percentage (5% to 10%) have adverse events (Bouchard 2012). It
is therefore vitally important that much larger sample sizes are
used: ideally more than 200 participants per arm, though even this
number in total would increase the quality of the evidence in the
first instance. In this way we may be able to learn to identify
individuals who will benefit, and those who will require further
intervention.

Interventions

• Different forms of exercise should be researched in detail.
For the purposes of this overview, we combined all physical
activity and exercise interventions under one banner to
determine if there was any effect. However a number of reviews
separately analysed resistance (strength) training, aerobic
(endurance), and combination programmes. It is important to
continue to examine different modalities, but currently there is
not enough high quality evidence to exclude or prioritise one
specific mode (resistance, endurance, stability) or medium (land/
water based), or the proportion of a combination programme to
be assigned to each, as all may have individual benefits for people
with chronic pain.

• Intensity of exercise, duration of individual sessions, and
frequency should be investigated. It is this dose alongside
duration (of the entire intervention) and adherence that may
determine the actual efficacy.

• More reviews and trials should attempt to minimise
intervention heterogeneity by implementing minimum and
maximum requirements. Only this way will the research
community be able to determine more accurately the direction
and magnitude of effect of a specific programme or intervention.
Many of these important restrictions can be implemented as
subgroup analyses, though if this is the case it is important to
have adequate study numbers (ideally 200 participants per arm
or subgroup).

• Due to the chronicity and long-term nature of the
condition, physiological and psychological changes may take
longer to manifest. It is widely accepted that there is a delay in
muscular hypertrophy as a result of exercise, and initial gains
within the first few weeks of any training programme will be as a
result of neural factors (Enoka 1997); this is also in line with the
grading of evidence (tier two evidence or higher requires a
minimum of a four-week intervention). This suggests that longer
interventions may be necessary (eight weeks for tier one
evidence), though assessing participants at regular intervals,
including at four weeks, would be beneficial to examine the
effect of the neural adaptation alone.

Measurement (end-points)

• Randomised controlled trials with long-term follow-up are
needed. Chronic pain is defined by its chronic nature, and
therefore long-term follow-up of results is equally important as
the initial short-term effect (if not more so): outcomes should be
assessed beyond one year after randomisation. In turn this will
inform the direct effect of the intervention, as well as the
proportion of the population who maintains the programme of
exercise employed in the intervention, or something else under
the guise of physical activity as a result of participation.

• The broad time window for ’short term’ outcomes (less than
six months) is a potential source of heterogeneity as the early
period is the one where time of measurement is most likely to
result in variable outcomes. These initial problems could be
overcome by use of standard reporting periods in exercise
intervention studies (suggested four-weekly assessment within
the ’short term’ period to assess both neural adaptation and other
physiological changes). This would allow review authors to use
the data recorded closest to the time point they are assessing, for
more accurate and comparable analyses.

• Outcome measures used by researchers should be
standardised across trials and studies. Recommendations for
selecting the most appropriate and important outcome measures
to those who live with chronic pain have previously been
published (Initiatives on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) Consensus
Recommendations, Dworkin 2005; Turk 2003).

Other

• It would be of interest in future research to determine the
reasons for non-participation in regular physical activity or non-
compliance to a prescribed exercise intervention in people with
chronic pain, and how to overcome these barriers.

• Future Cochrane Reviews could include: exercise for
chronic pain or chronic widespread pain (and not specific
conditions such as osteoarthritis, fibromyalgia, etc.), and exercise
for neuropathic pain. These areas have not been covered by
Cochrane with an exercise or physical activity intervention.
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A D D I T I O N A L T A B L E S

Table 1. AMSTAR tool to assess the methodological quality of systematic reviews

Criteria Specific requirements (possible answers: yes, no, cannot an-

swer, not applicable)

1. Was an ’a priori’ design used? The research question and inclusion criteria should be established
before the conduct of the review
Note: need to refer to a protocol, ethics approval, or predetermined/a
priori published research objectives to score a “yes.”
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Table 1. AMSTAR tool to assess the methodological quality of systematic reviews (Continued)

2. Was there duplicate study selection and data extraction? There should be at least 2 independent data extractors and a con-
sensus procedure for disagreements should be in place
Note: 2 people do study selection, 2 people do data extraction, consensus
process or 1 person checks the other person’s work.

3. Was a comprehensive literature search performed? At least 2 electronic sources should be searched. The report must
include years and databases used (e.g. CENTRAL, MEDLINE,
and Embase). Keywords or MeSH terms (or both) must be stated
and where feasible the search strategy should be provided. All
searches should be supplemented by consulting current contents,
reviews, textbooks, specialised registers, or experts in the particular
field of study, and by reviewing the references in the studies found
Note: if at least 2 sources + 1 supplementary strategy used, select “yes”
(Cochrane register/ CENTRAL counts as 2 sources; a grey literature
search counts as supplementary).

4. Was the status of the publication (i.e. grey literature) used as
inclusion criteria?

The authors should state that they searched for reports regardless
of their publication type. The authors should state whether or not
they excluded any reports (from the systematic review), based on
their publication status, language, etc
Note: if review indicates that there was a search for “grey litera-
ture”or “unpublished literature,”indicate “yes.”SIGLE database, dis-
sertations, conference proceedings, and trial registries are all considered
grey for this purpose. If searching a source that contains both grey and
non-grey, must specify that they were searching for grey/unpublished
literature.

5. Was a list of studies (included and excluded) provided? A list of included and excluded studies should be provided.
Note: acceptable if the excluded studies were referenced. If there was
an electronic link to the list but the link is no longer active, select “no.
”

6. Were the characteristics of the included studies provided? In an aggregated form such as a table, data from the original
studies should be provided on the participants, interventions, and
outcomes. The ranges of characteristics in all the studies analysed,
e.g. age, race, sex, relevant socioeconomic data, disease status,
duration, severity, or other diseases should be reported
Note: acceptable if not in table format as long as they are described as
above.

7. Was the scientific quality of the included studies assessed and
documented?

’A priori’ methods of assessment should be provided (e.g. for effec-
tiveness studies if the author(s) chose to include only randomised,
double-blind, placebo-controlled studies, or allocation conceal-
ment as inclusion criteria); for other types of studies alternative
items will be relevant
Note: can include use of a quality scoring tool or checklist, e.g. Jadad
scale, risk of bias, sensitivity analysis, etc., or a description of quality
items, with some type of result for EACH study (“low”or “high”is
acceptable, as long as it is clear which studies scored “low”and which
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Table 1. AMSTAR tool to assess the methodological quality of systematic reviews (Continued)

scored “high;”a summary score/range for all studies is not acceptable).

8. Was the scientific quality of the included studies used appro-
priately in formulating conclusions?

The results of the methodological rigor and scientific quality
should be considered in the analysis and the conclusions of the
review, and explicitly stated in formulating recommendations
Note: might say something such as “the results should be interpreted
with caution due to poor quality of included studies.”Cannot score
“yes”for this question if scored “no”for question 7.

9. Were the methods used to combine findings of studies appro-
priate?

For the pooled results, a test should be done to ensure the studies
were combinable, to assess their homogeneity (i.e. Chi2 test for
homogeneity, I2 statistic). If heterogeneity exists, a random-effects
model should be used or the clinical appropriateness of combining
should be taken into consideration (i.e. is it sensible to combine?
), or both
Note: indicate “yes”if they mention or describe heterogeneity, i.e. if
they explain that they cannot pool because of heterogeneity/variability
between interventions.

10. Was the likelihood of publication bias assessed? An assessment of publication bias should include a combination of
graphical aids (e.g. funnel plot, other available tests) or statistical
tests (e.g. Egger regression test), or both
Note: if no test values or funnel plot included, score “no.”Score “yes”if
they mention that publication bias could not be assessed because there
were fewer than 10 included studies.

11. Was the conflict of interest stated? Potential sources of support should be clearly acknowledged in
both the systematic review and the included studies
Note: to get a “yes,”must indicate source of funding or support for the
systematic review AND for each of the included studies.

Table 2. Reasons for exclusion

Review Reason for exclusion from overview

Aggarwal 2011 Not exercise/physical activity

Brønfort 2015 Protocol stage only - possibly include when published as full review

Bierma-Zeinstra 2011 Protocol stage only - exclude when published as full review

Brønfort 2014 Withdrawn from the Cochrane Library

Choi 2010 Not chronic using definition of > 3 months

Craane 2006 Protocol stage only - possibly include when published as full review
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Table 2. Reasons for exclusion (Continued)

Dagfinrud 2008 Physiotherapy - required therapist to perform intervention

Dahm 2010 Acute pain, not chronic. Intervention was advice

Dal Bello-Haas 2013 Malignant condition

de Souza 2012 Drug- and surgery-based interventions

Fokkenrood 2013 Did not include RCTs (excluded studies with control groups)

Franke 2015 Not exercise/physical activity

Green 2003 Physiotherapy - required therapist to perform intervention

Gross 1998 Withdrawn from the Cochrane Library

Gross 2012 Not exercise/physical activity

Gross 2015b Not exercise/physical activity

Hayden 2012 Protocol stage only - possibly include when published as full review

Heintjes 2003 Withdrawn from the Cochrane Library January 2015

Henschke 2010 Not exercise/physical activity

Heymans 2004 Exercise could not be assessed as stand-alone intervention

Hilde 2006 Withdrawn from the Cochrane Library

Hoving 2014 No exercise intervention, and no pain outcome measure

Hurley 2013 Protocol stage only - exclude when published as full review

IJzelenberg 2011 Protocol stage only - exclude when published as full review

Jones 2000 Drug-based interventions

Jordan 2010 Intervention to improve adherence to exercise, not exercise itself

Kamper 2014 Exercise could not be assessed as stand-alone intervention

Karjalainen 1999 Exercise could not be assessed as stand-alone intervention

Karjalainen 2003 Exercise could not be assessed as stand-alone intervention
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Table 2. Reasons for exclusion (Continued)

Larun 2016 Chronic fatigue, not chronic pain

Liddle 2015 Pain in pregnancy only, not chronic pain

Liu 2013 Protocol stage only - unsure about inclusion when published as full review

Miller 2014 Protocol stage only - exclude when published as full review

Moi 2013 Exercise could not be assessed as stand-alone intervention

O’Brien 2004 No pain outcome measure

O’Connell 2013 Overview of reviews, not systematic review

Østerås 2013 Protocol stage only - possibly include when published as full review

Page 2012 No pain outcome measure

Page 2014 Manual therapy - required therapist to perform intervention

Peters 2013 Exercise could not be assessed as stand-alone intervention

Preston 2004 No pain outcome measure

Proctor 2007 Exercise could not be assessed as stand-alone intervention

Radner 2012 Drug-based interventions

Regnaux 2014 Protocol stage only - possibly include when published as full review

Richards 2012 Not exercise/physical activity

Riemsma 2003 Not exercise/physical activity

Schaafsma 2013 No pain outcome measure

Steultjens 2004 Occupational therapy - exercise could not be assessed as stand-alone intervention

Stones 2005 Exercise cannot be assessed as stand-alone intervention

Takken 2008 Aged < 18 years - not adults

van Dessel 2014 Not chronic pain and no specific pain outcome measure

White 2004 No pain outcome measure

Williams 2012 Not exercise/physical activity
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Table 2. Reasons for exclusion (Continued)

Zammit 2010 Surgery or required therapist to perform intervention

RCT: randomised controlled trial.

Table 3. Characteristics of included reviews

Review and

Cochrane Re-

view Group

Assessed as

up to date

Chronic pain

condition

Duration of

pain/ diagno-

sis

Intervention

description

Control

description

Outcomes

with data re-

ported

Time points

reported

Bartels 2007
Cochrane
Musculoskele-
tal Group

Aug 2007 Hip or knee
OA

Not reported All types of ex-
ercises devel-
oped in
the therapeu-
tic/heated in-
door pool
(ROM, dy-
namics, aero-
bics, etc.) were
permitted

No treatment
or other treat-
ment.

Function,
quality of life,
mental health,
pain, adverse
events

Post-interven-
tion (immedi-
ate), 6-month
follow-up

Bidonde 2014
Cochrane
Musculoskele-
tal Group

Oct 2013 Fibromyalgia 12 yr (range 6
to 24)

Aquatic
exercise train-
ing interven-
tion defined as
“exercise con-
ducted in a
vertical stand-
ing position.”

Treat-
ment as usual,
physical activ-
ity as usual,
wait list con-
trol, placebo
or sham, edu-
cation-only,
water immer-
sion-only, and
attention only

Multi-dimen-
sional func-
tion (wellness)
, self-reported
physical func-
tion (wellness)
,
pain
(symptoms),
stiffness
(symptoms),
muscle
strength
(physical
fitness),
submaxi-
mal cardiores-
piratory func-
tion (physical
fitness),
withdrawals
(safety and ac-
ceptability),
adverse effects
(safety and ac-
ceptability)

Post-interven-
tion (4 to 32
wk)
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Table 3. Characteristics of included reviews (Continued)

Boldt 2014
Cochrane In-
juries Group

Mar 2011 Spinal cord in-
jury

Mean 66
months, and 1
to 24 yr when
reported

“Exercise”:
stretching and
strength-
ening exercises
aimed at mo-
bilising
painful shoul-
der joint

Wait list con-
trol or no in-
tervention.

Pain, de-
pression, qual-
ity of life, ad-
verse effects

Short
term (within
24 hours of
last interven-
tion, i.e. post-
intervention)
and interme-
diate term (1
to 6 wk post-
intervention)
and long term
(> 6 wk post-
intervention)

Brown 2010
Cochrane
Men-
strual Disor-
ders and Sub-
fertility Group

Aug 2009 Primary dys-
menorrhoea
in the major-
ity (≥ 50%) of
cycles

Ongoing/not
appropriate

12-wk walk or
jog training
programme at
an intensity of
70% to 85%
of the HR
range. Train-
ing for 3 days/
wk and dura-
tion of aerobic
phase was 30
min-
utes with 15-
minute warm-
up and cool-
down periods

Asked
not to exercise
during the ex-
perimental pe-
riod.

Pain: men-
strual disor-
ders question-
naire (MDQ)
score

Ongoing
- over 3 men-
strual cycles

Busch 2007
Cochrane
Musculoskele-
tal Group

Aug 2007 Fibromyalgia Not reported Exercise-only
interventions
included aero-
bic-only train-
ing, strength-
only train-
ing, flexibility-
only training,
or mixed ex-
ercise-only in-
terventions

“Untreated.” Pain, global
wellbeing, ob-
jectively mea-
sured physical
function

Post-interven-
tion (strength
exercise
21 wk, aero-
bic exercise 6
to 23 wk)

Busch 2013
Cochrane
Musculoskele-
tal Group

Mar 2013 Fibromyalgia mean range
from 4 yrs (SD
3.1) to 12 yrs
(SD 4)

Defined resis-
tance training
as exercise per-
formed
against a pro-
gressive

Untreated
control condi-
tions
(treatment as
usual, activity
as usual, wait

Multi-
dimensional
function, self-
reported phys-
ical function,

Post-interven-
tion, follow-
up (12 wk) in
1 study only
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Table 3. Characteristics of included reviews (Continued)

resistance on a
minimum of 2
days/wk
(on non-con-
secutive days)
with the in-
tention of im-
proving mus-
cle
strength, mus-
cle endurance,
muscle power,
or a combina-
tion of these

list control,
and placebo),
other types of
ex-
ercise or phys-
ical activity in-
terventions (e.
g. aero-
bic, flexibility)
, and other re-
sistance train-
ing interven-
tions (head-
to-head com-
parisons)

pain, tender-
ness, muscle
strength, ad-
verse ef-
fects, all-cause
attrition

Cramp 2013
Cochrane
Musculoskele-
tal Group

Oct 2012 Rheumatoid
arthritis

Not reported Included
pool-based
therapy
(twice/wk,
moderate
intensity,
music-paced)
, yoga (6 wk,
twice/wk, 1.5-
hour sessions)
, dynamic
strength train-
ing (home-
based after
inpatient
programme,
all main
muscle groups
using dumb-
bells and
elastic bands)
, stationary
cycling (70%
HRmax,
5 minute
excluding:
1-minute of
rest, increased
duration),
low-impact
aerobics (class

“Could have
been placebo,
an alternative
inter-
vention (phar-
macological or
non-pharma-
cological) or
usual care.”

Fatigue, pain,
anxiety, de-
pression, dis-
abil-
ity, tender and
swollen joints,
adverse events

Post-inter-
vention (only
a sin-
gle time point
analysed)
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Table 3. Characteristics of included reviews (Continued)

at fitness cen-
tre and video
at home,
individual
HR targets)
, tai chi (1-
hour group
sessions)

Fransen 2014
Cochrane
Musculoskele-
tal Group

May 2013 Hip OA Not reported Any land-
based thera-
peutic exercise
regimens aim-
ing to relieve
the symptoms
of hip OA, re-
gard-
less of con-
tent, duration,
frequency, or
intensity. This
included any
exercise de-
signed to im-
prove muscle
strength,
range of joint
movement or
aerobic capac-
ity (or combi-
nations of the
three)
. Programmes
could be de-
signed and su-
pervised
by physiother-
apists or other
professionals,
or provided as
a home pro-
gramme with
minimal mon-
itoring

Wait-list con-
trol,
usual care, GP
education.

Self-
reported pain,
physical func-
tion,
quality of life,
withdrawal or
dropouts, ad-
verse events

post-interven-
tion (immedi-
ate
in 9/10 stud-
ies) follow-up
3 to 6 months

Fransen 2015
Cochrane
Musculoskele-
tal Group

May 2013 Knee OA Often not re-
ported: some
less
than 1yr, oth-

“land-based
therapeutic
ex-
ercise.” Along

No exercise:
active (any no-
exercise inter-
vention) or no

Knee pain,
self-reported
physical func-
tion, quality of

Imme-
diately at the
end of treat-
ment (post-
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Table 3. Characteristics of included reviews (Continued)

ers over 10yr with deliv-
ery mode and
content, treat-
ment ’dosage’
(duration, fre-
quency, inten-
sity) var-
ied widely be-
tween studies

treatment (in-
cluding wait-
ing list)

life treatment), 2
to 6 months
after cessation
of monitored
study
treatment and
longer than six
months
after cessation
of monitored
study
treatment

Gross 2015a
Cochrane
Back Group

May 2014 Mechanical
neck disorders

“Chronic”
(not subacute
or acute)

Cervical
stretch/ROM
exercises + cer-
vical/
scapulotho-
racic strength-
ening + static/
dynamic cer-
vical/shoulder
stabilisation

Wait list con-
trol.

Pain intensity,
function,
quality of life,
global per-
ceived effect,
adverse effects

Immediately
post-
treatment (≤
1 day),
short-term
follow-
up (1 day to 3
months),
interme-
diate-term fol-
low-up
(3 months up
to, but not in-
cluding, 1 yr),
and
long-term fol-
low-up (≥ 1
yr)

Han 2004
Cochrane
Musculoskele-
tal Group

Apr 2004 Rheumatoid
arthritis

Not reported Only trials of
exercise pro-
grammes with
tai chi instruc-
tion or incor-
porating prin-
ciples of tai chi
philosophy

Not reported. Function, ten-
der and
swollen joints,
ROM,
strength, en-
joyment,
withdrawals,
adverse effects

Post-interven-
tion (8 to 10
wk)

Hayden 2005
Cochrane
Back Group

Sep 2004 Non-specific
low back pain

Chronic, i.
e. longer than
12 wk: 5.6 yr
(95% CI 3.4
to 7.8)

Exercise ther-
apy defined as
“a se-
ries of specific
movements
with the aim
of training or
developing the

No exer-
cise: no treat-
ment or
placebo treat-
ment,
other conser-
vative therapy,
or another ex-

Pain, func-
tional abil-
ity, work sta-
tus, global as-
sessment, ad-
verse events

Earliest, 6 wk,
6 months, 12
months

37Physical activity and exercise for chronic pain in adults: an overview of Cochrane Reviews (Review)

Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Table 3. Characteristics of included reviews (Continued)

body by
a routine prac-
tice or as phys-
ical training to
promote good
physical
health;”
only 54% ade-
quately
described the
exercise inter-
vention

ercise group

Hurkmans
2009
Cochrane
Musculoskele-
tal Group

Jun 2009 Rheumatoid
arthritis

5 to 14 yr Dy-
namic exercise
programmes -
aerobic capac-
ity and muscle
strength train-
ing; short-
term muscle
strength train-
ing (high qual-
ity); short-
term dynamic
exercise to im-
prove aerobic
capacity (not
high method-
ological
quality); exer-
cise frequency
of at least 20
minutes twice
a week. Dura-
tion of exercise
programme at
least 6 wk (du-
ration <
3 months was
con-
sidered short-
term; duration
> 3 months
was con-
sidered long-
term)

Not reported Functional
ability, aerobic
capacity, mus-
cle strength,
safety (pain
and radiologi-
cal damage)

Follow-up (12
wk and 24
months)
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Table 3. Characteristics of included reviews (Continued)

. Exercise pro-
gramme per-
formed under
supervision
Aerobic exer-
cise intensity
at least 55% of
the maximum
HR; or inten-
sity starting at
40% to 50%
of
the maximum
oxygen uptake
reserve or HR
maximum re-
serve. Further-
more, the in-
tensity was in-
creased up to
85% dur-
ing the inter-
vention. Pro-
gressively
strengthening
exercise loads
starting at
30% to 50%
and increasing
to 80%
of maximum
(defined as the
percentage of
either 1 rep-
etition maxi-
mum,
1 MVC, max-
imum speed,
or as maximal
subjective ex-
ertion)

Koopman
2015
Cochrane
Neuromuscu-
lar Group

Jul 2014 Postpolio syn-
drome (PPS)

Not reported Exer-
cise therapy (e.
g. aerobic ex-
ercise, muscle
strengthening
exercise, respi-
ratory muscle

Placebo, usual
care or no
treatment.

Self-perceived
activity limita-
tions, muscle
strength, mus-
cle endurance,
fatigue, pain,
adverse events

3 and 6
months
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Table 3. Characteristics of included reviews (Continued)

train-
ing, warm cli-
mate training,
hydro
training)

(minor and se-
rious)

Lane 2014
Cochrane Pe-
ripheral Vas-
cular Diseases
Group

Sep-2013 intermittent
claudication

not reported Any exercise
pro-
gramme used
in the treat-
ment of inter-
mittent clau-
dication
was included,
such as walk-
ing, skipping
and running.
Inclusion of
trials was not
affected by the
duration, fre-
quency or in-
tensity
of the exercise
programme
but these is-
sues were
taken into ac-
count in the
meta-analysis

Exercise was
compared to
six different
modes of
treatment, the
most com-
mon being
usual care
or placebo.
Two early
trials com-
pared exercise
with placebo
tablets but in
more recent
studies usual
care was used
as the control
comparator.
Exercise was
compared
with the fol-
lowing drug
therapies:
antiplatelet
agents pen-
toxifylline,
iloprost, and
vitamin E.
One study
compared
exercise with
pneumatic
foot and calf
compression

max-
imal walking
time, pain-free
walk-
ing time, pain-
free walking
distance, max-
imum walking
distance,
ankle brachial
index (ABI)
, peak exer-
cise calf blood
flow,
mortality, am-
putation

Post-interven-
tion, 3-month
follow up, six-
month follow
up

Lauret 2014
Cochrane Pe-
ripheral Vas-
cular Diseases
Group

Jul 2013 Intermittent
claudication

Not reported Super-
vised walking
programme
needed to be
supervised
at least twice
a week for a

Alternative ex-
ercise.

Maximum
walking dis-
tance (METs),
pain-free
walking dis-
tance (METs),
health-related

n/a
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Table 3. Characteristics of included reviews (Continued)

consecutive 6
wk of training

quality of life
and functional
impairment

Regnaux 2015
Cochrane
Musculoskele-
tal Group

Jun 2014 Hip or knee
OA

> 6 months High-
intensity
physical activ-
ity or exercise
programme.

Low-intensity
physical activ-
ity or exercise
programme
and
con-
trol (no-exer-
cise) group in
1 study.

Pain, physical
function,
quality of life,
adverse effects
(related to in-
tervention),
severe adverse
events or with-
drawal (due to
intervention)

Post-interven-
tion, interme-
diate term (6
to 12 months)
, long-
term (over 12
months)
follow-up

Saragiotto
2016
Cochrane
Back and
Neck Group

Apr 2015 Low back pain > 12 wk MCE: activa-
tion of
the deep trunk
mus-
cles, targeting
the restoration
of control and
co-ordi-
nation of these
muscles

Placebo, no
treatment, an-
other ac-
tive treatment,
or when MCE
was added as
a supplement
to other inter-
ventions.
When MCE
was
used in addi-
tion to other
treatments, it
had to repre-
sent at least
50% of the to-
tal treatment
programme to
be included

Pain intensity
and disability,
function,
quality of life,
global impres-
sion of recov-
ery, return to
work, adverse
events and re-
currence

Post-inter-
vention, short
term (4 to 10
wk), interme-
diate term (3
to 6 months),
long term (12
to 36 months)

Silva 2010
Cochrane
Musculoskele-
tal Group

Jun 2009 Rheumatoid
arthritis

No studies
found

Balance train-
ing (proprio-
ceptive train-
ing).

No interven-
tion or other
intervention.

ACR-50,
pain,
disease activity
score (DAS),
Health Assess-
ment
Questionnaire
(HAQ
for function)
, gait, adverse
ef-
fects, discon-
tinuation rate

n/a
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Table 3. Characteristics of included reviews (Continued)

van der
Heijden 2015
Cochrane
Bone, Joint
and Muscle
Trauma
Group

May 2014 Adolescents
and adults
with
patellofemoral
pain

3 wk to
8 months (as
minimum re-
quirement)
; reported pain
4 wk to 9 yr

Exercise ther-
apy for
patellofemoral
pain
syndrome;
exercises could
be performed
at home or
under supervi-
sion of a ther-
apist - various
descriptions in
the included
trials, includ-
ing knee exer-
cises, hip and
knee exercises,
home ex-
ercises, super-
vised exercises,
closed kinetic
chain, open
kinetic chain

No treatment,
placebo,
or waiting list
controls. This
also included
’exercise ther-
apy + another
interven-
tion (e.g. tap-
ing) versus the
other inter-
vention alone
(e.g. taping).’

Pain during
activity, usual
pain, func-
tional ability,
recovery

4-
to 12-wk fol-
low-up (short
term) and 16
wk
to 12 months
(long term)

Yamato 2015
Cochrane
Back Group

Mar 2014 Low back pain Acute, sub-
acute, chronic
(i.e. no mini-
mum)

Explicitly
stated as based
on Pilates
principles, or
the therapists
who provided
the interven-
tions had pre-
vious training
in Pilates ex-
ercises or the
therapists
were described
as certified Pi-
lates instruc-
tors

No interven-
tion, placebo,
or other inter-
ventions.

Pain intensity,
disability,
global impres-
sion of recov-
ery, quality of
life, return to
work, adverse
effects

Short term (4
to 8 wk), in-
termedi-
ate term (3 to
6 months)

ACR: American College of Rheumatology; GP: general practitioner; HR: heart rate; MCE: motor control exercise; MET: metabolic
equivalents; n/a: not applicable; OA: osteoarthritis; ROM: range of motion; wk: week; yr: year.
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Table 4. Further characteristics of included reviews

Review Number of trials in-

cluded

Total number of partic-

ipants

Gender distribution Participants ages

Bartels 2007 6 (4 exercise vs no exer-
cise)

800 (674 exercise vs no
exercise)

50% to 86% Female Means ranged from 66 to
71 yr

Bidonde 2014 16 (9 exercise vs no exer-
cise)

881 (519 exercise vs no
exercise)

513 female, 6 male Means ranged from 46.3
to 48.3 yr

Boldt 2014 16 (3 exercise vs no exer-
cise)

616 (149 exercise vs no
exercise)

115 male, 41 female
across 3 studies

Range 19 to 65 yr and
mean 35 to 45 yr

Brown 2010 1 36 100% female Not reported

Busch 2007 34 (in meta-analysis -
strength training vs con-
trol: 2;
aerobic training vs con-
trol: 4)

2276 total
(in
meta-analysis - strength:
47, aerobic: 269)

96.4% female when re-
ported (in 2197 partici-
pants)

Range reported as 27.5 to
60.2 yr

Busch 2013 5 studies as 7 publica-
tions (exercise vs control:
3 publications, 2 studies)

219 with fibromyalgia
(exercise vs control: 81)

100% female Not reported

Cramp 2013 24 (only 6 using physical
activity interventions)

2882 (physical activity
interventions: 371)

“A higher
percentage of females”…
when reported

“Mainly within the fifth
decade”

Fransen 2014 10 > 549 75% to 80% female
when reported

58 to 70 yr (means) when
reported

Fransen 2015 54 5362 When reported 55% to
100% female

When reported mean age
60 to 70 yr

Gross 2015a 27 (16 chronic pain) 2485 Not reported Not reported

Han 2004 4 (3 RCTs). Pain not re-
ported in any included
study

206 total; pain not re-
ported in any included
study

Not reported Range 38 to 72 yr

Hayden 2005 61 (43 chronic low back
pain)

6390 (3907 chronic low
back pain)

Chronic: 46% male
(95% CI 39 to 52)

Chronic: 42 yr (95% CI
40 to 44)

Hurkmans 2009 8 RCTs (5 exercise vs no-
exercise)

575 “Mainly female” 52 yr
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Table 4. Further characteristics of included reviews (Continued)

Koopman 2015 13 (2 exercise vs no exer-
cise)

675 (68 exercise vs no
exercise) - 1 study used
3 arms (no treatment in
cold, exercise in cold, ex-
ercise in warm; we have
excluded the warm exer-
cise arm as cannot com-
pare directly to the con-
trol)

~ 25% male Mean 58 and 65 yr

Lane 2014 30 1822 total Not reported Mean > 65 yr

Lauret 2014 5 (0 for exercise vs no ex-
ercise)

184 (0 for exercise vs no
exercise)

n/a n/a

Regnaux 2015 6 (1 for exercise vs no ex-
ercise) only 1 study that
had a no exercise control

656 (102 for exercise vs
no exercise)

79 female 62.6 yr

Saragiotto 2016 29 (7 for exercise vs no ex-
ercise/minimal interven-
tion)

2431 (671 for exercise vs
no exercise)

“Mixed” Median 40.9 yr (IQR 11.
2) (range 20.8 to 54.8)

Silva 2010 None None n/a n/a

van der Heijden 2015 31 (10 for exercise vs con-
trol)

1690 0% to 100% female;
equally distributed across
range

Mean 25 to 50 yr

Yamato 2015 10 (6 exercise vs minimal
intervention (control))

478 (265 exercise vs con-
trol)

2 trials were all female,
the others included both
genders

Mean 38 yr (range 22 to
50)

CI: confidence interval; GP: general practitioner; IQR: interquartile range; OA: osteoarthritis; RCT: randomised controlled trial; ROM:
range of motion; wk: week; yr: year.

Table 5. Dose and duration of exercise interventions in included reviews

Review Duration Frequency

(sessions per day/

wk/month)

Intensity Duration

(per session)

Other description

Bartels 2007 Not reported Not reported “Muscle main-
tenance” and “range
of motion”

Not reported No minimum re-
quirement for inclu-
sion.
Actual intervention
only reported by 2
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

of 6 included stud-
ies

Bidonde 2014 17 wk (range 4 to
32)

1 to 4/wk Very light (< 57%
HRmax) to vigor-
ous (95% HRmax)
, self-selected, and
not specified

45 minutes (range
30 to 70)

No minimum re-
quirement for inclu-
sion.
None of the stud-
ies met the ACSM
exercise guidelines
specified for aerobic
or strength training.
Only 1 study met
the ACSM guide-
lines for flexibility
training

Boldt 2014 12 wk to 9 months 2/day to 2/wk Not reported Reported for 1 study
only (90 to 120
minutes)

No minimum re-
quirement for inclu-
sion.
Stretch-
ing and strengthen-
ing exercises aimed
at mobilis-
ing painful shoulder
joint

Brown 2010 ≥ 12 wk 3/wk 70% to 85% HRR 1 hour No minimum re-
quirement for inclu-
sion.

Busch 2007 3 wk to 6 months 1 to 5/wk Not reported Not reported No minimum re-
quirement for inclu-
sion.
Assessed as whether
they “met ACSM
recommendations.”

Busch 2013 8 to 21 wk (median
16 wk)

≥ 2/wk > 4/10 RPE rating
progressing to 70%
to 80% 1RM

40 to 90 minutes Assessed as whether
they “met ACSM
recommendations.”

Cramp 2013 6 wk (when re-
ported)

2/wk “Low im-
pact”, “moderate”,
and 70% HRmax

1 to 1.5 hours, when
reported

No minimum re-
quirement for inclu-
sion.

Fransen 2014 6 to 12 wk (median
8)

1 to 3/wk “Low intensity” to
“max effort”

30 to 60 minutes No minimum re-
quirement for inclu-
sion.
Intensity only re-
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

ported in 2 of 10
studies.

Fransen 2015 single session to 30
months

1 to 5/wk “Moderate to mod-
erately high inten-
sity”

15 to 60 minutes No minimum re-
quirement for inclu-
sion.
Varied in dose and
duration.

Gross 2015a 2 wk to 3 months 5/wk to every 15
minutes/day

Low intensity 2 to 20 minutes -

Han 2004 8 to 10 wk (when re-
ported)

1 to 7/wk (median
1/wk)

Tai chi = low inten-
sity

1 to 1.5 hours No minimum re-
quirement for inclu-
sion.

Hayden 2005 Not reported Not reported Not reported Not reported No minimum re-
quirement for inclu-
sion.
Could not extract
actual data.

Hurkmans 2009 ≥ 6 wk 2/wk Aerobic: ≥ 55%
HRmax increasing
to 85% HRmax
strength: start 30%
1RM increasing to
80% 1RM

20 minutes -

Koopman 2015 4 to 12 wk Daily to 3/wk Reported in 1 study:
50% to 70% MVC

45 minutes No minimum re-
quirement for inclu-
sion.
1 study: supervised
progressive resis-
tance training con-
sisting of 3 sets of
8 isometric contrac-
tions of the thumb
muscles
1 study: combina-
tion of individual
and group therapy
with daily treatment
in a swimming pool
(45 minutes), phys-
iotherapy, individu-
ally adapted training
programme
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

Lane 2014 3 to 12 months ≥ 2/wk “Variable” ~ 60 minutes No minimum re-
quirement for inclu-
sion.

Lauret 2014 ≥ 6 wk ≥ 2/wk Not reported Not reported No minimum re-
quirement for inclu-
sion.
Must be supervised.

Regnaux 2015 8 wk 3/wk Compared high vs
low intensity vs con-
trol

30 to 50 minutes Every 2 wk 1RM
was retested and in-
creased by 5% as tol-
erated in each group
Supervision: an ex-
perienced therapist.
3 arms (n=34 per
arm): high intensity,
low intensity, con-
trol (no exercise)

Saragiotto 2016 20 days to 12 wk
(median 8 wk (IQR
2.0))

1 to 5/wk (median
12 sessions (IQR 6.
0))

Not reported 20 to 90 minutes
(median 45 (IQR
30) minutes)

MCE is usually de-
livered in 1:1 su-
pervised treatment
sessions, and some-
times involves ul-
trasound imaging,
the use of pressure
biofeedback units or
palpation to pro-
vide feedback on the
activation of trunk
muscles

Silva 2010 ≥ 6 wk 2/wk Balance training
only

≥ 30 minutes No studies found.

van der Heijden
2015

3 to 16 wk 2/wk to daily Not reported Not reported No minimum re-
quirement for inclu-
sion.
Assessed by dura-
tion (< or > 3
months), frequency
(sev-
eral times, or once
a week), medium
(land or water), etc
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Table 5. Dose and duration of exercise interventions in included reviews (Continued)

Yamato 2015 10 to 90 days
(mostly 8 wk)

2/wk (mean session
number 15.3, range
6 to 30)

Not reported 1 hour No minimum re-
quirement for inclu-
sion.
Must be supervised
(for the Pilates tech-
nique).

1RM: one repetition maximum; ACSM: American College of Sport Medicine; HRmax: maximum heart rate; HRR: heart rate reserve,
IQR: interquartile range; MCE: motor control exercise; MVC: maximum voluntary contraction; RPE: rating of perceived exertion;
wk: week.

Table 6. Methodological quality of included reviews using the AMSTAR tool

Re-

view

Criteria Total “Y” Total “N” Total “n/a”

1 2 3 4 5 6 7 8 9 10 11

Bar-
tels
2007

Y Y Y Y Y N Y Y Y N N 8 3 -

Bidonde
2014

N Y Y Y Y Y Y Y Y N N 8 3 -

Boldt
2014

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Brown
2010

Y Y Y N Y Y Y Y n/a N N 7 3 1

Busch
2007

Y Y Y N Y Y Y Y Y N N 8 3 -

Busch
2013

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Cramp
2013

Y Y Y Y Y N Y Y Y Y N 9 2 -

Fransen
2014

Y Y Y Y Y N Y Y Y N N 8 3 -

Fransen
2015

Y Y Y Y Y N Y Y Y N N 8 3 -
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Table 6. Methodological quality of included reviews using the AMSTAR tool (Continued)

Gross
2015a

Y Y Y Y Y N Y Y Y Y N 9 2 -

Han
2004

Y Y Y Y Y N Y Y N N N 7 4 -

Hay-
den
2005

Y Y Y Y Y N Y Y Y Y Y 10 2 -

Hurk-
mans
2009

Y Y Y Y Y Y Y Y Y N N 9 2 -

Koop-
man
2015

Y Y Y Y Y Y Y Y Y N Y 10 1 -

Lane
2014

Y Y Y Y Y Y Y Y N Y N 9 2 -

Lauret
2014

Y Y Y Y Y N Y Y Y Y N 9 2 -

Reg-
naux
2015

Y Y Y Y Y Y Y Y Y Y N 10 1 -

Sara-
giotto
2016

Y Y Y Y Y N Y Y Y Y N 9 2 -

Silva
2010

Y Y Y Y Y n/a n/a n/a n/a n/a Y 6 0 5

van
der
Heij-
den
2015

Y Y Y Y Y Y Y Y Y N N 9 2 -

Yam-
ato
2015

Y Y Y Y Y N Y Y Y Y N 9 2 -

Total

“Y”

20 21 21 19 21 10 20 20 17 10 3 - - -

Total

“N”

1 - - 2 - 10 - - 2 10 18 - - -
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Table 6. Methodological quality of included reviews using the AMSTAR tool (Continued)

Total

“n/a”

- - - - - 1 1 1 2 1 - - - -

N: no; n/a: not applicable; Y: yes; out of maximum summative score of 11.
Following arbitration, the authors removed the response “cannot answer” due to no responses as such.

Table 7. Risk of bias - studies assessed as low risk of bias

Review Number

of studies

in assess-

ment

Selection bias Perfor-

mance

bias

Detection

bias

Attrition

bias

Reporting

bias

Other bias

Random

sequence

genera-

tion (stud-

ies)

Alloca-

tion con-

cealment

(studies)

Blinding

of partici-

pants and

personnel

(studies)

Blind-

ing of out-

come as-

sessment

(studies)

Incom-

plete out-

come data

(studies)

Selective

reporting

(studies)

Sample

size

Other bi-

ases (stud-

ies)

Bartels
2007

6 Not
reported

3 Not
reported

2 3 Not
reported

2, n > 100
per arm

-

Bidonde
2014

9 5 3 2 8 8 5 1, n > 50
per arm

7

Boldt
2014

3 1 1 0 1 2 3 0 1

Brown
2010

1 0 0 0 0 1 1 1, n > 50
per arm

-

Busch
2007

34 17 10 8 20 Unclear 32 5, n > 50
per arm

-

Busch
2013

5 4 2 1 2 5 3 0, n > 50
per arm

-

Cramp
2013

7 5 2 0 Not
reported

6 4 1

Fransen
2014

10 8 7 0 0 7 4 1, n > 50
per arm

7

Fransen
2015

54 40 22 3 4 29 10 5, total n >
200

Gross
2015a

16 8 8 1 0 11 0 0 11
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Table 7. Risk of bias - studies assessed as low risk of bias (Continued)

Han 2004 4 2 0 0 0 0 Not
reported

0

Hayden
2005

43 27 22 Not
reported

12 29 Not
reported

10, total n
> 100
+
5, total n >
200

-

Hurkmans
2009

8 8 1 - 4 5 - 1, total n >
200

1

Koopman
2015

2 1 0 0 0 0 0 0 1

Lane 2014 30 16 14 30 7 19 29 3, total n >
100

Lauret
2014

5 4 2 5 3 4 5 1, total n >
100

4

Regnaux
2015

1 1 0 0 1 0 0 1, total n >
100

1

Saragiotto
2016

7 5 4 1 1 2 7 1, total n >
100
+
1, total n >
200

7

Silva 2010 0 n/a n/a n/a n/a n/a n/a n/a n/a

van der
Heijden
2015

10 8 6 0 0 6 9 2, total n >
100

10

Yamato
2015

9 5 5 2 7 7 9 0 9

Studies

with

low risk of

bias

(number)

264 165 112 53 72 144 121 total n >

100: 26

total n >

200: 15

total n >

400: 0

71

Studies

with

low risk of

bias (per-

- 63% 42% 20% 27% 55% 46% total n >

100: 10%

total n >

27%
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Table 7. Risk of bias - studies assessed as low risk of bias (Continued)

centage) 200: 6%

total n >

400: 0%

n: number of participants, n/a: not applicable.

Table 8. Interpretation of results by original review authors

Review Review authors’ conclusions Overview authors’ assessment of conclusions

Bartels 2007 “Aquatic exercise has some short-term beneficial ef-
fects on the condition of OA patients with hip or
knee OA or both. The controlled and randomised
studies in this area are still too few to give further
recommendations on how to use this therapy... No
long-term effects have been found.”

Appropriate conclusions based on available data. No
mention of quality/risk of bias in conclusions, though
found to be high quality in results section

Bidonde 2014 “Low to moderate quality evidence relative to control
suggests that aquatic training is beneficial for improv-
ing wellness, symptoms, and fitness in adults with fi-
bromyalgia. Very low to low quality evidence suggests
that there are benefits of aquatic and land-based exer-
cise, except in muscle strength (very low quality evi-
dence favoring land). No serious adverse effects were
reported.”

Appropriate conclusions based on available data.

Boldt 2014 “Evidence is insufficient to suggest that non-pharma-
cological treatments are effective in reducing chronic
pain in people living with SCI. The benefits and
harms of commonly used non-pharmacological pain
treatments should be investigated in randomised con-
trolled trials with adequate sample size and study
methodology”

Appropriate conclusions based on available data.

Brown 2010 “There is a lack of available evidence to support the
use of exercise in the alleviation of symptoms associ-
ated with dysmenorrhoea. The limited evidence im-
plies that there are no adverse effects associated with
exercise.”

Review authors should not have commented on lack
of adverse events as this was not reported in the in-
cluded study. The comment on lack of adverse events
contravened present Cochrane guidance

Busch 2007 “There is moderate quality evidence that short-term
aerobic training (at the intensity recommended for
increases in cardiorespiratory fitness) produces im-
portant benefits in people with FM in global out-
come measures, physical function, and possibly pain
and tender points. There is limited evidence that
strength training improves a number of outcomes
including pain, global wellbeing, physical function,

Appropriate conclusions based on available data.
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Table 8. Interpretation of results by original review authors (Continued)

tender points and depression. There is insufficient
evidence regarding the effects of flexibility exercise.
Adherence to many of the aerobic exercise interven-
tions described in the included studies was poor.”

Busch 2013 “We have found evidence in outcomes representing
wellness, symptoms, and physical fitness favoring re-
sistance training over usual treatment and over flexi-
bility exercise, and favoring aerobic training over re-
sistance training. Despite large effect sizes for many
outcomes, the evidence has been decreased to low
quality based on small sample sizes, small number of
randomized clinical trials (RCTs), and the problems
with description of study methods in some of the in-
cluded studies.”

Appropriate conclusions based on available data.

Cramp 2013 “There is some evidence that physical activity inter-
ventions ... may help to reduce fatigue in RA. How-
ever, the optimal parameters and components of these
interventions are not yet established.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion despite low/unclear quality score in
results and discussion sections
No conclusions about effect on pain (insufficient
data).

Fransen 2014 “There is currently high-level evidence that land-
based exercise will reduce hip pain, and improve phys-
ical function, among people with symptomatic hip
osteoarthritis.”

Evidence was good quality though sample sizes were
often small (i.e. it is debatable if this was high level
evidence as claimed by authors). Agree that results
demonstrate small but significant benefit from inter-
vention

Fransen 2015 “High-quality evidence suggests that land-based ther-
apeutic exercise provides benefit in terms of reduced
knee pain and quality of life and moderate-quality
evidence of improved physical function among peo-
ple with knee OA… Despite the lack of blinding we
did not downgrade the quality of evidence for risk of
performance or detection bias.”

Appropriate conclusions based on available data. May
have been generous with quality assessment but this
was stated in conclusions for transparency

Gross 2015a “…there is still no high quality evidence and un-
certainty about the effectiveness of exercise for neck
pain… Moderate quality evidence supports the use
specific strengthening exercises as a part of routine
practice … Moderate quality evidence supports the
use of strengthening exercises, combined with en-
durance or stretching exercises may also yield simi-
lar beneficial results. However, low quality evidence
notes when only stretching or only endurance type
exercises … there may be minimal beneficial effects
for both neck pain and function.”

Appropriate conclusions based on available data.
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Table 8. Interpretation of results by original review authors (Continued)

Han 2004 “Tai chi appears to have no detrimental effects on
the disease activity of RA in terms of swollen/tender
joints and activities of daily living…tai chi appears to
be safe, since only 1 participant out of 121 withdrew
due to adverse effects and withdrawals were greater
in the control groups than the tai chi groups.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias in con-
clusion despite very low quality score in results sec-
tion

Hayden 2005 “Evidence from randomized controlled trials demon-
strates that exercise therapy is effective at reducing
pain and functional limitations in the treatment of
chronic low-back pain, though cautious interpreta-
tion is required due to limitations in this literature.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion despite low quality score in results
and discussion sections

Hurkmans 2009 “Short-term, land-based dynamic exercise programs
have a positive effect on aerobic capacity (aerobic ca-
pacity training whether or not combined with muscle
strength training) and muscle strength (aerobic ca-
pacity training combined with muscle strength train-
ing) immediately after the intervention, but not after
a follow-up period. Short-term, water-based dynamic
exercise programs have a positive effect on functional
ability and aerobic capacity directly after the interven-
tion but it is unknown whether these effects are main-
tained after follow-up. Long-term, land-based dy-
namic exercise programs (aerobic capacity and mus-
cle strength training) have a positive effect on func-
tional ability, aerobic capacity, and muscle strength
immediately after the intervention but it is unknown
whether these effects are maintained after follow-up...
Based on the evidence, aerobic capacity training com-
bined with muscle strength training is recommended
for routine practice in patients with RA.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion
No conclusions regarding pain severity.

Koopman 2015 “Data from two single trials suggested that muscle
strengthening of thumb muscles (very low-quality ev-
idence) ... are safe and beneficial for improving mus-
cle strength ... with unknown effects on activity lim-
itations.”
“We found evidence varying from very low quality to
high quality that ... rehabilitation in a warm or cold
climate are not beneficial in PPS.”
“Due to a lack of good-quality data and randomised
studies, it was impossible to draw definitive conclu-
sions about the effectiveness of interventions in peo-
ple with PPS.”

Appropriate conclusions based on available data.

Lane 2014 “… Exercise therapy should play an important part
in the care of selected patients with intermittent clau-
dication, to improve walking times and distances. Ef-

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
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Table 8. Interpretation of results by original review authors (Continued)

fects were demonstrated following three months of
supervised exercise although some programmes lasted
over one year.”

ies in conclusion
No conclusions regarding pain severity.

Lauret 2014 “There was no clear evidence of differences between
supervised walking exercise and alternative exercise
modes in improving the maximum and pain-free
walking distance of patients with intermittent clau-
dication…. The results indicate that alternative ex-
ercise modes may be useful when supervised walking
exercise is not an option for the patient.”

Appropriate conclusions based on available data.
However, no mention of quality/risk of bias of stud-
ies in conclusion (in discussion)

Regnaux 2015 “We found very low- to low-quality evidence for no
important clinical benefit of high-intensity compared
to low-intensity exercise programs in improving pain
and physical function in the short term.... The in-
cluded studies did not provide any justification for
the levels of intensity of exercise programs. No au-
thors reported evidence for the minimal and maximal
intensity that could be delivered.”

Appropriate conclusions based on available data. This
overview has only used one study of the six included
as it alone included a control group, for which we
could not extract data as the control comparison was
not used in the analysis by the review authors

Saragiotto 2016 “There is very low to moderate quality evidence that
MCE has a clinically important effect compared with
a minimal intervention for chronic low back pain..
. As MCE appears to be a safe form of exercise and
none of the other types of exercise stands out, the
choice of exercise for chronic low back pain should
depend on patient or therapist preferences, therapist
training, costs and safety.”

Appropriate conclusions based on available data.

Silva 2010 “We were not able to provide any evidence to support
the application of balance exercises (proprioceptive
training) alone in patients with RA.”

Appropriate conclusions based on available data (no
included studies)

van der Heijden 2015 “This review has found very low quality but consis-
tent evidence that exercise therapy for patellofemoral
pain syndrome (PFPS) may result in clinically im-
portant reduction in pain and improvement in func-
tional ability.”

No subgroup analysis to differentiate between acute,
subacute, and chronic pain made it difficult to extract
appropriate data for this review

Yamato 2015 “No definite conclusions or recommendations can be
made as we did not find any high quality evidence
for any of the treatment comparisons, outcomes or
follow-up periods investigated. However, there is low
to moderate quality evidence that Pilates is more ef-
fective than minimal intervention in the short and
intermediate term as the benefits were consistent for
pain intensity and disability, with most of the effect
sizes being considered medium.”

Appropriate conclusions based on available data.
There was no subgroup analysis to differentiate be-
tween acute, subacute, and chronic pain made it dif-
ficult to extract appropriate data for this review (one
included study had subacute back pain (> 6 weeks),
all others were chronic back pain (> 12 weeks)) but
results are presented altogether as chronic pain
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FM: fibromyalgia; MCE: motor control exercise; OA: osteoarthritis; PPS: postpolio syndrome; RA: rheumatoid arthritis; SCI: spinal
cord injury.

Table 9. Pain severity

Review Number

of trials (and par-

ticipants) assessing

’pain severity’

Baseline pain score Post-interven-

tion reported re-

sult or change data

(or if only one data

point reported in

review)

Follow-up Overall comment/

statement

Bartels 2007
(osteoarthritis)

Hip + knee OA:
Post-intervention: 4
(638)
Follow-up: 1 (310)
Hip only:
follow-up: 1 (17)
Knee only:
post-intervention: 1
(46)

Control baseline:
Hip + knee OA
WOMAC 0 to 20 (2
studies): 9.10 (SD 3.
14)
VAS 0 to 100 (1
study): 55.3 (SD 24.
6)
HAQ 0 to 3 (1
study): 1.05 (SD 0.
61)
Hip only
VAS 0 to 100 (1
study): 56 (SD 21.
89)
Knee only
VAS 0 to 10 (1
study): 5.6 (SD 1.4)

Hip + knee OA
A minor effect of
a 3% absolute re-
duction (0.6 fewer
points on WOMAC
0 to 20 scale) and
6.6% relative reduc-
tion
SMD 0.19 (95% CI
0.04 to 0.35) (P = 0.
02)
Knee only
SMD 0.86 (95% CI
0.25 to 1.47)
(P = 0.005)
Absolute
difference 12% (1.2
fewer points on a 0
to 10 scale)
Relative change
22% improvement

Hip + knee OA
Follow-up at 6
months: SMD 0.11
(95% CI -0.12 to 0.
33) (ns)
No difference
Hip only
SMD 1.00 (95% CI
-0.04 to 2.04) (P =
0.06, ns)

Statistically signifi-
cant post-interven-
tion in hip + knee
OA group, but not
clinically significant
Knee-only OA had
moderate to large
effect size (statisti-
cally significant) im-
mediately post-in-
tervention

Bidonde 2014
(fibromyalgia)

Post-intervention: 7
(382)

Weighted mean
score at baseline (all
participants): 69.59
median value for
pain was 70.9 in
studies comparing
aquatic training to
control

On 100-point scale:
MD -6.59 (95% CI
-10.71 to -2.48)
SMD -0.53 (95%
CI -0.76 to -0.31)
Absolute difference
-7% (95% CI -11 to
-3)
NNTB 5 (95% CI 3
to 8)

3 studies at 12, 48,
or 52 weeks’ post-
intervention
could not be com-
bined.
2 studies showed
SMD favouring in-
tervention at follow-
up.

“We found a moder-
ate effect favouring
the aquatic exercise
training for pain”
…“similar improve-
ments in pain in
the low pain groups
(SMD -0.60, 95%
CI -0.98 to -0.23)
and in the high pain
groups (SMD -0.57,
95% CI -1.11 to -0.
03).”
Among the
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Table 9. Pain severity (Continued)

major wellness out-
comes, none of the
outcomes met the
threshold for clini-
cally relevant differ-
ences (15%)

Boldt 2014
(spinal cord injury)

Post-intervention: 3
(149)

WUSPI score 22.
6 (exercise group)
to 11.05 (control
group) in 1 group at
baseline
Not reported for 2
studies

WUSPI change
score:
Exercise group: -7.7
(SD 19.01)
Control group: 12.8
(SD 12.74)
SF-36 (pain expe-
rience): -1.9 (95%
CI -3.4 to -0.4)
favoured exercise (P
= 0.01)
VAS (0 to 10): MD
-2.8 (95% CI -3.77
to -1.83) favoured
exercise (P < 0.
00001)

1 study at 4 weeks:
VAS (0 to 10): -2.50
(95% CI -3.48 to -
1.52) (P < 0.00001)
WUSPI: -26.40
(95% CI -37.62 to -
15.18favoured exer-
cise (P < 0.00001)

“All three studies
were fraught with
high overall
risk of bias. In par-
ticular, the compar-
ison with ’no treat-
ment’ or waiting
lists as control inter-
ventions likely leads
to an overestimation
of the effectiveness
of the exercise pro-
grammes provided
in
these studies. Con-
sequently, no con-
clusion on their ef-
fectiveness can be
drawn.”

Busch 2007
(fibromyalgia)

Strength training: 1
(21) Aerobic train-
ing: 3 (183)

Control baseline:
Aerobic: 6.1/10
(VAS) (SD 1.97)
Strength: 35/100
(VAS) (SD 19)

Aerobic
training: SMD 0.65
(95% CI -0.09 to 1.
39) (ns)
Weighted absolute
change 13% (1.3
cm lower on 10-cm
scale)
Relative change
21%
Strength
training: SMD 3.00
(95% CI 1.68 to 4.
32) (ns)
Weighted ab-
solute change 49%
(49 points lower on
100-point scale)
Relative change
140%, NNTB 2

n/a “>30% improve-
ment was seen in
the strength training
group as compared
to an untreated con-
trol group in pain.”
Aerobic training led
to an improvement
of 1.3/10.
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Table 9. Pain severity (Continued)

Busch 2013
(fibromyalgia)

Post-intervention: 2
(81)
Follow-up at 8
weeks, 16 weeks, 28
weeks: 1 (60)

Not reported -
change data only

Change score on
VAS (in cm):
MD -3.30 (95% CI
-6.35 to -0.26) (P =
0.03)
SMD -1.89 (95%
CI -3.86 to 0.07)
Relative % change
44.6% (95% CI 3.
5 to 85.9) favoured
exercise
NNTB 2 (95% CI 1
to 34)

8 weeks: MD -0.68
(95% CI -1.62 to 0.
26) (ns)
16 weeks: MD -1.79
(95% CI -2.70 to -
0.88) (P < 0.001)
28 weeks: MD -0.85
(95% CI -1.77 to 0.
07) (P = 0.07, ns)
Overall (n = 180):
MD -1.12 (95% CI
-1.65 to -0.58) (P <
0.0001)

> 30% improve-
ment post-interven-
tion.

Cramp 2013
(rheumatoid arthri-
tis)

4 (not reported) Not reported In nar-
rative only - Hark-
com 1985: statistics
not reported sepa-
rately for pain data,
but reported as im-
provement
over time; Hakki-
nen 2003: “stat sig-
nificant
improvement in 24
months”; Evans
2012 and
Wang 2008: no sta-
tistically significant
effects

Not reported “Improvement over
time” with “signif-
icant improvement
in 24 months.”
No actual data avail-
able.

Fransen 2014
(OA)

End of treatment: 9
(549)
3 to 6 months: 5
(391)

Not reported; land
based exercise vs no
exercise: mean pain
in control group ~
29/100 (based on 9
studies’ control val-
ues)

End of treatment:
SMD -0.38 (95%
CI -0.55 to -0.20)
“small to moderate”
favoured exercise (P
< 0.0001)

3 to 6 months:
SMD -0.38 (95%
CI -0.58 to -0.18)
“small to moderate”
favoured exercise (P
= 0.0002)

“Small to moderate”
statistically signifi-
cant improvement,
but only mild pain
at baseline

Fransen 2015
(OA)

End of treatment:
44 (3537)
Follow-up (2 to 6
months): 12 (1468)
Follow-up (> 6
months): 8 (1272)

Not reported; land-
based exercise vs no
exercise: mean pain
in control group 44/
100 (based on 1
study control val-
ues)

Land-based exercise
vs no exercise:
Mean pain in
intervention groups
was 0.49 SDs lower
(95% CI 0.39 to 0.
59 lower).
This translates to an
absolute mean re-
duction of 12 points

2 to 6 months:
SMD -0.24 (95%
CI -0.35 to -0.14)
favoured exercise (P
< 0.00001)
> 6 months: SMD -
0.52 (95% CI -1.01
to -0.03) favoured
exercise (P = 0.04)

Ab-
solute improvement
of 12/100 post-in-
tervention (statisti-
cally significant)
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Table 9. Pain severity (Continued)

(95% CI 10 to 15)
compared with con-
trol group on a 0 to
100 scale
SMD -0.49 (95%
CI -0.39 to -0.59)
(P < 0.00001)
Absolute reduction
12% (95% CI 10%
to 15%)
Relative change
27% (95% CI 21%
to 32%)
NNTB 4 (95% CI 3
to 5)

Gross 2015a
(mechanical neck
disorders)

12-week treatment:
2 (147)
24 week (or 12-
week treatment +
12-week follow-up)
: 2 (140)

Not reported, but
control scores at end
of treatment 40 to
60/100 (moderate
pain)

12 weeks: pooled
MD -14.90 (95%
CI -22.40 to -7.39)
favoured exercise (P
= 0.0001)

24 weeks: pooled
MD -10.94 (95%
CI -18.81 to -3.08)
favoured exercise (P
= 0.0064)

2 trials
showed a moderate
(statistically signifi-
cant) reduction in
pain post-interven-
tion (14.9/100)

Hayden 2005
(low back pain)

Earliest follow-up: 8
(370)
Follow-
up (time since ran-
domisation)
Short term (6
weeks): 6 (268)
Intermediate term
(6 months): 5 (249)
Long term (12
months): 2 (126)

“Chronic group” at
baseline: mean 46/
100 (95% CI 41 to
50) (moderate pain)

Earliest: MD -10.20
(95% CI -19.09 to -
1.31) (P = 0.02)

Short term: MD -8.
58 (95% CI -18.46
to 1.29) (P = 0.09,
ns)
Intermediate term:
MD -12.48 (95%
CI -22.69 to -2.27)
(P = 0.02)
Long term: MD -3.
93 (95% CI -9.89 to
2.02) (P = 0.2, ns)

Reduction of ~ 10/
100 at earliest mea-
surement point.

Hurkmans 2009
(rheumatoid arthri-
tis)

4 studies (total 188
participants) in dif-
ferent categories (re-
sults not combined)

Not reported Short-term (12
weeks):
Short-term
land-based (aerobic
and strength train-
ing) SMD -0.53
(95% CI -1.09 to 0.
04)
Short-term land-
based (aerobic only)
SMD -0.27 (95%
CI -0.79 to 0.26)
Short-term wa-
ter-based SMD 0.06

Long-term (24
months)
land-based (aerobic
and strength train-
ing)
SMD 0.35 (95% CI
-0.46 to 1.16)

No significant dif-
ference
between control and
intervention.
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Table 9. Pain severity (Continued)

(95% CI -0.43 to 0.
54)

Koopman 2015
(postpolio
syndrome)

1 (55) Not reported, but
control scores at end
of treatment mean
44 (SD 24) on a 0 to
100 scale (moderate
pain)

3 months post-in-
tervention:
VAS (0 to 100): MD
11.00 (95% CI -0.
98 to 22.98) (P = 0.
072)

n/a No significant
effect/no difference
between groups.

Regnaux 2015
(OA)

Only 1 study that
had a no-exercise
control:
1 (68) - excluded
data for control (no
exercise) from anal-
ysis (n = 34)

Not reported Post-intervention:
WOMAC (0 to 20)
Change
data presented for
high- vs low-inten-
sity groups only, not
compared to control

n/a Actual individual
study data was ex-
tracted (where pos-
sible)
instead of pooled
MD or SMD due
to comparison this
overview wishes to
make (exercise vs
no-exercise only)
Could not extract
exercise vs control
data.

Saragiotto 2016
(low back pain)

Short term (< 3
months): 4 (291)
Intermediate term
(3 to 12 months): 4
(348)
Long term (> 12
months): 3 (279)

Not reported, but
control scores at fol-
low-up range 25 to
56/100 (mild-mod-
erate pain)

Short term: MD -
10.01 (95%
CI -15.67 to -4.35)
favoured exercise (P
< 0.001)

Intermediate term:
MD -12.61 (95%
CI -20.53 to -4.69)
favoured exercise (P
= 0.002)
Long term: MD -
12.97 (95%
CI -18.51 to -7.42)
favoured exercise (P
< 0.001)

Medium effect size
favouring exercise at
all follow-up assess-
ments (moder-
ate quality evidence
at short- and long-
term, low quality ev-
idence at intermedi-
ate term)
Clinically
important effect.

van der Heijden
2015
(patellofemoral pain
syndrome)

3 studies with pain >
3 months (135 par-
ticipants), 2 studies
used in analysis (41
participants)
Long-term follow-
up: 1 (94)

Not reported, but
control scores at fol-
low-up range 2.1 to
6.0/10 (mild-mod-
erate pain)

Short-term (4 to 8
weeks):
MD for usual pain
in the exercise group
was 0.93 (95% CI
1.60 to 0.25) SDs
lower
SMD -0.93 (95%
CI -1.60 to -0.25)
(P = 0.008)

“Long term”
(16 weeks) VAS (0
to 10): MD -4.42
(95% CI -7.75 to -
0.89) favoured exer-
cise (P = 0.01)

Reduction in pain of
4/10 at 16 weeks’
follow-up.

Yamato 2015
(low back pain)

Short term: 6 (265)
Intermediate term:

Not reported, but
control scores at ear-

Short-term follow-
up (< 3 months):

Intermediate term
(3 to 12 months):

“Low quality evi-
dence (downgraded
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Table 9. Pain severity (Continued)

2 (148) liest follow-up range
18 to 52/100 (mild-
moderate pain)

MD -14.05 (95%
CI -18.91 to -9.19)
(P < 0.001)

MD -10.54, (95%
CI -18.54 to -2.62)
(P = 0.009)

due to imprecision
and risk of bias)
that Pilates reduces
pain compared with
minimal interven-
tion at short-term
follow-up, with a
medium effect size..
intermediate-term
follow-up, two tri-
als, provided mod-
erate quality evi-
dence (downgraded
due to imprecision)
that Pilates reduces
pain compared with
minimal interven-
tion, with a medium
effect size”

CI: confidence interval; HAQ: Health Assessment Questionnaire; MD: mean difference; n/a: not applicable; NNTB: number needed
to treat for an additional beneficial outcome; ns: not significant; OA: osteoarthritis; SD: standard deviation; SF-36: 36-item Short
Form; SMD: standardised mean difference; VAS: visual analogue score; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index; WUSPI; Wheelchair User Shoulder Pain Index.

Table 10. Physical function

Review Outcome

measure

Num-

ber of trials

(and partici-

pants) used in

analysis

Post-inter-

vention result

(or if only 1

result

reported)

Short-term

follow-up (or

if only 1 fol-

low-up point

reported)

Intermedi-

ate-term fol-

low-up

Long-term

follow-up

Over-

all comment/

statement

Bartels 2007
(OA)

Self-reported
function
(WOMAC
and HAQ)
and walk-
ing ability, and
DRI

Post-
intervention
Hip + knee
function: 4
(648)
walking abil-
ity: 2 (355)
Hip
only function:
1 (28)
Follow-up
function hip +
knee: 1 (306)
hip only: 1
(17)

Function (hip
+ knee): SMD
0.26 (95% CI
0.11 to 0.42)
favoured exer-
cise (P < 0.
001)
Walking (hip
+ knee): SMD
0.18 (95% CI
-0.03 to 0.39)
favoured exer-
cise (P = 0.08,
ns)

Hip only
Disabil-
ity, SMD 1.
00 (95% CI -
0.04 to 2.04)
favoured exer-
cise (P = 0.06,
ns)

Hip + knee (6
months)
Func-
tion, SMD 0.
10 (95% CI -
0.12 to 0.33)
(ns)

n/a Func-
tion was sig-
nificantly im-
proved in peo-
ple with hip +
knee OA im-
medi-
ately post-in-
tervention
only - small ef-
fect size only
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Table 10. Physical function (Continued)

Function (hip
only): SMD 0.
76 (95% CI -
0.02 to 1.53)
favours exer-
cise (P = 0.06,
ns)

Bidonde 2014
(fibromyalgia)

Self-reported
physical func-
tion (0 to 100
scale)

5 (285) MD -4.
35 (95% CI -
7.77 to -0.94)
SMD -0.
44 (95% CI -
0.76 to -0.11)
Abso-
lute difference
-4 (95% CI -8
to -1)
NNTB 6
(95% CI 3 to
22)

n/a n/a n/a Small differ-
ence (im-
provement) in
aquatic exer-
cise group.
Among the
major wellness
outcomes,
none of the
outcomes met
the threshold
for clinically
relevant differ-
ences (15%)

Busch 2007
(fibromyalgia)

Physical func-
tion

Aerobic: 4
(253)
Strength: 2
(47)

Aerobic: SMD
0.66 (95% CI
0.41 to 0.92)
favoured exer-
cise (P < 0.
0001)
Strength:
SMD
0.52 (95% CI
-0.07 to 1.10)
favoured exer-
cise (P = 0.08,
ns)

n/a n/a n/a Func-
tion was sig-
nificantly im-
proved from
aerobic exer-
cise training,
strength train-
ing neared sig-
nificance
Moderate ef-
fect size.

Busch 2013
(fibromyalgia)

HAQ and SF-
36 for func-
tion

3 (107) Change score
MD -6.29
(95% CI -10.
45 to -2.13)
favoured exer-
cise (P < 0.01)

n/a n/a n/a Significantly
favourable ef-
fect of exer-
cise.

Cramp 2013
(rheumatoid
arthritis)

Disability 4 (not
reported)

n/a n/a n/a n/a “Stud-
ies investigat-
ing hydrother-
apy and tai chi
demon-
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Table 10. Physical function (Continued)

strated statis-
tically signifi-
cant improve-
ments in the
intervention
arm compared
to the con-
trol arm be-
tween baseline
and follow-up.
The studies
investigating
strength train-
ing and Iven-
gar yoga did
not demon-
strate a statis-
tically signifi-
cant difference
between study
arms.”

Fransen 2014
(OA)

Physical func-
tion

Post-interven-
tion: 9 (521)
Follow-up (3
to 6 months):
5 (365)

SMD -0.30
(95% CI -0.54
to -0.05) “sig-
nificant ben-
efit” favoured
exercise (P = 0.
02)
The demon-
strated effect
size for exer-
cise was equiv-
alent to an im-
provement of
physical func-
tion
of 7 points
(95% CI 1 to
12) on a 0 to
100 scale com-
pared with a
control group

SMD -0.
37 (95% CI -
0.57 to -0.16)
favoured exer-
cise (P < 0.
001)

n/a n/a Statis-
tically signifi-
cant, but small
effect size
only.

Fransen 2015
(OA)

Physical func-
tion

Post-in-
tervention: 44
(3913)
Follow-up (2
to 6 months):

SMD -0.
52 (95% CI -
0.64 to -0.39)
favoured exer-
cise (P < 0.

SMD -0.
15 (95% CI -
0.26 to -0.04)
favoured exer-
cise (P = 0.

SMD -0.
57 (95% CI -
1.05 to -0.10)
favoured exer-
cise (P = 0.02)

n/a Significant ef-
fect from ex-
ercise at ev-
ery follow-up
point.
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Table 10. Physical function (Continued)

10 (1279)
Follow-up (>
6 months): 8
(1266)

0001); an im-
provement of
10 points
(95% CI 8 to
13) on a 0-
to 100-point
scale

008) Moderate ef-
fect
size at short-
and long-term
follow-up, but
only small ef-
fect at inter-
mediate-term
follow-up

Gross 2015a
(mechani-
cal neck disor-
ders)

Physical func-
tion

12 wk: 2 (147)
24 wk: 2 (140)

12
wk treatment:
pooled SMD -
0.50 (95% CI
-1.04 to 0.03)
favoured exer-
cise (P = 0.07,
ns)

24 wk treat-
ment (or 12
wk’
treatment + 12
wk follow-up)
: pooled SMD
-0.40 (95% CI
-0.74 to -0.06)
favoured exer-
cise (P = 0.02)

n/a n/a 2 trials showed
a mod-
erate (statisti-
cal) improve-
ment in func-
tion

Han 2004
(rheumatoid
arthritis)

Functional as-
sess-
ment and 50-
feet walk test

Function: 2
(52)
Walk test: 2
(48)

Func-
tion: MD 0.01
(95% CI -2.94
to 2.97) (ns)
Walk test:
MD 0.35 sec-
onds (95% CI
-1.14 to 1.84)
(ns)

n/a n/a n/a No significant
effect.

Hayden 2005
(low back
pain)

Function Earliest: 7
(337)
Short term: 6
(268)
Intermediate
term: 4 (216)
Long term: 2
(126)

Earliest: MD -
2.98 (95% CI
-6.48 to 0.53)
favoured exer-
cise (P = 0.09,
ns)

Short
term: MD -3.
03 (95% CI -
6.35 to 0.53)
favoured exer-
cise (P = 0.07,
ns)

Intermediate
term: MD -3.
84 (95% CI -
7.06 to -0.61)
favoured exer-
cise (P = 0.02)

Long
term: MD -4.
22 (95% CI -
7.99 to -0.46)
favoured exer-
cise (P = 0.03)

Favoured exer-
cise from the
earliest
measure, but
only reached
statistical sig-
nificance at in-
termediate
and long term
after randomi-
sation

Hurkmans
2009
(rheumatoid
arthritis)

Functional
ability

Land-based
aerobic: 2 (66)
Land-
based aerobic
+ strength: 2
(74)

n/a Short-
term training
(12 wk)
Land-
based aerobic
only training

n/a n/a No significant
difference be-
tween control
and interven-
tion groups

64Physical activity and exercise for chronic pain in adults: an overview of Cochrane Reviews (Review)

Copyright © 2017 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The

Cochrane Collaboration.



Table 10. Physical function (Continued)

SMD
0.03 (95% CI
-0.46 to 0.51)
(ns)
Land-based
aerobic and
strength train-
ing SMD -0.4
(95% CI -0.86
to 0.06) (ns)

Koopman
2015
(postpolio
syndrome)

Muscle
strength; and
activity limita-
tion (Sunnaas
ADL-
index range 0
to 36; River-
mead Mobil-
ity Index
(RMI) range 0
to 15)

Strength: 1
(10)
Activity limi-
tation: 1 (53)

Iso-
metric muscle
strength
(postinterven-
tion): MD 39.
00% (95% CI
6.12 to 71.88)
Activ-
ity limitation:
3 months’
postinterven-
tion:
ADL-
index: MD -2.
70 (95% CI -
4.53 to -0.87)
River-
mead Mobil-
ity Index
(RMI): MD -
1.50 (95% CI
-2.93 to -0.07)

Activity
limitation: 6-
months post-
intervention:
ADL-
index: MD -2.
90 (95% CI -
4.73 to -1.07)
RMI: MD -1.
80 (95% CI -
3.19 to -0.41)

n/a n/a Activity limi-
ta-
tion: favoured
intervention
at both assess-
ment points
“The base-
line imbalance
in favour of
the usual care
group proba-
bly biased
these results.”

Lane 2014
(intermittent
claudication)

Max-
imal walking
time and max-
imal walking
distance

Post-
intervention
Walking time:
12 (577)
Walking dis-
tance: 9 (480)
3-month fol-
low-up
Walking time:
5 (174)
Walking dis-
tance: 3 (116)
6-month fol-
low-up
Walking time:

Time: MD 4.
51 min-
utes (95% CI
3.11 to 5.92)
favoured exer-
cise (P < 0.
00001)
Distance: 108.
99 m (95% CI
38.20 to 179.
78) favoured
exercise (P = 0.
003)

Time: MD 6.
05 min-
utes (95% CI
5.47 to 6.62)
favoured exer-
cise (P < 0.
00001)
Distance: MD
104.46 m
(95% CI -64.
33 to 273.24)
favoured exer-
cise (ns)

Time: MD 3.
20 minutes (2.
04 to 4.36)
favoured exer-
cise (P < 0.
0001)
Distance: MD
138.36 m
(95% CI 22.
39 to 254.34)
favoured exer-
cise (P = 0.02)

n/a Ob-
jectively mea-
sured walking
time and dis-
tance showed
significant im-
provement
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Table 10. Physical function (Continued)

4 (295)
Walking dis-
tance: 3 (156)

Lauret 2014
(intermittent
claudication)

Maximal
walking time
(mins)
and maximal
walking dis-
tance (metres)

No relevant
studies

n/a n/a n/a n/a No relevant
studies.

Regnaux 2015
(OA)

WOMAC (0
to 68) disabil-
ity scale, and
muscle
strength

1 (68) - ex-
cluded control
(no-exercise
data: n = 34)

n/a n/a n/a n/a Could
not extract ex-
ercise vs con-
trol data - data
presented for
high vs low in-
tensity groups
only, not com-
pared to con-
trol

Saragiotto
2016
(low back
pain)

Disabil-
ity (Oswestry
Disability In-
dex,
Roland Mor-
ris Disabil-
ity Question-
naire)

Short-term
follow-up (< 3
months): 5
(332)
Intermedi-
ate term (3 to
12 months): 4
(348)
Long term (>
12 months): 3
(279)

- MD -8.63
(95% CI -14.
78 to -2.47) (P
< 0.01)

MD -5.
47 (95% CI -
9.17 to -1.77)
(P = 0.004)

MD -5.
96 (95% CI -
9.81 to -2.11)
(P = 0.002)

Small effect
sizes, favoured
exercise.
Short term: CI
included
a clinically im-
portant effect.

Silva 2010
(rheumatoid
arthritis)

HAQ
function

No studies
found

n/a n/a n/a n/a No studies
found.

van der
Heijden 2015

(patellofemoral
pain syn-
drome)

Functional
ability

Short-term
follow-up: 7
(483)
Long-term
follow-up: 3
(274)

n/a Short-term (4
to 8 wk):
SMD
1.10 (95% CI
0.58 to 1.63)
favoured exer-
cise (P < 0.
0001)

n/a SMD
1.62 (95% CI
0.31 to 2.94)
favoured exer-
cise (P = 0.02)

Significant ef-
fect of exer-
cise.
Very
large effect size
at short- and
long-term fol-
low-up.

Yamato 2015
(low back
pain)

Disability (all
measures con-

Short-term (<
3 months) fol-

n/a MD -7.95
(95% CI -13.

MD -11.17
(95% CI -18.

n/a “Low quality
ev-
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Table 10. Physical function (Continued)

verted to 0 to
100 scale)

low-up: 5
(248)
-Interme-
diate-term (3
to 12 months)
follow-up: 2
(146)

23 to -2.67) (P
= 0.003)

41 to -3.92) (P
= 0.0025)

idence (down-
graded due
to imprecision
and inconsis-
tency) that Pi-
lates improves
disability
at short-term
follow-
up compared
with
minimal inter-
vention, with
a small effect
size ...
interme-
diate-term fol-
low-up,
two trials pro-
vided moder-
ate quality ev-
idence (down-
graded due to
im-
precision) of a
significant ef-
fect in favour
of Pilates, with
a medium ef-
fect size”

ADL: activities of daily living; CI: confidence interval; DRI: Disability Rating Index; HAQ: Health Assessment Questionnaire; MD:
mean difference; n/a: not applicable; NNTB: number needed to treat for an additional beneficial outcome; ns: not significant;
OA: osteoarthritis; SF-36: 36-item Short Form; SMD: standardised mean difference; wk: week; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index,

Table 11. Psychological function

Review Outcome measure Number

of trials (and par-

ticipants) reporting

psychological func-

tion

Outcome result

(postintervention

or if only one mea-

surement point)

Follow-up Additional state-

ment/comment

Mental health Mental health

Bartels 2007 - 4 studies SMD 0.16 (95% CI
0.01 to 0.032)

No significant differ-
ence at 6 months, 1

Very small effect size
postintervention.
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Table 11. Psychological function (Continued)

favoured aquatic ex-
ercise

study

Busch 2013 SF-36 - Mental
health scale

1 study - n/a No group
differences.

Bidonde 2014 SF-36 - mental
Health scale
SF-12 - Mental
Health scale

4 studies, n = 243 MD -3.03 (95% CI -
8.06 to 2.01)

n/a No effect.

Anxiety Anxiety

Cramp 2013 Brief Symptom In-
ventory

1 study “No significant ef-
fect”

n/a -

Depression Depression

Boldt 2014 CES-D 1 study, n = 34 MD -6.0 (95% CI -
15.87 to 3.87) (P = 0.
23)

n/a No effect.

Busch 2013 HADS - Depression
Beck Depression In-
dex

1 study, n = 21 MD -3.70 (95% CI -
6.37 to -1.03)
Relative difference
57%

n/a Signif-
icant effect, favoured
resistance training.

Cramp 2013 CES-D Not reported “Variable effect” re-
ported in text only

n/a -

CES-D: Centre for Epidemiological Studies-Depression; CI: confidence interval; HADS: Hospital Anxiety and Depression Scale; MD:
mean difference; n: number of participants; n/a: not applicable; SF-12: 12-item Short Form; SF-36: 36-item Short Form; SMD:
standardised mean difference.

Table 12. Quality of life

Review Outcome measure Num-

ber of trials (and partici-

pants) reporting Quality

of Life (QoL)

Outcome result Additional statement/

comment

(Health-related) Quality of Life (Health-related)

Bartels 2007 QoL: SF-12 (Physical),
PQoL, EuroQoL

Hip + knee OA (post-in-
tervention): 3 studies, n =
599
Hip only OA (post-inter-
vention): 1 study, n = 28

Hip + knee (post-interven-
tion): SMD 0.32 (95% CI
0.03 to 0.61) (P = 0.028)
Hip only (post-interven-
tion): SMD 0.76 (95% CI

Significantly favoured
aquatic exercise post-inter-
vention in hip + knee OA
Small effect
size only (when statistically
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Table 12. Quality of life (Continued)

Hip only OA (follow-up):
1 study, n = 17

-0.02 to 1.53) (ns)
Hip only (follow-up):
SMD 1.00 (95% CI -0.04
to 2.04) (ns)

significant).

Boldt 2014 PQoL (perceived quality of
life)
SQoL (subjective quality
of life)

Post-intervention: 1 study,
n = 34, PQoL; 1 study, n =
80, SQoL
Follow-
up (intermediate term): 1
study, n = 80, SQoL

Post-intervention:
PQoL MD 10.8 (95% CI
-4.2 to 25.8) (P = 0.16)
SQoL MD 0.3 (95% CI -
0.22 to 0.82) (P = 0.25)
Follow-up: SQoL MD 0.5
(95% CI -0.03 to 1.03) (P
= 0.07)

No difference between
groups.

Fransen 2014 QoL Post-intervention: 3 stud-
ies, n = 183

SMD 0.07 (95% CI -0.23
to 0.36) (ns)

No difference between
groups.

Fransen 2015 QoL: self-report question-
naire, scale 0 to 100 (100
is maximum QoL)

Post-intervention: 13
studies, n = 1073

SMD 0.28 (95% CI 0.15
to 0.40) (P < 0.0001)
Absolute difference 4%
(95% CI 2% to 5%)
relative difference 9%
(95% CI 5% to 13%)

Statistically significant, but
equates to an absolute im-
provement of 4 points
(95% CI 2 to 5) on a 0 to
100 scale
Small effect size only.

Gross 2015a QoL: SF-36 (Physical
Function subscale)

Post-intervention: 2 stud-
ies, n = 143

12-wk intervention: MD -
2.22 (95% CI -5.17 to 0.
72) (ns)
24-wk intervention: MD
0.06 (95% CI -4.06 to 4.
17) (ns)

No significant difference
between groups.

Lauret 2014 HRQoL No relevant studies n/a n/a

Global assessment Global assessment

Busch 2007 Global wellbeing Strength: 2 studies, n = 47
Aerobic: 4 studies, n = 269

Strength: SMD 1.43 (95%
CI 0.76 to 2.10)
Aerobic: SMD 0.49 (95%
CI 0.23 to 0.75)

Favoured exercise - higher
score showed better QoL,
Strength: very large effect
size.
Aerobic: small-to-moder-
ate effect size only.

Bidonde 2014 Participant-rated global
(10-cm VAS)

1 study, n = 46 MD -0.87 (95% CI -1.74
to 0.00)

No effect.

Gross 2015a Global perceived effect 1 study, n = 70 “No significant difference” No significant difference.

Hayden 2005 Global assessment 7 studies, n = 16 Not reported n/a
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Table 12. Quality of life (Continued)

Saragiotto 2016 Global impression of re-
covery

1 study, n = 154 Short term, MD 1.30
(95% CI 0.30 to 2.30) (P
= 0.01)
Intermediate term, MD 1.
20 (95% CI 0.31 to 2.09)
(P = 0.008)
Long term, MD 1.50
(95% CI 0.61 to 2.39) (P
< 0.001)

Medium effect size.

Yamato 2015 Global impression of re-
covery

1 study, n = 86 Short term (< 3 months):
MD 1.50 (95% CI 0.70 to
2.30)
Intermediate term (3 to 12
months): MD 0.70 (95%
CI -0.11 to 1.51)

“Low quality
evidence (downgraded due
to imprecision and incon-
sistency), we found a sig-
nificant short-term effect,
with a small effect size, but
not for intermediate/mid-
term follow up.”

Other method of assessment Other method of

Bidonde 2014 Multi-dimensional func-
tion- FIQ

7 studies, n = 367 MD -5.97 (95% CI -9.06
to -2.88)
SMD -0.55 (95% CI -0.83
to -0.27)
Absolute difference -6
(95% CI -9 to -3)
NNTB 5 (95% CI 3 to 9)

Favoured aquatic exercise
- lower score showed re-
duced impact of pain on
life
“Moderate difference.”

Busch 2013 Multi-dimensional func-
tion - FIQ

1 study, n = 60 SMD -1.27 (95% CI -1.83
to -0.72)
Absolute difference -16.75
FIQ units (95% CI -23.31
to -10.19)

Favoured exercise - lower
score showed reduced im-
pact of pain on life
Very large effect size.

Hayden 2005 Work status 9 studies, n = 21 Not reported n/a

Silva 2010 Health Assessment Ques-
tionnaire (HAQ)

No included studies n/a n/a

FIQ: Fibromyalgia Impact Questionnaire; HRQoL: health-related quality of life; MD: mean difference; n: number of participants; n/
a: not applicable; NNTB: number needed to treat for an additional beneficial outcome; OA: osteoarthritis; PQoL: perceived quality
of life; QoL: quality of life; SF-36: 36-item Short Form; SMD: standardised mean difference; SQoL: subjective quality of life; VAS:
visual analogue scale.
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Table 13. Adherence/withdrawals

Review Number of trials (and

participants) reporting

withdrawals

Number

withdrawn (per 1000) -

intervention group

Number

withdrawn (per 1000) -

control group

RR or OR

Bidonde 2014
(fibromyalgia)

8 studies, n = 472 151 (imputed from re-
ported 38/252)

129 (imputed from re-
ported 30/232)

RR 1.13 (95% CI 0.73
to 1.77) (P = 0.45)

Busch 2013
(fibromyalgia)

3 studies, n = 107 134 (95% CI 30 to 439) 39 RR 3.50 (95% CI 0.79
to 15.49)

Fransen 2014
(osteoarthritis)

7 studies, n = 715 59 (95% CI 30 to 114) 34 OR 1.77 (95% CI 0.86
to 3.65)

Han 2004
(rheumatoid arthritis)

4 studies, n = 189 109 (imputed from re-
ported 11/101)

284 (imputed from re-
ported 25/88)

RR 0.37 (95% CI 0.19
to 0.72)

Regnaux 2015
(osteoarthritis)

1 study, n = 102 44 (imputed
from reported 3/68 (4%)
; all from high-intensity
group)

0 Calculated RR 3.55
(95% CI 0.19 to 66.8)

Saragiotto 2016
(low back pain)

7 studies, n = 671 0 0 -

Silva 2010
(rheumatoid arthritis)

No included studies n/a n/a n/a

Total 30 studies, n = 2256 82.8/1000 81/1000 Calculated RR 1.02

(95% CI 0.94 to 1.12)

Calculated OR 1.05

(95% CI 0.88 to 1.25)

CI: confidence interval; n: number of participants; n/a: not applicable; OR: odds ratio; RR: risk ratio.

Table 14. Adverse events (not death)

Review Total number of trials

(and participants) in re-

view reporting exercise

vs control in chronic

pain population

Number of trials (and

participants) reporting

adverse events

Number of adverse

events

Overall statement

Bartels 2007 4 (674) 2 (148) 0 Adverse events were
recorded (and reported),
but none occurred
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Table 14. Adverse events (not death) (Continued)

Bidonde 2014 9 (519) 0 0 Review stated that no in-
cluded studies actively re-
ported on adverse events
(some reported
withdrawal)

Boldt 2014 3 (149) 2 (115) 5 events over 2 studies “Neck, shoulder and el-
bow injuries in five par-
ticipants in the interven-
tion group.”

Busch 2007 34 (2276) 6 (strength training: 115,
aerobic: 1264)

Strength training: 3
Aerobic training: 5

-

Busch 2013 3 (81) 2 (86 exercising partici-
pants)

0 Adverse events were
recorded (and reported),
but none occurred

Cramp 2013 6 (371) 3 0 Adverse events were
recorded (and reported),
but none occurred

Fransen 2014 10 (> 549) 5 7 events over 3 studies -

Fransen 2015 54 (5362) 11 42 events over 8 studies -

Gross 2015a 16 (2485) 11 41 events over 6 studies -

Han 2004 3 (206) 2 1 event in 1 study In narrative: “approxi-
mately one-third of the
patients complained of
soreness in the knee,
shoulder or lower back
during the first 3 weeks…
pain eventually subsided
for all patients… only ex-
ception was one patient,
who complained of knee
pain.”

Hayden 2005 43 (3907) 10 23 events over 10 studies “Negative reported: 16
events over 7 trials.”

Hurkmans 2009 5 (575) 2 0 Adverse events were
recorded (and reported),
but none occurred
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Table 14. Adverse events (not death) (Continued)

Koopman 2015 2 (68) 1 (10) 0 Adverse events were
recorded (and reported),
but none occurred
“The study inves-
tigated deleterious effects
of this training on mo-
tor unit survival through
motor unit number esti-
mates (MUNE). Results
showed that the MUNE
did not change at the end
of the training.”

Lane 2014 30 (1822) 1 (88 exercising partici-
pants)

2 events in control group
in 1 study

RR 0.20 (95% CI 0.01 to
4.15) in favour of exercise
group.

Regnaux 2015 1 (102) 1 (68 exercising partici-
pants over 2 groups: low
and high resistance)

3 events in 1 study “3 participants in high re-
sistance group discontin-
ued the exercise interven-
tion due to severe knee
pain.”

Saragiotto 2016 7 (671) 1 (154) 5 events in 1 study “Five patients (three from
the MCE [motor control
exercise] group and two
from the minimal inter-
vention group) had mild
adverse effects during the
study (all temporary ex-
acerbations of pain).”

van der Heijden 2015 10 (1690) 0 0 Of the relevant studies,
none actively reported on
adverse events

Yamato 2015 6 (265) 1 (86) 0 Adverse events were
recorded (and reported),
but none occurred

Total 246 studies

(> 21,772)

61 studies

(> 2134 participants)

137 events over 39 stud-

ies

61/246 (25%) of stud-

ies have reported on ad-

verse events; of which

39/61 (64%) did have

adverse events occur as

a result of the interven-

tion or control.

n: number of participants; RR: risk ratio.
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ORIGINAL ARTICLE

Pain Perception After Isometric Exercise in Women With
Fibromyalgia
Marie K. Hoeger Bement, PT, PhD, Andy Weyer, DPT, Sarah Hartley, DPTs, Breanna Drewek, BS,
April L. Harkins, PhD, Sandra K. Hunter, PhD

ABSTRACT. Hoeger Bement MK, Weyer A, Hartley S,
Drewek B, Harkins AL, Hunter SK. Pain perception after
isometric exercise in women with fibromyalgia. Arch Phys
Med Rehabil 2011;92:89-95.

Objective: The purpose of this study was to identify exer-
cise protocols incorporating isometric contractions that provide
pain relief in women with fibromyalgia.

Design: A before-after trial.
Setting: A physical therapy department in an academic

setting.
Participants: Fifteen women (mean � SD, 52�11y) with

fibromyalgia.
Interventions: Subjects completed 4 sessions: 1 familiariza-

tion and 3 experimental. The following randomized experimen-
tal sessions involved the performance of isometric contractions
with the elbow flexor muscles that varied in intensity and
duration: (1) 3 maximal voluntary contractions (MVCs), (2)
25% MVC held to task failure, and (3) 25% MVC held for 2
minutes.

Main Outcome Measures: Experimental pain (pain thresh-
old and pain rating), Fibromyalgia Impact Questionnaire, and
fibromyalgia pain intensity (visual analog scale).

Results: After all 3 isometric contractions, there was con-
siderable variability between subjects in the pain response.
Based on the changes in experimental pain, subjects were
divided into 3 groups (increase, decrease, no change in pain).
Multiple regression analysis revealed that age, baseline exper-
imental pain, and change in fibromyalgia pain intensity were
significant predictors of the experimental pain response after
the isometric contractions.

Conclusions: We identified subgroups of women with fi-
bromyalgia based on how they perceived pain after isometric
contractions. The greatest pain relief for women with fibromy-
algia occurred at a younger age and in women with the greatest
experimental pain before exercise. Additionally, we established
a link between experimental and clinical pain relief after the
performance of isometric contractions.

Key Words: Fibromyalgia; Isometric exercise; Rehabilitation
© 2011 by the American Congress of Rehabilitation

Medicine

F IBROMYALGIA IS A disorder that is characterized by
chronic widespread pain and tenderness with palpation.

The prevalence of fibromyalgia is estimated to be as high as 5%
of the general population, with the majority of persons being
women.1 The management of fibromyalgia is difficult because
many patients do not respond to treatment. For example, only
30% to 50% of patients experience significant improvement
with medication therapy,2 indicating the need to identify alter-
native therapies for pain relief.

Exercise is one of the few therapies that may improve
fibromyalgia symptoms.3,4 The majority of the exercise stud-
ies3,5-7 have focused on aerobic activity leading to improve-
ments in pain, physical function, fatigue, mood, and self-
efficacy. Understanding the role and potential benefit of
isometric contractions in managing pain with fibromyalgia is
important because even patients with limited mobility can
perform an isometric contraction. Therefore, there is signif-
icant potential for self-management of fibromyalgia pain
symptoms by using exercise treatments incorporating iso-
metric contractions.

In healthy adults, both low- and high-intensity isometric
contractions produce significant pain relief.8 The dosage of
isometric contractions to produce pain relief in persons with
fibromyalgia is not known. Thus, the primary purpose of this
study was to identify effective exercise protocols incorporating
isometric contractions by measuring the pain response to var-
ious intensities and durations of isometric exercise in women
with fibromyalgia.

A secondary purpose was to explore potential mechanisms
for exercise-induced changes in pain perception in persons with
fibromyalgia. As an index of HPA activity, we measured sal-
ivary cortisol levels before and after exercise to understand the
role of the HPA axis in modulating the pain response.9

METHODS

Subjects
Fifteen women (mean � SD, 52�11y; range, 19–64y) di-

agnosed with fibromyalgia completed this study. Subjects were
screened for known cardiopulmonary and neurologic problems.
Informed consent was acquired before the start of the study,
and the protocol was approved by the Institutional Review
Board.
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List of Abbreviations

25FAIL 25% MVC held to the task failure session
25TIME 25% MVC held for a 2-minute session
FIQ Fibromyalgia Impact Questionnaire
HPA hypothalamus-pituitary-adrenal
MAP mean arterial pressure
MVC maximal voluntary contraction
RPE rate of perceived exertion
VAS visual analog scale
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General Experimental Protocol
Subjects completed 4 sessions: 1 familiarization session and

3 experimental sessions. During the familiarization session,
experimental pain was measured by using a pressure pain
device before and after 30 minutes of quiet rest. Additional
measurements included state and trait anxiety10,11 and clinical
pain assessments using the FIQ,12,13 the McGill Pain (short-
form) Questionnaire,14 and a VAS to measure fibromyalgia
pain intensity. Three MVCs were performed at the end of the
familiarization session to determine the appropriate target
forces for the experimental sessions.

During the following 3 experimental sessions, pain perception
was measured before and after isometric contractions that varied
in intensity and duration: 25FAIL, 25TIME, and 3 MVCs (MVC
session). The isometric contractions were performed during sep-
arate randomized sessions, with approximately 1 week between
sessions. Heart rate, blood pressure, and the rate of perceived
exertion were monitored during the submaximal isometric con-
tractions. Subjects completed the FIQ, the McGill Pain Question-
naire (short-form), and the state anxiety form at the beginning of
each session. State anxiety was also assessed after each experi-
mental pain assessment. Fibromyalgia pain intensity measured
with a VAS was measured throughout each session at the follow-
ing time points: start of the experiment, after the first pain test,
immediately after the second pain test (and exercise), and 20
minutes after the second pain test.

Measurement of Force During Isometric Contractions
Subjects performed isometric contractions with the elbow

flexor muscles of the left arm while seated.8,15,16 The elbow
joint was flexed to 90°, and the hand and forearm were placed
midway between pronation and supination in a modified wrist-
hand-thumb orthesis.a The forces extended by the wrist in the
vertical direction were measured with a force transducerb and
recorded online by using a Power 1401 A-D converter and
Spike2 software.c

Sustained Submaximal Isometric Contraction
During the submaximal isometric contractions (25FAIL and

25TIME), each subject was required to match the vertical
target force as displayed on the monitor. Task failure was
determined as the time the force declined by 10% of the target
value for 3 of 5 consecutive seconds.

Experimental Pain
A pressure pain device was used to measure pain perception

before and after exercise.8,15,16 A 100-g mass was applied to a
second-class lever at a distance from the axis that was equivalent
to a 0.75-kg mass on the finger. The force at the finger was applied
through a Lucite edged and placed on the right index for 2 minutes.
Subjects were instructed to say “pain” when they first felt pain (ie,
pain threshold), and pain ratings were reported every 20 seconds
using a 0 to 10 scale. The scale had the following terminology: 0,
no pain; 5, moderate pain; and 10, worst pain.17 We previously
established the reliability of this device.8

Cortisol
All experiments were conducted in the afternoon when the

cortisol levels were near their diurnal trough.18 Salivary cortisol
was collected upon entering the laboratory and 10 and 20 minutes
after the first and second pain measurement. Cortisol levels were
quantified using an enzymatic immunosolvent assay.e Our intra-
and interassay coefficients of variation were within standard pre-
cision levels per the recommendations of the manufacturer.

Statistical Analysis
Data are reported as mean � SD within the text and displayed

as mean � SE in the figures. For each exercise session, repeated-
measures analysis of variance was used to compare the following
variables across trial and/or time: pain threshold, pain rating,
fibromyalgia pain intensity, state anxiety, cortisol levels, MAP,
and heart rate. Because the pain response varied considerably
among the fibromyalgia subjects, the data were analyzed with the
between-subjects factor for pain response (increase, decrease, and
no change). Pearson correlations were calculated to determine
associations between dependent variables. Stepwise multiple re-
gression was used to analyze the contribution of several variables
to the exercise-induced change in pain threshold and pain ratings
across all 3 exercise sessions that were pooled together. Only
predictors that had significant partial effects were reported for the
final regression model. A P value � .05 was used for statistical
significance.

RESULTS

Familiarization Session
Pain thresholds and pain ratings remained unchanged after 30

minutes of quiet rest (P�.86 and .66, respectively). State anxiety
and pain intensity assessed from the “current fibromyalgia pain”
VAS did not change after the first or second pain test (P�.99 and
.90, respectively). Furthermore, state anxiety was not correlated
with any of the experimental or clinical pain measures.

Pain Perception
Experimental pain. Pain threshold did not change after ex-

ercise for any of the exercise sessions (trial effect: 25FAIL, P�.22
[fig 1A]; 25TIME, P�.25 [fig 2A]; MVCs, P�.77 [fig 3A]).
Similarly, pain ratings did not change for any of the exercise
sessions (trial effect: 25FAIL, P�.92 [fig 1B]; 25TIME, P�.40
[fig 2B]; MVCs, P�.28 [fig 3B]). There was, however, substantial
variability between subjects in the exercise-induced pain response
for each session. Based on the pain response, subjects were di-
vided into 3 groups (decrease, increase, no change in pain) by
using criteria for pain subgroups that we established previ-
ously.19 The decreased pain group reported an increase in
pain threshold � 10 seconds and/or a decrease in pain
ratings by � 2 for 2 consecutive time points during the
2-minute pain pressure test. The increased pain group re-
ported a decrease in pain threshold � 10 seconds and/or an
increase in pain ratings by greater than or equal to 2 for 2
consecutive time points. The no change in pain group experi-
enced a less than 10-second change in pain threshold and a less
than 2 change in pain ratings for 2 consecutive time points.
After the submaximal contraction held until task failure
(25FAIL), there was an interaction between trial and pain
response (decreased pain group [n�5], increased pain group
[n�5], no change in pain group [n�5]) for both pain ratings
(P�.007) (fig 1D, F, H) and pain threshold (P�.01) (fig 1C, E,
G). For 25TIME, there was a trial and pain response interaction
(decreased pain group [n�2], increased pain group [n�8], no
change in pain group [n�5]) for the pain ratings (P�.02) (fig
2D, F, H) but not for the pain threshold (P�.07) (fig 2C, E, G).
For the MVC exercise session, there was an interaction be-
tween trial and pain response (decreased pain group [n�5],
increased pain group [n�5], no change in pain group [n� 5])
for both pain ratings (P�.0001) (fig 3D, F, H) and pain
threshold (P�.001) (fig 3C, E, G).

Clinical pain. Fibromyalgia pain intensity measured with
the VAS did not change over time when analyzing the group
data (time: 25FAIL, P�.08; 25TIME, P�.31; MVCs, P�.45).
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For VAS, there was no interaction between pain response and
time for the submaximal contraction held for 2 minutes or the
3 MVCs (response � time, P�.39 and .42, respectively).
However, there was an interaction for VAS between pain
response and time for the submaximal contraction held until
task failure (P�.02). Thus, after fatiguing isometric contrac-
tions, the pain subgroups were similar for experimental and
clinical pain.

Time to Task Failure
Women with fibromyalgia sustained the 25% MVC held

until task failure for 502 � 262 seconds. Five subjects (33%)
requested to stop the exercise session despite minimal indica-

tions of fatigue associated with force decline. The RPEs of
these 5 subjects were all at a maximal of 10 when they
requested to cease the contraction. There was an association
between the exercise-induced change in fibromyalgia pain in-
tensity and the time to task to failure (r�.54, P�.04) such that
those subjects who had the longest time to failure experienced
an increase in pain after exercise.

Anxiety
State anxiety levels did not change during any of the exercise

sessions (time effect: P�.05). Furthermore, there was no in-
teraction between pain response and time for state anxiety
(P�.05).

Fig 1. (A) Pain threshold and (B)
pain ratings before (pre) and after
(post) 25FAIL. There was no signif-
icant difference in pain threshold or
pain ratings after the sustained
contraction (P>.05). Based on the
pain response, the subjects were
divided into 3 groups (pain in-
crease [C, D], pain decrease [E, F],
and no change in pain [G, H]).
There was a significant interaction
between trial and pain response for
both pain threshold and pain rat-
ings (P<.05). Data are represented
as the average � standard error of
the mean.
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Cortisol
Salivary cortisol levels remain unchanged over time during

each of the exercise sessions (P�.05), indicating that there was
no measurable change in cortisol after the pressure pain test or
the performance of isometric contractions. There was no inter-
action for cortisol between the pain response and time (P�.05).

MAP, Heart Rate, and RPE during the Submaximal
Sustained Contractions

During the submaximal contraction held until task failure
(25FAIL), there was a progressive increase in MAP
(P�.0001), heart rate (P�.001), and RPE (P�.0001). There

was no interaction between pain response and time for MAP,
heart rate, or RPE (P�.05), indicating the different pain re-
sponse groups responded similarly during the fatiguing con-
traction for these measures.

During 25TIME, there was an increase in MAP (P�.0001)
and RPE (P�.0001) although heart rate showed no significant
increase (P�.27). There was no interaction between pain re-
sponse and time for MAP, heart rate, or RPE (P�.05).

Stepwise Multiple Regression Analysis
Stepwise regression analysis indicated that age and baseline

pain threshold were the most significant predictors for the

Fig 2. (A) Pain threshold and (B)
pain ratings before (pre) and after
(post) 25TIME. There was no signif-
icant difference in pain threshold or
pain ratings after the isometric
contraction (P>.05). Based on the
pain response, the subjects were
divided into 3 groups (pain in-
crease [C, D], pain decrease [E, F],
and no change in pain [G, H]).
There was a significant interaction
between trial and pain response for
pain ratings (P<.05) but not for
pain threshold (P>.05). Data are
represented as the average � stan-
dard error of the mean.
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exercise-induced change in pain threshold when all 3 sessions
were entered into 1 regression analysis. Together these 2 vari-
ables explained 32% (r�.56, r2�.32, P�.001) of the variance
in the pain threshold changes after exercise. These results
indicate that younger women with fibromyalgia were more
likely to experience pain relief after isometric exercise than
older women. Also, women with lower baseline pain thresholds
were more likely to experience pain relief than those with
higher pain thresholds.

For changes in pain ratings, regression analysis showed that
baseline pain threshold and change in fibromyalgia pain inten-
sity were the 2 significant predictors, which accounted for 31%
(r�.56, r2�.31, P�.001) of the variance. These results indi-

cate that greater relief in experimental pain results in greater
attenuation of fibromyalgia pain intensity.

DISCUSSION
The main purpose of this study was to identify effective

isometric contraction intensities and durations that elicit exer-
cise-induced hypoalgesia in women with fibromyalgia. We first
established that the application of the experimental pain test did
not result in an increase in experimental pain, clinical pain, or
state anxiety in women with fibromyalgia (familiarization ses-
sion). These results show that any changes in pain reports in the
subsequent exercise sessions were because of the exercise
intervention and not the methods and execution of the pain test.

Fig 3. (A) Pain threshold and (B)
pain ratings before (pre) and after
(post) 3 brief MVCs. There was no
significant difference (P>.05) in
pain threshold or pain ratings after
the isometric contractions. Based
on the pain response, the subjects
were divided into 3 groups (pain
increase [C, D], pain decrease [E, F],
and no change in pain [G, H]).
There was a significant interaction
between trial and pain response for
both pain threshold and pain rat-
ings (P<.05). Data are represented
as the average � standard error of
the mean.
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After the exercise sessions, there was no change in the pain
response when analyzing the group of fibromyalgia women
together regardless of the intensity or duration of the isometric
contraction. However, there was considerable variability be-
tween subjects in that an equal number of subjects experienced
exercise-induced increases, decreases, and no changes in pain
after the isometric task held until task failure and the 3 MVC
sessions. Other research studies20-22 have also shown mixed
pain responses after isometric exercise in fibromyalgia patients.
Therefore, the assumption that patients with chronic pain are
homogenous may explain the deficit in successful treatment
options for some patients.23

Multiple regression analysis revealed that one of the main
predictors of the change in pain threshold was the age of the
woman. We found that younger women with fibromyalgia were
more likely to experience pain relief than older women. Consistent
with our results, for studies in which there was an exercise-
induced increase in pain, the fibromyalgia subjects had an average
age of 46 and 48 years old,21,22 whereas there was no change or
decrease in pain for a study in which the subjects’ average age was
39 years.20 The influence of age on the exercise response has
important implications in the management of fibromyalgia be-
cause the prevalence of fibromyalgia increases with age.1

This study also established that baseline pain threshold pre-
dicted exercise-induced changes in both pain threshold and
pain ratings. Specifically, persons with lower pain thresholds
during the first experimental pain test were more likely to
experience a postexercise decrease in pain compared with
subjects who had higher baseline pain thresholds. Interestingly,
tenderness with evoked-pain testing has been shown to be an
important factor in determining subgroups.24 However, our
study is the first to show that baseline levels of experimental
pain can predict pain relief and the effectiveness of exercise.
One explanation for baseline levels as a predictor is that those
subjects who experienced the greatest baseline pain (before
exercise) may have more pain during the exercise intervention.
Thus, exercise would act as a counterirritant (ie, activation of
nociceptors produce an endogenous analgesic response), result-
ing in greater pain relief for these persons after exercise com-
pared with those who experienced less baseline pain.25

Another predictor for exercise-induced changes in pain was the
change in fibromyalgia pain intensity. Those subjects who had the
greatest experimental pain relief also had the greatest decrease in
fibromyalgia pain intensity. Thus, the experimental and clinical
pain responses were similar in direction and magnitude after
isometric exercise. Fibromyalgia pain intensity (VAS) was also
associated with time to failure of the submaximal contraction.
Those subjects who maintained the contraction for a longer dura-
tion were more likely to experience an increase in pain compared
with subjects who maintained the contraction for a shorter dura-
tion. Furthermore, the time to failure was influenced by a subset of
subjects (33% of the subjects) who asked to stop the submaximal
contraction before the force criteria for ending the task were
reached. Previous studies22,26-29 have shown that persons with
fibromyalgia report greater levels of perceived effort and higher
pain levels for both static and dynamic contractions compared
with healthy controls. This exertional pain may be related to
exercise-induced muscle ischemia and sensitization of the periph-
eral nervous system.21,30 Because we did not assess pain during
the exercise sessions in this study, whether subjects requested to
stop because of exercise-induced increases in pain cannot be
determined.

To determine potential mechanisms responsible for exercise-
induced changes in pain perception, activation of the HPA axis
was assessed by measuring salivary cortisol levels. However,
an acute bout of isometric contractions, regardless of intensity

or duration, did not change cortisol levels. These results are
similar to our previous study in healthy young women.15 Sev-
eral other studies28,31-34 have assessed the effect of various
exercise protocols on cortisol levels in fibromyalgia subjects
with a wide range of results. Consequently, changes in cortisol
levels after an acute bout of exercise do not appear to mediate
exercise-induced hypoalgesia.

Study Limitations
The main limitation of this study was that pain perception

was not measured during the exercise session. Thus, we do
not know if persons who requested to stop the fatigu-
ing exercise session did so due to pain. Another related issue
is that we do not know if exercise acted as a counterirritant,
therefore explaining the hypoalgesia for some subjects. Fu-
ture studies warrant examining pain during exercise in pa-
tients with fibromyalgia.

CONCLUSIONS
There is considerable variability in pain reports of women

with fibromyalgia after the performance of isometric contrac-
tions. The pain response was predicted by age, baseline exper-
imental pain measures, and changes in fibromyalgia pain in-
tensity. Additional research is needed to further characterize
the subgroups of the pain response to exercise and to determine
if these subgroups persist with long-term training programs.

Our findings potentially have important clinical implications
for patients with fibromyalgia. First, we established that clini-
cal and experimental pain relief can be harnessed at least in the
short-term from static contractions in some patients with fibro-
myalgia, thereby establishing the important link between clin-
ical and experimental pain. Furthermore, our results show that
women with fibromyalgia who experience substantial pain
perception before exercise may gain the greatest pain relief
from isometric contractions.
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a b s t r a c t

Central sensitization provides an evidence-based explanation for many cases of ‘unexplained’ chronic
musculoskeletal pain. Prior to commencing rehabilitation in such cases, it is crucial to change malad-
aptive illness perceptions, to alter maladaptive pain cognitions and to reconceptualise pain. This can be
accomplished by patient education about central sensitization and its role in chronic pain, a strategy
known as pain physiology education. Pain physiology education is indicated when: 1) the clinical picture
is characterized and dominated by central sensitization; and 2) maladaptive illness perceptions are
present. Both are prerequisites for commencing pain physiology education. Face-to-face sessions of pain
physiology education, in conjunction with written educational material, are effective for changing pain
cognitions and improving health status in patients with various chronic musculoskeletal pain disorders.
These include patients with chronic low back pain, chronic whiplash, fibromyalgia and chronic fatigue
syndrome. After biopsychosocial assessment pain physiology education comprises of a first face-to-face
session explaining basic pain physiology and contrasting acute nociception versus chronic pain (Session
1). Written information about pain physiology should be provided as homework in between session 1
and 2. The second session can be used to correct misunderstandings, and to facilitate the transition from
knowledge to adaptive pain coping during daily life. Pain physiology education is a continuous process
initiated during the educational sessions and continued within both the active treatment and during the
longer term rehabilitation program.

� 2011 Elsevier Ltd.

1. Introduction

Over the past decades, scientific understanding of ‘unexplained’
chronic pain disorders has increased substantially. It has become
clear that the majority of cases of chronic musculoskeletal pain are
characterized by alterations in central nervous system processing.
More specifically, the responsiveness of central neurons to input
from unimodal and polymodal receptors is augmented, resulting in
a pathophysiological state corresponding to central sensitization,
characterized by generalized or widespread hypersensitivity
(Meyer et al., 1995). Central sensitization encompasses impaired
functioning of brain-orchestrated descending anti-nociceptive

(inhibitory) mechanisms (Meeus et al., 2008), and (over)activa-
tion of descending and ascending pain facilitatory pathways (Meeus
and Nijs, 2007; Staud et al., 2007). The net result is augmentation
rather than inhibition of nociceptive transmission. In addition to
the switch in balance between inhibitory and facilitatory pathways,
central sensitization entails altered sensory processing in the brain
(Staud et al., 2007). Indeed, a modulated ‘pain signature’ arises in
the brain of patients with central sensitization. The altered pain
neuromatrix comprises of a) increased activity in brain areas
known to be involved in acute pain sensations e.g. the insula,
anterior cingulate cortex and the prefrontal cortex, but not in the
primary or secondary somatosensory cortex (Seifert andMaihöfner,
2009); and b) brain activity in regions generally not involved in
acute pain sensations e.g. various brain stem nuclei, dorsolateral
frontal cortex and parietal associated cortex (Seifert andMaihöfner,
2009). ‘Cognitive emotional sensitization’ (Brosschot, 2002) refers
to the capacity of forebrain centres in exerting powerful influences
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on various nuclei of the brainstem, including the nuclei identified
as the origin of the descending facilitatory pathways (Zusman,
2002). The activity in descending pathways is not constant but
can be modulated, for example by the level of vigilance, attention
and stress (Rygh et al., 2002).

From a musculoskeletal perspective, it is important to realize
that distal/peripheral mechanisms take part in the pathophysiology
of central sensitization as well. Many cases of chronic musculo-
skeletal pain evolve from traumatic or non-traumatic local noci-
ceptive musculoskeletal problems characterized by a period of
massive peripheral input in the (sub)acute to chronic stage (e.g.
chronic whiplash associated disorders or patients reporting
a history of several surgical procedures). In response the central
nervous system modulates the sensitivity of the somatosensory
system. In addition, once central sensitization is established in
cases of chronic musculoskeletal pain, it remains highly plastic: any
new peripheral injury may serve as a new source of bottom-up
(peripheral) nociceptive input, which in turn sustains or aggra-
vates the process of central sensitization (Affaitati et al., 2010).
Without new peripheral input, central sensitization does not
resolve quickly, but rather sustains the chronic nature of the
condition.

Froma clinical perspective, it remains challenging for clinicians to
implement science into practice. Clinical guidelines for the recogni-
tion (Nijs et al., 2010) and treatment (Nijs and Van Houdenhove,
2009; Nijs et al., 2009) of central sensitization in patients with
chronic musculoskeletal pain have been provided, yet many issues
remain. For example, how should clinicians apply the science of
central sensitization and chronic pain to a case of chronic whiplash
where the patient is sceptical about the biopsychosocial model, and
convinced that the initial neck traumacaused severe cervical damage
that remains invisible to modern imaging methods? Or a patient
with moderate hip osteoarthritis saying ‘The cartilage of my hips is
melting away due to erosion, which in turn is triggered by overuse of
my lower limbs’ and ‘Iwill not participate inexercise therapybecause
it will worsen my hip pain and hence the erosion of my cartilage’.
Likewise, a patient with fibromyalgia convinced that her pain and
related symptoms are due to an undetectable or ‘new’ virus, is
unlikely to adhere to conservative interventions.

It is clear that initiating a treatment like graded activity is
unlikely to be successful in these patients. Prior to commencing
treatment in such cases the gap between the perceptions of the
patient and their health care professional about pain and its
treatment should be narrowed. Therefore it is crucial to change the
patient’s maladaptive illness perceptions and maladaptive pain
cognitions and to reconceptualise pain before initiating the treat-
ment. This can be accomplished by patient education about central
sensitization and its role in chronic pain, a strategy frequently
referred to as ‘pain (neuro)physiology education’ or ‘pain biology
education’. Patients with ‘unexplained’ chronic musculoskeletal
pain who are misinformed about pain, consider their pain as more
threatening and demonstrate lower pain tolerance, more cata-
strophic thoughts and less adaptive coping strategies (Jackson et al.,
2005). Treatment adherence for active treatments is often low in
these patients. Therefore, education will increase motivation for
rehabilitation in those with chronic musculoskeletal pain due to
central sensitization. This requires a biopsychosocial assessment
and an in-depth education of altered central nervous system pro-
cessing of nociceptive and non-nociceptive input. This will be the
focus of the present paper.

In what follows the reader is provided with a brief overview of
the clinical evidence of pain physiology education in patients with
chronic musculoskeletal pain. The largest part of the paper is
dedicated to practice guidelines on how to apply pain physiology
education in patients with chronic musculoskeletal pain.

2. Effectiveness of pain physiology education

Several groups have studied the clinical effects of pain physi-
ology education in various chronic musculoskeletal pain pop-
ulations such as chronic low back pain (Moseley, 2002, 2003b,
2004, 2005; Moseley et al., 2004; Ryan et al., 2010), fibromyalgia
(Ittersum et al. submitted for publication; Ittersum et al., in press;
Van Oosterwijck et al. submitted for publication), chronic whip-
lash associated disorders (Van Oosterwijck et al., 2011) and chronic
fatigue syndrome with chronic widespread pain (Meeus et al.,
2010a). In patients with chronic low back pain, pain physiology
education alters pain perceptions and, in conjunction with phys-
iotherapy, it improves functional and symptomatic outcomes
(Moseley, 2002; Moseley, 2003b; Moseley et al., 2004; Moseley,
2005). A recent randomized controlled trial indicates that, in the
short term, pain physiology education alone is more effective for
pain relief and improving pain self-efficacy than a combination of
pain physiology education and group exercise classes for patients
with chronic low back pain (Ryan et al., 2010). Altered pain
perceptions are directly associated with altered movement
performance in thosewith chronic low back pain, even if there is no
opportunity for the patients to be physically active during the
treatment (Moseley, 2002, 2004). This implies that motor perfor-
mance may be directly limited by pain perceptions. Indeed, a case
series study of patients with chronic whiplash associated disorders
showed improvements in illness perceptions, pain thresholds and
movement performance (Van Oosterwijck et al., 2011).

In patients with chronic fatigue syndrome, pain physiology
education alters pain perceptions such as catastrophizing, and pain
behaviour (Meeus et al., 2010a). In another randomized controlled
clinical trial, we showed that simply providing the detailed infor-
mation booklet explaining pain physiology and central sensitiza-
tion, did not change illness perceptions or health status in patients
with fibromyalgia (Ittersum et al. submitted for publication).
However, when the same written education about pain physiology
was combined with two educational sessions (one face-to-face
session and one by telephone) of individually-tailored pain physi-
ology education, vitality, physical functioning, mental and general
health of patients with fibromyalgia improved (Van Oosterwijck
et al. submitted for publication). This indicates that physiothera-
pists or other health care professionals are required to provide
tailored education to address individual needs rather than stan-
dardized, general written education. Written education about
central sensitization and pain physiology alone is insufficient.
Nevertheless, an educational booklet about pain physiology is
highly appreciated by fibromyalgia patients (Ittersum et al., in
press), indicating that it can be used in conjunction with face-to-
face educational meetings.

From the available evidence it is concluded that face-to-face
sessions of pain physiology education, in conjunction with
written educational material, are effective for changing pain
perceptions and health status in patients with various chronic
musculoskeletal pain disorders, including those with chronic low
back pain, chronic whiplash, fibromyalgia and chronic fatigue
syndrome. Practice guidelines on how to apply pain physiology
education in patients with chronic musculoskeletal pain are
provided below (and are summarized in Fig. 1).

3. Practice guidelines for applying pain physiology education

3.1. Prior to initiating pain physiology education

Prior to commencing pain physiology education, it is important
firstly to ascertain that pain physiology education is indicated in the
chronic pain patient. Pain physiology education is indicated when:
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1) the clinical picture is characterized and dominated by central
sensitization; and 2) maladaptive pain cognitions, illness percep-
tions or coping strategies are present. Both indications are
prerequisites for commencing pain physiology education. Some
(acute) musculoskeletal pain patients may not fulfil these require-
ments initially, but will do so later on during their course of
treatment (e.g. a patient receiving physiotherapy for an acute
muscle strain experiencing a whiplash trauma). To examine
whether central sensitization is present, clinicians can use guide-
lines for the recognition of central sensitization in patients with
chronic musculoskeletal pain (Nijs et al., 2010). In the assessment of
illness perceptions patients must be asked about their perceptions
about the cause of pain, the consequences, the treatment and the
timeline of pain. Maladaptive pain cognitions include ruminating
about pain, and hypervigilance to somatic signs, each of which can
be easily assessed with short self-reported measures with excellent
psychometric properties (e.g. the Pain Catastrophizing Scale1, Pain
Vigilance and Awareness Questionnaire2, etc.) (Sullivan et al., 1995;
Van Damme et al., 2002; Kraaimaat and Evers, 2003). Likewise,
illness perception can be questioned or can be assessed by use of
the brief Illness Perception Questionnaire3 (Broadbent et al., 2006).
This information addressing pain perceptions and coping strategies
should be used by the therapist to tailor the individual education
sessions (remember that pain physiology education aims to rec-
onceptualise pain).

3.2. First educational session

It is essential for clinicians to explain the treatment rationale
and discuss the practical issues of the treatment with the patient. In

case of central sensitization and chronic musculoskeletal pain,
explaining the treatment rationale is of prime importance. Basi-
cally, patients should understand the mechanism of central sensi-
tization. Such education aims at altering patients’ knowledge about
their pain states and reconceptualising pain (Moseley, 2004). When
solely cognitive and behavioural responses are encouraged,
without reconceptualising pain, these responses may be counter-
intuitive for chronic pain patients, because pain is still a sign of
harm to them (Moseley, 2003b). Therefore education of the central
sensitization model relies on deep learning, aimed at reconceptu-
alising pain, based on the assumption that appropriate cognitive
and behavioural responses will follow when pain is appraised as
less dangerous (Moseley, 2003a). For example, remember the
patient with chronic whiplash convinced that the initial neck
trauma caused severe cervical damage that remains invisible to
modern imaging methods. Simply providing education about the
fear avoidance model to encourage a graded activity approach is
unlikely to be beneficial. Detailed pain physiology education is
required to reconceptualise pain, and to convince the patient that
hypersensitivity of the central nervous system rather than local
tissue damage is the cause of their presenting symptoms.

Educating patients with chronic musculoskeletal pain about
central sensitization can be accomplished in one to two face-to-face
educational sessions (approximately 30 min per session; depend-
ing on the change in cognitions). The aid of a booklet containing
detailed written explanation and illustrations about pain physi-
ology and central sensitization processes is recommended. The
content of the education sessions can be based on the book
“Explain Pain” (Butler and Moseley, 2003), covering the physiology
of the nervous system in general and of the pain system in partic-
ular. Topics that should be addressed during the education sessions
include the characteristics of acute versus chronic pain, the purpose
of acute pain, how acute pain originates in the nervous system
(nociceptors, ion gates, neurons, action potential, nociception,
peripheral sensitization, synapses, synaptic gap, inhibitory/excit-
atory chemicals, spinal cord, descending/ascending pain pathways,

Pain physiology education

Is pain physiology education indicated? 

First educational session

Homework between sessions 1 & 2

Second educational session

Application during treatment

Is central sensitization present? Are maladaptive pain cognitions present? 

Explaining pain physiology Explaining central sensitization

Educational information leaflet the Neurophysiology of Pain Test 

Ascertaining reconceptualiization of pain Application during daily life situations

Fig. 1. Clinical guidelines for pain physiology education in patients with chronic musculoskeletal pain.

1 http://synergytherapiesofkc.com/forms/PCS-Pain%20Catastrophizing%20Scale.
pdf.

2 The questionnaire can be obtained from the corresponding author or refer to
the original publications addressing this measure.

3 http://www.uib.no/ipq/.
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role of the brain, pain memory and pain perception), how pain
becomes chronic (plasticity of the nervous system, modulation,
modification, central sensitization, the pain neuromatrix theory)
and potential sustaining factors of central sensitization like
emotions, stress, illness perceptions, pain cognitions and pain
behaviour. Acute nociceptive mechanisms are typically explained
first and are then contrasted with central sensitization processes
i.e. in the case of chronic pain. Illustrations (e.g. Figs. 2 and 3),
examples, and metaphors are frequently used (van Wilgen and
Keizer, in press). The education is presented verbally (explanation
by the therapist) and visually (summaries, pictures and diagrams
on computer and paper). During the sessions patients are encour-
aged to ask questions and their input should be used to individu-
alise the information.

3.3. Homework between sessions 1 and 2

After the face-to-face education, patients receive an educational
information booklet about the neurophysiology of pain and are
asked to read it carefully at home. Thewritten information does not
provide new information, it reinforces the verbal information as it
tells the same story using the same drawings. Patients with central
sensitization often have neurocognitive impairments, including
concentration difficulties and impairments in short-term memory
(Nijs et al., 2010), which implies that they can forget a number of
aspects of the verbal education. Therefore additional written
information that can be read afterwards is a valuable and essential
part of the intervention. Sections 1, 2 and 4 from the book “Explain
Pain” (Butler and Moseley, 2003) can be provided as written
education to native English speakers, while a Dutch educational
booklet is included in a practical guide for applying pain physiology
education (van Wilgen and Nijs, 2010).

To examine whether the patient understands pain physiology,
the patient version of the Neurophysiology of Pain Test4 can be used
(Moseley, 2003c; Meeus et al., 2010b). It is a valid and reliable
measure for patients with chronic pain (Meeus et al., 2010b). At
the end of session 1, the therapist asks the patient to fill out the
Neurophysiology of Pain Test one day prior to returning to the
clinic.

3.4. Second educational session

The outcome of the Neurophysiology of Pain Test can guide the
clinician during the second educational session: it can identify
those topics that require additional explanation. During the second
session, the therapist answers and explains additional questions
that arose after reading the information booklet. Based on the
incorrect answers that were given on the ‘Neurophysiology of Pain
Test’ the therapist explains these topics once again and if necessary
in more detail. Hence, the clinician ascertains that the recon-
ceptualization of pain has taken place and that illness perceptions
have improved.

Next, the therapist discusses the existence of sensitization in this
particular patient by giving the patient insight to somatic, psycho-
social and behavioural factors associated with pain. This is followed
by i.e. discussing with the patient how information provided can be
applied during everyday situations. This is a crucial step in the
overall treatment program, as itwill set theway towards application
of adaptive pain coping strategies, self-management programs and
graded activity/graded exercise therapy. The therapist should start
by asking the patient to explain his willingness to apply his

increased understanding of his medical problem in his life for
instance by setting new goals. Typical examples are stopping
rumination and worrying about the aetiology and nature of their
pain disorder, reducing stress, increasing physical activity levels,
decreasing hypervigilance, becoming more physically active,
relaxation etc. These, and other adaptive strategies, can be discussed
with the patient and should lead to a clear plan of action on ‘how to
deal with the hypersensitive nervous system’. The transition from
knowledge to adaptive pain coping can be enhanced by using the

Fig. 2. Illustration used to explain basic principles of acute nociception (redrawn from
reference (Butler and Moseley, 2003, p. 33) by Arend van Dam (van Wilgen and Nijs,
2010, p. 89); reproduced with permission from Bohn Stafleu van Loghum).This illus-
tration presents a neuron, with on the left its ‘sensors’ which are capable of sensing
temperature changes (indicated by the letter ‘T’), chemical substances (‘A’) and
mechanical pressure (‘M’). Activation of such a sensor opens the corresponding ion
channel in the cell membrane of the neuron. This enables an influx of sodium ions into
the neuron (‘positive charges enter the cell’), possibly resulting in an action potential
(‘the danger message’). It is important for the patient to realize that the presence of an
action potential does not necessarily imply that pain is or will be experienced.

Fig. 3. Illustration used to explain the difference between acute nociception and
central sensitization in chronic pain ((van Wilgen and Nijs, 2010, p. 102) reproduced
with permission from Bohn Stafleu van Loghum). This illustration explains one of the
essential features of central sensitization in chronic pain. The situation on top repre-
sents the normal situation, with primary afferents transporting 3 danger messages to
the dorsal horn neurons, as is the case when you cut your finger. Next, the dorsal horn
neurons activate the secondary afferents that transport the same 3 danger messages to
the brain for processing. However, in many cases dorsal horn neurons modulate the
incoming danger messages, as illustrated in the middle and below. The situation in the
middle represents ‘real’ nociception, with 3 danger messages entering the spinal cord
neurons, and 5 being sent to the brain. This implies that the incoming messages are
amplified in the spinal cord prior to entering the brain. The situation below illustrates
central sensitization in patients with chronic pain. Even in absence of nociception,
messages from the periphery (e.g. touching the skin above the painful region or
moving the affected limb) are amplified in a powerful way such that the dorsal horn
neurons send several danger messages to the brain.

4 The Neurophysiology of Pain Test can be obtained from the corresponding
author.
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Pain Reaction Record (Sullivan, 2003), an easily applicable measure
facilitating a cognitive approach to pain coping.

3.5. Application of pain physiology education during treatment

Pain physiology education is a continuous process initiated
during the educational sessions prior to commencing active treat-
ment (i.e. rehabilitation) and followed-up during the rehabilitation
program. Indeed, pain physiology education is typically followed by
various components of a biopsychosocial-oriented rehabilitation
program, like stress management, graded activity and exercise
therapy. It is important for clinicians to introduce these treatment
components during the educational sessions, and to explain why
and how the various treatment components are likely to contribute
to decreasing the hypersensitivity of the central nervous system (as
explained in Nijs and Van Houdenhove, 2009 and Nijs et al., 2009).
Changing illness perceptions changes the patients motivation to
undertake and comply with the rehabilitation program.

Likewise, long-term reconceptualization of pain, alterations in
illness beliefs and adaptive pain cognitions are required at every
stage of the rehabilitation program. This can be done easily by
asking the patient to explain the treatment rationale of a specific
treatment component. If during the treatment course any of the
pain cognitions or illness beliefs have ‘reset’ towards maladaptive
ones, then the therapist is advised to re-educate the patient. The
latter can be accomplished by asking the patient to re-read the
written information on pain physiology and to try to link that
information with his/her current rehabilitation program. Long-
term adaptive pain perceptions, and consequent adaptive pain
coping strategies are required for long-term treatment compliance
and continuous application of self-management strategies.

Finally, frequent side-effects and symptom fluctuations can be
explained using the central sensitization model (van Wilgen and
Keizer, in press). The latter should shift the patient’s attention
away from somatic signs towards adaptive coping strategies and
reassurance. The patient’s confidence in the treatment (outcome)
should be a continuous treatment goal in those with chronic
musculoskeletal pain.

4. Conclusion

There has been increased awareness that central sensitization
provides an evidence-based explanation for many cases of ‘unex-
plained’ chronic musculoskeletal pain. Hence, rehabilitation of
patients with chronic musculoskeletal pain should target, or at least
take account of the process of central sensitization. Prior to
commencing rehabilitation in such patients, it is crucial to change
maladaptive illness beliefs, to alter maladaptive pain cognitions and
to reconceptualise pain. This can be accomplished by patient educa-
tion about central sensitization and its role in chronic pain, a strategy
known as pain physiology education. Face-to-face sessions of pain
physiology education, in conjunction with written educational
material, are effective for changing pain cognitions and health status
in patients with various chronic musculoskeletal pain disorders,
including those with chronic low back pain, chronic whiplash,
fibromyalgia and chronic fatigue syndrome. Pain physiology educa-
tion comprises of a first face-to-face session explaining basic pain
physiology and contrasting acute nociception versus chronic pain.
Written information about pain physiology should be provided as
homework in between session 1 and 2. The second session can be
used to correct misunderstandings, and to facilitate the transition
from knowledge to adaptive pain coping during daily life. Pain
physiologyeducation is a continuousprocess initiatedduring the two
educational sessions prior to and continuing into active treatment
and followed-up during the longer term rehabilitation program.
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Abstract

A computer and a hand search of the literature recovered 33 papers from which 25 trials suitable for meta-analysis were identified. We
compared the effectiveness of cognitive-behavioural treatments with the waiting list control and alternative treatment control conditions.
There was a great diversity of measurements which we grouped into domains representing major facets of pain. Effect sizes, corrected for
measurement unreliability, were estimated for each domain. When compared with the waiting list control conditions cognitive-behavioural
treatments were associated with significant effect sizes on all domains of measurement (median effect size across domains= 0.5).
Comparison with alternative active treatments revealed that cognitive-behavioural treatments produced significantly greater changes for
the domains of pain experience, cognitive coping and appraisal (positive coping measures), and reduced behavioural expression of pain.
Differences on the following domains were not significant; mood/affect (depression and other, non-depression, measures), cognitive coping
and appraisal (negative, e.g. catastrophization), and social role functioning. We conclude that active psychological treatments based on the
principle of cognitive behavioural therapy are effective. We discuss the results with reference to the complexity and quality of the
trials.  1999 International Association for the Study of Pain. Published by Elsevier Science B.V.

Keywords:Systematic review; Meta-analysis; Chronic pain; Cognitive behavioural therapy

1. Introduction

Behavioural and cognitive treatments for chronic pain
have become established in the 30 years since their exposi-
tion (Fordyce et al., 1968, 1973; Turk et al., 1983). There
are many published open trials of treatment but fewer use
control groups in which patients are randomized to treat-
ments. Reviews, however, conclude that there is strong, if
not overwhelming evidence for the efficacy of cognitive
behavioural therapy (CBT) in restoring function and mood
and in reducing pain and disability-related behaviour.
Recently, one reviewer regretted that CBT is not provided

routinely for chronic pain sufferers rather than medical and
physical interventions for which there is less evidence of
efficacy (Loeser, 1991). Other overviews of pain manage-
ment are more critical (Ashburn, 1996). However, to date
there has been no systematic review and meta-analysis of
randomized controlled trials.

Of the three extant meta-analyses of CBT for chronic
pain, one (Malone and Strube, 1988) combined physical
and psychological treatment for chronic pain including
headache and dental pain; a second (Flor et al., 1992)
restricted its scope to psychological treatments and ex-
cluded headache; the most recent (Turner, 1996) selected
a small sample of randomized controlled trials (RCT) of
educational, behavioural and cognitive interventions for
chronic low-back pain in the setting of primary care. Both
meta-analyses, which included uncontrolled studies, found
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the largest effect sizes for treatment in outcome measures of
mood, behaviour and pain ratings, and somewhat smaller
ones for drug and health care use. Flor et al. (1992) con-
cluded that: ‘overall the results of this meta-analysis provide
support for the conclusion that multidisciplinary pain clinics
are efficacious. Even at long-term follow-up, patients who
are treated in such a setting are functioning better than 75%
of a sample that is either untreated or that has been treated
by conventional, unimodal treatment approaches’ (p. 226).
Turner’s (1996) findings were consistent with this excepting
that the change in mood, in this case depression, was not
replicated. This finding may be attributable to a floor effect
as patients in her trials were mostly community volunteers
and scored low on depression instruments at intake.

In this paper we report a systematic review and meta-
analysis of published RCTs of CBT for chronic pain exclud-
ing headache. We sought to answer two broad questions: (1)
is cognitive behavioural therapy (including behaviour ther-
apy and biofeedback) an effective treatment for chronic
pain, i.e. is it ‘better’ than no treatment? (2) Is cognitive
behavioural therapy more effective than alternative active
treatments? We chose to exclude headache due to the dif-
ferent emphasis in treatment, both in treatment provision
and in outcomes, where pain relief is a much more realistic
result of treatment than in other chronic pain. Otherwise,
chronic pain was accepted as a label for a heterogeneous
group of pain problems in which neither diagnosis, nor site
of pain, nor medical findings are an apparent major source
of variance in any of the targets of treatment (Turk, 1996;
van Tulder et al., 1997). The variety of control conditions
found in trials reflects the difficulties in designing suitable
controls, e.g. ‘inert’ controls such as a waiting list can, on
ethical and practical grounds, be only short-term and
‘active’ controls contain an unknown mixture of therapeutic
ingredients (O’Leary and Borkovec, 1978; Turner et al.,
1994; Schwartz et al., 1997). The comparative treatment
groups were, therefore, similarly heterogeneous.

2. Methods

2.1. Search strategy

A search was conducted for published reports of rando-
mized controlled trials of BT and CBT for adults presenting
with chronic pain. A priori decisions were made to search
only for studies published in full, in peer reviewed journals
between 1974 and 1996. Although previous systematic
reviews in pain have relied upon Medline (McQuay et al.,
1996) it was recognized that the sensitivity of searches using
Medline alone has been reported to be low (Adams et al.,
1994; Dickersin et al., 1994). Only relevant computer based
abstracting services were searched. In order to capture effi-
ciently the maximum number of published trials a three
stage plan was chosen (Jadad-Bechara, 1994; NHSCRD,
1996).

A high yield, imprecise, search-term strategy was used.
The search strategy contained the word ‘pain’ and 22 rele-
vant phrases (copy available from authors). Relevant Med-
line MeSH terms were used (e.g. behaviour therapy). This
search strategy had low precision of 0.243% yielding a total
of 13 598 articles. Of these 21 were relevant randomized
controlled trials and 15 were relevant unrandomized trials.

Four computer abstracting services were selected and
their yields compared; Medline, Psychlit, Embase and
Social Science Citation Index (SSCI)

Reference lists and bibliographies were searched from all
retrieved articles and relevant published reviews. The final
list was cross-checked with the PARED database (Jadad et
al., 1996a). Twelve additional papers were recovered from
searching reference lists. This gave a total sample of 33
papers. Of the 12 that were not found by the search, ten
were abstracted on Medline, five on PsychLit, ten on
Embase and 12 on SSCI. Of the full set of 33 papers, search-
ing for the specific paper by author and title, Medline has 25
abstracted, Psychlit has 24, Embase has 30 and SSCI also
has 30. PARED had recorded 17. Each paper appeared in at
least two databases.

SSCI and Embase covered the largest number of journals.
Searching for RCTs of psychological therapy in Medline or
PsychLit alone did not recover all relevant research reports
due, largely, to the omission of specific journals. The 33
papers appeared in 12 journals. Of these four are not reg-
ularly abstracted for Medline and three are not regularly
abstracted for PsychLit. A three step searching strategy, as
employed for this study, is recommended for systematic
reviews of psychological therapy.

Papers were read by each of the authors and a consensus
decision was taken as to whether the paper contained data
suitable for meta-analysis, i.e. contained post treatment
means and variances or contrast statistics between two
groups (t or F). Where this was not the case we attempted
to contact the authors requesting further information about
the trial and access to unpublished data. The 33 papers
contained data from 30 trials, some papers reported addi-
tional or follow-up data. Five trials were excluded from the
statistical analysis as the authors were unable to provide
data suitable for computing effect size statistics. This left
25 controlled trials for analysis.

2.2. Coding

Development work on the first 20 papers retrieved, which
included two papers not entered into the final analysis (Lin-
ton and Gotestam, 1984; Linton et al., 1985), generated
coding schemes to extract information about the following
features of the studies: (1) source of paper (2) the design of
study (3) the participants (4) the treatments and (5) the
measures and their associated effect sizes (Stock, 1994).
Each paper was read to extract data for each coding scheme,
i.e. a paper was read five times by each coder during the
course of data extraction. Data were extracted by two or
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three coders and the reliability of coding was assessed by
computing Kappa or percentage agreement for categorical
data, and the intraclass correlation for continuous measures.
Differences between coders were resolved by consensus. As
a large number of features were coded we report coding
reliability data, only where necessary. Overall reliability
was high.

2.3. Extracting reliability data for study measures

Our choice of meta-analytic strategy (Hunter and
Schmidt, 1990) required estimates of the reliability of out-
come measures for computing effect size estimates. We
generated a list of all the outcome measures used in the
studies and sought information about the reliability of
each measure. We obtained information from a variety of
sources; the study paper, references to measures contained
therein, published test manuals, and unpublished data were
obtained by contacting authors. In preference we used mea-
sures of test stability (test–retest) as the reliability estimate.
Where this was not available we used measures of internal
consistency (Cronbach’s alpha) or inter-rater reliability
(Kappa).

2.4. Effect size (ES) computations

We estimated the effect size using Hedges’sg (Hedges
and Olkin, 1985). The sign of the result was adjusted so that
improvements on every measure were denoted as positive.
Whereg could not be computed directly from means and
standard deviations given in the source paper we computed
it indirectly from the available test statistics, e.g.t, using the
formula of Rosenthal (1994). The estimates ofg were cor-
rected for small sample bias (Hedges and Olkin, 1985; p.79,
Eq. 7) prior to further analysis. In one study (Kerns et al.,
1986) outcomes were presented asz scores standardized on
pre- and post-treatment data. Rather than eliminate the study
from consideration we computed a proxy estimate of the
effect size by calculating the difference between thezscores
for the treatment and control groups. This was not corrected
for bias as the distribution is not known.

2.5. Analytic rational and methods

We used the meta-analysis psychometric method of Hun-
ter and Schmidt (1990) which assumes that the computed
ES is an estimate with an associated error from which a
confidence interval can be estimated. Hunter and Schmidt
(1990) have provided a series of algorithms for estimating
the ES and its associated variance including corrections for
variations in the reliability in the dependent variable; which
if uncorrected will cause variation in the ES estimate
beyond the variation due to sampling error. The analytic
strategy was therefore: (1) to estimate ESs correcting for
measurement artefact (2) to estimate mean ES over the
domain of interest and test the hypothesis that variation is

due to statistical artefacts (3). Finally, if the hypothesis that
ES . 0 cannot be rejected, to investigate the influence of
study characteristics (other than those involved in measure-
ment artefact) by disaggregation of the sample into subsam-
ples with shared characteristics. This step is not without
problems because as a sample is disaggregated the sizes
of the sub-samples may become too small to yield robust
estimates.

2.5.1. Comparisons: decisions concerning the multivariate
nature of the data

For statistical purposes the ideal meta-analysis would be
conducted on a single common measure of interest, e.g. pain
intensity, or behavioural activity, extracted from every rele-
vant study. Furthermore, each study would contribute only
one effect size derived from a comparison between a single
well specified treatment and a control. The current data set
met neither of these criteria as most studies had both multi-
ple measures and more than one treatment arm.

2.5.2. Multiple measures
Conducting an analysis in which all outcome measures

with computed effect sizes are entered presents problems of
bias and independence of measures. A composite effect size
may be generated by estimating a mean ES for each study
and methods for multivariate solutions of this problem are
available (Raudenbusch et al., 1988; Gleser and Olkin,
1994). These methods require information about the corre-
lations between measures and moderately large sample
sizes. As these conditions were not uniformly met in the
current data set we considered another, statistically simpler,
solution.

On the basis of previous reviews and papers (Malone and
Strube, 1988; Flor et al., 1992; Gatchel and Turk, 1996) we
hypothesized that treatment outcomes would be differen-
tially effective over different measurement domains and
conducted separate analysis several domains of measure-
ment. We identified the following domains from our knowl-
edge of the literature and detailed cataloguing of all the
measures used in the trials: pain experience; mood/affect;
cognitive-coping and appraisal; pain behaviour; social role
performance; biological and physical fitness measures; use
of health care services; miscellaneous. Definitions of each
of these are given in Table 1. The data extraction protocol
enabled the assessment of the interrater agreement for
assigning measures to domains. This is also given in
Table 1. Although data were extracted on use of health
care, biological and miscellaneous domains there were too
few ESs to merit analysis. These were, therefore, excluded
from the comparative analysis of treatment.

As many studies used more than one outcome measure in
a given domain. We chose an analytic strategy which
selected one measure from each study using the following
criteria: select the most frequently occurring measure across
studies, e.g. the Beck depression inventory (BDI) in prefer-
ence to other measures of depression; select multi-item
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measures in preference to single item (e.g. McGill pain
questionnaire (MPQ) in preference to a Visual analogue
scale (VAS)), since they are likely to be more reliable;
select measures with known reliability coefficients wher-
ever possible.

2.5.3. Multi-armed trials
Many (21 out of 25) studies compared more than one

treatment with a control, and there were a variety of control
groups used. This presented two issues to be considered:
classification and combination of treatment groups and
choice of comparison group for estimating ESs.

We considered pooling treatment effect sizes within stu-
dies to estimate a study effect size, but rejected this option
because there is an expectation in the literature that different
treatments may produce different outcomes. We, therefore,
estimated overall treatment impact by including all treat-

ment arms within a trial; acknowledging that the ES esti-
mates in this comparison are not independent, as those
drawn from a single trial will have a common control con-
dition. We anticipated that further analyses might be possi-
ble by estimating the mean ES for treatments with common
ingredients. Coding the details of treatments reported in the
papers revealed wide variation between treatments des-
cribed with a generic term, e.g. cognitive therapy, but
there was marked variability between studies in the detail
provided. We categorized the treatments into three primary
types based on a consensus judgement of therapy derived
from the source paper. Subcategories for several types were
also coded. Details of these are given in Table 2.

We identified two classes of control group. (1) Waiting
list control (WLC), where no ‘new’ treatment was pre-
scribed, although the possibility that WLC patients obtained
‘some’ treatment, e.g. continued medication, private visits

Table 1

Measurement domains, inter rater agreement for allocating measures to domain and example measures

Domain % Agree Example measure

Pain experience: Measures of subjective pain experience
captured by ratings of intensity, sensation and unpleasantness

97.5% McGill pain questionnaire; visual analogue scales of
intensity; composite diary measure of numerical ratings

Mood/affect: Primary measure of mood or affective state,
but not a trait assessment (these measures were subdivided into
assessment of depression and measures of other affective states)

94% Beck depression inventory; CES-D; STAI-S

Cognitive coping and appraisal: Reports of cognitive strategies
and appraisals used in attempts to manage pain (these measures
were subdivided into: negative coping, measures known to be
correlated with poor adjustment; and positive coping, measures
associated with good adjustment)

91% Coping strategies questionnaire and subscales, e.g.
catastrophization, passive coping, active coping

Pain behaviour: Overt behavioural acts associated with pain.
There were two subcategories: pain behaviour, referring to
behaviour which apparently signals the presence of pain;
and activity level, such as distance walked

60% Pain behaviour, direct observational system; grimacing,
guarding, bracing; activity level, distance walked

Biology/physical fitness: Assessment of biological function
and physical fitness, but not including measures of
behavioural activity as in previous category

85% Vomax, joint flexibility

Social role functioning: Assessments of the impact of pain
on the ability of the person to function in a variety
of social roles: work, leisure, marital and family

83% Sickness impact profile, MPI-Interference, ratings
of interference (VAS)

Use of health care system: Use of health care facilities,
including clinic visits and drug use

100% Outpatient medical visits, drug use

Miscellaneous: All other measures not categorized
in previous categories

67% Pain drawings, personality measures, repertory grids

Table 2

Treatment types

Type Definition

Biofeedback and relaxation Use of biofeedback and/or a form of relaxation
Behaviour therapy Managed approach to behavioural change using the basic concepts and principles

of operant psychology
Cognitive behaviour therapy Primary focus on changing cognitive activity to achieve changes in behaviour,

thought and emotion. We identified two broad groupings; coping skills training
(CST) and cognitive therapy (CT)
CST focuses on inculcating improved cognitively mediated coping skills
CT contains CST but with additional component of Beck’s cognitive therapy
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to other therapists, cannot be excluded. (2) Treatment con-
trol (TC), in which a participant was allocated to a ‘new’
treatment for the duration of the trial. The TC conditions
comprised an heterogeneous collection of treatments,
including access to regular treatment provided in a pain
clinic, physiotherapy, occupational therapy, and the provi-
sion of a standard educational and advice package, particu-
larly associated with rheumatoid arthritis (Lorig, 1982). We
conducted two main analyses; first a comparison of CBT
and BT treatments with WLC, and a second comparison
with TC. Studies also used more than one potential control
group and as a result of this some studies contributed data to
both sets of comparisons, i.e. treatment versus WLC and
TC. Table 3 lists the studies, the treatments and the codings
we allocated on the basis of which the comparisons were
made.

3. Results

We report summary statistics describing the trials entered
into the meta-analysis before reporting details of the effect
sizes.

3.1. Trial design

Of the 25 trials suitable for meta-analysis only four (16%)
provided explicit and replicable information about the
method of randomization (Altman, 1996). In the remaining
21 trials the fact that randomization had occurred was sim-
ply stated in the methods section or elsewhere in the text or
title. Information about the randomization procedure did not
include details of whether the randomization was indepen-
dent of the trialists. Nineteen trials appeared to be true ran-
domized trials and six trials used some form of pseudo-
randomization, e.g. by time period. We rated the explicit-
ness of exclusion and inclusion criteria; seven trials gave
explicit replicable exclusion criteria while 16 gave explicit
inclusion criteria. Only two trials reported a priori power
calculations, and four reported post hoc calculations. Eigh-
teen trials used samples of convenience from a specified
source, e.g. rehabilitation and pain clinics; two trials
recruited consecutive referrals to a clinic, and information
was not reported in five trials.

3.2. Participants

Only nine trials reported details of the sample size from
which patients were selected, i.e. number of referrals to the
trial prior to selection. When all 25 trials are considered
1672 patients were entered into the trials, 38% male, 62%
female. The average age (unweighted by number in the
trials) wasM = 48.35 (SD between trials= 7.19), and the
mean chronicity of the samples was 12.27 years (SD
between trials= 7.47). The average number of patients
entered into a trial was 67 (SD= 30.21, range= 18 to

131); the average number of subjects at the end of treat-
ment= 57 (SD= 25.38, range= 18 to 112), giving a
crude estimate of drop out rate of 14%. The primary diag-
nostic labels reported for the patient groups were: chronic
low-back pain (36%); rheumatoid arthritis (20%); mixed,
predominantly back pain (16%); osteo-arthritis (8%);
upper limb pain (8%); fibromyalgia (4%); unspecified (8%).

3.3. Treatments

The modal and median number of treatment arms in the
trials was 3 (14/25 trials). There were five trials each with
two and four treatment arms, and one trial had six treat-
ments. Treatment was typically delivered in groups (76%),
with 20% of treatments delivered as a combination of group
and individual therapy. Treatment mode was unspecified in
4% of trials. The mean treatment duration was 6.74 weeks
(SD = 2.32, range= 3 to 10 weeks), and the median number
of hours in treatment was 16 (range= 6 to 90; interquartile
range 10 to 18 h). Sixty percent of therapists were either
specifically trained for the trial or were reported as having a
general training in CBT and pain. Details were not available
in 24% of trials, and the remaining 16% used therapists with
general training (i.e. CBT not mentioned). Twenty percent
of trials used graduate students (clinical psychologist in
training) as therapists; 32% used professionals qualified
for more than 5 years; 20% of trials used experienced thera-
pists drawn from several disciplines; and no details were
provided in 28% of trials. Eight trials (32%) reported pro-
viding regular or some supervision given to therapists dur-
ing the course of the trial (68% no details given). Only 40%
reported making checks on adherence to treatment proto-
cols. Nine trials (36%) reported that treatment was fully
manualised; four (16%) referred to partial manualization;
and the remaining trials (48%) reported no manualization
or a general reference to a text such as Turk et al. (1983).
Patients’ pre-treatment expectations and the credibility of
treatments were assessed in ten trials (40%) but not reported
in the remaining trials. In 16 trials (64%) the therapists and
treatment delivery were not confounded, i.e. each therapist
delivered all treatments. Information on therapists’ alle-
giance to therapeutic mode was not provided.

3.4. Measures

The 25 trials reported total of 221 outcome measures for
which effect sizes were computable, an average of 9.21 per
trial (SD = 3.59, range= 4 to 16). The majority of these
outcomes were patient self-ratings (77.4%); 11% were
observations made by a researcher blind to the treatment
condition; 6% were made by a non-blinded researcher or
therapist; and 5% were made by a spouse or family member.
The outcomes were not equally distributed amongst the
domains of measurement. The frequencies and percentages
are shown in Table 4. The assessment of the use of health
care system, biological and fitness indices were relatively
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Table 3

Details of studies entered into the meta-analysis. Treatment names as given by the authors and coding used in the study

Authors Randomization
quality

Treatments and code Patient group, location,sample size
and randomization quality

Altmaier et al. (1992) 1 3.4 Psychological treatment+ routine care Low-back pain: inpatient,n = 45
4.7 Control: routine care

Appelbaum et al. (1988) 2 3.4 Cognitive behavioural treatment Rheumatoid arthritis: outpatients,n = 18
4.7 Control: symptom monitoring

Bradley et al. (1987) 1 1.3 Cognitive behavioural treatment
(BFB + relax + goal setting)

Rheumatoid arthritis: outpatient,n = 68

4.7 Structured group social support therapy
4.7 Control: no adjunct treatment

Flor and Birbaumer (1993) 1 1.1 EMG biofeedback Chronic musculoskeletal pain (low-back,
3.4 Cognitive behaviour therapy temporomandibular): outpatients,n = 78
4.7 Medical

Keefe et al. (1990a,b) 1 3.5 Pain coping skills Osteoarthritis (knee): outpatients,n = 99
4.6 Education
4.7 Standard routine care

Keefe et al. (1996) 1 3.5 Spouse assisted coping skills Osteoarthritis (knee): outpatients,n = 88
3.5 Coping skills training
4.6 Education-spouse support

Kerns et al. (1986) 1 3.4 Cognitive behaviour therapy Chronic pain – mixed (low back, neck, RSD,
2;- Behavioural therapy PHN, rheumatic disease, musculoskeletal):
4.8 Wait list control outpatient,n = 28

Kraaimaat et al. (1995) 2 3.4 Cognitive behaviour therapy Rheumatoid arthritis: outpatients,n = 77
4.7 Occupational therapy
4.8 Wait list control

Moore and Chaney (1985) 2 3.4 Cognitive behaviour therapy (couples) Chronic pain – mixed (low-back, arm,
3.4 CBT (individuals) knee, phantom limb): outpatients,n = 43
4.8 Wait list control

Newton-John et al. (1995) 3 1.1 EMG biofeedback Low-back: outpatient,n = 44
3.5 Cognitive behaviour therapy
4.8 Wait list control

Nicholas et al. (1992) 1 3.5 Cognitive behavioural+ physiotherapy Low-back; outpatients,n = 20
4.7 Physiotherapy

Nicholas et al. (1991) 1 3.5 Cognitive treatment Low-back: outpatient,n = 58
3.5 Cognitive treatment+ relaxation
2.- Behavioural treatment
2.- Behavioural treatment+ relaxation
4.7 Attention control+ physiotherapy
4.7 No attention control+ physiotherapy

O’Leary et al. (1988) 2 3.4 Cognitive behavioural therapy+
bibliotherapy

Rheumatoid arthritis: outpatient,n = 33

4.7 Bibliotherapy
Peters and Large (1990) 1 3.5 Inpatient pain management Chronic pain – mixed (back, arms, head,

3.4 Outpatient pain management legs, chest): in- and outpatient,n = 68
4.7 Control (standard care allowed)

Puder (1988) 1 3.4 Cognitive behavioural treatment (SIT) Chronic pain – mixed: outpatient,n = 69
4.8 Waiting list control

Radojevic et al. (1992) 1 3.4 Behavioural treatment (CBT) with family
support

Rheumatoid arthritis: outpatient,n = 59

3.4 Behavioural treatment (CBT)
4.7 Education family support
4.7 No treatment control

Spence (1989,1991) 1 3.5 Individual cognitive behavior therapy Upper limb (work related): outpatient,
3.5 Group CBT n = 45
4.8 Waiting list control

Spence et al. (1995) 1 1.1 EMG biofeedback Musculoskeletal – cervicobrachial
1.2 Applied relaxation (work related): outpatients,n = 48
1.3 Combined EMG+ relaxation
4.8 Waiting list control

Turner (1982) 2 3.4 Cognitive behaviour therapy Low-back pain: outpatients,n = 36
1.2 Progressive relaxation
4.8 Waiting list control
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under-sampled. Table 4 also shows the numbers of trials
which sampled each domain and the average number of
measures taken per trial.

3.5. Effect sizes

Inspection of Table 4 reveals that three domains, biolo-
gical, use of health care system, and miscellaneous, were
sampled by very few trials. We, therefore, did not compute
ESs for these domains. Inspection of the measures used in
other domains led us to consider subdividing three of them
on the basis of the measures within them. In domain 2
(mood/affect) there was a clear division between measures
of depression (BDI, CES-D) and measures of other affective
states, predominantly anxiety (STAI-S). Domain 3 (cogni-
tive appraisal and coping) contained measures which might
broadly be defined as ‘negative’, i.e. related to poor adjust-
ment (catastrophizing, passive coping), and ‘positive’, i.e.
related to good adjustment (active coping). This basic con-
ceptual division has been substantiated in the coping litera-
ture and we, therefore, conducted separate analyses on the
two components. Finally, we noted that in domain 4 (beha-

vioural) the measures broadly tap two components of pain
behaviour: (1) the behavioural expression of pain, as indi-
cated by postural adjustments and para-vocalisations, and
assessed by measures such as Keefe’s pain behaviour obser-
vation system (Keefe and Block, 1982) (2) increasing activ-
ity levels, usually measured by self report, e.g. MPI-Activity
(Kerns et al., 1985). Successful treatment is expected to
decrease the overt expression of pain and increase beha-
vioural activity. We therefore, divided the pain behaviour
domain to reflect these differences.

3.5.1. Treatment versus waiting list control
Table 5 displays the results for the comparisons between

the all treatments and the waiting list control conditions.
The left side of the table shows the number of comparisons
(n) contributing to the estimated ES and the estimates of
mean effect size, weighted by the sample sizes of each
contributing comparison, and corrected for unreliability in
the measurements for each measurement domain. The
homogeneity of each set of ESs was also computed with
one or two exceptions the application of the Hunter and
Schmidt (1990) ‘75% rule’ indicated that the samples

Table 3

Details of studies entered into the meta-analysis. Treatment names as given by the authors and coding used in the study

Authors Randomization
quality

Treatments and code Patient group, location,sample size
and randomization quality

Turner and Clancy (1988) 1 2.- Operant behavioural Low-back pain: outpatient,n = 81
3.4 Cognitive behavioural
4.8 Waiting list control

Turner and Jensen (1993) 1 1.2 Relaxation Low-back pain: outpatient,n = 102
3.5 Cognitive therapy
3.5 Cognitive therapy+ relaxation
4.8 Wait list control

Turner et al. (1990) 1 2.- Behavioural therapy+ exercise Low-back pain: outpatient:n = 96
2.- Behavioural therapy
4.7 Exercise
4.8 Wait list control

Vlaeyen et al. (1995) 3 2.- Operant treatment Low-back pain: outpatients,n = 71
3.4 Cognitive treatment
1.1 Respondent treatment
4.8 Wait list control

Vlaeyen et al. (1996) 1 3.4 Combined cognitive/educational Fibromyalgia: outpatients,n = 131
4.6 Attention control (education)
4.8 Waiting list control

Williams et al. (1996) 1 3.5 Inpatient cognitive behavioural Chronic pain – mixed: in- and
3.5 Outpatient cognitive behavioural outpatients,n = 121
4.8 Waiting list control

Linton and Gotestam, (1984)a – –
Linton et al, (1985)a – –
Parker et al., (1988)a – –
Peters et al., (1992)a – –
Pilowsky et al., (1995)a – –
Strauss et al, (1986)a – –

aReferences that were retrieved in the literature search but did not contain useable data.
Randomization quality: 1, random assignment; 2, random assignment of matched pairs or counter balanced by explicit criterion; 3, random assignment
compromised.Treatment: first digit; 1, biofeedback and relaxation (Bfb); 2, behaviour therapy; 3, cognitive therapy; 4, control group.Second digit: 1,
biofeedback; 2, relaxation; 3, 1 and 2; 4, coping skills training (after Turk et al., 1983); 5, cognitive restructuring (after Beck et al., 1979); 6, education/
bibliotherapy; 7, active treatment (treatment as usual – TAU); 8, waiting list control.Patient group: n, total number treated in the trial.

continued
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were heterogeneous. We, therefore, decided to report all the
data on the assumption that the ESs are heterogeneous1. The
reported 95% confidence intervals in the both Tables 5 and 6
were calculated on this assumption as are thez values:z
values≥ 1.96 indicate that the mean ES is significantly
greater than 0 at the conventional 5% (two-tailed) level,
i.e. the null hypothesis that treatment is no more efficacious
than the WLC condition is rejected. Without exception this
hypothesis was rejected for all measurement domains. The
median value of the ES for the measurement domains shown
in Table 5 is 0.5, i.e. patients in receipt of treatment are, on
average, improved by half a standard deviation relative to
those assigned to WLC conditions.

The right side of Table 5 shows the same statistics for
sub-groups of treatment types. The null hypothesis tested is
that the particular treatment is no more efficacious than the
WLC condition: no comparisons between treatment type are
made. The number of treatment versus control comparisons,
on which each of the ESs is made, is variable with most data
being due to the CBT subgroup. CBT is more efficacious
than the WLC control conditions for all measurement
domains except the expression of pain behaviour. There
were relatively fewer comparisons between behaviour ther-
apy and WLC conditions and the estimates of mean ES are
based on smaller samples. There were ES. 0 for the
domains of pain experience, mood/affect (other than depres-
sion), social role functioning (reduced interference) and
most markedly for the expression of pain behaviour. The
number of comparisons between biofeedback and relaxation
treatments and WLC conditions was also small. There
were ES. 0 for pain experience, mood/affect (depression),
positive and negative coping, and social role function-
ing.

All three types of treatment are effective in changing pain
experience, i.e. reducing pain intensity, improving social
role functioning, and (accepting the single behaviour ther-
apy comparison available) in reducing negative appraisal
and coping (predominantly catastrophization).

3.5.2. Treatment versus treatment control
Summary statistics for the comparisons between treat-

ments and active treatment controls are shown in Table 6,
which has the same format as Table 5. Altogether there were
fewer comparisons between treatments and ATC conditions
and the majority of these comprised CBT treatments. When
the overall (left side of Table 6) mean ESs are estimated,
treatments are reliably more effective (ES. 0) than ATC
conditions for the domains of pain experience, cognitive
coping and appraisal (increasing positive coping), and
pain behaviour (reducing expression of pain). There was
no effect of treatment on the other domains, although it
should be noted that no data were available to estimate an
ES for the increasing activity component of pain behaviour.

When treatment subtypes are considered the results for
the largest group, CBT correspond to the findings for the
overall estimate. This is not surprising given that CBT con-
tributes most to the overall estimate. The ES estimates for
the small number of behaviour therapy comparisons are
generally not.0, with two notable exceptions, a reduction
in the expression of pain behaviour, and an improvement in
social role functioning. The latter is notable since the esti-
mate of the overall ES= 0.

4. Discussion

4.1. Resume

In answer to the two questions addressed by this study,
we conclude that active psychological treatments based on
the principles of cognitive-behavioural therapy (including
behaviour therapy and biofeedback) are effective relative to
waiting list control conditions. CBT produced significant
changes in measures of pain experience, mood/affect, cog-

Table 4

Distribution of outcome measures in the 25 trials entered into the meta-analysis and the percentage of trials contributing to each domain. The mean number of
measures per trial (column 3) is calculated only for those trials which contributed a measure in the relevant domain

Domain Number of trials
sampling the domain

Mean number of
measures per trial

SD Range

Pain experience 25 (100%) 1.64 1.20 1–7
Mood/affect 22 (88%) 1.64 0.77 1–3
Cognitive coping and appraisal 17 (68%) 2.34 1.16 1–5
Behavioural activity 17 (68%) 1.88 1.23 1–4
Biological 9 (36)% 2.89 2.28 1–9
Social role functioning 19 (76%) 2.00 1.12 1–4
Use of health care system 3 (12%) 1.00 0.00 0
Miscellaneous 5 (20%) 1.40 0.49 1–2

1 The decision to regard the ESs as heterogeneous seemed prudent given
that most of the analyses indicated heterogeneity, and that where homo-
geneity was indicated it might have been attributable to the fact that
estimates were based on samples in which individual ESs were drawn
from the same study. The effect of the assumption is to increase the
confidence interval which is tantamount to increasing the probability of
a Type II error. We note that in no case, where homogeneity was indicated,
did the assumption of heterogeneity change the significance of the result.
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nitive coping and appraisal (reduction of negative coping
and increase in positive coping), pain behaviour and activity
level, and social role function. When compared across the
same range of outcomes with other treatments or control
conditions, the efficacy of CBT is of a smaller size and
limited to the outcomes of pain experience, positive coping
and social role function. The overall effect sizes in the order
of 0.5, is concordant with those from larger meta-analyses
for psychological treatments for a variety of disorders
(Shadish et al., 1997), and our conclusion is similar to that
reached by Compas et al. (1998) in a narrative review of
selected studies.

How might our conclusion be affected by our methods?
We identify three areas where we made clear decisions
about the treatment of the data: exclusion of unpublished
trials, treatment of study measures, and not weighting stu-
dies by quality. (1)Published trials: the use of only pub-
lished trials assumes that no unpublished trials would
qualify for inclusion, but given the liberality of inclusion
criteria in this review, that may well be unfounded. How-
ever, there would need to be many such trials, or ones with
large samples and effects, to make a significant difference
(Chalmers, 1991). Like reviewers in many other fields, we
judged this to be unlikely, but the ‘amnesty’ for trials is
wholeheartedly welcomed as they will provide a more satis-
factory basis for such judgements. (2)Measurement: We
attempted to gain control of the variability in the measure-

ments by two means: we corrected for unreliability in the
measures, and we grouped measures into reliably defined
domains. We recognise that neither of these procedures is
perfect. The correction for reliability was dependent on the
availability of published coefficients and the degree to
which these coefficients may be generalized to the samples
is not always known. Our decision to analyze the outcome
measures by treatment domains was pragmatic. Clearly
investigators expect changes in conceptually distinct areas
of measurement, which we believe are reflected in the
domains used in this analysis. (3)Weighting trials: It is
unusual to reject the trial weighting approach in the pain
field since the quality of medical trials in pain is known to be
associated with the likelihood of finding a positive effect
(Jadad et al., 1996b). However, the practice is by no means
universally endorsed (Egger and Davey Smith, 1997): the
judgements of quality are necessarily subjective and the
weightings arbitrary (Thompson and Pocock, 1991; Egger
et al., 1997). Although there are excellent guidelines (Alt-
man, 1996), there is no ‘gold standard’ (Chalmers, 1991).
We decided instead to be catholic in our criteria for study
inclusion and conservative in the statistical treatment of
their results.

4.2. Comment on the quality of trials

Arguably most trials were statistically under powered.

Table 5

Effect Sizes for treatments versus waiting list controls. See text for explanation of table. Figures in parenthesis in the penultimate column (95%CI) are the
standard errors of a single effect size. CBT, cognitive behavioural therapy, BT, behavior therapy, BFB, biofeedback

Domain Overall Sub groups

n Mean ES 95% CI z n Mean ES 95% CI z

Pain experience 28 0.40 0.22–0.58 4.28 CBT 16 0.33 0.09–0.57 2.78
BT 5 0.32 −0.09–0.55 2.73
BFB 7 0.74 0.28–1.20 3.17

Mood/affect depression 24 0.36 0.13–0.59 3.11 CBT 13 0.38 0.07–0.69 2.43
BT 4 −0.03 −0.21–0.15 −0.33
BFB 7 0.74 0.28–1.20 3.17

Mood/affect other 16 0.52 0.19–0.84 3.10 CBT 9 0.41 0.00–0.82 1.96
BT 2 0.74 0.41–1.08 4.34
BFB 5 0.71 −0.01–1.43 1.94

Cognitive coping and 16 0.50 0.27–0.73 4.20 CBT 8 0.41 0.08–0.73 2.44
appraisal negative BT 1 1.41 [(±0.41)] (3.79)

BFB 7 0.52 0.29–0.76 4.47
Cognitive coping and 11 0.53 0.28–0.78 4.20 CBT 8 0.58 0.28–0.89 3.72
appraisal positive BT 1 0.56 [(±0.37)] (1.51)

BFB 2 0.17 0.03–0.32 2.41
Behaviour expression 12 0.50 0.22–0.78 3.49 CBT 5 0.49 −0.08–1.05 1.68

BT 5 0.45 0.31–0.59 6.28
BFB 2 0.71 −0.03–1.45 1.89

Behaviour activity 14 0.46 0.25–0.72 4.34 CBT 7 0.48 0.20–0.77 3.31
BT 2 0.54 0.28–0.79 4.12
BFB 5 0.39 −0.03–0.80 1.81

Social role functioning 25 0.60 0.44–0.76 7.28 CBT 15 0.61 0.39–0.84 5.35
(social role interference) BT 4 0.34 0.17–0.51 3.90

BFB 6 0.85 0.58–1.31 6.05
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This is unsurprising given the demands of delivering a com-
plex multicomponent treatment with sufficient consistency
for large numbers of patients over a prolonged period of
time. On the other hand, some trials might be regarded as
over-complex with multiple treatment and control groups.
In future trialists might consider the merits of simple two
armed trials with sufficient numbers comparing a treatment
with suitable control. The content of and differentiation of
control groups from treatment requires careful considera-
tion (Schwartz et al., 1997). Patients assigned to a waiting
list in one trial may continue to receive existing treatments
(such as physical therapy or pharmacotherapy) which may
be equivalent to the treatment control in another trial.
Unless expectations of efficacy are monitored, it would be
invidious to make assumptions about equivalence in terms
of patients’ experience. There was also variability within
the class of treatment controls from continuing previously
ineffective treatments to starting a treatment with demon-
strated benefit, such as arthritis education (e.g. Lorig, 1982;
Keefe et al., 1996). The distinction between the content of
active treatment and control condition can also be a fine one.
We surmize that being allocated to a control condition
would have different psychological consequences to being
allocated to an active treatment, even though that treatment
is based on predominantly non-psychological principles,
e.g. physical therapy. In addition long-term comparison of
treatment and control groups was rendered difficult by the
use of waiting list controls. Patients in these groups were

commonly entered into an active treatment group or drop
out of the trial.

When treatments were considered, across both compari-
sons (WLC and TC), there was considerable variability in
quality and quantity of treatment as reported in the results.
While some authors gave explicit accounts of the treatment
procedures with reference to manualized interventions
which were appropriately monitored, this was not univer-
sally so. It is possible that expediency and economy of
reporting is a product of external pressures (e.g. editorial
demands), but this does not account for what appear to be
rather brief interventions delivered by relatively inexper-
ienced therapists to chronically distressed patients for any
realistic expectation of change to take place. In addition we
note that the measurement of process variables, such as
patients’ expectations of change, adherence to treatment
methods, and therapist competence, were generally lacking.
In comparison with best practice in the psychotherapy out-
come literature the design and implementation of psycho-
logical treatment trials for chronic pain has considerable
scope for development (Kazdin, 1994; Lambert and Hill,
1994).

Our analysis of outcome measures revealed a lack in
some domains which have economic importance and are
of concern to health service managers, third party payers
and patients themselves. Data were notably sparse on health
service use, drug intake, uptake of additional treatment, and
change in work and occupational status as a consequence of

Table 6

Effect sizes for treatments versus treatment controls. Details of the table are given in the text

Domain Overall Sub groups

n Mean ES 95% CI z n Mean ES 95% CI z

Pain experience 22 0.29 0.11–0.46 3.21 CBT 17 0.26 0.05–0.47 2.45
BT 4 0.33 −0.04–0.71 1.70
BFB 1 0.52 [(±0.28)] (1.83)

Mood/affect depression 15 −0.14 −0.32–0.04 −1.52 CBT 11 −0.14 −0.36–0.08 −1.22
BT 4 −0.14 −0.38–0.11 −1.07
BFB 0 – – –

Mood/affect other 16 0.05 −0.27–0.37 −0.30 CBT 13 0.01 −0.34–0.36 0.05
BT 2 0.62 −0.55–1.79 1.03
BFB 1 0.15 [(±0.28)] (0.54)

Cognitive coping and
appraisal (negative)

14 0.17 −0.08–0.42 1.35 CBT 11 0.09 −0.18–0.35 0.63

BT 2 0.53 −0.16–1.22 1.53
BFB 1 0.54 [(±0.28)] (1.92)

Cognitive coping and
appraisal (positive)

15 0.40 0.21–0.62 3.60 CBT 12 0.55 0.38–0.72 6.57

BT 2 −0.13 −0.55–0.29 −0.61
BFB 1 −0.40 [(±0.28)] (−1.42)

Behaviour expression 11 0.27 0.08–0.47 2.76 CBT 8 0.31 0.05–0.56 2.36
BT 2 0.06 0.02–0.10 3.11
BFB 1 0.34 (±0.28) (1.20)

Behaviour activity (no data) – – – – – – – – –
Social role functioning

(social role interference)
14 0.17 −0.08–0.34 1.62 CBT 10 0.10 −0.15–0.35 0.76

BT 4 0.37 0.17–0.58 3.61
BFB 0 – – –
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treatment. The over reliance on self report measures is also
notable. While many of these measures are psychometri-
cally reliable the extent to which they are influenced by
measurement reactivity is often unknown. We note that
this feature is not confined to the field of pain (Smith et
al., 1980) and while many psychological states can only
be measured through self report the development of robust
measures of direct observation or independent blind asses-
sors would be beneficial. Kaplan (1990) has argued persua-
sively for the desirability of behavioural outcomes in health
care trials.

4.3. Conclusion

Published randomized controlled trials provide good evi-
dence for the effectiveness of cognitive behavioural therapy
and behaviour therapy for chronic pain in adults. This sys-
tematic review raised methodological issues which should
be considered in the design of future trials. Psychological
treatment of chronic pain is complex, lengthy and variable,
outcomes cannot be easily dichotomized, and it is rarely
possible to blind patients and therapists to treatment condi-
tions. We see the comments, criticisms and questions which
arise from our review as a cause for optimism and we hope
provide material for debate.
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Does exercise increase or decrease pain? Central
mechanisms underlying these two phenomena
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Abstract Exercise is an integral part of the rehabilitation of patients suffering a variety of chronic
musculoskeletal conditions, such as fibromyalgia, chronic low back pain and myofascial pain.
Regular physical activity is recommended for treatment of chronic pain and its effectiveness has
been established in clinical trials for people with a variety of pain conditions. However, exercise
can also increase pain making participation in rehabilitation challenging for the person with pain.
Animal models of exercise-induced pain have been developed and point to central mechanisms
underlying this phenomena, such as increased activation of NMDA receptors in pain-modulating
areas. Meanwhile, a variety of basic science studies testing different exercise protocols, show

Lucas Lima and Thiago Abner are graduate students in Physical Therapy at the
Federal University of Sergipe, and did a research fellowship with Kathleen Sluka
at the University of Iowa. Kathleen Sluka is a professor in the Department of
Physical Therapy and Rehabilitation Science at the University of Iowa. She received
a physical therapy degree from Georgia State University and a PhD in Anatomy
from the University of Texas Medical Branch in Galveston. After a postdoctoral
fellowship with Dr William D. Willis, she joined the faculty at the University of
Iowa. Her research focuses on the neurobiology of musculoskeletal pain as well as the
mechanisms and effectiveness of non-pharmacological pain treatments commonly
used by physical therapists. She has published over 180 peer-reviewed manuscripts, numerous book chapters, and a textbook on Pain Mechanisms and
Management for the Physical Therapist.

This review was presented at the symposium “Top-down control of pain”, which took place at Physiology 2016, Dublin, Ireland, 29-31 July 2016.

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society DOI: 10.1113/JP273355

http://orcid.org/0000-0002-1282-0511
http://orcid.org/0000-0001-9653-3116
http://orcid.org/0000-0003-0207-8728


4142 L. V. Lima and others J Physiol 595.13

exercise-induced analgesia involves activation of central inhibitory pathways. Opioid, serotonin
and NMDA mechanisms acting in rostral ventromedial medulla promote analgesia associated with
exercise. This review explores and discusses current evidence on central mechanisms underlying
exercised-induced pain and analgesia.
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Abstract figure legend Summary of the mechanisms in the rostral ventromedial medulla underlying the nociceptive and
analgesic effects as exercise intensity increases. Differences between healthy and chronic pain patients is demonstrated
by the lower intensity level of exercise necessary to produce both analgesia and nociception in the chronic pain patients.

Abbreviations 5-HT, serotonin; NMDA, N-methyl-D-aspartate; NRM, nucleus raphe magnus; NRO, nucleus raphe
obscurus; NRP, nucleus raphe pallidus; PAG, periaqueductal grey; RVM, rostral ventromedial medulla.

Introduction

Exercise not only reduces pain perception, but also has
effects on mental health, such as mood elevation and
reduction of stress and depression, which are often
associated with chronic pain conditions (Bement & Sluka,
2016). Exercise is a powerful tool in the management of
those conditions, especially considering the Centers for
Disease Control and Prevention’s new opioid-prescribing
guidelines, recommending a focus toward non-opioid and
non-pharmacological treatments (Dowell et al. 2016).
In healthy subjects, exercise increases thresholds for
experimentally induced pain (Bement & Sluka, 2016).
In clinical populations, exercise promotes analgesia in
conditions such as low back pain, osteoarthritis, myo-
fascial pain, chronic fatigue syndrome and fibromyalgia
(Bement & Sluka, 2016). However, exercise has also
been shown to increase pain in experimental and clinical
settings, especially when a musculoskeletal pain condition
is already established (Staud et al. 2005). Patients with
fibromyalgia show greater increases in pain and perceived
fatigue after performing a physically fatiguing task when
compared to healthy subjects (Dailey et al. 2015). This
increased pain to exercise in chronic pain patients is
often a barrier to regular exercise, leading to a sedentary
lifestyle that worsens the painful conditions and makes
treatment even more difficult (Damsgard et al. 2010).
Interestingly, contraction of painful muscles fails to
activate pain inhibitory mechanisms in myalgia and
fibromyalgia patients while it increases pressure pain
thresholds in healthy subjects (Lannersten & Kosek, 2010).
Exercise is, in most cases, one of the best approaches for
managing chronic pain conditions, so understanding the
mechanisms of both pain and analgesia induced by exercise
is important to better define physical activity-related
treatment protocols for people with pain.

Centrally, the rostral ventromedial medulla (RVM) is
a key relay for pain modulation, playing a major role in
exercise-induced pain and analgesia (Sluka & Rasmussen,

2010; Stagg et al. 2011; Sluka et al. 2012, 2013). Within
the caudal brainstem, the nucleus raphe magnus (NRM),
nucleus raphe obscurus (NRO) and nucleus raphe pallidus
(NRP) are involved in modulation of both pain and
motor outputs (Fields et al. 1995; Porreca et al. 2002;
Zhuo et al. 2002; Da Silva et al. 2010a), making these
nuclei potential links between physical activity and pain
perception. Other pain-processing areas such as the peri-
aqueductal grey (PAG) (Mathes & Kanarek, 2006; Stagg
et al. 2011) and cortical areas (de Oliveira et al. 2010) have
been implicated in exercise-induced pain and analgesia.
N-Methyl-D-aspartate (NMDA) glutamate receptors in
the RVM also play a key role in chronic muscle pain,
including exercise-induced pain (Da Silva et al. 2010a;
Sluka et al. 2012). Phosphorylation of the NR1 subunits
of NMDA receptors in the caudal brainstem mediates the
hyperalgesia in animal models of chronic musculoskeletal
pain and exercise-induced pain (Sluka et al. 2012). On
the other hand, opioidergic and serotonergic neurons
are both expressed in the RVM (Basbaum & Fields,
1984) and there is recent evidence for the involvement of
these systems in the analgesia induced by exercise (Stagg
et al. 2011; Bobinski et al. 2015). Figure 1 illustrates
the known mechanisms of exercise-induced pain and
analgesia.

This review discusses animal studies that explore
the underlying central mechanisms of both exercise
induced pain and analgesia from different exercise
protocols. We discuss the evidence with respect to type,
duration, and frequency of exercise using different pain
models.

Fatiguing exercise enhances pain

Pain and fatigue interactions. Clinically, physical fatigue
is a common complaint in chronic musculoskeletal pain
conditions, while chronic pain is common in chronic
fatigue conditions (Vierck et al. 2001; Whiteside et al. 2004;
Staud et al. 2005; Kadetoff & Kosek, 2007). The overlap

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society
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between muscle fatigue and pain syndromes suggests an
interaction between fatigue and pain such that fatigue may
enhance pain. Pain may be a factor in reducing adherence
to regular exercise and rehabilitation, leading the patient to
a sedentary life (Damsgard et al. 2010). It is proposed that
muscle fatigue promotes changes in central nervous system
function that cannot be explained only in the muscle itself
(Davis & Bailey, 1997).

Fatiguing exercise-induced pain models. Several animal
models were developed to better understand the
interaction between muscle fatigue and pain. For
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Figure 1. Overview of the underlying mechanisms of
exercise-induced pain and analgesia
Known neurotransmitters and receptors that have been shown to be
involved at different areas of the central nervous system are listed.
The majority of studies have focused on the PAG and the RVM.
Increases in serotonin and opioids, and activation of µ-opioid (MOR)
and cannabinoid-1 (CB1) receptors are implicated in the
exercise-induced analgesia. Further, the normally increased
phosphorylation of the NR1 subunit of the NMDA receptor and the
increased expression of serotonin transporter (SERT) that is increased
by acute exercise are reduced by regular physical activity. +, increase;
−, decrease; 5-HT, serotonin; CB1, cannabinoid receptor 1; DH,
dorsal horn; MOR, µ-opioid receptor; PAG, periaqueductal grey;
p-NR1, phosphorylated NR1; RVM, rostral ventromedial medulla.

example, when an acute bout of running wheel activity
(2 h) was combined with intramuscular doses of saline
of different pH (pH 4.0, 5.0, 6.0 or 7.2), enhanced
hyperalgesia developed bilaterally when the pH 5.0
injections were combined with the fatigue task – no
cutaneous hyperalgesia developed with pH 5.0 injections
without fatigue (Yokoyama et al. 2007). In the initial
studies, two 2 h runs prior to the first intramuscular
pH 5.0 injection, and two 2 h runs prior to the second
intramuscular pH 5.0 injection of acid saline produced an
enhanced muscle hyperalgesia. Subsequently it was shown
that a single 2 h or 30 min run prior to the subthreshold
muscle insult produced the same widespread hyperalgesia
(Sluka et al. 2012). Despite a 10% reduction in grip
force after the 2 h fatiguing exercise, there were no
changes in muscle PCO2 ,PO2 , lactate, creatinine
kinase MB and phosphate suggesting minimal fatigue
metabolites were released during the fatiguing task.
These results show that muscle fatigue enhances the
probability of the development of mechanical hyper-
algesia in mice in response to intramuscular acid saline
without muscle histological changes.

Similarly, combining an acute bout of running wheel
exercise with a low dose of intramuscular carrageenan
injection (0.03%) produced widespread mechanical
hyperalgesia. Interestingly, injection of carrageenan either
2 h before or 2 h after the fatigue task produced the same
degree of mechanical hyperalgesia of the paw, but not
the muscle (Sluka & Rasmussen, 2010). There was also an
enhanced hyperalgesia in female mice that was eliminated
by ovariectomy, suggesting oestradiol contributed to the
development of exercise-induced hyperalgesia in this
model.

To test if localized fatigue of the injected muscle was
sufficient to induce the hyperalgesia, electrical stimulation
of the muscle replaced the whole-body fatiguing task.
When combining this electrically induced isometric
contraction with pH 5.0 injections there was a significant
hyperalgesia that developed in the ipsilateral muscle of
male mice and bilaterally in the female mice (Gregory et al.
2013). Interestingly, the hyperalgesia was longer lasting
and easier to induce in female mice. Hyperalgesia lasted for
2 weeks in males and over 1 month in females. Temporally
separating the fatigue task and the muscle insult by 24 h
resulted in bilateral hyperalgesia only in female mice,
which suggests that the attenuation in response to muscle
fatigue does not occur in females. Spatially separating the
fatigue task and muscle insult by giving the fatigue task
in the muscle contralateral to the injection also resulted
in bilateral hyperalgesia only in female mice. In this
case, ovariectomy had no effect on the sex differences
suggesting oestradiol was not involved in the development
of exercise-induced hyperalgesia in this model. It may
be that the isometric fatiguing task favours a peripheral
mechanism that results in release of fatigue metabolites
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like acidic pH in muscle that subsequently activate acid
sensing ion channels (ASICs). Indeed, we showed that
blockade of ASIC3 prevents and ASIC3 knockout mice do
not develop hyperalgesia in this localized fatigue-induced
pain model (Gregory et al. 2016).

In summary, the studies described above show that
fatiguing exercise can enhance hyperalgesia in both male
and female mice, and this enhancement is greater in
females. Interestingly, whole body exercise produced
the female phenotype through oestradiol while the
localized fatigue exercise task produces the enhancement
in an oestradiol-independent manner. This highlights the
complicated nature of nociceptive processing in males
and females and suggests that there are task-dependent
mechanisms involved in the enhancement of hyperalgesia
by exercise.

Central mechanisms of fatiguing exercise-induced
hyperalgesia. To examine potential brain sites that
underlie exercise-induced hyperalgesia, C-fos immuno-
staining, as a marker of neuron activation, in the caudal
brainstem was investigated. C-fos immunoreactivity
showed an increase in the number of cells in the NRM,
NRO and NRP after a 2 h running-wheel task, suggesting
the caudal raphe might be involved in the development of
exercise-induced hyperalgesia (Sluka et al. 2012). Since
NMDA receptors in the RVM are involved in pain
facilitation (Sluka & Rasmussen, 2010), NMDA receptors
were blocked in the NRO/NRP during the fatiguing
task when combined with 0.03% carrageenan. NMDA
receptor blockade during the fatiguing task prevented
the development of exercise-induced hyperalgesia. On the
other hand, over-expression of the NR1 subunit of the
NMDA receptor in the RVM, using a feline immuno-
deficiency virus expressing the complementary DNA to
NR1, produced bilateral mechanical hyperalgesia of the
paw and muscle (Da Silva et al. 2010b), supporting
a role for NR1 in development of hyperalgesia. Since
phosphorylation of NMDA receptors can enhance neuron
excitability (Chen & Roche, 2007), the expression of
the phosphorylated NR1 subunit was investigated. In
the exercise-induced pain model induced by whole-body
running wheel activity combined with 0.03% carrageenan
or pH 5.0 injections, there was an increase in the number
of cells stained for phosphorylated NR1 in the NRO,
NRM, and NRP (Sluka et al. 2012; Lima et al. 2016).
However, there were no differences in the number of
p-NR1 labelled cells in the electrically stimulated fatigue
task combined with two pH 5.0 injections (Gregory et al.
2013), suggesting different mechanisms in this model.
Thus, NMDA receptor activation and phosphorylation
of NMDA receptors underlies the development of hyper-
algesia from a whole-body fatiguing task, but not from a
localized fatigue task.

Exercise-induced analgesia

Mechanistic studies in human subjects. Exercise-induced
analgesia and the underlying mechanisms have been
investigated in several studies using healthy control human
subjects and more recently in patient populations. Early
studies show that high intensity running, or bicycle
ergometry produced analgesia that was reversed by
systemic naloxone, suggesting the involvement of opioids
in exercise-induced analgesia (Janal et al. 1984; Olausson
et al. 1986). Using a fatiguing isometric contraction, there
were decreases in pain thresholds that were accompanied
by a reduction in cortical excitability and motor evoked
potentials assessed by transcranial magnetic stimulation
(Bement et al. 2009). High levels of physical activity
correlate with greater conditioned pain modulation,
which is thought to measure central inhibition, in
healthy controls (Geva & Defrin, 2013). Conditioned
pain modulation is higher in athletes (Flood et al. 2017),
and predicts exercise-induced analgesia in healthy sub-
jects (Ellingson et al. 2014; Lemley et al. 2015; Stolzman
& Bement, 2016). In people with osteoarthritis, there
were significant increases in pressure pain thresholds in
those with normal conditioned pain modulation, and
decreases in pressure pain thresholds in those with reduced
conditioned pain modulation, suggesting exercise and
conditioned pain modulation use similar mechanisms
(Fingleton et al. 2017). Further, both conditioned pain
modulation and exercise-induced hypoalgesia predict
greater pain relief 6 months after total knee replacement
(Vaegter et al. 2017). Lastly, several studies show a
reduction in temporal summation, a measure of central
excitability, in healthy subjects and patient populations
following aerobic and isometric exercise protocols (Koltyn
et al. 2013; Henriksen et al. 2014; Naugle & Riley,
2014; Lemley et al. 2015; Stolzman & Bement, 2016;
Vaegter et al. 2017). Thus, in human subjects there is
evidence to support modulation of central nervous system
function with enhanced inhibition and reduced excitation.
A number of chronic pain conditions are associated with
a loss of conditioned pain modulation and increased
temporal summation, and thus lack of immediate effects
of exercise, or even increases in pain with acute exercise,
could be explained by this lack of inhibition and enhanced
excitability. It is further likely that repeated regular exercise
could restore the loss of conditioned pain modulation.

Animal models of exercise-induced analgesia. The first
evidence of centrally mediated mechanisms came from
animal studies using swimming as the exercise stimulus
in healthy, non-injured rodents (Cooper & Carmody,
1982; Girardot & Holloway, 1984; Koltyn, 2000).
Different protocols have been tested, testing different
water temperatures and exercise durations (3–10 min).
Although longer exercise protocols and colder water
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temperatures seemed to produce a stronger analgesic
effect (Cooper & Carmody, 1982; O’Connor & Chipkin,
1984), swimming interventions as short as 15 s and in
warm water promoted increases in pain thresholds that
were at least partially reversed by the opioid antagonist
naloxone (Cooper & Carmody, 1982). These studies
in healthy animals performed a single bout of the
exercise task to produce analgesia. Similar results were
found in the formalin model, where as little as 3 min
of swimming with a single bout of exercise produced
a reduction of pain behaviours that was reversed by
naloxone (Carmody & Cooper, 1987; Kuphal et al. 2007).
Since most studies showed that opioid antagonists only
partially reversed exercise-induced analgesia, especially
when lower temperatures and longer exercise times were
used (Cooper & Carmody, 1982; Girardot & Holloway,
1984; Terman et al. 1986), it seems that other mechanisms
could be involved, but also conditions other than exercise
itself might have influenced the results, like changes in
body temperature and stress (Koltyn, 2000).

Forced treadmill running in rodents has also been
studied as an exercise stimulus and it excludes the
temperature bias from swimming protocols. In a neuro-
pathic pain model, 5 weeks of treadmill running
with different frequencies (3 or 5 days week−1) and
intensities (10 or 16 m min−1 speeds) reversed the
injury-induced hyperalgesia in an intensity- but not
frequency-dependent manner (Stagg et al. 2011). A 5-day
treadmill (15–30 min day−1) protocol found similar
results in a chronic muscle pain model, with reduction
in bilateral mechanical hyperalgesia occurring as soon
as immediately after the first session (Bement & Sluka,
2005). In both studies, the effects of exercise were
reversed by administration of opioid antagonists, showing
evidence of opioid mechanisms underlying the observed
exercise-induced analgesia.

While treadmill running allows one to control the
degree of physical activity each animal performs, it can
produce a stress component (Contarteze et al. 2008),
which itself could produce analgesia through activation
of endogenous opioid and serotonergic systems (Yesilyurt
et al. 2015), and thus confound interpretation of the
results. One way to avoid this is by using running
wheels placed in the animals’ home cages. Rodents
voluntarily exercise in running wheels in a consistent
manner (Sherwin, 1998). Recent studies used running
wheels to investigate exercise-induced analgesia (Smith
& Yancey, 2003; Sluka et al. 2013; Grace et al. 2016;
Leung et al. 2016) to isolate the effects of exercise from
the influence of other stimuli. Different durations of
running wheel activity, ranging from 5 consecutive days
to 8 weeks and performed before or after the insult have
been tested in different models, such as non-inflammatory
chronic muscle pain (Sluka et al. 2013), exercise-induced
pain (Sluka et al. 2013), acute inflammatory muscle pain

(Sluka et al. 2013), neuropathic pain (Grace et al. 2016)
and healthy control animals (Kanarek et al. 1998; Mathes
& Kanarek, 2006). These studies showed the efficacy of
running wheel activity in producing analgesia in healthy
non-injured animals, but more importantly, in preventing
and reversing hyperalgesia in different pain models. There
is a duration-dependent effect. Importantly, in the studies
investigating different pain models, the running wheels
were removed from the cages at the time of induction
of the model, and thus these studies compared physically
active animals to physically inactive animals. Five days
of wheel running prevents secondary, but not primary
hyperalgesia, in the exercised-induced pain model and has
no effect on hyperalgesia in a chronic non-inflammatory
muscle pain model. On the other hand, 6–8 weeks of
physical activity prevents both primary and secondary
hyperalgesia in an exercise-induced pain model, a chronic
non-inflammatory muscle pain model and a neuropathic
pain model (Sluka et al. 2013; Grace et al. 2016), but not
in an acute inflammatory pain model (Sluka et al. 2013).
Further, 2 weeks of voluntary wheel running was unable to
reverse hyperalgesia in mouse models of neuropathic pain
and formalin-induced acute pain (Sheahan et al. 2015), but
longer duration wheel running (6 weeks) successfully pre-
vented and reversed hyperalgesia from a neuropathic pain
model (Grace et al. 2016). Table 1 summarizes the exercise
protocols used in animal studies. Thus, multiple different
protocols have been used to produce analgesia in uninjured
animals and in multiple pain models. These include
swimming, treadmill exercise, and wheel running with
a single bout of exercise producing analgesia to multiple
days and weeks. The analgesic effects depend on duration
(days or weeks), with longer training protocols producing
more significant results. Further, while protocols applied
after the injury can reverse the hyperalgesia, intriguingly
making animals physically active prior to the insult pre-
vents the development of the hyperalgesia in both neuro-
pathic pain and muscle pain models.

Central mechanisms involved in exercise-induced
analgesia. The RVM comprises, with the PAG and dorsal
horn, a descending pain inhibitory system that both
facilitates and inhibits noxious stimuli (Porreca et al.
2002). Within the RVM, NRM, NRO and NRP are nuclei
known to be involved in pain modulation but are also
involved in modulation of motor responses, making them
potential key areas involved in exercise-induced analgesia
mechanisms (Fields et al. 2006). Three types of cells
exist in the RVM: ON-cells promote nociception when
activated, OFF-cells inhibit nociception when activated,
and neutral cells do not respond to noxious stimuli (Fields
et al. 2006). We propose that a shift in the balance between
ON- and OFF-cell activation defines hyperalgesia or
analgesia from an exercise task. As discussed previously,

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society
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NMDA receptors in the RVM play a role in facilitation of
nociception with an increase in phosphorylation of the
NR1 subunit playing a critical role (Da Silva et al. 2010a,
b; Sluka et al. 2012). Exercise-induced analgesia promotes
the opposite response. Either 5 days or 8 weeks of wheel
running prevented the increase in phosphorylation
of NR1 in the RVM of mice induced with chronic
non-inflammatory muscle pain or exercise-enhanced
pain when compared to induced sedentary mice (Sluka
et al. 2013). These data suggest that regular physical
activity reduces facilitation in the caudal brainstem by
modulating NMDA receptor function.

There is strong evidence that opioid mechanisms
mediate exercise-induced analgesia in both human and
animal studies (Koltyn, 2000). Several studies showed that
the opioid antagonist naloxone, given systemically, blocks
the analgesic effects of swimming and resistance exercise
in healthy, uninjured animals (Cooper & Carmody,
1982; O’Connor & Chipkin, 1984; Galdino et al. 2010;
Mazzardo-Martins et al. 2010; Martins et al. 2017), and
treadmill running in chronic muscle pain (5-day running)
and neuropathic pain models (5-weeks running) (Bement
& Sluka, 2005; Stagg et al. 2011). Subsequent studies show
that supraspinal naloxone blocks the analgesia produced
by 5 weeks of treadmill running in a neuropathic pain
model (Stagg et al. 2011). Further, there are increased
concentrations of endogenous opioids systemically in
both human subjects and in animals (Wildmann et al.
1986; Vaswani et al. 1988; Debruille et al. 1999; Stagg
et al. 2011; Bidari et al. 2016), in the PAG and RVM
in animals (Commons, 2003; Stagg et al. 2011; Kim
et al. 2015), and increased µ-opioid receptor expression
in the hippocampus of rats after both acute (7 days)
and chronic (45 days) treadmill or wheel running (de
Oliveira et al. 2010). Further, 4–6 weeks of voluntary wheel
running produces cross-tolerance to µ-opioid agonists
and physical dependence, effects similar to those resulting
from chronic use of opioids (Kanarek et al. 1998; Smith
& Yancey, 2003) and 3 weeks of wheel running attenuates
the analgesia from morphine injected into the PAG of rats
(Mathes & Kanarek, 2006). Thus, regular physical activity
and exercise use central opioid receptors to produce
analgesia.

Serotonin (5-HT) has also been implicated in exercise-
induced analgesia. One hour of swimming increases 5-HT
levels in the brainstem and hypothalamus, while 4 weeks
of swimming extended this increase to the cerebral cortex
(Dey et al. 1992). Similarly, 8 weeks of treadmill running
showed increased levels of 5-HT in the midbrain and
cortex (Brown et al. 1979), and 4 weeks of treadmill
running increases 5-HT expression in the RVM (Korb
et al. 2010). More recently, we extended these studies
by examining the role of serotonin in a neuropathic
pain model. We show that 2 weeks of low-intensity
treadmill running in a neuropathic pain model increased

5-HT levels in the caudal brainstem, decreased expression
of the serotonin transporter in the NRM, NRO and
NRP, and altered serotonin receptor expression in the
brainstem (Bobinski et al. 2015). Importantly, in neuro-
pathic pain models there is an increase in serotonin
transporter expression and a decrease in 5-HT in the
brainstem; 2 weeks of treadmill running reversed these
injury-induced changes. Further, systemic depletion of
serotonin prevents the analgesia produced by treadmill
running in neuropathic pain (Bobinski et al. 2015) and
by high intensity swimming (30 min to 5 days) in
the acetic acid writhing test (Mazzardo-Martins et al.
2010). Thus, there is emerging evidence that increases
in supraspinal serotonin release, along with reductions in
the serotonin transporter, play a significant role in the
analgesia produced by regular exercise.

There are reasons to believe that the opioid and
serotonergic mechanisms are not independently activated
by exercise, but rather they interact to promote analgesia.
Serotonergic neurons receive input from endogenous
opioid peptides and both coexist in RVM neurons (Fields
et al. 2006). Further evidence of this interaction is shown
by blockade of analgesia from systemic or RVM-injected
morphine following systemic depletion of serotonin, or
blockade of serotonin receptors in the RVM (Schul &
Frenk, 1991; Carruba et al. 1992). We recently tested
this hypothesis by performing immunohistochemistry for
serotonin transporter in µ-opioid receptor knockout mice
induced with exercise-induced pain and comparing these
to wild-type mice (Lima et al. 2016). µ-Opioid receptor
knockout and wild-type mice were exposed to 5 days of
wheel-running prior to induction the exercise-induced
pain model, and compared to sedentary mice. Wheel
running prevented the increase in the serotonin trans-
porter in the RVM induced by the muscle insult in
wild-type mice. However, in µ-opioid receptor knockout
mice, wheel running had no effect on the increased
serotonin transporter expression induced by muscle insult.
Thus, these data suggest that µ-opioid receptor activation
by exercise reduces expression of the serotonin transporter
in the caudal brainstem to promote analgesia.

Endocannabinoids in the central nervous system
also play a role in exercise-induced analgesia (Dietrich
& McDaniel, 2004). Endocannabinoid receptors are
present in pain-modulating areas of the brain
and spinal cord (Herkenham et al. 1991) and
activation of endocannabinoid receptors produces
analgesia (Dietrich & McDaniel, 2004). Further, exercise
increases circulating levels of the endocannabinoid
N-arachidonylethanolamine in healthy human subjects
(Koltyn et al. 2014). After both aerobic and resistance
exercise tasks, there is an increased expression of the
cannabinoid receptor CB1 in the brain, including the
PAG, in healthy uninjured animals. This effect is pre-
vented by systemic and central blockade with cannabinoid

C© 2017 The Authors. The Journal of Physiology C© 2017 The Physiological Society
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receptor antagonists (AM251 and AM630) (Galdino et al.
2014a, b). Since endocannabinoids have synergistic inter-
actions with opioids to produce antinociception (Navarro
et al. 1998), one could speculate that the same interaction
occurs during exercise-induced analgesia. Thus, there is
emerging evidence that endogenous endocannabinoids
in the central nervous system contribute to the analgesia
produced by regular exercise.

Conclusion

A single bout of fatiguing exercise in the presence of
a chronic pain condition can exacerbate pain that is
characterized by increased phosphorylation of NMDA
receptors in the RVM, suggesting enhanced central
facilitation. On the other hand, regular exercise promotes
pain relief and is characterized by reduced NMDA receptor
phosphorylation, suggesting reduced central facilitation.
Further regular exercise reduces serotonin transporter
expression, increases serotonin levels, and increases
opioids in central inhibitory pathways including the PAG
and RVM, suggesting exercise utilizes our endogenous
inhibitory systems to reduce pain (Fig. 1). We propose
that there is a balance between inhibition and excitation
in the central nervous system that determines whether
exercise will promote analgesia or promote pain. Several
factors, such as fitness level, physical activity levels, and
state of the injury or pain condition influence this balance.
The great majority of the animal studies examining
pain mechanisms are performed in physically inactive
animals, and nearly all the exercise studies are focused on
aerobic exercise. Further, there is no consistency regarding
intensity, duration, frequency or exercise type making
interpretation difficult. Understanding the mechanisms
underlying different forms of exercise, as well as the
different intensities and duration of exercise that produce
analgesia, will be critically important to translate animal
studies to human subjects, particularly those with acute
and chronic pain.
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Abstract

Background & aims

Musculoskeletal pain, the most common cause of disability globally, is most frequently man-

aged in primary care. People with musculoskeletal pain in different body regions share simi-

lar characteristics, prognosis, and may respond to similar treatments. This overview aims to

summarise current best evidence on currently available treatment options for the five most

common musculoskeletal pain presentations (back, neck, shoulder, knee and multi-site

pain) in primary care.

Methods

A systematic search was conducted. Initial searches identified clinical guidelines, clinical

pathways and systematic reviews. Additional searches found recently published trials and

those addressing gaps in the evidence base. Data on study populations, interventions, and

outcomes of intervention on pain and function were extracted. Quality of systematic reviews

was assessed using AMSTAR, and strength of evidence rated using a modified GRADE

approach.

Results

Moderate to strong evidence suggests that exercise therapy and psychosocial interventions

are effective for relieving pain and improving function for musculoskeletal pain. NSAIDs and

opioids reduce pain in the short-term, but the effect size is modest and the potential for

adverse effects need careful consideration. Corticosteroid injections were found to be bene-

ficial for short-term pain relief among patients with knee and shoulder pain. However, cur-

rent evidence remains equivocal on optimal dose, intensity and frequency, or mode of

application for most treatment options.
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Conclusion

This review presents a comprehensive summary and critical assessment of current evi-

dence for the treatment of pain presentations in primary care. The evidence synthesis of

interventions for common musculoskeletal pain presentations shows moderate-strong evi-

dence for exercise therapy and psychosocial interventions, with short-term benefits only

from pharmacological treatments. Future research into optimal dose and application of the

most promising treatments is needed.

Introduction

Pain as a result of musculoskeletal problems of the back, neck, shoulder, knee and multi-site

pain is an increasing cause of diminished quality of life, and increased demands on healthcare

[1–3]. Prognosis is often poor with many people reporting persistent symptoms 6 to 12 months

after consulting their primary care practitioner [4, 5]. Furthermore, the likelihood of persistent

or recurrent clinical symptoms may accentuate the physical, psychological, and socio-eco-

nomic impacts of musculoskeletal pain.

Musculoskeletal pain is managed by a plethora of treatment options, most delivered in pri-

mary care by first contact clinicians such as general practitioners, physiotherapists, chiroprac-

tors and osteopaths. These include non-pharmacological treatments (e.g. self-management

advice and education, exercise therapy, manual therapy and psychosocial interventions), com-

plementary therapies (e.g. acupuncture), and pharmacological interventions (e.g. analgesics,

non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroid injections). For those with

refractory symptoms, surgical interventions (e.g. arthroscopic debridement, total knee replace-

ments, and laminectomies) may be considered. However, for the overarching aim of reducing

pain and improving function, recommendations are equivocal in respect to the effectiveness of

various treatment options that are used across a range of common musculoskeletal pain pre-

sentations. For example, evidence for the effectiveness of corticosteroid injections for relief of

shoulder or knee pain is inconsistent [6, 7]. Similarly, the efficacy and safety of simple analge-

sics and NSAIDs for reducing symptoms associated with osteoarthritis and back pain is uncer-

tain [8–11]. In order to provide optimal care to patients with musculoskeletal pain and ensure

the efficient use of healthcare resources, a comprehensive overview of the available evidence

for the most effective treatment options for musculoskeletal pain presentations is essential.

Evidence from trials and systematic reviews indicate that most treatments for musculoskel-

etal pain provide small to moderate short-term benefits, with a lack of evidence for long-term

effectiveness [12]. Also, there appears to be a wide heterogeneity in the response of patient

symptoms to treatments, suggesting that some patients may benefit more from some treat-

ments than others [12]. Due to an apparent lack of information on the comparative effective-

ness of available treatment options, there is a need to summarise current evidence regarding

the best treatments for musculoskeletal pain presentations.

Previous reviews and guidelines that describe the effectiveness of treatments for musculo-

skeletal pain specifically focus on single regional pain sites, such as shoulder pain [13, 14],

knee pain [15, 16] or low back pain [17–20]. However, research evidence suggests that in the

general population and those presenting to primary care, localised musculoskeletal pain fre-

quently coexists in more than one body region [21, 22] and that those with different regional

pains share similar underlying attributes, course of symptoms and prognostic factors [23, 24].

Nevertheless, for many patients, clinical decision-making regarding treatment is often
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focussed on the specific body region without much recourse to the potential influence of prog-

nostic factors or other co-existing pain problems. As a result, informed choices about which

treatment might work best for which individual also remain a substantial clinical challenge. A

more holistic view is perhaps difficult to obtain since trials and systematic reviews usually

focus on a specific musculoskeletal pain site, comparing only two or three treatment options.

To our knowledge there are no published reviews in which evidence regarding the compara-

tive effectiveness of a wide range of treatments is systematically synthesised for the most com-

mon musculoskeletal pain presentations.

The aim of this study was to critically appraise current best evidence regarding the effective-

ness of treatments to reduce pain and /or improve function for people with the five most com-

mon musculoskeletal pain presentations in primary care (i.e., back, neck, shoulder, knee and

multi-site pain as indicated by Jordan et al.[25]). The specific objectives of this review were to:

1. identify effective treatment options for the five most common musculoskeletal pain presen-

tations and

2. highlight gaps in evidence and priorities for policy or future research.

The review also identified, where available, evidence regarding patient subgroups most

likely to respond to different treatment options.

Methods

Sources of data and search strategy

Integrated information from higher levels of evidence has been suggested as an “ideal source

of evidence for clinical decision-making” by the Evidence Based Practice group (http://hsl.

mcmaster.libguides.com/ebm). Therefore, using national clinical guidelines, policy docu-

ments, care pathways such as Map of Medicine (MoM), and clinical evidence summaries as a

starting point, the search for evidence for this overview followed a pyramidal tract through a

hierarchy of available evidence. Sources of evidence for the overview included: Clinical Knowl-

edge Summaries, Map of Medicine, TRIP Database (systematic reviews and clinical guide-

lines), the Cochrane Library (including Cochrane database of systematic reviews, Database

of abstracts of reviews of effects, Health technology assessment database), MEDLINE and

EMBASE (using specific search filters to retrieve systematic reviews and clinical guidelines),

reference lists of included systematic reviews and guidelines, research stakeholders and experts

in the field of musculoskeletal research. Evidence sources were initially accessed in January

2014 and regularly checked for new updates at eight week intervals through to March 2015

whilst the review was ongoing. A Cochrane library search update was conducted in February

and August 2016 in order to identify newly published Cochrane reviews.

All Cochrane reviews matching the inclusion criteria were included in the synthesis.

Relevant non-Cochrane systematic reviews were added where there were no (up-to-date)

Cochrane reviews summarising the effectiveness of a particular treatment. Additional searches

of the bibliographic databases, MEDLINE and EMBASE (using narrow or specific search

filters to retrieve systematic reviews and clinical guidelines) were carried out to identify

and retrieve (1) relevant systematic reviews, and (2) more recently published relevant RCTs

that had not yet been summarised in reviews or guidelines or where evidence gaps clearly

existed. For the bibliographic database searches, retrieved search results were limited to pub-

lished articles from 2000 until December 2014 initially, and then updated in August 2016.

The search strategy and search terms for these additional searches are profiled in supplemen-

tary S1 File.
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Relevant publications (guidelines, systematic reviews and meta-analyses of RCTs as well as

recent RCTs which are yet to be summarised in reviews) were obtained and assessed against

predefined eligibility criteria according to the study protocol by two reviewers.

Inclusion criteria.

• Study populations: Reviews/studies of adults (18 years and over) presenting with at least

one of the five most common musculoskeletal pain presentations: back, neck, shoulder, knee

and multi-site pain (the latter defined as musculoskeletal pain in more than one area of the

body).

• Type of treatments: Reviews/studies of currently available treatments (including self-manage-

ment advice and education, exercise therapy, manual therapy, pharmacological interventions

(oral and topical analgesics, local injections), aids and devices, and other treatments (ultra-

sound, TENS, laser, acupuncture, ice / hot packs)) for musculoskeletal pain patients consult-

ing in primary care were considered. Referral options for psychosocial interventions (such as

cognitive-behavioural therapy and pain-coping skills) and surgery were also included. Com-

parison groups could include usual care, no intervention or other active interventions.

• Outcomes: Reviews/studies had to report outcomes of pain (e.g. intensity, widespreadness,

bothersomeness, number of episodes, duration), and/or functional disability. These were

considered primary outcomes for this review. Secondary outcomes such as psychological

well-being / depression, catastrophising, quality of life (QOL), work related outcomes (e.g.

sickness absence, return to work, days off work), and cost of treatment were highlighted, but

were not required for inclusion in the review.

Exclusion criteria.

• Narrative reviews, letters, editorials, commentaries, and meeting abstracts were excluded, as

were biomechanical, laboratory studies, animal studies as well as previous RCTs that were

already summarised in included reviews, cohort, case-control, and cross-sectional studies.

• Reviews/studies published in other languages than English.

• Reviews/studies of musculoskeletal pain populations with suspected serious pathologies (e.g.

suspected fracture, cancer, cauda equina syndrome), inflammatory arthritis, crystal disease,

spondyloarthropathy, polymyalgia rheumatica, whiplash injuries, pregnancy-related pain

problems, and vulnerable patients (e.g. experienced significant recent trauma, cognitive

impairment, dementia, terminal illness).

Quality appraisal

In order to weigh the conclusion of reviews within our evidence summaries, the methodologi-

cal quality of non-Cochrane systematic reviews was assessed using the 11-item ‘assessment of

multiple systematic reviews’ (AMSTAR) checklist [26]. The guidelines and care pathways

which were included in this evidence synthesis were not quality assessed as they all made use

of published development processes based on explicit methodology.

Extraction of data

Data were extracted by one reviewer using a data collection form and independently checked

for consistency and completeness by a second reviewer. Clarifications were sought where

needed and disagreements between reviewers resolved by discussion. Data were extracted on
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the effectiveness of non-pharmacological, pharmacological and surgical treatments for each

musculoskeletal pain presentation separately, and where available, guidance or conclusions

regarding patient subgroups mostly likely to respond to specific treatments. More specifically,

data were extracted regarding:

• population characteristics (e.g. age, gender, symptom duration, musculoskeletal pain site

and where possible musculoskeletal pain condition/diagnoses,

• treatments (type/intensity/dosage),

• primary and secondary outcome measures (as stated above),

• estimates of treatment effect (where pooled, and as presented in the systematic reviews),

• estimates of treatment effect for patient subgroups (where available),

• treatment setting (e.g. primary care), and

• sources of evidence.

Treatments were assessed for short-term (up to 3 months) and long-term (greater than 6

months) effectiveness based on the primary outcomes of pain and function.

Grading of evidence

Summaries of the overall evidence for the effectiveness of treatment options and strength of

recommendations for each pain site were assessed based on (a modified) GRADE rating

(http://www.gradeworkinggroup.org/). Summary evidence from all included reviews and

guidelines were graded, taking into account the:

• Primary sources of data (e.g. guidelines, systematic reviews, RCTs): expert opinion or con-

sensus in guidelines was rated as very weak evidence, while RCTs, systematic reviews and

evidence-based guidelines were graded as higher level of evidence

• Quality of systematic reviews (Cochrane reviews or high methodological quality as assessed

by AMSTAR checklist)

• Magnitude of effect where a standardised mean difference (SMD) of 0.2 was considered

small, 0.5 as medium, and 0.8 as large according to Cohen [27], and for binary outcomes suc-

cess rate, relative risk (RR) >2 was considered a medium to large effect size [28]

• Level of precision (confidence interval and level of significance; p<0.05)

• The consistency of results across systematic reviews or RCTs.

For each treatment option, evidence was graded as:

1. “Very weak evidence”—based solely on expert opinion or consensus in guidelines only or

in the absence of systematic review evidence

2. “Limited evidence”—in the presence of little evidence from systematic reviews/evidence-

based guidelines AND when there were small, inconsistent, or non-significant treatment

effect sizes

3. “Moderate evidence”–in the presence of little evidence from systematic reviews/evidence-

based guidelines (as in 2) but showing a medium to large treatment effect OR in the pres-

ence of strong evidence from high quality systematic reviews, but with small or inconsistent

treatment effect sizes

Effective treatment options for musculoskeletal pain
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4. “Strong evidence”—in the presence of strong evidence from high quality systematic reviews

and evidence-based clinical guidelines AND medium or large effect sizes.

Each summary of evidence / analysis was graded using the adapted GRADE criteria as

described above and a narrative synthesis was subsequently presented, indicating the strength

of the evidence as very weak, limited, moderate, or strong.

Evidence synthesis

A narrative synthesis approach was undertaken. Given expected heterogeneity of sources of

evidence, treatment settings, and the wide remit of this review (which covered currently avail-

able treatments in primary care and referral options for one or more musculoskeletal pain

presentation), the evidence was summarised at a high level (using systematic reviews and

guidelines where available), and therefore no new meta-analyses were conducted. However,

pooled estimates of treatment effectiveness from systematic reviews, as well as comments on

the consistency and magnitude of treatment effects were extracted and reported. Additional

information from policy documents and guidelines on treatment recommendations and prior-

ities, including the type of evidence from which it was generated (i.e. whether from RCTs, sys-

tematic reviews or expert opinion) was also noted. The gathered evidence was included in

summary tables (S1–S7 Tables) to enable (indirect) comparisons to be made across pain sites

for the various treatments. Gaps in the evidence were noted where no guidelines, systematic

reviews or RCTs were found.

Results

Search results

A total of 3,588 unique citations (including Cochrane reviews) were retrieved from the elec-

tronic bibliographic databases. On assessing titles, abstracts and full texts against the inclusion

criteria, 71 Cochrane systematic reviews met the selection criteria and were included. Non-

Cochrane systematic reviews (n = 75) were only included where a gap not already covered by

Cochrane reviews was identified, or if they represented new research that had not yet been

considered within updated guidelines and care pathways. The remaining papers were excluded

because they were not a systematic review (n = 798), focused on an area already covered by

one of the included Cochrane systematic reviews (n = 234), were duplicate publications or did

not fit the inclusion criteria (n = 2131). A summary of the review process outlining the selec-

tion of evidence is presented in Fig 1.

Quality appraisal

As Cochrane reviews followed a generic protocol specifying methods and review protocols

go through a comprehensive peer review process prior to publication, the methodological

quality of most Cochrane reviews included in this evidence synthesis was satisfactory (Fig 2).

Cochrane reviews had flaws mainly associated with lack of searches for grey literature and/or

no formal assessment of publication bias (Fig 2). As shown in Fig 3, methodological quality

was less strong for non-Cochrane reviews, especially in terms of the comprehensiveness of the

search strategy (including searches for grey literature), and listing of excluded studies (10%).

Most reviews (81%) carried out some form of quality appraisal of included studies but study

quality was not always incorporated into the evidence synthesis nor appropriately used to for-

mulate conclusions (68%). Over half of the reviews (� 65%) minimised the risks of reviewer

error and bias via duplicate processes for study selection and data extraction; and a very low

proportion of reviews (16%) assessed the likelihood of publication bias.
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Included reviews and guidelines

Our searches identified reviews, guidelines and care pathways that covered a large range of

treatment options for each musculoskeletal pain presentation. Based on specific review ques-

tions, authors of each review used particular criteria for identifying relevant trials in terms of

setting, participants and interventions, resulting in variation across reviews in terms of the

musculoskeletal condition, type and number of trials included, interventions, and reported

outcomes of the reviews. A detailed description of the settings, populations, treatments and

outcomes is provided in S1–S7 Tables. Each of the pain presentations (back, neck, shoulder,

knee, multi-site pain) include several diagnostic categories, which are also summarised in the

supplementary evidence tables.

Evidence synthesis

Effectiveness of available treatments for musculoskeletal pain was highlighted in the following

order: self-management advice and education, exercise therapy, manual therapy, pharmacological

Fig 1. Review flow diagram (PRISMA).

https://doi.org/10.1371/journal.pone.0178621.g001
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interventions, aids and devices, other treatments (including ultrasound, TENS, laser, acupunc-

ture, ice / hot packs), psychosocial interventions and surgery. A summary of the findings is

presented in Table 1. The overall grade of evidence from included reviews and guidelines on

effectiveness of treatment options was fairly consistent for each of the five musculoskeletal pain

presentations. For instance, the strength of evidence in support of the beneficial effects of exercise

therapy for all the five musculoskeletal pain sites ranged between moderate and strong whilst

there was generally limited evidence for low to medium effectiveness of manual therapy across

the pain sites. There was wide variability in terms of the application and mode of delivery of even

the same treatments. Within guidelines, there was little evidence regarding specific patient sub-

groups and predictors of response to treatments. However, any information extracted, regarding

patient subgroups most likely to respond to specific treatment options is summarised in the evi-

dence tables (S1–S7 Tables).

Self-management advice and education. Evidence base: Evidence was extracted from

two clinical guidelines, one clinical pathway and eight reviews about the effectiveness of self-

management advice and education. As assessed by AMSTAR, the methodological quality of

systematic reviews was moderate or high but the primary studies within those reviews were

generally low or moderate in quality. Given mostly in the form of oral and / or written infor-

mation, advice and education was directed at improving patients’ understanding of their

musculoskeletal pain, and self-management techniques, addressing patients’ concerns about

Fig 2. Quality assessment of contributing evidence from Cochrane reviews.

https://doi.org/10.1371/journal.pone.0178621.g002
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serious causes and outcomes, supporting return to function, and minimising dependence on

healthcare providers [20, 29–38].

Magnitude of effects: Self-management advice and education was typically provided to

either individuals or patient groups, as part of an intervention programme and were not

tested in isolation against a control treatment (S1 Table). Therefore, the evidence for the effec-

tiveness of self-management advice and education alone on the outcomes of pain and function

was difficult to assess. Where estimated, summary effect sizes were usually small and/or not

statistically or clinically significant. For instance, for back pain patients who received self-man-

agement advice, Oliveira et al [37] reported a pooled Mean Difference (MD) at short-term (up

to 3 months) follow-up for pain of -3.2 points on a 0–100 scale (95% CI, -5.1 to -1.3) and of

-2.3 points (95% CI, -3.7 to -1.0) for function. There was no evidence regarding patient sub-

groups most likely to respond to self-management advice and education.

Strength of evidence: The evidence for self-management advice and education supporting

expert opinion in clinical guidelines and consensus meetings as well as systematic reviews

showed small effects on pain and function. Pooled results from meta-analyses tended to have

wide confidence intervals although recommendations for the use of advice and education were

consistent. Overall strength of evidence was graded as limited.

Bottom line: Despite the limited evidence-base, there were strong recommendations for the

use of self-management advice and education as a first line treatment option for musculoskele-

tal pain.

Fig 3. Quality assessment of contributing evidence from non-Cochrane systematic review & meta-analyses.

https://doi.org/10.1371/journal.pone.0178621.g003
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Table 1. Summary of findings.

Evidence on treatment options across regional musculoskeletal pain presentations

Treatment Options Evidence base Regional pain Outcomes

Pain

Function

Disability

& other 2 0

Outcomes

Magnitude of Effects Strength of

evidence

(Grade)

Self-management advice

& education

2 clinical guidelines,

1clinical pathway, 8

reviews.

Back, neck, shoulder,

knee & multi-site pain.

Pain

Function

Small effect sizes (e.g. -3.2 points

(95% CI -5.1, -1.3) on a 0–100

scale for back pain, Oliveira et al.

2012).

Beneficial effects not proven in the

long term.

**Limited

evidence

Psychosocial

interventions

2 guidelines, 1

clinical pathway, 10

reviews & 2 RCTs.

Back, neck, shoulder,

knee & multi-site pain.

Limited amount of

evidence on shoulder

& knee pain.

Pain

Function

Quality of life

Medium to large effect sizes (e.g.

MD -5.18; 95% CI -9.79 to -0.57,

Henschke et al. 2011) for pain on a

scale of 1 to10).

Beneficial effects demonstrated in

short & long term.

***Moderate

evidence

Exercise Therapy 4 guidelines, 3

policy documents,

32 reviews, 1 RCT.

Back, neck, shoulder,

knee & multi-site pain.

Pain

Function

Quality of life

Work-related

outcomes.

Medium to large summary effects

sizes (e.g. SMD 0.65, 95% CI:

-0.09 to 1.39 for multi-site pain,

Busch et al 2007, & RR 7.74, 95%

CI: 1.97 to 30.32 for shoulder pain,

Green et al 2003)

Beneficial effects in the short &

long-term for all five pain

presentations.

****Strong

evidence

Manual therapy 3 guidelines & 21

reviews.

Back, neck, & shoulder

pain.

Pain

Function

Small effect sizes (e.g. NNT 5, for

neck pain, Gross et al. 2012, & MD:

-4.16, 95% CI -6.97 to -1.36, on

0–100 point scale for back pain,

Rubinstein et al. 2011).

Short-term effect on chronic pain

but no strong evidence of long-term

effectiveness compared to other

standard treatments.

**Limited

evidence

Pharmacological

Treatments—(oral &

topical analgesics)

3 guidelines, 1

clinical pathway &

30 reviews.

Back, neck, shoulder,

knee & multi-site pain.

Pain

Function

Evidence on

function less

often reported.

Medium effect sizes (e.g. NNT 4.6

(95% CI 3.8 to 5.9 for NSAIDs

compared to placebo, Mason et al.

2004).

Cox-2 selective inhibitors and

opioids reduce pain in the short-

term but the risk of adverse effects

such as gastrointestinal bleeding

and opioids-induced hyperalgesia

needs careful consideration.

***Moderate

evidence

Pharmacological

Treatments–

(Corticosteroid

injections)

3 guidelines, 1

clinical pathway &

16 reviews.

Back, neck, shoulder,

& knee pain.

Limited effects on back

and neck pain.

Pain Medium to large effect sizes (e.g.

RR: 3.11 (95% CI 1.61 to 6.01

using injections for relieving

moderate to severe knee pain in

the short term compared to

placebo, Belamy et al 2006).

****Strong

evidence

Other treatments (Aids,

Devices, complementary

/alternative therapy)

5 guidelines, 1

clinical pathway, 1

policy document, &

20 reviews.

Back, neck, shoulder &

knee pain.

Pain

Function

Small, non-significant or

inconsistent, summary effect sizes.

**Limited

evidence

(Continued)
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Exercise therapy. Evidence base: Synthesized evidence for the effectiveness of exercise on

musculoskeletal pain included 10 Cochrane reviews [13, 18, 39–46], four guidelines [16, 20,

29, 47] and three policy documents [38, 48, 49]. Evidence from other reviews (n = 22), [36, 50–

71] and one additional trial [72] were also considered. Quality of reviews ranged from moder-

ate to high.

Magnitude of effects: Exercise therapy was determined to be beneficial for pain, function

and quality of life in all five pain presentations [13, 16, 18, 20, 29, 36, 38, 47, 55, 56, 58–60, 63].

See supplementary S2 Table. Reviews and guidelines on exercise for neck pain [38, 58, 66] gen-

erally found exercises to be beneficial for function but no pooled estimates were provided.

Exercise therapy led to clinically significant improvements in pain, function and quality of life

for shoulder, knee, back and multi-site pain. In addition, medium to large summary effect

sizes were reported in favour of exercise across the body of evidence, for example; RR 7.74; CI,

1.97 to 30.32 and RR 1.53; CI, 0.98 to 2.39 for improvement of shoulder pain and function

respectively [13]; MD -1.46, CI -2.39 to -0.54 on a scale of 0 to 10) for pain as well as function

(SMD 1.10, 95% CI, 0.58 to 1.63) for knee pain [46]; and MD 7.3 (95% CI, 3.7 to 10.9 points on

a scale of 0–100) for low back pain [18]. With respect to multi-site pain[41], aerobic exercises

was found to lead to improvement in global well-being (SMD 0.49, 95% CI, 0.23 to 0.75), phys-

ical function (SMD 0.66, 95% CI, 0.41 to 0.92) and pain (SMD 0.65, 95% CI, -0.09 to 1.39).

There appears to be little empirical evidence in favour of any particular exercise type, pro-

gramme or mode of delivery, either as structured individual or group treatment for musculo-

skeletal pain [18, 39, 41, 48–50, 57, 65, 66, 68–70, 72, 73], although functional exercises (which

adapt patients’ exercises to their activities of daily living, and enables them to perform such

activities more easily and without injuries) appear to be more beneficial than exercises not spe-

cifically targeting function. There was no evidence regarding patient subgroups most likely to

respond to exercise therapy. While some contributing reviews included information on

whether patient symptoms were acute and chronic, it was difficult to assess if any particular

exercise therapy had better effects on acute or chronic symptoms.

Table 1. (Continued)

Evidence on treatment options across regional musculoskeletal pain presentations

Treatment Options Evidence base Regional pain Outcomes

Pain

Function

Disability

& other 2 0

Outcomes

Magnitude of Effects Strength of

evidence

(Grade)

Surgery 1 guideline, clinical

pathway document,

17 reviews.

Back, neck, shoulder,

knee & multi-site pain.

Pain

Function

Quality of life

Effect sizes (not often estimated).

Beneficial effects on pain &

function in the short term with little

empirical evidence for sustained

long-term improvement.

**Limited

evidence

*Very weak evidence: Expert opinions or consensus in guidelines only / Absence of evidence in a single systematic review.

** Limited evidence: Little empirical evidence from systematic reviews/evidence-based guidelines AND when there were small, inconsistent, or non-

significant treatment effect sizes.

*** Moderate evidence: little empirical evidence from systematic reviews/evidence-based guidelines (as in limited evidence) but showing a medium to large

treatment effect OR in the presence of strong empirical evidence from high quality systematic reviews, but with small or inconsistent treatment effect sizes

across systematic reviews.

**** Strong evidence: Strong empirical evidence from high quality systematic reviews and evidence based clinical guidelines AND medium or large effect

sizes.

https://doi.org/10.1371/journal.pone.0178621.t001
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Strength of evidence: On the basis of medium to large summary effects sizes from high

quality reviews, and clinical guidelines, the strength of evidence for the effectiveness of exercise

therapy for pain, function, and quality of life for patients with musculoskeletal pain, was

graded as strong.

Bottom line: Current evidence shows significant positive effects in favour of exercise on

pain, function, quality of life and work related outcomes in the short and long-term for all the

musculoskeletal pain presentations (compared to no exercise or other control) but the evi-

dence regarding optimal content or delivery of exercise in each case is inconclusive.

Manual therapy. Evidence base: Six Cochrane reviews [44, 45, 74–77], three guidelines

[20, 38, 78], and 15 other systematic reviews [54, 58, 66, 79–90] contributed to the evidence

synthesis on the effect of manual therapy for the five most common musculoskeletal pain pre-

sentations. The effects of manual therapy on pain and function were mostly examined in com-

bination with other treatments and mostly for non-acute pain. Methodological quality of

reviews was moderate or high, although as highlighted in many of the reviews, a number of the

primary trials on which reviews were based were of low quality.

Magnitude of effects: Pooled estimates for the effectiveness of manual therapy for mu-

sculoskeletal pain were generally statistically significant, but variable in terms of size of the

treatment effect S3 Table. Manipulation, mobilisation and massage (where indicated) were

reported to be beneficial for immediate and or short-term (4–6 weeks) improvement in range

of motion and function in both acute and chronic neck pain patients as well as those with

whiplash [38, 58, 66, 78, 91]. For instance, thoracic manipulation was found to lead to signifi-

cant pain reduction (number needed to treat (NNT) 7), and increased function (NNT 5) in

acute neck pain patients whilst a single session of thoracic manipulation was reported to result

in immediate pain reduction for chronic neck pain patients (NNT 5) compared to placebo

[44]. In a recent Cochrane review of manual therapy for adhesive capsulitis, 46% of partici-

pants reported treatment success with manual therapy and exercise compared with 77% who

had corticosteroid injections (summary RR 0.6, 95% CI, 0.44 to 0.83), with an absolute risk dif-

ference of 31% (13% to 48%). The number reporting adverse events did not differ (summary

RR 1.07, 95% CI, 0.76 to 1.49) between groups [45]. As with neck pain, manual therapy offers

some benefits for range of motion and function in shoulder pain presentations [54, 79, 80, 82,

83, 89].

For back pain, evidence suggests that manual therapy alone or in combination with other

treatments may offer some benefit for pain and function [20, 81, 85, 88]. Most authors pre-

sented no pooled estimates of treatment effects due to large heterogeneity among included

trials. Where presented, summary effect sizes were generally small compared to no manual

therapy or other control (e.g. SMD -0.25 (95% CI, -0.46 to -0.04 for pain and SMD -0.22, (95%

CI, -0.36 to -0.07 for function) with negative SMD indicating lower levels of pain or functional

limitation for manual therapy) in the short term [75, 76]; and (MD -0.46 (95% CI, -1.18 to 0.26

on a scale of 0 to 10) for pain in the long term [76]. Compared with other treatments (e.g. gen-

eral practitioner care, acupuncture, ultrasound, standard physiotherapy, analgesic therapy,

exercise, or back school), manual therapy appears to confer little or no clinically important ef-

fect on pain intensity, functional status, global improvement or return to work among patients

with acute, subacute or chronic back pain with or without sciatica [74–77, 92, 93]. Type and

experience of professional delivering the therapy did not show any clinically significant effect

of on musculoskeletal pain [73]. There was low quality evidence that the efficacy of manual

therapy might differ for subgroups of patients, with manual therapy tending to be more effec-

tive for acute non-specific low back pain patients with mobility deficit [90].

Strength of evidence: Despite several high quality reviews examining the effects of manual

therapy on pain and function for neck, shoulder and back pain, current evidence generally

Effective treatment options for musculoskeletal pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0178621 June 22, 2017 12 / 30

https://doi.org/10.1371/journal.pone.0178621


shows small summary effect sizes or concludes no clinical effectiveness of manual therapy

compared to sham or other active treatments. Overall strength of evidence was graded as

limited.

Bottom line: Current evidence regarding manual therapy is beset by heterogeneity across

clinical trials. Due to paucity of high quality evidence, it is uncertain if the efficacy of manual

therapy might be different for different patient subgroups or influenced by the type and experi-

ence of professional delivering the therapy. On the whole, available evidence suggests that

manual therapy may offer some beneficial effect on pain and function but it may not be supe-

rior to other non-pharmacological treatments (e.g. exercise) for patients with acute or chronic

musculoskeletal pain.

Pharmacological treatments—Analgesics (oral & topical). Evidence base: Thirty sys-

tematic reviews of pharmacological interventions for musculoskeletal pain examined the effec-

tiveness of analgesics (opioids and non-opioids) in the short and long-term as well as in acute

and chronic pain presentations. Comparisons were against placebo [94, 95], other pharmaco-

logical agents [48, 49, 96–100], corticosteroid injections [101], and no treatment [102, 103]. A

few comparisons were made with other treatments such as laser and acupuncture [7]. Over

60% of the reviews on oral and topical analgesics were of high methodological quality while

the rest were moderate. Reviews highlighted that the quality of included primary trials ranged

from low to high quality.

Magnitude of effects: Compared to placebo, acetaminophen (paracetamol) was not more

effective (SMD 0.13, 95% CI, 0.04 to 0.22) for relieving knee and back pain [94, 100, 103].

NSAIDs and opioid analgesics (especially for acute pain) were generally found to be effective

but beneficial effects were evident mostly in the short-term [7, 14, 16, 29, 38, 94, 104, 105].

Cyclooxygenase (Cox)-2 selective inhibitors (e.g. celecoxib), were found to be effective for

musculoskeletal pain relief. However, these were more likely to be associated with higher risks

of adverse cardiovascular and gastrointestinal events (hazard ratio 2.18, 95% CI 1.82, 2.61),

compared to non-selective NSAIDs [48, 49]. In the long-term and for more chronic pain pre-

sentations, stepwise analgesia according to the WHO analgesic ladder (mostly based on expert

opinion) may be recommended [20, 29, 106–109]. Medium effect sizes were commonly

reported S4 Table. For instance, topical NSAIDs were found to be more beneficial compared

to placebo with summary RR of 1.9 (95% CI, 1.7 to 2.2) and a NNT of 4.6 (95% CI, 3.8 to 5.9)

in the short-term [98, 99, 110, 111]. Furthermore, duloxetine, commonly used for multi-site

pain may be carefully considered where there has been inadequate clinical response to initial

pharmacologic treatments [48]. The effects of analgesics for improving function were less

often reported in included reviews and guidelines.

Strength of evidence: With consistent medium summary effect sizes reported across moder-

ate to high quality systematic reviews and clinical guidelines, there is moderate evidence that

pharmacological therapies are beneficial for the short-term relief of musculoskeletal pain.

Overall strength of evidence was graded as moderate.

Bottom line: NSAIDs, Cox-2 selective inhibitors and opioids reduce pain in the short-term,

but the effect size is modest and the potential for adverse effects such as gastrointestinal bleed-

ing and opioids-induced hyperalgesia need careful consideration.

Pharmacological interventions–injections. Evidence base: The evidence base for the

effectiveness of injections for musculoskeletal pain involved the synthesis of three clinical

guidelines [16, 112, 113] and one care pathway document [38], six Cochrane reviews [104,

114–118] and 13 other systematic reviews [7, 64, 66, 101, 119–127]. The systematic reviews

were mostly high in methodological quality.

Magnitude of effects: A care pathway document [38], one guideline [49] and seven system-

atic reviews [64, 101, 116, 117, 119, 120, 125] supported evidence for the short-term (<4
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weeks) benefits of corticosteroid injections for relieving moderate to severe shoulder pain

(summary RR 1.43 (95% CI, 0.95 to 2.16) for corticosteroid injection compared with NSAIDs

[119]). Likewise for knee pain, corticosteroid injections were found to be effective in the short-

term for relieving moderate to severe pain compared to placebo ((summary RR: 3.11 (95% CI,

1.61 to 6.01); NNT 3 to 4) [115, 128]. Though corticosteroid injections were found to relieve

pain, there was a lack of evidence for clinically significant effects on function [115]. For knee

pain, viscosupplements such as intra-articular hyaluronate injections were found to be better

than placebo (SMD 0.60, 95% CI 0.37 to 0.83) for reducing pain and improving function

(SMD 0.61, 95% CI 0.35 to 0.87) in the short term (1–4 weeks). However, high clinical and sta-

tistical heterogeneity, evidence of publication bias and low quality trials preclude definitive

recommendations about routine use in clinical practice [49].

Furthermore, the available evidence did not suggest injections are effective for the manage-

ment of neck pain [66, 113, 121–124] or back pain [38, 104, 118]. Overall, there was no strong

evidence for the use of epidural spinal injections with or without steroids, as benefits (immedi-

ate reductions in pain) were small and not sustained [114, 126, 127]. It appears the short-term

pain relief offered by epidural spinal injections are hampered by significant heterogeneity, and

that the severity and subtype of pathology may affect outcome [114, 126, 127].

Generally, in the long-term, injections may be no more effective than non-pharmacological

interventions such as exercise [7, 64, 113, 116, 117, 119, 120, 125]. Evidence also suggests that

the addition of corticosteroid injections to local anaesthetic does not confer improved symp-

tom relief in the long-term [121, 122] however, expert opinion and guideline recommenda-

tions support its use prior to, or alongside, exercise and self-management advice [38, 64, 101,

112, 113, 119]. Although injections were often offered for acute pain relief and to enable

patients to tolerate exercise therapy, there was no evidence regarding patient subgroups most

likely to respond to injections.

Strength of evidence: Supported by high quality reviews, and clinical guidelines, medium to

strong effect sizes across the various sources of evidence, injections offer clinically significant

benefits for relieving moderate to severe shoulder and knee pain but in the short-term (up to 3

months) only. Overall, the strength of evidence was graded as strong.

Bottom line: The evidence indicates that injections offer short-term pain relief for shoulder

and knee pain but effectiveness for back and neck pain is uncertain. Across the musculoskele-

tal pain presentations for which pharmacological injections may be given for pain relief, cur-

rent evidence is equivocal on the optimal procedure (e.g. guided vs. unguided), frequency,

dose and active component of the injections (though corticosteroid injections are more often

reported in literature).

Aids & devices—Orthotics, tapes, braces, cervical collars and other support devices.

Evidence base: The evidence for the effectiveness of aids and devices for pain and function

included five guidelines [16, 20, 47, 112, 129], one clinical pathway [38], four Cochrane reviews

[66, 77, 130–132], two best evidence syntheses [58, 133] and a meta-analysis [134]. The quality

of reviews was moderate.

Magnitude of effects: Either as stand-alone treatment or mostly in combination with other

treatments, aids and devices for musculoskeletal pain have generally shown small effects (see

supplementary S5 Table) on pain, function or work outcomes [16, 20, 38, 58, 66, 77, 131–133].

Routine use of collars has not been found to confer any clinically significant benefits for neck

pain [38, 58, 66, 133]. This may be attributed to marginal pain relief (in the short-term), and

inclination to induce rest and inactivity hence prolonging disability. Patellar taping has been

shown to have some beneficial effects (in the short-term) on pain and function in patients with

patellofemoral pain [16, 20, 47, 112, 129]. Warden et al.[134] reported significantly less pain

on a 100-mm scale (weighted mean difference (WMD) = -20.1, 95% CI, -26.0 to -14.3, p<
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.001) for patellofemoral pain patients treated with medially directed tape compared to patients

treated with no tape or patients treated with sham tape (WMD = -13.3, 95% CI, -18.1 to -8.4, p

< .001). There is very weak empirical evidence for the beneficial effects of knee braces but in

grade II and III collateral ligament injuries, short-term (4–6 weeks) application of a hinged

brace may be considered as part of rehabilitation [38, 47]. Empirical evidence suggests lumbar

supports are not effective for improving pain and function in back pain patients [20]. This

review did not find any evidence regarding specific patient subgroups for which aids and

devices might be most beneficial.

Strength of evidence: Supported mostly by expert opinion or consensus in guidelines as

well as small, inconsistent, or non-significant treatment summary effect sizes from systematic

reviews, overall evidence for the use of aids and devices in the management of musculoskeletal

pain is graded as limited.

Bottom line: For neck, shoulder, back and knee pain presentations, available evidence does

not justify routine use of aids and devices for effective improvement of pain, function, and / or

work outcomes.

Other treatments: Acupuncture, ultrasound, TENS, laser, ice / hot packs. Evidence

base: Contributing evidence on the effectiveness of acupuncture, therapeutic ultrasound,

TENS, laser, and superficial ice / hot packs for pain and function included five guidelines [16,

20, 47, 112, 129], one policy and one clinical pathway document [38, 48], 14 Cochrane reviews

[13, 48, 76, 135–148] and 18 systematic reviews [36, 55, 59, 149–159]. The quality of reviews

was mostly moderate with some reviews having high methodological quality. However, within

the reviews and clinical documents, there was large heterogeneity and significant publication

bias in primary studies.

Magnitude of effects: Compared to treatments such as analgesia, and exercise, these inter-

ventions have been less frequently evaluated, and the quality of RCTs is generally low. Also, for

many of these treatments (i.e., therapeutic ultrasound, laser, and superficial ice / hot packs),

reports of high clinical and methodological heterogeneity within the trials contributing to

reviews preclude statistical pooling of effect estimates. There was also no evidence regarding

specific patient subgroups which might benefit most from these treatments.

For acupuncture, available evidence from a good quality individual patient data meta-anal-

ysis suggests that acupuncture may be effective for short-term relief of back pain and knee

pain with medium summary effect sizes (SMD 0.55 (95% CI, 0.51 to 0.58) and (SMD 0.42

(95% CI, 0.37 to 0.46)) respectively compared with usual care or no acupuncture [158]. How-

ever, effects on function were reported to be minimal and not maintained at longer-term fol-

low-up [20, 139, 149, 152, 158]. Similarly for neck and shoulder pain, acupuncture was only

found to be effective for short-term (immediately post-treatment and at short-term follow-up)

symptom relief (SMD -0.37 (95% CI, -0.61 to -0.12)) and (WMD 3.53 (95% CI, 0.74 to 6.32 on

a scale of 1–100)) compared to placebo [140, 148].

TENS was no more effective for reducing pain than placebo in chronic back pain [136, 141,

160, 161], neck pain [142], shoulder pain [145], knee [147] and chronic musculoskeletal pain

[144, 150]. Ultrasound and shockwave therapy do not appear to significantly improve clinical

outcomes for acute and chronic low back pain [162]. Also, for those with shoulder and/or

neck pain, evidence suggests ultrasound does not confer significant or added benefit over pla-

cebo or other treatments [47, 55, 101, 140, 153, 157]. The evidence on effectiveness of laser

therapy for shoulder pain [59, 159], or acute or chronic neck pain was inconclusive [151].

With regards to knee pain, other treatments including ultrasound, electromagnetic fields, low

level laser therapy, TENS, biofeedback, neuromuscular electrical stimulation may confer

added benefits to exercise and / or surgical treatment but empirical and clinical effect sizes are
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small and only supported by weak evidence [16, 47, 48, 112, 129, 143, 146, 147]. (Please refer

to supplementary S5 Table for more details regarding other treatments).

Strength of evidence: There was little empirical evidence for the effectiveness of other treat-

ments including ultrasound, TENS, laser, and superficial ice / hot packs. Presented summary

effect sizes and estimates were often small, inconsistent, and non-significant. Although

medium short-term effects were found for the effects of acupuncture on back and knee pain,

overall strength of evidence was graded as limited.

Bottom line: The evidence for the clinical effectiveness of most of these other treatment

options was not substantiated by strong evidence. Either as stand alone or in combination

with other treatments, the often small effect sizes as a result of these treatments for improving

musculoskeletal pain and function was mostly not clinically significant.

Psychosocial interventions. Evidence base: Evidence base for the effectiveness of psycho-

social interventions (referred to various interventions such as cognitive-behavioural therapy

and pain-coping skills, used to support people for overcoming challenges and maintenance of

good health) included one guideline [20] and an overview of guidelines [163], one care path-

way [38], four Cochrane reviews [164–168] and seven systematic reviews [17, 133, 169–173].

The quality of reviews ranged from moderate to high. Due to gaps in available systematic

reviews of shoulder pain regarding psychosocial interventions, additional evidence from RCTs

[174, 175] was extracted for shoulder pain.

Magnitude of effects: Reviews of psychosocial treatments for the management of musculo-

skeletal pain included a wide range of approaches that aimed to achieve increased self-manage-

ment, behavioural and/or cognitive changes alongside biomedical management of pain S6

Table. Interventions were often multimodal and involved multidisciplinary treatment. At

long-term follow-up, medium summary effect sizes (e.g. SMD 0.23; (95% CI, 0.43 to 0.040)

compared to usual care and SMD 0.48 (95% CI, 0.93 to 0.04) compared to other active treat-

ments [172]) were reported for pain, function and/ or other psychosocial related-outcome

measures such as quality of life. With the exception of a few studies in back pain and neck

pain, where patient recruitment and outcome reporting were based on targeted groups of

patients receiving a psychosocial intervention according to baseline complexity of patients’

pain presentations [38, 164, 173], there was wide variability in the characteristics of patients

included in trials. The effectiveness of psychosocial interventions for the management of

shoulder, knee, and neck pain presentations was less well researched compared to those of

back pain. Psychosocial interventions in combination with other treatment options appear to

provide additional benefit for all musculoskeletal pain presentations. However, there was no

consensus on specific treatment components, providers and settings for optimal outcomes [20,

38, 163–167, 170, 172–175]. Furthermore, methodological issues regarding primary studies

reported by the systematic reviews, such as high attrition rates, incomplete outcome reporting,

mixed treatment regimens and generally low sample numbers and patient heterogeneity made

conclusions tentative.

Strength of evidence: Except for shoulder and knee pain, where the strength of evidence

was limited, current evidence for the beneficial effects of psychosocial interventions for neck,

back and multi-site pain is supported by moderate to high quality reviews, medium effect sizes

with precise confidence intervals and this is consistent across sources of evidence. Overall, the

strength of evidence was graded as moderate.

Bottom line: Available evidence suggests beneficial effects of psychosocial interventions,

particularly for patients identified as having a poor prognosis prior to treatment. Also, out-

come of psychosocial treatment appears to be influenced by other factors such as patient prog-

nosis, the healthcare professional providing treatment, the settings for treatment delivery and

the components of treatment.
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Surgery. Evidence base: Evidence for the effectiveness of surgery for the musculoskeletal

pain presentations (excluding multi-site pain) was synthesised from one guideline and a care

pathway document [38, 47], nine Cochrane reviews [176–184] and eight systematic reviews

[66, 185–191]. Reviews were mostly high in methodological quality.

Magnitude of effects: Most guidelines specify that surgical treatments are indicated in a

small proportion of patients (as low as 8%) for neck, shoulder, back and knee pain presenta-

tions [38, 47, 181]. Within the body of synthesised evidence (supplementary S1 and S7 Tables),

the presence of serious pathology, substantial pain and disability or symptoms which are

refractory to conservative treatment were prominent indications for surgery [38, 47, 180, 191],

but the roles of such factors in determining the long-term clinical outcome of treatment was

equivocal [38, 180]. Based on clinical judgement and expert opinion, current evidence suggests

early surgical intervention may be considered on a case by case basis [38, 47]. Generally for

neck, shoulder, knee and back pain, when indicated, there is moderate evidence that surgical

intervention does provide benefits for pain, and function compared to waiting list controls or

conservative treatments including analgesia and exercise in the short-term [38, 66, 176, 178–

180, 187]. In specific cases, such as arthroscopic debridement and joint lavage of the knee,

available evidence indicates no clinically important benefit (SMD -0.11, 95% CI, to 0.42 to

0.21) for pain or function compared to control (SMD -0.10, 95% CI, -0.30 to 0.11) at three

months [182]. Available evidence suggests there are no long-term benefits of surgical proce-

dures for clinical outcomes compared with conservative treatment [177, 184–188, 190]. Nei-

ther was there strong evidence for a significant difference in favour of any particular surgical

technique for any of the pain sites [182, 183, 189, 191].

Strength of evidence: Though reviews were mostly high in methodological quality, sum-

mary effect sizes were small. Overall strength of evidence of long-term effectiveness of surgery

is limited except where directly indicated by specific serious pathology such as end-stage

degenerative knee joint disease, persistent pain and functional limitation which are refractory

to conservative treatments.

Bottom line: The effectiveness of surgery as a first line treatment option is not established in

current literature. The current evidence base is limited in terms of quantity, especially compar-

ing surgical versus conservative interventions but there is moderate evidence from guidelines,

Cochrane reviews and other systematic reviews to support short-term efficacy of surgical inter-

ventions for pain and function for specific neck, shoulder, knee and back pain presentations.

Available evidence also suggests that surgery is not superior to conservative treatment options

in the long-term.

Discussion

This review has systematically identified, synthesised and graded a large body of evidence on

the effectiveness of treatment for musculoskeletal pain presentations. For most pain presenta-

tions, non-pharmacological treatments especially exercise therapy as well as psychosocial

interventions, produced medium to large effects on pain and function, with corticosteroid

injections potentially offering short-term benefit in those with knee and shoulder pain.

NSAIDs and opioids (where appropriate) also offer short-term benefit for musculoskeletal

pain, but the potential for adverse effects need careful consideration.

The effectiveness of exercise therapy, psychosocial interventions and corticosteroid injec-

tions was consistently supported by empirical evidence of mostly medium effect sizes provided

by meta-analyses of RCTs, by guidelines, and expert opinion for musculoskeletal pain. With

regard to intensity, and modes of applications of most treatments, the amount of clinical con-

tact, the type of provider, setting, and delivery modes/techniques for effective treatment varied
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widely and, as yet, there is limited evidence to support choices regarding optimal delivery of

these treatments. Therefore, further research to investigate the optimal dose and application of

these treatment options is needed.

In this review, there was little information within the evidence base in relation to patient

subgroups most likely to respond to different treatment options. Where available, for each

treatment option, evidence regarding patient characteristics such as baseline pain severity and

function, duration of pain, and previous pain episodes have been documented S1–S7 Tables.

For most treatment options apart from manual therapy (due to low quality evidence for differ-

ential effects of manual therapy across patient subgroups), and psychosocial interventions

(where moderate evidence supports targeting patient subgroups to psychosocial intervention

according to baseline complexity), it is not certain if clinical outcomes for most treatment

options may be improved by targeting patient subgroups. Given that there are many factors

(including patient characteristics and risk of poor outcome) which may influence outcome of

treatment, it is likely that, an optimal approach to management of musculoskeletal pain may

involve strategic selection of treatments best suited for different patients. Future trials should

be designed to bridge this gap in evidence for the management of musculoskeletal pain.

It is worth noting that in many of the reviews, guidelines and trials contributing to this evi-

dence-base, individual treatments were rarely used in isolation. Therefore, the evidence for the

isolated effectiveness of treatments in some reviews was difficult to assess. For instance, self-

management advice and education was typically provided as part of intervention package

rather than tested in isolation against a control treatment. Consequently, there was little

empirical evidence about its effectiveness despite consistent support of the beneficial effects

(by expert opinion and consensus in guidelines). This could impact the quality and level of evi-

dence for the beneficial effects of otherwise promising treatments.

Overall completeness and applicability of evidence

As expected, given the breadth of this review there was wide heterogeneity in study popula-

tions, outcomes, and statistical methods for estimating summary effect measures in the

included systematic reviews. Interpreting findings within this overview was also complicated

by variability in both the intervention and control conditions (placebo, no treatment, active

treatments) examined within the reviews, making it difficult to summarise evidence regarding

the magnitude of treatment effects. Furthermore, in this overview, the treatments provided in

individual studies could not be described in detail; settings, exact content, intensity or dose of

interventions may have varied; many interventions may have required specialist staff (e.g.

injection, acupuncture, manual therapy, surgery) and the training and skills of providers are

likely to have varied over time and locations. Control conditions were frequently not described

in reviews and trials, and the definition of terms “routine care”, “standard care” or “no inter-

vention” may vary depending on setting and country. In the conduct of this study however,

concerted efforts were made to capture and report available contextual information when

summarizing evidence regarding treatment effectiveness.

Strengths and limitations of the review

Where possible, given the wide remit of this review, a number of steps were taken to ensure

methodological rigour. The focus was on publications providing high quality evidence or rec-

ommendations, including Cochrane and other high quality reviews, well-developed clinical

guidelines that met specific quality assurance criteria, and evidence-based multidisciplinary

care plans as outlined in care pathways. For Cochrane reviews, all reviews used protocols that

aimed to minimise bias whilst for non-Cochrane reviews, evidence of using systematic
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methods was a pre-requisite for inclusion in this study. In addition, separate structured and

systematic searches of bibliographic databases were conducted to identify additional trials not

covered in previous reviews, where gaps concerning the effectiveness of specific treatment

options were identified.

This review provides evidence summaries regarding the effectiveness of a wide range of

treatments for the five most common musculoskeletal pain presentations in primary care,

drawing together findings from a large evidence base. To facilitate this rapid evidence sum-

mary, the methodology evolved as a rapid application of systematic review methods to synthe-

sising evidence. Efforts were made to capture, appraise and synthesise the best available

evidence in a systematic yet rapid fashion. Definitive elements of typical systematic review

methods such as a comprehensive and systematic search of best available evidence, pre-speci-

fied inclusion and exclusion criteria, quality appraisal and synthesis have all been preserved.

Further strengths of this review included independent assessment of eligibility for inclusion

and data extraction for contributing reviews, data checks, appraisal of the quality of systematic

reviews, and a standardised approach to synthesising evidence.

There are several limitations to this review. First, there was no independent assessment of

the methodological quality of primary trials that were included in the reviews. As this is an

overview of current best available evidence, methodological quality assessment of included pri-

mary studies depended largely on the ratings of systematic review authors rather than our own

assessment of the details presented in the individual studies. The overview of evidence incor-

porating reviews of multiple interventions across many musculoskeletal pain conditions there-

fore may not follow strictly the process generally applied in a single systematic review of one

intervention on a single target population. However, much care has been taken to ensure that

our approaches to searching for evidence, quality appraisal and grading of available evidence,

and synthesis (as highlighted in the methods section) were as rigorous and as transparent as

possible.

In this overview, evidence on effectiveness of treatment options for musculoskeletal pain

has been presented based on pain presentations at different body regions rather than on spe-

cific clinical diagnoses given available evidence of similarity of patient characteristics, progno-

sis and clinical course of musculoskeletal pain presentations irrespective of specific clinical

diagnoses [23, 24]. However, information on the specific clinical diagnosis for which evidence

was derived is indicated in the supplementary evidence S1–S7 Tables.

Practice implications

Across health systems globally, there is wide variation in clinical management of musculoskele-

tal pain patients whereby the most effective treatment options are not consistently used, leading

to inefficient care, unnecessary costs and in some cases harm [3, 192]. In a clinical field with so

many treatment options, this summary of evidence provides patients, clinicians, managers, pol-

icy-makers, and researchers with a helpful “one stop” overview of the evidence for treatments.

In this review, despite an extensive search for evidence, there was a paucity of evidence on

treatment for those with multi-site pain. This musculoskeletal pain presentation, often man-

aged as chronic widespread pain and / or fibromyalgia has been less examined in the literature

because effectiveness of most treatment options has traditionally been compared on a pairwise

basis and according to individual regional pain presentations. However, regional pains are

known to co-exist in individual patients [84]. Patients included in most of the studies address-

ing management of single site pain are likely to have pain in other sites as well. Hence future

research needs to investigate interventions that address these multiple sites of pain, in order to

better inform clinical practice.
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The lack of information regarding patient subgroups most likely to respond to specific

treatment options, equivocal recommendations on the optimal mode of treatments, as well as

the obvious focus of treatment approaches on single pain sites rather than the individual with

multi-site musculoskeletal pain are key specific gaps in the current body of knowledge identi-

fied in this review.

Conclusions

Effective healthcare depends on high quality evidence. Best available evidence shows that

patients with musculoskeletal pain problems in primary care can be managed effectively with

non-pharmacological treatments such as self-management advice, exercise therapy, and psy-

chosocial interventions. Pharmacological interventions such as corticosteroid injections (for

knee and shoulder pain) were shown to be effective treatment options for the short-term relief

of musculoskeletal pain and may be used in addition to non-pharmacological treatments.

NSAIDs and opioids also offer short-term benefit for musculoskeletal pain, but the potential

for adverse effects must be considered. Furthermore, the optimal treatment intensity, methods

of application, amount of clinical contact, and type of provider or setting, are unclear for most

treatment options.
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