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Abstract
Background: Exercise prevents falls in older adults. Regular updates of estimated effects of exercise on falls are
warranted given the number of new trials, the increasing number of older people globally and the major
consequences of falls and fall-related injuries.
Methods: This update of a 2019 Cochrane Review was undertaken to inform the World Health Organization
guidelines on physical activity and sedentary behaviour. Searches were conducted in six databases. We included
randomised controlled trials evaluating effects of any form of physical activity as a single intervention on falls in
people aged 60+ years living in the community. Analyses explored dose-response relationships. The certainty of the
evidence was assessed using Grading of Recommendations Assessment, Development and Evaluation (GRADE).
Results: This review included 116 studies, involving 25,160 participants; nine new studies since the 2019 Cochrane
Review. Exercise reduces the rate of falls by 23% (pooled rate ratio (RaR) 0.77, 95% confidence interval (CI) 0.71 to 0.83, 64
studies, high certainty evidence). Subgroup analysis showed variation in effects of different types of exercise (p < 0.01).
Rate of falls compared with control is reduced by 24% from balance and functional exercises (RaR 0.76, 95% CI 0.70 to
0.82, 39 studies, high certainty evidence), 28% from programs involving multiple types of exercise (commonly balance
and functional exercises plus resistance exercises, RaR 0.72, 95% CI 0.56 to 0.93, 15 studies, moderate certainty evidence)
and 23% from Tai Chi (RaR 0.77, 95% CI 0.61 to 0.97, 9 studies, moderate certainty evidence). The effects of programs that
primarily involve resistance training, dance or walking remain uncertain. Interventions with a total weekly dose of 3+ h
that included balance and functional exercises were particularly effective with a 42% reduction in rate of falls compared
to control (Incidence Rate Ratio (IRR) 0.58, 95% CI 0.45 to 0.76). Subgroup analyses showed no evidence of a difference in
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the effect on falls on the basis of participant age over 75 years, risk of falls as a trial inclusion criterion, individual versus
group exercise, or whether a health professional delivered the intervention.
Conclusions: Given the strength of this evidence, effective exercise programs should now be implemented at scale.
Keywords: Accidental falls, Aged, Exercise, Older adults, Physical activity

Background
One in three community-dwelling people aged over 65
years fall each year [1, 2] with the rate of fall-related injuries increasing with age [3]. Consequences of falls
include fractures and head injuries [3], reduced quality
of life [4], fear of falling, loss of confidence, and selfrestricted activity levels leading to a reduction in physical
function and social interactions [5]. In turn, the restriction
of activities impedes physical capacity and exacerbates the
risk of further falls.
Physical activity is as any bodily movement that requires
energy expenditure and includes exercise (planned, structured and repetitive activity, and aims to improve or
maintain one or more component of physical fitness) and
leisure or lifestyle activities (e.g. walking, gardening). Exercise, as a single intervention, is the most commonly tested
fall prevention intervention and a previous Cochrane Review showed exercise prevents falls [6]. Economic evaluations accompanying randomised trials have found exercise
to be a cost-effective falls-prevention strategy [7]. Exercise
interventions are effective when delivered in a groupbased setting or on an individual basis. Multicomponent
programs that target both strength and balance [6] and
programs that include balance training appear to be particularly effective [8].
Regular updates of the estimated effects of exercise interventions on falls are warranted given the number of new
trials published. The large numbers of older people globally
and the long-term consequences of falls and fall-related injuries for individuals and health systems make it particularly
important that the latest research is summarised regularly
to confirm or modify conclusions from previous reviews.
Different exercise programs may have different effects on
falls and so careful analysis of the characteristics and impact
of different programs is important [9].
This systematic review was undertaken to inform
the World Health Organization guidelines on Physical
Activity and Sedentary Behaviour [10] and involved
an update of the Cochrane Review of randomised
controlled trials published in 2019 [11] that found
high certainty evidence that exercise interventions reduced the rate of falls by 23% in community-dwelling
older people compared with controls (rate ratio (RaR)
0.77, 95% confidence interval (CI) 0.71 to 0.83; 12,981
participants, 59 studies). This update focuses on the
review’s primary outcome, rate of falls.

Methods
Eligibility criteria

We included randomised controlled trials (RCTs), both
individually and cluster randomised, evaluating the effects of physical activity interventions on falls in older
people living in the community. To be included in the
review, studies had to meet the following criteria: 1)
Population: community-dwellers aged 60 years and older.
Studies that included younger participants were included
if the mean age minus one standard deviation was more
than 60 years. Studies that included participants who
were living in places of residence that provide residential
health-related care or rehabilitation were excluded. Studies that only included participants with health conditions
that increase the risk of falls, such as stroke, Parkinson’s
disease, multiple sclerosis, dementia, previous hip fracture
and severe visual impairment, were excluded. Several of
these topic areas are covered by other Cochrane Reviews
[12, 13]. We acknowledge that some individuals with these
(and other) health conditions may be included in studies
of the general community which we included; 2) Intervention: any physical activity interventions tested in trials
where physical activity was a single intervention rather
than a component of a broader intervention. We considered trials where an additional low-contact intervention
(e.g. information on fall prevention) was given to one or
both groups if we judged that the main purpose of the
study was to investigate the role of exercise; 3) Outcome:
falls with studies reporting the rate of falls (falls per
person-year) being pooled for meta-analysis.
Information sources and search

The present report updates the searches performed in
the 2019 Cochrane Review [11], without deviation from
its protocol and extending to studies published up to 7
November 2019. We searched: the Cochrane Bone, Joint
and Muscle Trauma Group Specialised Register (2 May
2018 to 7 November 2019); the Cochrane Central Register of Controlled Trials. (CENTRAL) (Cochrane Register
of Studies Online) (2018 Issue 1 to 7 November 2019);
MEDLINE (including Epub Ahead of Print, In-Process &
Other Non-Indexed Citations and MEDLINE Daily)
(start 2018 to 7 November 2019); Embase (start 2018 to
7 November 2019); the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) (May 2018 to 7
November 2019); and the Physiotherapy Evidence Database
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(PEDro) (2018 to 2019), using tailored search strategies.
We did not apply any language restrictions. In MEDLINE,
we combined subject-specific search terms with the sensitivity- and precision-maximising version of the Cochrane
Highly Sensitive Search Strategy for identifying randomised
trials [14]. We also identified ongoing and recently completed trials by searching the World Health Organization
International Clinical Trials Registry Platform (WHO ICTR
P) and ClinicalTrials.gov (November 2019). The search
strategies for the electronic bibliographical databases and
trial registers are shown in Additional file 1.
Study selection

For the updated search, two reviewers (NF, WK) independently screened the title, abstract and descriptors of
identified studies for possible inclusion. From the full text,
these review authors independently assessed potentially
eligible trials for inclusion. Disagreements were resolved
through discussion with a third author. We contacted trial
authors for additional information as necessary.
Data collection

Pairs of reviewers (CS, NF, WK) independently completed
a pretested data extraction form (based on the one used in
the Cochrane Review [15]). Disagreement was resolved by
consensus or third party adjudication. Review authors
were not blinded to the journal or authors names. Review
authors did not assess their own trials. Full details of data
extracted (excluding the nine new trials included in this
update) are shown in Sherrington 2019 [11]. We used the
Prevention of Falls Network Europe (ProFaNE) taxonomy
to group similar physical activity interventions [16]. The
ProFaNE category gait, balance, co-ordination, or functional task training was referred to as balance and functional exercises for simplicity. Full details and illustrative
examples are shown in Additional File 2.
Risk of bias and certainty of evidence

One review author (NF) assessed risk of bias using
Cochrane’s Risk of bias tool as described in the
Cochrane Handbook [17]. We constructed and visually
inspected funnel plots. Using the Grading of Recommendations Assessment, Development and Evaluation (GRAD
E) framework [18], we assessed the certainty of the evidence as ‘high’, ‘moderate’, ‘low’ or ‘very low’ depending
on the presence and extent of five factors: risk of bias; inconsistency of effect; indirectness; imprecision; and publication bias. We used standardised qualitative statements
to describe the different combinations of effect size and
the certainty of evidence [19].
Synthesis of results

The treatment effects for rate of falls were reported as
rate ratios (RaRs) with 95% confidence intervals (CIs).
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We assessed heterogeneity of treatment effects by visual
inspection of forest plots and by using the Chi2 test
(with a significance level at P < 0.10) and the I2 statistic.
For our primary comparison, we pooled data from all
relevant trials without stratification.
We performed subgroup analyses using Cochrane’s
Review Manager 2014 [20] to compare the effect of
physical activity on falls based on the following: trials
that used an increased risk of falls as an inclusion criterion compared with those with general recruitment; trials
with primarily older populations (defined by inclusion
criteria 75 years or above, lower range limit more than
75 years, or mean age minus one standard deviation
more than 75 years) compared with those with primarily
younger populations; physical activity interventions delivered individually versus in a group setting; physical activity
interventions delivered by health professionals versus
trained fitness leaders and the different exercise intervention categories, according to ProFaNE taxonomy. We
undertook sensitivity analysis to explore the findings regarding the impact of exercise coded as having multiple
categories.
We undertook meta-regression using the user-written
Stata command metareg [21] to explore the impact of
hours of exercise intervention per week over the program period (hours of intervention are shown for each
study in Additional file 5: Supplementary Tables 3 and
Additional file 6: Supplementary Table 4) and used the
lincom post-estimation command to estimate the impact
of interventions that were of higher dose (3+ h per
week) and that included exercises that target balance
and function (i.e., balance and functional exercise, Tai
Chi and multiple component exercise interventions that
include balance and functional exercise). This analysis is
an update of our previous non-Cochrane review of exercise on the rate of falls [8].

Results
Figure 1 shows the flow of records. In brief, the search
update identified 2396 potentially eligible new records
and the full text was screened for 44 studies. Study selection resulted in the inclusion of an additional nine
studies not in the 2019 Cochrane Review and the exclusion of 35 studies. This update includes 116 studies; the
108 studies included in the 2019 Cochrane Review and
the nine new studies, since one feasibility study [22] included in the 2019 Cochrane Review was replaced with
the recently published full trial [23].
The characteristics and overall risk of bias of the 116
included trials are summarised in Table 1 and detailed
in Additional File 3: Supplementary Table 1. The 116 included studies were all RCTs and involved 25,160 participants. Most of the trials were individually randomised
and ten were cluster randomised. The included trials
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Fig. 1 Flow of studies

were carried out in 29 countries and three of the included trials were multinational trials. Overall, 74% of
included participants were women. All participants were
women in 28 trials and men in one trial. Sixty-four of
these trials reported the rate of falls as an outcome. The
duration of exercise intervention ranged from 2 weeks to
2.5 years and the total hours of exercise ranged from 4
to 1086 h.
Exercise (all types) reduces the rate of falls by 23% compared with control (RaR 0.77, 95% CI 0.71 to 0.83; 14,306
participants, 64 studies, I2 = 61%; high-certainty evidence).
Subgroup analysis (Table 2) showed no evidence of a difference in the effect on falls for participants with an increased risk of falling as a trial inclusion criterion versus
general recruitment, participants aged 75 years or above
versus aged 60–74, group versus individual exercise, or
whether interventions were delivered by a health professional versus a trained exercise leader. See Additional File 4,
Supplementary Table 2: Summary of findings table: Rate
of falls outcome (falls per person-years) for type of exercise for greater detail.
Subgroup analysis by exercise type showed a variation
in the effects of the different types of exercise on rate of
falls, the visual impression being confirmed by the

statistically significant test for subgroup differences:
Chi2 = 18.91, df = 6, P = 0.004, I2 = 68%. The rate of falls
compared with control is reduced by 24% in balance and
functional exercises (RaR 0.76, 95% CI 0.70 to 0.82; 7989
participants, 39 studies, I2 = 31%, high-certainty evidence), 23% in Tai Chi (RaR 0.77, 95% CI 0.61 to 0.97;
3169 participants, 9 studies, I2 = 83%; moderate-certainty
evidence) and 28% in multiple types of exercise (commonly balance and functional exercises plus resistance
exercises) (RaR 0.72, 95% CI 0.56 to 0.93; 2283 participants, 15 studies; I2 = 65%; moderate-certainty evidence).
Table 2 shows the result for other types of exercise. The
characteristics of studies in categories of exercise intervention that significantly reduced falls are described in
Additional File 5: Supplementary Table 3. Sensitivity
analyses revealed little difference in the results when we
pooled only trials that include the most common two
components (balance and functional exercises plus resistance exercises) (RaR 0.69, 95% CI 0.48 to 0.97; 1084
participants, 8 studies; I2 = 71%).
Compared with controls, we are uncertain whether the
rate of falls is reduced in dance exercise (RaR 1.34, 95%
CI 0.98 to 1.83; 522 participants, 1 study; very lowcertainty evidence) and in walking programs (RaR 1.14,
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Table 1 Summary of characteristics of 116 included studies

Heterogeneity and risk of bias across studies

Characteristic

Overview of included trials,
n (%) unless otherwise indicated

Sample size, median (IQR)

131 (66 to 249)

This review’s analyses display minimal to substantial heterogeneity with P < 0.05 for the Chi2 test and I2 values
up to 83%. This variability was not explained by our subgroup analyses. We consider this likely to represent
between-study differences in the exact nature of programs (e.g. dose, intensity, adherence) and target populations, which requires ongoing investigation. Given the
overall positive impact of the programs and the stability
of results, we do not consider this to negate the findings
of the meta-analyses we have undertaken. The funnel
plots (Fig. 3) show some asymmetry but we did not consider the asymmetry sufficient to downgrade the level of
evidence.

Location
USA

21 (18%)

Australia

20 (17%)

Japan

11 (9%)

UK

7 (6%)

Canada

6 (5%)

Finland

5 (4%)

Brazil

4 (3%)

Germany

4 (3%)

New Zealand

4 (3%)

Sweden

4 (3%)

Other

27 (23%)

Multinational

3 (3%)

Age, median (IQR)

76 (72 to 80)

Gender
Men: women, number (%) in
included studies

6476 (26%): 18,684 (74%)

Increased fall risk at
enrolment

62 (53%)

Risk of bias, high risk
Sequence generation

0 (0%)

Allocation concealment

5 (4%)

Blinding of participants and
personnel

6 (5%)

Blinding of outcome assessment

24 (21%)

Incomplete outcome data

33 (28%)

Selective outcome data

52 (45%)

Ascertainment bias

30 (26%)

IQR Interquartile range

95% CI 0.66 to 1.97; 441 participants, 2 studies; I2 = 67%;
very low-certainty evidence). The characteristics of studies in categories of exercise not found to be effective in
preventing falls are outlined in Additional File 6: Supplementary Table 4.
Meta-regression analyses suggested a dose-response
relationship. There was a greater reduction in falls from
exercise programs that involved more hours per week
(Fig. 2) although this did not reach statistical significance
(p = 0.077). Interventions that included an exercise dose
of more than 3 h per week and included balance and
functional exercises were particularly effective with an
estimated 42% reduction in the rate of falls (IRR 0.58,
95% CI 0.45 to 0.76). Table 3 shows the estimated impact of the separate and combined impact of dose and
exercise type on falls.

Discussion
This updated review identified 116 studies and of these,
64 RCTs provided data on rate of falls that were suitable
for pooling. These provide high-certainty evidence that
exercise reduces the rate of falls in older adults living in
the general community by approximately 25%. Although
subgroup analyses did not reveal differences in effect on
falls according to falls risk at baseline, there will be a
greater reduction in the absolute numbers of falls in the
higher risk population. Subgroup analyses did not reveal
differences in the effect on falls according to whether trials included younger and older populations based on a
75 year cut-off, or whether interventions were delivered
by a health professional versus trained instructors who
were not health professionals. These findings suggest
that exercise programs should be delivered to older or
higher risk individuals as well as to the general community. Overall, programs delivered by health professionals
are not more effective than programs delivered by
trained instructors, although it is likely that the
provision of exercise to high risk people can be more
safely and effectively undertaken by health professionals.
Subgroup analyses did not reveal differences in effect on
falls according to whether interventions were delivered
in a group setting or delivered individually. This suggests
that either delivery mode can be effective and participants can choose whichever suits their preferences and
other commitments, depending on the availability of
programs and services.
There were significant subgroup differences for rate of
falls when sub-grouped by exercise type. Exercise programs that primarily involve balance and functional exercises reduce falls. Tai Chi and programs that include
multiple exercise categories (typically balance and functional exercises plus resistance exercises) probably reduce falls. We are uncertain of the effect of resistance
exercise (without balance and functional exercises),
dance, or walking on the rate of falls.
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Table 2 Summary of results and subgroup analyses
No. of participants
/ No. of Studies

Rate Ratio
(95% CI)

I2

Test for sub-group
difference

14,306 / 64

0.77 (0.71 to 0.83)

61%

-

Balance, and functional exercises versus control/ high
certainty

7989 / 39

0.76 (0.70 to 0.82)

31%

Chi2 = 18.91, df = 6,
P = 0.004, I2 = 68%

Resistance exercises versus control/ very low certainty

327 / 5

1.14 (0.67 to 1.97)

67%

Tai Chi exercise versus control/ moderate certainty

3196 / 9

0.77 (0.61 to 0.97)

83%

Analysis/ GRADE evidence certainty rating
Overall effect of exercise on rate of falls versus control
Exercise versus control/ high certainty
Subgroup analyses
a) Based on type of exercisea

Dance exercise versus control / very low certainty

522 / 1

1.34 (0.98 to 1.83)

–

General physical activity (including walking) training versus
control/ very low certainty

441 / 2

1.14 (0.66 to 1.97)

67%

Multiple categories of exercise (often including, as primary
interventions: gait, balance, and functional (task) training
plus resistance training versus control/ moderate certainty

2283 / 15

0.72 (0.56 to 0.93)

65%

Increased risk of falling

7872 / 32

0.76 (0.69 to 0.84)

65%

Not using increased risk of falling as entry criterion

6434 / 32

0.78 (0.68 to 0.89)

57%

Aged ≥75 years

3841 / 14

0.85 (0.73 to 1.0)

61%

Aged < 75 years

10,465 / 50

0.74 (0.68 to 0.81)

60%

Group

8909 / 43

0.74 (0.67 to 0.83)

66%

Individual

5397 / 23

0.81 (0.72 to 0.91)

47%

Health professionals (usually physiotherapists)

5099 / 28

0.73 (0.64 to 0.82)

53%

Non-health professionals (trained instructors)

9207 / 36

0.79 (0.72 to 0.88)

65%

b) Based on fall risk at baseline
Chi2 = 0.1, df = 1, P = 0.75,
I2 = 65%

c) Based on age
Chi2 = 2.29, df = 1, P = 0.13,
I2 = 56%

d) Based on setting of the interventions delivered
Chi2 = 1.3, df = 1, P = 0.31,
I2 = 3%

e) Based on who delivered the intervention
Chi2 = 1.2, df = 1, P = 0.27,
I2 = 16%

CI confidence interval
a
Full details on classification of type of exercise and illustrative examples shown in Additional File 2

The programs evaluated in the trials found to prevent
falls included a total program duration that ranged from
5 weeks to 2.5 years, with total hours of exercise ranged
from 6 to 312 h. Further program characteristics for
types of exercise found to be effective in falls prevention
have been carefully evaluated in a previous review [9].
There was a suggestion of a dose-response relationship
of exercise on rate of falls (Fig. 2) but, unlike type of
exercise, this did not reach statistical significance. The
estimated 42% reduction in the rate of falls from programs that include a higher dose of exercise (when
dichotomised at 3 h per week) and include exercises that
target balance or function suggests that attention to both
type and dose of exercise is important.
Despite our thorough search strategy, we acknowledge
the possibility that some relevant trials, especially if they
were published in languages other than English, may
have been missed. Two review authors independently
classified and assigned the exercise intervention categories to primary or secondary status using the ProFaNE

guidelines [16]. We recognise there is some subjectivity
in this classification system, particularly for those interventions containing more than one category of exercise.
In the 2019 Cochrane Review [11], sensitivity analyses
that tested the effects of re-categorising primary balance
and functional exercise trials with a secondary component of strength training indicated that this did not substantively affect the results.
This update adds to the existing body of evidence by
including nine additional studies to the 2019 Cochrane
Review [11] and supports the findings of Gillespie 2012
[6] and Sherrington 2019 [11], whereby multiple component group-based exercise was found to reduce the rate
of falls. In the recent work, we extended the findings of
Gillespie 2012 [6] by recoding intervention programs
and attempted to identify a primary exercise component
for each included study. We only classified the intervention program in the study as ‘multiple component’
category if the intervention had an equal focus on each
of the multiple components. As a result, fewer studies in
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Fig. 2 Relationship between effect of intervention on rate of falls (i.e., the between-group difference from each trial) and hours of exercise per week

this review were identified as multiple component programs and more studies were identified as balance and
functional exercises. The present review also adds to our
previous non-Cochrane review [8], that used a different
methodology (multivariable meta-regression) yet reached
similar conclusions about the importance of the inclusion of exercises that safely challenge balance in falls
prevention exercise programs. The key difference in
methods is that the Cochrane reviews undertake subgroup analyses for type of exercise by grouping programs
according to their primary description. The metaregression in our non-Cochrane review tests whether the
inclusion of different features are associated with bigger
effects. Other recent analyses have reached similar findings, including a large network meta-analysis [24].
Large studies are now needed to establish the impact
of falls prevention interventions on fall-related fractures
and falls requiring medical attention, as these are
particularly costly to health systems and impactful for
individuals. When developing priority topics for future
research, the current evidence base should be considered
in conjunction with the areas studied in the ongoing trials. Individual participant data meta-analysis could contribute further to the investigation of differential effects

of exercise in people of different ages and baseline fall
risks, as these are individual-level rather than trial-level
characteristics. Further research is required to establish
the effectiveness of falls prevention programs in emerging economies, where the burden of falls is increasing
more rapidly than in high-income countries due to
rapidly ageing populations [10]. There is an urgent need
to investigate strategies to enhance implementation and
scale-up of effective exercise-based falls prevention interventions into routine care of older people by healthcare professionals and community organisations. Systematic reviews of
the characteristics of effective exercise interventions can
guide clinicians and program providers in developing optimal interventions [9]. To enhance consistency of falls outcomes measurement in trials, studies should continue to use
the consensus definition of a fall developed for trials in
community-dwelling populations by ProFaNE [25] “an unexpected event in which the participant comes to rest on
the ground, floor, or lower level”, consistent methods of falls
ascertainment, and consistent measurement of adverse
events in both groups throughout the trial period. There is a
need to develop objective instruments for falls detection to
replace the current reliance on self-reporting for falls. Future
research should use the ProFaNE descriptors to categorise

Table 3 Estimated impact of dose and exercise type on falls
Feature

Effect on falls, IRR (95% CI)

Higher dose, 3+ h per week of total exercise

0.83 (0.60 to 1.15)

Inclusion of balance/ functional exercisesa

0.76 (0.69 to 0.83)
a

Higher dose, 3+ h per week of total exercise plus inclusion of balance/ functional exercises

0.58 (0.45 to 0.76)

Lower dose, < 3 h per week of total exercise and no inclusion of balance/ functional exercisesa

1.08 (0.84 to 1.38)

a

balance and functional exercise, Tai Chi and multiple component exercise interventions that include balance and functional exercise
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Fig. 3 Funnel plot for the comparison of exercise versus control on rate of falls

interventions [16], but should be clear how this was
operationalised.
Current evidence about falls prevention suggests a targeted approach to exercise rather than more general promotion of physical activity. The importance of exercise in
falls prevention suggests that greater attention be given to
the widespread implementation of a life course approach
to healthy ageing, i.e. lifelong exercise to maximise physical functioning in older age, as suggested by the World
Health Organization [26]. Although trial follow-up ranged
from 3 to 18 months in the main comparison, introducing
falls prevention exercise habits in people in the general
community are likely to have longer-term benefits. Notably, the duration of most of the exercise programs was
12 weeks or over and nearly one-third lasted a year or
more. These findings also highlight the importance of ongoing exercise. As it is possible that interventions designed
to increase physical activity could increase falls due to increased exposure to risk, we suggest that those undertaking trials of physical activity interventions in older people
consider monitoring falls.

Conclusion
In conclusion, this review confirms previous findings that
exercise prevent falls in older adults. This updated review
provides high-certainty evidence that well-designed exercise programs reduce the rate of falls among older people
living in the community by approximately 25%. Greater
provision and scale-up of these programs is an urgent
challenge for the global health and exercise providers as
well as social support systems.

Supplementary Information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12966-020-01041-3.
Additional file 1. Search strategy
Additional file 2. Categories of exercise (ProFaNE): definitions and
applications
Additional file 3: Table S1. Characteristics and risk of bias assessment
of the 116 included trials
Additional file 4: Table S2. Summary of findings: Rate of falls outcome
(falls per person-years) for types of exercise
Additional file 5: Table S3. Components of studies in categories of
exercise found to prevent falls
Additional file 6: Table S4. Components of studies in categories of
exercise not found to prevent falls
Abbreviations
CI: Confidence interval; GRADE: Grading of Recommendations Assessment,
Development and Evaluation; IQR: Interquartile range; ProFaNE: Prevention of
Falls Network Europe; RaR: Pooled rate ratio; RCTs: Randomised controlled
trials
Acknowledgements
We are grateful for the support from Helen Handoll and Joanne Elliott of the
Cochrane Bone, Joint and Muscle Trauma Group in the preparation of the
2019 Cochrane Review. We would like to acknowledge the helpful feedback
on the review from consumer peer reviewers: Federica Davolio, Auxiliadora
Fraiz and Marina Sartini. We would like to acknowledge the other review
authors of 2019 Cochrane Review [11, 15]: Kirsten Howard, Lindy Clemson,
Sally Hopewell and Sallie Lamb. We are also grateful to the authors of
Gillespie 2012 [6], particularly Lesley Gillespie and Clare Robertson, for the
development of methods and procedures and assistance with the 2019
Cochrane Review. We are grateful to Courtney West and Connie Jensen for
assistance with searching and data extraction.
Authors’ contributions
CS, NF, AT, GW and ZM were involved in screening, data extraction for the
data analysis 2019 Cochrane Review. CN undertook searches and data

Sherrington et al. International Journal of Behavioral Nutrition and Physical Activity

extraction for the 2019 Cochrane Review. NF and WK conducted screening
of the updated search results. CS, NF and WK extracted the data. NF
assessed risk of bias and certainty of evidence. CS, NF and WK prepared the
results and manuscript. All authors read and approved the final manuscript.

10.
11.

Funding
This update of our Cochrane review was funded by the World Health
Organisation (Geneva) and intended to inform the WHO Guideline
Development Group (GDG) update of the WHO Global Recommendations
on Physical Activity and Sedentary Behaviour [10]. The views and opinion
expressed therein are those of the authors and WHO played no role in the
design of the study, the collection, analysis, interpretation of data and
writing the manuscript.
Availability of data and materials
All the data generated or analysed in this study are included in this article
and its supplementary information files, or in the published article included
in the review as stated.
Ethics approval and consent to participate
Not applicable.

12.

13.

14.

15.

16.

Consent for publication
Not applicable.
17.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Institute for Musculoskeletal Health, The University of Sydney and Sydney
Local Health District, Sydney, Australia. 2School of Public Health, Faculty of
Medicine and Health, The University of Sydney, Sydney, Australia. 3Institute
for Evidence-Based Healthcare, Faculty of Health Sciences and Medicine,
Bond University, Gold Coast, Queensland, Australia. 4Medical School, Faculty
of Health and Medical Sciences, The University of Western Australia, Perth,
Australia. 5Charles Perkins Centre, Prevention Research Collaboration, Sydney
School of Public Health, Faculty of Medicine and Health, The University of
Sydney, Sydney, Australia.
Received: 4 June 2020 Accepted: 20 October 2020

References
1. Campbell AJ, Borrie MJ, Spears GF, Jackson SL, Brown JS, Fitzgerald JL.
Circumstances and consequences of falls experienced by a community
population 70 years and over during a prospective study. Age Ageing. 1990;
19(2):136–41.
2. Tinetti MESM, Ginter SF. Risk factors for falls among elderly persons living in
the community. N Engl J Med. 1988;319(26):1701–7.
3. Peel NM, Kassulke DJ, McClure RJ. Population based study of hospitalised
fall related injuries in older people. Injury Prev. 2002;8(4):280–3.
4. Stenhagen M, Ekstrom H, Nordell E, Elmstahl S. Accidental falls, healthrelated quality of life and life satisfaction: a prospective study of the general
elderly population. Arch Gerontology Geriatr. 2014;58(1):95–100.
5. Yardley LSH. A prospective study of the relationship between feared
consequences of falling and avoidance of activity in community-living older
people. Gerontologist. 2002;42(1):17–23.
6. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson
LM, et al. Interventions for preventing falls in older people living in the
community. Coch Database Syst Rev. 2012;9:CD007146.
7. Davis JCRM, Ashe MC, Liu-Ambrose T, Khan KM, Marra CA. Does a homebased strength and balance programme in people aged > or =80 years
provide the best value for money to prevent falls? A systematic review of
economic evaluations of falls prevention interventions. Br J Sports Med.
2010;44(2):80–9.
8. Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tiedemann A, Whitney J,
et al. Exercise to prevent falls in older adults: an updated systematic review
and meta-analysis. Br J Sports Med. 2017;51(24):1750–8.
9. Ng CACM, Fairhall N, Wallbank G, Tiedemann A, Michaleff ZA, Sherrington C.
Exercise for falls prevention in community-dwelling older adults: trial and

18.

19.

20.
21.
22.

23.

24.

25.

26.

(2020) 17:144

Page 9 of 9

participant characteristics, interventions and bias in clinical trials from a
systematic review. BMJ Open Sport Exercise Med. 2019;5(1).
World Health Organization. Guidelines for physical activity and sedentary
behaviour. Geneva: World Health Organization; 2020.
Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff ZA, Howard
K, et al. Exercise for preventing falls in older people living in the
community. Cochrane Database Systematic Reviews. 2019;1:CD012424.
Canning CGAN, Bloem BR, Keus SH, Munneke M, Nieuwboer A, et al.
Interventions for preventing falls in Parkinson's disease. Cochrane Database
Syst Rev. 2015;3.
Verheyden GS, Weerdesteyn V, Pickering RM, Kunkel D, Lennon S, Geurts
AC, et al. Interventions for preventing falls in people after stroke. Cochrane
Database Systematic Reviews. 2013;5:CD008728.
Lefebvre C, Manheimer E, Glanville J. Chapter 6: Searching for studies. In:
Higgins JP, Green S, editors. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 (updated March 2011). The Cochrane
Collaboration, 2011; 2011. Available from: Available from www.handbook.
cochrane.org.
Sherrington C, Fairhall N, Wallbank G, Tiedemann A, Michaleff ZA, Howard K,
et al. Exercise for preventing falls in older people living in the community:
an abridged Cochrane systematic review. Br J Sports Med. 2019.
Lamb SE, Becker C, Gillespie LD, Smith JL, Finnegan S, Potter R, et al.
Reporting of complex interventions in clinical trials: development of a
taxonomy to classify and describe fall-prevention interventions. Trials. 2011;
12:125.
Higgins JPT, Green S. Cochrane Collaboration. Cochrane handbook for
systematic reviews of interventions, vol. xxi. Chichester and Hoboken: WileyBlackwell; 2011. p. 649.
Schünemann HJOA, Higgins JP, Vist GE, Glasziou P, Akl E, on behalf of the
Cochrane GRADEing Methods Group (formerly Applicability and
Recommendations Methods Group) and the Cochrane Statistical Methods
Group, et al. Chapter 11: Completing ‘Summary of findings’ tables and
grading the confidence in or quality of the evidence. In: Cochrane
handbook for systematic reviews of interventions [internet]. The Cochrane
Collaboration; 2017.
Norway C. How to write a plain language summary of a Cochrane
intervention review 2017 [Available from: https://www.cochrane.no/howwrite-plain-language-summary.
Review Manager (Revman) [Computer program]. Version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration. 2014.
Harbord RM, Higgins JP. Meta-regression in Stata. Stata J. 2008;8:493–1519.
Arkkukangas M, Johnson ST, Hellstrom K, Soderlund A, Eriksson S, Johansson
AC. A feasibility study of a randomised controlled trial comparing fall
prevention using exercise with or without the support of motivational
interviewing. Prev Med Rep. 2015;2:134–40.
Arkkukangas M, Johnson ST, Hellstrom K, Anens E, Tonkonogi M, Larsson U.
Fall prevention exercises with or without behavior change support for
community-dwelling older adults: a two-year follow-up of a randomized
controlled trial. J Aging Phys Act. 2019:1–26.
Tricco AC, Thomas SM, Veroniki AA, Hamid JS, Cogo E, Strifler L, et al.
Comparisons of interventions for preventing falls in older adults: a
systematic review and meta-analysis. JAMA. 2017;318(17):1687–99.
Lamb SE, Jorstad-Stein EC, Hauer K, Becker C. Prevention of falls network E,
outcomes consensus G. development of a common outcome data set for
fall injury prevention trials: the prevention of falls network Europe
consensus. J Am Geriatr Soc. 2005;53(9):1618–22.
Bull FC, Al-Ansari SS, Biddle SBK, Buman MP, Cardon G, Carty C, Chaput JP,
Chastin S, Chou R, Dempsey PC, DiPietro L, Ekelund U, Firth J, Friedenreich
C, Garcia L, Gichu M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann M, Milton
K, Ortega FB, Ranasinghe C, Stamatakis E, Tiedemann A, Troiano RP, van der
Ploeg HP, Willumsen JF. World Health Organization 2020 guidelines on
physical activity and sedentary behaviour. Bri J Sports Med (In Press,
November 2020. https://doi.org/10.1136/bjsports-2020-102955.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

