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ABSTRACT

Introduction There is strong evidence that exercise
prevents falls in community-dwelling older people. This
review summarises trial and participant characteristics,
intervention contents and study quality of 108 randomised
trials evaluating exercise interventions for falls prevention
in community-dwelling older adults.

Methods MEDLINE, EMBASE, CENTRAL and three other
databases sourced randomised controlled trials of exercise
as a single intervention to prevent falls in community-
dwelling adults aged 60+ years to May 2018.

Results 108 trials with 146 intervention arms and 23
407 participants were included. Trials were undertaken

in 25 countries, 90% of trials had predominantly female
participants and 56% had elevated falls risk as an
inclusion criterion. In 72% of trial interventions attendance
rates exceeded 50% and/or 75% of participants attended
50% or more sessions. Characteristics of the trials within
the three types of intervention programme that reduced
falls were: (1) balance and functional training interventions
lasting on average 25 weeks (IQR 16-52), 39% group
based, 63% individually tailored; (2) Tai Chi interventions
lasting on average 20 weeks (IQR 15-43), 71% group
based, 7% tailored; (3) programmes with multiple types of
exercise lasting on average 26 weeks (IQR 12-52), 54%
group based, 75% tailored. Only 35% of trials had low risk
of bias for allocation concealment, and 53% for attrition
bias.

Conclusions The characteristics of effective exercise
interventions can guide clinicians and programme
providers in developing optimal interventions based on
current best evidence. Future trials should minimise likely
sources of bias and comply with reporting guidelines.

INTRODUCTION

Falls are a significant cause of mortality
and can cause serious morbidity such
as fracture and head injury in older
adults.' * Falls substantially reduce the
mobility and confidence of older people and
impose a significant economic and social
burden to society.”* Approximately one-third

What is already known

» Previous systematic reviews concluded exercise as
a single intervention prevents falls in community-
dwelling older adults.

» Evidence-based practice requires clinicians and ser-
vice providers to interpret, evaluate, adapt and inte-
grate findings from clinical trials into their practice
and policies.

» Clinical trials of exercise intervention are heteroge-
neous in terms of participant characteristics, com-
pliance, intervention content and risk of bias.

What are the new findings

» A diversity of effective exercise interventions are
available, offering clinicians an opportunity to im-
plement shared decision-making with their patients.

» Promotion of long-term exercise is needed.

» Existing trials are prone to performance and ascer-
tainment bias, which impedes the implementation of
evidence-based medicine.

» Further research is needed for interventions target-
ing males as well as low-income countries.

of people aged above 65 years living in the
community fall each year* and the incidence
and healthcare cost associated with falls will
increase with the ageing population.5 Thus,
there is an urgent need for effective falls
prevention strategies to be implemented.
Systematic reviews concluded that exer-
cise programmes can reduce the rate of
falls and risk of falling in community-
dwelling older adults.®® In addition, two
Cochrane systematic reviews concluded the
falls prevention effect of stand-alone exer-
cise interventions is similar to multifaceted
interventions.” ¢ Translating the research
findings from stand-alone exercise inter-
vention trials into clinical practice would
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therefore be a beneficial and potentially cost-effective

public health solution to falls in community-dwelling

older adults."’

Our recent Cochrane Review, including 108 trials,
co-published in the British Jowrnal of Sports Medicine,"
evaluated the effect of exercise on falls in people aged
60+ living in the community. Exercise interventions that
reduced falls involved primarily balance and functional
exercise (reduced fall rate by 24%, 95% CI 19% to 35%),
Tai Chi (reduced fall rate by 19%, 95% CI 1% to 33%) or
multiple exercise components, usually including balance
and strength training (reduced fall rate by 34%, 95% CI
12% to0 50%).°

Evidence-based practice requires clinicians to inter-
pret, evaluate, adapt and integrate findings from clinical
trials into their practice and policies.12 This is challenging
with fall prevention trials, due to heterogeneity in partic-
ipant characteristics and intervention content. Clinicians
must consider whether results are generalisable to their
patient population, by reviewing the type of exercise,
duration, group-based versus individualised delivery and
level of supervision provided."”” Considering participant
adherence to intervention programmes also facilitates
judgement on intervention effectiveness and accept-
ability.'* Assessment of risk of bias in a trial will also
inform its validity.

Describing and understanding the characteristics of
the trials included in the Cochrane Review® evaluating
the effectiveness of exercise on falls prevention, especially
those studies contributing to effective intervention types,
will guide evidence-based practice and future research.
This paper aims to describe the following, in randomised
controlled trials (RCT) of exercise as a single interven-
tion for falls prevention in community-dwelling adults
aged 60 years and older:

1. Trial and participant characteristics.

2. Components of exercise programmes that prevent
falls (exercise type, duration and hours of interven-
tion, delivery mode, level of supervision, tailored in
intensity or type).

3. Risk of bias.

METHODS

Searches

MEDLINE, EMBASE, CINAHIL, Cochrane Bone,
Joint and Muscle Trauma Group Specialised Register,
the Cochrane Central Register of Controlled Trials
(CENTRAL) and the Physiotherapy Evidence Database
(PEDro; http://www.pedro.org.au/) were searched
from inception to 2 May 2018. The full search strategy is
reported in detail in the Cochrane Review protocol”’ and
the search terms are included in online supplementary
material A. The reference lists of previously published
systematic reviews were screened and trial authors were
contacted to identify additional studies.

Selection of studies

The detailed methodology for selection of studies was
described in the Cochrane Review protocol.15 In brief,
RCTs, individual or cluster randomised, evaluating the
effect of exercise interventions on falls in older people
living in the community were included. Eligible trials had
exercise as a single intervention with the mean age minus
1 SD of the participants being greater than 60 years.
Eligible trials reported either number or rate of falls.
Trials using quasirandomisation were excluded. Studies
were excluded if the target population had specified clin-
ical conditions impacting falls, for example, dementia,
stroke, Parkinson’s disease, multiple sclerosis, hip frac-
ture and severe visual impairment.

The title, abstract and descriptors of identified studies
were screened independently by pairs of review authors
(ZAM, AT, NF, CS). From full text, the same two review
authors (ZAM, AT, NF, CS) independently assessed each
potentially eligible article with disagreements resolved
through discussion. If needed, trial authors were
contacted for additional information.

Data extraction

A pretested data extraction form based on an earlier
Cochrane Review’ was used by pairs of review authors
(ZAM, AT, NF, CS, GW, CAN) to independently extract
data from all included trials. Disagreements were resolved
through discussion. Review authors did not assess their
own trials.

The items extracted from the trials included trial and
participant characteristics (sample size at randomisa-
tion, trial location, age, gender, falls risk at enrolment,
inclusion criteria related to falls, compliance) and
intervention components (exercise type, duration of
intervention, hours of intervention, delivery mode, level
of supervision, tailored initially, progressed based on
individual assessment, tailored in intensity or type). Falls
risk at enrolment was classified as high if the trial’s inclu-
sion criteria were based on specific fall risk factors such
as previous falls, poor balance, recent hospitalisation,
reduced lower strength, poor mobility, use of mobility
aids, frail, prolonged bed rest, recent rehabilitation, func-
tional limitation and all participants greater than age 80.
Compliance was classified as good if the attendance rate
exceeded 50% and/or 75% or more of the participants
attended 50% or more sessions. The intervention type was
classified based on taxonomy developed by the Preven-
tion of Falls Network Europe (ProFaNE)'®: balance,
functional (task) and gait training; strengthening or
resistance training; flexibility training; three-dimensional
exercise (including Tai Chi and dance); general physical
activity; endurance; and other exercises.

The methods for the estimate of the pooled treatment
effect of exercise and the application of the Grading
of Recommendations Assessment, Development and
Evaluation system to establish certainty of evidence are
described in detail in the Cochrane Review.”
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Risk of bias of studies

Risk of bias was assessed independently by pairs of review
authors (ZAM, AT, GW, NF) not blind to the trial authors
or sources, using the Cochrane Risk of Bias tool."” The
criteria were: sequence generation; allocation conceal-
ment; blinding of participants and personnel; blinding
of outcome assessment; incomplete outcome data; selec-
tive reporting; and ascertainment bias. Disagreements
were resolved through discussion. Review authors did not
assess their own trials.

RESULTS

The search returned 4006 records, of which 108 trials
involving 23 407 participants were eligible for inclusion
(figure 1)."® The characteristics of the 108 included

trials are summarised in online supplementary material
B 1019-125

Trial and participant characteristics
The sample size ranged from 20% to 1635 participants.*
The included trials were undertaken in 25 countries

7
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= Trials included in review
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Figure 1
study selection process. RCT, randomised controlled trial.

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram'® summarising the

Ng CACM, et al. BMJ Open Sp Ex Med 2019;5:e000663. doi:10.1136/bmjsem-2019-000663


https://dx.doi.org/10.1136/bmjsem-2019-000663
https://dx.doi.org/10.1136/bmjsem-2019-000663

Open access

Number of trials

|
19

Figure 2 Number of trials by country. Note: There are three multinational trials not included on the map: Australia and New

Zealand by Latham et al”%;

by Mirelman et al.®

(figure 2). The highest number of trials took place in
Australia (19/108, 18%), followed by the USA (18/108,
17%), Japan (11/108, 10%) and the UK (7/108, 6%).
There were three multinational trials.* " * The mean
participant age in the reviewed trials ranged from 65
to 88 years old. Ninety-seven (90%) trials had predom-
inantly female participants; 28 (26%) trials were made
up of entirely female participants with only one trial'"
testing their intervention specifically on the male popu-
lation. Sixty (56%) trials had elevated fall risk as an
inclusion criterion, which was assessed as falls history (33
trials, 31%); poor balance (13 trials, 12%); poor mobility
or use of mobility aid (4 trials, 4%); lower limb weakness
(3 trials, 3%); functional limitation (3 trials, 3%); age
greater than 80 years (3 trials, 3%); recent rehabilitation
(2 trials, 2%); and 1 (1%) each for frail and prolonged
bed rest, respectively. Fourteen of the trials had multiple
inclusion criteria. Seventy-eight (72%) trials satisfied
the criteria of good compliance with attendance rate
exceeding 50% and/or 75% or more of the participants
attending 50% or more sessions.

Intervention content and characteristics

There were 146 intervention arms in the 108 included
trials. Using the ProFaNE taxonomy the primary inter-
vention component was balance and functional exercise
in 79 (54%) intervention arms; three-dimensional
exercise (Tai Chi) in 16 (11%) intervention arms; and
multiple categories of exercise in 34 (23%) intervention

Australia, Spain and Germany by Gschwind et a

/*°; Belgium, Israel, Italy, the Netherlands and the UK

arms (the majority of these (n=19, 51%) included
balance and functional exercise in addition to resistance
exercise). These primary categories of exercise interven-
tion significantly reduced falls in the Cochrane Review®
and the intervention characteristics are described in
online supplementary material C. The remaining types
of primary intervention, which did not significantly
reduce falls, are described in online supplementary
material D: strength or resistance training, 11 (8%)
intervention arms; flexibility training, 1 (1%) interven-
tion arm; general physical activity, 5 (3%) intervention
arms. No intervention included endurance exercise as
the primary component. The duration of the interven-
tions varied from 2 to 130 weeks, with a median of 25
weeks (IQR 12-52) while 75 (51%) interventions lasted
less than 24 weeks. The total hours of intervention varied
from 6 to 1086 hours, with a median of 44 hours (IQR
24-87). There were 72 (49%) group-based interventions,
15 (10%) supervised individual-based interventions, 29
(20%) intervention arms were unsupervised individual
exercise and 30 (21%) interventions were a mixture of
group-based and individual exercise. The participant
to instructor ratio was not clearly reported in 65 (45%)
intervention arms. Of the 82 interventions that reported,
29 were not supervised, 15 had one-on-one intervention
and 8 interventions had more than 10 participants per
instructor. Eighty-one (55%) intervention arms were
tailored to the individual initially and intervention was
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progressed based on individual assessment in 86 (59%)
interventions. Ninety-three (64%) interventions were
tailored in intensity or type.

Characteristics of studies where the primary exercise
components wasere balance, functional and gait training
Compared with control, balance and functional exer-
cises reduced the rate of falls by 24% (rate ratio 0.76,
95% CI 0.70 to 0.81; 7920 participants, 39 studies; high-
certainty evidence). The median programme duration
was 25 weeks (IQR 16-52). The median total hours of
exercise was 52 hours (IQR 24-92). Twenty (39%) of
the intervention arms were delivered in a group setting,
3 (6%) provided supervision to individuals, 15 (29%)
were individually unsupervised and 13 (25%) involved
a combination of group-based and individual exercise.
In 20 (39%) interventions the participant-to-instructor
ratio was not clearly reported. Of the 31 interventions,
three had more than 10 participants per instructor. In
29 (57%) arms, the intervention was tailored to the indi-
vidual initially and intervention was progressed based on
individual assessment in 30 (59%) interventions. Thir-
ty-two (63%) interventions were tailored in intensity or
type and the remaining 19 (37%) were not tailored.

Characteristics of studies where the primary exercise
component was Tai Chi

Compared with control, Tai Chi reduced the rate of falls
by 19% (rate ratio 0.81, 95% CI 0.67 to 0.99; 2655 partic-
ipants, 7 studies; low-certainty evidence). The median
programme duration was 20 weeks (IQR 15-43), with a
median of 45 total hours of exercise (IQR 40-80). Tai
Chi was delivered in a group in 10 (71%) intervention
arms, delivered individually with supervision in 1 (7%)
arm, individually without supervision in 1 (7%) arm; and
with a combination of individual and group delivery in
2 (14%) arms. There was 1 (7%) intervention with one-
on-one supervision and 7 (50%) interventions where the
participant-to-instructor ratio was not clearly reported.
Five Tai Chi intervention arms had more than 10 partic-
ipants per instructor. None of the Tai Chi programmes
were tailored to the individual initially and 1 (7%) inter-
vention was progressed based on individual assessment.
One (7%) intervention was tailored in intensity or type
and the remaining 13 (93%) were not.

Characteristics of studies which involved multiple types of
exercise

Multiple types of exercise (most commonly balance and
functional exercises plus resistance exercises) reduced
the rate of falls by 34% (rate ratio 0.66, 95% CI 0.50 to
0.88; 1374 participants, 11 studies; moderate-certainty
evidence). The median programme duration was 25.5
weeks (IQR 12-52) and the median total hours of
exercise was 54 hours (IQR 44-91). In 13 (54%) inter-
vention arms, the multitype intervention was delivered
in a group; in 5 (21%) arms, it was delivered individ-
ually without supervision; and in 6 (25%) there was a

combination of individual and group delivery. There
was 0 intervention with one-on-one supervision and 13
(54%) interventions where the participant-to-instructor
ratio was not clearly reported. No interventions had
more than 10 participants per instructor. The interven-
tion was tailored to the individual initially in 18 (75%)
and intervention was progressed based on individual
assessment in 17 (71%) of interventions. Eighteen
(75%) interventions were tailored in intensity or type
and the remaining 5 (21%) were not tailored.

Components of studies in categories of exercise not found to
prevent falls

The characteristics of studies in categories of exercise not
found to be effective in preventing falls are outlined in
online supplementary material D.

Risk of bias assessment

The summary of risk of bias is displayed in online supple-
mentary material E. With regard to allocation, risk of
selection bias for sequence generation was low in 67%
(72/108) of the included trials, and unclear in the
remaining 33% (36,/108). Risk of selection bias for allo-
cation concealment was low in 35% (38/108) of trials,
high in 5% (5/108) and unclear in the remaining 60%
(65/108). For blinding, participants and personnel deliv-
ering the intervention were potentially aware of their
allocation status and falls were self-reported. The risk
of performance bias (for blinding of participants and
personnel) was low in 5% (5/108) of trials, high in 6%
(6/108) and the remaining 89% (97/108) were unclear.
The risk of detection bias (for ascertainment of falls) was
low in 40% (43/108) of trials, high in 21% (23/108) and
unclear in the remaining 39% (42/108). Risk of attrition
bias, which may arise from incomplete outcome data,
was low in 53% (57/108) of trials, high in 27% (29/108)
and unclear in the remaining 20% (22/108). The risk of
bias for selective outcome data was low in 12% (13/108)
of trials, high in 48% (52/108) and unclear in the
remaining 40% (43/108). The risk of ascertainment bias
was low in 58% (63,/108) of trials, high in 27% (29,/108)
and unclear in the remaining 15% (16/108).

DISCUSSION

A variety of clinical trials of exercise as a single interven-
tion for falls prevention in community-dwelling older
people have been published. There are clear implications
for practice and research. Descriptions of the characteris-
tics of exercise programmes that contributed to effective
intervention types may guide clinicians in developing
optimal programmes for their patients. Identification of
gaps and methodological flaws in fall prevention studies
will guide future research.

In summary, most trials took place in developed coun-
tries, involved a wide age range and predominantly
comprised female participants. Most trial populations
had higher risk of falls, indicated by history of falls,
poor balance, recent hospitalisation or poor mobility as

Ng CACM, et al. BMJ Open Sp Ex Med 2019;5:e000663. doi:10.1136/bmjsem-2019-000663 5


https://dx.doi.org/10.1136/bmjsem-2019-000663
https://dx.doi.org/10.1136/bmjsem-2019-000663
https://dx.doi.org/10.1136/bmjsem-2019-000663

inclusion criteria. Adherence to exercise was suboptimal.
Balance and functional exercises were the most common
primary intervention and had the greatest effect on falls.
The duration and hours of intervention varied. While
most interventions were group based and tailored to
the individuals, the level of supervision was not clearly
reported. Furthermore, the majority of trials did not
clearly report allocation concealment and blinding of
participants and personnel.

Implications for practice

Within the effective interventions, involving balance and
functional exercises, Tai Chi and multiple types of exercise
(typically incorporating balance and strength exercises),
there are different ways the interventions can be deliv-
ered. Clinicians and exercise programme providers need
to note the characteristics of trials that contributed to fall
prevention effects, and work with patients to establish the
most suitable exercise programme for the individual.'*®

The updated Cochrane Review® is consistent with
previous systematic reviews’ ' '*’ that identified greater
falls prevention effects from exercise programmes that
challenge balance. This element was present in all the
effective interventions: balance and functional training,
Tai Chi and multiple types of exercise. Challenge to
balance can be achieved by progressively reducing
the base of support, removing upper limb support
and moving the centre of gravity to challenge balance.
Strength training alone did not prevent falls, however
when included in a programme with balance training, a
fall prevention effect was evident. This is consistent with
previous research that recommend exercise programmes
targeting falls may include strength training in addition
to balance training.®'?’

For exercise to be effective a sufficient intensity and
duration of exercise is required. In the trials with inter-
ventions classified primarily as balance and functional
training, the median intervention duration was 6 months,
with a total of 52 hours (approximately 2 hours per week).
In trials with interventions classified primarily as Tai Chi,
the median duration was 4 months, with a total of 45 hours
(approximately 2.8 hours per week). For trials with inter-
ventions that included multiple primary components,
the median intervention duration was 6 months, with a
total of 54 hours. This is less than the 3 hours of exercises
per week recommended for falls prevention, following a
previous systematic review with meta-regression.’ In addi-
tion, ongoing exercise is needed to maintain the falls
prevention benefit of exercise.® The trial nature of these
programmes limited their duration and clinicians need
to discuss strategies with their patients to keep them exer-
cising in the long term.

The Cochrane Review found there may be no differ-
ence in the effect of exercise on the rate of falls where
interventions were delivered in a group setting compared
with trials where interventions were delivered individu-
ally.® In the effective intervention types, home-based
interventions were frequently delivered as, or based on,

the Otago Exercise Program. Home-based interventions,
or group-based interventions with less than 10 partici-
pants, were mostly tailored in type or progression. For
home-based programmes, the instructor usually makes
an initial home visit to the participant’s residence to indi-
vidually tailor the programme, with follow-up sessions for
assessment and progression. For the group-based inter-
vention, an instructor may adjust the individual’s tasks
within a predefined programme. On the other hand,
most group interventions with more than 10 participants
per instructor were not tailored to individuals. Clinicians
need to balance the increased social support and adher-
ence from supervised group-based intervention with
the sustainable self-motivation for exercise from indi-
vidualised home-based intervention." '** Interventions
combining both delivery modes have the potential to
provide the benefit from both sides.

Optimising adherence is another important consid-
eration during design and implementation of an
intervention programme.'” Given the suboptimal level
of compliance, clinicians should therefore incorporate
effective strategies to promote adherence such asinvolving
the patients in shared decision-making, goal setting and
framing the interventions as life enhancing.'** '’

There is sufficient evidence available to support the
use of exercise to prevent falls, providing clinicians
an opportunity to implement evidence-based shared
decision-making. Evidence-based medicine requires clini-
cians to integrate the evidence with patient preferences.'”!
A decision aid could be developed to help clinicians and
patients aware of the options and programmes available
to them in the area.'”

Implications for research
Several areas of deficiency in the arena of falls preven-
tion research were identified in this review. There is a
lack of clinical trials investigating the effect of exercise in
preventing falls from the African continent and China,
areas that represent a significant proportion of older
adults in the world and are ageing rapidly.'™ Low and
middle-income countries and low-income countries are
also underrepresented, presenting a barrier in trans-
lating cost-effective exercise interventions to clinicians
in these countries.'? Furthermore, exercise intervention
trials that specifically target males are lacking with only
one trial available. While the risk and incidence offalls are
greater in females, the mortality rate due to falls is higher
for males, suggesting more clinical trials for men are
needed in preventing particular circumstances of falls.'**
There was insufficient research evaluating programmes
containing primarily flexibility and endurance exercise
and little research evaluating only resistance training
and only walking programmes. Finally, there is a need
for cost-effectiveness analysis to investigate any economic
benefit of home-based or individually tailored interven-
tions for falls prevention.

Risk of bias and deviation of clinical trials from study
design and reporting guidelines reduces their credibility.
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The reporting of a substantial number of trials did not
meet the standards of the Consolidated Standards of
Reporting Trials statement,'™ for example, one-third
omitted a sufficient description of randomisation and
almost two-thirds did not describe allocation conceal-
ment. Due to the nature of exercise interventions, it is
extremely difficult to blind the participants or personnel.
This amplifies the need to minimise the risk of ascertain-
ment bias (bias in the recall of falls due to unreliable
methods of ascertainment); yet 42% did not satisfy
the criteria for low risk. Falls are under-reported when
data are collected on a three monthly basis, compared
with daily."® To minimise bias, the ascertainment of
falls should follow the ProFaNE consensus'”’ of daily
recording of falls using falls calendars and monthly
follow-up analysis performed by researchers blind to
participants’ allocation. Almost half of the studies did
not report participant-to-instructor ratio; consistent
reporting guidelines on the level of supervision should
be promoted. Evidence-based medicine is the imple-
mentation of high-quality evidence in clinical practice'’;
however, if the presentation of the evidence is not of high
quality, then it would impede the utilisation of the find-
ings by clinicians. Therefore, quality study methodology
and satisfaction of the reporting guidelines should be
promoted.

This report has limitations. This review did not include
trials specifically recruiting older adults with dementia,
stroke, Parkinson’s disease, multiple sclerosis or hip
fracture. While these conditions are associated with
a higher risk of falls, the effect of exercise on falls in
these populations has been covered previously'™ '™ and
we aim to make the study results generalisable to the
community-dwelling older people. Exercise as part of a
multicomponent intervention was excluded from this
review as this is covered elsewhere.” Coding of interven-
tion type was limited to the information available in the
papers or provided by the authors, which may be inac-
curate. Multiple databases were searched and studies
published in language other than English were included
in an effort to minimise publication bias. More research
is needed for categories of interventions not found to
prevent falls and readers should be cautious to interpret
it as ‘no evidence of effect’ rather than ‘evidence of no
effect’.

CONCLUSION

This review identified the diversity of trials that evaluate
the effect of exercise on falls in community-dwelling
older people, in terms of participants’ age and baseline
fall risk, intervention type, duration and delivery mode.
Implications for clinicians include implementing
balance challenging exercise programmes, of adequate
duration, in a setting optimal for the patient, with strat-
egies to promote exercise uptake. Further research is
needed regarding exercise for fall prevention in low-
income countries and in males. Future trials should
minimise bias, comply with reporting guidelines and

report factors relevant to facilitating translation to clin-
ical practice.
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