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ABSTRACT

Background

At least one-third of community-dwelling people over 65 years of age fall each year. Exercises that target balance, gait and muscle
strength have been found to prevent falls in these people. An up-to-date synthesis of the evidence is important given the major long-term
consequences associated with falls and fall-related injuries

Objectives

To assess the effects (benefits and harms) of exercise interventions for preventing falls in older people living in the community.

Search methods

We searched CENTRAL, MEDLINE, Embase, three other databases and two trial registers up to 2 May 2018, together with reference checking
and contact with study authors to identify additional studies.

Selection criteria

We included randomised controlled trials (RCTs) evaluating the effects of any form of exercise as a single intervention on falls in people
aged 60+ years living in the community. We excluded trials focused on particular conditions, such as stroke.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. Our primary outcome was rate of falls.

Main results

We included 108 RCTs with 23,407 participants living in the community in 25 countries. There were nine cluster-RCTs. On average,
participants were 76 years old and 77% were women. Most trials had unclear or high risk of bias for one or more items. Results from four
trials focusing on people who had been recently discharged from hospital and from comparisons of different exercises are not described
here.

Exercise (all types) versus control

Exercise for preventing falls in older people living in the community (Review) 1
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Eighty-one trials (19,684 participants) compared exercise (all types) with control intervention (one not thought to reduce falls). Exercise
reduces the rate of falls by 23% (rate ratio (RaR) 0.77,95% confidence interval (Cl) 0.71 to 0.83; 12,981 participants, 59 studies; high-certainty
evidence). Based on an illustrative risk of 850 falls in 1000 people followed over one year (data based on control group risk data from the 59
studies), this equates to 195 (95% Cl 144 to 246) fewer falls in the exercise group. Exercise also reduces the number of people experiencing
one or more falls by 15% (risk ratio (RR) 0.85, 95% Cl 0.81 to 0.89; 13,518 participants, 63 studies; high-certainty evidence). Based on an
illustrative risk of 480 fallers in 1000 people followed over one year (data based on control group risk data from the 63 studies), this equates
to 72 (95% CI 52 to 91) fewer fallers in the exercise group. Subgroup analyses showed no evidence of a difference in effect on both falls
outcomes according to whether trials selected participants at increased risk of falling or not.

The findings for other outcomes are less certain, reflecting in part the relatively low number of studies and participants. Exercise may
reduce the number of people experiencing one or more fall-related fractures (RR 0.73, 95% Cl 0.56 to 0.95; 4047 participants, 10 studies;
low-certainty evidence) and the number of people experiencing one or more falls requiring medical attention (RR 0.61, 95% Cl 0.47 to 0.79;
1019 participants, 5 studies; low-certainty evidence). The effect of exercise on the number of people who experience one or more falls
requiring hospital admission is unclear (RR 0.78, 95% CI 0.51 to 1.18; 1705 participants, 2 studies, very low-certainty evidence). Exercise
may make little important difference to health-related quality of life: conversion of the pooled result (standardised mean difference (SMD)
-0.03,95% Cl-0.10 to 0.04; 3172 participants, 15 studies; low-certainty evidence) to the EQ-5D and SF-36 scores showed the respective 95%
Cls were much smaller than minimally important differences for both scales.

Adverse events were reported to some degree in 27 trials (6019 participants) but were monitored closely in both exercise and control groups
in only one trial. Fourteen trials reported no adverse events. Aside from two serious adverse events (one pelvic stress fracture and one
inguinal hernia surgery) reported in one trial, the remainder were non-serious adverse events, primarily of a musculoskeletal nature. There
was a median of three events (range 1 to 26) in the exercise groups.

Different exercise types versus control

Different forms of exercise had different impacts on falls (test for subgroup differences, rate of falls: P = 0.004, 1> = 71%). Compared with
control, balance and functional exercises reduce the rate of falls by 24% (RaR 0.76, 95% C1 0.70 to 0.81; 7920 participants, 39 studies; high-
certainty evidence) and the number of people experiencing one or more falls by 13% (RR 0.87, 95% CI 0.82 to 0.91; 8288 participants, 37
studies; high-certainty evidence). Multiple types of exercise (most commonly balance and functional exercises plus resistance exercises)
probably reduce the rate of falls by 34% (RaR 0.66, 95% CI 0.50 to 0.88; 1374 participants, 11 studies; moderate-certainty evidence) and the
number of people experiencing one or more falls by 22% (RR 0.78, 95% Cl 0.64 to 0.96; 1623 participants, 17 studies; moderate-certainty
evidence). Tai Chi may reduce the rate of falls by 19% (RaR 0.81, 95% Cl 0.67 to 0.99; 2655 participants, 7 studies; low-certainty evidence)
as well as reducing the number of people who experience falls by 20% (RR 0.80, 95% CI 0.70 to 0.91; 2677 participants, 8 studies; high-
certainty evidence). We are uncertain of the effects of programmes that are primarily resistance training, or dance or walking programmes
on the rate of falls and the number of people who experience falls. No trials compared flexibility or endurance exercise versus control.

Authors' conclusions

Exercise programmes reduce the rate of falls and the number of people experiencing falls in older people living in the community (high-
certainty evidence). The effects of such exercise programmes are uncertain for other non-falls outcomes. Where reported, adverse events
were predominantly non-serious.

Exercise programmes that reduce falls primarily involve balance and functional exercises, while programmes that probably reduce falls
include multiple exercise categories (typically balance and functional exercises plus resistance exercises). Tai Chi may also prevent falls
but we are uncertain of the effect of resistance exercise (without balance and functional exercises), dance, or walking on the rate of falls.

PLAIN LANGUAGE SUMMARY

Exercise for preventing falls in older people living in the community
Background

At least one-third of community-dwelling people over 65 years of age fall each year. Exercises that target balance, gait and muscle strength
have previously been found to prevent falls in these people.

Review aim
To assess the effects (benefits and harms) of exercise interventions for preventing falls in older people living in the community.
Search date

We searched the healthcare literature for reports of randomised controlled trials relevant to this review up to 2 May 2018. In such studies,
people are allocated at random to receive one of two or more interventions being compared in the study. Leaving group allocation to
chance helps ensure the participant populations are similar in the intervention groups.

Exercise for preventing falls in older people living in the community (Review) 2
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Study characteristics

This review includes 108 randomised controlled trials with 23,407 participants. These were carried out in 25 countries. On average,
participants were 76 years old and 77% were women.

Certainty of the evidence

The majority of trials had unclear or high risk of bias, mainly reflecting lack of blinding of trial participants and personnel to the
interventions. This could have influenced how the trial was conducted and outcome assessment. The certainty of the evidence for the
overall effect of exercise on falls was high. Risk of fracture, hospitalisation, medical attention and adverse events were not well reported
and, where reported, the evidence was low- to very low-certainty. This leads to uncertainty regarding drawing conclusions from the
evidence for these outcomes.

Key results

Eighty-one trials compared exercise (all types) versus a control intervention that is not thought to reduce falls in people living in the
community (who also had not recently been discharged from hospital). Exercise reduces the number of falls over time by around one-
quarter (23% reduction). By way of an example, these data indicate that if there were 850 falls in 1000 people followed over one year,
exercise would result in 195 fewer falls. Exercise also reduces the number of people experiencing one or more falls (number of fallers)
by around one-sixth (15%) compared with control. For example, if there were 480 fallers who fell in 1000 people followed over one year,
exercise would result in 72 fewer fallers. The effects on falls were similar whether the trials selected people who were at an increased risk
of falling or not.

We found exercise that mainly involved balance and functional training reduced falls compared with an inactive control group. Programmes
involving multiple types of exercise (most commonly balance and functional exercises plus resistance exercises) probably reduced falls,
and Tai Chi may also reduce falls. We did not find enough evidence to determine the effects of exercise programmes classified as being
mainly resistance exercises, dance, or walking programmes. We found no evidence to determine the effects of programmes that were
mainly flexibility or endurance exercise.

There was considerably less evidence for non-fall outcomes. Exercise may reduce the number of people experiencing fractures by over
one-quarter (27%) compared with control. However, more studies are needed to confirm this. Exercise may also reduce the risk of a fall
requiring medical attention. We did not find enough evidence to determine the effects of exercise on the risk of a fall requiring hospital
admission. Exercise may make very little difference to health-related quality of life. The evidence for adverse events related to exercise was
also limited. Where reported, adverse events were usually non-serious events of a musculoskeletal nature; exceptionally one trial reported
a pelvic stress fracture and a hernia.

Exercise for preventing falls in older people living in the community (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings: exercise (all types) versus control (e.g. usual activities)

Exercise (all types) versus control (e.g. usual activities) for preventing falls in older people living in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)

Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care

Intervention: Exercise of all types?

Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% ClI) (95% ClI) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Control Exercise (all
types)
Rate of falls All studies population Rateratio 0.77 12,981 DOBD Overall, there is a reduction of 23% (95% CI 17% to 29%)
(falls per per- (59 RCTs) highe in the number of falls
son-years) 850 per1000c  655per1000  (0.71t00.83)d .
(604 to 706) Guide to the data:
Follow-up:
range 3 to 30 L If 1000 people were followed over 1 year, the number of
months Not selected for high risk popula- falls in the overall population would be 655 (95% Cl 604
tion to 706) compared with 850 in the group receiving usual
care or attention control.
605 per 1000¢ 466 per 1000 In the unselected population, the corresponding data
(430 to 503) are 466 (95% CI 430 to 503) compared with 605 in the
group receiving usual care or attention control.
Selected for high risk population In the selected higher-risk population, the correspond-
ing data are 924 (95% CI 852 to 996) compared with 1200
1200 per 1000¢ 924 per 1000 in the control group
(852 to 996)
Number of peo-  All studies population RR 0.85 13,518 ot teYes) Overall, there is a reduction of 15% (95% Cl 11% to 19%)
ple who expe- (0.81 t0 0.89)8 (63 RCTSs) highe in the number of people who experienced one or more

rienced one or
more falls

408 per 1000
(389 to 428)

480 per 1000f

falls

Guide to the data:
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Follow-up:
range 3to 25
months

Not selected for high risk popula-
tion

323 per 1000
(308 to 339)

380 per 1000f

Selected for high risk population

If 1000 people were followed over 1 year, the number
of people who experienced one or more falls in the un-
selected population would be 408 (95% Cl 389 to 428)
compared with 480 in the group receiving usual care or
attention control.

In the unselected population, the corresponding data
are 323 (95% CI 308 to 339) compared with 380 in the
group receiving usual care or attention control.

In the selected higher-risk population, the correspond-

500 per 1000f 425 per 1000 ing data are 425 (95% CI 405 to 445) compared with 500
(405 to 445) in the control group.

Number of peo-  All studies populationh RR0.73 (0.56 4047 BDOO Overall, there may be a reduction of 27% (95% CI 5% to

ple who expe- to 0.95) (10 RCTs) lowi 44%) in the number of people who experienced one or

rienced one or 64 per 1000 47 per 1000 more fall-related fractures

more fall-relat- 36t0 61

ed fractures ( ) Guide to the data:

Follow-up: If 1000 people were followed over 1 year, the number of

range 4 to 42 people who experienced one or more fall-related frac-

months tures may be 47 (95% Cl 36 to 61) compared with 64 in
the control group

Number of peo-  All studies populationh RR0.78 (0.51 1705 PO The evidence is very low certainty, hence we are uncer-

ple who expe- to 1.18) very low] tain of the findings of a reduction of 22% (95% CI 49%

rienced one of 57 per 1000 45 per 1000 (2RCTs) reduction to 18% increase) in the number of people who

more falls that (29 to 68) experienced one or more falls that required hospital ad-

resulted in hos- mission. Of note is that the 95% Cl includes the possibili-

pital admission ty of both reduced and increased hospitalisation.

Follow-up: Guide to the data:

range 3 to 42

months If 1000 people were followed over 1 year, the number of
people who experience one or more falls that required
hospital admission in the general risk population may
be 45 (95% CI 30 to 68) compared with 57 in the group
receiving usual care or attention control

Number of peo-  All studies populationh RR0.61 (0.47 1019 GBOO Overall, there may be a reduction of 39% (95% CI 21% to

ple who expe- t0 0.79) lowk 53%) in the number of people who experienced one or

rienced one or
more falls that
required med-
ical attention.

211 per 1000 129 per 1000

(100 to 167)

(5RCTs)

more falls that required medical attention
Guide to the data:

If 1000 people were followed over 1 year, the number of
people who experienced one or more falls that required
medical attention may be 129 (95% CI 100 to 167) com-
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Follow-up: pared with 211 in the group receiving usual care or at-
range 6 to 24 tention control
months
Health-related - The mean - 3172 BDOO SMD was calculated from 4 trials with EQ-5D, 5 trials
quality of life health-related low! with SF-36, 3 trials with SF12, 1 trial with QUALEFFO-41,
quality of life (15RCTs) 1 trial with WHOQOL-BREF, and 1 with Assessment of
Follow-up: score in the in- QoL
range 3to 24 tervention
months groups was EQ-5D: Mean difference =-0.0026 (95% Cl —0.0086 to
0.03 standard 0.0034). SMD was converted back to MD using EQ-5D
'(A higher score deviations low- scale (0 to 1), based on data for 4 trials (6 comparisons)
indicates better er reporting endpoint scores.™ MID for the EQ-5D is typi-
quality of life) (0.10 lower to cally 0.074 (Walters 2005)
0.04 higher)

SF36: Mean difference =—-0.36 (95% Cl —1.20 to 0.48).
SMD was converted back to MD using SF-36 scale, based
on data for 5 trials.m MID for the SF-36 is typically 3to 5 (
Walters 2003)

Adverse events See comment Not estimable 6019 ®oooN Adverse events were reported to various degrees, but
very low predominantly in the intervention groups, in the 27
(27 RCTs) RCTs, 14 of which reported no adverse events. Aside

from 2 serious adverse events (1 pelvic stress fracture
and 1 inguinal hernia surgery) reported in 1 trial, the rest
were non-serious adverse events, primarily of a muscu-
loskeletal nature. There was a median of 3 events (range
1t0 26) in the exercise groups

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; MID: minimally important difference; RR: risk ratio; SMD: standardised mean difference

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

gExercise is a physical activity that is planned, structured and repetitive and aims to improve or maintain physical fitness. There is a wide range of possible types of exercise, and
exercise programmes often include one or more types of exercise. We categorised exercise based on the Prevention of Falls Network Europe (ProFaNE) taxonomy that classifies
exercise type as: i) gait, balance, and functional [task] training; ii) strength/resistance (including power); iii) flexibility; iv) three-dimensional (3D) exercise (e.g. Tai Chi, Qigong,
dance); v) general physical activity; vi) endurance; and vii) other kind of exercises. The taxonomy allows for more than one type of exercise to be delivered within a programme.
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bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham' exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 RCTs. We calculated the
risk in the control group using the median falls per person-year for the subgroups of trials for which a) an increased risk of falls was not an inclusion criterion (29 RCTs, 6123
participants), or b) increased risk of falls was an inclusion criterion (30 RCTs, 6858 participants).

dSubgroup analysis found no difference based on whether risk of falls was an inclusion criterion or not (test for subgroup differences: Chi2=0.90, df = 1, P = 0.34, 12 = 0%).
eThere was no downgrading, including for risk of bias, as results were essentially unchanged with removal of the trials with a high risk of bias on one or more items.

fThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 RCTs. We calculated the
risk in the control group using the median proportion of fallers for the subgroups of trials for which a) an increased risk of falls was not an inclusion criterion (28 RCTs, 6347
participants), or b) increased risk of falls was an inclusion criterion (35 RCTs, 7171 participants).

gSubgroup analysis found no difference based on whether risk of falls was an inclusion criterion or not (test for subgroup differences: Chi2=0.94, df=1, P =0.33, 12=0%).

hwe calculated the risk in the control group based on the number of events and the number of participants in the control group for this outcome.

i Downgraded by two levels due to imprecision (few events and wide Cl due to small sample size), and risk of publication bias (likelihood of reporting fractures only if there was
a treatment effect; with some indication on viewing the funnel plot).

iDowngraded by two levels due to imprecision (low event rate and wide confidence intervals) and because most of the 81 studies included in the review for this comparison
do not contribute to the outcome. We further downgraded the evidence by one level for risk of bias because the evidence was dominated by one trial that was at high risk of
bias in one or more items.

kDowngraded by two levels due to imprecision and the high probability of publication bias (only 5 of 89 RCTs included in the review reported the outcome). We did not downgrade
for risk of bias as results were essentially unchanged with removal of the trials at a high risk of bias in one or more items.

IDowngraded by two levels due to inconsistency (there was considerable heterogeneity (12 = 76%)) and risk of bias (removing studies with high risk of bias in one or more items
had a marked impact on results).

Min order to express the MD in the unit-specific measurement instruments (ED-5D and SF-36), we multiplied the SMD by a typical among-person standard deviation for that
scale, using the pooled standard deviation of baseline scores in the largest study in the analysis. For EQ-5D, Iliffe 2015 has a combined SD of 0.086; for SF36, Dangour 2011 has
combined SD of 12.04.

nDowngraded by three levels due to limitations in design of studies, suggesting a very serious risk of bias and incomplete data. Only one trial measured the number of people
experiencing adverse events in both groups throughout the trial period (lliffe 2015).

Summary of findings 2. Summary of findings: balance and functional exercises versus control (e.g. usual activities)

Balance, and functional exercises versus control (e.g. usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care
Intervention: Exercise, type = gait, balance, and functional (task) training?

Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% CI) (95% CI) pants the evidence
(studies) (GRADE)

Assumed risk Corresponding
risk
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Control Exercise (gait,
balance, and

functional

[task] training)

Rate of falls All studies population Rateratio0.76 7920 oooad Overall, there is a reduction of 24% (95% CI 19% to 30%)
(falls per per- (0.70 to 0.81) high in the number of falls
son-years) Fol- 850 per1000c 646 per 1000 (39 RCTs) . o
low-up: range 3 (595 to 689) Guide to the data based on the all-studies estimate.
to 30 months . . K If 1000 people were followed over 1 year, the number of
Specific exercise population falls would be 646 (95% CI 595 to 689) compared with
850 in the group receiving usual care or attention con-
930 per 1000¢ 707 per 1000 trol
(651 to 754)
Number of peo-  All studies population RR 0.87 (0.82 8288 ooead Overall, there is a reduction of 13% (95% Cl 9% to 18%)
ple who expe- t00.91) high in the number of people who experienced one or more
riencedoneof 480 per 1000¢ 418 per 1000 (37RCTs) falls.
more falls
(394 to 437) Guide to the data based on the all-studies estimate.
Follow-up:
range 3 to 24 Specific exercise population If 1000 people were followed over 1 year, the number of
months people who experienced one or more falls would be 418
(95% CI 394 to 437) compared with 480 in the group re-
549 per1000¢ 478 per 1000 ceiving usual care or attention control
(451 to 500)
Number of peo-  All studies population RR 0.44 (0.25 2139 BPOO8 Overall, there may be a reduction of 56% (95% CI 24% to
ple who expe- t0 0.76) low 75%) in the number of people who experienced one or
riencedoneor g4 per 1000f 29 per 1000 (7 RCTs) more fall-related fractures
more fall-relat- (16 to 49)
ed fracturesl Guide to the data.
Follow-up: If 1000 people were followed over 1 year, the number of
range 6 to 30 people who experienced one or more fall-related frac-
months tures may be 29 (95% Cl 16 to 49) compared with 64 in
the group receiving usual care or attention control
Adverse events See comment Not estimable 4167 ®oooh Adverse events were reported on in 15 of the 48 trials
very low with gait, balance, and functional (task) training as the
(15 RCTs) primary intervention in exercise versus control analy-

sesin trials. Adverse events were reported for both in-
tervention and control groups (11 trials) or just the in-
tervention group (4 trials). 200 adverse events were re-
ported; most were non-serious adverse events of a mus-
culoskeletal nature; 173 were in a single study including
2 intervention groups. Other adverse events included
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shortness of breath in 4 participants; and 1 participant
with palpitations. One study reported a pelvic stress
fracture in an intervention group

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aUsing Prevention of Falls Network Europe (ProFaNE) taxonomy, gait, balance, and functional [task] training is: gait training = specific correction of walking technique, and
changes of pace, level and direction; balance training = transferring bodyweight from one part of the body to another or challenging specific aspects of the balance systems;
functional training = functional activities, based on the concept of task specificity. Training is assessment-based, tailored and progressed. Exercise programs included in this
analysis contained a single primary exercise category (gait, balance, and functional [task] training); these exercise programs may also include secondary categories of exercise.
bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham’ exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 39 RCTs.

dwe did not downgrade for risk of bias, as results were essentially unchanged with the removal of the trials with a high risk of bias in one or more items.

€The all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 37 RCTs.

fThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 10 all-exercise types RCTs. Based
on the number of events and the number of participants in the control group for this outcome over the seven RCTs, the assumed risk in the control group was 43 per 1000.
8Downgraded by two levels due to risk of bias (removing studies with high risk of bias on one or more items had a marked impact on results), and imprecision (few events and
wide Cl due to small sample size).

hDowngraded by three levels due to limitations in design of studies, suggesting a high likelihood of bias (no trials in this analysis measured the number of participants experiencing
adverse events in both groups throughout the trial period).

Summary of findings 3. Summary of findings: resistance exercises versus control (e.g. usual activities)

Resistance exercises versus control (e.g. usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care

Intervention: Exercise, type = resistance training?
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Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% ClI) (95% Cl) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Control Exercise (resis-
tance training)
Rate of falls All studies population Rateratio1.14 327 ®oood The evidence is of very low certainty, hence we are un-
(falls per per- (0.67 to 1.97) (5RCTs) very low certain of the findings of an increase of 14% (95% ClI
son-years) 850 per 1000¢ 969 per 1000 33% reduction to 97% increase) in the number of falls.
(570 to 1675) , _ _
Follow-up: Guide to the data based on the all-studies estimate.
range 4 to 12 Specific exercise population
months If 1000 people were followed over 1 year, the number of
falls would be 969 (95% CI 570 to 1675) compared with
630 per 1000¢ 719 per 1000 850 in the group receiving usual care or attention con-
trol
(423 to 1242)
Number of peo-  All studies population RR0.81 (0.57 163 ®ooof The evidence is of very low certainty, hence we are un-
ple who experi- to 1.15) very low certain of the findings of a decrease of 19% (95% Cl 43%
enced 1ormore 480 per 1000¢ 389 per 1000 (2RCTs) reduction to 15% increase) in the number of people who
falls (274 to 552) experienced one or more falls
Follow-up: - o q Guide to the data based on the all-studies estimate.
Specific exercise population
range 4 to 12
months If 1000 people were followed over 1 year, the number of
864 700 per 1000 people who experienced one or more falls would be 389
(493 to 994) (95% CI 274 to 552) compared with 480 in the group re-
per 1000¢ ceiving usual care or attention control
Number of peo-  All studies population RR 0.97 73 eooeh The evidence is of very low certainty, hence we are un-
ple who experi- (0.14 to 6.49) (LRCT) very low certain of the findings of a decrease of 3% (95% CI 86%
encedlormore ggq per 10008 63 per 1000 reduction to 549% increase)
fall-related frac- (9 to 416)
tures The very small number of events (3 fractures in all)
means that these data are not informative
Adverse events See comment Not estimable 64 @000 Adverse events were reported on in one of the five tri-
(1RCT) very low als with resistance training as the primary intervention

in exercise versus control analyses. The study report-
ed 10 musculoskeletal complaints in the intervention
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group and one musculoskeletal complaint in the control
group.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aUsing Prevention of Falls Network Europe (ProFaNE) taxonomy, resistance training is any type of weight training (contraction of muscles against resistance to induce a training
effect in the muscular system). Resistance is applied by body weight or external resistance. Training is assessment-based, tailored and progressed. Exercise programmes included
in this analysis had resistance training as the single primary exercise category; these exercise programmes may also include secondary categories of exercise.

bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham’ exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 5 RCTs.

dDowngraded by three levels due to risk of inconsistency (there was substantial heterogeneity (12 =67%)), imprecision (wide Cl due to small sample size), and risk of bias (removing
studies with high risk of bias in one or more items had a marked impact on results).

€The all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 2 RCTs.

fDowngraded by one level due to risk of bias (removing studies with high risk of bias on one or more items had a marked impact on results), and downgraded by two levels due
to imprecision (small number of trials and participants, wide Cl).

8The all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 10 all-exercise types RCTs.
Based on the number of events and the number of participants in the control group for this outcome in the sole RCT, the assumed risk in the control group was 28 per 1000.
hDowngraded by three levels for imprecision (wide Cl, single study, very few events).

iDowngraded by three levels due to only one study reporting adverse events and limitations in design of studies, suggesting a high likelihood of bias (number of participants
experiencing adverse events was not reported in the same manner in both groups throughout the trial period).

Summary of findings 4. Summary of findings: 3D (Tai Chi) exercise versus control (e.g. usual activities)

3D (Tai Chi) exercise versus control (e.g. usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care

Intervention: Exercise, type = 3D (Tai Chi) training?
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Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% Cl) (95% ClI) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Control Exercise (3D (Tai
Chi))
Rate of falls (falls  All studies population Rateratio 0.81 2655 apood Overall, there may be a reduction of 19% (95% ClI 1%
per person-year) (0.67 to 0.99) (7 RCTs) low to 33%) in the number of falls.
C
Follow-up: range 850 per 1000 f58790|:§;ig?0 Guide to the data based on the all-studies estimate.
6 to 17 months
. . . If 1000 people were followed over 1 year, the num-
Specific exercise population ber of falls may be 689 (95% CI 570 to 842) compared
with 850 in the group receiving usual care or atten-
1020 per 1000¢ 827 per 1000 tion control
(684 to 1010)
Number of peo- All studies population RR 0.80 (0.70 2677 aosaf Overall, there is a reduction of 20% (95% Cl 9% to
ple who expe- t0 0.91) high 30%) in the number of people who experienced one
rienced one or 480 per 1000¢ 384 per 1000 (8 RCTs) or more falls
more falls (336 to 437) ) ) )
Guide to the data based on the all-studies estimate.
Follow-up: range Specifi . lati
5t0 17 months RECIIGEXENCISEIPODIEANION If 1000 people were followed over 1 year, the number
of people who experienced one or more falls would
437 per 1000¢ 350 per 1000 be 384 (95% Cl 336 to 437) compared with 480 in the
(306 to 398) group receiving usual care or attention control
Number of peo- See comment Not estimable See comment - This outcomes was not reported
ple who expe-
rienced one or
more fall-related
fractures
Adverse events See comment Not estimable 474 BOOOE Adverse events were reported in two of 10 trials (474
very low participants) with 3D (Tai Chi) as the primary in-

(2 RCTs)

tervention. There were no occurrences of adverse
events

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
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Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aUsing Prevention of Falls Network Europe (ProFaNE) taxonomy, 3D (Tai Chi) training uses upright posture, specific weight transferences and movements of the head and gaze,
during constant movement in a fluid, repetitive, controlled manner through three spatial planes. Exercise programmes included in this analysis had 3D (Tai Chi) training as the
single primary exercise category; these exercise programmes may also include secondary categories of exercise.

bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham' exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the seven RCTs.

dDowngraded by two levels due to inconsistency (there was substantial heterogeneity (12 = 74%)), and risk of bias (removing studies with high risk of bias in one or more items
had a marked impact on results).

eThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the eight RCTs.

fwe did not downgrade for risk of bias, as results were essentially unchanged with removal of the trials with a high risk of bias in one or more items.

g8Downgraded by three levels due to only 30% of trials reporting adverse events to any degree, and limitations in the design of studies suggesting a high likelihood of bias (no
trials in this analysis measured the number of participants experiencing adverse events in both groups throughout the trial period).

Summary of findings 5. Summary of findings: 3D (dance) exercise versus control (e.g. usual activities)

3D (dance) exercise versus control (e.g. usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care
Intervention: Exercise, type = 3D (dance) trainingd

Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% Cl) (95% CI) pants the evidence
(studies) (GRADE)

Assumed risk Corresponding
risk
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Control

Rate of falls All studies population Rateratio1.34 522 ®oood The evidence is of very low certainty, hence we are un-
(falls per per- (0.98 to 1.83) very low certain of the findings of an increase of 34% (95% Cl 2%
son-years) 850 per 1000¢ 1139 per 1000 (1RCT) reduction to 83% increase) in the number of falls
Follow-up: 12 Guide to the data based on the all-studies estimate
months oge . .
Specific exercise population If 1000 people were followed over 1 year, the number of
falls may be 1139 (95% CI 833 to 1556) compared with
800 per 1000¢ 1072 per 1000 850 in the group receiving usual care or attention con-
trol
Number of peo-  All studies population RR1.35(0.83 522 ®oood The evidence is of very low certainty, hence we are un-
ple who expe- to 2.20) very low certain of the findings of an increase of 35% (95% ClI
rienced one or 480 per 1000¢ 648 per 1000 (1RCT) 17% reduction to 120% increase) in the number of peo-
more falls ple who experienced one or more falls
Follow-up: 12 - . . Guide to the data based on the all-studies estimate
months Specific exercise population

583 per 1000¢

787 per 1000

If 1000 people were followed over 1 year, the number of
people who experienced one or more falls may be 648
(95% Cl 399 to 1056) compared with 480 in the group re-
ceiving usual care or attention control

Number of peo-
ple who expe-
rienced one or
more fall-relat-
ed fractures

Not estimable

Not estimable

See comment -

This outcome was not reported

Adverse events

See comment

Not estimable

522 eooof

very low
(LRCT)

Adverse events were reported for the intervention group
only (275 participants) in the one trial in this analysis.
There were no occurrences of adverse events

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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aUsing Prevention of Falls Network Europe (ProFaNE) taxonomy, 3D (dance) training uses dynamic movement qualities, patterns and speeds whilst engaged in constant movement
in afluid, repetitive, controlled manner through three spatial planes. Exercise programmes included in this analysis had 3D (dance) training as the single primary exercise category;
these exercise programmes may also include secondary categories of exercise.

bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham' exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome in the sole RCT.

dGraded very low due to serious imprecision (only one cluster-RCT, with a wide Cl due to small sample size).

eThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome in the sole RCT.

fDowngraded by three levels due to limitations in the design of studies, suggesting a high likelihood of bias (the trial measured the number of participants experiencing adverse
events in the exercise group).

Summary of findings 6. Summary of findings: walking programme (general physical activity) versus control (e.g. usual activities)

General physical activity (including walking) training versus control (e.g. usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care
Intervention: Exercise, type = general physical activity (including walking) trainingd

Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% ClI) (95% ClI) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Control Exercise (gen-
eral physical
activity [in-
cluding walk-
ing])
Rate of falls All studies population Rateratio1.14 441 ®oood The evidence is of very low certainty, hence we are un-
(falls per per- (0.66 to 1.97) very low certain of the findings of an increase of 14% (95% ClI
son-years) 850 per 1000¢ 969 per 1000 (2RCTs) 34% reduction to 97% increase) in the number of falls
(561 to 1675) ) ) )
Follow-up: Guide to the data based on the all-studies estimate
range 12 to 24 Specific exercise population
months
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670 per 1000¢ 764 per 1000

(443 to 1320)

If 1000 people were followed over 1 year, the number of
falls may be 969 (95% Cl 561 to 1675) compared with 850
in the group receiving usual care or attention control

Number of peo-  All studies population RR1.05 (0.71 441 sooof The evidence is of very low certainty, hence we are un-

ple who expe- to 1.54) very low certain of the findings of an increase of 5% (95% CI 29%

rienced one or 480 per 1000¢ 504 per 1000 (2RCTs) reduction to 54% increase) in the number of people who

more falls (341 to 740) experienced one or more falls

Follow-up: ogs . . Guide to the data based on the all-studies estimate
Specific exercise population

range 12 to 24

months If 1000 people were followed over 1 year, the number of
374 per 1000¢ 393 per 1000 people who experienced one or more falls may be 504

(266 to 576) (95% CI 341 to 740) compared with 480 in the group re-
ceiving usual care or attention control
Number of peo-  All studies population RR 0.66 97 ®oooh The evidence is of very low certainty, hence we are un-
ple who expe- (0.11 to 3.76) (LRCT) very low certain of the findings of a reduction of 34% (95% ClI

rienced one or
more fall-relat-
ed fractures

43 per 1000
(7 to 241)

64 per 10008

89% reduction to 276% increase) in the number of peo-
ple who experienced one or more fall-related fractures

Guide to the data

If 1000 people were followed over 1 year, the number of
people who experienced one or more fall-related frac-
tures may be 43 (95% CI 7 to 241) compared with 64 in
the group receiving usual care or attention control

Adverse events

See comment

Not estimable See comment -

This outcome was not reported

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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aUsing Prevention of Falls Network Europe (ProFaNE) taxonomy, physical activity is any movement of the body, produced by skeletal muscle, that causes energy expenditure
to be substantially increased. Recommendations regarding intensity, frequency and duration are required in order to increase performance. Exercise programmes included in
this analysis had general physical activity (including walking) training as the single primary exercise category; these exercise programmes may also include secondary categories
of exercise.
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bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham' exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome in the two RCTs.

dDowngraded by three levels due to inconsistency (there was substantial heterogeneity (1 = 67%)), imprecision (wide Cl), and risk of bias (removing studies with high risk of bias
on one or more items had a marked impact on results).

eThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome in the two RCTs.

fDowngraded by three levels due to inconsistency (there was moderate heterogeneity (12 = 50%), imprecision (wide Cl), and risk of bias (removing studies with high risk of bias
on one or more items had a marked impact on results).

8The all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 10 all-exercise types RCTs.
Based on the number of events and the number of participants in the control group for this outcome in the only RCT, the assumed risk in the control group was 84 per 1000.
hbowngraded three levels due to risk of bias and imprecision (single study, wide Cl).

Summary of findings 7. Summary of findings: multiple categories of exercise versus control (e.g. usual activities)

Multiple categories of exercise (often including, as primary interventions: gait, balance, and functional (task) training plus resistance training) versus control (e.g.
usual activities) for preventing falls in older people in the community

Patient or population: Older people living in the community (trials focusing on people recently discharged from hospital were not included)
Settings: Community, either at home or in places of residence that, on the whole, do not provide residential health-related care
Intervention: Exercise, type = Multiple types of exercise?

Comparison: Usual care (no change in usual activities) or a control (non-active) interventionb

Outcomes Illustrative comparative risks* Relative effect  No of partici- Certainty of Comments
(95% CI) (95% CI) pants the evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Control Exercise (mul-
tiple types (in-
cluding, as
primary in-

terventions:
gait, balance,
and functional
(task) training,
plus resistance
training))
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Rate of falls All studies population Rateratio 0.66 1374 eoa0e Overall, there is probably a reduction of 34% (95% ClI
(falls per per- (0.50 to 0.88)d (LLRCTS) moderate 12% to 50%) in the number of falls
son-years c s
years) 850 per 1000 (546215'?;;23?0 Guide to the data based on the all-studies estimate
Follow-up:
range 3 to 25 g . . If 1000 people were followed over 1 year, the number
months Specific exercise population of falls would probably be 561 (95% CI 425 to 748) com-
pared with 850 in the group receiving usual care or at-
1180 per 1000¢ 779 per 1000 tention control
(590 to 1039)
Number of peo-  All studies population RR0.78 (0.64 1623 SPPOL Overall, there is probably a reduction of 22% (95% Cl 4%
ple who expe- t0 0.96) moderate to 36%) in the number of people who experienced one
rienced oneor 480 per1000f 375 per 1000 (17 RCTs) or more falls
more falls (308 to 461) ) ) )
Guide to the data based on the all studies estimate.
Follow-up: Specific exercise population
range 3to 25 If 1000 people were followed over 1 year, the number of
months people who experienced one or more falls would proba-
374 per 1000f 296 per 1000 bly be 375 (95% CI 308 to 461) compared with 480 in the
(243 to 364) group receiving usual care or attention control.
Number of peo- 64 per 1000h 55 per 1000 RR0.85 1810 BBOO| Overall, there may be a reduction of 15% (95% Cl 38%
ple who expe- (40 to 75) (0.62to0 1.16) low reduction to 16% increase) in the number of people who
rienced one or (3RCTs) experienced one or more fall-related fractures
more fall-relat-
ed fractures Guide to the data
If 1000 people were followed over 1 year, the number of
people who experienced one or more fall-related frac-
tures would probably be 55 (95% CI 40 to 75) compared
with 64 in the group receiving usual care or attention
control
Adverse events See comment Not estimable 1177 @000l Adverse events were reported in 10 of the 21 trials with
very low multiple primary intervention categories, in the exercise
(10 RCTs) versus control analyses in these trials. Adverse events

were reported for both intervention and control groups
(5 trials), or the intervention group only (5 trials). There
were a total of 43 adverse events reported. Most were
non-serious of a musculoskeletal nature. There was re-
ported exacerbation of pre-existing osteoarthritis condi-
tions in one trial and inguinal hernia surgery was report-
ed in one intervention arm of another trial

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Kieaqi (JF)
aueayrory \

‘yyeay 19199
*SUOISII3P pawioju]
2JUapING pajshay

SM3IADY J13BWSISAS JO dseqeleq auelyd0)



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) 3y L 6107 @ 3y3uAdod

(ma1nay) A3unwiwiod ay3 ui Suian a)jdoad aapjo ui s)jej Suiyuanaad 1oy asidaax3

6T

Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

gExercise programmes included in this analysis had more than one primary exercise category. We categorised exercise based on the Prevention of Falls Network Europe (ProFaNE)
taxonomy that classifies exercise type as: i) gait, balance, and functional (task) training; ii) strength/resistance (including power); iii) flexibility; iv) three-dimensional (3D) exercise
(e.g. Tai Chi, Qigong, dance); v) general physical activity; vi) endurance; and vii) other kind of exercises. The programmes often included, as the primary intervention, gait, balance,
and functional (task) training plus resistance training. The exercise programmes may also include secondary categories of exercise.

bA control intervention is one that is not thought to reduce falls, such as general health education, social visits, very gentle exercise, or 'sham' exercise not expected to impact
on falls.

CThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 59 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 11 RCTs.

dSensitivity analyses revealed little difference in the results when only trials that include the most common two components (balance and functional exercises plus resistance
exercises) were pooled (RaR 0.69, 95% CI 0.48 to 0.97; 1084 participants; 8 studies; 12 = 72%).

eDowngraded by one level due to inconsistency (there was substantial heterogeneity (1 = 65%)). We did not downgrade for risk of bias, as results were essentially unchanged
with removal of the trials at a high risk of bias in one or more items.

fThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 63 all-exercise types RCTs. The
specific exercise population risk was based on the number of events and the number of participants in the control group for this outcome over the 17 RCTs.

g8Downgraded by one level due to risk of bias (removing studies with high risk of bias in one or more items had a marked impact on results).

hThe all-studies population risk was based on the number of events and the number of participants in the control group for this outcome over the 10 all-exercise types RCTs.
Based on the number of events and the number of participants in the control group for this outcome over three RCTs, the assumed risk in the control group was 87 per 1000.
iDowngraded by one level due to risk of bias and by one level due to imprecision.

iDowngraded by three levels for limitations in the design of studies, suggesting a high likelihood of bias (no trials in this analysis measured the number of participants experiencing
adverse events in both groups throughout the trial period).
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BACKGROUND

Description of the condition

At least one-third of community-dwelling people over 65 years
of age fall each year (Campbell 1990; Tinetti 1988), and the rate
of fall-related injuries increases with age (Peel 2002). Falls can
have serious consequences, such as fractures and head injuries
(Peel 2002). Around 10% of falls result in a fracture (Campbell
1990; Tinetti 1988); fall-associated fractures in older people are
a significant source of morbidity and mortality (Burns 2016).
Although most fall-related injuries, such as bruising, lacerations
and sprains, are less serious, they can still lead to pain, reduced
function and substantial healthcare costs (Burns 2016).

Falls are associated with reduced quality of life (Stenhagen 2014),
and can have psychological consequences: fear of falling and loss
of confidence that can result in self-restricted activity levels leading
to a reduction in physical function and social interactions (Yardley
2002). Paradoxically, this restriction of activities may increase the
risk of further falls by contributing to deterioration in physical
abilities. Both injurious and non-injurious falls can have these
psychological and subsequent physical impacts.

Despite early attempts to achieve a consensus definition of
a 'fall' (Anonymous 1987), many definitions still exist in the
literature. It is particularly important for studies to use a clear,
simple definition of a fall. An international researchers' consensus
statement defines a fall as "an unexpected event in which the
participant comes to rest on the ground, floor, or lower level" (Lamb
2005). The wording recommended when asking study participants
is: "In the past month, have you had any fall including a slip or trip
in which you lost your balance and landed on the floor or ground
or lower level?" (Lamb 2005). 'Lower level' refers to a surface lower
than the person's starting position so, for example, falling from
a standing position to unintentionally sitting on a bed would be
considered a fall.

In addition to the physical and psychological consequences for
individuals and their families, falls can have important financial
impacts on individuals, families and health and community care
systems (Burns 2016). For example, falling is an independent
predictor of admission to residential aged care facilities (Tinetti
1997).

Description of the intervention

Exercise is a physical activity that is planned, structured and
repetitive and aims to improve or maintain physical fitness
(Caspersen 1985). There is a wide range of possible types of
exercise, such as strengthening exercise, balance and co-ordination
exercise and aerobic exercise. Exercise programmes often include
one or more types of exercise. The Prevention of Falls Network
Europe (ProFaNE) developed a taxonomy that classifies exercise
type as: i) gait, balance, and functional (task) training; ii) strength/
resistance (including power); iii) flexibility; iv) three-dimensional
(3D) exercise (e.g. Tai Chi, Qigong, dance); v) general physical
activity; vi) endurance; and vii) other kinds of exercises (Lamb
2011). The taxonomy allows for more than one type of exercise to
be delivered within a programme.

Formal exercise programmes are delivered by a wide range
of individuals ranging from health professionals (such as
physiotherapists, also known as physical therapists) and exercise

professionals (such as trained fitness leaders) to trained volunteers.
Exercise programmes may be supervised, unsupervised or involve
a mixture of both.

This review considers all types of exercise and all delivery methods.

Exercise can also be delivered as part of a multiple component
intervention, where people also receive one or more other
fall or fracture prevention interventions, such as home-hazard
modification and vitamin D supplementation. The effects of
multiple component interventions that include exercise are
assessed in Hopewell 2018.

How the intervention might work

Many aspects of physical functioning deteriorate with increased
age and inactivity. Impairments in muscle strength, balance control
and gait are particularly strong risk factors for falls (Tinetti 1988).
For example, those with poor leg extensor strength were found to
be 43% more likely to fall at home than their stronger counterparts
(Menant 2017). Systematic reviews have found that those with
gait problems have twice the odds of falling than those without
(Deandrea 2010), and that measures of balance and mobility such
as the Berg Balance Scale, Timed Up and Go Test, and Five Times
Sit-to-Stand Test can identify individuals at greater risk of future
falls (Lusardi 2017).

Exercises that address these impairments are therefore likely to
reduce the risk of falling. As Cochrane Reviews have now found
that exercise improves both strength (Liu 2009), and balance (Howe
2011) in older people, exercise is likely to have a fall prevention
effect through its impact on these key fall risk factors. A Cochrane
Review found that exercise reduces the fear of falling (Kendrick
2014), which is also a strong predictor of falls.

Aprevious Cochrane Review found exercise as a single intervention,
prevents falls (Gillespie 2012), and to be the most commonly
tested single fall prevention intervention. Economic evaluations
accompanying randomised trials have found exercise to be a cost-
effective fall-prevention strategy (Davis 2010).

Exercise interventions have been found to be effective when
delivered in a group-based setting or on an individual basis. The
optimal features of successful fall prevention exercise programmes
are not yet clear, but programmes that are multicomponent (e.g.
target both strength and balance; Gillespie 2012), and programmes
that include balance training, appear to be particularly effective
(Sherrington 2017).

Different approaches to exercise will have advantages and
disadvantages in terms of cost, 'enjoyability’, accessibility and
impacts on various body systems and outcomes. These advantages
and disadvantages are likely to vary between individuals and in
different settings.

Exercise has the potential to lead to adverse events such
as cardiovascular episodes and musculoskeletal injuries if not
carefully prescribed and undertaken (Thompson 2013). Exercise
may also increase the risk of falls, particularly in higher risk
individuals. For example, exercise interventions aiming to improve
balance and ultimately lessen the risk of falling, often involve
a 'challenge' to balance that simultaneously puts the person
at greater risk of falling (Sherrington 2017). The risk may be
increased if an exercise participant becomes fatigued (due to
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deconditioning or as a result of comorbidities or medications) or
are not encouraged to use support when needed (Skelton 2001).
Trials and reviews should therefore record and report adverse
events.

As the majority of fractures in older people involve falls, exercise
has the potential to prevent fractures. Systematic reviews have
suggested that exercise may prevent fractures (Gillespie 2012), and
fall-related injuries (Robertson 2002).

Why it is important to do this review

An update of the effects of exercise interventions on falls is
warranted given the number of new trials published, the increasing
number of older people livingin the community and the major long-
term consequences associated with falls and fall-related injuries to
both the individual and to society.

It is also important to understand to what extent interventions
designed to prevent falls will also prevent fall-associated fractures,
the need for medical attention and improve quality of life. Different
exercise programmes may have different effects on falls and so
careful analysis of the impact of different programmes is crucial
to optimise the prescription of exercise interventions and inform
public health promotion initiatives for healthy ageing. Additionally,
looking for adverse events associated with the different exercise
programmes, such as exercise-related falls and muscle strains, is
also important.

OBJECTIVES

To assess the effects (benefits and harms) of exercise interventions
for preventing falls in older people living in the community.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs), either individual
or cluster randomised, evaluating the effects of exercise
interventions on falls or fall-related fractures in older people living
in the community. We excluded trials that explicitly used methods
of quasi-randomisation (e.g. allocation to groups by alternation or
date of birth).

Types of participants

We included trials if they specified an inclusion criterion of 60
years of age or over. Trials that included younger participants were
included if the mean age minus one standard deviation was more
than 60 years. We included trials where the majority of participants
were living in the community, either at home or in places of
residence that, on the whole, do not provide residential health-
related care or rehabilitative services; for example, retirement
villages, or sheltered housing. Trials with mixed populations
(community and higher dependency places of residence) were
eligible for inclusion if data were provided for subgroups based on
setting or the numbers in higher dependency residences were very
few and balanced in the comparison groups.

We excluded studies that only included participants affected by
particular clinical conditions that increase the risk of falls, such
as stroke, Parkinson's disease, multiple sclerosis, dementia, hip

fracture and severe visual impairment. Several of these topic areas
are covered by other Cochrane Reviews (Canning 2015; Verheyden
2013). We acknowledge that some individuals with these (and
other) health conditions may be included in studies of the general
community; these we included.

As in our protocol, we also included trials recruiting participants in
hospital if the majority were discharged to the community, where
the majority of the intervention was delivered and falls recorded.
As we considered such trials, whose participants were recently
discharged from hospital, to be a distinct category we reported
them separately.

Types of interventions

This review included all exercise interventions tested in trials
that measured falls in older people. The intention was to include
trials where exercise was a single intervention as opposed to a
component of a broader intervention. We included 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.

We classified exercise programmes on the basis of the primary
exercise category and noted the presence of additional, secondary,
exercise categories. Based on the Prevention of Falls Network
Europe (ProFaNE) taxonomy (Lamb 2011), as shown in Appendix
1, we classified exercise programmes in the included trials as
primarily involving the following exercise categories: i) gait,
balance, co-ordination and functional task training (referred to
as 'balance and functional exercises' for simplicity); ii) strength/
resistance training (including power training, using resistance
so referred to as 'resistance exercises'); iii) flexibility; iv) three-
dimensional (3D) exercise (with separate Tai Chi and dance
subcategories); iv) general physical activity (walking programmes);
v) endurance; and vi) other kinds of exercises. We also formed
another category for exercise programmes that included more
than one of the above categories as the primary exercise
category, e.g. a programme with 15 minutes of gait, balance, co-
ordination and functional task training followed by 15 minutes
of strength/resistance training. We examined the descriptions
of interventions used in individual trials and categorised the
intervention accordingly. For example, some forms of yoga may
have been categorised as flexibility exercise and others as 3D
exercise.

We compared each of these types of exercise with control,
comprising either 'usual care' (i.e. no change in usual activities) or
a control intervention (i.e. an intervention that is not thought to
reduce falls, such as general health education, social visits, very
gentle exercise, or 'sham' exercise not expected to impact on falls).

We first undertook an 'umbrella' comparison of 'exercise (all types)
versus control', explored the impact of the use of an increased risk
of fallsas atrialinclusion criterion and the impact of participant age
on the overall impact of exercise on falls, then set out the following
comparisons.

Balance and functional exercises versus control.
Resistance exercises versus control.

Flexibility training versus control.

3D (including Tai Chi, Qigong) exercise versus control.
3D (dance) exercise versus control.

I
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Walking programme versus control.
Endurance training versus control.
Other kinds of exercise versus control.

Multiple categories of exercise versus control (i.e. exercise
programmes including more than one of the above categories
versus control).

© N

We also planned to undertake the following secondary
comparisons of different exercise programmes.

1. Different types of exercise, based on the above categories.

2. Different modes of delivery (e.g. group versus individual) of the
same type of exercise.

3. Different doses (e.g. higher intensity versus lower intensity) of
the same type of exercise.

Types of outcome measures
Primary outcomes

1. Rate of falls (falls per person-year)

Secondary outcomes

1. Number of people who experienced one or more falls (risk of
falling)

2. Number of people who experienced one or more fall-related
fractures

3. Number of people who experienced one or more falls that
resulted in hospital admission (newly listed outcome April 2018)

4. Number of people who experienced one or more falls that
required medical attention

5. Health-related quality of life, measured using validated scale,
e.g. EQ-5D or similar (newly listed outcome April 2018)

6. Number of people who experienced one or more adverse events
(see below)

We chose 'rate of falls' as the single primary outcome for ease of
interpretation of the results of the review. Furthermore, the rate of
falls is likely to be more sensitive to change than the proportion
of fallers, especially in samples with high fall rates. As falls are
count data, dichotomisation to falling versus not falling represents
a loss of information. Therefore, many trials use the rate of falls
as their primary outcome and use negative binomial regression
to compare the rates between intervention and control groups, as
recommended in Robertson 2005.

Adverse events needed to be monitored closely in all groups using
the same methods over the entire study period to be included in
the analysis.

Other outcomes

We recorded and reported mortality data, distinguishing where
possible, between those who were lost to the trials because they
had died and those whose death was explicitly linked to trial
participation.

We recorded and reported data regarding intervention adherence,
cost and cost-effectiveness, where available.

Timing of outcome measurement

The primary outcome included one time point from each study. For
studies with outcomes measured at multiple time points, we used
the closest to 18 months in the primary analysis. We included a
separate longer-term outcome for studies with follow-up at more
than 18 months after randomisation. To maximise the use of
available information, we also included studies with just one time
point that was longer than 18 months in the primary analysis.

Search methods for identification of studies
Electronic searches

Our search extended the searches performed up to February 2012
in Gillespie 2012. We searched: the Cochrane Bone, Joint and
Muscle Trauma Group Specialised Register (February 2012 to 2 May
2018); the Cochrane Central Register of Controlled Trials (CENTRAL)
(Cochrane Register of Studies Online) (2012 Issue 2 to 2018 Issue 5);
MEDLINE (including Epub Ahead of Print, In-Process & Other Non-
Indexed Citations and MEDLINE Daily) (January 2012 to 30 April
2018); Embase (March 2012 to 2018 Week 18); the Cumulative Index
to Nursing and Allied Health Literature (CINAHL) (February 2012 to 2
May 2018); and the Physiotherapy Evidence Database (PEDro) (2012
to 2 May 2018), 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
(Lefebvre 2011). The search strategies for CENTRAL, MEDLINE,
Embase, CINAHL and PEDro are shown in Appendix 2.

We also searched the World Health Organisation International
Clinical Trials Registry Platform (WHO ICTRP) and ClinicalTrials.gov
for ongoing and recently completed trials (May 2018) (see Appendix
2).

Searching other resources

We checked reference lists of other systematic reviews as well as
contacting researchers in the field to assist in the identification of
ongoing and recently completed trials.

Data collection and analysis

The intended methodology for data collection and analysis was
described in our published protocol (Sherrington 2016), which
was based on the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

Selection of studies

Pairs of review authors (CS, AT, NJF, ZAM) screened the title, abstract
and descriptors of identified studies for possible inclusion. From
the full text, two review authors (CS, AT, NJF, ZAM) independently
assessed potentially eligible trials for inclusion and resolved
any disagreement through discussion. We contacted authors for
additional information as necessary.

Data extraction and management

Pairs of review authors (CS, AT, NJF, ZAM, GW) independently
extracted data using a pretested data extraction form (based on
the one used in Gillespie 2012). We extracted data from both
newly included trials and those included in Gillespie 2012. For
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the latter trials, however, we primarily extracted information and
data for additional outcomes that were not collected previously for
Gillespie 2012. Disagreement was resolved by consensus or third
party adjudication. Review authors were not blinded to authors and
sources. Review authors did not assess their own trials.

We used the standardised data extraction form to record the
following items.

1. General information: review author's name; date of data
extraction; study ID; first author of study; author's contact
address (if available); citation of paper; and trial objectives.

2. Trial details: trial design; location; setting; sample size; inclusion
and exclusion criteria (with particular note of whether there was
exclusion for cognitive impairment); comparability of groups;
length of follow-up; stratification; stopping rules; and funding
source.

3. 'Risk of bias' assessment and justification for this judgement:
sequence generation; allocation concealment; blinding
(participants, personnel, outcome assessors); incomplete
outcome data; selective outcome reporting; and other bias
(recall bias).

4. Characteristics of participants: age; gender; ethnicity; the
number randomised, analysed and lost to follow-up; and
dropouts in each arm (with reasons).

5. Interventions: experimental and control interventions; details
of exercise programme (duration, frequency, intensity and
individual- or group-based delivery, level of supervision);
timing of intervention; uptake of intervention (acceptance of
exercise intervention), whether studies assessed adherence
(compliance) with interventions and associated data (e.g.
number of sessions attended); and additional co-interventions
(such as motivational strategies, additional information or
support given to participants).

6. Outcomes measured: rate of falls; number of people
experiencing one or more falls; number of people who
experienced one or more fall-related fractures; number of
people who experienced one or more falls requiring medical
attention; and number of people who experienced adverse
events.

7. Other details: cost and cost-effectiveness information related to
fall outcomes.

We retrieved data from both full-text and abstract reports of
studies. Where these sources did not provide sufficient information,
we contacted study authors for additional details. We also used
data sourced from personal communication reported by Gillespie
2012.

In response to feedback on an earlier draft of this review we
extended our data extraction to extract data on the number of
people who experienced one or more falls resulting in hospital
admission, mortality and health-related quality of life (Differences
between protocol and review).

We recorded and reported data on fracture, hospitalisation,
medical attention, and health-related quality of life only where
separate data were available by intervention group.

Assessment of risk of bias in included studies

Pairs of two review authors (CS, AT, NJF, ZAM, GW) independently
assessed risk of bias using Cochrane's 'Risk of bias' tool as
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011). Review authors were not blinded to
authors and sources. Review authors did not assess their own
trials. Disagreement was resolved by consensus or third party
adjudication (CS).

As outlined in Appendix 3 we assessed the following
domains: 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); and
selective outcome reporting bias. We also assessed bias in the recall
of falls due to less reliable methods of ascertainment (Hannan
2010). We rated risk of bias as either low, high or unclear for each
domain.

Specifically for trials using cluster-randomisation, we considered
the risk of additional bias relating to recruitment, baseline
imbalance, loss of clusters, incorrect analysis and comparability
with individually-randomised trials, as described in Chapter 16
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).

Measures of treatment effect

We reported the treatment effects for rate of falls as rate
ratios (RaRs) with 95% confidence intervals (Cls). For the
number of fallers, number of participants experiencing fall-
related fractures, fall-related hospital admission, falls that required
medical attention and adverse events, we reported risk ratios (RRs)
and 95% Cls.

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 RaR
compares the rate of falls in any two groups during each trial.
We used a RaR (for example, incidence RaR or hazard ratio (HR)
for all falls) with 95% CI if these were reported in the paper. If
both adjusted and unadjusted RaRs were reported, we used the
unadjusted estimate unless the adjustment was for clustering. If a
RaR was not reported, but appropriate raw data were available, we
used Excel to calculate a RaR and 95% Cl. 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
fallsin 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.

The risk ratio (RR) compares the number of people who fell once
or more (fallers) between groups. We used a reported estimate of
the RR, HR for first fall, or odds ratio (OR)) and 95% Cl if available.
If both adjusted and unadjusted estimates were reported we used
the unadjusted estimate, unless the adjustment was for clustering.
If an OR was reported, or an effect estimate and 95% ClI was not,
and appropriate data were available, we calculated a RR and 95%
Cl using the 'csi' command in Stata. For the calculations, we used
the number of participants contributing data in each group, if
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this was known; if not reported, we used the number randomised
to each group. The same approach was used for the number of
people experiencing fractures, falls requiring medical attention
and adverse events. Data regarding the number of people in each
group experiencing the additional variables of falls resulting in
hospitalisation and death were entered into Review Manager 5
directly (Review Manager 2014).

For continuous outcomes (health-related quality of life), we
presented the mean difference (MD) with 95% Cls where the same
outcome measure was used, or standardised mean difference
(SMD) with 95% Cls for outcomes measured using different scales.
Final values, which were used in preference to change scores, were
always available where these outcomes were reported.

Unit of analysis issues

For trials which were cluster randomised, for example by medical
practice, we performed adjustments for clustering, as described
in Higgins 2011, if this was not done in the published report. We
used an intraclass correlation coefficient (ICC) of 0.01 as reported
in Smeeth 2002. We ignored the possibility of a clustering effect
in trials that randomised by household. We anticipated that trials
would be unlikely to report details of clustering by household and
that the clustering effect by household would be very small (if any).

The pooled exercise versus control comparisons necessitated the
inclusion of more than one pair-wise comparison (intervention
versus control) from the same trial in the same meta-analysis.
Where multiple comparisons from the same trial were included
in the same meta-analysis the standard errors were inflated by
25% and the number of control participants shown in the analyses
was 'shared' between different comparisons by dividing by the
number of intervention groups in the same analysis. For example,
if a trial had 100 participants in a control group, 100 participants
in a resistance training group, and 100 participants in a balance
training group, the standard errors in the resistance versus control
and balance versus control comparisons would be inflated by 25%
and the number of control participants would be shown as 50
in both the resistance versus control and balance versus control
comparisons.

We did not include outcomes collected at different time points in
the same trial in the same analysis.

Dealing with missing data

Some missing data are inevitable in studies of older people, given
the increased risk of ill health and death, and the length of
delivery of the intervention in fall prevention trials. We attempted
to contact study investigators for any key missing or unclear data
or information in their trial; clarification on outcome data was only
sought for number of falls and number of people who experienced
falls. We undertook sensitivity analyses excluding trials with more
than 20% loss to follow-up or where the loss to follow-up was
unclear.

Assessment of heterogeneity

Where we considered study interventions to be sufficiently similar
to be combined in meta-analyses, we assessed heterogeneity of
treatment effects by visual inspection of forest plots and by using
the Chi? test (with a significance level at P <0.10) and the I? statistic.
We based our interpretation of the I? results on that suggested

by Higgins 2011: 0% to 40% might not be important; 30% to 60%
may represent moderate heterogeneity; 50% to 90% may represent
substantial heterogeneity; and 75% to 100% may represent very
substantial (‘considerable’) heterogeneity.

Assessment of reporting biases

We constructed and visually inspected funnel plots for outcomes
that included more than 10 data points.

Data synthesis

For our primary comparison, we pooled data from all relevant
trials without stratification. We originally planned to present the
umbrella comparison of exercise versus control subgrouped by
the main exercise categories (Sherrington 2016). This change was
made in response to editorial input and the request for additional
subgroup and sensitivity analyses in a commissioning brief relating
to the National Institute for Health and Care Excellence (NICE)
guideline CG161 (NICE 2013).

We presented separate analyses for studies that recruited people
in hospitals and delivered interventions after discharge as we
considered these were a distinct population compared with general
community-dwelling older adults.

We grouped similar exercise interventions using the fall prevention
classification system (taxonomy) developed by the Prevention
of Falls Network Europe (ProFaNE) (Lamb 2011). Full details are
available in Appendix 1 and the ProFaNE Taxonomy Manual.

When considered appropriate, we pooled results of comparable
studies using random-effects models. We used 95% Cls throughout.
We planned not to pool data where there was considerable
heterogeneity (1?2 75%) that could not be explained by the diversity
of methodological or clinical features among trials.

When considered appropriate, we pooled data using the generic
inverse variance method in Review Manager 5 (Review Manager
2014). This method enables pooling of the adjusted and unadjusted
treatment effect estimates (rate ratios or risk ratios) reported in the
individual studies or which can be calculated from data presented
in the published article (see Measures of treatment effect). The
generic inverse variance option in Review Manager 5 requires
entering the natural logarithm of the rate ratio or risk ratio and
its standard error for each trial; we calculated these in Excel. For
continuous outcomes (health-related quality of life), we presented
MDs with 95% Cls where the same outcome measure was used, or
SMDs with 95% Cls for outcomes measured using different scales.

Where it was inappropriate to pool data, we present trial-level data
in the analyses and tables for illustrative purposes.

The statistician was not blind to study or group.

Subgroup analysis and investigation of heterogeneity

We undertook subgroup analyses for the fall and fracture outcomes
for the pooled (all-exercise types) versus control analyses to
compare the effect of exercise on falls and fractures in trials that did
and did not use an increased risk of falls as an inclusion criterion.
In response to a request (Differences between protocol and review)
to explore the potential effects of stratification by age (based on a
threshold of 75 years), we undertook subgroup analyses for the falls
and fracture outcomes for the pooled (all-exercise types) versus
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control analyses. We compared the effects on falls outcomes in
trials with predominantly 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) and
those with predominantly younger populations.

Prompted by feedback at editorial review, we extended the
following subgroup analyses (originally established for different
exercise categories) to the all-exercise types versus control for
fall outcomes: a) individual versus group-based exercise; and b)
exercise delivered by people with different qualifications (e.g.
health professionals versus trained fitness leaders).

We presented separate analyses stratified by the different ProFaNE
exercise intervention categories outlined above, and performed
subgroup analyses for the fall and fracture outcomes. We then
used subgroup analyses to explore effects within the different
ProFaNE exercise intervention categories. When there were at least
10 trials in a comparison, we carried out subgroup analyses to
compare effects in trials of: a) higher versus lower falls risk at
enrolment (i.e. trials with participants selected for inclusion based
on history of falling or other specific risk factors for falling versus
trials with unselected participants); b) individual versus group-
based exercise; and c) exercise delivered by people with different
qualifications.

We used the test for subgroup differences available in Review
Manager 2014 to determine whether there was evidence for a
difference in treatment effect between subgroups.

Sensitivity analysis

We carried out 10 sensitivity analyses to explore the stability of the
results.

Sensitivity analysis 1 (participant age)

In response to a specific request (Differences between protocol
and review) to explore the potential effects of changing the age
threshold from 60 to 65 years for inclusion into the review, we set
out a series of sensitivity analyses to explore the effects of removing
trials that would have been excluded from the review if a 65 year or
older inclusion threshold had been applied.

Sensitivity analyses 2-5 (risk of bias in included trials)

To assist with the GRADE rating we undertook sensitivity analyses
for all outcomes in the 'Summary of findings' table by removing
trials with a high risk of bias in any item.

To explore the possible impact of risk of bias on the primary
pooled estimates of treatment effect, we examined the effects of
the following.

1. Inclusion of trials at high or unclear risk of selection bias from
inadequate concealment of allocation.

2. Inclusion of trials at high or unclear risk of detection bias from
inadequate blinding of outcome assessors.

3. Inclusion of trials at high or unclear risk of attrition bias from
incomplete outcome data.

Sensitivity analyses 6-7 (meta-analysis decisions)

We also examined the impact on the results of the removal of the
cluster-randomised trials and the use of fixed-effect rather than
random-effects models for data pooling.

Sensitivity analysis 8 (multiple exercise category components)

In order to assist in the interpretation of the results of the type of
exercise subgroup 'multiple categories of exercise' comparisons,
we undertook a sensitivity analyses for both falls outcomes which
only included trials that were coded as having the two primary
components balance/functional exercises and resistance exercises.

Sensitivity analyses 9a and 9b (different exercise type coding)

To explore the possible impact of how we classified exercise
interventions, we examined the effects of the following for both falls
outcomes.

1. Classification of interventions based on the Otago Exercise
Program as multiple categories of exercise.

2. Classification of any intervention that included balance
and functional exercises plus strength exercises as multiple
categories of exercise.

Assessing the certainty of evidence and 'Summary of findings'
tables

We used the GRADE approach to assess the quality of evidence
related to all outcomes listed in the Types of outcome measures
(Schiinemann 2017). Using GRADEpro GDT (GRADEPro GDT 2015),
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 prepared 'Summary of finding' tables
featuring the seven listed outcomes for the umbrella comparison
(exercise (all types) versus control) and for the rate of falls,
risk of falling, fall-related fractures and adverse events for the
primary exercise categories versus control comparisons, where
data were available (Types of interventions). We used standardised
qualitative statements to describe the different combinations of
effect size and the certainty of evidence (Cochrane Norway 2017).

RESULTS

Description of studies
Results of the search

A total of 8007 records were downloaded from the following
databases: Cochrane Bone, Joint and Muscle Trauma Group
Specialised Register (7), CENTRAL (1650), MEDLINE (1601), Embase
(2998), CINAHL (1104), PEDro (139), the WHO ICTRP (317), and
ClinicalTrials.gov (191). We identified 359 studies from a prior
Cochrane Review (Gillespie 2012), and other systematic reviews. We
also found one study after the search process in September 2018 (Li
2018b)

Removal of duplicates and spurious records resulted in 4006
references. Upon screening of these, we excluded 3541 records and
we obtained copies of 465 papers for consideration. A screening
of these led to the removal of a further 230 records. The final
round of study selection based on 235 reports resulted in the
inclusion of 108 studies (194 reports), the exclusion of 21 studies (23
reports) (see Characteristics of excluded studies) and identification
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of 16 ongoing studies (Ongoing studies). Two further studies await A flow diagram summarising the study selection process is shown
classification (Jagdhane 2016; Li 2018b). in Figure 1.

We contacted authors of two studies to request additional details
to assess eligibility, and received responses from both studies; we
included Hamrick 2017 and excluded Hinrichs 2016.
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Figure 1. Study flow diagram.
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Figure 1. (Continued)
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Included studies

This review includes 108 trials with 23,407 participants. Details are
provided in the Characteristics of included studies and are briefly
summarised below. Due to the size of the review, not all links to
references have been inserted in the following text but can be
viewed in Appendix 4. Characteristics of the included studies are
summarised in Table 1 and Table 2.

We contacted authors of 49 included studies to request additional
details regarding study design and outcome data and received
responses for 26 trials; this resulted in additional information that
is used in the review for 10 studies (Arkkukangas 2015; Clegg 2014;
Dadgari 2016; Hamrick 2017; Kerse 2010; Kovacs 2013; Lord 2003;
Morrison 2018; Sales 2017; Siegrist 2016). Trialists of the other 16
studies either reported they had no data to supply or they supplied
data that could not be used in the review (Ansai 2015; Beyer 2007;
Cerny 1998; Dangour2011; Davis 2011; Duque 2013; Gschwind 2015;
Huang2010; Kyrdalen 2014; LaStayo 2017; Lurie 2013; Morgan 2004;
Morone 2016; Okubo 2016; Park 2008; Resnick 2002). This account
does not include the studies for which further information or data
were sought or supplied regarding trials included in Gillespie 2012.

Trial design

All included studies were randomised controlled trials (RCTs). The
majority of trials were individually randomised and nine were
cluster randomised; either by unit of residence (Huang 2010;
Lord 2003; Merom 2016; Wolf 2003), health centre (Dadgari 2016;
Dangour 2011; Iliffe 2015; Siegrist 2016), or senior centre (Reinsch
1992). The included trials had 230 groups. Most trials (n = 95)
had two groups included in this review (usually intervention and
control), 10 studies had three groups (two intervention and one
control: Almeida 2013; Ansai 2015; Clemson 2012; Halvarsson 2016;

[

with injurious fall (n = 1)
Ongoing studies (n = 16)

Studies awaiting
classification (n = 2)

Hirase 2015; Iliffe 2015; Liu-Ambrose 2004; Vogler 2009; Wolf 1996;
Wo02007; allintervention: Davis 2011; Wu 2010), and one study had
four groups (3 intervention, 1 control) (Karinkanta 2007).

Trial size

The median number of participants randomised per trial was 134
(interquartile range (IQR) 65 to 262). The trials ranged in sample
size from 20 participants in Resnick 2002 to 1635 participants in Gill
2016.

Trial setting

The included trials were carried out in 25 countries, the most
common being Australia (19 trials), USA (18 trials), Japan (11 trials),
the UK (7 trials), Finland (5 trials), Brazil (4 trials), Canada (4
trials), Germany (4 trials), New Zealand (4 trials), Sweden (4 trials),
the Netherlands (3 trials), and Taiwan (3 trials). The remaining
trials were conducted in Chile (2 trials), France (2 trials), Hungary
(2 trials), Italy (2 trials), Norway (2 trials), Singapore (2 trials),
China (1 trial), Denmark (1 trial), Iran (1 trial), Korea (1 trial),
Switzerland (1 trial), Thailand (1 trial) and Turkey (1 trial). Of the
three multinational trials, Gschwind 2015 included participants
in Germany, Spain and Australia; Mirelman 2016 recruited from
Belgium, Israel, Italy, Netherlands and the UK and Latham 2003
from Australia and New Zealand. See Appendix 4.

Participants

There were 23,407 participants randomised and 20,007 with fall
data at follow-up. Overall, 77% of included participants were
women. All participants were women in 28 trials (see Appendix 4),
and menin onetrial (Rubenstein 2000). The average participant age
in the included trials was 76 years.
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The inclusion/exclusion criteria and other participant details are
listed for each study in the Characteristics of included studies.

Sixteen trials (15%) would have been excluded if the review
inclusion criteria had been set at 65+ years of age (see Appendix 4).

Sixty included studies (56%) specified a history of falling or
evidence of one or more risk factors for falling in their inclusion
criteria (see Appendix 4).

Seventy-two trials (67%) excluded participants with cognitive
impairment, either defined as an exclusion criterion or implied by
the stated requirement to be able to give informed consent and/or
to follow instructions (see Appendix 4).

Four trials (4%) only included people who had recently been
discharged from hospital (Haines 2009; Latham 2003; Sherrington
2014; Vogler 2009). It is possible other trials also included some
participants who had been recently discharged from hospital or the
emergency department, however this was not quantified.

Interventions

Exercise was compared with a control intervention (one that is not
thought to reduce falls, such as general health education, social
visits, very gentle exercise, or 'sham' exercise) in 81 trials (19,684
participants) in people not recently discharged from hospital,
and four trials (816 participants) in people who were recently
discharged from hospital (Haines 2009; Latham 2003; Sherrington
2014; Vogler 2009). Twenty-three trials, with 3527 participants,
compared the effect of different types of exercise in people not
recently discharged from hospital, and one trial (180 participants)
compared the effect of different types of exercise in the post-
hospital population (Vogler 2009). Four trials (1021 participants)
compared group versus individual exercise (Barker 2016; Helbostad
2004; Iliffe 2015; Kyrdalen 2014), and three trials (879 participants)
compared high- versus low-dose exercise (Ballard 2004; Davis 2011;
Taylor 2012); see Appendix 4).

When interventions are grouped by the type of intervention
(descriptors), asdescribed in Data synthesis, there were 230 groups;
146 intervention arms and 84 control arms. There were 13 multiarm
studies included in the review; 12 trials had three arms (Almeida
2013; Ansai 2015; Clemson 2012; Davis 2011; Halvarsson 2016;
Hirase 2015; Iliffe 2015; Liu-Ambrose 2004; Vogler 2009; Wolf 1996;
Woo 2007; Wu 2010), and one trial had four arms (Karinkanta
2007). Buchner 1997 had four arms; however, because fall data
were not available for individual intervention groups we made ana
priori decision to report fall outcomes for all three exercise groups
combined compared with control group. In 76 (52%) intervention
arms, the exercise intervention was delivered in a group setting; in
43 (29%) intervention arms, it was delivered individually; and 27
(18%) intervention arms involved a combination of group-based
and individual exercise (see Appendix 4). In 67 (46%) intervention
arms, the intervention was delivered by a health professional; in
the 77 (53%) intervention arms where the intervention was not
delivered by a trained health professional, personnel included
trained physical educators, trained exercise leaders and Tai Chi
instructors; in one intervention arm, the intervention was delivered
by both types of personnel (Sales 2017); and in one trial the
personnel were not specified (Park 2008).

The intervention arms were grouped by their primary exercise
modality into six categories (Appendix 5) using the ProFaNE
taxonomy (Appendix 1).

1. Most intervention arms (n = 78; 53%) included balance and
functional exercises as the primary intervention (ProFaNE
taxonomy code gait/balance/co-ordination/functional task
training).

2. Strength/resistance training was the primary component of 9
(6%) intervention arms.

3. Flexibility training was the primary component of one (1%)
intervention arms.

4. 3D training (constant repetitive movement through all three
spatial planes) was the primary component of 15 (10%)
intervention arms.

5. General physical activity (walking groups) was the primary
component of 6 (4%) intervention arms.

6. Endurance training alone was the primary component of one
(1%) intervention arm.

7. Multiple categories of ProFaNE taxonomy were the primary
intervention in 37 (25%) intervention arms. The majority (n
=19, 51%) of these intervention arms included balance and
functional exercise as well as resistance training.

The number of studies, and how many of these are cluster-
RCTs, for the main exercise versus control comparison for each
primary exercise category is summarised below, with further
details including numbers of participants presented in Table 3, and
associated study IDs in Appendix 6 (all trials) and Appendix 7 (trials
contributing data to the rate of falls analysis). Note that these do
not include the four post-hospital discharge RCTs.

1. Exercise (all types) versus control: 81 RCTs (9 cluster-RCTs).

Balance and functional exercises versus control: 48 RCTs (6
cluster-RCTs).

Resistance exercises versus control: 7 RCTs.

Flexibility versus control: 0 RCTs.

3D exercise (Tai Chi) versus control: 10 RCTs (2 cluster-RCTs).
3D exercise (dance) versus control: 1 RCTs (1 cluster-RCT).

General physical activity (walking programme) versus control: 3
RCTs.

8. Endurance training versus control: 0 RCTs.
9. Other kinds of exercise versus control: 0 RCTs.
10.Multiple categories of exercise versus control: 21 RCTs.

g

No o sw

The duration of the exercise intervention in these 81 trials ranged
from 5 to 130 weeks; it was one year or more in 24 trials (30%) and
two years or more in five trials (6%) (Table 2).

Additional details of the number of studies and number of
participants included in the primary analysis (exercise versus
control on rate of falls) for each primary category of exercise are
shown in Appendix 8.

Outcomes

The source of data used for calculating outcomes for each trial
for generic inverse variance analysis is shown in Appendix 9. Rate
of falls was reported in 34 trials, and could be calculated from a
further 43 trials. Data on risk of falling (number of fallers) were
available in 17 trials and could be calculated for a further 61. Raw
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data for rate of falls and number of fallers, when available, are
shown in Appendix 10. Six trials met our inclusion criteria but did
not include data that could be included in these analyses (Almeida
2013; Fiatarone 1997; Mirelman 2016; Morone 2016; Morrison 2018;
Resnick 2002). Two of these trials contained inadequate data to
include in an analysis (Fiatarone 1997; Resnick 2002), but reported
no significant between-group difference in number of falls, and two
trials reported zero falls in each group (Almeida 2013; Morrison
2018). Morone 2016 did not present fall data, but found balance
training using Wii-fit may have a greater effect on balance outcomes
compared with conventional balance training. Mirelman 2016
found treadmill plus virtual reality training may be more effective
in preventing falls than treadmill alone, six months after the end of
a six-week training period. The raw data for non-fall outcomes for
these studies are shown in Appendix 11.

Eleven trials reported a fracture outcome, two trials reported
number of falls requiring hospitalisation, and five trials reported
the number of people experiencing a fall requiring medical
attention. Death was recorded in 40 trials and was listed as a reason
for loss to follow-up in all of these trials except Wolf 2003, which
also assessed death as an adverse event. Deaths were not reported
by group in two trials (Day 2002; Lord 1995; Appendix 12). None of
the deaths were explicitly linked to the trial participation.

Adverse events

Two trials, including one in the post-hospital population, measured
the number of people experiencing adverse events in both groups
throughout the trial period (lliffe 2015; Latham 2003). No other
studies reported adverse events that were monitored closely in all
groups over the entire study period. Adverse events reported to any
degree are described in Appendix 13. Adverse events were reported
to adegreein the intervention and control groupsin 16 trials, in the
intervention group only in 13 trials, in two intervention groups in
seven trials, and in two intervention plus control group in five trials.

Adherence

Adherence was measured in 78 studies and adherence data were
reported in 77 studies (Appendix 14). The measures used to quantify
adherence varied: the majority of studies summarised proportion
of classes attended (n = 53) or proportion of scheduled sessions
completed (n =20), three studies quantified the amount of exercise
performed (Boongrid 2017; Okubo 2016; Sherrington 2014), and
two studies described the proportion of participants who started
the programme (El-Khoury 2015; Skelton 2005).

Excluded studies

We eliminated 253 reports on full-text review. We retained 21
studies (23 reports) as excluded studies as they initially appeared
to meet the inclusion criteria but were subsequently excluded (see
Excluded studies for links to references, and the Characteristics of
excluded studies and Appendix 15 for details). Of the identified
trials:

1. one trial did not meet the review's inclusion criterion for age
(Pereira 1998);

2. one trial included participants with a particular clinical
condition that increases the risk of falls (Hsu 2017);

3. one trial included participants who were not community-
dwelling (DeSure 2013);

15 trials did not involve exercise as a single intervention;
one trial included an ineligible comparator (Ohtake 2013);
one trial did not measure falls (Hinrichs 2016);

one trial withdrew three of the six fallers from the study because
the falls resulted in injuries (Morris 2008).

N o ok

Studies awaiting classification

Two studies are awaiting classification. Li 2018b is a large study (n
=670) comparing the effect of Tai Ji Quan, multimodal exercise and
stretching in older people at high risk of falls. The other is a small
(n=6) study (Jagdhane 2016).

Ongoing studies

We identified 16 ongoing trials (see the Characteristics

of ongoing studies). Seven trials are currently open

to recruitment CTRI/2018/01/011214; NCT02617303;
NCT02926105; NCT03211429; NCT03320668; NCT03417531;
NCT03462654), and nine are ongoing but no longer recruiting
(ACTRN 12613001161718; ACTRN 12615000138583; ACTRN
12615000865516; ISRCTN71002650; NCT01029171; NCT02126488;
NCT02287740; NCT03404830; NCT03455179).

The median target sample size is 402 (IQR 280-670) and two of the
ongoing trials are cluster randomised (ACTRN 12613001161718;
ISRCTN71002650). Half of the trials (8/16, 50%) specify increased
fall-risk as an inclusion criterion. Eight studies are investigating
the effect of a programme of multiple categories of exercise
(ACTRN 12615000865516; CTRI/2018/01/011214; ISRCTN71002650;
NCT01029171; NCT02287740; NCT02617303; NCT02926105;
NCT03455179), including four using the Otago Exercise Program
(ACTRN 12615000865516; NCT01029171; NCT02617303;
NCT02926105). There are three trials on resistance training
(ACTRN 12613001161718; NCT03404830; NCT03455179), one

on Tai Chi (NCT03211429), one on balance training (ACTRN
12615000138583), and a study evaluating slip training on the
treadmill (NCT02126488). Two studies compare group versus
individual delivery, using the LiFE Program (NCT03462654) and
Otago Exercise Program (NCT03320668). There are no studies
investigating the effect of flexibility training, general physical
activity or endurance training alone.

Risk of bias in included studies

Details of the 'Risk of bias' assessment across all included trials
and for each individual item in the included trials are shown in
Characteristics of included studies, Figure 2 and Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. (Continued)
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Allocation

We judged the risk of bias in generation of the allocation sequence
as low in 67% (n =72/108) of trials, unclear in 33% (n =36/108) and
high in zero trials. We assessed the methods of concealment of the
allocation prior to group assignment as low risk of bias in 35% (n =
38/108), unclear in 60% (n = 65/108) and high in the remaining 5%
(5/108) of trials (Cerny 1998; Dangour 2011; Huang 2010; Lord 2003;
Reinsch 1992).

Blinding
Blinding of participants and personnel

In the majority of studies (90%, n = 97/108) it was not possible
to blind the personnel and participants to group allocation.
As the likelihood of awareness of group allocation introducing
performance bias was not clear, we assessed the risk of bias for
non-blinding as unclear for these trials. We judged the impact of
performance bias as low in 5% (n = 5/108) of trials, unclear in 89%
(97/108) of trials and high in 6% (6/108) of trials.

Blinding of outcome assessment

We assessed the risk of bias for blinding of outcome assessment
separately for the following outcomes.

1. Rate of falls and risk of falling
a. We judged the risk of detection bias in relation to the
methods of ascertainment of the rate and/or risk of falls to be
low in 40% (n =43/108), high in 21% (n =23/108) and unclear
in 39% (n =42/108) of the included trials.
2. Risk of fractures
a. Intrials reporting on the risk of fracture, we assessed the risk
of bias for blinding of outcome assessment for the rate of
fractures. We judged the risk of detection bias in relation to
the methods of ascertainment of fractures to be low in 20%
(n=4/20), high in 35% (n=7/20) and unclear in 45% (n =9/20)
of the included trials that measured fractures.
3. Requiring hospital admission/medical attention, adverse events
a. In trials reporting on the risk of hospital admission and/
or requiring medical attention and/or adverse events, we
judged the risk of detection bias in relation to the method of
ascertainment of these outcomes to be low in 15% (5/33) of
trials, unclear in 67% (22/33) and high in 18% (6/33) of trials.

4. Health-related quality of life
a. In trials reporting on health-related quality of life we judged
the risk of detection bias in relation to the method of
ascertainment of health-related quality of life to be high in
all studies (23/23), due to participants in these studies being
unblinded to their allocated group and health-related quality
of life being a self-reported outcome.

Incomplete outcome data

We judged the risk of bias due to incomplete outcome data to be
low in 53% (n =57/108), unclear in 20% (n =22/108) and high in the
remaining 27% of trials (n =29/108).

Selective reporting

We assessed the risk of bias due to selective reporting of falls
outcomes as low in 12% (n = 13/108) of studies, unclear in 40% (n =
43/108) and high in 48% (52/108).

Other potential sources of bias

Bias in the recall of falls due to less reliable methods of
ascertainment

We assessed 58% of included studies (n = 63/108) as being at low
risk of bias in the recall of falls (i.e. falls were recorded concurrently
using recommended methods of monthly diaries or postcards). We
judged the risk of bias to be high in 27% of trials (n = 29/108), in
that ascertainment of falling episodes was by participant recall, at
intervals during the study or at its conclusion. In 15% of trials (n =
16/108) the risk of bias was unclear, as retrospective recall was for
a short period only, or details of ascertainment were not described.

Bias due to cluster-randomisation

We assessed the nine cluster-randomised trials for risk of bias
associated with recruitment methods, baseline imbalance, loss of
clusters, incorrect analysis and comparability with individually-
randomised trials. We judged the risk of bias due to factors
associated with cluster-randomised trials to be low in one (11%)
trial, unclear in seven trials (78%) and high in the remaining trial
(11%, Dadgari 2016).
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Effects of interventions

See: Summary of findings for the main comparison Summary of
findings: exercise (all types) versus control (e.g. usual activities);
Summary of findings 2 Summary of findings: balance and
functional exercises versus control (e.g. usual activities); Summary
of findings 3 Summary of findings: resistance exercises versus
control (e.g. usual activities); Summary of findings 4 Summary
of findings: 3D (Tai Chi) exercise versus control (e.g. usual
activities); Summary of findings 5 Summary of findings: 3D
(dance) exercise versus control (e.g. usual activities); Summary
of findings 6 Summary of findings: walking programme (general
physical activity) versus control (e.g. usual activities); Summary
of findings 7 Summary of findings: multiple categories of exercise
versus control (e.g. usual activities)

Exercise (all types) versus control
Overview of results reporting format

For each outcome described below we report the overall pooled
effects of all exercise interventions (including the subgroup
analyses for age, baseline risk of falling, personnel, and group
delivery, for the falls outcomes) then the effects in studies
testing interventions within each exercise category of the ProFaNE
taxonomy (Appendix 1; Appendix 5), as well as the results of studies
of exercise interventions that included multiple categories. For
analyses with more than 10 included comparisons (both rate of falls
and number of people experiencing one or more falls comparisons
for balance and functional exercises, and multiple categories of
exercise) we also report the results of the three prespecified
subgroup analyses (increased fall risk as a study entry criterion,
exercise delivery by a health professional, group versus individual
delivery).

The findings are summarised and the absolute impact of
interventions illustrated in 'Summary of findings' tables for the
overall 'exercise versus control' comparison and for separate
primary exercise categories for which there are data. No trials
compared primarily flexibility exercise, endurance exercise or other
exercise type versus control.

The results for the four trials comparing exercise (all types) versus
control in people who had been recently discharged from hospital
are presented separately, after this main comparison.

Rate of falls (falls per person-year)

Exercise (all types) reduces the rate of falls by 23% compared with
control (rate ratio (RaR) 0.77, 95% confidence interval (Cl) 0.71
to 0.83; 12,981 participants, 59 studies, I1* = 55%; high-certainty
evidence; Analysis 1.1).

Subgroup analysis by falls risk at baseline, found there was
probably little or no difference in the effect of exercise (all types) on
the rate of falls in trials where all participants were at an increased
risk of falling (RaR 0.80, 95% Cl 0.72 to 0.88; 6858 participants, 30
studies, |12 = 56%) compared with trials that did not use increased
risk of falling as an entry criterion (RaR 0.74, 95% CI 0.65 to
0.84; 6123 participants, 29 studies, I* = 53%); test for subgroup
differences: Chi>=0.90, df=1, P =0.34, I = 0% (Analysis 1.2).

Subgroup analysis by participant age found there was probably
little or no difference in the effect of exercise (all types) on the rate
of falls in trials where participants were aged 75 years or older (RaR

0.83, 95% Cl 0.72 to 0.97; 3376 participants, 13 studies, 1> = 54%)
compared with trials where participants were aged less than 75
years (RaR 0.75, 95% Cl 0.69 to 0.82; 9605 participants, 46 studies,
I2 = 55%); test for subgroup differences: Chi*=1.36,df =1, P =0.24,
12=27% (Analysis 1.3).

Subgroup analyses found a larger effect of exercise (all types) in
trials where interventions were delivered by a health professional
(RaR 0.69, 95% Cl 0.61 to 0.79; 4511 participants, 25 studies, I?
= 47%) than in trials where the interventions were delivered by
trained instructors who were not health professionals (RaR 0.82,
95% CI 0.75 to 0.90; 8470 participants, 34 studies, 1> = 57%); test for
subgroup differences: Chi*=4.44, df =1, P=0.04, 1> = 78% (Analysis
1.4). Notably, both approaches resulted in reductions in the rate of
falls.

Subgroup analyses found there may be no difference in the effect
of exercise (all types) on the rate of falls where interventions were
delivered in a group setting (RaR 0.76, 95% Cl 0.69 to 0.85; 8163
participants, 40 studies, 1> = 62%) compared with trials where
interventions were delivered individually (RaR 0.79, 95% CI 0.71
to 0.88; 4818 participants, 21 studies, I> = 35%); test for subgroup
differences: Chi*=0.21, df = 1, P = 0.65, I* = 0% (Analysis 1.5). Two
three-group studies, appear in both subgroups (Iliffe 2015; Wolf
1996).

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: Chi? = 17.18, df = 5, P = 0.004, I*> = 70.9%
(Analysis 1.6).

Different categories of primary exercise versus control
Balance and functional exercises versus control

Exercise interventions that were classified as being primarily
gait, balance, co-ordination or functional task training using the
ProFaNE taxonomy, reduce the rate of falls by 24% compared with
control (RaR 0.76,95% C1 0.70 to 0.81; 7920 participants, 39 studies,
12 = 29%, high-certainty evidence; Analysis 1.6).

Subgroup analyses found little or no difference in the effect of
balance and functional exercises on the rate of falls in trials where
all participants were at an increased risk of falling (RaR 0.72, 95% Cl
0.65 to 0.80; 4602 participants, 21 studies, I* = 38%) compared with
trials that did not use increased risk of falling as an entry criterion
(RaR 0.80, 95% Cl 0.72 to 0.90; 3355 participants, 18 studies, I =
17%); test for subgroup differences: Chi*=1.99,df=1,P=0.16, 1% =
50% (Analysis 8.1).

Subgroup analyses found a larger effect of balance and functional
exercises in trials where interventions were delivered by a health
professional (RaR 0.67, 95% Cl 0.58 to 0.65; 2960 participants,
20 studies, 1> = 37%) than in trials where the interventions were
delivered by trained instructors who were not health professionals
(RaR0.82,95% C10.76 to 0.88; 4997 participants, 19 studies, 1> =9%);
test for subgroup differences: Chi? =6.72, df =1, P = 0.01, I> = 85%
(Analysis 8.3). Notably, both approaches resulted in statistically
significant reductions in the rate of falls.

Subgroup analyses found little or no difference in the effect of
balance and functional exercises on the rate of falls in trials where
interventions were delivered in a group setting (RaR 0.73, 95% Cl
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0.65 to 0.82; 3620 participants, 20 studies, I* = 34%) compared with
trials where interventions were delivered individually (RaR 0.77,
95% C1 0.70 to 0.85; 4589 participants, 20 studies, |12 = 28%); test for
subgroup differences: Chi? = 0.47, df = 1, P = 0.50, 1 = 0% (Analysis
8.5).

Resistance exercises versus control

We are uncertain whether exercises, classified as being primarily
resistance or strength exercises using the ProFaNE taxonomy,
reduce the rate of falls compared with control (RaR 1.14, 95% CI
0.67 to 1.97; 327 participants, 5 studies, 12 = 67%); very low-certainty
evidence; Analysis 1.6).

3D (Tai Chi) exercise versus control

Exercise interventions that were classified as 3D (Tai Chi or similar)
may reduce the rate of falls by 19% compared with control (RaR
0.81,95% CI 0.67 to 0.99; 2655 participants, 7 studies, I = 74%; low-
certainty evidence; Analysis 1.6).

3D (dance) exercise versus control

We are uncertain whether exercises, classified as being primarily
3D (dance) using the ProFaNE taxonomy, reduce the rate of
falls compared with control (RaR 1.34, 95% CI 0.98 to 1.83; 522
participants, 1 study; very low-certainty evidence; Analysis 1.6).

Walking programme versus control

We are uncertain whether exercises, classified as being primarily
walking programmes using the ProFaNE taxonomy, reduce the rate
of falls compared with control (RaR 1.14, 95% Cl 0.66 to 1.97;
441 participants, 2 studies; I = 67%; very low-certainty evidence;
Analysis 1.6).

Multiple categories of exercise versus control

Exercise interventions that include multiple categories of the
ProFaNE taxonomy (most commonly balance and functional
exercises plus resistance exercises) probably reduce the rate of falls
by 34% compared with controls (RaR 0.66,95% CI 0.50 to 0.88; 1374
participants, 11 studies; I* = 65%; moderate-certainty evidence;
Analysis 1.6).

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; 1> = 72%;
Analysis 19.1).

Subgroup analyses found there is probably little or no difference
in the effect of exercise interventions that included multiple
categories on the rate of falls in trials where all participants were
at an increased risk of falling (RaR 0.77, 95% CI 0.63 to 0.94; 618
participants, 5 studies, 12 = 0%) compared with trials that did not
use increased risk of falling as an entry criterion (RaR 0.54, 95% ClI
0.29 to 0.99; 763 participants, 6 studies, I* = 79%); test for subgroup
differences: Chi?=1.19,df =1, P =0.27, 1> = 16.2% (Analysis 9.1).

Subgroup analyses found there is probably little or no difference
in the effect of exercise interventions that included multiple
categories on rate of falls in trials where interventions were
delivered by health professionals (RaR 0.65, 95% CI 0.43 to 0.99;
653 participants, 3 studies, I* = 72%) compared with trials where
interventions were delivered by trained instructors who were not

health professionals (RaR 0.66,95% CI 0.44 to 0.99; 751 participants;
8 studies, 12 = 67%); test for subgroup differences: Chi*=0,df=1,P
=0.96, 12 = 0% (Analysis 9.3).

Subgroup analyses found there is probably little or no difference
in the effect of exercise interventions that included multiple
categories on the rate of falls in trials where interventions were
delivered in a group setting (RaR 0.64, 95% Cl 0.46 to 0.89; 1194
participants, 10 studies, 1> = 67%) compared with trials where
interventions were delivered individually (RaR 0.81, 95% Cl 0.56 to
1.18; 210 participants, 1 study); test for subgroup differences: Chi?
=0.86,df=1,P=0.35, 1= 0% (Analysis 9.5).

Long-term follow-up rate of falls (secondary outcome)

Five studies reported the rate of falls at more than 18 months
after randomisation. Data from four studies, pooled by exercise
category, are presented in Analysis 1.7. Balance and functional
exercises may reduce the rate of falls in the long term (RaR 0.82,
95% Cl 0.66 to 1.01; 858 participants, 2 studies; 12 = 41%; low-
certainty evidence). The long-term effects of a walking programme
tested in Ebrahim 1997 (97 participants) and a multiple exercise
programme, including balance and strength training tested in Uusi-
Rasi 2015 (175 participants) are unclear (Analysis 1.7). Data from
Iliffe 2015 were not included in Analysis 1.7 because the follow-
up period, which differed from the other four studies, was a one-
year period started six months after programme completion. There
was no evidence of a difference in rate of falls for either exercise
programme (FaME programme: RaR 0.94, 95% Cl 0.62 to 1.41; 202
participants; Otago Exercise Program: RaR 1.04, 95% Cl 0.69 to 1.55;
201 participants).

Number of people who experienced one or more falls (risk of
falling)

Exercise (all types) reduces the number of people experiencing one
or more falls by 15% compared with control (risk ratio (RR) 0.85,
95% Cl 0.81 to 0.89; 13,518 participants, 63 studies, |> = 26%; high-
certainty evidence; Analysis 2.1).

Subgroup analysis by falls risk at baseline found there was little or
no difference in the effect of exercise (all types) on the number of
people experiencingone or more fallsin trials where all participants
were at an increased risk of falling (RR 0.87, 95% Cl 0.83 to 0.91;
7171 participants, 35 studies, I*> = 1%) compared with trials that
did not use increased risk of falling as an entry criterion (RR 0.82,
95% C1 0.73 to 0.92; 6347 participants, 28 studies, I* = 45%); test for
subgroup differences: Chi? = 0.94, df = 1, P = 0.33, 1 = 0% (Analysis
2.2).

Subgroup analysis by participant age found there was little or no
difference in the effect of exercise (all types) on the number of
people experiencing one or more falls in trials where participants
were aged 75 years or older (RR 0.86, 95% Cl 0.80 to 0.92; 3172
participants, 13 studies, 1> = 0%) compared with trials where
participants were aged less than 75 years (RR 0.85, 95% CI 0.79 to
0.91; 10,346 participants, 50 studies, 1> = 33%); test for subgroup
differences: Chi*=0.07,df=1,P =0.79, 1> = 0% (Analysis 2.3).

Subgroup analyses by personnel delivering exercise found there
was little or no difference in the effect of exercise (all types) on the
number of people experiencing one or more falls in trials where
interventions were delivered by a health professional (RR 0.82, 95%
Cl0.74 to 0.91; 3747 participants, 26 studies, I = 25%) than in trials
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where the interventions were delivered by trained instructors who
were not health professionals (RR 0.86, 95% Cl 0.81 to 0.92; 9726
participants, 36 studies, I* = 29%); test for subgroup differences:
Chi?=0.63, df = 1 (P = 0.43), 1> = 0% (Analysis 2.4). The personnel
providing the exercise programme was not identified in Park 2008.

Subgroup analyses found there may be no difference in the effect
of exercise (all types) on the number of people experiencing one or
more falls in trials where interventions were delivered in a group
setting (RR 0.83, 95% Cl 0.78 to 0.90; 9219 participants, 48 studies,
12 = 33%) compared with trials where interventions were delivered
individually (RR 0.88, 95% CI 0.83 to 0.93; 4299 participants, 16
studies; I* = 0%); test for subgroup differences: Chi? = 1.14, df = 1,
P =0.29, I = 12% (Analysis 2.5). One three-group study appears in
both subgroups (lliffe 2015).

The subgroup analysis by exercise type provided a visual
impression of potential subgroup differences of effect of different
exercises on the numbers of fallers, but the test for subgroup
differences did not show a statistically significant result: test for
subgroup differences: Chi*=6.45,df=5,P =0.26, 1*=22.5% (Analysis
2.6).

Different categories of primary exercise versus control
Balance and functional exercises versus control

Exercise interventions that were classified as being primarily
gait, balance, co-ordination or functional task training using the
ProFaNE taxonomy, reduce the number of people experiencing one
or more falls by 13% compared with control (RR 0.87,95% CI 0.82 to
0.91; 8288 participants, 37 studies, 1> = 9%; high-certainty evidence;
Analysis 2.6).

Subgroup analyses found little or no difference in the effect
of balance and functional exercises on the number of people
experiencing one or more falls in trials where all participants were
at an increased risk of falling (RR 0.86, 95% CI 0.81 to 0.91; 4639
participants, 22 studies, 1> = 6%) compared with trials that did not
use increased risk of falling as an entry criterion (RR 0.88, 95% ClI
0.80 to 97; 3649 participants, 15 studies, I* = 18%); test for subgroup
differences: Chi?=0.21,df =1, P =0.65, 1> = 0% (Analysis 8.2).

Subgroup analyses found little or no difference in the effect
of balance and functional exercises on the number of people
experiencing one or more falls in trials where interventions were
delivered by health professionals (RR 0.82, 95% Cl 0.75 to 0.90;
2894 participants, 19 studies, |12 = 5%) compared with trials where
interventions were delivered by trained instructors who were not
health professionals (RR 0.89,95% CI 0.84 to 0.94; 5394 participants,
18 studies, I> = 11%); test for subgroup differences: Chi?=1.71, df =
1,P=0.19, 1>=41% (Analysis 8.4).

Subgroup analyses also found little or no difference in the effect
of balance and functional exercises on the number of people
experiencing one or more falls in trials where interventions were
delivered in a group setting (RR 0.87, 95% Cl 0.80 to 0.95; 4465
participants, 22 studies, 1> = 19%) compared with trials where
interventions were delivered individually (RR 0.87, 95% Cl 0.82
to 0.92; 4075 participants, 16 studies, 1* = 0%); test for subgroup
differences: Chi?=0.01, df=1 (P =0.92), 1> = 0% (Analysis 8.6).

Resistance exercises versus control

We are uncertain whether exercise, classified as being primarily
resistance or strength exercises, reduces the number of people
experiencing one or more falls compared with control (RR 0.81,95%
Cl0.57t0 1.15;163 participants, 2 studies, 1> = 0%; very low-certainty
evidence; Analysis 2.6).

3D (Tai Chi) exercise versus control

Exercise interventions that were classified as 3D (Tai Chi or similar)
reduce the number of people experiencing one or more falls by
20% compared with control (RR 0.80, 95% ClI 0.70 to 0.91; 2677
participants, 8 studies, |1> = 42%; high-certainty evidence; Analysis
2.6).

3D (dance) exercise versus control

We are uncertain whether exercise, classified as being primarily
3D (dance), reduces the number of people experiencing one or
more falls compared with control (RR 1.35, 95% Cl 0.83 to 2.20;
522 participants, 1 study; very low-certainty evidence; Analysis 2.6).
We assessed the certainty of the evidence as very low due to there
being wide Cls in the single trial.

Walking programme versus control

We are uncertain whether exercise, classified as being primarily
walking programmes, reduces the number of people experiencing
one or more falls compared with control (RR 1.05, 95% CI 0.71
to 1.54; 441 participants, 2 studies, 12 = 50%; Analysis 2.6), as we
assessed the certainty of the evidence as very low.

Multiple categories of exercise versus control

Exercise interventions that included multiple categories of the
ProFaNE taxonomy probably reduce the number of people
experiencing one or more falls by 22% compared with control (RR
0.78, 95% Cl 0.64 to 0.96; 1623 participants, 17 studies, |12 = 48%;
moderate-certainty evidence; Analysis 2.6).

Sensitivity analyses revealed little difference in the results when we
pooled only trials thatincluded the two most common components
(balance and functional exercises plus resistance exercises) (RR
0.76, 95% Cl 0.61 to 0.95; 1375 participants, 13 studies; 1> = 53%;
Analysis 19.2).

Subgroup analyses found there may be little or no difference in the
effect of exercise interventions thatincluded multiple categories on
the number of people experiencing one or more falls in trials where
all participants were at an increased risk of falling (RR 0.84, 95% ClI
0.71 to 1.00; 913 participants, 10 studies, 1> = 19%) compared with
trials that did not use increased risk of falling as an entry criterion
(RR0.70, 95% Cl 0.41 to 1.19; 710 participants, 7 studies, I* = 67%);
test for subgroup differences: Chi*> = 0.42, df =1, P=0.52, I = 0%
(Analysis 9.2).

Subgroup analyses found there may be little or no difference in the
effect of exercise interventions thatincluded multiple categories on
the number of people experiencing one or more falls in trials where
interventions were delivered by health professionals (RR 0.81, 95%
Cl0.65 to 1.02; 867 participants, 8 studies, I* = 50%) compared with
trials where interventions were delivered by trained instructors
who were not health professionals (RR 0.70,95% CI 0.45 t0 1.10; 711
participants, 8 studies, 1 = 57%); test for subgroup differences: Chi?
=0.34,df=1,P=0.56, 1= 0% (Analysis 9.4).
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Subgroup analyses found there may be little or no difference in the
effect of exercise interventions that included multiple categories on
the number of people experiencing one or more falls in trials where
interventions were delivered in a group setting (RR0.77,95% C1 0.60
to 1.00; 1301 participants, 14 studies, 12 =57%) compared with trials
where interventions were delivered individually (RR 0.86, 95% ClI
0.72 to 1.03; 322 participants, 3 studies, I> = 0%); test for subgroup
differences: Chi?=0.45, df =1 (P = 0.50), I* = 0% (Analysis 9.6).

Long-term follow-up

Data from the three studies reporting on the number of people
experiencing one or more falls at more than 18 months after
randomisation are shown in Analysis 2.7. Balance and functional
exercises may reduce the number of fallers in the long term (RR
0.86, 95% CI 0.78 to 0.94; 1325 participants, 2 studies; 12 = 0%;
low-certainty evidence) but there is no evidence of difference for
a multiple exercise programme (including balance and strength
training) tested in Uusi-Rasi 2015 (RR 1.01, 95% CI 0.74 to 1.38; 175
participants; low-certainty evidence).

Number of people who experienced one or more fall-related
fractures

Exercise (all types) may reduce the number of people experiencing
one or more fall-related fractures by 27% compared with control
(RR0.73, 95% CI 0.56 to 0.95; 4047 participants, 10 studies, |2 = 0%;
low-certainty evidence; Analysis 3.1).

Subgroup analysis by falls risk at baseline found there may be little
or no difference in the effect of exercise (all types) on the number
of people experiencing one or more fall-related fractures in trials
where all participants were at an increased risk of falling (RR 0.80,
95% Cl 0.60 to 1.07; 2792 participants, 5 studies, I* = 0) compared
with trials that did not use increased risk of falling as an entry
criterion (RR 0.48, 95% Cl 0.26 to 0.91; 1255 participants, 5 studies,
12 = 0%); test for subgroup differences: Chi? =2.05, df = 1, P = 0.15,
12=50.6% (Analysis 3.2).

Subgroup analyses found there may be little or no difference
in the effect of exercise (all types) on the number of people
experiencing one or more fall-related fractures in trials where
participants were aged 75 years or older (RR 0.61, 95% CI 0.31 to
1.20; 2740 participants, 3 studies, 1> = 42%) compared with trials
where participants were aged less than 75 years (RR 0.53, 95% ClI
0.29 to 0.96; 1308 participants, 7 studies, 1> = 0%); test for subgroup
differences: Chi?=0.1,df =1, P =0.75, 1> = 0% (Analysis 3.3).

The subgroup analysis by exercise type did not show subgroup
differences on the effects on fall-related fractures: test for subgroup
differences: Chi*=4.22, df =3, P = 0.24, I* = 28.9% (Analysis 3.4).

Different categories of primary exercise versus control
Balance and functional exercises versus control

Exercise interventions that were classified as being primarily
gait, balance, co-ordination or functional task training using the
ProFaNE taxonomy, may reduce the number of people experiencing
one or more fall-related fractures by 56% compared with control
(RR 0.44, 95% CI 0.25 to 0.76; 2139 participants, 7 studies, I* = 0%;
low-certainty evidence; Analysis 3.4).

Resistance exercises versus control

We are uncertain whether exercises, classified as being primarily
resistance or strength exercises using the ProFaNE taxonomy,
reduce the number of people experiencing one or more fall-related
fractures compared with control (RR 0.97, 95% CI 0.14 to 6.49; 73
participants; 1 study; very low-certainty of evidence due to single
study with very wide Cl; Analysis 3.4).

3D exercise versus control

We did not find any studies that looked at the impact of 3D exercises
(Tai Chi or dance) on the number of people experiencing one or
more fall-related fractures compared with control.

Walking programme versus control

We are uncertain whether exercises, classified as being primarily
walking programmes using the ProFaNE taxonomy, reduce the
number of people experiencing one or more fall-related fractures
compared with control (RR0.66,95% C10.11t0 3.76; 97 participants,
1 study; very low-certainty evidence due to a single study with very
wide CI; Analysis 3.4).

Multiple categories of exercise versus control

Exercise interventions that include multiple categories of the
ProFaNE taxonomy, may slightly reduce the number of people
experiencing one or more fall-related fractures compared with
control; however, the 95% ClI includes the possibility of both
reduced and increased numbers of people experiencing fall-related
fractures (RR 0.85,95% Cl 0.62 to 1.16; 1810 participants, 3 studies,
12 = 0%; low-certainty evidence; Analysis 3.4).

Long-term follow-up

Three studies, each testing a different exercise category, reported
the number of people who experienced fractures more than 18
months after randomisation (Dangour 2011; Ebrahim 1997; Gill
2016). The effect of exercise on fractures at long-term follow-up is
unclear (RR 0.93, 95% Cl 0.69 to 1.25; 2351 participants, 3 studies;
very low-certainty; Analysis 3.5). Only the data (6 versus 4 fractures
at 24 months compared with 2 versus 3 at 12 months) for Ebrahim
1997 differed from that presented in the main analysis (Analysis
3.1).

Number of people who experienced one or more falls that
resulted in hospital admission

Only two studies reported this outcome (Clegg 2014; Gill 2016). We
are uncertain of the finding that exercise (all types) makes little
or no difference to the number of people who experience one or
more falls requiring hospital admission compared with control (RR
0.78,95% CI 0.51 to 1.18; 1705 participants, 2 studies, 12 = 0%; very
low-certainty evidence, downgraded three levels due to high risk of
bias, imprecision (wide Cl) and because a large number of studies
included in the review do not contribute data to the outcome;
Analysis 4.1).

Number of people who experienced one or more falls that
required medical attention

Exercise (all types) may reduce the number of people who
experience one or more falls requiring medical attention by
39% compared with control (RR 0.61, 95% ClI 0.47 to 0.79; 1019
participants, 5 studies (7 comparisons), 1> = 3%; low-certainty
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evidence downgraded due to imprecision and risk of publication
bias; Analysis 5.1).

Different categories of primary exercise versus control
Balance and functional exercises versus control

Exercise interventions that were classified as being primarily
gait, balance, co-ordination or functional task training using the
ProFaNE taxonomy, may make little or no difference to the number
of people who experienced one or more falls requiring medical
attention compared with control (RR 0.76, 95% Cl 0.54 to 1.09; 583
participants, 3 studies, 1> = 0%; low-certainty evidence; Analysis
5.2).

Resistance exercises versus control

Exercises classified as being primarily resistance or strength
exercises using the ProFaNE taxonomy, may make little or no
difference to the number of falls requiring medical attention
compared with control (RR0.92,95% CI 0.47 to 1.80; 73 participants,
1 study; very low-certainty evidence; Analysis 5.2).

3D (Tai Chi) exercise versus control

Exercise interventions that were classified as 3D (Tai Chi or similar)
may reduce the number of falls requiring medical attention by
65% compared with control (RR 0.35, 95% Cl 0.13 to 0.93; 188
participants, 1 study; low-certainty evidence; Analysis 5.2).

Walking programme versus control

This outcome was not reported.

Multiple categories of exercise versus control

Exercise interventions that include multiple categories of the
ProFaNE taxonomy, may reduce the rate of falls requiring medical
attention (RR 0.44, 95% Cl 0.29 to 0.66; 247 participants, 2 studies,
12 = 0%); low-certainty evidence; Analysis 5.2).

Long-term follow-up

Two studies reported on this outcome at more than 18 months
after randomisation (Karinkanta 2007; Uusi-Rasi 2015). Pooled data
from these two studies showed exercise (all types) may reduce
the number of people who experience one or more falls requiring
medical attention in the long term (RR 0.54, 95% C1 0.37 t0 0.78; 319
participants, 2 studies; low-certainty evidence; Analysis 5.3). The
same data from both studies were used in Analysis 5.1 and Analysis
5.3.

Health-related quality of life

We were able to pool data from 15 of the 23 trials that assessed
health-related quality of life in people not recently discharged from
hospital. Based on pooled standardised mean difference (SMD)
results from the 15 trials (17 comparisons) that reported final
scores, exercise interventions may make little or no difference
to people's reported health-related quality of life compared with
those who received usual care or an attention control; however,
the 95% Cl includes the possibility of both increased and reduced
quality of life (SMD -0.03, 95% CI -0.10 to 0.04; 3172 participants, 15
studies; 12 = 76%; low-quality evidence downgraded two levels due
to inconsistency (there was considerable heterogeneity, 76%), and
risk of bias (removing studies with high risk of bias on two or more
items had a marked impact on results; Analysis 6.1).

Four trials (6 comparisons) reported end point scores using the
EQ-5D; the SMD converted back to mean difference (MD) -0.0026
points (95% CI -0.0086 to 0.0034) on the 0 to 1 EQ-5D scale, which
is less than the minimally important difference of 0.074 (Walters
2005). For the five trials that measured health-related quality of life
using SF-36, converting these data to the SF-36 scale (0 worst to 100
best) indicates that the estimated MD of 0.36 (95% CI -1.20 to 0.47)
is not clinically important, as the minimally important difference is
usually 3 to 5 (Walters 2003).

Appendix 16 provides summary information for all 23 trials
including three post-hospital studies and those which we could
not include in the meta-analysis (e.g. because they used unique
outcome measures or reported median, IQR or P value), the results
of which are similar to the above.

Number of people who experienced one or more adverse events

Twenty-seven trials reported on adverse event to some degree
(Appendix 13). Fourteen of the trials reporting on adverse events
stated there were no adverse events.

Iliffe 2015 measured the number of people experiencing adverse
events in both groups throughout the trial period and reported
59 events classified as 'adverse reactions' or 'possible adverse
reactions' in the group receiving FaME intervention, 60 in the OEP
group and 45 in the control group; the majority were reports of
musculoskeletal pain and none were serious. No other studies
reported adverse events that were monitored closely in all groups
over the entire study period. A serious adverse effect was a
pelvic stress fracture reported in Clemson 2012. The remaining
trials reported non-serious adverse events of a musculoskeletal
nature, with a median of three events (range 1 to 26) in the
intervention group. The majority of reported adverse events were
of a musculoskeletal nature and not serious. Of the studies that
reported adverse events, a greater proportion of the strength-only
exercises were associated with adverse events than in the gait,
balance and functional training or multiple exercise categories.

Different categories of primary exercise
Balance and functional exercises versus control

Adverse events were reported in 15 of the 48 trials, including
exercise interventions that were classified as being primarily
gait, balance, co-ordination or functional task training using the
ProFaNE taxonomy. Two hundred adverse events were reported;
most were non-serious adverse events of a musculoskeletal nature,
one trial (two intervention arms) reported 128 of these adverse
events (lliffe 2015), one intervention arm reported shortness
of breath in four participants (Liu-Ambrose 2004), another trial
reported palpitations in a participant (Sakamoto 2013), and one
trial reported a pelvic stress fracture (Clemson 2012). See Appendix
13.

Resistance exercises versus control

Adverse events were reported in one trial, including exercises
classified as being primarily resistance or strength exercises using
the ProFaNE taxonomy (Liu-Ambrose 2004). The study reported
10 musculoskeletal complaints in the intervention group and one
musculoskeletal complaint in the control group.

Exercise for preventing falls in older people living in the community (Review) 41
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

3D (Tai Chi) exercise versus control

Adverse events were reported in two of 10 trials with 3D (Tai Chi) as
the primary intervention. There were zero occurrences of adverse
events.

3D (dance) exercise versus control

Adverse events were reported in the one trial in this analysis, in the
intervention group only. There were zero occurrences of adverse
events.

Walking programme versus control

This outcome was not reported.

Multiple categories of exercise versus control

Adverse events were reported in 10 of the 21 trials of exercise
interventions that include multiple categories of the ProFaNE
taxonomy. Adverse events were reported for both intervention and
control groups (5 trials), or the intervention group only (5 trials).
There was a total of 43 adverse events reported. The majority were
non-serious and of a musculoskeletal nature. There was reported
exacerbation of pre-existing osteoarthritis conditions (Uusi-Rasi
2015), and inguinal hernia surgery was reported in one intervention
arm (Clemson 2012).

Number of people who died

Death was primarily reported as a reason for loss to follow-up
in all 30 trials with separate group data. Exercise (all types) may
reduce the number of people who died compared with control;
however, the 95% Cl includes the possibility of both reduced death
and increased death with exercise (RR 0.86, 95% Cl 0.66 to 1.12;
10,037 participants, 30 studies, 1> = 0%; low-certainty evidence
(downgraded one level due to risk of bias, as results changed,
becoming statistically significant, with removal of the 14 trials
with a high risk of bias on one or more items; and one level for
indirectness, as the outcome was assessed indirectly as a reason
for loss to follow-up; Analysis 7.1). The risk of death did not differ
between the trialsincluding people selected or not-selected for risk
of falling: test for subgroup differences: Chi?=0.19, df=1, P = 0.67,
12 = 0% (Analysis 7.2). None of the deaths were explicitly linked to
trial participation.

Exercise (all types) versus control tested in people who had
recently been discharged from hospital

Four studies investigated outcomes in people who had recently
been discharged from hospital (Haines 2009; Latham 2003;
Sherrington 2014; Vogler 2009). Results of individual studies for
rate of falls (3 trials) are shown in Analysis 10.1; number of falls
(4 trials) in Analysis 10.2; health-related quality of life (3 trials) in
Analysis 10.3; and mortality (4 trials) in Analysis 10.4. Given the
diversity of interventions, we did not pool data. It is noted that
overall, the effects of exercise on falls appear smaller (or in the
opposite direction in the case of Sherrington 2014) in these studies
compared with studies in the general older population (very low-
certainty evidence).

All four studies reported on adverse events to some degree
(Appendix 13). Latham 2003 measured the number of people
experiencing adverse events in both groups throughout the trial
period and reported that 18 participants had back and knee pain
directly attributable to the exercise programme; there were no

details of the five participants with adverse events in the control
group. The remaining trials reported non-serious adverse events of
a musculoskeletal nature.

Exercise versus exercise
Comparisons of different types of exercise

The results of individual trials directly comparing different types
of exercise are shown for rate of falls in Analysis 11.1, with long-
term rate of falls data in Analysis 11.2; number of fallers in Analysis
11.3; number with fall-related fractures in Analysis 11.4; number
requiring medical attention in Analysis 11.5; quality of life in
Analysis 11.6; and mortality in Analysis 11.7. Given the variability
between programmes, we did not undertake any meta-analyses for
these comparisons for any of the outcomes. Overall there is very
low-certainty evidence for each comparison.

Most of the trials in these analyses did not find significant
differences in the fall prevention effects of different programmes,
but most were not likely to be adequately powered to detect
differences between different exercise programmes.

A few studies did find greater effects of particular programmes.
For example, Kemmler 2010 found greater effects on the rate
of falls of a more intensive programme delivered twice a week
compared with a low intensity programme delivered once a week.
Studies by Yamada et al found greater fall prevention effects
of complex obstacle negotiation training compared with simple
training (Yamada 2012), and greater effects of multidimensional
stepping compared with walking (Yamada 2013). Both these
interventions were delivered in addition to group exercise primarily
targeting balance. Hwang 2016 found greater effects of Tai Chi than
supervised balance and strength training on the rate of falls and the
number of people falling. All these findings require confirmation in
different and larger studies.

Different modes of delivery (e.g. group versus individual) of the
same type of exercise

The results of individual trials that provided direct comparisons
between the same programmes being delivered in group-based
settings and individually are shown for rate of falls in Analysis
11.8; number of fallers in Analysis 11.9; number requiring hospital
admission in Analysis 11.10; quality of life in Analysis 11.11; and
mortality in Analysis 11.12. All results were inconclusive; the five
trials were too small to draw conclusions (Barker 2016; Helbostad
2004; Iliffe 2015; Kyrdalen 2014; Wu 2010).

Different doses (e.g. higher intensity versus lower intensity) of
the same type of exercise

The results of the individual trials that directly compared higher
with lower doses of the same type of exercise are shown for rate
of falls in Analysis 11.13, number of fallers in Analysis 11.14, and
mortality in Analysis 11.15. Taylor 2012 found a greater impact on
the rate of falls when Tai Chi classes were delivered twice rather
than once per week. The other two trials were too small to draw
conclusions (Ballard 2004; Davis 2011).

Number of people who experienced one or more adverse events

No studies reported adverse events that were monitored closely
in all groups over the entire study period. Adverse events reported
to any degree are described in Appendix 13. Three of the 10 trials
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reporting on adverse events stated there were no adverse events.
The remaining trials reported non-serious adverse events of a
musculoskeletal nature.

Economic data

Weidentified 12 out of the 108 studies that reported economic data.
These included reports of costs of intervention or health service use
and/or the results of trial-based cost-effectiveness or cost-utility
analyses (Appendix 17).

As in Gillespie 2012, the perspectives taken, the cost items
measured and valued, and the type of healthcare resources
included in the calculation of incremental cost-effectiveness ratios
(ICERs) all varied, so that comparison of ICERs for the interventions
remains difficult even for evaluations carried out within similar
health systems.

Nonetheless, the results from several studies demonstrate the
potential cost-effectiveness of fall prevention interventions. One
trial of the Otago Exercise Program showed cost savings in those
aged 80 years and over resulting from fewer hospital admissions
(Robertson 2001a). Davis 2011 reported that both once and twice
weekly resistance training dominated control (balance and tone)
classes in terms of both falls and quality-adjusted life years (i.e.
were less costly and more effective).

Other studies provide information on the cost per fall prevented
from the delivery of exercise interventions. For example,
Voukelatos 2007 reported AUD 1683 per fall prevented from group-
based Tai Chi and Davis 2009 reports a cost of CAD 247 per fall
prevented from a group-based exercise programme compared with
guideline-based care.

Sensitivity analyses

For each of these, the impact on the pooled exercise versus control
fall rate outcome is summarised in Appendix 18. The results of the
sensitivity analyses can be seen in Analyses 12 to 20.

1. Sensitivity analysis 1, removing trials that included participants
aged < 65 years: Analysis 12.1 (rate of falls: pooled data);
Analysis 12.2 (rate of falls: grouped by exercise); Analysis 12.3
(number of fallers: pooled data); Analysis 12.4 (number of
fallers: grouped by exercise); Analysis 12.5 (fracture: pooled
data); Analysis 12.6 (fracture: grouped by exercise type); Analysis
12.7 (medical attention: pooled data); Analysis 12.8 (medical
attention: subgrouped by exercise).

2. Sensitivity analysis 2, removing trials with high risk of bias on
any item: Analysis 13.1 (rate of falls: pooled data); Analysis
13.2 (rate of falls: subgrouped by exercise); Analysis 13.3
(number of fallers: pooled data); Analysis 13.4 (number of fallers:
subgrouped by exercise type); Analysis 13.5 (fracture: pooled
data).

3. Sensitivity analysis 3, removing trials with unclear or high risk
of bias on allocation concealment: Analysis 14.1 (rate of falls:
pooled data).

4. Sensitivity analysis 4, removing trials with unclear or high risk
of bias on assessor blinding: Analysis 15.1 (rate of falls: pooled
data).

5. Sensitivity analysis 5, removing trials with unclear or high risk
of bias on incomplete outcome data: Analysis 16.1 (rate of falls:
pooled data).

6. Sensitivity analysis 6, removing cluster-randomised trials:
Analysis 17.1 (rate of falls: pooled data).

7. Sensitivity analysis 7, all trials, fixed-effect meta-analysis:
Analysis 18.1 (rate of falls: pooled data).

8. Sensitivity analysis 8, multiple categories of exercise versus
control, removing trials that do notinclude balance and strength
training: Analysis 19.1 (rate of falls: pooled data); Analysis 19.2
(number of fallers: pooled data).

9. Sensitivity analysis 9a, classification of interventions based on
the Otago Exercise Program as multiple categories of exercise:
Analysis 20.1 (rate of falls: pooled data); Analysis 20.2 (number
of fallers: pooled data).

10.Sensitivity analysis 9b, classification of interventions that
included balance and functional exercises plus strength
exercises as multiple categories of exercise: Analysis 20.3 (rate of
falls: pooled data); Analysis 20.4 (number of fallers: pooled data).

As shown in Appendix 18; the nine sensitivity analyses (based
on age of included participants, risk of bias, cluster trials, fixed-
effect analyses, and categorisation of interventions) made little
difference to the results of the primary pooled analysis. This
indicates the robustness of the review's primary findings and
methods.

In undertaking the GRADE assessment we downgraded the
certainty of evidence based on sensitivity analysis (removal of trials
with one or more items at high risk of bias) for the following
comparisons.

1. Fall outcome: resistance exercises versus control, Tai Chi versus
control, walking programme versus control.

2. Faller outcome: resistance exercises versus control, walking
programme versus control, multiple categories of exercise
versus control.

3. Fracture outcome: exercise (all types) versus control, balance
and functional exercises versus control, multiple versus control.

4. Health-related quality of life outcome: exercise (all types) versus
control.

Heterogeneity

This review's primary analyses display minimal to substantial
heterogeneity with P <0.05 for the Chi? test and I? values up to 74%.
This variability was not explained by our subgroup analyses. We
consider this likely to represent between-study differences in the
exact nature of programmes (e.g. dose, intensity, adherence) and
target populations, which requires ongoing investigation. Given
the overall positive impact of the programmes and the stability of
results, we do not consider this to preclude the meta-analyses we
have undertaken.

Funnel plots

The funnel plots in Figure 4; Figure 5; Figure 6; Figure 7; Figure 8
and Figure 9 do show some asymmetry, particularly for the fracture
outcomes. We used this information in the GRADE assessment to
downgrade the strength of the evidence for the fracture outcomes
but did not consider the asymmetry sufficient to downgrade the
level of evidence for the other outcomes.
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Figure 4. Funnel plot of comparison: 1 Exercise versus control (rate of falls), outcome: 1.1 Rate of falls - overall
analysis.
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Figure 5. Funnel plot of comparison: 2 Exercise versus control (number of fallers), outcome: 2.1 Number of fallers -

overall analysis.
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Figure 6. Funnel plot of comparison: 3 Exercise versus control (number of people with fractures), outcome: 3.1
Number of people who experienced one or more fall-related fractures- overall analysis.
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Figure 7. Funnel plot of comparison: 6 Exercise versus control (health-related quality of life), outcome: 6.1 Health-
related quality of life- overall analysis.
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Figure 8. Funnel plot of comparison: 1 Exercise versus control (rate of falls), outcome: 1.6 Rate of falls - subgrouped
by exercise type.
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Figure 9. Funnel plot of comparison: 2 Exercise versus control (number of fallers), outcome: 2.6 Number of fallers -

subgrouped by exercise type.
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DISCUSSION

Summary of main results

This review includes 108 trials with 23,407 participants, who were
older people living in the community. Of these, 81 trials (19,684
participants) contributed the evidence for the main 'exercise versus
control' intervention (one that is not thought to reduce falls)
comparison; these did not include the four trials that included
only people who had been recently discharged from hospital.
After summarising the results for this comparison, we summarised
the evidence for the primary exercise categories versus control
comparisons, where data were available. Our illustrative risks for
dichotomous outcomes presented in Summary of findings for the
main comparison, are based on counts (number of events divided
by the number of participants) for those trials included in the
analysis for that outcome. In Summary of findings for the main
comparison, we also based our illustrative risks for falls outcomes
on the median values obtained from the subgroups of trials for
which: a) anincreased risk of falls was not an inclusion criterion (not
selected population); or b) increased risk of falls was an inclusion
criterion. In the other 'Summary of findings' tables, we used the
‘all-exercise versus control' studies risks to illustrate the absolute
risks for falls and fracture outcomes; we supplemented the falls

outcomes by illustrative risks based on count data for the specific
exercise category summarised.

Exercise (all types) versus control

There is high-certainty evidence that falls can be prevented by
exercise programmes, as summarised in Summary of findings
for the main comparison. Exercise reduces both the rate of
falls (reported in 59 randomised controlled trials (RCTs)) and
the number of people experiencing falls (reported in 63 RCTs).
Subgroup analyses did not reveal differences in effect on both falls
outcomes according to whether trials were selected for high risk
of falling or not. Hence, the overall rate of falls and number of
fallers results were applied when estimating absolute risks in the
following lower and higher risk of falls categories. As shown below,
the absolute numbers of falls or numbers of fallers prevented are
greater in the higher risk populations.

1. For the overall risk category, based on an illustrative risk of 850
falls per 1000 person-years in the control group, there were 195
(23%) fewer falls per 1000 person-years in the exercise group
(95% confidence interval (Cl) 144 (17%) to 246 (29%) fewer).
Based on an illustrative risk of 480 fallers per 1000 older people
in the control group, there were 72 (15%) fewer fallers per 1000
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older people in the exercise group (95% Cl 52 (11%) to 91 (19%)
fewer).

2. Forthe non-selected lower risk category, based on anillustrative
risk of 605 falls per 1000 person-years in the control group,
there were 139 (23%) fewer falls per 1000 person-years in the
exercise group (95% Cl 102 (17%) to 175 (29%) fewer). Based
on an illustrative risk of 380 fallers per 1000 older people in the
control group, there were 57 (15%) fewer fallers per 1000 older
peoplein the exercise group (95% Cl 41 (11%) to 72 (19%) fewer).

3. For the selected higher risk category, based on an illustrative
risk of 1200 falls per 1000 person-years in the control group,
there were 276 (23%) fewer falls per 1000 person-years in the
exercise group (95% Cl 204 (17%) to 348 (29%) fewer). Based
on an illustrative risk of 500 fallers per 1000 older people in the
control group, there were 75 (15%) fewer fallers per 1000 older
peoplein the exercise group (95% CI 55 (11%) to 95 (19%) fewer).

Subgroup analyses did not reveal differences in effect on both
falls outcomes according to whether trials included younger
and older populations based on a 75 year cut-off. There was,
however, a greater reduction on the rate of falls from exercises
(all types) in trials where interventions were delivered by a health
professional than in trials where trained instructors who were not
health professionals delivered the interventions; however, both
approaches reduced the rate of falls. This finding did not apply to
the subgroup analysis for number of fallers. Subgroup analyses did
not reveal differences in effect on both falls outcomes according
to whether interventions were delivered in a group setting or
delivered individually.

The test for subgroup differences for when subgrouped by exercise
type revealed significant subgroup differences for rate of falls, a
finding that endorsed our prespecified intention to report separate
analyses by primary exercise type (see below).

Far fewer studies reported on number of people who experienced
fall-related fractures (10 RCTs), fall-related hospital admission (2
RCTs) and medical attention (5 RCTs). Exercise may reduce the
number of people with fall-related fractures: 27% reduction, 95%
Cl 5% to 44% reduction. Based on an illustrative risk, derived from
the study data, of 64 people with fall-related fractures per 1000
older people in the control group, there were 17 fewer people with
fall-related fractures per 1000 older people in the exercise group
(95% CI 3 to 28 fewer). Exercise may make little or no difference to
the number of people who experience one or more falls requiring
hospital admission; reduction 22%, 95% Cl 49% reduction to 18%
increase. Based on an illustrative risk of 57 people with fall-related
hospital admission per 1000 older people in the control group,
there were 12 fewer people with fall-related hospital admissions
per 1000 older people in the exercise group (95% CI 28 fewer to 11
more). Exercise may reduce the number of people who experience
one or more falls requiring medical attention: 39% reduction, 95%
Cl121% to 53% reduction. Based on anillustrative risk of 211 people
with falls that required medical attention per 1000 older people
in the control group, there were 82 fewer people with fall-related
medical attention per 1000 older people in the exercise group (95%
Cl 44 to 111 fewer).

Exercise may make little important difference to people-reported
health-related quality of life compared with control: conversion of
the pooled result (standardised mean difference (SMD) -0.03, 95%
Cl-0.10to 0.04; 15 RCTs) to the EQ-5D and SF-36 scores showed the

respective 95% Cls were much smaller than minimally important
differences for both scales.

We are uncertain of the evidence for adverse events, which were
incompletely reported and mainly for the exercise groups only in
27 RCTs (6019 participants). Fourteen trials reported no adverse
events. Aside from two serious adverse events (1 pelvic stress
fracture and 1 inguinal hernia surgery) reported in one trial,
the remainder were non-serious adverse events, primarily of a
musculoskeletal nature.

Different exercise types versus control

'Summary of findings' tables, summarising the evidence for the
rate of falls, risk of falling, fall-related fractures and adverse events,
are presented for the primary exercise categories for which data
are available. There are no data available for flexibility exercise
or endurance exercise versus control. The following should be
viewed in terms of the data available for each exercise type. The
few direct comparisons of different exercise types were clinically
heterogeneous and we did not undertake any meta-analyses for
these comparisons for any of the outcomes.

Balance and functional exercises

This was compared with control in 48 trials. As summarised
in Summary of findings 2, there is high-certainty evidence that
balance and functional exercises reduce the rate of falls and
the number of people who experience falls. There is low-
certainty evidence that this type of exercise programme may
help prevent fall-related fractures. Adverse events, which were
incompletely reported, were mainly non-serious adverse events of
a musculoskeletal nature.

Resistance (strength) exercises

This was compared with control in seven trials. As summarised
in Summary of findings 3, we are uncertain of the effects of
resistance training on the rate of falls and number of fallers. We
are uncertain of the effects on fall-related fractures; only three
participants had fractures in the single trial reporting this outcome.
Adverse events, which were incompletely reported, were non-
serious adverse events of a musculoskeletal nature.

3D exercise: Tai Chi

This was compared with control in 10 trials. As summarised in
Summary of findings 4, there is low-certainty evidence that Tai Chi
may reduce the rate of falls and high-certainty evidence that Tai
Chireduces the number of people who experience falls. Fall-related
fractures were not reported. The two trials reporting on adverse
events, reported none.

3D exercise: dance

This was compared with control in one trial. As summarised in
Summary of findings 5, we uncertain of findings of little effect of
dance training on rate of falls or numbers of fallers. Fall-related
fractures were not reported. The trials reported there had been no
adverse events in the dance group.

General physical activity: walking programme

This was compared with control in three trials. As summarised in
Summary of findings 6, we are uncertain of the effects of walking
programmes on rate of falls and number of people who experience
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falls. We are uncertain of the effects on fall-related fractures; only 10
participants had fractures in the single trial reporting this outcome.
All three trials reported there had been no adverse events.

Multiple categories of exercise

Multiple categories of exercise (most commonly balance and
functional exercises plus resistance exercises) were compared
with control in 21 trials. As summarised in Summary of findings
7, there is moderate-certainty evidence that these interventions
probably reduce rate of falls and number of fallers. Sensitivity
analyses revealed little difference in the results when only the
trials that included the most commonly two components (balance
and functional exercises plus resistance exercises) as primary
outcomes were pooled. Sensitivity analyses also revealed little
difference in the results when any intervention that included
balance and functional exercises plus strength exercises, as primary
or secondary interventions, was classified as multiple types
of exercise (Appendix 18). There is low-certainty evidence that
these interventions may have little effect on fall-related fractures.
Adverse events, which were incompletely reported, were mainly
non-serious adverse events of a musculoskeletal nature.

Subgroup analyses

Our prespecified subgroup analyses were performed on falls
outcomes for balance and functional exercises and multiple
categories of exercise. As for the overall exercise versus control
comparison, subgroup analysis did not suggest a difference in
effects on falls outcomes between trials that used increased
risk of falls as an inclusion criterion to those in trials that
did not. Also consistent with the overall exercise versus control
comparison, there was greater reduction on the rate of falls from
balance and functional exercises in trials where interventions
were delivered by a health professional than in trials where the
interventions were delivered by trained instructors who were
not health professionals; although both approaches resulted in
reductions in the rate of falls. There was no difference in the
reduction on rate of falls from multiple primary types of exercise in
trials where interventions were delivered by a health professional
than in trials where the intervention was not delivered by a health
professional. Other subgroup analyses did not detect differences
in effects of exercises in trials where interventions were delivered
in a group setting compared with trials where interventions were
delivered individually. We did not explore the interaction between
subgroups. For example, higher risk people are likely to require
health professional input for safe exercise prescription.

Adverse events

Forty-one of the 108 included trials reported on adverse events
to some degree (31 exercise versus control trials, of which four
trials included people recently discharged from hospital, and
10 exercise versus exercise trials). Seventeen trials reported an
absence of adverse events, one trial reported a pelvic fracture
and an inguinal hernia surgery (Clemson 2012), and the remaining
trials primarily reported non-serious musculoskeletal events. Only
two trials, one of which included post-discharge from hospital
participants, reported adverse events in both exercise and control
groups over the whole trial period, perhaps reflecting the cost and
complexity of such monitoring.

Exercise (all types) versus control in people who had recently
been discharged from hospital

Four heterogeneous studies investigated outcomes in people who
had recently been discharged from hospital. We did not pool the
data available for rate of falls, number of fallers and health-related
quality of life given the small numbers of trials and diversity
of the interventions. Overall, the very low-certainty evidence,
downgraded for risk of bias, inconsistency and imprecision
evidence is insufficient to draw any conclusions.

Comparisons of different types, modes of delivery and doses
of exercise

Given the variability between programmes, we did not undertake
any meta-analyses of comparisons between different types of
exercise. Most of the trials in these analyses did not find
significant differences in the fall prevention effects of different
programmes, but most were not likely to be adequately powered to
detect differences between different exercise programmes. When
comparing different exercise types delivered within the same
studies we found some indication that higher doses of exercise
were associated with a greater impact on the rate of falls and the
number of people falling.

Economic data

Of the 12 studies included in this review that reported economic
evaluation, some give an indication of value for money for the
interventions tested. Variations in the methods used, however,
made comparisons across studies difficult. There was some,
although limited, evidence that fall prevention strategies can
be cost-saving during the trial period, and may also be cost-
effective over the participants’ remaining lifetime; however, it
should be noted that these analyses usually fail to include
the cost of identifying the target population, which can be
substantial and can impact on cost-effectiveness measures
(Eldridge 2005). Additional studies have modelled the impact and
cost-effectiveness of a public health falls prevention programme in
Australia (Farag 2015), undertaken secondary analyses to estimate
cost-effectiveness of implementing the Otago Exercise Program
in Norway (Hektoen 2009), performed cost-benefit analysis of
fall prevention interventions (Campbell 1999; Carande-Kulis 2015;
Clemson 2004a; Li 2005), and undertaken a literature review
and developed a tool to estimate the cost-effectiveness of fall
prevention interventions in the community (Public Health England
2018).

Overall completeness and applicability of evidence
Trial design and participants

The 108 trials included in this review included 23,407 community-
dwelling older people, who were predominantly women (77%). A
wide range of ages were included as few trials set upper age limits.
Participant characteristics varied greatly due to the recruitment
methods used, and the inclusion and exclusion criteria applied.
Participants in most trials were healthy volunteers; however, some
trials recruited people who were attending outpatient clinics. Sixty
trials (56%) recruited participants with a history of falls or one or
more risk factors for falling.

We excluded trials that tested exercise interventions for preventing
falls in people affected by particular conditions, such as stroke,
Parkinson’s disease, multiple sclerosis, hip fracture and dementia
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from this review as we considered that the results of interventions
forthese conditions were not necessarily applicable to older people
as a whole. Fall prevention trials in these populations also often
include a wider age range which would result in some being
excluded from this review; Cochrane Reviews for each of these
specific groups (including all age groups) would be preferable for
summarising the evidence. The majority of trials (67%) excluded
older people who were cognitively impaired, therefore the results
of this review may not be applicable to this high risk group.

Most trials were relatively small (median = 134 participants), with a
mean age of 76 (ranging from a mean age of 65 to a maximum mean
age of 88 years). Thirty-seven trials reported 12-month follow-up,
with 49 reporting less than 12 months and 22 reporting more than
12 months follow-up. Trials were undertaken over 25 years from
1992 to 2017.

Setting

Exercise-based fall prevention interventions tested in a further
58 RCTs were included in this review compared with Gillespie
2012. The included trials were conducted in 25 countries using a
variety of healthcare models. These different healthcare systems
and structures may have impacted upon the effectiveness of some
interventions. There remains a paucity of studies undertaken in
low-income economies.

Interventions

We classified the exercise interventions using the ProFaNE
guidelines. This classification system is clearly described(Lamb
2011; Appendix 1); however, we acknowledge there is a degree of
subjectivity in the classification of exercise interventions based on
brief descriptionsin trial reports. We conducted post-hoc sensitivity
analyses to explore the effects of recategorising trials with a
secondary component of strength training as having multiple
primarily exercise categories and found this made little difference
to the results (Appendix 18). The duration of exercise intervention
in the 81 exercise versus control trials ranged from 5 to 130 weeks;
it being one year or more in 30% of these.

Outcomes

We sought data for rate of falls, number of people falling, number
of people sustaining a fall-related fracture, number of people who
experienced falls leading to medical attention, number of people
who had a fall-related hospital admission, health-related quality
of life and number of people who experienced adverse events.
However, few studies provided fracture, medical attention, hospital
admission, health-related quality of life and full adverse events
data. As the analyses and Appendix 10 demonstrate, some studies
provided data for both falls and fallers, as recommended in Lamb
2005, and others provided data for one or other falls outcomes.

The outcome of interest, falling, was not always clearly defined,
which is a source of concern. Comparability of future research
findings would be enhanced by the adoption of the consensus
definition of a fall developed for trials in community-dwelling
populations by the Prevention of Falls Network Europe (ProFaNE)
(Lamb 2005). The included studies also varied in the methods used
for falls ascertainment, recording, analysing and reporting. Studies
should use accepted protocols for recording of falls data, including
daily recording of falls with monthly or more frequent follow-up by
the researchers who are blind to group allocation (Lamb 2005). At

least 26% of included trials did not do this despite evidence of a 25%
underreporting of falls when data were collected retrospectively
by telephone at the end of a three-month period, compared with
data collected daily and returned monthly over the same period
(Hannan 2010). There are difficulties in using fall diaries over long
time periods however, with trial dropouts due to over-burden of
paperwork reported by Iliffe 2015.

The lack of consistent measurement of adverse events in trials
requires attention by trialists. We found just two studies that
measured adverse events in both groups throughout the trial
period. Although it is worth noting that the burden on trial
resources and participants of full documentation of adverse events
is probably a key reason this has not been done to date. Trials
of exercise interventions do not tend to be as well-resourced as
trials of pharmacological interventions in which adverse event
monitoring is routine.

This review only included data for the risk of fractures and injurious
falls, rather than for the rates of fractures and injurious falls;
however, itisimportant to note that several trials have identified an
impact of exercise on rates of fall-related fracture (Karinkanta 2007;
Korpelainen 2006; Kemmler 2010), as well as rates of injurious falls
(Uusi-Rasi 2015). There is also evidence of an impact of exercise on
the rate of falls requiring medical care, over and above the impact
from other types of interventions (Fitzharris 2010).

Other considerations relating to applicability

We decided not to pool studies undertaken in people who had
recently been discharged from hospital with studies undertaken
among general older populations. It is well documented that
people who have recently been discharged form hospital are
at a particularly high risk of falls (Mahoney 1994), and as such
may require different intervention approaches. There is increasing
awareness that many older people deteriorate physically during
a hospital admission (Oliver 2017). We note that a number of
recent studies of interventions have been undertaken in this
population and among emergency department attendees (Harper
2017; Matchar 2017; Oliver 2017); however, there is still uncertainly
of the best treatment for this population and a separate review may
be needed in future.

For the control groups of the trials that did not have increased
risk of falls as an inclusion criterion, the median rate of falls (if
1000 people were followed over 1 year, there would be 605 falls)
and the median proportion of fallers (if 1000 people were followed
over 1 year, 380 would experience one or more falls) are similar
to estimates of fall risk and rate in the general community derived
from large population studies (AIHW 2018; Lord 2011; NICE 2018).
This indicates that participantsin trials that do not recruit based on
fall risk, are representative of the general community, rather than
being at low risk of falls.

Subgroup analyses comparing the effects on falls outcomes
in trials with predominantly older populations and those with
predominantly younger populations should be interpreted with
some caution, as implementation of one of the categorisation
criteria (mean age minus 1 SD > 75) may result in some younger
people in the older group and vice versa.
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Ongoing studies

The 16 identified ongoing studies may contribute to research
priorities. Six ongoing studies, two of which have a larger sample
size (exceeding 400 participants), will evaluate the relative impact
of different exercise programmes (NCT02126488; NCT03211429;
NCT03404830; NCT03455179; n > 400 (NCT02287740;
NCT02926105). Two studies will investigate individual versus
group delivery of the LiFE programme (NCT03462654), and
Otago Exercise Program (NCT03320668). Also, one large trial
awaiting classification studied the difference between three
types of exercise, including flexibility exercise (Li 2018b).
Fall-related fractures are listed as outcomes in only two

trials (ISRCTN71002650; NCT02617303). Two trials, in India
(CTRI/2018/01/011214), and Columbia (NCT03211429), will
contribute to the understanding of the effect of exercise on falls
in emerging economies. In addition, research is underway to
investigate strategies for optimal translation of effective exercise
programmes from the research setting to clinical and community
settings (Carpenter 2018; Hawley-Hague 2017).

Certainty of the evidence

This review, containing 108 trials (23,407 participants) provides
moderate- to high-certainty evidence of the effectiveness
of exercise-based interventions for preventing falls among
community-dwelling people aged 60 years and over.

We have summarised the GRADE certainty of evidence in seven
'Summary of findings' tables: Summary of findings for the main
comparison (Exercise (all types) versus control); Summary of
findings 2 (Balance and functional exercises versus control);
Summary of findings 3 (Resistance exercises versus control);
Summary of findings 4 (3D (Tai Chi) exercise versus control));

)

)

>

Summary of findings 5 (3D (dance) exercise versus control)
Summary of findings 6 (Walking programme versus control);
Summary of findings 7 (Multiple categories of exercise versus
control).

The certainty of the evidence ranged from high to very low. We
downgraded outcomes by one level for risk of bias if the results
changed with removal of the trials with a high risk of bias on one
or more items. We downgraded one level for inconsistency where
heterogeneity was greater than 60%. In addition, we downgraded
the level of evidence for imprecision by one or two levels due to
the wide confidence intervals, often reflecting the small number
of participants and trials. We downgraded where the risk of small
sample bias was evident on funnel plot and downgraded one
level for fall-related hospital admission and fall-related medical
attention because a large number of studies included in the review
do not contribute to the outcome.

Sensitivity analyses revealed the results for the falls outcomes to
be stable (see Appendix 18) suggesting that the results are robust
to key risks of bias and essentially unchanged by methodological
choices in the conduct of the review. In undertaking the GRADE
assessment we downgraded the certainty of evidence based on
sensitivity analysis (removal of trials with one or more items at
high risk of bias) for one or both falls outcomes for several types of
exercise (resistance, Tai Chi, walking, multiple) and for the overall
fracture and quality of life outcomes. It is noteworthy that many of
the sensitivity analyses undertaken regarding risk of bias revealed
a stability of the results of this review.

Rates of fractures and injurious falls were not prespecified
outcomes in this review. More trials reported the outcome in this
way than anticipated. We would be in favour of reporting these
outcomes in future versions of this review.

Potential biases in the review process

We conducted a comprehensive search of the published literature
using multiple databases and also searched clinical trial registries
for completed trials for which full reports had not been identified.
Two review authors who were blinded to each other's results
performed screening and data extraction in duplicate to minimise
bias. Despite this thorough search strategy, we acknowledge
the possibility that some relevant trials may have been missed,
especially if they were published in languages other than English.

Two review authors independently classified the exercise
interventions using the ProFaNE guidelines (Lamb 2011), including
assigning intervention categories to primary or secondary status.
We recognise there is some subjectivity in this classification system,
particularly for those interventions containing more than one
category of exercise. Sensitivity analyses that tested the effects of
recategorising primary balance and functional exercise trials with
a secondary component of strength training indicated that this did
not importantly affect the results.

We recorded and reported data on fracture, hospitalisation,
medical attention and health-related quality of life only where it
was reported by intervention group. To check whether this could
be a source of potential bias, we conducted an audit of fracture
reporting in the 48 trials with balance, function and gait exercise
interventions. Of the 10 trials reporting fracture outcomes, we
included seven reporting fracture outcomes by intervention group
in the analysis. We did not include the three other studies in the
analysis because they either did not report fractures by group
(Skelton 2005), they reported fractures during the intervention
period but not during follow-up (lliffe 2014), or they just reported
a fracture (1 pelvic stress fracture) as an adverse event (Clemson
2012). This provided some reassurance that our approach for these
secondary and generally under-reported outcomes did not have an
important impact on the results.

Agreements and disagreements with other studies or
reviews

Our review adds to the existing body of evidence and supports
the findings of Gillespie 2012, whereby multiple component group-
based exercise was found to reduce the rate of falls (rate ratio
(RaR) 0.71, 95% confidence interval (Cl) 0.63 to 0.82; 16 trials, 3622
participants) and the risk of falling (risk ratio (RR) 0.85, 95% Cl 0.76
to 0.96; 22 trials, 5333 participants). Similar results were found for
individually-delivered multiple component exercise that reduced
the rate of falls (RaR 0.68, 95% CI 0.58 to 0.80; 951 participants,
7 trials) and the number of people falling (RR 0.78, 95% Cl 0.64
to 0.94; 714 participants, 6 trials). The review by Gillespie 2012,
also found that Tai Chi reduced the rate of falls (RaR 0.72, 95% CI
0.52 to 1.00; 1563 participants, 5 trials) and the number of people
falling (RR 0.71, 95% CI 0.57 to 0.87; 1625 participants, 6 trials).
Group-based balance or functional exercises also demonstrated a
statistically significant reduction in the rate of falls (RaR 0.72, 95%
Cl 0.55 to 0.94; 519 participants, 4 trials) but not in the number
of people falling (RR 0.81, 0.62 to 1.07; 453 participants, 3 trials).
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This influential review has informed, and been the basis of, many
guidelines and policy documents internationally.

We extended the findings of Gillespie 2012 by recoding intervention
programmes (Appendix 1), in an attempt to identify a primary
exercise component for each included study and reserving the
'multiple component' category for trials in which the intervention
programme had an equal focus on each of the multiple
components. As aresult, more studiesin our review are classified as
balance and functional exercises and fewer as multiple component
programmes. We hope that this change will be of assistance to
those seeking to design exercise intervention programmes.

The present review also adds to our previous non-Cochrane
review (Sherrington 2017), that used different methodology
(multivariable metaregression) yet reached similar conclusions
about the importance of the inclusion of exercises that safely
challenge balance in fall prevention exercise programmes. Other
recent analyses have reached similar findings, including a large
network meta-analysis (Tricco 2017).

The importance of exercise in fall 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 (WHO 2015).

AUTHORS' CONCLUSIONS

Implications for practice

Well-designed exercise programmes reduce the rate of falls and the
number of people experiencing falls amongst older people living in
the community (high-certainty evidence).

The effects of exercise programmes are uncertain for other non-
falls outcomes, mainly reflecting the considerable under-reporting
of these outcomes in the included trials. Exercise may reduce the
number of people experiencing one or more fall-related fractures
and the number of people experiencing one or more falls requiring
medical attention (low-certainty evidence). We are uncertain about
the effect of exercise programmes on the number of people who
experience one or more falls requiring hospital admission. Exercise
may make littleimportant difference to health-related quality of life
(low-certainty evidence). The reporting of adverse events was poor;
where reported these were usually non-serious and predominantly
musculoskeletal.

Effective exercise programmes that reduce both falls outcomes
primarily involve balance and functional exercises (high-certainty
evidence) or include multiple exercise categories, most commonly
balance and functional exercises plus resistance exercises
(moderate-certainty evidence). Tai Chi reduces the number of
people experiencing falls (high-certainty evidence) and may reduce
the rate of falls (low-certainty evidence). We are uncertain about
the effect of programmes involving primarily resistance exercises,
dance or walking, as there is insufficient evidence on these. There
are no data available for flexibility exercise or endurance exercise
versus control.

Exercise programmes were effective regardless of whether they
were delivered individually or in groups, by health professionals or
trained non-health professionals, to younger or older populations
(based on a 75 year age threshold) or to those identified at a higher

risk of falls or not selected for risk of falls. There is likely to be a
greater absolute impact in people identified at increased risk of
falling, but there is benefit also for those who are at more general
risk in the community. Although trial follow-up ranged from 3 to
18 months in the main comparison, there may also be longer-term
benefits of introducing fall prevention exercise habits in people in
the general community. Notably too, the duration of most of the
exercise programmes was 12 weeks or over and nearly one-third
lasted a year or more. These findings highlight the importance of
primary prevention.

There is currently insufficient evidence to determine the effects of
exercise programmes for people recently discharged from hospital.
There is also insufficient information from direct comparisons to
determine whether there are differences in the effectiveness of
different types, modes of delivery and doses of exercise.

Implications for research

Further work is needed to understand the relative impact of
different exercise programmes. Such studies will need to be
very large to be adequately powered to detect effects between
interventions.

Large studies are also needed to establish the impact of
fall prevention interventions on fall-related fractures and falls
requiring medical attention, as such falls are particularly costly to
health systems and impactful for individuals.

During the development of priority topics for future research, the
currentevidence 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. We recommend researchers
follow the Prevention of Falls Network Europe (ProFaNE) guidelines
for the conduct of falls trials (Lamb 2005).

Further research is required to establish the effectiveness of fall
prevention programmes in emerging economies, where the burden
of fallsisincreasing more rapidly than in high-income countries due
to rapidly ageing populations (WHO 2015).

There is an urgent need to investigate strategies to enhance
implementation of effective exercise-based fall prevention
interventions into routine care of older people by healthcare
professionals and community organisations.

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.

Future studies should use the consensus definition of a fall
developed for trials in community-dwelling populations by
ProFaNE (Lamb 2005), consistent methods of falls ascertainment,
and consistent measurement of adverse events in both groups
throughout the trial period. Future research should use the
ProFaNE descriptors to categorise interventions (Lamb 2011), but
should be clear how this was operationalised. Appendix 1 outlines
how this guide was operationalised in the present review and may
provide a useful resource.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Almeida 2013

Methods Study design: RCT
Number of study arms: 3

Length of follow-up: 4 months

Participants Setting: Sao Paulo, Brazil
Number of participants: 119
Number analysed: 76
Number lost to follow-up: 43
Sample: community-dwelling
Age (years): mean 79.1 (SD 4.6)
Sex: 83% female

Inclusion criteria: non-institutionalised, able to walk independently, had at least 1 fall in the previous
year, not enrolled in a regular exercise programme

Exclusion criteria: any self-reported conditions that would preclude exercise prescription and physical
activity for older people, systolic or diastolic BP > 170 and 130 mm Hg, respectively, inability to follow
written instructions and unable to obtain constant support for that task

Interventions 1. Fully-supervised group-based balance and strength training: own body weight used for strength
training, received home hazard reduction information and monthly phone calls; 50-minute sessions, 3
a week for 4 months

2. Minimally-supervised group-based balance and strength training: own body weight used for strength
training, received home hazard reduction information and monthly phone calls; 1 x 50-minute session,
alternate weeks for 4 months. Brochure provided with same exercises to be performed at home 3 xa
week for 4 months

3. Control: no exercise intervention, participants asked not to engage in any other exercise programme
during the study

Outcomes 1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study 16 weeks
Adherence None reported
Notes Source of funding: Sdo Paulo State Funding Agency
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Almeida 2013 (continued)

Economic information: not reported

Data could not be analysed due to zero events for falls (and thus fallers)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "After baseline assessments, participants were randomly assigned

tion (selection bias) to one of the 3 groups". Insufficient information about sequence generation
process

Allocation concealment Unclear risk Concealment not described

(selection bias)

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk

Participants and personnel unblinded but impact of unblinding unknown

Blinding of outcome as- Unclear risk Information about falls collected at 4-month assessment in both groups.

sessment (detection bias) Blinding of assessors was not stated. Insufficient information to permit judge-

Falls ment

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% missing outcome data, unbalanced losses across groups and

(attrition bias) reasons for missing data across groups not specified

Falls and fallers

Selective reporting (re- High risk Falls were measured but number of falls not reported. Fall outcomes and ad-

porting bias) verse events were not prespecified in the Methods section. There was no pro-
tocol or trial registration

Method of ascertaining High risk Information about falls collected at 4-month assessment

falls (recall bias)

Ansai 2015

Methods

Study design: RCT

Number of study arms: 3

Length of follow-up: 4 months

Participants

Setting: Sdo Paulo, Brazil
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Ansai 2015 (Continued)

Number of participants: 69
Number analysed: 68
Number lost to follow-up: 1

Sample: community-dwelling
Age (years): mean 82.4 (SD 2.4)
Sex: 68% female

Inclusion criteria: aged > 80, community-dwelling, sedentary, able to walk alone, available to attend
training site 3 a week

Exclusion criteria: presence of any injury listed in the absolute contraindications of the Physical Activity
Readiness Medical Examination, relative cognition, neurological or musculoskeletal contraindications
making participation in protocols impossible, MMSE score below the cut-off designated by educational
level minus 1 SD

Interventions

1. Group-based balance, strength and aerobic training: cycle ergometer used for aerobic training,
strength exercises (upper limbs, abdominals, squats, ankles) progressed using Borg scale and incre-
ments of 1 kg, balance activities with increasing difficulty; 1 hour, 3 a week for 16 weeks

2. Group-based progressive strength training: leg press, chest press, calf raise, back extension, abdomi-
nal and rowing, 3 sets of 10 - 12 RM using gym equipment; 1 hour, 3 a week, 16 weeks

3. Control: no intervention

Outcomes

1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

23 weeks

Adherence 1. Group-based balance, strength and aerobic training group: 35% performed = 24 sessions for 16
weeks (50% intervention)
2. Group-based progressive strength training group: 56% performed = 24 sessions for 16 weeks (50% in-
tervention)

Notes Source of funding: Federal University of Sdo Carlos
Economic information: not reported
16-week data used due to proportion of fallers not being clear for longer follow-up periods
Email communication regarding fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computerised random-number generator

tion (selection bias)

Allocation concealment Low risk Opaque, sealed envelope

(selection bias)

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-

mance bias)

All outcomes
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Ansai 2015 (Continued)

Blinding of outcome as-
sessment (detection bias)
Falls

High risk

Blinding of assessor not specified; as falls were reported by telephone or dur-
ing training, assume assessor not blinded to group allocation

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data Low risk Less than 20% of outcome data are missing (6%) and losses are balanced
(attrition bias) across groups

Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of falls and adverse events were not report-
porting bias) ed

Method of ascertaining Unclear risk Provided with fall calendar, falls reported by retrospective recall once a

falls (recall bias)

month, by telephone or during training

Arantes 2015

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 3 months

Participants

Setting: Belo Horizonte,

Brazil

Number of participants: 30

Number analysed: 28

Number lost to follow-up: 2

Sample: community-dwelling

Age (years): Intervention

Sex: 100% female

mean =73.9 (SD 7.7); Control mean=72.2 (SD 5.7)

Inclusion criteria: age 65 years +, history of 1 or more falls in the previous year, at risk for falling (at least

2 risk factors assessed by the QuickScreen Falls Risk Assessment), classified as prefrail (phenotype pro-

posed by Fried 2001), able to walk 6 m independently

Exclusion criteria: cognitive impairment (evaluated by MMSE), presence of neurological disease, acute
vestibular dysfunction in past month, initiation of any other intervention during study period

Interventions

1. Group-based balance training: exercises increased in difficulty; 1 hour, 2 a week, 12 weeks

2. Control group: neck and upper limb stretches and movements; 1 hour, 1 a week, 12 weeks
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Arantes 2015 (Continued)

Outcomes 1. Number of people who experienced 1 or more falls (risk of falling)
Duration of the study 12 weeks
Adherence Adherence measured by session attendance

1. Group-based balance training group: average number of sessions attended: 22.1 (range; 20 - 24)

2. Control group: average number of sessions attended: 10.8 (range 10 - 12)

Notes Source of funding: CNPq and FAPEMIG
Economic information: not reported

Paper states "falls were registered for 1 year after randomisation" but these results not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "The allocation was made through a computer program"

tion (selection bias)

Allocation concealment Unclear risk Concealment not described
(selection bias)

Blinding of participants Unclear risk Participants and personnel implementing the intervention not blind to allocat-
and personnel (perfor- ed group, but impact of non-blinding unclear
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Quote: "The assessments were performed before and immediately after the
sessment (detection bias) end of intervention, always by the same evaluators, and they were blinded in
Falls all the moments of the study".
Unclear whether these same assessors made monthly telephone calls to col-
lect fall data.
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data Unclear risk Less than 20% of outcome data are missing (7%), with losses only from control
(attrition bias) group, due to starting another intervention (n = 1) and family problems (n = 1)
Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of falls and adverse events were not report-
porting bias) ed
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Arantes 2015 (Continued)

Method of ascertaining Unclear risk Quote: "The subjects were contacted monthly by telephone and asked about
falls (recall bias) the occurrence of falls in that period"

Arkkukangas 2015
Methods Study design: RCT

Number of study arms: 2
Length of follow-up: 3 months

Participants Setting: 3 different municipalities, Sweden

Number of participants: 45
Number analysed: 40
Number lost to follow-up: 5

Sample: community-dwelling
Age (years): mean 83 (range 75 - 103)
Sex: 71% female

Inclusion criteria: = 75 yrs, walk independently in home, understand written and oral information in
Swedish language

Exclusion criteria: <25 MMSE, ongoing regular physical therapy due to injury + illness, terminal care

Interventions Randomised into 3 groups: 2 intervention groups (1 Individual Otago Exercise Programme, 1 Otago Ex-
ercise Programme + Motivational Interview group) and 1 control group. The Individual Otago Exercise
Programme and Otago Exercise Programme + Motivational Interviewing groups were combined in this
review

1. Individual Otago Exercise Programme: home-based programme 3 a week, walking programme 4 a
week, for 12 weeks, received written recommendations for falls prevention

2. Control group: no intervention, received written recommendations for falls prevention

Outcomes 1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study 12 weeks
Adherence Not reported
Notes Source of funding: Malardalen University

Economic information: not reported

Email communication to obtain fall data, response received, data included in review

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Predetermined randomisation list made by an independent statisti-
tion (selection bias) cian". Blocks of 3, 6, 9, or 12 participants. Method of generating the randomi-
sation list not described
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Arkkukangas 2015 (Continued)

Allocation concealment Unclear risk Concealment of predetermined list not described

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls collected by fall calendar in both groups

sessment (detection bias)

Falls Quote: "fall calendar, which was followed up by the physiotherapist every
month". "Four physiotherapists performed the measurements single blindly."
Assume fall calendar was followed up by 1 of the blinded physiotherapists

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Unclear risk Less than 20% of outcome data are missing (11%). Unbalanced losses in inter-

(attrition bias) vention (n =4) and control (n = 0) groups, but reason for missing data not spec-

Falls and fallers ified

Selective reporting (re- Unclear risk Adverse events were not a prespecified outcome and were not reported for all

porting bias) groups. No trial protocol or prospective trial registration

Method of ascertaining Low risk Fall calendar, followed up monthly by physiotherapist.

falls (recall bias)

Quote: "Four PTs performed the measurements single blindly"

Ballard 2004

Methods

Study design: RCT

Number of study arms: 2
Length of follow-up: 16 months

Participants

Setting: USA

Number of participants: 40

Number analysed: 39

Number lost to follow-up: 1

Sample: community-dwelling

Age (years): mean 72.9 (SD 6)

Sex: 100% female
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Inclusion criteria: aged = 65; ambulatory; community-dwelling; history of falling in previous year or fear
of future fall; able to undertake moderate exercise

Exclusion criteria: cardiovascular disease or extreme vertigo that might prohibit moderate exercise; re-
quiring walker for support

Interventions

1. Group-based balance, strength and aerobic training for 15 weeks: elastic bands used for strength
training, 6 home-safety education classes; 1 hour, 3 a week, for 15 weeks

2. Group-based balance, strength and aerobic training for 2 weeks: elastic bands used for strength
training, 6 home-safety education classes; 1 hour, 3 a week, for 2 weeks

Outcomes

1. Rate of falls

Duration of the study

64 weeks

Adherence Adherence measured by session attendance, exercising at 1 year, frequency of exercise at 1 year
Participants attended 83% (+ 9%) of the exercise sessions
At 1-year follow-up:
1. Group-based balance, strength and aerobic training for 15 weeks plus home practice group: Contin-
ued exercise format as in intervention group: No =7, Yes = 13
Exercise format performed 2 a week=5; performed =3 a week = 8.
2. Group-based balance, strength and aerobic training for 2 weeks plus home practice with videotape
group: Started exercise format as in intervention group: No =17, Yes =2
Exercise format performed 2 a week = 1; performed 3 x ar week =1
Notes Source of funding: not reported
Economic information: not reported
Data not used for number of people falling as not clear on total proportion of fallers
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: "assigned to exercise and control groups using stratified randomisa-
tion (selection bias) tion"
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- High risk Falls data were collected in both groups at the 6 home-safety education ses-
sessment (detection bias) sions, assume assessors not blinded. Fall data also collected by telephone at 1
Falls year; blinding of telephone assessors not reported
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Fractures
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Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of outcome data are missing (3%). Missing data are from 1 exer-

(attrition bias)
Falls and fallers

cise group participant and unlikely to be related to outcome

Selective reporting (re-
porting bias)

High risk Number of fallers was reported in only 1 group. Adverse events were not pre-
specified or reported

Method of ascertaining
falls (recall bias)

High risk Falls identified retrospectively during intervention at each home-safety class
(every 2 months), and by telephone follow-up 1 year after end of intervention

Barker 2016

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months

Participants

Setting: Melbourne, Australia

Number of participants: 53
Number analysed: 44
Number lost to follow-up: 9

Sample: community-dwelling
Age (years): mean 69
Sex: 88% female

Inclusion criteria: = 60 years, at risk of sustaining a fall injury based on a telephone screen developed by
the research team, able to negotiate a set of 10 stairs independently without a gait aid

Exclusion criteria: cognitive impairment (telephone MMSE < 17), acute medical condition that impaired
safe performance of exercise (e.g. unstable BP, chronic back pain, acute Ml), cancer diagnosis with-

in the past 5 years or receiving active treatment for cancer, uncontrolled chronic conditions (e.g. dia-
betes, hypertension), already participating in Pilates or other formal exercise (= 60 minutes a week for =
4 weeks during the 12 weeks prior to screening for eligibility)

Interventions

1. Group-based Pilates focused on balance and strength plus home practice: group performed predom-
inantly in standing with minimal-to-no upper limb support, used Pilates equipment; 1 hour, 2 a week,
12 weeks, and tailored home exercises performed 20 minutes daily; participants paid AUD 36.50 per
class

2. Individual strength and balance: tailored home exercise performed 20 minutes daily for 12 weeks

Both groups received a fall and fracture prevention information and exercise brochure

Outcomes

1. Rate of falls
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Barker 2016 (continued)

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study 24 weeks

Adherence Adherence measured by class attendance, time recorded exercising

1. Group-based Pilates focused on balance and strength plus home practice group: 95% attended over
75% of the classes; mean hours of exercise recorded at 24 weeks =59.5

2. Individual strength and balance group: mean hours of exercise recorded at 24 weeks = 40.8

Notes Source of funding: Monash University Faculty of Medicine, Nursing and Health Sciences Strategic Grant
Scheme
Economic information: not reported

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated, permuted, block randomisation schedule

tion (selection bias)

Allocation concealment Low risk Sealed opaque envelopes
(selection bias)

Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Falls assessed by monthly calendar and telephone calls in all groups. Blinding
sessment (detection bias) of assessors of fall calendars / phone calls was not stated. Insufficient informa-
Falls tion to permit judgement

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- High risk Adverse events were "monitored by therapists delivering pilates classes or
sessment (detection bias) spontaneously reported by participants to the research staff", therefore asses-
Hospital admission, med- sors not blinded

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Health related quality of
life (self report)

Incomplete outcome data Unclear risk Less than 20% of outcome data are missing (17%). Unbalanced losses in in-
(attrition bias) tervention (n =4) and control (n = 9) groups, with reasons for missing data in-
Falls and fallers consistent across groups. Missing data have been imputed using appropriate

methods (last observation carried forward)

Selective reporting (re- Low risk Prespecified falls outcomes reported in prospective trial protocol
porting bias)

Method of ascertaining Low risk Monthly calendar and telephone calls
falls (recall bias)
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Barnett 2003

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants Setting: Sydney, Australia
Number of participants: 163
Number analysed: 150
Number lost to follow-up: 13
Sample: older people identified as at risk of falling by general practitioner or hospital physiotherapist
using assessment tool
Age (years): mean 74.9 (SD 10.9)
Sex: 67% female
Inclusion criteria: age > 65 years; identified as 'at risk' of falling (1 or more of the following risk factors:
lower limb weakness, poor balance, slow reaction time)
Exclusion criteria: cognitive impairment; degenerative conditions, e.g. Parkinson's disease or medical
condition involving neuromuscular, skeletal, or cardiovascular system that precluded taking part in ex-
ercise programme

Interventions 1. Group-based balance, strength and aerobic training: exercises increased in difficulty, strength train-
ing using own body weight; 1 hour a week for 4 terms for 1 year (37 classes) plus home exercise based
on class content + diaries to record participation
2. Control: no exercise intervention
Both groups received information on strategies for avoiding falls, e.g. hand and foot placement if loss
of balance occurred

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Number of people who died

Duration of the study 52 weeks

Adherence Adherence measured by class attendance, frequency of home programme
1. Group-based balance, strength and aerobic training group:
Median number of classes attended: 23 (range 0 - 36)
Number attended 30 or more classes: 28 (34%)
Attending exercise classes at end of trial and performing home programme = 1 a week: 91%, with 13%
performing exercises daily

Notes Source of funding: Bankstown-Lidcombe hospital
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "randomised in matched blocks" (N =6)

tion (selection bias)

Allocation concealment Low risk Consecutively-numbered, opaque envelopes
(selection bias)
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Barnett 2003 (Continued)

Blinding of participants Unclear risk Both groups received information on strategies for avoiding falls and interven-
and personnel (perfor- tion group also received structured weekly exercise sessions. Blinding not re-
mance bias) ported, but impact of non-blinding unclear

All outcomes

Blinding of outcome as- Unclear risk Falls reported by participants who were aware of their group allocation, by
sessment (detection bias) postal surveys monthly in both groups. Telephone interview if not returned by
Falls 2 weeks. Unclear whether those conducting telephone check were unblinded
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data ~ Low risk Less than 20% of outcome data are missing (8%). Balanced losses in interven-
(attrition bias) tion (n=7) and control (n = 6) groups, with reasons for missing fall data un-
Falls and fallers clear

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)

Method of ascertaining Unclear risk Interval recall. Falls identified by postal survey at the end of each calendar

falls (recall bias)

month. Phoned if not returned within 2 weeks

Beyer 2007

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 12 months

Participants

Setting: Copenhagen, Denmark

Number of participants: 65

Number analysed: 53

Number lost to follow-up: 12
Sample: women with a history of a fall identified from hospital records

Age (years): range 70 - 90
Sex: 100% female

Inclusion criteria: community-dwelling; at a relatively high risk of falls, defined as either = 80 years old
or = 65 years with history of a fall in the previous 12 months or a timed 'up and go' test score of at least
15 seconds; home-dwelling; aged 70 - 90 years; history of a fall requiring treatment in ED but not hospi-
talisation; able to come to training facility

Exclusion criteria: lower limb fracture in last 6 months; neurological diseases, unable to understand
Danish; cognitively impaired (MMSE < 24)
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Beyer 2007 (continued)

Interventions

1. Group-based balance, strength and flexibility training: gym equipment used for strengthening, 1
hour, 2 a week, for 6 months
2. Control: no intervention; offered intervention after 1 year

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

52 weeks

Adherence Adherence measured by training compliance
1. Group-based balance, strength and flexibility training group: mean training compliance 79% (42 -
100%)
Notes Source of funding: Danish Medical Association Research Fund, Danish Medical Research Council
Economic information: not reported
Email communication regarding fall data, response received, data not included in review
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "...using the minimization method with the aid of a computer program
tion (selection bias) for randomization"
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Falls were recorded in both allocated groups using the same method (a
sessment (detection bias) monthly falls calendar), but no mention of blinding of personnel confirming
Falls falls or carrying out data entry. Insufficient information to make a judgement
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Health related quality of
life (self report)

Incomplete outcome data
(attrition bias)
Falls and fallers

Unclear risk

Less than 20% of outcome data are missing (18%). Unbalanced losses in inter-
vention (n = 10) and control (n = 4) groups, with reasons for missing fall data
differing between the 2 groups (intervention group: n = 3 did not start training,
4=ill, 1 =fracture, 2 = lost to follow-up; control group: n = 1 dropped out as un-
happy with group allocation, 1 =ill, 1 = fracture, 1 = spouseill)
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Beyer 2007 (continued)

Selective reporting (re- High risk The study prespecified falls "were monitored in all participants during the
porting bias) study period", but number of falls was not reported

Method of ascertaining Low risk Quote: "Afalls calendar was sent to every participant on the first day of each
falls (recall bias) month" for 1 year

Boongrid 2017

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants Setting: Bangkok, Thailand

Number of participants: 439
Number analysed: 437
Number lost to follow-up: 2

Sample: community-dwelling
Age (years): mean 73.8 (SD 6.7)
Sex: 83% female

Inclusion criteria: = 65 years, mild-to-moderate balance dysfunction, able to provide written informed
consent.

Exclusion criteria: moderate-to severe cognitive problems, a neurological condition that severely influ-

enced their gait and mobility (e.g. Parkinson’s disease, stroke with hemiparesis), acute arthritis, any un-
stable or terminal illnesses that would preclude the planned exercises and were unlikely to resolve, un-
able to communicate well in Thai, already participating in regular strengthening exercise (e.g. yoga, Tai

Chi)

Interventions 1. Individual Otago Exercise Programme and walking plan; video disk, manuals and weekly calendars
provided, telephone calls every 2 weeks, and home visit in 3, 6,9, 12 months

2. Control group: no intervention

Both groups received fall prevention education and home safety information through video disk
recorder media and books

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study 52 weeks

Adherence Adherence measured by proportion exercising 2120 minutes a week at 3 months

1. Individual Otago Exercise Programme and walking plan group: 30% exercised = 120 minutes a week
at 3 months; 32% exercised = 120 minutes a week at 6 months; 57% exercised = 120 minutes a week at 3
months

Notes Source of funding: Development potentials of Thai People Project, Mahidol University
Economic information: not reported
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Risk of bias
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Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Quote: "A block randomization was applied to generate random sequence lists

tion (selection bias) by an investigator who was not involved in data collection or administering in-
terventions"

Allocation concealment Low risk Opaque sealed envelopes and sequence kept confidential

(selection bias)

Blinding of participants Unclear risk Participants and personnel implementing the intervention not blinded to allo-

and personnel (perfor- cated group, but impact of non-blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls were recorded on daily calendar in all groups. Research assistants who

sessment (detection bias) conducted interviews were blinded to group allocation

Falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Method of ascertaining adverse events is unclear

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants were not blind to allocated group

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of outcome data are missing (< 1%). Balanced losses in inter-

(attrition bias) vention and control groups

Falls and fallers

Selective reporting (re- Low risk Outcomes prespecified in study protocol were reported. Adverse events not

porting bias) specified in protocol but were reported in results

Method of ascertaining Low risk Falls were self-recorded on a daily calendar, plus interviews by blinded re-

falls (recall bias)

search assistants at 3, 6, 9 and 12 months

Brown 2002

Methods

Study design: RCT

Number of study arms: 2

Length of follow-up: 14 months

Participants

Setting: Perth, Western Australia

Number of participants: 99

Number analysed: 71

Number lost to follow-up: 28
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Sample: men and women recruited by press releases in 11 newspapers and information brochures dis-
tributed to organisations, GPs, etc; 6 pairs of people with the same residential address randomised to
the same group

Age (years): N =101 aged 75 to 84, N = 48 aged 85 to 94

Sex: 79% female

Inclusion criteria: age = 75; community-living; independent in basic ADL; able to walk 20 m without
personal assistance

Exclusion criteria: cognitive impairment (MMSE < 24); various conditions, e.g. angina, claudication,
cerebrovascular disease, low or high blood pressure, major systemic disease, mental illness

Interventions

Randomised into 3 groups: 2 intervention groups (1 group-based balance, strength and aerobic train-
ing, and 1 social intervention group) and 1 control group. Only group-based balance, strength and aer-
obic training and control group included in this review

1. Group-based balance, strength and aerobic training: individualised and progressed, elastic tubing
and free weights used for strength training, home practice of a functional task; 1 hour, 2 a week, 16
weeks

2. Control group: no intervention

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

2. Number of people who died

Duration of the study

56 weeks

Adherence Adherence measured by session attendance
1. Group-based balance, strength and aerobic training group: mean attendance; 85% (22 - 26 sessions),
range of 62 - 100% (16 sessions)
Notes Source of funding: not reported
Economic information: not reported
Only group-based balance, strength and aerobic training and control group included in this review
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "randomised into one of three groups using a table of random num-
tion (selection bias) bers"

Allocation concealment Low risk Randomised into one of 3 groups "by a physiotherapist uninvolved in the
(selection bias) study."

Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-
and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Fall data collected in same manner in each group. Study reports outcome as-
sessment (detection bias) sessors were blinded, but it is unclear whether blinded assessors conducted
Falls the telephone follow-ups for falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Fractures

Exercise for preventing falls in older people living in the community (Review)
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Brown 2002 (Continued)

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of outcome data are missing (28%). Unbalanced losses in inter-

(attrition bias)
Falls and fallers

vention and control groups

Selective reporting (re- High risk Fall data were collected but number of falls not reported
porting bias)
Method of ascertaining Low risk Participants provided details of falls in monthly report sheet returned in re-

falls (recall bias)

ply-paid addressed envelopes. No mention of telephone calls

Buchner 1997

Methods

Study design: RCT
Number of study arms: 2 for analysis
Length of follow-up: 25 months

Participants

Setting: Seattle, USA

Number of participants: 105

Number analysed: 100

Number lost to follow-up: 5

Sample: random sample of HMO members (FICSIT intervention groups only)
Age (years): mean 75

Sex: 51% female

Inclusion criteria: aged 68 - 85; unable to do 8-step tandem gait test without errors; below 50th per-
centile in knee extensor strength for height and weight

Exclusion criteria: active cardiovascular, pulmonary, vestibular, and bone disease; positive cardiac
stress test; body weight > 180% ideal; major psychiatric illness; active metabolic disease; chronic
anaemia; amputation; chronic neurological or muscle disease; inability to walk; dependency in eating,
dressing, transfer or bathing; terminalillness; inability to speak English or complete written forms

Interventions

Randomised into 7 groups: 6 intervention groups (3 FICSIT trial - group-based stationary cycling, group-
based strength training, group-based combined endurance and strength training; and 3 MovelT trial),
and 1 control group. This paper reports on the 3 FICSIT groups and the control group

1. Group-based stationary cycling: stationary cycles used for arms and legs, supervised classes; 1 hour
(30 - 35 minutes endurance exercise), 3 a week for 6 months followed by unsupervised exercise

2. Group-based strength training: weight machines used for upper and lower body (2 sets of 10 reps per
set, 50 - 60% 1 RM for set 1 and 75% of 1 RM for set 2), supervised classes; 1 hour, 3 a week for 6 months
followed by unsupervised exercise

3. Group-based combined endurance and strength training: 20 minutes of endurance training and 1 set
of strength training exercises (75% 1 RM)
4. Control: usual activity levels but "allowed to exercise after 6 months"

Outcomes

1. Rate of falls
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2. Number of people who experienced 1 or more falls (risk of falling)

"A priori decision" to report fall outcomes for "any exercise" (all 3 exercise groups combined) compared
with control group

Duration of the study Up to 100 weeks, median 72 weeks

Adherence Exercise groups: 14 dropouts (19%), participants who remained in the study attended 95% sessions

Control group; 1 dropout (3%)

Notes Source of funding: National Institute on Aging, Centers for Disease Control and Prevention, Department
of Veterans Affairs
Economic information: Healthcare service costs: hospitalised control participants more likely to have
hospital costs > USD 5000 (P < 0.05); no significant difference in ancillary outpatient costs between
groups at 7 - 18 months
Seattle FICSIT trial. Only 1.3% of original sample randomised. Falls not primary outcome. Other out-
comes assessed at end of intervention (6 months) then "control group allowed to exercise after 6
months" (7/30 participants did). Cost analysis reported in primary reference

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomised, quote: "using a variation of randomly permuted blocks"

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Falls reported by participants who were aware of their group allocation.

sessment (detection bias) Quote: "Most study outcomes were measured by blinded examiners..." but un-

Falls clear whether this applies to personnel carrying out telephone follow-up of
falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data Unclear risk Less than 20% of outcome data are missing (5%). Unbalanced losses between
(attrition bias) intervention groups (n =2 in each of the 3 groups) and control (n = 0) group.
Falls and fallers Reason for missing data unclear
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Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Falls reported immediately by mail, also monthly postcard return; telephone

falls (recall bias)

follow-up if no postcard received

Bunout 2005

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants

Setting: Santiago, Chile

Number of participants: 298
Number analysed: 241
Number lost to follow-up: 57
Sample: men and women
Age (years): mean 75 (SD 5)

Sex: 70% female
Inclusion criteria: "elderly subjects" consenting to participate; able to reach community centre
Exclusion criteria: severe disabling condition; cognitive impairment (MMSE < 20)

Interventions

1. Group-based balance, strength and walking: moderate intensity strength training using functional
weight-bearing exercises, progressive resistance TheraBands; 1 hour, 2 a week, 1 year
2. Control: no intervention

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study

52 weeks

Adherence Adherence measured by attendance at > 50% sessions
1. Group-based balance, strength and walking group: 42% non-compliant (attended < 50% sessions)
Notes Source of funding: University of Chile
Economic information: not reported
Journal website for supplementary data www.ageing.oupjournals.org. Additional data obtained from
author
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomised using computer-generated random-number table
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)
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Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Falls reported at follow-up clinics by participants who were aware of their

sessment (detection bias)
Falls

group allocation. Blinding of researchers at follow-up not reported

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Unclear risk Less than 20% of outcome data are missing (19%). Number lost from each
(attrition bias) group is unclear

Falls and fallers

Selective reporting (re- High risk Falls data were collected but number of fallers was not reported; adverse
porting bias) events were not reported

Method of ascertaining Unclear risk Interval recall. Falls ascertained at monthly outpatient clinic or by telephone

falls (recall bias)

Campbell 1997

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 24 months

Participants

Setting: Dunedin, New Zealand

Number of participants: 233

Number analysed: 233

Number lost to follow-up: 0

Sample: women identified from general practice registers
Age (years): mean 84.1 (SD 3.1)

Sex: 100% female

Inclusion criteria: at least 80 years old; community-living

Exclusion criteria: cognitive impairment; not ambulatory in own residence; already receiving physio-
therapy

Interventions

1. Individual Otago Exercise Programme: home-based programme prescribed in 4 x 1-hour visits in first
2 months, 30-minute exercise, 3 a week plus walk outside home 3 a week. Regular phone contact after
first 2 months
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2. Control: social visit by research nurse x 4 in first 2 months. Regular phone contact

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

52 weeks. 2-year data reported in Campbell 1999

Adherence Not reported

Notes Source of funding: Accident Rehabilitation and Compensation Insurance Corporation of New Zealand,
Department of Veterns Affairs, USA
Economic information: Mean cost per person (intervention): NZD 173 in year 1, NZD 22 in year 2.
Healthcare service costs: no difference between the 2 groups resulting from falls or for total healthcare
costs, 27% hospital admission costs resulted from fall. Incremental cost per fall prevented/per QALY
gained: at 1 year = NZD 314 (programme implementation costs only); at 2 years = NZD 265 (programme
implementation costs only)
Otago Exercise Programme manual can be obtained from www.cdc.gov/HomeandRecreationalSafe-
ty/Falls/compendium/1.2_otago.html. Cost-effectiveness analysis reported (Robertson 2001ac).

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Allocation schedule developed using computer-generated numbers

tion (selection bias)

Allocation concealment Low risk Assignment by independent person off-site

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- High risk Falls reported by participants who were aware of group allocation. Blinding of

sessment (detection bias) adjudicator reported, but researcher making telephone contact was aware of

Falls group allocation as she also did social visits (personal communication report-

ed by Gillespie 2012)

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing outcome data for falls

(attrition bias)
Falls and fallers
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Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Falls recorded daily on postcard calendars, mail registration monthly by post-

falls (recall bias)

card, telephone follow-up

Carter 2002

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 5 months

Participants

Setting: Vancouver, Canada

Number of participants: 93

Number analysed: 80

Number lost to follow-up: 13

Sample: community-dwelling osteoporotic women
Age (years): mean 69 (SD 3)

Sex: 100% female

Inclusion criteria: aged 65 - 75 years; residents of greater Vancouver; osteoporotic (based on BMD)
Exclusion criteria: < 5 years post-menopause; weighed > 130% ideal body weight; other contraindica-
tions to exercising; already doing > 8 hours/week moderate-to-hard exercise; planning to be out of city
>4 week during 20-week programme

Interventions

1. Group-based Osteofit strength and gait training: strengthening and stretching exercises using pro-
gressive resistance Theraband elastic bands and small free weights, 40 minutes, 2 a week, for 20 weeks,
bimonthly social seminar

2. Control: usual activities, bimonthly social seminar separate from intervention group

Outcomes

1. Rate of falls

Duration of the study

20 weeks

Adherence Adherence measured by class attendance
1. Group-based Osteofit strength and gait training class: 89%

Notes Source of funding: BC Medical Services Foundation of the Vancouver Foundation, British Columbia
Sports Medicine Foundation, RBC Foundation
Economic information: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Randomised by computer-generated programme

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-

and personnel (perfor-
mance bias)

blinding unclear
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All outcomes
Blinding of outcome as- Low risk Falls recorded in falls calendars in both groups.

sessment (detection bias)
Falls

Quote: "All data were collected by trained researchers blinded to group assign-
ment"

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants not blind to allocated group

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of outcome data are missing (5%). Minor imbalance in with-
(attrition bias) drawals in intervention (n =5) and control (n = 8) groups, with balanced rea-
Falls and fallers sons for withdrawal between the groups

Selective reporting (re- High risk Fall data were collected but number of fallers was not reported; adverse
porting bias) events were not reported

Method of ascertaining Low risk Falls recorded in falls calendars returned monthly

falls (recall bias)

Cerny 1998

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 6 months

Participants

Setting: California, USA

Number of participants: 28

Number analysed: 28

Number lost to follow-up: 0

Sample: community-dwelling "well elderly" (proportion of women not stated); some pairs of people
randomised to the same group where they were (e.g. dependent on the other for transport)

Age (years): mean 71 (SD 4)

Inclusion criteria: none described

Exclusion criteria: none described

Interventions

1. Group-based balance, strength, flexibility, aerobic training and brisk walking: 1%2 hours, 3 a week, 6

months

2. Control: no intervention

Outcomes 1. Number of people who experienced 1 or more falls (risk of falling)
Duration of the study 24 weeks
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Adherence Not reported

Notes Source of funding: not reported
Economic information: not reported

Contact with lead author but no full paper or report prepared

Email communication about fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Randomised by coin toss. Individually randomised but some clusters, e.g. cou-

tion (selection bias) ples or 2 women where 1 was dependent on the other for transport (personal
communication reported in Gillespie 2012)

Allocation concealment High risk Coin toss on site

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Unclear if assessors were blinded, insufficient information to permit judge-
sessment (detection bias) ment

Falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing outcome data for falls
(attrition bias)
Falls and fallers

Selective reporting (re- High risk Fall data were collected but number of falls was not reported; adverse events
porting bias) were not reported
Method of ascertaining High risk Assume retrospective recall and 3- and 6-month assessment

falls (recall bias)
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Clegg 2014

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 3 months

Participants Setting: Bradford, United Kingdom

Number of participants: 84
Number analysed: 70
Number lost to follow-up: 14

Sample: community-dwelling
Age (years): mean 79 (SD 9.2)
Sex: 71% female

Inclusion criteria: living at home in assisted-living sites, housebound, recently discharged from elderly
medicine outpatient clinic, had a case manager, attending a day centre or respite care

Exclusion criteria: unable to stand and walk independently, currently participating in exercise pro-
gramme, registered blind, poorly-controlled angina, another household member in the trial, severe de-
mentia, palliative care

Interventions 1. Individual balance and strength training: no special equipment required and manual provided, leg
strengthening for basic mobility tasks, 5 face-to-face home visits, 7 telephone calls, < 15 minutes exer-
cise sessions, 3 a day, 5 a week, 12 weeks

2. Control group: usual care

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Number of people who experienced 1 or more falls requiring hospital admission
4, Health-related quality of life

5. Number of people who died

Duration of the study 12 weeks

Adherence Adherence measured by completion of programme, diary completion

1. Individual balance and strength training group: 70% completed the 12-week programme (n = 28);
27/28 (96%) diaries returned

mean diary completion = 64%

mean recorded total adherence = 46%

mean recorded partial or total intervention adherence = 67%

Notes Source of funding: Dunhill Medical Trust, Royal College of Physicians Joint Research Fellowship
Economic information: not reported

Email communication to obtain fall data, response received, data included in review

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Generation of randomsation sequence by independent research unit

tion (selection bias)
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Clegg 2014 (continued)

Allocation concealment Low risk Storage of randomsation sequence by independent research unit

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group, but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Unclear whether falls were confirmed using the same method in both groups

sessment (detection bias) and unclear who assessed falls. Assessors of performance/questionnaire out-

Falls comes intended to be blinded but Quote: "were frequently unblinded". Impact
of unblinding unknown

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Assessors of performance/questionnaire outcomes intended to be blinded,

sessment (detection bias) but

Hospital admission, med- Quote: "were frequently unblinded". Impact of unblinding unknown

ical attention and adverse

events

Blinding of outcome as- High risk Participants not blind to group allocation

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Unclear risk Less than 20% of outcome data are missing (17%). Minor unbalance in with-

(attrition bias) drawals in intervention (n =5) and control (n = 9) groups, with some unbalance

Falls and fallers in reasons for withdrawal between the groups (intervention: 3 = withdrew, 1 =
lost to follow-up, 1 = died; control: 4 = withdrew, 2 = lost to follow-up, 3 = died)

Selective reporting (re- Low risk Falls outcomes were prospectively specified in trial registery. Adverse events

porting bias) reported

Method of ascertaining Unclear risk Method of fall recording not stated

falls (recall bias)

Clemson 2010

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months

Participants

Setting: Sydney, Australia

Number of participants: 34

Number analysed: 34

Number lost to follow-up: 0

Sample: volunteer community-dwelling men and women recruited by various strategies
Age (years): mean 82 (SD 5.9)

Sex: 47% female
Inclusion criteria: aged > 70 years; = 2 falls or an injurious fall in previous year
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Clemson 2010 (Continued)

Exclusion criteria: cognitive impairment; no conversational English; unable to walk independently; res-
ident in nursing home or hostel; unstable or terminal illness that would preclude planned exercises;
neurological conditions, e.g. Parkinson's disease

Interventions

1. LiFE (Lifestyle approach to reducing Falls through Exercise) programme - progressive balance and
strength training embedded in daily life activities: taught in 5 home visits + 2 booster visits over 3
months + 2 phone calls; 6-month programme

2. Control group: no intervention

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

24 weeks

Adherence Not reported

Notes Source of funding: University of Sydney Bridging Grant
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomisation was conducted ... using a random numbers table"

tion (selection bias)

Allocation concealment Low risk Quote: "Randomisation was conducted by an investigator not involved in as-

(selection bias) sessment or intervention ..." "Once baseline assessments were completed by
the research assistant (RA), participants were then allocated in order of com-
pletion from the generated lists by the blinded investigator"

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Quote: "An RA who was not involved in the intervention and masked to the

sessment (detection bias) group allocation conducted all assessments. Falls surveillance was by daily

Falls calendar, which participants mailed monthly, using pre-addressed envelopes
to the RA. An investigator telephoned any participant who failed to return the
calendar or who reported a fall."
Unclear whether the investigator carrying out the telephone calls was blind to
group allocation

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants unblinded to group allocation

sessment (detection bias)
Health related quality of
life (self report)
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Clemson 2010 (Continued)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (9%). Balance in withdrawals in
(attrition bias) intervention (n = 1) and control (n = 2) groups, with balanced reasons for with-
Falls and fallers drawal between the groups
Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Quote: "Falls surveillance was by daily calendar, which participants mailed
falls (recall bias) monthly, using pre-addressed envelopes..."

Clemson 2012
Methods Study design: RCT

Number of study arms: 3
Length of follow-up: 12 months

Participants Setting: Sydney, Australia

Number of participants: 317
Number analysed: 317
Number lost to follow-up: 0

Sample: community-dwelling
Age (years): mean 83.4
Sex: 55% female

Inclusion criteria: men and women = 70 yrs, = 2 falls or 1 injurious fall in past 12 months determined by
self-report

Exclusion criteria: moderate to severe cognitive problems, no conversational English, inability to walk
independently, neurological condition severely influencing gait and mobility, resident in a nursing
home or hostel, unstable or terminal medical illness precluding the planned exercises and unlikely to
resolve

Interventions 1. LiFE (Lifestyle approach to reducing Falls through Exercise) programme - progressive balance and
strength training embedded in daily life activities: performed throughout the day, taught in 5 home vis-
its + 2 booster visits over 3 months + 2 phone calls. Manual provided for increasing intensity and chal-
lenge. 6-month programme.

2. Individual balance and strength training: progressive exercises performed 3 a week, taughtin 5 home
visits + 2 booster visits over 3 months + 2 phone calls. 6-month programme.

3. Control: Low-intensity flexibility and balance training; gentle and flexibility exercises in sitting, lying
down, or standing while holding on, not progressed, 2 sessions + 1 booster session + 6 follow-up phone
calls. 6 months

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Health-related quality of life

4. Number of people who died

Duration of the study 52 weeks
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Clemson 2012 (Continued)

Adherence Adherence measured by sessions performed. Mean adherence to programme over first 6 months for
each group/still exercising at 6 months reported:
1. LiFE (Lifestyle approach to reducing Falls through Exercise) programme group: 47% (SD 33)/81 (76%)
2. Individual balance and strength training group: 35% (SD 29)/63 (60%)
3. Control group: 47% (SD 34)/74 (71%)
Notes Source of funding: Australian National Health and Medical Research Council
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated randomisation
tion (selection bias)
Allocation concealment Low risk Quote: "Randomisation was ... concealed by using an automated secure web-
(selection bias) site that was operated by an off-site independent service"
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Fall data collected using same method in each group. Fall event surveillance
sessment (detection bias) was conducted by a research assistant blinded to group allocation
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- High risk Participants unblinded to group allocation
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data  Unclear risk Less than 20% of fall outcome data are missing (10%). Minor imbalance in
(attrition bias) withdrawals in LiFE (n = 8), structured programme (n =9) and control (n = 14)
Falls and fallers groups, with reasons for loss of fall data unclear
Selective reporting (re- Low risk Falls outcomes were prospectively specified in trial registry. Adverse events re-
porting bias) ported
Method of ascertaining Low risk Daily calendar mailed monthly, follow-up phone call for missing calendars or

falls (recall bias)

fall reported by blinded researcher
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Cornillon 2002

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants

Setting: St Etienne, France

Number of participants: 303

Number analysed: 303

Number lost to follow-up: 0

Sample: community-dwelling and independent in ADL
Age (years): mean 71

Sex: 83% female
Inclusion criteria: aged > 65; living at home; ADL-independent; consented
Exclusion criteria: cognitively impaired (MMSE < 20); obvious disorder of walking or balance

Interventions

1. Group-based balance and gait training, information on fall risk, and balance and sensory training, 1 a
week, 8 weeks
2. Control: normal activities

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study

52 weeks

Adherence 102 people (68%) participated in at least 6 sessions, 14 (9%) participated in 1 - 5 sessions and 34 (23%)
did not participate in any sessions (due to refusal, health, or dissatisfaction with the proposed pro-
gramme)

Notes Source of funding: not reported
Economic information: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Randomised by random-number tables

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Falls recorded on 6-monthly falls calendars in both groups. No telephone con-

sessment (detection bias) tact described. Blinding of study personnel recording data from the calendars

Falls not described

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Method of ascertaining adverse events unclear. Blinding of study personnel

sessment (detection bias) not described
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Cornillon 2002 (continued)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing fall data
(attrition bias)
Falls and fallers

Selective reporting (re- Unclear risk Prespecified falls outcomes reported, adverse events reported. No trial proto-
porting bias) col or prospective trial registration
Method of ascertaining Low risk Prospective. Falls recorded on monthly falls calendars

falls (recall bias)

Dadgari 2016

Methods Study design: Cluster-RCT
Number of study arms: 2

Number of clusters: 25
Length of follow-up: 6 months

Participants Setting: Shahroud, Iran

Number of participants: 551
Number analysed: 317
Number lost to follow-up: 234

Sample: community-dwelling
Age (years): mean 70.6 (SD 5.1)
Sex: 49% female

Inclusion criteria: = 60 years, able to walk = 10 m, permanent residency in an urban area in past 12
months, previous falls, had a female family member (to maintain homogeneity) as a caregiver (aged
18 - 50) with health literacy (able to read instructional booklet and explaining the content to the re-
searchers)

Exclusion criteria: acute or chronic disease restricting exercise, unable to walk independently for 10 m,
hip replacement surgery or lower extremity fracture/s in past 12 months, orthopaedic surgeon recom-
mending not to participate due to severe articular involvement limiting physical activity or any other
reason, elderly people with high level of activity in past 12 months

Interventions 1. Individual Otago Exercise Programme: home programme with monthly visits in the presence of fami-
ly caregiver/s, 45-minute sessions, 3 x ar week, 6 months

2. Control group: given a booklet on general health for elderly people published by the 'Iranian Ministry
of Health, Treatment and Medical Education’

Outcomes 1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)
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Dadgari 2016 (Continued)
Duration of the study 24 weeks
Adherence Not reported
Notes Source of funding: Shahroud University of Medical Sciences
Economic information: not reported
Email communication to obtain fall data, response received, data included in review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Only mentions block randomisation
tion (selection bias)
Allocation concealment Unclear risk Cluster-RCT. Individual participant recruitment was undertaken after group
(selection bias) allocation. The method of concealment is not described and it is unclear
whether recruitment was undertaken by a person who was unblinded and may
have had knowledge of participant characteristics
Blinding of participants Unclear risk Participants and personnel not blinded to allocated group, but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Method of ascertaining falls was not clear in either group. Blinding of assessors
sessment (detection bias) not described
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data High risk More than 20% of fall outcome data are missing (42%). Balanced withdrawals
(attrition bias) in intervention (n = 119) and control (n = 115) groups; reasons for loss of fall
Falls and fallers data unclear
Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining High risk Falls outcome: Quote: "was examined before and after the exercise training
falls (recall bias) program" (6 months). Method of ascertaining falls at 6 months was not clear
Cluster-randomised trials High risk Individuals were recruited to the trial after the clusters were randomised and
personnel recruiting participants were not blinded to cluster; baseline com-
parability of clusters was not reported; missing outcomes for clusters or with-
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Dadgari 2016 (Continued)

in clusters were not reported; no accounting for clustering in analysis; results
comparable with individually randomised trials

Dangour 2011

Methods

RCT (cluster-randomised by health centre, 2 x 2 factorial design)

Study design: Cluster-RCT

Number of study arms: 2

Number of clusters: 28 (20 clusters only for fallers and fractures)
Length of follow-up: 24 months

Participants

Setting: Santiago, Chile

Number of participants: 984
Number analysed: 619
Number lost to follow-up: 365

Sample: randomly sampled households in health centre catchment areas and health centre registries
Age (years): range 65 - 68

Sex: 68% female

Inclusion criteria (clusters): health centres with > 400 residents aged 65 - 67.9 years in low-middle eco-
nomic status municipalities

Exclusion criteria (individuals): unable to walk unaided; seeking medical advice for unplanned 3 kg
weight loss over 3 months; planning to move house within 3 months; already enrolled in national
Programme of Complementary Feeding for the Older Population (PACAM) or consuming PACAM pro-
gramme supplements; scoring = 6 on Pfeffer screen (poor cognitive function)

Interventions

Randomised into 3 groups: 2 intervention groups (1 group-based balance and strength, and 1 nutrition-
al supplements group) and 1 control group. Only group-based balance and strength and control group
included in this review

1. Group-based balance and strength: supervised sessions for functional weight-bearing exercises; 1
hour, 2 a week, 24 months

2. Control group: no intervention

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)
2. Number of people who experienced 1 or more fall-related fractures
3. Health-related quality of life

4. Number of people who died

Duration of the study

108 weeks

Adherence Adherence measured as attendance at sessions offered
1. Group-based balance and strength group: 38%

Notes Source of funding: London School of Hygiene and Tropical Medicine, London, UK
Economic information: Mean cost per person (intervention) USD 164 for physical activity intervention.
Incremental cost per fall prevented/per QALY gained: cost effectiveness of physical activity intervention
reported as USD 4.84 per extra metre walked
Cost analysis reported in primary reference
Number of clusters allocated to intervention: 5; number of clusters allocated to control: 5; number of
clusters analysed (intervention): 5; number of clusters analysed (control): 5
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Dangour 2011 (Continued)

Email communication about fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Drawing of lots

tion (selection bias) Quote: "The center names (clusters) were put into a hat. The four treatment
arms (nutritional supplementation, nutritional supplementation+physical ac-
tivity, physical activity, control) were randomly numbered 1-4. As each name
was drawn out of the hat by a member of the study team, it was assigned to
the next treatment number until each arm contained five clusters"

Allocation concealment High risk Cluster RCT. Individual participant recruitment was undertaken after group

(selection bias) allocation. The method of concealment is not described and it is unclear
whether recruitment was undertaken by a person who was unblinded and may
have had knowledge of participant characteristics

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- High risk Falls assessed via participant recall in both groups. Although assessors of the

sessment (detection bias) primary outcomes (pneumonia, physical function) were blind to group alloca-

Falls tion, this was not mentioned, therefore assumed not to apply, for secondary
outcomes (included fallers)

Blinding of outcome as- High risk Fractures were self-reported, not confirmed by the results of radiological ex-

sessment (detection bias) amination or from primary care case record

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants were not blinded to allocated group

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of fall outcome data are missing (37%). Unbalanced with-

(attrition bias) drawals in intervention (n = 155) and control (n = 209) groups; reasons for loss

Falls and fallers of fall data unclear

Selective reporting (re- High risk Fall data were collected but number of falls was not reported; adverse events

porting bias) were not reported

Method of ascertaining High risk Participant recall for falls was at 12 and 24 months. For secondary outcomes

falls (recall bias) including
Quote: "self-reported incidence of falls" ... "Participants in the original 20 clus-
ters were re-interviewed after 12 and 24 mo for outcome data"

Cluster-randomised trials Unclear risk Individuals were recruited to the trial after the clusters were randomised and
personnel recruiting participants were not blind to cluster; baseline character-
istics of clusters and participants were similar between trial arms; missing out-
comes for clusters or within clusters were not reported; accounted for the clus-
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tered design in the analysis; results comparable with individually randomised
trials

Davis 2011

Methods Study design: RCT
Number of study arms: 3
Length of follow-up: 9 months

Participants Setting: Vancouver, Canada
Number of participants: 155
Number analysed: 155
Number lost to follow-up: 0
Sample: community-dwelling women
Age (years): mean 70 (range 65 - 75)
Sex: 100% female
Inclusion criteria: aged 65 - 75; cognitively intact; visual acuity 20/40 or better
Exclusion criteria: resistance training in the last 6 months; medical condition for which exercise is con-
traindicated; neurogenerative disease; taking cholinesterase inhibitors; depression; on hormone re-
placement therapy during previous 12 months

Interventions 1. Group-based progressive high-intensity resistance training classes: gym equipment and free weights
used with a "progressive, high intensity protocol", 1 a week, 1 year
2. Group-based progressive high-intensity resistance training classes: gym equipment and free weights
used with a "progressive, high intensity protocol", 2 a week, 1 year
3. Group-based balance and tone: stretching, range of motion, pelvic floor, balance, relaxation exercis-
es using body weight alone, 2 a week, 1 year

Outcomes 1. Rate of falls

Duration of the study 52 weeks

Adherence Not reported

Notes Source of funding: The Vancouver Foundation, Natural Sciences and Engineering Research Council of
Canada, Michael Smith Foundation for Health Research, the Canada Foundation for Innovation
Economic information: Mean cost per person (intervention): CAD 353 once-weekly resistance train-
ing, CAD 706 twice-weekly resistance training, CAD 706 twice-weekly balance and tone classes. Mean
healthcare costs resulting from falls, mean total healthcare costs respectively: CAD 547, CAD 1379 once-
weekly resistance training; CAD 184, CAD 1684 twice-weekly resistance training; CAD 162, CAD 1772
twice-weekly balance and tone classes. Incremental cost per fall prevented/per QALY gained: both
once- and twice-weekly resistance training less costly and more effective than balance and tone class-
es
Cost-effectiveness analysis and cost utility analysis reported in primary reference
Email communication about fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "The randomization sequence was generated by www.randomiza-

tion (selection bias) tion.com."
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Allocation concealment Low risk Quote: "The randomization sequence ... was concealed until interventions
(selection bias) were assigned. This sequence was held independently and remotely by the re-
search coordinator"
Blinding of participants Low risk Not possible to blind participants or personnel but both groups received an ex-
and personnel (perfor- ercise intervention so unlikely to introduce bias
mance bias)
All outcomes
Blinding of outcome as- Low risk Fall calendars used to assess falls in all groups.

sessment (detection bias)
Falls

Quote: "The assessors were blinded to the participants' assignments"

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Method of ascertaining adverse events unclear

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

Low risk No missing fall data

Selective reporting (re-
porting bias)

High risk Fall data were collected but number of fallers was not reported

Method of ascertaining
falls (recall bias)

Low risk Quote: "We used monthly fall diary calendars to track all falls for each partici-

pant during the 12-month study period."

Day 2002

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 18 months

Participants

Setting: Melbourne, Australia

Number of participants: 272

Number analysed: 272

Number lost to follow-up: 0

Sample: community-dwelling men and women identified from electoral roll
Age (years): mean 76.1 (SD 5.0)

Sex: 60% female

Inclusion criteria: aged = 70; community-dwelling and able to make modifications; expected to remain
in area for 2 years (except for short absences); have approval of family physician

Exclusion criteria: undertaken regular to moderate exercise with a balance component in previous 2
months; unable to walk 10 to 20 m without rest or help or having angina; severe respiratory or cardiac

Exercise for preventing falls in older people living in the community (Review) 107
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Day 2002 (Continued)

disease; psychiatric illness prohibiting participation; dysphasia; recent major home modifications; edu-
cation and language adjusted score >4 on the short portable mental status questionnaire

Interventions

Randomised into 8 groups: only 1 intervention group (group-based balance and strength) and 1 control
group included in this review

1. Group-based balance and strength, plus daily home exercises tailored by physiotherapist: 1-hour
class a week, 15 weeks
2. Control group: no intervention. Received brochure on eye care for over-40-year olds

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who experienced 1 or more falls requiring medical attention

Duration of the study

18 months

Adherence

Adherence measured by class attendance, frequency of home programme

1. Group-based balance and strength group: 401/541 participants started a class; mean number of ses-
sions attended, 10 (SD 3.8); 328/401 attended > 50% of their sessions; mean number of additional home
exercise sessions, 9 a month

Notes

Source of funding: Australian National Health and Medical Research Council, Victorian Department of
Human Services (Aged Care), City of Whitehorse, Victorian Health Promotioin Foundation, Rotary, Na-
tional Safety Council

Economic information: Mean cost per person (intervention) AUD 52, AUD 33 for exercise group, AUD
39 for control group. Incremental cost per fall prevented/per QALY gained: ICER per fall prevented AUD
652, injurious fall prevented AUD 1176, fracture prevented AUD 26,236, QALY AUD 51,483

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomised by "adaptive biased coin" technique, to ensure balanced group
tion (selection bias) numbers
Allocation concealment Low risk Computer-generated by an independent third party contacted by telephone
(selection bias)
Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Low risk All participants used monthly falls diary, with telephone contact from a re-
sessment (detection bias) searcher blinded to group allocation if not returned in 5 days
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
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Day 2002 (Continued)

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing fall data
(attrition bias)
Falls and fallers

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)

Method of ascertaining Low risk Falls reported using monthly postcard to record daily falls. Telephone fol-
falls (recall bias) low-up if calendar not returned within 5 working days of the end of each

month, or reporting a fall

Day 2015

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants Setting: Melbourne, Australia
Number of participants: 503
Number analysed: 409
Number lost to follow-up: 94
Sample: community-dwelling men and women
Age (years): mean 70
Sex: 70% female
Inclusion criteria: = 70 years and older, community residents, and preclinically disabled as defined by
Fried 2001.
Exclusion criteria: already participating in Tai Chi or a vigorous exercise programme (other physical ac-
tivity was allowed), adjusted score >4 on the Short Portable Mental Status Questionnaire, major unsta-
ble cardiopulmonary disease, life-threatening illness, major psychiatric illness unless stable on treat-
ment, or did not have approval to participate from their local doctor

Interventions 1. Group based Tai Chi (Modified Sun style Tai-Chi): 1-hour session, 2 a week, up to 48 weeks. Partici-
pants paid AUD 3 a class
2. Control: Group-based flexibility training conducted primarily in the seated position with some leg
exercises performed in standing, holding on to the back of a chair, 1-hour session, 2 a week, up to 48
weeks. Participants paid AUD 3 a class

Outcomes 1. Rate of falls
2. Number of people who experienced 1e or more falls (risk of falling)
3. Number of people who experienced 1 or more falls requiring hospital admission
4. Number of people who died

Duration of the study 48 weeks

Adherence Adherence measured by class attendance
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Day 2015 (Continued)

1. Group-based Tai Chi group: mean number of classes attended during the first 24-week period, 25.8
(SD 15.9), median 30; mean number of classes attended during the full 48 weeks, 34.4 (SD 26.9), median

335

2. Group-based flexibility training group: mean number of classes attended during the first 24-week
period, 27.4 (SD 13.4), median 30; mean number of classes attended during the full 48 weeks, 41.3 (SD

26.1), median 39.0

Notes Source of funding: Australian National Health and Medical Research Council
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "participants were randomized by the study statistician (D.J.) by using

tion (selection bias) a computerized random number generator and a minimization algorithm"

Allocation concealment Low risk Quote: "The allocation list was e-mailed directly to the exercise program ad-

(selection bias) ministrator who managed exercise class delivery, independent of the research
staff involved in the data collection”

Blinding of participants Unclear risk Participants and personnel not blinded to group allocation

and personnel (perfor- Quote: "Although class leaders and participants were not blinded to group as-

mance bias) signment, they were told that we were comparing the 2 exercise programs"

All outcomes

Blinding of outcome as- Low risk Participants reported falls for up to 48 weeks using a monthly post-card calen-

sessment (detection bias) dar system, supplemented with telephone follow up for missing calendars

Falls
Quote: "The interviewer was blind to group assignment"

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- High risk Ablinded interviewer ascertained injury from participant self-report

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (18%). Loss of fall data was bal-

(attrition bias) anced in intervention (n = 46) and control (n = 48) groups; reason for loss of fall

Falls and fallers data was 'refused calendars' in all in both groups

Selective reporting (re- Low risk Prespecified falls outcomes reported. Prospective trial registration

porting bias)

Method of ascertaining Low risk Quote: "Participants reported falls for up to 48 weeks using a monthly post-

falls (recall bias) card calendar system, supplemented with telephone follow up for missing cal-
endars. Reported falls were followed up with a telephone interview to record
the circumstances of the fall and any resulting injuries and subsequent treat-
ment. Interviews were completed for 96.3% of reported falls."
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Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 9 months

Participants

Setting: Penrith, Australia

Number of participants: 60
Number analysed: 60
Number lost to follow-up: 0

Sample: community-dwelling people attending the Falls and Fractures Clinic, Nepean Hospital
Age (years): Intervention mean =79.33 (SD 10), control mean =75 (SD 8)
Sex: 62% female

Inclusion criteria: fallen within 6 months of assessment, poor performance in balance assessed using
posturography component of the Balance Rehabilitaion Unit (BRU) virtual reality system

Exclusion criteria: severe visual impairment, inability to walk independently with a cane or walker, in-
ability to stand unaided for 60 secs, score of <22/30 in MMSE, PD or any neuromuscular conditions,
Geriatric Depression Scale (GDS) > 8/15, inability to understand or answer the study questionnaires

Interventions

1. Virtual reality balance training: performed in standing, 30-minute session, 2 a week, 6 weeks

2. Control group: usual care, general recommendations and care plan on falls prevention

Outcomes

1. Rate of falls

Duration of the study

36 weeks

Adherence Adherence not defined. Proportion that progressed through levels reported:
1. Virtual reality balance training group: 97%; most of the participants (91%) reached = 10/15 possible
levels in every group of virtual exercises

Notes Source of funding: Nepean Medical Research Foundation, Department of Geriatric Medicine at Nepean
Hospital
Economic information: not reported
Email communication regarding fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Insufficient information to permit judgement

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group, but impact of non-

and personnel (perfor-
mance bias)
All outcomes

blinding unclear
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Blinding of outcome as- Low risk Fall outcomes were recorded using the same method in both groups

sessment (detection bias)

Falls Quote: "to prevent any assessment bias, different physiotherapists with no ac-
cess to the subjects’ data were specifically assigned to perform either assess-
ment or training"

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing fall data

(attrition bias)

Falls and fallers

Selective reporting (re- High risk Fall data were collected but number of fallers was not reported. Adverse

porting bias) events not reported

Method of ascertaining High risk The occurrence of falls was retrospectively assessed by asking the participant

falls (recall bias)

(1) whether they have suffered a fall, and (2) the number of falls during the 6
months prior to the assessment

Ebrahim 1997

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 24 months (also 12 months)

Participants

Setting: London, UK

Number of participants:
Number analysed: 102

165

Number lost to follow-up: 63

Sample: community-dwelling women

Age (years): Intervention

Sex: 100% female

mean =66.4 (SD 7.8), Control mean =68.1 (SD 7.8)

Inclusion criteria: postmenopausal women who had sustained a fracture in the upper arm in the past 2
years recruited from 2 East London Hospitals

Exclusion criteria: wome

n being treated with bisphosphonates, if expected survival was < 1 year, cogni-

tive impairment, too frail to withstand brisk walking or travelling for measurements

Interventions

1. Individual Brisk Walking: intensity progressed, monthly telephone contact, advice from nurse about
general health and balanced diet, walked 40 minutes, 3 a week, 2 years
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2. Control group: simple upper limb exercises, monthly telephone contact, advice from nurse about
general health and balanced diet

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who experienced 1 or more fall-related fractures

Duration of the study

2 years

Adherence Adherence not defined. Participation in programme reported:
1. Individual Brisk Walking group: adherence not defined, 49/81 (60.5%) continued programme, with all
remaining participants exercising = 40 min, 3 a week
2. Control group: adherence not defined, 48/84 (57.14%) continued programme
Notes Source of funding: The Wolfson Family Trust
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk "Randomly assigned" using "computer generated" allocation
tion (selection bias)
Allocation concealment Unclear risk Series of prepared envelopes but did not mention "opaque" or "sealed"
(selection bias)
Blinding of participants High risk Participants not blind to allocated group. Research personnel were not blind
and personnel (perfor- to group, yet delivered the intervention to both groups and assessed fall out-
mance bias) come, which increases the risk of bias
All outcomes
Blinding of outcome as- High risk Falls ascertained by the same method in both groups. The research nurse de-
sessment (detection bias) livering intervention to groups also conducted the monthly telephone calls to
Falls monitor the occurrence of falls, therefore was not blinded
Blinding of outcome as- Low risk Fracutres were assessed in all groups using radiological examination, by per-
sessment (detection bias) sonnel blinded to group allocation
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data  High risk More than 20% of fall outcome data are missing (38%). Loss of fall data was un-
(attrition bias) balanced in intervention (n =17) and control (n = 12) groups; reason for loss of
Falls and fallers fall data was unclear
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Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Unclear risk Monthly telephone calls

falls (recall bias)

El-Khoury 2015

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 24 months

Participants

Setting: France

Number of participants: 706
Number analysed: 706
Number lost to follow-up: 0

Sample: community-dwelling women
Age (years): Intervention mean = 79.8 (SD 2.8), Control mean =79.6 (SD 2.8)
Sex: 100% female

Inclusion criteria: Women aged 75 - 85 living in the community, diminished balance or gait capacities
(assessed by 6 m walking time and tandem walk test)

Exclusion criteria: > 12.5 seconds to walk 6 m, unable to stand for 10 sec with feet together, medical
conditions precluding exercise, expected to move away in next 6 months, difficulty attending exercise
classes regularly, already attending exercise classes

Interventions

1. Group-based balance and strength, 1 hour a week for 2 years, plus tailored home practice performed
weekly

2. Control group: no intervention, offered 4 exercise sessions at end of trial

Both groups offered fall prevention brochures and newsletters

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study

104 weeks

Adherence Adherence measured by programme attendance
1. Group-based balance and strength group: 58/352 (16%) never started the programme; 38/352 (11%)
attended a few classes in the first month only

Notes Source of funding: “Assistance Publique-Hopitaux de Paris” (AP-HP), French Ministry of Health, French
National Research Agency, National Institute of Health Prevention and Education, Council of the Ile-de-
France region
Economic information: not reported

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "randomisation lists were computer generated, based on randomly

tion (selection bias) permuted blocks of varying size (2, 4 or 6, randomly sampled with equal prob-
ability)...stratified for study centre and body weight"

Allocation concealment Low risk Baseline assessment and randomisation lists installed on assessors laptop,

(selection bias) where
Quote: "at the end of the baseline examination, the programme automatical-
ly determined the eligibility of each woman, based on her examination results;
if she was eligible and agreed to participate, it randomly assigned her into the
experimental intervention or the control group"

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls ascertained by the same method in both groups

sessment (detection bias)

Falls Quote: "Investigator blinded to group assignment" phoned those who report-
ed falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk In both groups

sessment (detection bias)

Hospital admission, med- Quote: "if a fracture of admission to hospital was reported, a copy of the radi-

ical attention and adverse ologist's report or medical record was requested to confirm the severity of the

events injuries". Blinding of assessor unclear

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing fall data

(attrition bias)

Falls and fallers

Selective reporting (re- Low risk Fall outcomes prespecified in prospective trial registratio were reported, ad-

porting bias) verse events reported

Method of ascertaining Low risk Quote: "Participants were asked to mark the exact date of any fall on pre-ad-

falls (recall bias)

dressed, prepaid monthly calendar postcards, and to return the cards at the
end of the corresponding month". A blinded assessor telephoned those who
reported falls.

Fiatarone 1997

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 4 months
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Setting: USA

Number of participants: 34
Number analysed: no fall data
Sample: frail older people
Age (years): mean 82 (SD 1)

Sex: 94% female
Inclusion criteria: community-dwelling older people; moderate to severe functional impairment
Exclusion criteria: none given

Interventions

1. Individual high-intensity progressive resistance training, 11 different upper and lower limb exercis-
es with arm and leg weights, 2 weeks instruction and then weekly phone calls, performed 3 a week, 16
weeks

2. Control: wait-list control. Weekly phone calls

Outcomes Reported number of people sustaining 1 or more adverse effects of intervention
Duration of the study 16 weeks
Adherence Not reported
Notes Source of funding: not reported
Economic information: not reported
Abstract only
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Method of randomisation not described
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Insufficient information to permit judgement
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
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Fiatarone 1997 (continued)
Health related quality of
life (self report)

Incomplete outcome data  Unclear risk Insufficient information to permit judgement.
(attrition bias)
Falls and fallers

Selective reporting (re- High risk Falls not mentioned in Methods, fall outcome mentioned in results, adverse
porting bias) events not reported
Method of ascertaining Unclear risk Interval recall. Falls identified weekly by phone call

falls (recall bias)

Freiberger 2007

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 24 months

Participants Setting: Erlangen, Germany

Number of participants: 134
Number analysed: 127
Number lost to follow-up: 7

Sample: community-dwelling
Age (years): mean 76.1 (SD 4.1)
Sex: 44% female

Inclusion criteria: = 70 years, fallen in past 6 months, fear of falling, signed informed consent, complet-
ing baseline assessment

Exclusion criteria: unable to walk independently, cognitive impairment (< 25 on the Digit Symbol Sub-
stitution Test)

Interventions Randomised into 3 groups: 2 intervention groups (group-based psychomotor programme and group-
based balance, strength, flexibility, endurance) and 1 control group. Only the 2 intervention groups
were included in this review

1. Group-based psychomotor programme: strength training using dumbbells, free weights and body
weight, increasing difficulty of balance exercises, motor co-ordination, competence training, perceptu-
al training, and home exercises; sessions 1 hour, 2 a week for 16 weeks

2. Group-based balance, strength, flexibility, endurance: strength training using dumbbells, free
weights and body weight, plus home exercises; sessions 1 hour, 2 a week for 16 weeks

Outcomes 1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study 52 weeks

Adherence Adherence measured by session attendance
1. Group-based psychomotor programme: 82% attended at least 24/32 sessions

2. Group-based balance, strength, flexibility, endurance group: 84% attended at least 24/32 sessions
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Freiberger 2007 (Continued)

Notes Source of funding: The Robert Bosch Foundation, Siemens Health Insurance
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computerised random-number generator
tion (selection bias)
Allocation concealment Unclear risk Quote: "All randomizations were concealed". No other information given
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Falls ascertained by the same method in both groups. Blinding of assessors
sessment (detection bias) performing the telephone interview was not specified
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data Low risk Less than 20% of fall outcome data are missing (5%). Loss of fall data was bal-
(attrition bias) anced in the balance programme (n =4) and psychomotor programme (n = 3)
Falls and fallers groups; reason for loss of fall data was unclear
Selective reporting (re- High risk Fall data were collected but number of falls was not reported. Adverse events
porting bias) not reported
Method of ascertaining Low risk Quote: "falls were collected prospectively using a monthly fall calendar be-

falls (recall bias)

tween months 12 and 24; fall sheets were mailed in at the end of the month.
Up to five follow-up telephone calls were made in the event of no response af-
ter each month. If falls were reported, details were collected during a struc-
tured telephone interview"

Gill 2016

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 42 months
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Setting: USA

Number of participants: 1635
Number analysed: 1635
Number lost to follow-up: 0

Sample: community-dwelling
Age (years): Intervention mean = 78.7 (SD 5.2), control mean =79.1 (SD 5.2)
Sex: 67% female

Inclusion criteria: aged 70 - 89 years, < 20 minutes/week structured exercise in past month and <125
minutes/week of moderate physical activity, short physical performance battery score <9 out of 12,
could walk 400 m in 15 minutes or less without assistance or aid, no major cognitive impairment, safely
participate in the intervention as determined by medical history, physical exam, and electrocardiogra-
phy

Exclusion criteria: not reported

Interventions

1. Group- and home-based balance, strength, flexibility and walking training: individualised and pro-
gressed, used ankle weights for strength training; 1-hour sessions, 2 a week, home exercises 3-4 a
week for 24 - 42 months depending on time of enrolment

2. Control group: attended weekly health education group for 26 weeks and monthly sessions there-
after, plus 5 - 10 minutes stretching exercises

Outcomes

1. Number of people who experienced 1 or more fall-related fractures
2. Number of people who experienced 1 of more falls requiring hospital admission

3. Number of people who died

Duration of the study

Up to 168 weeks

Adherence Adherence measured by attendance at sessions
1. Group- and home-based balance, strength, flexibility and walking training group: attended mean of
63% of scheduled sessions, median 71% (interquartile range 50 - 83%)
2. Control: attended mean of 73% of the scheduled sessions, median 82% (63 - 90%)
Notes Source of funding: National Institute of Health, National Institute of Aging, National Heart, Lung and
Blood Institute
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Randomised..through a secure web based data management system
tion (selection bias) using a permuted block algorithm (with random block lengths) stratified by
field center and sex"
Allocation concealment Low risk Quote: "Secure web based data management system"
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-
mance bias)
All outcomes

Exercise for preventing falls in older people living in the community (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

119



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Gill 2016 (continued)

Blinding of outcome as-
sessment (detection bias)
Falls

Unclear risk Not applicable

Blinding of outcome as- Low risk Question by blinded assessor:

sessment (detection bias)

Fractures Quote: “did a doctor tell you that you fractured or broke a bone?” If yes,
Quote: "Two experts blinded to group randomization subsequently reviewed
and adjudicated independently relevant medical records, including those from
all hospital admissions.” A fall-related fracture required the fulfilment of 4 pre-
specified criteria

Blinding of outcome as- Low risk Quote: "Two experts blinded to group randomization subsequently reviewed

sessment (detection bias) and adjudicated independently relevant medical records, including those from

Hospital admission, med- all hospital admissions.”

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Unclear risk No fall data

(attrition bias)

Falls and fallers

Selective reporting (re- High risk The question "have you fallen?" was asked but was not prespecified

porting bias)

Method of ascertaining High risk Questioned by blinded assessors every 6 months: Since (last visit date), did

falls (recall bias)

a doctor tell you that you fractured or broke a bone? (If yes) Did you break
abone as a result of a fall? and Other than the conditions we just asked you
about, were you admitted to a hospital overnight for any other reasons since
(last visit date)? Since (last visit date), have you fallen? Did this fall result in an
inability to leave home for at least one week?

Grahn Kronhed 2009

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants

Setting: Linkdping, Sweden

Number of participants: 65
Number analysed: 65
Number lost to follow-up: 0

Sample: women with osteoporosis identified from Linkoping Hospital, Osteoporosis Unit files

Age (years): mean 71.4, range 60 to 81
Sex: 100% female

Inclusion criteria: BMD measured within previous 9 months and T-score <-2.5 SD
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Exclusion criteria: enrolled in a pharmacological RCT; requiring indoor walking aids; cognitively im-
paired (MMSE < 20); severe heart disease, malignancy, recent arthroplasty, unhealed fractures; unable
to understand Swedish

Interventions

1. Group-based strength and balance training: supervised and progressed using body weight, pulleys,
leg press, exercises on balance boards and weight shifting on trampoline; 1 hour, 2 a week for 4 months
2. Control: no intervention. Instructed not to change exercise routines for 1 year

Outcomes

1. Rate of falls

2. Health-related quality of life

Duration of the study

52 weeks

Adherence Adherence measured by completion of sessions
1. Group-based strength training group: completed mean of 24/30 sessions (median = 25, range 13 - 30)
Notes Source of funding: Ostergotland County Council and the Faculty of Health Sciences, Linkdping Univer-
sity, Region Vastra Gotaland, the Stohne’s foundation, and Sanofi-AventisOstergotland County Council
and the Faculty of Health Sciences, Linkdping University, Region Vastra Gotaland, the Stohne’s founda-
tion, and Sanofi-Aventis
Economic information: not reported
No participants sustained a fracture during follow-up

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Method not described but assume it was truly random, given that

tion (selection bias)

Quote: "an independent statistical unit randomised the participants"

Allocation concealment Low risk Quote: "An independent statistical unit randomized the participants"

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls ascertained by the same method in both groups

sessment (detection bias)

Falls Quote: "... participants were followed-up concerning ... falls ... for 1 year by
the independent statistical unit." Probably blind to allocated group or at least
unlikely to introduce bias.

Blinding of outcome as- High risk Participant-reported fractures with no description of confirmation

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants not blind to allocated group

sessment (detection bias)
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Grahn Kronhed 2009 (continued)
Health related quality of
life (self report)

Incomplete outcome data  Low risk No missing fall data
(attrition bias)
Falls and fallers

Selective reporting (re- High risk Fall data obtined but number of fallers not reported. Adverse events not re-
porting bias) ported

Method of ascertaining Low risk Quote: "... participants reported number of falls each week for the 1-year study
falls (recall bias) period"

Gschwind 2015

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months

Participants Setting: Cologne, Germany; Valencia, Spain; Sydney, Australia

Number of participants: 153
Number analysed: 136
Number lost to follow-up: 17

Sample: community-dwelling
Age (years): mean 74.7 (SD 6.3)
Sex: 61% female

Inclusion criteria: = 65 years, living in the community, able to walk 20 m without a walking aid, able to
watch television * glasses from 3 m distance, have enough space for system use (3.5 m2)

Exclusion criteria: insufficient language skills to understand the study procedures, cognitive impair-
ment, medical conditions precluding participation in a regular exercise programme (i.e. uncontrolled
hypertension, severe neurological disorder, acute cancer, psychiatric disorder, acute infection)

Interventions 1. Individual balance and strength training using exergames: home programme of balance exercises
(Weight-bearing Exercise for Better Balance (WEBB) programme (www.webb.org.au) + technology ex-
ergames and feedback, 40-minute sessions, 3 a week, and progressive strengthening exercises based
on the Otago Exercise Programme, 15 - 20 minute sessions, 3 a week for 16 weeks

2. Control group: no intervention

Outcomes 1. Rate of falls

2. Health-related quality of life

Duration of the study 24 weeks

Adherence Adherence was monitored automatically by iStopFalls system

1. Individual balance and strength training using exergames groups: used the iStopFalls system 42
times (median, IQR = 3.9) for a total duration of 11.7 hours (median, IQR = 22.0)

Notes Source of funding: European Union's Seventh Framework Program, NHMRC
Economic information: not reported
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Gschwind 2015 (continued)

Email communication regarding fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Were randomised by permuted block- randomisation (ratiol:1) using

tion (selection bias) a unique computer-generated random number for identification. Participants
who lived in the same household were treated as one unit and randomised in-
to the same block"

Allocation concealment Unclear risk Allocation concealment not reported

(selection bias)

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls ascertained by the same method in both groups

sessment (detection bias)

Falls Quote: "Falls frequency .. monitored with monthly diaries for 6 months. Partic-
ipants were contacted by phone when the diaries were not returned." "Staff
performing the assessments was.. blinded to group allocation" It is likely, al-
though not certain, that staff conducting follow-up calls were blinded to group

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Low risk In both groups

sessment (detection bias)

Hospital admission, med- Quote: "falls frequency and adverse events were monitored with monthly di-

ical attention and adverse aries for 6 months". "Staff performing the assessments was.. blinded to group

events allocation" It is likely, although not certain, that staff conducting follow-up
calls were blinded to group

Blinding of outcome as- High risk Participants were unblinded to group allocation

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (11%). Loss of fall data was bal-

(attrition bias) anced in the intervention (n = 7) and control (n = 10) groups; reason for missing

Falls and fallers data was unclear

Selective reporting (re- High risk Fall data obtined but number of fallers not reported

porting bias)

Method of ascertaining Low risk Falls frequency and adverse events were monitored with monthly diaries for

falls (recall bias)

6 months Participants were contacted by phone when the diaries were not re-
turned

Haines 2009

Methods

Study design: RCT
Number of study arms: 2
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Haines 2009 (Continued)

Length of follow-up: 6 months

Participants

Setting: Brisbane, Australia
Number of participants: 53
Number analysed: 53

Number lost to follow-up: 0

Sample: patients in geriatric rehabilitation, medical, or surgical units in Princess Alexandra Hospital
Age (years): mean 80.7 (SD 7.7)
Sex: 60% female

Inclusion criteria: aged > 65 years; gait instability or walking with a mobility aid; discharged from hospi-
tal to community-dwelling

Exclusion criteria: unstable severe cardiac disease; cognitive impairment; aggressive behaviour; re-
stricted weight-bearing status; referred for post-discharge community rehabilitation services

Interventions

1. Home-based strength and balance programme with DVD/workbook: lower limb strength and balance
exercises with 6 levels of difficulty, 3 - 7 a week. DVD player provided if required. At least 1 home visit
from project PT, then telephone contact weekly for 8 weeks, then 18 weeks without active encourage-
ment

2. Control: did not receive programme materials, visits or telephone calls

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Health-related quality of life

4. Number of people who died

Duration of the study

26 weeks

Adherence Exercise group: exercise adherence monitored by weekly phone calls by the physio for 8 weeks
Week 1: N = 15 exercised = 1, N = 12 exercised = 2/week
Week 2: N =15 exercised = 1, N =11 exercised = 2/week
Week 3: N =13 exercised = 1, N = 8 exercised = 2/week
Week 4: N =12 exercised = 1, N =9 exercised = 2/week
Week 5; N = 11 exercised = 1, N = 8 exercised = 2/week
Week 6: N =9 exercised = 1, N =4 exercised = 2/week
Notes Source of funding: Queensland Health, Allied Health Advisory, Community Rehabilitation Workforce
Project
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The random allocation sequence was generated by an investigator
tion (selection bias) (TH) using a computerized random number generator”
Allocation concealment Low risk Quote: “This sequence was entered into sealed, consecutively numbered,
(selection bias) opaque envelopes. Each envelope corresponding to the participants study
number (allocated in the order in which participants consented to partici-
pate in the study) was opened following completion of the baseline assess-
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Haines 2009 (Continued)
ment. The envelopes containing the allocation sequence were secured within
a locked office.”
Blinding of participants Unclear risk Participants and personnel not blinded to intervention, effect of not blinding
and personnel (perfor- unclear
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: “All participants received monthly follow-up phone calls from the

sessment (detection bias)
Falls

blinded outcome assessor”

Blinding of outcome as- High risk The only evidence for fractures was from self-reports from participants
sessment (detection bias)

Fractures

Blinding of outcome as- High risk Number of falls resulting in medical review (GP or hospital medical officer or
sessment (detection bias) emergency department) were self-reports

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants not blindde to group allocation

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (6%). Loss of data was due to 3
(attrition bias) deaths in the control group. Unlikely this was linked to outcome

Falls and fallers

Selective reporting (re- Low risk Prespecified fall and adverse event outcomes reported. Trial prospectively
porting bias) registered

Method of ascertaining Low risk Quote: “Participants in both groups were provided with a log for recording falls

falls (recall bias)

and details surrounding them.” “All participants received monthly follow-up
phone calls from the blinded outcome assessor.”

Halvarsson 2013

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 15 months

Participants

Setting: Stockholm, Sweden

Number of participants: 59

Number analysed: 48

Number lost to follow-up: 11

Sample: community-dwelling

Age (years): mean 77 (range 67 - 93)

Sex: 71% female

Inclusion criteria: = 65 years, fear of falling or an experience of a fall during the previous 12 months, or
both, ability to walk unaided indoors and a MMSE score = 24
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Halvarsson 2013 (continued)

Exclusion criteria: severely impaired vision or hearing, severe cancer, severe pain, neurological disease
or damage with symptoms, dizziness requiring medical care, or heart and respiratory problems that
might affect participation

Interventions

1. Group-based progressive balance training: 45 minute sessions, 3 a week for 12 weeks

2. Control group: usual activities and offered intervention following the study period

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

65 weeks

Adherence Adherence measured by attendance at sessions
1. Group-based progressive balance training group: 71 - 100% (n = 24 - 36), mean 87% (n = 31)
Notes Source of funding: Stockholm County Council and Karolinska Institute, the Torsten and Ragnar Séder-
berg Foundation, and Johanniterorden, Sister Kenny Foundation in Minneapolis
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "Randomization to group allocation was done in blocks, with a 2:1 ratio
tion (selection bias) in favor of the intervention group, by the subjects themselves drawing a allo-
cation slip"
Allocation concealment Unclear risk Allocation concealment not reported
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Quote: "were told not to reveal group allocation to the assessors. However,
sessment (detection bias) most of the participants did reveal which group they belonged to at the time of
Falls the first follow-up, resulting in non-masked assessors at long-term follow-up"
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data  Unclear risk Less than 20% of fall outcome data are missing (19%). Loss of fall data was un-
(attrition bias) balanced in intervention (n = 8) and control (n = 3) groups; reason for loss of
Falls and fallers fall data was unclear
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Halvarsson 2013 (continued)

Selective reporting (re- High risk Falls measured but number of falls not reported. Adverse events not reported

porting bias)

Method of ascertaining High risk Quote: "Fall frequency was assessed at baseline and during the time between

falls (recall bias) the follow-ups by asking the participants to recall if they had fallen during the
last year"

Halvarsson 2016

Methods

Study design: RCT
Number of study arms: 3
Length of follow-up: 3 months

Participants

Setting: Stockholm, Sweden

Number of participants: 96
Number analysed: 69
Number lost to follow-up: 27

Sample: community-dwelling
Age (years): Intervention mean 76 (range 67 - 86), Control mean 75 (range 66 - 84)
Sex: 98% female

Inclusion criteria: age = 65 years afraid of falling or having experienced at least one fall in the last 12
month s, or both, and independence in ambulation

Exclusion criteria: fractures during the last year, MMSE score < 24, severely decreased vision, or other
diseases or constraints that might interfere with participation in the exercise programme

Interventions

1. Group-based progressive balance training: supervised and tailored exercises, 45 minute sessions, 3 a
week for 12 weeks

2. Group-based progressive balance training plus walking: supervised and tailored exercises, 45-minute
sessions, 3 a week for 12 weeks, plus walking (preferably with poles) for = 30 minutes, 3 a week for 12
weeks

3. Control group: no intervention, offered the same balance training at the end of the study

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

60 weeks

Adherence Adherence measured in sessions attended
Participants attending = 66% sessions included in follow-up. Adherence rate to the training sessions
was 89% (range 66 - 100%)
2. Group-based progressive balance training plus walking: all except 1 participant fulfilled the added
physical activity intervention

Notes Source of funding: Stockholm County Council, Karolinska Institutet (ALF), Swedish Research Council,
Health Care Sciences Postgraduate School at Karolinska Institutet
Economic information: not reported
3-month data used due to proportion of fallers not being clear for longer follow-up period
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Halvarsson 2016 (continued)

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Subjects were randomised...using web-based software"

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment not reported

(selection bias)

Blinding of participants High risk Participants not blind to allocated group. Research personnel were not blind

and personnel (perfor-
mance bias)
All outcomes

to group, yet delivered the intervention to both groups and assessed fall out-
come, which increases the risk of bias

Blinding of outcome as-
sessment (detection bias)
Falls

High risk Quote: "The test leaders were blinded to group allocation at baseline; howev-
er, it was no longer possible after baseline testing, because some of the test
leaders were also involved in the balance training"

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

Unclear risk Less than 20% of fall outcome data are missing (3%). Loss of fall data was
unbalanced in balance (n =9) balance + walking (n = 13) and control (n = 5)
groups; reason for loss of fall data was unbalanced

Selective reporting (re- High risk Falls measured but number of falls not reported.

porting bias)

Method of ascertaining High risk Quote: "Participants reported .. at each follow-up whether they had fallen dur-

falls (recall bias) ing the time since the previous follow-up session". Follow-up was at 3,9 and
15 months

Hamrick 2017

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months

Participants

Setting: Wisconsin, USA

Number of participants: 43
Number analysed: 38
Number lost to follow-up: 5
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Sample: community-dwelling
Age (years): mean 69.9 (range 60 - 88)
Sex: 79% female

Inclusion: 60 years and older; able to walk 150 feet without assistive devices; cognitively intact as evi-
denced by correct answers to the Memory Impairment Screen; able to provide informed consent

Exclusion criteria: pelvic or lower extremity injury in the previous 6 months that required temporary
use of an assistive device, including crutches, for > 7 days; inability to provide informed consent; neuro-
logic condition that impairs strength or balance including herniated lumbar disc with nerve root com-
pression, previous stroke with residual lower extremity weakness, Parkinson’s Disease, multiple scle-
rosis, muscular dystrophy and other neuromuscular diseases; cardiac or other medical condition with
previous physician instructions to avoid low-intensity exercise; terminal condition with rapid progres-
sion of disease and not expected to live > 6 months; pelvic or lower extremity orthopaedic surgery in
the previous 12 months.; practised yoga at home or in a classroom setting in the past 6 months

Interventions

1. Home-exercise group: instructed to practice 3 yoga home poses for 10 minutes + 5 minutes of relax-
ation (breathing techniques) daily for 8 weeks

2. Relaxation group: instructed to practice 5 minutes of relaxation daily for 8 weeks

Both groups attended 60-minute yoga classes, 2 a week for 8 weeks

Outcomes

1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

26 weeks

Adherence Attendance in the 16 yoga sessions was 92%
Notes Source of funding: Wisconsin Partnership Program

Economic information: not reported

Email communication to obtain fall data, response received, data included in review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Participants were randomly assigned 1:1 by concealed allocation at
tion (selection bias) enrollment". Method of randomisation not stated
Allocation concealment Unclear risk Quote: "Participants were randomly assigned 1:1 by concealed allocation at
(selection bias) enrollment". Method of concealment is not described
Blinding of participants Unclear risk Participants and yoga instructors were not blinded to group allocation, but the
and personnel (perfor- impact of non-blinding is unclear
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "participants underwent assessment at baseline and within 1 week of
sessment (detection bias) completing the classes by one of the authors who was blinded to participant
Falls home exercise assignment. We conducted a telephone survey about falls ... 2

months and 4 months after completing the class"

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
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Hamrick 2017 (continued)
Fractures

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (11%). Loss of fall data was bal-
(attrition bias) anced in the treatment groups
Falls and fallers

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining High risk Logs were given to inspire tracking of falls but logs were not collected. Tele-
falls (recall bias) phone survey about falls 2 months and 4 months after completion of the inter-
vention
Hauer 2001
Methods Study design: RCT

Number of study arms: 2
Length of follow-up: 6 months

Participants Setting: Germany

Number of participants: 57

Number analysed: 56

Number lost to follow-up: 1

Sample: women recruited at the end of ward rehabilitation in a geriatric hospital

Age (years): mean 82 (SD 4.8), range 75 - 90
Sex: 100% female

Inclusion criteria: = 75 years; fall(s) as reason for admission to hospital or recent history of injurious fall
leading to medical treatment; residing within study community

Exclusion criteria: acute neurological impairment; severe cardiovascular disease; unstable chronic or
terminal illness; major depression; severe cognitive impairment; musculoskeletal impairment prevent-
ing participation in training regimen; falls known to be due to a single, identifiable disease, e.g. stroke
or hypoglycaemia

Interventions 1. Group-based progressive strength and balance training: gym equipment, pulleys and body weight
used for 'high-intensity' progressive strength training; 45-minute sessions, 3 a week, for 12 weeks
2. Control group: flexibility, calisthenics, ball games, and memory tasks while seated, 60-minute ses-
sions, 3 a week, for 12 weeks

Both groups also received identical physiotherapy with balance and strength training components ex-
cluded (25 mins, 2 a week)

Outcomes 1. Number of people who experienced 1 or more falls (risk of falling)
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Hauer 2001 (Continued)

Duration of the study

26 weeks

Adherence Adherence was measured in training lists
1. Group-based strength and balance training group: 23/31 completed study, 85.4% adherence
2. Control group: 22/26 completed study, 84.2% adherence
Notes Source of funding: Ministerium fiir Wissenschaft, Forschung und Kunst Baden-Wuerttemberg, Universi-
ty of Heidelberg
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Stratified randomisation
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Unclear whether participants were blinded, but control group received place-

and personnel (perfor-
mance bias)
All outcomes

bo activities and both groups received identical physiotherapy sessions

Blinding of outcome as-
sessment (detection bias)
Falls

Low risk Falls ascertained by the same method in both groups. Staff documenting falls
were blinded to group assignment

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Method of determining adverse events was not described

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

Low risk Less than 20% of fall outcome data are missing (2%). 1 control participant had
no fall data due to moving residence

Selective reporting (re-
porting bias)

Unclear risk Prespecified falls outcomes reported. Adverse events reported but not pre-
specified. No trial protocol or prospective trial registration

Method of ascertaining Low risk Prospective. Daily diaries collected every 2 weeks
falls (recall bias)
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Helbostad 2004

Methods

Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants

Setting: 6 local districts in Trondheim, Norway

Number of participants: 77

Number analysed: 68

Number lost to follow-up: 9

Sample: volunteers recruited through newspapers and invitations from health workers
Age (years): mean 81 (SD 4.5)

Sex: 81% female

Inclusion criteria: aged = 75; fallen in last year and / or using walking aid indoors or outdoors
Exclusion criteria: exercising 1 or more times weekly; terminal illness; cognitive impairment (MMSE <
22); recent stroke; unable to tolerate exercise

Interventions

1. Combined group and home-based balance and strength training: individually-tailored progressive
resistance exercises, functional balance training, 1 hour sessions, 2 x ar week, for 12 weeks + home ex-
ercises as below (2)

2. Individual home-balance and strength training: 4 non-progressive functional balance and strength
exercises using own body weight, 2 a day, for 12 weeks, plus 3 education group meetings

Outcomes

1. Rate of falls
2. Number of people who experienced lor more falls (risk of falling)

Duration of the study

52 weeks

Adherence Adherence measured as sessions participated, frequency of home sessions
1. Group- and home-based balance and strength training: mean training sessions participated 21/24
(range 14 - 24); mean home training sessions completed a day 1.35 (SD = 0.51)
2. Individual balance and strength training: mean group meetings participated 2.5/3 (range 0 - 3); mean
home training sessions completed a day 1.29 (SD = 0.54)

Notes Source of funding: Norwegian Foundation for Research in Physiotherapy, Norwegian Research Council,
University of Bergen
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "randomised into one of two exercise programs"

tion (selection bias)

Allocation concealment Low risk Randomised by independent research office using sealed envelopes

(selection bias)

Blinding of participants Low risk Cluster-randomised trial comparing 2 types of exercise intervention. Low risk

and personnel (perfor- of performance bias

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls ascertained by the same method in both groups. Assessors blind to par-

sessment (detection bias) ticipants' assignment

Falls
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Helbostad 2004 (continued)

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data ~ Low risk Less than 20% of fall outcome data are missing (12%). Loss of fall data was bal-
(attrition bias) anced in the home training (n = 4) and combined training (n = 5) groups. Rea-
Falls and fallers sons for data loss were balanced in the 2 groups
Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Monthly falls diary (prepaid postcard), telephone call if no response or fall re-
falls (recall bias) ported

Hirase 2015
Methods Study design: RCT

Number of study arms: 3
Length of follow-up: 4 months

Participants Setting: Nagasaki and Unzen, Japan

Number of participants: 93
Number analysed: 86
Number lost to follow-up: 7

Sample: community-dwelling

Age (years): Foam rubber intervention mean = 82.1 (SD 5.5),sStable surface intervention mean = 82.0
(SD 5.7), Control group: 82.2 (SD 6.3)

Sex: 70% female

Inclusion criteria: > 65 years, living at home, able to walk with or without a cane, assessed to be at high
falls risk (= 4 risk factors using falls assessment questionnaire)

Exclusion criteria: participated in exercise = 4 a month before the intervention, musculoskeletal, neuro-
logical, or cardiovascular disorders that may be aggravated by exercise, unable to respond to interview
questions because of cognitive impairment

Interventions 1. Group-based balance training on foam rubber pad: 10 exercises performed in a standing position, 60-
minute sessions, weekly for 4 months; plus 3 home-based exercises performed daily

2. Group-based balance training on stable flat surface: same balance training programme as foam rub-
ber mat group but performed on a stable flat surface; 60-minute sessions, weekly for 4 months; plus 3
home-based exercises performed daily
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Hirase 2015 (continued)

3. Control group: weekly social programmes at a day centre for 4 months

Outcomes 1. Rate of falls
Duration of the study 16 weeks
Adherence Adherence measured as class attendance, frequency of home programme

1. Group-based balance training on foam rubber pad: 96% attendance of all possible classes. Per-
formed the home-based exercise programme 3.5 (SD: 2.0) days a week

2. Group-based balance training on stable flat surface: 93% attendance of all possible classes. Per-
formed the home-based exercise programme 3.4 (SD: 2.3) days a week

3. Control group: 91% attendance of all possible programmes

Notes Source of funding: NR, Department of Locomotive Rehabilitation Science, Unit of Rehabilitation
Sciences, Graduate School of Biomedical Sciences, Nagasaki University
Economic information: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Process not reported

tion (selection bias)

Allocation concealment Unclear risk Quote: "using the sealed envelope method"
(selection bias)

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Quote: "The number of additional falls was recorded every week by a physi-
sessment (detection bias) cal therapist working in each day center"" "Physical therapists working in the
Falls day centers assessed the participants and implemented the intervention pro-

gram." Assume assessors not blinded

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (7%). Loss of fall data was bal-
(attrition bias) anced in the groups (n =3 in foam rubber group, n =2 in stable and control
Falls and fallers groups), with all withdrawals due to hospital admission
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Hirase 2015 (continued)

Selective reporting (re- High risk Falls measured, but number of fallers not reported. Adverse events not report-
porting bias) ed

Method of ascertaining Low risk Quote: "a diary with a monthly sheet to record the number of additional falls
falls (recall bias) during the follow-up period. The number of additional falls was recorded

every week by a physical therapist working in each day center"

Huang 2010

Methods Study design: Cluster RCT
Number of study arms: 2
Number of clusters: 4 (2 clusters included in this review)
Length of follow-up: 5 months

Participants Setting: Taipei, Taiwan
Number of participants: 115
Number analysed: 78
Number lost to follow-up: 37
Sample: people registered as living in 4 randomly-selected villages
Age (years): mean 71.5 (SD 0.6) in people not lost to follow-up
Sex: 30% female
Inclusion criteria: aged > 65 years; living in a non-organised community of Taiwan
Exclusion criteria: immobile; living outside registered living area

Interventions Randomised into 4 groups: 3 intervention groups (1 group-based Tai Chi, 1 education group, 1 Tai Chi
plus education group) and 1 control group. Only group-based Tai Chi and control groups included in
this review
1. Group-based Tai Chi: 13 simple movements, 40-minute sessions, 3 a week for 20 weeks
2. Control group: usual care

Outcomes 1. Number of people who experienced 1 or more falls (risk of falling)
2. Health-related quality of life

Duration of the study 20-72 weeks

Adherence Not reported

Notes Source of funding: The National Science Council, Taiwan
Economic information: not reported
Reported results not adjusted for clustering. Raw data at 5 months used in the review and adjusted for
clustering. No raw data for 18 months so not possible to adjust for clustering.
Number of clusters allocated to intervention: 1; number of clusters allocated to control: 1; number of
clusters analysed (intervention): 1; number of clusters analysed (control): 1
Email communication regarding fall data, response received, data not included in review

Risk of bias

Bias Authors' judgement  Support for judgement
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Huang 2010 (Continued)

Random sequence genera-  Unclear risk Quote: "The three intervention groups and one control group were then as-
tion (selection bias) signed randomly to one each of the four selected villages."

Allocation concealment High risk Individual participant recruitment was undertaken after group allocation of
(selection bias) the 4 villages. There was no mention of active blinding of research team mem-

bers recruiting participants

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to determine how falls were monitored in each group
sessment (detection bias) or whether assessors were blinded

Falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- High risk Participants were not blinded to group allocation
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of fall outcome data are missing (32%). Loss of fall data was un-
(attrition bias) balanced in the Tai Chi (n =34) and control (n = 3) groups, with the reasons for
Falls and fallers withdrawal not clear

Selective reporting (re- High risk Falls measured, but number of falls not reported. Adverse events not reported

porting bias)

Method of ascertaining Unclear risk No mention of how falls were monitored

falls (recall bias)
Quote: "The fall or non-fall situation was checked at preintervention, postin-

tervention and at one and half year later with the aim of examining the effec-
tiveness of the interventions"

Cluster-randomised trials Unclear risk Individuals were recruited to the trial after the clusters were randomised and
personnel recruiting participants were not blind to cluster; clusters were not
comparable at baseline for gender or education level; missing outcomes for
clusters or within clusters were not reported; did not account for clustering in
analysis; results comparable with individually randomised trials

Hwang 2016
Methods Study design: RCT
Number of study arms: 2
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Hwang 2016 (Continued)

Length of follow-up: 18 months

Participants

Setting: Taipei, Taiwan
Number of participants: 456
Number analysed: 334
Number lost to follow-up: 122
Sample: community-dwelling
Age (years): mean 72

Sex: 67% female

Inclusion criteria: aged = 60 who received fall-related medical attention - an older person was pre-
sumed to have recovered from a fall injury within 6 months and who could walk independently were in-
vited by telephone to enrol in the study and participate in the baseline assessment

Exclusion criteria: major unstable cardiopulmonary disease (ischaemic chest pain or shortness of
breath on mild exertion), cognitive impairment (MMSE score < 24), and contraindications to physical
exercise (e.g. severe arthritis that limits exercise capability)

Interventions

1. Individually-supervised Tai Chi: taught individually each week for 24 consecutive weeks, 60-minute
sessions, 1 a week for 6 months

2. Individually-supervised balance and strength training: exercises at increasing difficulty levels using
own body weight; 60-minute sessions, 1 a week for 6 months

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study

72 weeks

Adherence Adherence measured as participation in sessions
1. Individually-supervised Tai Chi group: 145 (78%) people participated in 20 or more sessions
2. Supervised balance and strength training group: 132 (72%) people participated in 20 or more ses-
sions
Notes Source of funding: National Health Research Institute, Ministry of Science Technology
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Statisticans using computer-generated sequence; block-randomised in groups
tion (selection bias) of 8
Allocation concealment Low risk Using an automated secure website operated by an off-site independent ser-
(selection bias) vice
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
Exercise for preventing falls in older people living in the community (Review) 137

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
q Li b rary Better health. Cochrane Database of Systematic Reviews
Hwang 2016 (Continued)
All outcomes
Blinding of outcome as- Low risk Research assistants who conducted fall-related phone calls were blinded to al-

sessment (detection bias)
Falls

location

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk

Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

High risk

More than 20% of fall outcome data are missing (27%)

Selective reporting (re-
porting bias)

Unclear risk

Minimum set of expected outcomes not reported (adverse events not report-
ed)

Method of ascertaining
falls (recall bias)

Low risk

Quote: "Falls were prospectively monitored and recorded daily using a di-

ary, and these records were mailed monthly to the study coordinator." "When
a participant failed to return the diary or provided incomplete data, two re-
search assistants blinded to the group assignment provided telephone re-
minders, making a maximum of five calls. Monthly follow-up of fall records was
continued in participants who were unavailable for certain periods".

Iliffe 2015

Methods

Study design: Cluster-RCT

Number of study arms: 3

Number of clusters: 42

Length of follow-up: 18 months

Participants

Setting: London and Nottingham, UK

Number of participants:

Number analysed: 709

1254

Number lost to follow-up: 545

Sample: community-dwelling

Age (years): mean 73 (range 65 - 94)

Sex: 62% female
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Iliffe 2015 (continued)

Inclusion criteria: = 65 years, registered with participating general practices, living independently (not
in residential or nursing homes), physically able to attend group exercise

Exclusion criteria: = 3 falls in the past year, = 150 minutes of moderate-vigorous physical activity a
week, uncontrolled medical conditions and significant cognitive impairment

Interventions

1. Individual Otago Exercise Programme: leg strengthening, balance exercises and walking plan, 30
minute, 3 a week for 24 weeks

2. Group-based FaME plus home training based on Otago Exercise Programme: leg and trunk strength-
ening, balance, flexibility, functional floor skills, walking plan, 1-hour group session a week for 24
weeks + 30-minute home exercises sessions, 2 a week for 24 weeks

3. Control group: no intervention

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Health-related quality of life

4. Number of people who died

Duration of the study

96 weeks

Adherence Adherence measured as home sessions completed, or class attendance
1. Individual Otago Exercise Programme: 149 (37%) participants reported they achieved = 75% of the
home exercise prescription (90 minutes a week)
2. Group-based FaME plus home training based on Otago Exercise Programme: 150 participants (40%)
attended 75% (or more) of classes

Notes Source of funding: Health Technology Assessment programme of the National Institute for Health Re-
search
Economic information: Mean cost per person (intervention) OEP London GBP 88, Nottingham GBP 117,
FaME: London GBP 269, Nottingham GBP 218. Health service cost OEP GBP 404, FaME GBP 412, usu-
al care GBP 367. Incremental cost per fall prevented/per QALY gained: no between-group difference in
QALY.
Number of clusters allocated to OEP: 14; Number of clusters allocated to FaME: 14; number of clusters
allocated to control: 14; number of clusters analysed (OEP): 14; number of clusters analysed (FaME): 14;
number of clusters analysed (control): 14

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Treatments will be assigned...using computer generated random

tion (selection bias) number tables, embedded in a computer programme for minimisation"

Allocation concealment Low risk Quote: "Practices were allocated to intervention or usual care, only after

(selection bias) all participants had been recruited. The practices, their patients and the re-

searchers undertaking baseline assessments were all blinded to allocation un-
til this point"

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-

mance bias)

All outcomes
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Iliffe 2015 (continued)

Blinding of outcome as-
sessment (detection bias)
Falls

High risk Falls were measured using the same method in all groups. The researchers as-
sessing outcomes were not blinded

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

High risk Participants not blinded to group allocation

Incomplete outcome data
(attrition bias)
Falls and fallers

High risk More than 20% of fall outcome data are missing (44%) at 18-month follow-up

Selective reporting (re-
porting bias)

Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
ed)

Method of ascertaining
falls (recall bias)

High risk Self-completed fall diaries (completed monthly during the 6-month interven-
tion period and every 3 months from 6 to 24 months follow-up). Telephone
contact with non-responders and fallers

Cluster-randomised trials

Low risk After all participants from a practice had been recruited, the practice was in-
dividually allocated to a study arm by the London co-ordinating centre; base-
line comparability of clusters was not reported; missing outcomes for clusters
or within clusters were not reported; accounted for the clustered design in the
analysis; results comparable with individually randomised trials

Irez 2011

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 3 months

Participants

Setting: Turkey

Number of participants: 60

Number analysed: 60

Number lost to follow-up: 0

Sample: community-dwelling women

Age (years): Intervention mean 72.8 (SD 6.7), Control mean 78.0 (SD 5.7)

Sex: 100% female
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Irez 2011 (Continued)

Inclusion criteria: Healthy, > 65 years of age, relatively sedentary (undertaking no leisure time physical
activity or < 30 minutes of physical activity a day) for at least a year

Exclusion criteria: Any significant health problem or orthopaedic problem that would keep them from
fully participating in the intervention protocol or the inability to attend at least 80% of the training ses-
sions, or both

Interventions

1. Group-based Pilates: mat exercises, used TheraBand elastic resistance bands, Pilates or exercise
balls; 60 minutes, 3 a week for 12 weeks

2. Control group: usual activity

Outcomes

1. Rate of falls

Duration of the study

12 weeks

Adherence Adherence measured as sessions completed
1. Group-based Pilates group: completed 32/36 sessions (92% participation rate)
Notes Source of funding: Mugla University, School of Physical Education and Sports
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method not reported
tion (selection bias)
Allocation concealment Unclear risk Not reported
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Fall calendars were returned to the treating physiotherapist, who also con-

sessment (detection bias)
Falls

ducted follow-up phone-calls

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)

Low risk No missing fall data
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Falls and fallers
Selective reporting (re- High risk Falls measured, but number of fallers not reported. Adverse events not report-
porting bias) ed.
Method of ascertaining Low risk Falls calendars, completed daily. Calendars were returned to the treating

falls (recall bias)

physiotherapist at the end of each month. Physiotherapists followed up non-
returns

Iwamoto 2009

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 5 months

Participants

Setting: Tokyo, Japan
Number of participants: 68
Number analysed: 67

Number lost to follow-up: 1

Sample: volunteer patients from Department of Orthopaedic Surgery (2 hospitals) and Orthopaedic
Clinics (3)

Age (years): mean 76.4 (SD 5.6), range 66 - 88

Sex: 90% female

Inclusion criteria: aged > 50 years; fully ambulatory; able to complete physical assessments
Exclusion criteria: using walking aids; severe kyphosis due to osteoporotic vertebral fractures; acuteill-
ness; severe cardiovascular disease

Interventions

1. Group-based balance and gait training: supervised exercise programme (calisthenics, balance, mus-
cle power, walking ability training); 30 minutes, 3 a week for 20 weeks

2. Control group: no exercise

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

20 weeks

Adherence Adherence not defined. Completion rate:
1. Group-based balance and gait training group: all participants completed the 5-month trial; adher-
ence not defined
2. Control group: 33/34 participants completed trial

Notes Source of funding: Keio University School of Medicine
Economic information: not reported
Place of residence not specified, i.e. not specifically community-dwelling, but not preventing falls in
hospital or specifically in an institution

Risk of bias

Bias Authors' judgement  Support for judgement
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Iwamoto 2009 (Continued)

Random sequence genera-  Unclear risk Quote: "The subjects were randomly divided into two groups ..."
tion (selection bias)

Allocation concealment Unclear risk Quote: "The subjects were randomly divided into two groups..."
(selection bias)

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Assessor blinding is unclear, but assume obtaining "information regarding falls
sessment (detection bias) and fractures .... every week by directly asking the participants" occured for
Falls exercise participants during class and control participants were assessed at

2% and 5 months

Blinding of outcome as- High risk Fractures appear to be self-reported with no confirmation from medical
sessment (detection bias) records

Fractures

Blinding of outcome as- Unclear risk Method of ascertaining adverse events unclear

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (2%). Only missing data are
(attrition bias) from 1 control participant due to noncompliance
Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of fallers not reported
porting bias)

Method of ascertaining High risk Quote: "The incidence of fall and fracture ... was assessed 2.5 and 5 months af-

falls (recall bias) ter the start of the trial. In particular, information regarding falls and fractures
was obtained every week by directly asking the participants." No mention of
diaries or calendars. Retrospective recall. Possibly only the intervention group
were asked every week (at class) and remainder at 2'2 and 5 months.

Kamide 2009
Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months
Participants Setting: Kanagawa, Japan
Number of participants: 57
Number analysed: 43
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Kamide 2009 (continued)

Number lost to follow-up: 14

Sample: women registered at an employment agency for older people (see Notes)
Age (years): mean 71 (SD 3.6)
Sex: 100% female

Inclusion criteria: aged = 65 years; community-dwelling; independently mobile; no restriction on physi-
cal activities

Exclusion criteria: cerebrovascular, cardiopulmonary, neuromuscular, liver, or kidney disease; hyper-
parathyroidism; unstable diabetes mellitus or hypertension; fracture of spine or lower limbs; taking
prednisolone; exercising regularly

Interventions

1. Individual balance and strength training: home-based exercises, Theraband used for moderate-in-
tensity lower-limb strength training, no home visits but monthly telephone or mail contact; performed
>3 days a week for 24 weeks

2. Control: usual activities, telephone or mail contact from PT every 3 months

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

52 weeks

Adherence Adherence measured as frequency of sessions completed
1. Individual balance and strength training group: 19 of 23 (83%) intervention participants completed >
3 aweek, 21 of 23 (91%) intervention participants completed > 2 a week

Notes Source of funding: Univers Foundation, Tokyo
Economic information: not reported
Employment agency providing light work or volunteer activities for older people and encouraging so-
cial activities

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "The random assignment procedure was performed using random

tion (selection bias) numbers generated by a computer program ..."

Allocation concealment Unclear risk Quote: "The subjects were randomly assigned to either the home-based exer-

(selection bias) cise group or the control group". Insufficient information to permit judgement

Blinding of participants High risk Participants and therapists aware of group allocation. Intervention group:

and personnel (perfor-

mance bias) Quote: "the therapist contacted each subject by telephone or mail every

All outcomes month to maintain their motivation." Control group:
Quote: "The subjects who were assigned to the control group were instruct-
ed to continue with their usual daily activities, with no restrictions on their ex-
ercise activities. A therapist contacted them every 3 months by telephone or
mail."

Blinding of outcome as- Unclear risk Quote: "Functional capacity, physical function, and bone mineral density were

sessment (detection bias) assessed in all subjects in both groups before and after the 6-month inter-

Falls vention. The staff performing the assessments were blinded to each subject's
group assignment. Falls were also assessed before and after the 12-month fol-
lowup." Unclear if assessors were blinded. Assume method of fall asessment
was the same in both groups
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Kamide 2009 (continued)

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

High risk More than 20% of fall outcome data are missing (25%).

Selective reporting (re-
porting bias)

High risk Falls were measured, but number of falls not reported

Method of ascertaining
falls (recall bias)

High risk Quote: "Falls were also assessed before and after the 12-month followup." No

concurrent recording described. No mention of frequent telephone monitor-
ing

Karinkanta 2007

Methods

Study design: RCT
Number of study arms: 4

Length of follow-up: 12 months

Participants

Setting: Tampere, Finland

Number of participants: 149

Number analysed: 144

Number lost to follow-up: 5

Sample: community-dwelling women

Age (years): Balance group mean 72.9 (SD 2.3), Combined group mean 72.9 (SD 2.2), Resistance group
mean 72.7 (SD 2.5), Control group mean 72.0 (SD 2.1)

Sex: 100% female

Inclusion criteria: Willingness to participate, aged 70 - 79 years, female, full understanding of the study
procedures, no history of any illness that would contraindicate exercise or limiting participation in ex-
ercise, no history of any illness that affects the bones or balance, No uncorrected vision problems, not
taking medications known to affect balance or bone metabolism (for 12 months prior to recruitment)

Exclusion criteria: Already involved in intense exercise > twice a week
BMD score T score <-2.5 in femoral neck

Interventions

1. Group-based balance and agility training: static and dynamic balance, agility training, jumps and
other impacts, and changes of direction exercises, 50-minute sessions, 3 a week for 12 months
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Karinkanta 2007 (continued)

2. Group-based balance and strength training: strength and balance training as described in (1) and (3)

on alternate weeks, 50-minute sessions, 3 a week for 12 months

3. Group-based resistance training: tailored resistance exercises for large muscle groups using ma-
chines tailored up to 70 - 80% of 1RM, 50-minute sessions, 3 a week for 12 months

4. Control group: asked to maintain same level of activity

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or fall-related fractures

3. Number of people who experienced a fall requiring medical attention

Duration of the study

52 weeks

Adherence Adherence measured as attendance rate
1. Group-based balance and agility training: mean attendance rate 59%
2. Group-based balance and strength training: mean attendance rate 67%
3. Group-based resistance training: mean attendance rate 74%
Notes Source of funding: Academy of Finland, the Finnish Ministry of Education, and the Medical Research
Fund of the Tampere University Hospital
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "Computer-generated randomization list"
tion (selection bias)
Allocation concealment Low risk Blinded statistician allocated participants
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Assume falls assessed using same method for all participants. Unclear whether
sessment (detection bias) researcher assessing files was blinded
Falls
Blinding of outcome as- Low risk Medical files examined for fractures by researcher blinded to group allocation
sessment (detection bias)
Fractures
Blinding of outcome as- Low risk Medical files examined for injurious falls by researcher blinded to group alloca-
sessment (detection bias) tion
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
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Karinkanta 2007 (continued)
Health related quality of
life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (3%). Missing data were bal-

(attrition bias) anced between balance group (n =2), combination group (n =2) and control (n

Falls and fallers =1), with 2 participants dying (1 balance, 1 control) and the remaining 3 losing
interest

Selective reporting (re- High risk Falls were measured, but number of fallers not reported. Adverse events not

porting bias) reported

Method of ascertaining High risk Medical files examined for injurious falls

falls (recall bias)

Kemmler 2010

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 18 months

Participants Setting: Erlangen-Nuremberg area, Germany
Number of participants: 246
Number analysed: 227
Number lost to follow-up: 19
Sample: female members of Siemens Health Insurance living in Erlangen-Nuremberg area
Age (years): mean 69 (SD 4)

Sex: 100% female

Inclusion criteria: aged = 65; community-dwelling; consenting

Exclusion criteria: diseases affecting bone metabolism or fall risk; medication affecting bone metabo-
lism or fall risk; history of profound coronary heart diseases (stroke, cardiac events), acute or chronic
inflammatory diseases, or secondary osteoporosis; participation in exercise studies during previous 2
years; very low physical capacity (< 50 W during ergometry)

Interventions 1. Group-based balance, gait, flexibility and strength training plus home practice: progressive high-
intensity exercise programme (aerobic dance, static and dynamic balance training, functional gym-
nastics, isometric strength training, and stretching for trunk, hip, and thigh, and upper body exercises
using elastic belts), 60-minute, 2 a week; plus progressive strength and flexibility home exercises, 20-
minute, 2 a week for 18 months
2. Group-based low-intensity, low-frequency balance and endurance training: low- to moderate-inten-
sity "Wellness programme" (relaxation, games/interaction, general co-ordination, endurance, balance,
dances, body sensitivity, muscle strength, breathing, and flexibility); 1 hour, 1 a week for 10 weeks then
10 week rest

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died
Duration of the study 72 weeks
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Kemmler 2010 (continued)

Adherence Adherence measured as session attendance, frequency of home training
1. Group-based balance, gait, flexibility and strength training plus home practice: mean attendance
rate, 76% (SD 8%) group training, 42% (SD 5%) for home training
2. Control: mean attendance rate, 72% (SD 9%)

Notes Source of funding: Siemens Betriebs Krankenkasse, Behinderten- und Rehabilitations- Sportverband
Bayern, Netzwerk Knochengesundheit e.V., Opfermann Arzneimittel GmbH, Thera-Band, Institute of
Sport Science, Institute of Medical Physics
Economic information: Mean total healthcare service costs: Exercise group EUR 2255, Control group
EUR 2780
Cost analysis in primary reference

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Computer-generated block randomization"

tion (selection bias)

Allocation concealment Low risk Quote: "The allocation sequence and group assignment were performed by

(selection bias) the Institute of Biometry and Epidemiology. Participants were enrolled by the
Institute of Medical Physics"

Blinding of participants Low risk Quote: "The study was blinded for the outcome assessors and participants..."

and personnel (perfor- "To blind the participants, the control group performed a program that fo-

mance bias) cused on well-being and was designed not to cause physical adaptations"

All outcomes "The effectiveness of the blinding in the control group was proven in struc-
tured interviews conducted by the primary investigators at the end of the 18
months". Assume no blinding of personnel; impact is unclear

Blinding of outcome as- Low risk Falls assessed using same method for all participants. Outcome assessors

sessment (detection bias) were blind to allocation

Falls

Blinding of outcome as- High risk Quote: "Injurious falls and overall fractures were monitored daily with the use

sessment (detection bias) of fall calendars compiled by the participants. Outcome assessors contacted

Fractures subjects who fell and nonresponders monthly by telephone". No report of ra-
diological confirmation of fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (8%). Missing data were bal-

(attrition bias) anced between high-intensity (n = 8) and low-intensity (n = 11) groups, with

Falls and fallers balanced reasons for loss of data in the 2 groups
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Kemmler 2010 (continued)

Selective reporting (re- High risk Falls were measured, but number of falls was not reported. Adverse events
porting bias) were not reported

Method of ascertaining Low risk Quote: "Injurious falls and overall fractures were monitored daily with the use
falls (recall bias) of fall calendars compiled by the participants. Outcome assessors contacted

subjects who fell and nonresponders monthly by telephone."

Kerse 2010

Methods Study design: RCT
Number of study arms: 2

Length of follow-up: 12 months

Participants Setting: Auckland, New Zealand
Number of participants: 193
Number analysed: 193
Number lost to follow-up: 0
Sample: community-dwelling
Age (years): mean 81.1 (SD 4.4)
Sex: 58% female

Inclusion criteria: aged 75 years or older, were community-dwelling, were able to communicate in Eng-
lish to complete assessments, positive depression screen (answered yes to 2 of the 3 depression screen
questions) and that they had no severe dementia or unstable medical conditions precluding participa-
tion in a physical activity programme

Exclusion criteria: see inclusion criteria

Interventions 1. Individual Otago Exercise Programme: home-based programme which comprised moderate-intensi-
ty balance retraining, 'progressive resistance' lower limb-strengthening exercises, upper limb strength-
ening, walking, goal setting, and social enrichment; leg and arm weights used (1, 2, 3 kg); = 30 minutes,
3 a week for 6 months; total of 8 x 1-hour visits to discuss, adjust the programme and motivate

2. Control group: 8 social visits with standardised conversation for a similar amount of time to the inter-
vention participants

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Health-related quality of life

4. Number of people who died

Duration of the study 52 weeks

Adherence Adherence measured as number of visits received, frequency of exercises

1. Individual Otago Exercise Programme: 81/97 participants (84%) received all the intervention visits,
6/97 had < 6 visits;

During the first 6 months:
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Kerse 2010 (Continued)

29% exercised = 3 a week and 37% walked = 3 a week
65% exercised =2 a week and 63% walked = 2 a week
At 12 months:

25% exercised = 3 a week and 37% walked = 3 a week
55% exercised = 2 a week and 59% walked = 2 a week
7 participants performed the programme almost daily

2. Control group: 86% completed all visits

Notes Source of funding: New Zealand Health Research Council, University of Auckland Research Committee
Economic information: not reported

Email communication to obtain fall data, response received, data included in review

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Unclear risk Method of concealment is not described
(selection bias)

Blinding of participants High risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessment of falls was the same in both groups
sessment (detection bias)
Falls Quote: "The research nurses conducting follow-up assessments were blind-

ed to the participants’ group allocation. To maintain this blinding, immediate-
ly before the follow-up visits, participants were reminded by a telephone call
from a researcher not to talk to the assessment nurses about the physical ac-
tivity program or who had been visiting them."

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- High risk Participants not blinded to group allocation
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing falls data
(attrition bias)
Falls and fallers
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Kerse 2010 (Continued)

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining High risk Interval recall. Falls were ascertained by self-report at 6 months and 12
falls (recall bias) months
Kim 2014
Methods Study design: RCT

Number of study arms: 2

Length of follow-up: 12 months

Participants Setting: Tokyo, Japan
Number of participants: 105
Number analysed: 103
Number lost to follow-up: 2
Sample: community-dwelling women
Age (years): Intervention mean 77.83 (SD 4.21), Control mean 77.83 (SD 4.15)
Sex: 100% female

Inclusion criteria: age = 70 years; experienced at least 1 fall incident in the previous year; and no miss-
ing fall-related baseline data

Exclusion criteria: severe knee or back pain; severe walking disability; and unstable cardiac conditions

Interventions 1. Group-based balance and strength: increased difficulty of exercises, used resistance bands or ankle
weights for strength training; 60-minute, 2 a week for 3 months; plus 1-hour exercise classes 1 a month
during 1-year follow-up; home programme encouraged = 3 a week during 1-year follow-up

2. Control group: Health education. 60-minute class once a month for 3 months, a total of 3 times

Outcomes 1. Number of people who experienced 1 or more falls (risk of falling)

2. Number of people who experienced 1 or more fall-related fractures

Duration of the study 52 weeks

Adherence Adherence measured as session attendance, frequency of home exercises, mean exercise time

1. Group-based balance and strength group: mean attendance rate during intervention, 75% (range 64
- 86%); mean frequency home exercises 3.4 a week; mean exercise time 24.9 minutes

Notes Source of funding: Ministry of Health and Welfare of Japan, Japan Society for the Promotion of Science

Economic information: not reported

Risk of bias
Bias Authors' judgement Support for judgement
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Kim 2014 (continued)

Random sequence genera-  Low risk Computer-generated random numbers
tion (selection bias)

Allocation concealment Unclear risk Quote: "The allocation process was blinded". Insufficient information to per-
(selection bias) mit judgement.

Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Fall diaries were collected at 1-year follow-up
sessment (detection bias)
Falls Quote: "The investigators evaluating the effects of the exercise treatment were

blind to intervention allocations"

Blinding of outcome as- High risk Participants were asked about fractures by face-to-face interview at baseline, 3
sessment (detection bias) month and 1 year. No radiological confirmation

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (2%). Missing data were bal-
(attrition bias) anced between the exercise (n =2) and control (n = 1) groups, with reasonable
Falls and fallers reasons for loss of data in the 2 groups (exercise: reduced motivation = 1, hos-

pitalisation = 1; control: moved house = 1)

Selective reporting (re- High risk Falls were measured, but number of falls was not reported. Adverse events
porting bias) were not reported
Method of ascertaining Unclear risk Falls diary, distributed at 3-month assessment and collected at 1-year fol-
falls (recall bias) low-up

Korpelainen 2006
Methods Study design: RCT

Number of study arms: 2

Length of follow-up: 30 months

Participants Setting: Oulu, Finland
Number of participants: 160
Number analysed: 160

Number lost to follow-up: 0
Sample: birth cohort of women
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Korpelainen 2006 (Continued)

Age (years): mean 73 (SD 1.2)
Sex: 100% female

Inclusion criteria: hip BMD > 2 less than the reference value

Exclusion criteria: "medical reasons"; use of a walking aid other than a stick; bilateral total hip joint re-
placement; unstable chronic illness; malignancy; medication known to affect bone density; severe cog-
nitive impairment; involvement in other interventions

Interventions

1. Group-based balance and strength training plus home practice: exercises increased in difficulty and
used no special equipment; 1-hour session, weekly, plus 20 minutes daily at home for 6 months each
year; plus twice-yearly seminars on nutrition, health, medical treatment and fall prevention

2. Control: twice-yearly seminars on nutrition, health, medical treatment, and fall prevention

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more fall-related fractures

Duration of the study

130 weeks

Adherence Adherence measured as session attendance and frequency of home programme
1. Group-based balance and strength training plus home-practice group: mean attendance at sessions;
77% during the first supervised 6-month period, 75% during the second supervised period and 74%
during the last supervised 6 months; mean frequency of performing home programme was 3 a week

Notes Source of funding: Finnish Ministry of Education, the Finnish Cultural Foundation, University of Oulu,
Deaconess Institute of Oulu, Juho Vainio Foundation, Miina Sillanpaa Foundation, Research Founda-
tion of Orion Corporation
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Each participant received sequentially, according to the original iden-

tion (selection bias) tification numbers, the next random assignment in the computer list".

Allocation concealment Low risk The randomisation was "provided by a technical assistant not involved in the

(selection bias) conduction of the trial"

Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls measured using the same method in each group

sessment (detection bias)

Falls Quote: "The assessors in direct contact with participants during the study did

not know to which group they had been allocated"

Blinding of outcome as- High risk No radiological evidence for fractures

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events
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Korpelainen 2006 (Continued)

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Low risk No missing falls data
(attrition bias)
Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of fallers was not reported
porting bias)

Method of ascertaining High risk 3-monthly retrospective recall
falls (recall bias)

Kovacs 2013

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months

Participants Setting: Budapest, Hungary
Number of participants: 76
Number analysed: 72
Number lost to follow-up: 4
Sample: community-dwelling women
Age (years): Intervention mean 68.5 (SD 5.3), Control mean 68.3 (SD 6.4)
Sex: 100% female
Inclusion criteria: Women aged 60 years of age or over, lived in community setting
Exclusion criteria: GP did not recommend their participation because of having progressive neurologi-
cal or unstable cardiovascular diseases that would limit participation in the exercise programme, hav-
ing severe pain in lower limb in weight-bearing positions or participation in regular physical exercise
programme (sport or physiotherapy) in the past 6 months

Interventions 1. Group-based balance and strength training plus home-practice: exercises and competition games
with no special equipment, 60-minute sessions, 2 a week for 25 weeks
2. Control group: asked not to start any type of regular exercise programme and maintain their usual
activities, offered participation in the next programme

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study 52 weeks

Adherence Adherence measured as the percentage of the number of sessions completed out of the total 50 ses-
sions
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Kovacs 2013 (Continued)

1. Group-based balance and strength training plus home-practice group: 81% (range 56 - 100%)

Notes Source of funding: Quality-Metric Incorporated
Economic information: not reported
Email communication to obtain fall data, response received, data included in review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Blocked randomisation was performed (with a block size of 4 and 6)".
tion (selection bias) Insufficient information about the sequence generation process to permit
judgement
Allocation concealment Low risk Quote: "Consecutively numbered opaque identical sealed envelopes"
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Fall calendars were distributed and collected by a physiotherapist who was
sessment (detection bias) not involved in the exercise programme and who was not informed about the
Falls participants’ group allocation. Blinding assumed
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data  Low risk Less than 20% of fall outcome data are missing (5%). Missing data were bal-
(attrition bias) anced between the exercise (n =2) and control (n = 2) groups
Falls and fallers
Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported, (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Fall calendar, collected monthly

falls (recall bias)

Kwok 2016

Methods

Study design: RCT
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Kwok 2016 (continued)

Number of study arms: 2

Length of follow-up: 12 months

Participants

Setting: Singapore

Number of participants: 80
Number analysed: 80
Number lost to follow-up: 0
Sample: community-dwelling
Age (years): mean 80

Sex: 85% female

Inclusion criteria: not participating in any routine exercise programme, participants with MFES scores <
9 and could comprehend English, Mandarin or a local dialect

Exclusion criteria: people with neurological disorders

Interventions

1. Group-based balance, strength and aerobic training plus home practice: gym equipment used for
cardiovascular training, strength training prescribed at 10 or 15 repetitive maximum; 1-hour sessions,
weekly for 12 weeks, 20 minutes of home balance and strength exercises from week 13 on non-inter-
vention days

2. Balance, strength and aerobic training using the Nintendo WiiActive: supervision provided for gam-
ing exercises with the Wii balance board, calisthenics and resistance band and calisthenics used for ca-
diovascular training, resistance band used for strengthening; 20 minutes, weekly for 12 weeks, 20 min-
utes of home exercises from week 13

Outcomes

1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

52 weeks

Adherence Adherence measured as session attendance and home exercise compliance
1. Group-based balance, strength and aerobic training plus home-practice group: mean exercise ses-
sion attendance 9.4 (SD 3.2); mean home exercise compliance 2.1 days a week (SD 1.2)
2. Balance, strength and aerobic training using the Nintendo WiiActive group: mean exercise session at-
tendance 9.5 (SD 2.5); mean home exercise compliance 2.4 days per week (SD 1.4)

Notes Source of funding: The SingHealth Foundation, Singapore Physiotherapy Association
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Generated the random allocation sequence". Insufficient information
about the sequence generation process to permit judgement

Allocation concealment Unclear risk Consecutively-numbered, sealed envelope. Opaque not stated
(selection bias)
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Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "Baseline and follow-up measurements were performed by trained

sessment (detection bias)
Falls

and blinded research assistants". Assume this includes monthly telephone fol-
low-up of fall-tracking

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

Low risk No missing fall data

Selective reporting (re-
porting bias)

High risk Falls were measured, but number of falls was not reported

Method of ascertaining
falls (recall bias)

Low risk Participants tracked monthly fall incidence on a recording sheet and were con-
tacted monthly through telephone or mobile phone short messages to min-
imise recall bias

Kyrdalen 2014

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 3 months

Participants

Setting: 11 communities in southeast Norway
Number of participants: 125

Number analysed: 94

Number lost to follow-up: 31

Sample: community-dwelling

Age (years): mean 82.5 (SD 5.7)

Sex: 73% female

Inclusion criteria: home-dwelling, at increased fall risk (defined as answering yes on either criterion 1 or
2 below, and in addition yes on 2 or more of criteria 3 - 9: 1) had fallen at least once during the previous
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Kyrdalen 2014 (continued)

12 months; 2) had self-reported balance or gait problems; 3) had Parkinson’s disease or had suffered

a stroke; 4) had 4+ concomitant diseases; 5) needed a handrail or support while rising from a chair; 6)
used 4+ prescribed medications; 7) had reduced cognitive function as assessed by a geriatrician; 8) had
BMI <20, and 9) had reduced vision for their age

Exclusion criteria: a score of 23/30 or less on the MMSE or not able to walk without support from anoth-
er

person

Interventions

1. Group-based Otago Exercise Programme: 45 minutes 2 a week for 12 weeks plus outdoor walking for
30 minutes, = 3 a week for 12 weeks

2. Individual Otago Exercise Programme: 30 minutes, 3 a week for 12 weeks, plus outdoor walking for
30 minutes, = 3 a week for 12 weeks

Both groups received 4 home visits to check programme plus 4 telephone calls

Outcomes

1. Number of people who experienced 1 or more falls (risk of falling)
2. Number of people who experienced 1 of more falls requiring hospital admission
3. Health-related quality of life

4. Number of people who died

Duration of the study

12 weeks

Adherence Adherence measured as session attendance
1. Group-based Otago Exercise Programme: attended mean of 21.9 out of 24 sessions (SD 2.7)
2. Individual Otago Exercise Programme: attended mean 32.8 out of 36 recommended sessions (SD 2.8)
Notes Source of funding: Norwegian Fund for Post-Graduate Physiotherapy Training
Economic information: not reported
Email communication regarding fall data, response received, data not included in review
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "A Web-based block randomization procedure with varying group size,
tion (selection bias) developed by the Applied Clinical Research Unit at the Norwegian University of
Science and Technology, was used"
Allocation concealment Low risk Centralised "web-based" randomisation procedure
(selection bias)
Blinding of participants High risk Participants and personnel not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Baseline to 3 months: fall calendars collected by unblinded exercise instruc-
sessment (detection bias) tors at intervention sessions. 3 - 6 months: falls collected retrospectively at 6-
Falls month interview with blinded assessor
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
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Kyrdalen 2014 (continued)
Fractures

Blinding of outcome as- Unclear risk Method of ascertaining hospital admission is unclear
sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants not blinded to group allocaiton
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of fall outcome data are missing (25%)
(attrition bias)
Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of falls was not reported
porting bias)

Method of ascertaining High risk Baseline to 3 months: falls were recorded on fall calendars which were collect-

falls (recall bias) ed by unblinded exercise instructors during twice-weekly group sessions (in-
tervention group) or at home visits in weeks 1, 2, 4 and 8 (control group). Non-
returns or incomplete calendars were followed up with the participant or next
of kin; the person collecting this information unclear. 3 - 6 months: falls col-
lected retrospectively at 6-month interview with blinded assessor

LaStayo 2017
Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months
Participants Setting: Utah, USA

Number of participants: 134
Number analysed: 112
Number lost to follow-up: 22
Sample: community-dwelling
Age (years): mean 76.1 (SD 7.18)
Sex: 65% female
Inclusion criteria: at least 65 years of age or older; had experienced at least 1 fall in the previous 12
months; community-dwelling; ambulatory with a gait speed ranging from of 0.42 to 1.3 m/s; able to re-
call all 3 items (or 1 to 2 items with a normal clock drawing test) on the Mini-CogTM instrument for de-
mentia screening; managing 2 or more co-morbid conditions, though cleared by their physician to par-
ticipate in a 60-minute (with rests) multicomponent exercise fall reduction programme (MCEFRP)
Exclusion criteria: progressive diagnosed neurologic disease (e.g. Parkinson’s, multiple sclerosis, Guil-
lain-Barre, Alzheimers); any dystrophies or rheumatologic conditions that primarily affects muscle (e.g.
muscular dystrophy, polymyalgia rheumatica); already participated in a MCEFRP or if they were cur-
rently performing (or had performed) regular (3 times a week) aerobic (defined as hiking, fast-walking,
jogging, running swimming or cycling) or resistance (defined as weight training with bands, cable, free-
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LaStayo 2017 (Continued)

weights or weight-machines) exercise over the past 12 months; any of the absolute contraindications
for a MRI scan

Interventions

Participants trained for 60 minutes per session, 3 times a week for 3 months as part of the multicom-
ponent exercise fall reduction program that included aerobic training (recumbent trainer, cycle erg or
treadmill), flexibility exercise, 15 - 20-minute individualised balance exercises, upper-limb resistance
training and lower-limb resistance training

The 2 lower-limb resistance training programmes were:

1) Traditional (TRAD) resistance exercise: 3 sets of 15 repetitions of a seated bilateral leg-press exer-
cise at 70% 1 RM. Also, standing multidirectional straight-leg exercises with a weighted cuff placed just
proximal to the ankle. The training loads for this exercise were increased as tolerated every 2 weeks,
provided the participants could complete 3 sets of 15 repetitions with appropriate form

2) Resistance exercise by negative, eccentrically-induced, work (RENEW): progressive resistive eccen-
tric exercise of the knee and hip extensor muscles using a recumbent stepper-ergometer. The duration
of each resistance training session was progressively increased to a maximum 15-minute duration dur-
ing weeks 5-12

Outcomes

1. Rate of falls

2. Number of people who experienced 1 or more falls (risk of falling)

Duration of the study

52 weeks

Adherence All participants completed the prespecified requisite minimum 18 MCEFRP sessions and = 90% adhered
to at least 29 of the 36 exercise sessions
Notes Source of funding: National Institute of Aging of the National Institutes of Health
Economic information: not reported
Email communication regarding fall data, response received, data not included in review
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: "Arandomisation process with blocks of ten insured equivalency in
tion (selection bias) the number of subjects adn the same proportion of men and women were as-
signed into each of the groups"
Allocation concealment Unclear risk Allocation not specified
(selection bias)
Blinding of participants Unclear risk Blinding not specified. Assume participants and presonnel not blinded. Impact
and personnel (perfor- of non-blinding is unknown
mance bias)
All outcomes
Blinding of outcome as- High risk Assessors were not blinded to group
sessment (detection bias)
Falls
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
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Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  Unclear risk Less than 20% of fall outcome data are missing (16%). Missing data were not

(attrition bias) balanced between the RENEW (n = 14) and traditional (n = 8) groups, with

Falls and fallers more participants dropping out in the first 3 months in the RENEW group (9
dropouts compared with 4 dropouts). The reasons for the dropouts are not
clear

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-

porting bias) ed)

Method of ascertaining Low risk From 0 - 3 months intervention personnel asked about falls at weekly inter-

falls (recall bias) vention sessions. 4 - 12 months falls were recorded by monthly stamped post-
cards, with telephone contact if a fall was reported or postcards were not re-
turned

Latham 2003
Methods Study design: RCT

Number of study arms: 2

Length of follow-up: 6 months

Participants Setting: 5 hospitals in Auckland, New Zealand and Sydney, Australia
Number of participants: 243
Number analysed: 222
Number lost to follow-up: 21
Sample: frail older people recently discharged from hospital

Age (years): mean 79
Sex: 53% female

Inclusion criteria: aged = 65, considered frail (1 or more health problems, e.g. dependency in an ADL,
prolonged bed rest, impaired mobility, or a recent fall); no clear indication or contraindication to either
of the study treatments

Exclusion criteria: poor prognosis and unlikely to survive 6 months; severe cognitive impairment; phys-
ical limitations that would limit adherence to exercise programme; unstable cardiac status; large ulcers
around ankles that would preclude use of ankle weights; living outside hospitals’ geographical zone;
not fluent in English

Interventions 1. Exercise: quadriceps exercises using adjustable ankle cuff weights 3 a week for 10 weeks. First 2 ses-
sions in hospital, remainder at home. Monitored weekly by physiotherapist: alternating home visit with
telephone calls
2. “Attention” control: frequency-matched telephone calls and home visits from research physical
therapist including general enquiry about recovery, general advice on problems, support
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Latham 2003 (continued)

3. Vitamin D: single oral dose of 6 x 1.25 mg calciferol (300,000 IU)

4.Vitamin D control: placebo tablets

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Health-related quality of life

5. Number of people who died

Duration of the study

26 weeks

Adherence Adherence was monitored through a participant diary
1. Exercise: adhered to 82% of prescribed sessions (mean 24.6 of 30 sessions). Mean exercise intensity
at the end of training was 51% + 13% of 1 RM, only 25% of participants were able to reach the high in-
tensity desired by the intervention
Notes Source of funding: Health Research Council of New Zealand, Auckland University of Technology Re-
search Fund, Lenore Wilson Estate
Economic information: not reported
Detailed description of exercise regimen given in paper
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Study biostatistician-generated random sequence. Block randomisation tech-
tion (selection bias) nique
Allocation concealment Low risk Computerised centralised randomisation scheme
(selection bias)
Blinding of participants Low risk Trial with 4 arms with varying risks of bias (factorial design). 2 arms dou-
and personnel (perfor- ble-blind, placebo-controlled (low risk) and 2 arms exercise and attention con-
mance bias) trol with matched frequency of visits where impact of non-blinding likely to be
All outcomes low or unclear
Blinding of outcome as- Low risk Placebo-controlled arms: falls reported by participants who were blinded to
sessment (detection bias) group allocation (and assessor blinded to group allocation). Exercise and exer-
Falls cise control arms: falls reported by participants who were aware of their group
allocation but assessor blinded to group allocation
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Quote: "The field research staff recorded all adverse events, and a blinded as-
sessment (detection bias) sessor coded them". Assume field research staff were not blinded. Assume ad-
Hospital admission, med- verse events were recorded using same methods in both groups (as visits were
ical attention and adverse frequency-matched)
events
Blinding of outcome as- High risk Trial participants in exercise and placebo-controlled groups were not blinded

sessment (detection bias)

to group allocation
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Latham 2003 (continued)
Health related quality of
life (self report)

Incomplete outcome data
(attrition bias)
Falls and fallers

Unclear risk Less than 20% of fall outcome data are missing (9%). There was a minor im-
balance in missing data between the resistance (n = 8) and control (n = 13)
groups, with the resistance group missing data due to death (n = 6) and refusal
(n=2), and the control group missing data due to death (n = 8) and refusal (n =
5)

Selective reporting (re-
porting bias)

Unclear risk Minimum set of expected outcomes reported. No protocol or prospective trial
registration

Method of ascertaining
falls (recall bias)

Unclear risk Prospective. Falls recorded in fall diary with weekly reminders for first 10
weeks. Nurses examined fall diaries and sought further details about each fall
at 3- and 6-month visits. Reminder phone call between visits

Lehtola 2000

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 10 months

Participants

Setting: Finland

Number of participants: 131

Number analysed: 131

Number lost to follow-up: 0

Sample: community-dwelling

Age (years): Intervention mean 72.3 (SD 1.6), Control mean 72.4 (SD 1.6)
Sex: 80% female

Inclusion criteria: community-dwelling adults aged 70 - 75

Exclusion criteria: people in institutional care, people who on testing required a mobility aid, or had
physical or cognitive impairments e.g. dementia, RA, OA, cardiac or respiratory conditions

Interventions

1. Group-based balance and flexibility training plus walking and home practice: 60-minute class, 1 a
week for 20 weeks; walking with sticks 20 minutes, > 3 a week for 24 weeks; home exercises 20 minutes,
>3 a week for 24 weeks

2. Control group: usual care

Outcomes

1. Rate of falls

Duration of the study

40 weeks

Adherence Participants completed diary collected monthly
1. Group-based balance and flexibility training plus walking and home practice group: 'Active' partici-
pants: 52 participants; 'Passive': 20 participants
Notes Source of funding: not reported
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Economic information: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Unable to assess due to language

tion (selection bias)

Allocation concealment Unclear risk Unable to assess due to language
(selection bias)

Blinding of participants Unclear risk Unable to assess due to language
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Unable to assess due to language
sessment (detection bias)
Falls

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk Risk of falls and adverse events not reported
(attrition bias)
Falls and fallers

Selective reporting (re- Low risk No missing fall data
porting bias)

Method of ascertaining Unclear risk Unable to assess due to language
falls (recall bias)

Li 2005
Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 6 months
Participants Setting: Legacy Health System, Portland, Oregon, USA
Number of participants: 256
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Li 2005 (Continued)

Number analysed: 188

Number lost to follow-up: 68

Sample: people enrolled in HMO

Age (years): mean 77.5 (SD 5), range 70 to 92
Sex: 70% female

Inclusion criteria: age = 70; physician clearance to participate; inactive (no moderate to strenuous ac-
tivity in last 3 months); walks independently
Exclusion criteria: chronic medical problems that would limit participation; cognitive impairment

Interventions

1. Group-based Tai Chi: 1 hour, 3 a week for 26 weeks
2. Control group: low-level stretching 1 hour, 3 a week for 26 weeks

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who experienced 1 or more falls requiring medical attention

Duration of the study

52 weeks

Adherence Adherence measured as class attendance
1. Group-based Tai Chi group: median compliance; 61 sessions (range 30 - 77). 92 (80%) attended 50+
sessions
2. Control group: median compliance; 61 sessions (range 35 - 78). 87 (81%) attended 50+ sessions
Notes Source of funding: National Institutes of Health, National Institute on Aging
Economic information: not reported
6-month fall data used as total over 12-month period not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Low risk Falls reported by participants who were aware of their group allocation, using
sessment (detection bias) the same method on both groups. Fall diaries coded by blinded research assis-
Falls tant
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- High risk The only evidence for requiring medical attention was from self-reports from
sessment (detection bias) participants
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Li 2005 (Continued)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of fall outcome data are missing (27%)
(attrition bias)
Falls and fallers

Selective reporting (re- Unclear risk Minimum set of expected outcomes was not reported (adverse events were
porting bias) not reported)
Method of ascertaining Low risk Prospective. Falls recorded on daily fall calendars, collected on a monthly ba-
falls (recall bias) sis

Lin 2007
Methods Study design: RCT

Number of study arms: 2

Length of follow-up: 6 months

Participants Setting: Taiwan
Number of participants: 100
Number analysed: 100
Number lost to follow-up: 0

Sample: residents of rural agricultural area
Age (years): mean 76.5
Sex: 51% female

Inclusion criteria: medical attention for a fall in previous 4 weeks, = 65 years
Exclusion criteria: none described

Interventions Randomised into 3 groups: 2 intervention groups (1 individual balance, strength and flexibility train-
ing group, 1 home safety assessment and modification group) and 1 control group. Only Individual bal-
ance, strength and flexibility training group and control group included in this review

1. Individual balance, strength and flexibility training: Home-based exercises with physiotherapist,
used 1 kg ankle weights for strengthening if able, 40 - 60-minute sessions, 3 x or more a week for 4
months

2. Control: 1 social visit by a public health worker 30 to 40-minute every 2 weeks for 4 months with fall
prevention pamphlets provided

Outcomes 1. Rate of falls
2. Health-related quality of life

3. Number of people who died

Duration of the study 16 weeks
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Lin 2007 (continued)

Adherence Not reported

Notes Source of funding: Bureau of Health Promotion, Department of Health, National Science Council
Economic information: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Block randomised. Insufficient information to permit judgement

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-

and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Quote: "Participants were asked to report their falls by telephone or postcard;

sessment (detection bias) they were also contacted by telephone every 2 weeks to ascertain the occur-

Falls rence of falling". The method of ascertaining falls was the same in all groups.

Blinding of assessors not reported

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Hospital admission, med-

ical attention and adverse

events

Blinding of outcome as- High risk Participants were not blinded to allocated group

sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data  High risk More than 20% of fall outcome data are missing (21%)

(attrition bias)

Falls and fallers

Selective reporting (re- High risk Falls were measured, but number of fallers was not reported. Adverse events

porting bias) were not reported

Method of ascertaining Low risk Prospective. Reported falls by telephone or postcard when they occurred.

falls (recall bias)

Phoned every 2 weeks to ascertain occurrence of falls

Liston 2014
Methods Study design: RCT
Number of study arms: 2
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Length of follow-up: 6 months

Participants

Setting: London, UK

Number of participants: 21

Number analysed: 15

Number lost to follow-up: 6

Sample: Secondary care-based falls clinic

Age (mean): Otago Exercise Programme + multisensory mean 77.8 years; Otago Exercise Programme +
stretching mean 76.7 years

Sex: 85% female

Inclusion criteria: = 65 years, = 2 non-syncopal falls during the previous 12 months, no previous diagno-
sis of vestibular dysfunction, referred after multifactorial assessment for the locally-provided ‘routine’
modified Otago Exercise Programme classes

Exclusion criteria: where falls were considered by the attending physician as due to acute illness with-
out significant underlying instability, medication side effects, or musculoskeletal or neurologic disease
significantly affecting postural stability

Interventions

Randomised into 3 groups: 2 intervention groups (1 group-based modified Otago Exercise Programme
plus individual, partiall-supervised multisensory balance training, and 1 group-based modified Otago
Exercise Programme plus individual, partially-supervised flexibility training) and 1 control group. Only
the 2 intervention groups were included in this review

1. Group-based modified Otago Exercise Programme plus individual, partially-supervised multisenso-
ry balance training: 1-hour class, 2 a week, + 45-minute supervised home sessions providing additional
customised multisensory balance exercises for 8 weeks

2. Group-based modified Otago Exercise Programme plus individual, partially-supervised flexibility
training: 1-hour class, 2 a week, + 45-minute supervised home stretching programme for 8 weeks

Outcomes

1. Rate of falls

Duration of the study

24 weeks

Adherence Not reported
Notes Source of funding: King’s College London PhD studentship
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computerised random-number generator
tion (selection bias)
Allocation concealment Unclear risk No details provided
(selection bias)
Blinding of participants Unclear risk Participants and personnel unblinded but impact of unblinding unknown

and personnel (perfor-
mance bias)
All outcomes
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Liston 2014 (continued)

Blinding of outcome as-
sessment (detection bias)
Falls

Unclear risk

Quote: "Outcome measures were assessed at baseline, four and eight weeks
(end of treatment), and were performed by a rater blinded to intervention
group..... Six-months postintervention, a telephone follow-up recorded retro-
spective falls history". Unclear if falls were collected by an assessor blinded to
treatment group

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk

Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

High risk

More than 20% of fall outcome data are missing (29%)

Selective reporting (re-
porting bias)

High risk

Falls were measured, but number of fallers was not reported. Adverse events
were not reported

Method of ascertaining
falls (recall bias)

High risk

Quote: "Six-months postintervention, a telephone follow-up recorded retro-
spective falls history...for the previous six-months"

Liu-Ambrose 2004

Methods

Study design: RCT

Number of study arms: 3

Length of follow-up: 6 months

Participants

Setting: British Colombia (BC), Canada

Number of participants:

Number analysed: 98

104

Number lost to follow-up: 6
Sample: women with osteoporosis or osteopenia diagnosed at BC Women's Hospital and Health Cen-

tre; individuals with low
Age (years): mean 79 (SD

Sex: 100% female

BMD identified through Osteoporosis Society of Canada; advertising
3),range 75 - 85

Inclusion criteria: women aged 75 - 85; osteoporosis or osteopenia (BMD total hip or spine T score at
least 1 SD below young normal sex-matched area BMD of the Lunar reference database); resident in

greater Vancouver

Exclusion criteria: living in care facility; non-white race; regularly exercising twice a week or more; his-
tory of illness or a condition affecting balance (stroke, Parkinson's disease); unable to safely participate
in exercise programme; MMSE 23 or less
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Liu-Ambrose 2004 (Continued)

Interventions

1. Supervised, high-intensity resistance training: progressive strengthening using gym equipment and
free weights; 50 minutes, 2 a week for 25 weeks

2. Supervised agility training: training to challenge hand-eye and foot-eye co-ordination, and dynamic,
standing and leaning balance, and reaction time (ball games, relay races, dance movements, obstacle
courses wearing hip protectors); 50 minutes, 2 a week for 25 weeks.

3. Control group: sham exercises (stretching, deep breathing, relaxation, posture education); 50 min-
utes, 2 a week for 25 weeks

Outcomes

1. Rate of falls

Duration of the study

25 weeks

Adherence Adherence measured by class attendance.
1. Supervised, high-intensity resistance training group: 85% compliance
2. Supervised agility training group: 87% compliance
3. Control group: 79% compliance
Notes Source of funding: Vancouver Foundation (BCMSF), Canadian Institutes of Health Research, Michael
Smith Foundation for Health Research, Peter Wall Institute for Advanced Studies at the University of
British Columbia, Canada Foundation for Innovation
Economic information: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Method of randomisation not described but stratified by baseline performance
tion (selection bias) in postural sway
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- Unclear risk All participants asked to keep falls diary. Study described as "single blind"
sessment (detection bias) which indicates that assessors were blinded, but unclear whether personnel
Falls recording falls outcomes were blinded
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Assessors of adverse events were not blinded to group allocation. Participants
sessment (detection bias) were questioned about the presence of adverse events after each exercise ses-
Hospital admission, med- sion, therefore assume the 3 groups were assessed using the same method
ical attention and adverse and with the same frequency
events
Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Health related quality of
life (self report)
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Incomplete outcome data
(attrition bias)
Falls and fallers

Low risk Less than 20% of fall outcome data are missing (6%). The missing data were
balanced between groups (2 missing from each group at final assessment)

Selective reporting (re-
porting bias)

High risk Falls were measured, but number of fallers was not reported. Adverse events
were not reported

Method of ascertaining
falls (recall bias)

Low risk Prospective. Quote: "Falls documented using monthly falls calendars"

Liu-Ambrose 2008

Methods

Study design: RCT
Number of study arms: 2

Length of follow-up: 12 months

Participants

Setting: Vancouver, Canada
Number of participants: 74
Number analysed: 59
Number lost to follow-up: 15

Sample: people attending a falls clinic after presenting at ED or to GP with a fall or fall-related injury
(41/59 completing baseline assessment)

Age (years): mean 82.2 (SD 6.3) (in 59 participants completing baseline assessment)
Sex: 71% female

Inclusion criteria: aged = 70; community-dwelling; attending 1 of 2 falls clinics (criteria for attending
clinic: history of a fall and considered at risk for further falls); able to walk at least 3 m; 1 additional non-
syncopal fall in previous year (if index fall was suspected to be due to carotid sinus syndrome); at risk of
further falls (TUG test > 15 seconds or PPA z-score of = 1)

Exclusion criteria: progressive neurological condition (e.g. Parkinson's disease); life expectancy < 12
months; cognitively impaired (MMSE score < 24)

Interventions

1. Individual Otago Exercise Programme: 30 minutes, 3 a week for 6 months plus walking for = 2 a week

2. Control: no exercise intervention; semi-structured interview about presenting fall and experience
seeking care for the fall at ED

Both groups received falls risk factor assessment and comprehensive geriatric assessment followed by
'Guideline Care' through falls clinic

Outcomes

1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study

52 weeks

Adherence

Adherence measured by programme completion
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Liu-Ambrose 2008 (Continued)

1. Individual Otago Exercise Programme: 7/28 (25%) completed programme = 3 a week. 16/28 (57%)
completed programme = 2 a week. 19/28 (68%) completed programme at = 1 a week

Notes Source of funding: Canadian Institutes of Health Research
Economic information: Mean cost per person (intervention) CAD 14,285. Incremental cost per fall pre-
vented/per QALY gained: CAD 247 per fall prevented
Cost-effectiveness analysis reported in Davis 2009
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The randomization sequence was computer generated (www.random-
tion (selection bias) ization.com)"
Allocation concealment Low risk Quote: "The Family Practice Research Coordinator at the University of British
(selection bias) Columbia held this sequence independently and remotely"
Blinding of participants Unclear risk Participants and personnel not blind to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)
All outcomes
Blinding of outcome as- High risk Falls self-reported and
sessment (detection bias)
Falls Quote: "Aresearch assistant who was not blinded to treatment group” phoned
participants at the end of each month
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Fractures
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events
Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)
Health related quality of
life (self report)
Incomplete outcome data  High risk More than 20% of fall outcome data are missing (30%)
(attrition bias)
Falls and fallers
Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining Low risk Quote: "Ascertainment of falls ... documented on monthly calendars that were

falls (recall bias)

returned in prepaid preaddressed envelopes at the end of each month." "A re-
search assistant who was not blinded to treatment group but was unaware of
the study hypotheses made three attempts by telephone to contact partici-
pants at the end of each month. The purpose of each phone call was to inquire
about falls (both groups) ... for all participants regardless of whether the calen-
dar was returned."
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Logghe 2009
Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 12 months
Participants Setting: 2 industrial towns in the western Netherlands
Number of participants: 269
Number analysed: 269
Number lost to follow-up: 0
Sample: registered with participating 23 general practices
Age (years): mean 77 (SD 4.6)
Sex: 71% female
Inclusion criteria: aged = 70; community-dwelling; high falls risk (1 or more falls in previous year or 2 or
more risk factors for falling (disturbed balance, mobility problems, dizziness, using benzodiazepines or
diuretics))
Exclusion criteria: none described
Interventions 1. Group-based Tai Chi: 1 hour, 2 a week for 13 weeks + fall-prevention brochure
2. Control: fall-prevention brochure
Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)
3. Number of people who died
Duration of the study 52 weeks
Adherence Adherence measured by lesson attendance
1. Group-based Tai Chi: 47% attended 80% of lessons
Notes Source of funding: Netherlands Organization for Health Research and Development (ZonMw)
Economic information: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "An independent research assistant performed a prestratified block
tion (selection bias) randomization using a computer-generated randomization list"
Allocation concealment Low risk Quote: "An independent research assistant performed ... randomization"

(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear

mance bias)

All outcomes

Blinding of outcome as- Low risk Falls self-reported but

sessment (detection bias)
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Logghe 2009 (Continued)
Falls

Quote: "The blinded research assistant contacted the participant when forms
were missing or incomplete, and they then completed the forms together over
the telephone". Falls were recorded and confrimed using the same method in
both groups

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk

Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk

Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

Low risk

No missing fall data

Selective reporting (re-
porting bias)

Unclear risk

Minimum set of expected outcomes not reported (adverse events not report-
ed)

Method of ascertaining
falls (recall bias)

Low risk

Quote: "At baseline, the participants received a falls calendar and the instruc-
tion to fill it out on a daily basis for 1 year ... The fall calendars were collect-
ed monthly by mail. The blinded research assistant contacted the participant
when forms were missing or incomplete, and they then completed the forms
together over the telephone"

Lord 1995

Methods

Study design: RCT

Number of study arms: 2

Length of follow-up: 12 months

Participants

Setting: Australia

Number of participants: 197

Number analysed: 169

Number lost to follow-up: 28

Sample: women recruited from a schedule from a previous epidemiologic study. Fitness level not de-

fined

Age (years): mean 71.6 (SD 5.4), range 60 - 85

Sex: 100% female

Inclusion criteria: living independently in the community
Exclusion criteria: unable to speak English
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Lord 1995 (Continued)

Interventions 1. Group-based balance, strength, gait training: exercise class not requiring any special equipment; 1
hour, 2 a week for 4 x 10 - 12-week terms, with 2-week inter-term breaks and 5-week Christmas/summer
break
2. Control: no intervention

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died (not reported by group)

Duration of the study 52 weeks

Adherence Adherence measured by class attendance

1. Group-based balance, strength, gait training: 75/100 attended 26+ classes; of those 75, mean of 60
classes (73%), range 26 - 82 classes (max classes = 82)

Notes Source of funding: National Health and Medical Research Council of Australia

Economic information: not reported

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "randomly assigned"

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants Unclear risk Participants and personnel not blinded to allocated group but impact of non-
and personnel (perfor- blinding unclear
mance bias)

All outcomes

Blinding of outcome as- High risk Falls reported by participants who were aware of their group allocation. Asses-
sessment (detection bias) sors not blinded to treatment status.

Falls

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)

Fractures

Blinding of outcome as- Unclear risk Not applicable

sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Blinding of outcome as- Unclear risk Not applicable
sessment (detection bias)

Health related quality of

life (self report)

Incomplete outcome data Unclear risk Less than 20% of fall outcome data are missing (14%). There was an imbalance
(attrition bias) in missing data between the intervention (n =25) and control (n = 3) groups. It
Falls and fallers is unclear whether the reason for missing outcome data is related to true out-

come, but the missing intervention-group data included 13 dropouts, 3 deaths,
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1 stroke, 2 injurious falls and 4 medical conditions that precluded participa-
tion. Reason for missing control group data is unclear

Selective reporting (re- Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
porting bias) ed)
Method of ascertaining High risk Interval recall. Fall ascertainment questionnaires sent out every 2 months.
falls (recall bias) Telephone call if questionnaire not returned

Lord 2003
Methods RCT. Cluster-randomised by village. Stratified by accommodation (self-care or intermediate care) and

by cluster size (< 75 or at least 75 residents)
Study design: Cluster-RCT

Number of study arms: 2

Number of clusters: 20

Length of follow-up: 12 months

Participants Setting: retirement villages, Sydney, Australia
Number of participants: 551
Number analysed: 508

Number lost to follow-up: 43

Sample: recruited from self-care apartment villages (78%) and intermediate-care hostels (22%)
Age (years): mean 79.5 (SD 6.4), range 62 - 95

Sex: 86% female

Inclusion criteria: resident in one of 20 retirement villages

Exclusion criteria: MMSE < 20; already attending exercise classes of equivalent intensity; medical con-
ditions that precluded participation as determined by nurse or physician (neuromuscular, skeletal, car-
diovascular); in hospital or away at recruitment time

Interventions Randomised into 3 groups: 1 intervention group (group-based balance, strength, gait training) and 2
control groups (1 seated flexibility and relaxation activities, 1 no group activity). Only the intervention
group and control group with no activity included in this review

1. Group-based balance, strength, gait training: within village site, instructor-led class not requiring any
special equipment; 1 hour, 2 a week for 52 weeks
2. Control: no group activity

Outcomes 1. Rate of falls
2. Number of people who experienced 1 or more falls (risk of falling)

3. Number of people who died

Duration of the study 52 weeks

Adherence Adherence measured by class attendance, range for both groups 0-100%.

1. Group-based balance, strength, gait training: mean number of classes attended 42%; IQR: 10 - 62
classes

Exercise for preventing falls in older people living in the community (Review) 176
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Lord 2003 (continued)

2. Control group: mean number of classes attended 45%; IQR: 6 - 50 classes

Notes Source of funding: National Health and Medical Research Council of Australia, New South Wales Health,
MBF (Australia)
Economic information: not reported
Number of clusters allocated to intervention: 10; number of clusters allocated to control: 10; number of
clusters analysed (intervention): 10; number of clusters analysed (control): 10
Email communication to obtain fall data, response received, data included in review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation not described

tion (selection bias)

Allocation concealment High risk Cluster-RCT. Individual participant recruitment was undertaken after group

(selection bias)

allocation. The method of concealment is not described and it is likely that
recruitment was undertaken by a person who was unblinded and may have
known participant characteristics

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Participants and personnel not blinded to allocated group but impact of non-
blinding unclear

Blinding of outcome as-
sessment (detection bias)
Falls

High risk Falls reported by completion of questionnaire monthly by all participants; if
not returned telephone calls were made. No mention of blinding of personnel
carrying out phone calls, but in intermediate-care sites, falls record book was
kept by nursing staff (unblinded)

Blinding of outcome as-
sessment (detection bias)
Fractures

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Hospital admission, med-
ical attention and adverse
events

Unclear risk Not applicable

Blinding of outcome as-
sessment (detection bias)
Health related quality of
life (self report)

Unclear risk Not applicable

Incomplete outcome data
(attrition bias)
Falls and fallers

High risk More than 20% of fall data were missing (43%)

Selective reporting (re-
porting bias)

Unclear risk Minimum set of expected outcomes not reported (adverse events not report-
ed)

Method of ascertaining
falls (recall bias)

Low risk Retrospective. Falls ascertained by questionnaires given to residents every
month, with follow-up phone calls or home visit for non-responders. In addi-
tion nurses recorded falls in falls record book in intermediate-care hostels
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Cluster-randomised trials Unclear risk Individuals were recruited to the trial after the clusters were randomised. Per-
sonnel recruiting participants were not blind to cluster; baseline comparison
of the intervention arms is reported, but not baseline comparability of clus-
ters; missing outcomes for clusters or within clusters were not reported; ac-
counted for the clustered design in the analysis; results comparable with indi-
vidually-randomised trials

Lurie 2013

Methods Study design: RCT
Number of study arms: 2
Length of follow-up: 3 months

Participants Setting: USA
Number of participants: 64
Number analysed: 59
Number lost to follow-up: 5
Sample: outpatients
Age (mean): 80
Sex: 59% female
Inclusion criteria: physically able to use a treadmill, willing to be randomised, willing to participate in a
phone interview 3 months after discharge from PT, considered at risk of falls by primary care provider
Exclusion criteria: inability to use a treadmill (e.g. severe spinal issues such kyphosis, osteoporosis, or
compression fractures that inhibit their ability to stand for more than a few minutes at a time), not a
candidate for gait and balance training (e.g. balance issues were purely vestibular) as determined by
their physical therapist

Interventions 1. Standard Physical Therapy programme + surface perturbation treadmill training: programme as (2)
plus treadmill simulating a trip and slip. Number and frequency of sessions was clinically determined
by each therapist. 12 weeks
2. Standard Physical Therapy programme: individualised exercise (strengthening, flexibility o