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ABSTRACT

Rationale

Falls in care facilities are common events, causing considerable morbidity and mortality for older people. This is an update of a review on
interventions in care facilities and hospitals first published in 2010 and updated in 2012 and 2018 on interventions in care facilities and
hospitals. This review has now been split into separate reviews for each setting.

Objectives

To assess the benefits and harms of interventions designed to reduce the incidence of falls in older people in care facilities.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, CINAHL, and two trial registers to 10 May
2024 and used reference checking, citation searching, and contact with authors to identify eligible trials and records.

Eligibility criteria

We included randomised controlled trials (RCTs) of any intervention for preventing falls in older people (aged over 65 years) in care
facilities with any comparator. We excluded trials conducted in places of residence that do not provide residential health-related care or
rehabilitative services. We excluded trials where falls were recorded as adverse events of the intervention and those recruiting participants
post-stroke or living with Parkinson's disease.
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Outcomes

Critical outcomes were rate of falls (number of falls per unit time) and number of fallers (risk of experiencing one or more falls). Important
outcomes were risk of fracture, adverse events, and economic outcomes.

Risk of bias

We assessed risk of bias in the included studies against nine items (seven items from Cochrane's RoB 1 tool, plus method of ascertaining
falls and baseline imbalance).

Synthesis methods

Two review authors independently performed study selection and data analysis. We calculated rate ratios (RaR) with 95% confidence
intervals (Cls) for rate of falls and risk ratios (RRs) with 95% Cls for outcomes of risk of falling (number of people falling) and risk of fracture.
We adjusted for clustering if not undertaken by trial authors. We grouped the results of trials with comparable interventions and participant
characteristics, and pooled results where appropriate using the generic inverse variance method in RevMan. We conducted subgroup
analyses according to intervention type, cognitive status, and informed by a qualitative comparative analysis where more than 10 trials
were pooled and heterogeneity was high. Where pooling was precluded by the nature of the data, we presented trial data in tables for
illustrative purposes or reported these in the text, or both. We used GRADE to assess the certainty of evidence. GRADE ratings of risk of bias
were based on sensitivity analyses excluding trials at high risk of bias.

Included studies

We included 104 trials, 56 individually randomised and 48 cluster-randomised trials, with 68,964 participants. Thirty-three trials (27,492
participants) were added in this update. We assessed most of the included trials as at high risk of bias, often related to lack of blinding,
which was rarely feasible for many intervention types. The certainty of evidence for the critical outcomes of falls ranged from high to very
low. We have reported the critical outcomes for the main comparisons here. Regarding our important outcomes, adverse events were
poorly reported, and the certainty of evidence was very low for all interventions; we have not reported these data here. The important
outcomes of risk of fracture and cost-effectiveness are only reported here when the certainty of the evidence was stronger than very low.

Synthesis of results

Multifactorial interventions. Overall, multifactorial interventions (i.e. two or more categories of intervention delivered based on individual
risk profile) probably have little or no effect on the rate of falls (RaR 0.87,95% Cl 0.68 to 1.12; 12 = 89%; 12 trials; 4843 participants; moderate-
certainty evidence), but probably reduce the risk of falling (RR 0.91, 95% CI 0.83 to 1.00; I* = 19%; 11 trials; 4557 participants; moderate-
certainty evidence). Multifactorial interventions may be cost-effective in reducing falls (GBP 20,889 per quality-adjusted life year, UK health
and social care perspective; 1 trial; 1657 participants; low-certainty evidence). A subgroup analysis informed by qualitative comparative
analysis indicated that multifactorial interventions delivered in a tailored manner according to resident individual circumstances (e.g.
living with dementia) with facility staff engagement have greater effects (P <0.001) than those not delivered in this manner, and probably
resultin a large reduction in rate of falls (RaR 0.61,95% CI 0.54 to 0.69; I = 0%; 7 trials; 3553 participants; moderate-certainty evidence) and
risk of falling (RR 0.81, 95% CI 0.71 to 0.92; 1> = 0%; 5 trials; 2993 participants; moderate-certainty evidence). All trials included assessment
of environmental and personal risk factors (including medication optimisation and assessment of need for assistive aids) and exercise
interventions.

Exercise. As a single intervention, exercise was compared with usual care in 28 trials. At the end of the intervention period, active exercise
probably reduces the rate of falls (RaR 0.68, 95% Cl 0.51 to 0.91; 1%= 84%; 14 trials; 2215 participants; moderate-certainty evidence) and risk
of falling (RR 0.86,95% C10.75 to 1.00; 12 =37%; 13 trials; 2408 participants; moderate-certainty evidence), but may have little or no effect on
risk of any fracture (RR 1.01,95% CI 0.58 to 1.78; 3 trials; 927 participants; low-certainty evidence). After a period of post-intervention follow-
up, if active exercise is not sustained there is no effect on rate of falls (RaR 1.02,95% CI 0.78 to 1.32; 1> = 64%j; 7 trials; 1354 participants; high-
certainty evidence) and probably no effect on risk of falling (RR 1.06, 95% CI 0.92 to 1.23; I> = 17%; 7 trials; 1443 participants; moderate-
certainty evidence). Active exercise may be cost-effective in reducing falls (AUD 18 per fall avoided, Australian health service perspective; 1
trial; 221 participants; low-certainty evidence). A subgroup analysis based on level of cognition indicated that active exercise may reduce
the risk of falling in residents with cognitive impairment (RR 0.72, 95% CI 0.57 to 0.91; 4 trials; 451 participants; low-certainty evidence).

Medication optimisation. As a single intervention, medication optimisation interventions were diverse, but overall may make little or no
difference to rate of falls (RaR 0.92, 95% CI 0.75 to 1.13; I> = 86%; 13 trials; 4314 participants; low-certainty evidence) and probably make
little or no difference to risk of falling (RR 0.96, 95% Cl 0.89 to 1.03; I* = 0%); 12 trials; 6209 participants; moderate-certainty evidence). We
are uncertain of the impact of medication review/deprescribing on falls outcomes (RaR 0.94, 95% CI 0.76 to 1.18; I = 86%; 12 trials; 4125
participants; very low-certainty evidence; RR 0.90, 95% Cl 0.80 to 1.01; I = 0%; 9 trials; 1934 participants; very low-certainty evidence).
Medication review/deprescribing as a single intervention may not be cost-effective (intervention had higher costs and falls, UK National
Health Service and care home perspective; 1 trial; 826 participants; low-certainty evidence).

Vitamin D supplementation. Vitamin D supplementation (with or without calcium supplementation, alone or within a multivitamin)
probably reduces the rate of falls (RaR 0.63, 95% Cl 0.46 to 0.86; |> = 72%; 5 trials; 4603 participants; moderate-certainty evidence) but
probably makes little or no difference to the risk of falling (RR 0.99, 95% CI 0.90 to 1.08; I> = 12%; 6 trials; 5186 participants; moderate-
certainty evidence). The population in these trials had low vitamin D levels.
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Nutrition: dairy food supplementation. Increasing servings of dairy to residents through dietitian assistance with menu design to enhance
protein and calcium through provision of dairy foods may decrease the risk of falling and fractures from falls (RR 0.89, 95% CI 0.79 to 1.00;
RR fracture 0.67,95% CI 0.48 to 0.93; 1 trial; 7195 participants; low-certainty evidence).

Authors' conclusions

Multifactorial interventions implemented with facility staff engagement and tailored intervention delivery according to individual
residents' circumstances probably reduce the rate of falls and risk of falling and may be cost-effective. Regarding single interventions,
exercise probably reduces the rate of falls and the risk of falling, but if exercise is not sustained it has no ongoing effect on the rate of falls
and probably no effect on the risk of falling. Active exercise may reduce the risk of falling in residents with cognitive impairment and may
be cost-effective. Medication optimisation interventions were diverse overall and may make little or no difference to the rate of falls and
probably little or no difference to the risk of falling. We are very uncertain of the effectiveness of medication review/deprescribing as a
single intervention at reducing falls. Vitamin D supplementation probably reduces the rate of falls but probably makes little or no difference
to the risk of falling. Addressing nutrition, increasing servings of dairy through dietitian assistance with menu design may decrease the
risk of falling and risk of fractures.
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for Prevention of Falls Injuries (Dyer, Suen, and Kwok) and Medical Research Future Fund (Dyer and Suen). Dylan Kneale is supported in
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PLAIN LANGUAGE SUMMARY

How effective are interventions designed to reduce falls in older people in care facilities?
Key messages

« Falls in care facilities are likely reduced by: multifactorial (made up of several parts) interventions that are put in place with the
help of facility staff and delivered based on residents' individual circumstances (e.g. living with dementia); exercise; and vitamin D
supplementation. The number of people falling may be reduced by: increasing servings of dairy through dietitian assistance with menu
design; and exercise in residents with cognitive impairment. It is unclear if single interventions aiming to increase the appropriateness
of medication delivery reduce falls.

« Multifactorial and exercise interventions may be cost-effective. However, if exercise is not continued, the effect on falls is not sustained.
Increasing servings of dairy through dietitian assistance with menu design may reduce the number of people with fractures from falls.

« Thereis now updated information on how to prevent falls in care facilities; we have mostly moderate to little confidence in the available
evidence. There is still a need for further research on ways to prevent falls in people living in care facilities, particularly on the types of
exercise that are most effective and on interventions to improve medication delivery.

How do we report interventions used to assess falls, and why is this important?

Falls among older people in care facilities, such as nursing homes, are common and can cause loss of independence, injuries, and
sometimes death due to injury. Effective interventions to prevent falls are therefore important.

Studies of any intervention designed to reduce falls in older people compared to a group of people not receiving the intervention are
grouped by type, guided by the fall prevention classification system (taxonomy) developed by the Prevention of Falls Network Europe
(ProFaNE). Interventions are organised as follows:

« multifactorialinterventions: two or more categories of intervention such as exercise, medication review, and vitamin D supplementation
are given based on a person's risk factors for falling;

« single interventions: only one of the major categories of intervention is delivered to all participants in the group;
« multiple interventions: the same combination of interventions is delivered to all participants in the group.

What did we want to find out?

We wanted to find out which interventions reduce falls among older people living in care facilities, in terms of number of people falling
and number of falls experienced. We also looked at risk of fractures, unwanted effects of the interventions, and economic outcomes.
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What did we do?

We searched for studies of interventions to reduce falls among older people living in care facilities. We compared and summarised the
results of the studies and rated our confidence in the evidence based on factors such as study methods and sizes.

What did we find?

We found 104 studies (68,964 older people) with an average age of 84 years, of which 72% were women. Studies took place in 25 countries,
and looked at multifactorial interventions; single interventions (exercise, medication optimisation (improving medication prescribing),
vitamin D supplementation, dietitian advice and menu design to increase dairy supplementation, assistive technologies (tools to help
older people function), staff training, and different ways of providing care); and multiple interventions.

« Overall, multifactorial interventions probably do not lower the rate of falls (number of falls over time), but probably reduce the number
of fallers. However, those multifactorial interventions put in place with the help of facility staff and delivered based on residents'
individual circumstances (e.g. living with dementia) had a larger effect and probably reduce the rate of falls and number of fallers.
Multifactorial interventions may also be cost-effective in reducing falls.

« Active exercise as a single intervention probably reduces the rate of falls and the number of fallers, but may have little or no effect on
risk of fracture. However, if the exercise is not continued, the effect on rate of falls is not sustained, and there is probably no effect on
number of fallers. Active exercise interventions may also reduce the number of fallers in residents with cognitive impairment (decline
in mental abilities) and may be cost-effective for reducing falls (looked at from an Australian health service perspective).

« Overall,interventions aiming to improve medication prescribing varied, and may make little or no difference to rate of falls and probably
little or no difference to number of fallers. We are uncertain of the effect of single interventions aiming to improve the appropriateness
of the medications that residents take by conducting assessments and making recommendations. Such single interventions to improve
medication prescribing may not be cost-effective as a standalone intervention.

« Prescription of vitamin D (with or without calcium) probably reduces rate of falls, but probably makes little or no difference to number
of fallers. The residents in these studies appeared to have low vitamin D levels.

« Increasing servings of dairy foods to residents through dietitian assistance with menu design may decrease the number of fallers and
the risk of fractures from falling. No information was reported on rate of falls.

« We are uncertain of the effect of the interventions on unwanted effects, as these were overall poorly reported in the included studies.
What are the limitations of the evidence?

We have mostly moderate to little confidence in the available evidence. Our confidence was limited because people in many of the studies
were aware of which treatment they were getting, and not all studies provided information about everything that we were interested in.
In addition, there were often problems with the methods used in studies to collect information.

How up-to-date is the evidence?

This review updates previous versions of the review published in 2010, 2012, and 2018. The evidence here is current to 10 May 2024.
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SUMMARY OF FINDINGS

Summary of findings 1. Multifactorial interventions compared with usual care

Multifactorial interventions compared with usual care for falls prevention

Population and setting: older (= 65 years) residents of care facilities

Intervention: multifactorial interventions (2 or more categories of intervention given based on individual risk profile)

Comparison: usual care (without intervention)@

Outcomes Illustrative comparative risks* Relative effect No. of partici- Certainty ofthe ~ Comments
(95% Cl) (95% Cl) pants evidence
(trials) (GRADE)
Assumed risk Corresponding
risk
Usual care Multifactorial
Rate of falls 2300 per 1000 2001 (1564 to RaR 0.87 (0.68 4843 +++0 1 additional trial (31 participants) reported
pyb 2576) per 1000  to 1.12) ) zero falls in the intervention arm and 2 falls in
Length of follow-up: 6 to py (12 trials) MODERATEC the control arm over 11 weeks.
12 months
Risk of falling 500 per 10004 455 (415t0500) RRO0.91(0.83to 4557 +++0
per 1000 1.00)
Length of follow-up: 10 to (11 trials) MODERATE®
12 months
Risk of fracture 42 per 1000f 340 (21 to 76) RR0.95(0.50t0 3817 +000
per 1000 1.82)
Length of follow-up: 10 to (6 trials) VERY LOWS
12 months
Adverse events See comment See comment Not estimable 355 +000 2 trials reported no AEs. 1 trial reported an in-
stance of a fall in the intervention arm.
Length of follow-up: 3 to (3 trials) VERY LOWh
12 months
Economic outcomes: cost-  See comment See comment Not estimable 1657 ++00 1 programme was cost-effective (GBP 20,889
effectiveness ) ) per QALY). UK (2017/2018) health and social
(1 trial) Low! care perspective: 53% to 57% probability

Length of follow-up: 12
months

cost-effective based on DEMQOL; 89% to 92%
probability cost-effective based on EQ-5D-5L;
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98.6% cost-effective based on willingness to
pay.

*Illustrative risks for the control group were derived from all or subgroups of trials reporting the outcome. The exact basis for the assumed risk for each outcome is provid-
ed in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
AE: adverse event; Cl: confidence interval; DEMQOL: dementia quality of life instrument; py: person-years; QALY: quality-adjusted life year; QCA: qualitative comparative
analysis; RaR: rate ratio; 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.

dThirteen of 15 trials described the control arm as usual care not receiving the intervention. In one trial contributing data to the risk of falling and fracture, the control arm
received multidisciplinary assessment without the intervention in addition to usual care; in one trial contributing data to the rate of falls and risk of falling, the control included
reminiscence therapy.

bBased on the median rate of the control arm of trials included in Cameron 2018 [1].

CThe certainty of the evidence was downgraded one level for concerns about imprecision (wide Cls that include estimates of effect and no effect). Not downgraded for risk of
bias, as the point estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material 6; Analysis 1.4; Analysis 1.5). Not downgraded
for inconsistency as high heterogeneity (RaR 12 = 89%), but heterogeneity is explained by QCA subgroup analysis (QCA subgroup RaR I? = 0%).

dModerate risk was based on the rounded mean control risk of the 20 trials reporting a moderate risk of falling, not described as high-risk populations, trials included in Cameron
2018 [1].

€The certainty of the evidence was downgraded one level for concerns about imprecision (Cls include the possibility of effect). Not downgraded for risk of bias, as the point
estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material 6; Analysis 1.4; Analysis 1.5). Not downgraded for inconsistency
(RR1?=15% and explained by QCA subgroup analysis, RR I? = 0%).

fRisk based on the rounded median control risk of fracture of the trials reporting this outcome, trials included in Cameron 2018 [1].

8The certainty of the evidence was downgraded one level for risk of bias (effect estimate changes with sensitivity analysis of exclusion of trials at high risk of bias) (Supplementary
material 6; Analysis 1.6; RR fracture 0.48, 95% Cl 0.24 to 0.98; 3 trials) and two levels for imprecision (very wide Cls that include estimates of strong effect and harm). Not
downgraded for inconsistency (I = 44%).

hThe certainty of the evidence was downgraded one level for serious risk of bias (all trials at high risk of incomplete outcome data or baseline imbalance, or both), three levels
for extremely serious imprecision (not powered for rare events), and two levels for other reasons (concerns that AEs were not recorded systematically and few trials reporting
this outcome).

iDowngraded one level for concerns about risk of bias (attrition bias) and one level for indirectness (concerns about applicability of costs and cost-effectiveness in the UK setting
compared to other countries).

Summary of findings 2. Active exercise compared with usual care

Active exercise compared with usual care for falls prevention

Population and setting: older (= 65 years) residents of care facilities

Intervention: exercise, outcomes measured at the end of the intervention period
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Comparison: usual care

Outcomes Illustrative comparative risks* Relative effect No. of partici- Certainty ofthe ~ Comments
(95% Cl) (95% Cl) pants evidence
(trials) (GRADE)
Assumed risk Corresponding
risk
Usual care Exercise
Rate of falls 2300 per 1000 1564 (1173 to RaR 0.68 2215 +++0 5 additional trials (N = 170) with data not suitable for
py? 2093) per 1000 pooling reported a reduction in the rate of falls.
Length of fol- py (0.51t00.91) (14 trials) MODERATEDb
low-up: 3to 15 There was considerable heterogeneity not explained by
months type of exercise.
A subgroup analysis indicated that trials delivering
moderate- to low-intensity group exercise, or ambula-
tory residents exercise for more than 1 hour per week,
may decrease falls (low-certainty evidence).
Risk of falling 500 per 1000¢ 430 (375t0 500) RR0.86 2408 +++0 1 additional trial (2 comparisons, N = 110) reported no
per 1000 significant difference in the risk of falling.
Length of fol- (0.75 to 1.00) (13 trials) MODERATEd
low-up: 3to 12 A subgroup analysis indicated that trials delivering
months moderate- to low-intensity group exercise, or ambula-
tory residents exercise for more than 1 hour per week,
may decrease falls (low-certainty evidence).
Risk of fracture 42 per 1000¢ 42 (24to 75) RR1.01 927 ++00 This outcome was infrequently reported.
per 1000
Length of fol- (0.58t0 1.78) (3 trials) Lowf
low-up: 4 to 12
months
Adverse events  See comment See comment Not estimable 1731 +000 For all exercise trials (8 non-serious AEs and 2 serious
AEs):
Length of fol- (10 trials) VERY LOWE )
low-up:4to 12 4 trials reported no AEs; 2 trials reported no differences
months in short-term aches and pains; 2 trials reported non-se-

rious AEs in the intervention arm; and 2 trials reported
deaths for which an association with the intervention
could not be excluded.
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Economic out- See comment See comment See comment 221 ++00 Cost-effectiveness ratio of AUD 18 per fall per person
comes: cost-ef- ) avoided (95% CI AUD -380.34 to AUD 417.85; boot-
fectiveness (1 trial) Lowh strapped estimate)

*Illustrative risks for the control group were derived from all or subgroups of trials in care facilities reporting the outcome. The exact basis for the assumed risk for each
outcome is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% Cl).

AE: adverse events; Cl: confidence interval; py: person-years; RaR: rate ratio; 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.

dBased on the median rate of the control arm of trials included in Cameron 2018 [1].

bThe certainty of the evidence was downgraded one level forinconsistency (RaR 12=58%). Not downgraded for risk of bias, as the point estimate of effect was essentially unchanged

by exclusion of trials at high risk of bias (Supplementary material 6, Analysis 6.8).
CModerate risk based on the mean control risk of the 20 trials reporting a moderate risk of falling, not described as high-risk populations, trials included in Cameron 2018 [1].

dThe certainty of the evidence was downgraded one level, as publication bias was strongly suspected due to asymmetry on funnel plot. Not downgraded for risk of bias, as the

point estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material 6, Analysis 6.9).
€Risk based on the median control risk of fracture of the trials reporting this outcome, trials included in Cameron 2018 [1].
fThe certainty of the evidence was downgraded two levels for imprecision (very wide Cls and low total number of events). No trials were considered at high risk of bias.

8The certainty of the evidence was downgraded three levels for imprecision (extremely wide Cls indicating serious imprecision and low power to capture rare but serious AEs)

and one level due to serious concerns about AEs not being recorded systematically.

hThe certainty of the evidence was downgraded two levels for very serious concerns about indirectness (concerns about applicability of cost-effectiveness in Australia compared

to other contexts, in addition to concerns about shared equipment costs between facilities and incorporation of fall-related healthcare expenditure only).

Summary of findings 3. Medication review/deprescribing compared with usual care

Medication review/deprescribing compared with usual care for falls prevention

Population and setting: older (= 65 years) residents of care facilities
Intervention: medication review/deprescribing

Comparison: usual care

Outcomes Illustrative comparative risks* Relative effect No. of partici- Certainty ofthe ~ Comments
(95% Cl) (95% Cl) pants evidence
(trials) (GRADE)
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Assumed risk

Corresponding
risk

Usual care Medication op-
timisation
Rate of falls 2300 per 1000 2162 (1748 to RaR 0.94 4125 +000 5 additional trials (4347 participants)¢ with data
py? 2714) per 1000 ] not suitable for pooling; none reported a signifi-
Length of follow-up: 3 py (0.76 t0 1.18) (12 trials) VERY LOWb cant reduction in the rate of falls
to 12 months
Risk of falling 500 per 10004 450 (400to 505) RR0.90 1934 +000 4 additional trials (7236 participants) with data
per 1000 not suitable for pooling; none reported a signifi-
Length of follow-up: 3 (0.80t0 1.01) (9 trials) VERY LOWe cant reduction in the number of fallers
to 12 months
Risk of fracture 42 per 1000f 27 (15 to 50) RR 0.65 703 +000
per 1000
Length of follow-up: 3 (0.36t0 1.19) (4 trials) VERY LOWE
to 12 months
Adverse events See comment See comment 2469 +000 2 trials, no AEs; 2 trials no significant difference in
AEs between arms; 1 trial significantly fewer se-
Length of follow-up: 4 (7 trials) VERY LOWh vere AEs in intervention arms; 1 trial 1 serious AE
to 12 months in intervention arm; 1 trial 3 AEs after medication
withdrawal
Economic outcomes: See comment See comment 826 ++00 Intervention had higher costs and falls (Desbor-
cost-effectiveness ough 2020).
(1 trial) LOWi

**Illustrative risks for the control group were derived from all or subgroups of trials in care facilities reporting the outcome. The exact basis for the assumed risk for each
outcome is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention

(and its 95% ClI).

AE: adverse event; Cl: confidence interval; py: person-years; RaR: rate ratio; 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.

dBased on the median rate of the control arm of trials included in Cameron 2018 [1].
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bThe certainty of the evidence was downgraded two levels due to inconsistency (unexplained heterogeneity, 12 = 86% and low subgroup credibility) and one level for indirectness
(variation in approaches within medication review/deprescribing interventions). Not downgraded for risk of bias, as the point estimate of effect was essentially unchanged by
exclusion of trials at high risk of bias (Supplementary material 6, Analysis 12.6).

CTrials of medication review/deprescribing interventions (thus excluding Jordan 2015), as reported in Supplementary material 6, Analysis 12.2, using average number of beds
from Cateau 2021a as an estimate of participant numbers. Tadrous 2020 does not report data on rate of falls. Cateau 2021a and Streim 2012 do not report data on number of fallers.
dModerate risk, based on the mean control risk of the 20 trials reporting a moderate risk of falling, not described as high-risk populations, trials included in Cameron 2018 [1].
€The certainty of the evidence was downgraded one level for inconsistency (low credibility of subgroup analysis), one level due to indirectness (variation in approaches within
medication review/deprescribing interventions), and one level for imprecision (the Cls include the possibility of a slight increase in falls). Not downgraded for risk of bias, as the
point estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material 6, Analysis 12.7).

fRisk based on the median control risk of fracture of the trials reporting this outcome, trials included in Cameron 2018 [1].

8The certainty of the evidence was downgraded for inconsistency (low credibility of subgroup analysis), one level due to indirectness (variation in approaches within medication
optimisation interventions), and two levels for imprecision (very small number of fractures, Cls cross the range of strong effect and significant harm). Not downgraded for risk of
bias, as the point estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material 6, Analysis 12.8).

hThe certainty of the evidence was downgraded one level due to indirectness (not all included trials delivered a medication review intervention directly to all participants), three
levels for imprecision (small number of events, Cls cross the range of strong effect and significant harm, and infrequent reporting of the outcome among trials), and one level
due to concerns that AEs were not monitored systematically in some trials.

iThe certainty of the evidence was downgraded one level due to risk of bias (single trial at high risk of attrition bias and baseline imbalance) and one level for indirectness (concerns
about the applicability of the implementation, intervention components, and cost-effectiveness of a single trial to medication reviews more broadly and as implemented
internationally).

Summary of findings 4. Vitamin D supplementation compared with no vitamin D supplementation

Vitamin D supplementation compared with no vitamin D supplementation for falls prevention

Population and setting: older (= 65 years) residents of care facilities?
Intervention: vitamin D supplementation (vitamin D # calcium, = within multivitamin supplement)b

Comparison: usual care (or calcium supplementation)

Outcomes Illustrative comparative risks* (95% Relative effect No. of participants  Certainty ofthe = Comments
Cl) (95% Cl) (trials) evidence
(GRADE)
Assumed risk Corresponding
risk
Usual care (or Vitamin D
calcium supple-
mentation)
Rate of falls 2300 per 1000 1449 (1058 to RaR 0.63 4603 +++0
py< 1978) per 1000
Length of follow-up: 3 to 24 months py (0.46 t0 0.86) (5 trials) MODERATEd
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Risk of falling 500 per 1000 495 (450 to 540) RR 0.99 5186 +++0
pye per 1000
Length of follow-up: 3 to 24 months (0.90to 1.08) (6 trials) MODERATEf
Risk of fracture 42 per 10008 39 (23 to 66) per RR 0.92 5047 +000 These trials rep-
1000 resent only a sub-

Length of follow-up: 3 to 24 months (0.54to 1.56) (4 trials) VERY LOWh set of trials evalu-
ating the effect of
vitamin D on frac-
tures.

Adverse events NDi NDi RR0.91 705 +000 No serious events
reported.

Length of follow-up: 3 to 24 months (0.51t01.61) Gl (Gl events, 2 trials) VERY LOWi

events

(4 trials, 1365 par-
ticipants any AEs)

Economic outcomes: cost-effectiveness

No available data

*Illustrative risks for the control group were derived from all or subgroups of trials in care facilities reporting the outcome. The exact basis for the assumed risk for each
outcome is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention

(and its 95% Cl).

AE: adverse event; Cl: confidence interval; GI: gastrointestinal; ND: not done; py: person-years; RaR: rate ratio; 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.

ATrials confirmed the participants had low or very low serum vitamin D levels at baseline.
bTrials included two trials of vitamin D3 + calcium versus calcium, 2 trials of vitamin D, versus usual care or placebo, 1 trial of 800 international units of vitamin D3 + 1200 mg

calcium carbonate daily, and 1 trial of multivitamin supplementation including vitamin D and calcium.
CBased on the median rate of the control arm of trials included in Cameron 2018 [1].

dThe certainty of the evidence was downgraded one level for inconsistency (12= 72%; P = 0.003). Not downgraded for risk of bias, as the point estimate of effect was essentially
unchanged by exclusion of trials at high risk of bias (Supplementary material 6, Analysis 15.7) or for other reasons; one trial with industry funding contributed to 9% of the
weighting of the meta-analysis (Grieger 2009).

eModerate risk was based on the mean control risk of the 20 trials reporting a moderate risk of falling, not described as high-risk populations, trials included in Cameron 2018 [1].
fThe certainty of the evidence was downgraded one level for inconsistency (inconsistent findings of overall analysis and sensitivity analysis excluding trials at high risk of bias,
RR 0.83, 95% Cl 0.68 to 1.02; I* = 0%; Supplementary material 6, Analysis 15.8). Not downgraded for other reasons; two trials contributing 24.7% of the weighting of the meta-

analysis had industry funding.

8Risk based on the median control risk of fracture of the trials reporting this outcome, trials included in Cameron 2018 [1].
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hThe certainty of the evidence was downgraded one level for inconsistency (12 = 66%) and two levels for imprecision (small number of fractures, Cls cross the range of strong effect
and significant harm). Not downgraded for risk of bias, as the point estimate of effect was essentially unchanged by exclusion of trials at high risk of bias (Supplementary material

6, Analysis 15.9) or for other reasons; one trial contributing 29.4% to the meta-analysis had industry funding.

iNot done. Illustrative comparative risks not presented, as considered uninformative due to paucity of available data.
iThe certainty of the evidence was downgraded two levels for imprecision (low event rate, inadequate power to assess rare AEs) and two levels for other reasons (concerns that
AEs were not recorded systematically and likely publication bias, few trials reported the gastrointestinal AEs outcome).

Summary of findings 5. Nutrition (dairy food supplementation) compared with usual care

Nutrition (dairy food supplementation) compared with usual care for falls prevention

Population and setting: older (= 65 years) residents of care facilities

Intervention: increasing servings of dairy food to residents through dietitian assistance with menu design

Comparison: usual care

Outcomes Illustrative comparative risks* (95%  Relative effect  No. of partici- Certainty of Comments

Cl) (95% Cl) pants the evidence

(trials) (GRADE)
Assumed risk Corresponding
risk

Usual care Dairy
Rate of falls No data available
Risk of falling 500 per 1000 445 (395 to 500) RR0.89 (0.79to 7195 ++00

py? per 1000 1.00)
Length of follow-up: 10 to 12 months (1 trial) LOwb
Risk of fracture 42 per 1000 py¢ 28 (20 to 39) per RRO0.67 (0.48t0 7195 ++00

1000 0.93)
Length of follow-up: 10 to 12 months (1 trial) LOWb
Adverse events See comment See comment Not estimable 7195 +000 "No adverse gastroin-
) testinal events related to
Length of follow-up: 12 months (L trial) VERY LOWd the intervention were re-
ported."
Economic outcomes: cost-effectiveness See comment 7224 +000 Cost savings AUD 8719
) per fracture (95% CI NR)
(1 trial) VERY LOWe
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*Illustrative risks for the control group were derived from all or subgroups of trials in care facilities reporting the outcome. The exact basis for the assumed risk for each
outcome is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% Cl).

AE: adverse event; Cl: confidence interval; NR: not reported; py: person-years; RaR: rate ratio; 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.

dModerate risk based on the rounded mean control risk of the 20 trials reporting a moderate risk of falling, not described as high-risk populations, trials included in Cameron
2018 [1].

bThe certainty of the evidence was downgraded one level for concerns about risk of bias (attrition bias, reporting bias, and unclear risk of bias for method of ascertaining falls)
and one level for indirectness (facilities enrolled based on serving < 2 serves of dairy daily and adequate vitamin D supplementation, may not be applicable to all facilities).
CRisk based on the rounded median control risk of fracture of the trials reporting this outcome, trials included in Cameron 2018 [1].

dThe certainty of the evidence was downgraded one level for concerns about risk of bias (attrition bias and unclear risk of bias for method of ascertaining falls), one level for
indirectness (facilities enrolled based on serving < 2 serves of dairy daily and adequate vitamin D supplementation, may not be applicable to all facilities), and one level for other
reasons as it was unclear if AE data were collected systematically (not specified in detail in trial registration or protocol).

€The certainty of the evidence was downgraded one level for concerns about risk of bias in the trial from which data were derived (attrition bias, reporting bias, and unclear risk
of bias for method of ascertaining falls), two levels for indirectness (facilities enrolled based on serving < 2 serves of dairy daily and adequate vitamin D supplementation, may
not be applicable to all facilities; intervention costs did not include dietitian assistance, costs of fracture are not based on trial data, and costs are those associated with falls (not
fractures) in Dutch, not Australian, nursing homes), and one level as the analysis was a post hoc analysis with resource use not based on within-trial data.
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BACKGROUND

Description of the setting

This review included and examined randomised controlled trials
(RCTs) of fall prevention interventions conducted in care facilities
for older people. We considered care facilities (nursing homes or
residential aged care facilities) as those providing permanent care
that includes some level of health-related or rehabilitative care.
Thus, trials conducted in facilities providing short-term nursing/
rehabilitative care or assistance for activities of daily living that do
not include this type of care, for example retirement villages, were
not included.

Description of the condition

Trials of falls in care facilities show considerable variation in falls
incidence rates, but an indicative figure is 1.70 falls per person-
year, compared with 0.65 falls per person-year for older people
living in the community [2]. In a study conducted in 40 Canadian
residential care facilities, 62% of participants fell over a one-year
period, with a falls rate of 2.51 falls per person per year [3]. However,
it should be noted that routine recording of falls incidents in
standard reporting systems is likely to have underestimated the
incidence of falls [4, 5]. In a prospective one-year study in 528
nursing homes in Bavaria, Germany, about 75% of falls occurred
in the residents' rooms or in bathrooms, 41% occurred during
transfers, and 36% when walking [6]. The fall rate was higherin men
(2.80 falls per person-year) than in women (1.49 falls per person-
year), and falls were less common in people requiring the lowest
and highest levels of care. Lord and colleagues also found that fall
rates were lower in frailer people who were unable to rise from a
chair or stand unaided [7]. In this group, increased age, male sex,
higher care classifications, incontinence, psychoactive medication
use, previous falls, and slow reaction times were associated with
increased falls. Systematic reviews have shown that in nursing
homes, falls history, walking aid use, moderate disability, insomnia,
depression, cognitive impairment, wandering, Parkinson's disease,
dizziness, use of sedatives, antipsychotics, antidepressants, and
total number of medications used are associated with an increased
risk of falling [8, 9, 10]. In residents with dementia, age, use of
psychotropic drugs, fair or poor general health, gait impairment,
and trunk restraint use are associated with an increased number of
falls [11].

There is considerable mortality and morbidity associated with falls
in care facilities. Falls have been reported to be the most common
cause of death from an external cause, and care facility residents
are also more than five times more likely to be hospitalised with a
hip fracture than people living in the community [12, 13].

Description of the intervention and how it might work

Most falls are caused by complex combinations of factors
operating at the time of each fall event. Interventions may
target risk factors in participants, or target staff and clinicians
with the aim of improving clinical practice or the organisation
of care, including organisational level policy and practice (e.g.
staff training). In some trials, single interventions have been
evaluated, while in others, interventions with more than one
component have been studied. Delivery of multiple-component
interventions may be based on individual assessment of risk
(a multifactorial intervention) or where the same components
are provided to all participants (a multiple intervention). A

taxonomy has been developed to describe and classify types
of interventions [14, 15]. Key intervention categories include:
exercise; medication (drug target, e.g. interventions that include
interventions targeting vitamin D and medication optimisation
interventions including medication reviews); fluid or nutritional
therapy; environment or assistive technologies including bed/
chair alarms; social environment interventions that target staff
members and changes in the organisational system; knowledge
interventions; and multiple or multifactorial interventions.

Many RCTs considered within this review provided a comparison
with 'usual care' in the care facilities involved. Usual care typically
includes standard practices for managing commonly known,
potentially modifiable, risk factors for falls, and, moreover, the
components of usual care will vary both over time and between
settings.

Background to the methods used in this review

In this review, we aimed to synthesise the evidence for some
falls prevention interventions using novel methods. Intervention
component analysis (ICA) and qualitative comparative analysis
(QCA) were incorporated to explore trial features as well as context
and implementation [16]. As falls prevention interventions and
implementation in the aged care setting is highly complex, it can
be difficult to determine the causes of heterogeneity with simple
uni-dimensional subgroup analyses. These analyses can uncover
the degree of overlap between a set of trials with a successful or an
unsuccessful outcome and sets of trials that share features, to aid
in determining causes of heterogeneity in complex interventions.
The ICA and QCA approaches have previously been applied to
systematic reviews exploring complex public health interventions
[17, 18, 19, 20, 21].

Why it is important to do this review

Thisreview is an update of a Cochrane review first published in 2010
[22] (which was split from an earlier version of the review for all
settings [23]) and previously updated in 2012 [24] and 2018 [1]. The
current review summarises evidence of the impact of purposeful
interventions designed to prevent falls. Despite routine activities
attempting to reduce falls, falls remain common in care facilities,
resulting in considerable mortality and morbidity. Since the 2018
update, a number of significant trials addressing falls prevention in
this setting have been completed, including Hewitt 2018 [25, 26, 27,
28, 29, 30, 31], luliano 2021 [32, 33, 34, 35, 36], and Logan 2021 [37,
38,39,40,41,42,43,44,45,46,47,48,49]. As this review is regularly
accessed and widely informs clinical practice guidelines, healthcare
professionals, researchers, policymakers, informal caregivers, and
consumers, an update was required. In 2025, this fourth iteration
of the review addresses only interventions to reduce falls in care
facilities. Due to the increasing number of trials reported in each
setting, an update of the review addressing interventions to reduce
falls in hospitals will be reported separately.

OBJECTIVES

To assess the benefits and harms of interventions designed to
reduce the incidence of falls in older people in care facilities.

Interventions for preventing falls in older people in care facilities (Review)
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METHODS

Latest update

The detailed methods for this review are published on Open
Science Framework [50]. This review is an update of the Cochrane
review 'Interventions for preventing falls in older people in care
facilities and hospitals' published in 2018 [1]. The current review
follows the methods of previous versions of this review, including
the search strategies, study selection criteria, data extraction and
synthesis methods. However, we made the following changes.

« The review now only includes studies conducted in care
facilities. A review updating the evidence on interventions for
preventing falls in hospitals will be reported separately.

o The classification of 'medication review' has been termed
'medication optimisation' to more accurately reflect the types of
studies included in this category.

« In the subgroup analyses by exercise type, exercise trials have
been recategorised according to the primary type of exercise
provided within the exercise programme.

« For exercise interventions, trials of 'other' types of exercise
(i.e. whole-body vibration) are reported separately from active
exercise interventions.

« The effects of exercise interventions are presented according to
two separate analyses. These represent the effect on outcomes
as measured at the end of the intervention period and as
measured after a period of post-intervention follow-up.

« QCA has been conducted for comparisons where the meta-
analysis includes more than 10 trials and there is high
heterogeneity, to incorporate qualitative information from
included trials to inform subgroup analyses. This has been
informed by an ICA for exercise and multifactorial interventions.
We conducted subgroup analyses informed by QCA findings for
multifactorial and exercise interventions.

« We removed subgroup analyses by level of care.

« Ratings for risk of bias within GRADE have been informed
by a sensitivity analysis excluding trials at high risk of bias,
to increase consistency with other Cochrane falls prevention
reviews [51, 52].

Detailed differences between this version of the review and
the 2018 update are reported in 'Differences between the
protocol and review' (Supplementary material 8). We followed the
Methodological Expectations for Cochrane Intervention Reviews
(MECIR) when conducting the review [53], and PRISMA 2020 for the
reporting [54].

Criteria for considering studies for this review
Types of studies

We included all RCTs, including quasi-randomised trials (e.g.
alternation), cluster-randomised trials, and trials in which
treatment allocation was inadequately concealed.

Types of participants

We included trials of interventions to prevent falls in older people,
of any gender, in care facilities. We included trials if the majority
of participants were over 65 years, or the mean participant
age was 65 years or over, and the majority were living in care
facilities providing permanent care. We excluded trials conducted

in places of residence that do not provide residential health-related
care or rehabilitative services, for example retirement villages or
sheltered housing. Trials including participants resident in both the
community and in care facilities were included either in this review
or in other Cochrane reviews of interventions for preventing falls
in older people living in the community [51, 52, 55], depending on
the proportion of participantsin each setting. The setting where the
falls occurred determined for which review the trial was considered,
and was discussed between the review authors of the relevant
reviews. Trials recording falls in both settings could be included in
more than one review.

We excluded interventions that took place in the community,
hospital, emergency department, or outpatient department
settings.

We excluded trials recruiting participants post-stroke or living
with Parkinson’s disease, as interventions to prevent falls in
these populations are evaluated in separate Cochrane reviews
('Interventions for preventing falls in people after stroke' [56] or
'Interventions for preventing falls in Parkinson's disease' [57]).

Types of interventions

We included trials of any intervention designed to reduce falls in
older people compared with any other intervention (usual care or
placebo). We grouped interventions guided by the fall prevention
classification system (taxonomy) developed by the Prevention of
Falls Network Europe (ProFaNE) [14, 15]. Trials have been grouped
by combination as: multifactorial, multiple, or single, and then by
the type of intervention (descriptors), for single interventions, as
follows.

« Exercise, including:
o active exercise;
o whole-body vibration.
« Medication (drug target), including:
o medication optimisation (e.g. withdrawal, dose reduction or
increase, substitution, provision, strategies such as training
to improve these approaches);

o vitamin D supplementation.
« Nutrition: dairy food supplementation
« Environment/assistive technology

« Social environment, including:
o staff training;

o service model change.
« Psychological interventions
« Knowledge
« Othersingle interventions

For exercise interventions, trials of 'other' types of exercise (i.e.
whole-body vibration) are reported separately from active exercise
interventions.

For medication target interventions, various strategies to improve
medication prescribing and use such as medication review or
deprescribing, either through direct methods or by utilising
alternative approaches like education to prompt medication
review, were employed. These interventions were categorised
most appropriately according to ProFaNE as medication review;
however, not all trials performed medication review on all
participants, thus this group of interventions is more appropriately
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described as medication optimisation interventions in this review
[58].

We classified interventions according to target (e.g. Kennedy
2015 [3, 59, 60, 61, 62, 63, 64] delivering education aimed at
increasing prescription for vitamin D was classified under vitamin
D; Juola 2015 [65, 66, 67] examining education to increase nurse
awareness of harmful medications and adverse drug reactions
was classified as medication optimisation). Where trials included
multiple components within the same intervention classification,
the interventions were classified according to the target of the
intervention rather than as multiple (e.g. Holland 2023 [68, 69,
70, 71, 72, 73, 74, 75] within medication optimisation includes
staff training on medication optimisation in addition to medication
review).

Full details are available in the ProFaNE taxonomy manual [14].

We excluded trials where falls were recorded as potential adverse
events (AEs) of the intervention, and were not considered as likely
to reduce falls by the trial authors. This review aims to synthesise
the evidence for interventions intended to prevent falls. Including
trials that record falls due to a concern that the intervention may
increase falls as an AE of the intervention would not provide
appropriate evidence and may mask the effects of interventions
intended to reduce falls, if outcomes were pooled.

Outcome measures

We only included trials that reported raw data or statistics relating
to rate or number of falls, or number of participants sustaining
at least one fall during follow-up (fallers). We included trials that
reported only those participants who had more than one fall. We
excluded trials that reported only specific types of fall (e.g. injurious
falls, bedside falls). We excluded trials that focused on intermediate
outcomes such as improved balance or strength, or fear of falling,
and that did not report falls or falling as an outcome.

Critical outcomes

« Rate of falls (falls per unit of person time that falls were
monitored)

« Risk of falling (number of fallers, i.e. risk of experiencing one or
more falls)

Important outcomes

« Risk of fracture (number of participants sustaining fall-related
fractures)

« Adverse events (AEs) (complications of the interventions)
« Economic outcomes

Search methods for identification of studies
Electronic searches

For this update, the search results were limited from 2017 onwards.
Details of the search strategies used for previous versions of the
review are provided in Cameron 2012 [24] and Cameron 2018 [1]. As
this review stems from the previous review 'Interventions to reduce
fallsin care facilities and hospitals', the search strategies used terms
for both care facilities and hospitals (i.e. search updates for both
reviews were conducted simultaneously until the December 2022
search). Initial searches were run in March 2021, December 2021,

and December 2022. A top-up search using only terms for care
facilities was run on 10 May 2024 (Supplementary material 1).

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) via the Cochrane Register of Studies (CRS-Web),
MEDLINE (Ovid MEDLINE and Epub Ahead of Print, In-Process,
In-Data-Review and Other Non-indexed Citations, Daily and
Versions), Embase (Ovid), and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) Plus (EBSCOhost). We also
searched ongoing trial registers via the World Health Organization
International Clinical Trials Registry Platform (WHO ICTRP)
(trialsearch.who.int/) and ClinicalTrials.gov (clinicaltrials.gov). We
did not apply any language restrictions.

In MEDLINE (OvidSP), subject-specific search terms were combined
with the sensitivity- and precision-maximising version of the
Cochrane Highly Sensitive Search Strategy for identifying
randomised trialsin MEDLINE [76]. We modified this strategy for use
in CENTRAL, Embase, and CINAHL (see Supplementary material 1
for all strategies).

Searching other resources

We also conducted citation searching (i.e. checking the reference
lists of articles and relevant systematic reviews) and contacted
researchers in the field to enquire about further trials.

Data collection and analysis

We carried out data collection and analyses according to the
methods stated in the published protocol [50], which were based on
the Cochrane Handbook for Systematic Reviews of Interventions [77].
Any deviations to this protocol are described in Supplementary
material 8.

Selection of studies

From the title, abstract, or descriptors, two reviewers (at least
one of the authors SD, WK, and/or JS, plus a research assistant
for some records as cited in Acknowledgements) screened all
records independently to identify potentially relevant trials for full
review. From the full text, two review authors (SD, WK and/or
JS) independently assessed potentially eligible trials for inclusion,
resolving any disagreements by discussion, or by adjudication
with a third review author when necessary. We undertook full-
text review using Covidence [78]. We contacted trial authors for
additional information where it was necessary to assess eligibility.

Data extraction and management

Two review authors independently extracted data (for newly
included studies in this update SD, WK and/or JS, plus a research
assistant for some characteristics for some records as cited in
Acknowledgements) using a pre-tested data extraction form or
Covidence [78]. Multiple reports from the same trial were linked
as a single trial record in Covidence, and evidence from all
reports was reviewed in undertaking data extraction. The number
of participants randomised is reported in the 'Characteristics of
included studies' tables (Supplementary material 2). Where this
was not reported, we used the number of beds as an estimate
of the overall number of participants in the trial. Forest plot
analyses (Supplementary material 6) and reporting of estimates
of effectiveness of studies refer to the number of participants
contributing to the outcomes data. For trials newly identified in
this update, vitamin D interventions, and whole-body vibration

Interventions for preventing falls in older people in care facilities (Review)

16

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

trials, the funding source of the study is extracted. Where data
were unclear, we contacted study authors whenever possible for
clarification, and included a citation for correspondence in the
study references. Any disagreements were resolved by discussion
and consensus or third-party adjudication when necessary.

Risk of bias assessment in included studies

Two review authors (for newly included studies in this update
SD, WK and/or JS) independently assessed risk of bias for each
included trial based on the Cochrane RoB 1tool [79]. Assessors were
not blinded to author and source institution. Review authors did
not assess risk of bias for their own trials. Any disagreements were
resolved by consensus or third-party adjudication.

We assessed risk of bias for the following domains: sequence
generation (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance bias),
blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias),
and other bias not considered elsewhere. Since all outcomes
evaluated in this review were susceptible to the same risk of
bias, we did not assess outcomes for risk of detection bias
or completeness of outcome data separately. Additionally, we
assessed bias in the measurement of falls due to less reliable
methods of ascertainment [80], and bias resulting from major
imbalances in key baseline characteristics (e.g. age, gender,
previous falls, medical status, dependency, cognitive function). We
rated the risk of bias as low, high, or unclear for each domain.

We established additional criteria within currently existing domains
for assessing the further risk of bias associated with cluster
randomisation (Section 16.3.2; [81]). We considered 'recruitment
bias' as a component of selection bias under allocation
concealment; 'baselineimbalance' resulting from small numbers of
clusters under bias resulting from majorimbalances in key baseline
characteristics; risk of bias resulting from 'loss of clusters' under
incomplete outcome data; and 'incorrect analysis' that failed to
take into account the effect of clustering and that could not be
satisfactorily remedied under selective outcome reporting (where
no protocol or trial record was identified, as a study was considered
at low risk of bias if all expected falls outcomes were reported
and appropriately adjusted). We did not assess risk of bias relating
to the 'comparability with individually randomised trials' as a
separate item, as it is impossible to establish suitable criteria for
an individual trial out of context. The potential for differences in
effects between cluster- and individually randomised trials was
considered in our assessment of the certainty of the evidence and
in our Discussion.

Our criteria for risk of bias assessments are provided in
Supplementary material 9.

Measures of treatment effect

We have reported the treatment effect for rate of falls as a rate ratio
(RaR) and 95% confidence interval (Cl). For number of fallers and
number of participants sustaining fall-related fractures, we have
reported a risk ratio (RR) and 95% ClI.

Critical outcomes
Rate of falls

The rate of falls is the total number of falls per unit of person
time that falls were monitored (e.g. falls per person-year). The RaR
compares the rate of falls in any two groups during each trial.

We used an RaR (e.g. incidence rate ratio or hazard ratio (HR)
for all falls) and 95% CI if these were reported in the paper. If
both adjusted and unadjusted RaR were reported, we used the
unadjusted estimate, unless the adjustment was for clustering. If
an RaR was not reported but appropriate raw data were available,
we used Microsoft Excel [82] to calculate an RaR and 95% CI. We
used the reported rate of falls (falls per person-year) in each group
and the total number of falls for participants contributing data, or
we calculated the rate of falls in each group from the total number
of falls and the actual total length of time falls were monitored
(person-years) for participants contributing data. In cases where
data were only available for people who had completed the trial,
or where the trial authors stated there were no losses to follow-
up, we assumed that these participants had been followed up for
the maximum possible period. Where there were no falls in one
arm of a trial, and a low total number of falls or participants, or
both (e.g. Beck 2016 [83, 84, 85, 86, 87]; Cadore 2014 [88, 89]), the
rate of falls cannot be determined. We therefore did not pool these
data; however, we considered the omission of these data from the
pooled analysis unlikely to have changed any estimate of effect. We
explored the likely effect of this in sensitivity analyses.

Risk of falling

For risk of falling, a dichotomous outcome, we used an RR as the
treatment effect. The RR compares the number of people who fell
once or more (fallers) in the intervention and control arms of each
trial.

We used a reported estimate of risk (HR for first fall, RR, 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 there
was no effect estimate and 95% Cl, and appropriate data were
available, we calculated an RR and 95% Cl using the 'csi' command
in Stata [90] or in Review Manager 5 [91]. For the calculations, we
used the number of participants contributing data in each group
if this was known; if not, we used the number randomised to each

group.
Important outcomes
Risk of fracture

We used an RR as described in 'Risk of falling' above for the number
of participants sustaining one or more fall-related fractures.

Adverse events (AEs)

We recorded AEs, or complications of the intervention, where these
were reported.

Economic outcomes

We have noted the results from any economic evaluations (cost-
effectiveness analysis, cost-utility analysis) incorporated in the
included trials. We also extracted from each trial reporting a cost
analysis, cost description or analytic model, the type of resource
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use reported (e.g. delivering the intervention, hospital admissions,
medication use) and the cost of the items for each group.

Outcomes for ICA and QCA: defining a successful intervention

We used QCA, in some cases informed by an ICA, to determine
which configurations of intervention features trigger successful
outcomes. We considered falls outcomes for the trials as
statistically effective (meta-analysis point estimate of effect < 0.8,
95% Cl < 1, coded as 1), clinically effective (point estimate < 0.8,
regardless of 95% Cl, coded as 0.75), no effect (point estimate >
0.8 and < 1.2, coded as 0.25), or increasing falls (point estimates
> 1.2, regardless of 95% ClI, coded as 0) [1]. Rate of falls data
were preferentially used over risk of falls data when multiple falls
outcomes were available, as rate data appear to be more sensitive
to change [1, 52].

Unit of analysis issues

For trials that were cluster randomised, for example by care facility
or ward, we performed adjustments for clustering [92] if this was
not done in the published report. We used intracluster correlation
coefficients reported by Dyer 2004 [93, 94, 95] (falls per person-year
0.100, number of residents falling 0.071, and residents sustaining
a fracture 0.026) for trials included in the previous version of the
review [1]. For trials added in this version of the review (i.e. since
Cameron 2018 [1]), we used intracluster coefficients from the newer
trial Logan 2021 for risk of falling (number of residents falling 0.03)
and fracture (residents sustaining a fracture 0.010) outcomes (a
coefficient was not available for the rate of falls) [42].

For trials with multiple intervention groups, we either combined
the groups orincluded only one pair-wise comparison (intervention
versus control) in any analysis to avoid the same group of
participants being included twice.

Dealing with missing data

We used only the available data in the analyses; we did not impute
missing data.

Reporting bias assessment

To explore the possibility of publication and other reporting biases,
we constructed funnel plots for analyses that contained 10 or more
trials.

Synthesis methods

We grouped the results of trials with comparable interventions
and participant characteristics, and compiled forest plots using the
generic inverse variance method in RevMan Web [96]. This method
enabled pooling of the adjusted and unadjusted treatment effect
estimates (RaR or RR) that were reported in the paper, or that
we calculated from data presented in the paper (see Measures of
treatment effect). Where the total number of participants could not
be determined, we did not pool these data with other trials (e.g.
where only the number of beds per facility was known). Where the
reported trial outcomes did not include falls during the intervention
period, we did not pool these data with those of other trials.

Where appropriate, we pooled the results of comparable trials
using either fixed-effect or random-effects models. We chose the
model to report by careful consideration of the extent of both
clinical and statistical heterogeneity and whether it could be
explained by factors such as the number and size of included trials.

We used 95% Cls throughout. We considered on a case-by-case
basis not pooling data where there was considerable heterogeneity
(1% statistic greater than 75%) that could not be explained by the
diversity of methodological or clinical features among trials. Where
pooling of data was deemed inappropriate, we still presented trial
datain the analyses or tables for illustrative purposes and reported
these in the text.

We assessed heterogeneity within a pooled group of trials using
a combination of visual inspection of the graph along with
consideration of the Chi? test (with statistical significance set at P
< 0.10) and the I? statistic, as well as consideration of the clinical
heterogeneity of the interventions, participants, and setting [97].
We interpreted the I? value as suggested by Higgins and colleagues
[98]:

» 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%: considerable heterogeneity.

Where interventions were delivered over a set time frame,
and the intervention effect was not expected to be
sustained, we separated the time point for the outcome
measurement into end of intervention or post-intervention
follow-up. This approach to categorisation of outcomes was
undertaken or considered for multifactorial interventions, exercise,
environmental interventions, and lavender patch interventions.

For exercise interventions, we classified programmes on the basis
of the primary exercise category and noted the presence of
additional, secondary exercise categories. Based on the ProFaNE
taxonomy [15], 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); v) general physical activity (e.g. walking
programmes); vi) endurance; and vii) other kinds of exercises. We
pooled trials of 'other' types of exercise (i.e. whole-body vibration)
separately from the 'active' exercise interventions, as there is
some debate about whether this should be considered a true
exercise intervention. We also formed another category for exercise
programmes that included more than one of the above categories
as the primary exercise category (termed 'combination of exercise
categories'). We examined the descriptions of interventions used in
individual trials and categorised the intervention accordingly.

Investigation of heterogeneity and subgroup analysis

We minimised heterogeneity as much as possible by grouping
trials as described previously (using ProFaNE categories of
interventions). We categorised broad interventions further by
grouping subtypes of interventions according to ProFaNE (e.g. for
exercise interventions). We explored heterogeneity by carrying out
subgroup analyses, where possible and appropriate, based on
type of fracture; stratification of intervention types according to
ProFaNE (e.g. for exercise types, medication target interventions)
and the professional delivering the intervention (medication
optimisation), dose of intervention; and level of cognition at
enrolment. We grouped trials by level of cognition into those that

Interventions for preventing falls in older people in care facilities (Review)

18

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

included only participants with cognitive impairment versus those
with no cognitive impairment, or a mixed sample at enrolment.
Subgroup analyses based on the individual components of the
multifactorial interventions were precluded by the trial design
and reporting. To investigate whether the finding of a significant
subgroup difference according to the endpoint of the trial for
multifactorial intervention may be confounded by the length of
the trial (i.e. longer trials may enable additional time for an
intervention to be effective, or there may be a loss of effectiveness
over time), we also conducted an additional post hoc subgroup
analysis according to length of the trial as greater or less than 12
months.

In addition to subgroup analyses by intervention types according
to the ProFaNE fall prevention taxonomy, we conducted sensitivity
analyses where funnel plots indicated the likelihood of small-trial
effects, excluding trials with 20 participants or fewer in each arm of
the trial. We conducted sensitivity analyses to test the exclusion of
trials with zero falls recorded in either arm of the trial.

We used the random-effects model to pool data in all subgroup
analyses testing for subgroup differences due to the high risk of
false-positive results when comparing subgroups in a fixed-effect
model [98]. We used the test for subgroup differences available in
RevMan Web [96] to determine whether there was evidence of a
difference in treatment effect between subgroups.

Using simple uni-dimensional subgroup analyses to explore the
many possible causes of heterogeneity in complex interventions
can lead to 'data dredging' and false-positive findings. Thus,
where moderate/considerable statistical heterogeneity within a
meta-analysis for an intervention was not explained by the
above subgroup analyses, and there were at least 10 trials with
quantitative measures of falls outcomes, we conducted further
analysis using QCA, as described below, to inform additional
subgroup analyses. QCA tests a theory of a configuration of factors
that are likely to be sufficient for trial effectiveness. A theory
may be developed by ICA of the trials included in the review
(see details below), according to an existing published theory, a
theory developed by consultation with stakeholders, or by other
qualitative synthesis methods [16].

Intervention Component Analysis (ICA)

We undertook ICA to develop a qualitative theory of the features
and interactions of trial conditions that drive successful outcomes
in trials of exercise or multifactorial interventions, in comparison to
usual care, to prevent falls. The ICA uses inductive thematic analysis
to collate the included trialists' experiential reflections of what led
to the success or failure of a complex intervention, as well as an
effectiveness synthesis to develop a theory of which features are
associated with a successful outcome. This theory was then further
tested and refined using QCA. The refined theory then informed
subgroup analyses.

We included trials in ICA if they met the following criteria: reporting
falls outcomes data to determine the ratio of the rate of falls or risk
of falling or quantitative falls outcomes data providing evidence of
the relative effectiveness of the intervention and control group and
published in English. For exercise, we included trials enrolling at
least 30 participants or more in each group. Included trials were
those identified in mainstream database searches to December

2022, excluding trial record, protocol, and conference abstract
searches.

We examined included research papers published in English
and associated trial records (including trial registry records,
protocols, letters, or implementation evaluations) for the trialist's
perspectives on features that drive effectiveness. All records were
imported into NVivo 12 [99] for inductive line-by-line coding.

The primary trial report was first coded, followed by reading all
associated records to code additional information. Initial coding
was conducted by one review author, with a random sample
checked by a second review author for agreement. The remaining
process followed the reflexive thematic analysis methods of Braun
and Clarke [100]. One review author grouped similar initial codes
and considered relationships between codes from different trials
to determine key themes expressed by trialists. Grouping and
relationships of codes were checked by a second review author
to establish agreement of the themes. Key trialists' perceptions
were designated as themes, while more specific views with fewer
supporting codes were designated as subthemes. Themes and
subthemes were discussed among all review authors and other
experts in the field to consider logic and commonality of thoughts.
Features examined in this indicative thematic analysis included
those relating to the participant inclusion criteria, intervention
components, methods and critical trial features as reported in the
discussion and conclusions.

Two review authors used standardised definitions derived from the
ICA to independently code trial features for presence or absence.
We coded features as 'crisp' data (as a binary with a '0' to
denote the absence of a particular feature or a '1' to denote its
presence) or 'fuzzy' data (on a scale to capture differences in partial
presence, numbers between 0 and 1, excluding 0.5) as considered
appropriate.

We coded effectiveness of falls outcomes from trials based on
outcomes used in the meta-analyses (or other rigorous quantitative
data) in categories determined by the spread of trial outcomes, as
described in Measures of treatment effect.

The ICA themes and subthemes based on the trialists' perspectives
were tested and refined for consistency with trial outcomes in
a QCA. In the QCA of multifactorial interventions, where the
presence of certain features was not clear from published records,
we attempted to contact trialists for additional information. An
assumption based on the published text was made if no response
was received.

Qualitative Comparative Analysis (QCA)

QCA inclusion criteria were the same as inclusion criteria for ICA.
In addition, as analyses demonstrated that exercise interventions
are only effective when outcomes are measured at the end of
the intervention period (Supplementary material 6, Analysis 1.1;
Analysis 4.1), for exercise, only trials reporting falls data at the end
of the intervention period were included.

We used a QCA to systematically test a theory and determine
which features differentiate trials successful at reducing falls from
unsuccessful trials. The QCA enables the examination of multiple
interactions between trial factors, for example the modification of
the effect of a given intervention component depending on the
setting [16]. QCA is based on set-theory logic and is well-suited
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to synthesising data from a small number of trials with complex
characteristics [101]. Using an ICA-derived theory, or other existing
theory, to inform the QCA avoided data dredging (i.e. exploring a
multitude of possible driving factors) [19, 102, 103].

We used a QCA to identify configurations of conditions associated
with successful trial outcomes for exercise, multifactorial
interventions, and medication optimisation trials [16, 101]. The
QCA takes a trial-based approach (accounting for several of
the trial's observed characteristics simultaneously) rather than
a variable-based approach, so that the focus is on different
configurations of conditions [101, 102]. It aims to generate theories
about components 'sufficient' for triggering successful outcomes;
'sufficient' relationships signify that an outcome is triggered in
the presence of a sufficient condition or a sufficient condition set,
but that other pathways to triggering the outcome may also exist
[101]. In this review the outcome was a successful reduction of
falls, and conditions were intervention and trial characteristics and
implementation processes. We then followed the methods and
steps as described by others [16, 101, 102, 104], listed briefly below.

« A data table of the coded trial features and effectiveness was
screened to determine features corresponding to the theory
components considered suitable for analysisin QCA[104]. A trial
feature was not considered suitable if (1) it was present among
alltrials, thus cannot be driving differences in trial effectiveness,
(2) was only present in one or two trials, or (3) was rarely
reported. Where the theory was based on an ICA, themes were
considered in preference to subthemes and other trial features
forinitial analysis. A data table of suitable features was imported
for analysis into R Project (version 4.1.2) [105].

« Theories of drivers of trial effectiveness in reducing
falls were examined for consistency with trial outcomes
through 'truth tables, which consider the combination
of features (configurations) present among the trials in
relation to effectiveness. Truth tables produce inclusion scores
representing the proportion of trials with a configuration
associated with effectiveness. Scores closer to 1 indicate that
a greater proportion of trials represented by the configuration
are effective; a score of 1 indicates that all trials with the
configuration were effective. Boolean minimisation was then
used to determine if a theory explaining most, or all, of the
included trials from the truth table could be further simplified
into essential features. Minimised solutions were assessed for
consistency and coverage, with coverage scores closer to 1
indicating that the solution was consistent with more trials.

« Following the identification of the best theory to explain the
highest number of trials, logical remainders, contradictory
simplifying assumptions and the negated outcome were
examined to determine if these steps could further simplify the
theory or provide a better theory. A detailed description of the
specific steps within the QCA has been published elsewhere
[104].

« Finally, we considered whether or not the solution posed by
the QCA was plausible, and if the conclusions obtained were
consistent with the results of known trials. Discussion with
other experts in the field was also undertaken to consider the
acceptability and face value of the final solution.

The findings of the QCA in terms of trial intervention, design, and
implementation configurations considered sufficient for successful
trial outcomes were used to inform additional subgroup analyses

of the relevant meta-analyses, to determine if these factors assisted
in explaining the trial heterogeneity.

Equity-related assessment

We undertook no equity-related assessment in this review.

Sensitivity analysis

Where there was considered to be significant statistical
heterogeneity for rate of falls but not risk of falling, we performed
sensitivity analyses to determine the likely effects of using random-
effects versus fixed-effect meta-analyses for risk of falling (i.e. for
exercise versus usual care and multifactorial interventions).

For trials that excluded the intervention period from the falls
outcomes, we did not pool the outcomes data with other trials,
but conducted a sensitivity analysis exploring the impact of this
decision. We conducted such a sensitivity analysis for vitamin D
supplementation (Imaoka 2016 [106, 107, 108]).

We conducted sensitivity analyses for active exercise, excluding
trials with 20 participants or fewer in each arm of the trial. We
conducted a sensitivity analysis for active exercise compared to
usual care including Cadore 2014, which had zero falls in the
intervention arm, using one fall in the intervention arm to examine
the likely effect of omitting this trial from the analysis.

We also conducted a sensitivity analysis excluding one trial with a
known non-normal distribution of falls in the intervention arm from
the analysis of general medication optimisation for the rate of falls
outcomes, although this is likely to be the case in many trials but
not clearly reported.

We conducted sensitivity analyses according to trial quality,
excluding trials at high risk of bias for random sequence generation,
allocation concealment, attrition bias, baseline imbalance, or
method of ascertaining falls.

Certainty of the evidence assessment

We assessed risk of bias according to the Cochrane RoB 1 tool,
plus two items relating to method of ascertaining falls and baseline
imbalance, for consistency with previous versions of this review and
other Cochrane falls prevention reviews [51, 52, 55].

For the main comparisons (multifactorial interventions,
active exercise, medication review/deprescribing, vitamin D
supplementation, and dairy food supplementation), we used the
GRADE approach to assess the certainty of the body of evidence
for each outcome listed in Outcome measures [109]. Two review
authorsindependently performed the GRADE assessment, with any
disagreements resolved by discussion or through adjudication with
a third review author if necessary. Evidence based on RCTs was
initially considered of high certainty, and could be downgraded
to moderate, low, or very low based on the presence and extent
of five factors: risk of bias/trial limitations, inconsistency of
effect, imprecision, indirectness, or publication bias. We conducted
sensitivity analyses according to trial quality, excluding trials at
high risk of bias in the domains of random sequence generation,
allocation concealment, attrition bias, baseline imbalance, and
method of ascertaining falls, to inform the rating of risk of bias/
trial limitations. These domains were considered the most likely
to infer risk of bias within trials of falls prevention research, as
determined by discussion between author and non-author falls
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prevention senior researchers. If the point estimate changed by =
25%, we downgraded the certainty of evidence for risk of bias. If
the point estimate was relatively unchanged after excluding trials
at high risk of bias (even if the CIs became wider), then the potential
impact of the risk of bias was considered not serious.

We used the GRADE approach to assess the certainty of the
evidence related to the critical and important outcomes listed in
Outcome measures (rate of falls, risk of falling, risk of fracture,
AEs, and economic outcomes in terms of cost-effectiveness). Only
cost-effectiveness outcomes data were considered for the GRADE
certainty of evidence for economic outcomes, as other economic
outcomes do not provide information on the relative benefit of the
alternative interventions.

Summary of findings tables

We prepared summary of findings tables for the following
comparisons, as these were the four most common falls prevention
activities considered and applied in care facility settings, plus
one comparison for which there was a single trial enrolling 7195
participants:

« multifactorial interventions compared with usual care;
« active exercise compared with usual care;
« medication review/deprescribing compared with usual care;

« vitamin D supplementation compared with no vitamin D
supplementation;

« dairy food supplementation compared with usual care.

For multifactorial interventions, we have presented findings for the
overall pooling of all trials and also from the subgroup analysis
informed by the QCA (i.e. interventions implemented with facility
engagement and tailored delivery) in Supplementary material 20.
For exercise, we have presented the findings for two different
endpoints of the trials (i.e. outcomes measured at the end of
the intervention period and after a period of post-intervention
follow-up) in Supplementary material 21. We undertook this
approach because of the clinical importance of these subgroups
and endpoints.

Consumer involvement

Consumers were not involved in this review update due to limited
resources. Existing methods and outcomes were retained from
previous versions of this review for consistency of reporting.

RESULTS

Description of studies
Results of the search

The searches for this update covered the period of 3 August
2017 to 10 May 2024. We screened a total of 9025 records
from the following databases: CENTRAL (933), MEDLINE (1464),
Embase (2790), CINAHL Plus (542), the WHO ICTRP (1157), and
ClinicalTrials.gov (2139), plus 82 records from other sources. Figure
1 shows the screening process for this update and the number of
trials brought forward from the previous review [1]. We identified
andincluded 33 new trials reported in 102 records, of which 24 trials
provided data for the quantitative evidence synthesis.
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Figure 1. Study flow diagrams in Cochrane review updates: an adapted PRISMA flow diagram. Syst Rev 3, 54 (2014).
https://doi.org/10.1186/2046-4053-3-54; as recommended in https://community.cochrane.org/organizational-info/
resources/resources-groups/information-specialists-portal/searching-recording-reporting
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Figure 1. (Continued)

previous) and 8
studies awaiting
classification (16
new records), plus
4 additional
citations for
previously
included studies

104 total included
trials

79 studies included
in quantitative
synthesis
(meta-analysis)

Due to the review size, not all links to references have been inserted
in the text, but can be viewed in Table 1.

Included studies

This review includes 104 trials with 68,964 participants, of which
33 trials enrolling 27,492 participants were newly identified (see
Table 1). Details of individual trials are provided in Supplementary
material 2, and are briefly outlined below.

Design

Fifty-six trials were individually randomised, while 48 trials used a
cluster-randomised design (see Table 1).

Settings

The included trials were carried out in 25 countries (see Table 1).

Participants

The mean age of participants was 83.6 years, and 72.3% were
women.

All participants were women in five trials (Bischoff 2003 [110];
Chapuy 2002 [111]; Irez 2011 [112]; Kovacs 2012 [113]; Sihvonen
2004 [114, 115]). Nineteen trials specifically recruited participants
with cognitive impairment or reported findings for a relevant
subgroup (Becker 2003 [116, 117, 118, 119, 120, 121]; Brett 2021
[122,123,124]; Buettner2002 [125, 126]; Chenoweth 2009 (127,128,
129]; Dever Fitzgerald 2016 [130, 131]; Gattinger 2017 [132, 133];
Hewitt 2018 [29]; Jensen 2002 [134, 135, 136]; Juola 2015; Klages

2011 [137]; Kovacs 2013 [138]; Lauriks 2020 [139]; Neyens 2009 [140,
141]; Roberts 2020 [142, 143]; Shaw 2003 [144, 145, 146, 147, 148];
Toots 2019 [149, 150, 151, 152, 153]; Toulotte 2003 [154, 155]; Van
de Ven 2014 [156, 157, 158, 159]; Whitney 2017 [160, 161, 162]).

Interventions

Using ProFaNE taxonomy, all trials were categorised by
intervention and grouped by combination (multifactorial, single, or
multiple) (Supplementary material 10). The specific components of
trialsincluding 'exercise' (Supplementary material 11), 'medication
(drug target)' (Supplementary material 12), and 'environment/
assistive technology' (Supplementary material 13) interventions
are also summarised.

Outcomes

The source of data used for calculating outcomes for each trial for
generic inverse variance meta-analysis is shown in Supplementary
material 14. Twenty-five trials met our inclusion criteria but did
not report data that could be included in pooled analyses for
rate or risk of falls. Twenty-eight trials reported data on fractures
suitable for use in pooled analyses. Thirty-six trials clearly reported
data on AEs (Supplementary material 15). Eighteen trials reported
costs or economic analyses associated with the interventions
(Supplementary material 16).

Excluded studies

Overall, a total of 108 studies were excluded (see Supplementary
material 3 for details and reasons for exclusion). Regarding the 28
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newly excluded trials, the reasons for exclusion were as follows (see
Figure 1):

« wrong outcomes (11 studies);

« wrong setting (7 studies);

« wrong population (2 studies);

« wrong study design (5 studies);

« unable to be retrieved (2 studies);
« withdrawn (1 study).

Studies awaiting classification

Eight trials are awaiting classification (see Supplementary material
4). One trial awaiting publication of a full report is a nutritional
intervention (nutritional assessment followed by calculation of
calorie or protein targets; DRKS00029656 2022 [163, 164, 165, 166],
31 participants). Seven completed trials were identified in the top-
up search and are awaiting classification to be incorporated in
the next review update. This includes four small trials of exercise
in comparison to usual care: one a three-arm trial including a
multicomponent and a calisthenics arm (Bays-Moneo 2023 [167],
69 participants), two trials enrolling fewer than 30 participants
(Levinger 2023 [168, 169, 170, 171], 16 participants and Sadaqa
2024 [172, 173], 24 participants), and one a standing intervention
(Gallibois 2023 [174, 175], 89 participants). There are also two

medication target intervention trials: one is a trial of a medication
optimisation intervention (Almutairi 2023 [176], 439 participants),
and the otheris a trial of deprescribing antihypertensives (Bogaerts
2024 (177,178,179, 180, 181, 182], 205 participants). The final trial
is of a virtual reality training system for rehabilitation (Zhao 2023
[183], 50 participants).

Ongoing studies

We are aware of 36 ongoing studies (see Supplementary material
5 for details): 14 trials of exercise, six medication optimisation
trials, four trials that targeted specific medications (one vitamin
D, one vitamin Bj;, one antihypertensive, and one bone
medication), three social environment (two staff training and one
service model change) interventions, two trials of environment/
assistive technology interventions, two multiple interventions
(one multicomponent physical exercise programme with a
Mediterranean diet, and the other exercise, psychological, social
environment and assessment), four multifactorial intervention
trials, and one management of urinary incontinence.

Risk of bias in included studies

Details of the risk of bias assessment for nine items for each trial
are shown in Supplementary material 2. Summary results for these
items are shown in Figure 2 and Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each methodological quality item for each
included study.
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Figure 3. Risk of bias graph: review authors' judgements about each methodological quality item presented as

percentages across all included trials.
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Most of the 104 included trials were considered at high risk of
bias for at least one domain. In particular, there was a high risk of
performance bias for 88% (n = 92) of trials due to lack of blinding,
which was rarely feasible for many intervention types. Only four
trials were considered at low risk of bias for all or the majority of
domains (Bischoff 2003; Broe 2007 [184]; Flicker 2005 [185, 186, 187,
188, 189]; Toots 2019): three examined vitamin D supplementation
in comparison with placebo, and the fourth was an active exercise

intervention with an active control and the trial hypothesis not
disclosed to participants, relatives, or staff (Toots 2019). There
was a high proportion of trials rated as unclear risk of bias for
allocation concealment and method of ascertaining falls due to
unclear reporting.

We assessed risk of bias for sequence generation as low in almost
three-quarters of trials. Approximately half of the included trials
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were considered at unclear or high risk of selection bias, which
often reflected a lack of clarity regarding the methods of allocation
concealment.

Blinding of participants and personnel was uncommon, and
indeed was not feasible for many intervention types (e.g. social
environment or multifactorial interventions). Related to this, the
likelihood of detection bias in relation to the ascertainment of falls
by outcome assessors was considered high in more than half of
the included trials, as falls are usually reported by staff, or trial
participants. When falls data were collated by a researcher blind to
group allocation, risk of detection bias was judged as unclear, as
falls events were still reported initially by staff or participants. Risk
of detection bias was low most commonly in vitamin D trials, where
administration of a placebo was possible (e.g. Flicker 2005).

We assessed the risk of attrition bias due to incomplete outcome
data as low in just over half of all trials where there was no loss
to follow-up, or losses were balanced between groups (e.g. Cadore
2014; Kerse 2008 [190, 191, 192]). The high risk of attrition bias in
some trials is likely to have been related to longer periods of follow-
up (e.g. 12 months for Juola 2015 and 16 months for Kennedy 2015).

We assessed reporting bias as unclear in approximately half of
the included trials. Generally, this occurred in older trials when no
protocol was identified.

We judged the method of ascertaining falls to be at low risk of bias
in approximately one-third of trials. In many trials it was unclear if
a definition of falls was provided.

We considered the risk of bias relating to imbalance in baseline
characteristics to be low in just over half of the included trials. Risk
of baseline imbalance usually occurred in small trials (e.g. Buckinx
2014[193,194,195, 196,197, 198]) or cluster-randomised trials (e.g.
Becker 2003; Choi 2005 [199]; Van Gaal 2011 [200, 201, 202, 203,
204]; Whitney 2017).

We judged six trials to be at high risk of bias for other reasons
(e.g. because the author was employed by the company producing
the intervention) (Clifton 2009 [205, 206]). We assessed two
trials as at unclear risk of other bias, one due to the uncertain
impact of COVID-19 lockdowns delaying intervention delivery and
assessments (Taylor 2024 [207, 208, 209, 210]), and the other due
to a majority of participants choosing a third, non-randomised,
'patient preference' arm of the trial (Streim 2012 [211, 212, 213]).

Cluster-randomised trials

Many of the included studies were cluster-RCTs (46%, 48/104).
Risk of bias particular to cluster-RCTs was considered within other
domains (see Risk of bias assessment in included studies). It is
worth noting that some of these trials contained a small number
of clusters, and hence were more prone to baseline imbalance
(e.g. Choi 2005; Van Gaal 2011), and, in some cases, prediction
of allocation concealment (e.g. Choi 2005). Loss of whole clusters
could also lead to a high risk of attrition bias (e.g. Cox 2008 [214];
luliano 2021).

Synthesis of results

Results are presented by combination (multifactorial, single,
or multiple) and intervention type (categorised according to
the ProFaNE classification [15], as described in Supplementary

material 10). AEs were inconsistently reported, and there are
concerns that they were frequently not monitored systematically.
When reported, results could not be pooled. A description of AE
data is provided under the important outcomes, according to
intervention type. Where multiple studies reported this outcome
and data could not be adequately reported in the text, these data
are provided in Supplementary material 15. Economic outcomes
are summarised in Supplementary material 16. Sensitivity analyses
are reported according to intervention type in Supplementary
material 17.

Multifactorial interventions
Multifactorial interventions compared with usual care
Overview of included trials

In multifactorial interventions, two or more categories of
intervention are given based on an initial assessment of an
individual’s risk factors for falls. Selection of the interventions
provided, or recommendations or referral for further action, are
based on the findings of the assessment, which is usually carried
out by one or more health professionals. The components of
the interventions considered for implementation within each trial
are shown in Supplementary material 10, classified according to
ProFaNE.

All trials included medication optimisation, environmental
assessment, assessment of need for assistive aids, and exercise as
a component of the intervention. Some trials also included social
environment or knowledge interventions. Management of urinary
incontinence, fluid or nutritional therapy, and podiatry referral
were infrequently included. Logan 2021, and the feasibility trial
Walker 2016 [215, 216], targeted the most comprehensive list of
ProFaNE categories, including staff training on the intervention.
In the included trials, the interventions were initiated either from
multidisciplinary team assessment (Dyer 2004; Jensen 2002; Shaw
2003), nurse practitioner assessment (Rubenstein 1990 [217]),
baseline risk assessment tool (Kerse 2004 [218]; Logan 2021,
McMurdo 2000 [219, 220, 221, 222]; Neyens 2009; Salva 2016 [223,
224]; Walker 2016; Whitney 2017), or via resident self-selection
of interventions (Becker 2003). A summary of the evidence for
multifactorial interventions in comparison with usual care is
provided in Summary of findings 1.

Fifteen trials (6143 randomised participants) studied multifactorial
interventions (Beck 2016; Becker 2003; Dyer 2004; Jensen 2002;
Kerse 2004; Kerse 2009 [225, 226]; Logan 2021; McMurdo 2000;
Neyens 2009; Ray 1997 [227]; Rubenstein 1990; Salva 2016; Shaw
2003; Walker 2016; Whitney 2017).

« Twelve trials were cluster-randomised trials (Beck 2016; Becker
2003; Dyer 2004; Jensen 2002; Kerse 2004; Logan 2021,
McMurdo 2000; Neyens 2009; Ray 1997; Salva 2016; Walker 2016;
Whitney 2017; 5607 participants), and three were individually
randomised trials (Kerse 2009; Rubenstein 1990; Shaw 2003; 536
participants).

« Whitney 2017 was also a cross-over trial.

« Two trials did not have data suitable for use in the quantitative
analysis (Beck 2016; Ray 1997; 530 participants). Four trials
(3348 participants) reported data on hip fractures (Becker 2003;
Jensen 2002; Logan 2021; Shaw 2003), and three reported
total fractures (Logan 2021; Salva 2016; Whitney 2017; 2178
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(Beck 2016; McMurdo 2000; Whitney 2017).

Critical outcomes

Rate of falls

Despite the heterogeneity between trials, they were considered
clinically similar enough for pooling to be meaningful. Pooled

Figure 4. Multifactorial interventions: rate of falls.

Multifactorial Usual care

data from 12 trials (4843 participants) indicate that overall,
multifactorial interventions probably have little or no effect on the
rate of falls (Supplementary material 6, Analysis 1.1: RaR 0.87, 95%
Cl 0.68 to 1.12; I* = 89%; moderate-certainty evidence; Figure 4).
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However, there was considerable statistical heterogeneity.
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Beck 2016 (31 participants) reported falls outcomes in a cluster-
randomised trial of an exercise programme plus nutritional
support. There were zero falls in the intervention arm and two in
the control arm over an 11-week period.

Favours multifactorial

Risk of falling

Pooled data for risk of falling indicated that overall, multifactorial
interventions probably reduce the risk of falling (Supplementary
material 6, Analysis 1.2: RR 0.91, 95% Cl 0.83 to 1.00; I> = 19%; 11
trials; 4557 participants; moderate-certainty evidence; Figure 5),

but the 95% Cl included the possibility of no effect.
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Figure 5. Multifactorial interventions: risk of falling.
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Ray 1997 only recorded the number of people having two or more
falls during follow-up (recurrent fallers) and reported a reduction
in the proportion of recurrent fallers (difference 19%, 95% CI 2% to
36%; P = 0.03; 482 participants).

Important outcomes
Risk of fracture

Pooled results reporting risk of fracture did not show strong
evidence for an effect (Supplementary material 6, Analysis 1.3: RR
0.95, 95% Cl 0.50 to 1.82; I = 31%); 6 trials; 3817 participants; 76
fractures; very low-certainty evidence). Data from three of the six
trials (1695 participants) were for hip fracture (Becker 2003; Jensen
2002; Salva 2016), and three trials (2122 participants) reported total
fractures (Logan 2021; Shaw 2003; Whitney 2017). Three trials (2946
participants) included hip protectors as an intervention (Becker
2003; Logan 2021; Shaw 2003). We are uncertain of the effects of
multifactorial interventions on the risk of fracture as the certainty
of evidence is very low.

Adverse events

Three trials (355 participants) reported AE data. One trial reported
aninstance of afallin the intervention arm (Whitney 2017), and two
trials reported that there were no AEs (Beck 2016; McMurdo 2000).
We are uncertain of the effects of multifactorial interventions on AEs
as the certainty of evidence is very low.

.l @

+ +
+ +
2 5
Favours usual care

0.2 0.5
Favours multifactorial

Economic outcomes

Logan 2021 (1657 participants) conducted a cost-utility analysis of
their effective trial of the Guide to Action for falls prevention in
Care Homes (GtACH) programme in 28 UK care homes [47]. The
programme was judged by the authors to be cost-effective, with an
incremental cost of GBP 20,889 per quality-adjusted life year (QALY)
gained when QALY was derived from the Dementia Specific Quality
of Life, and GBP 4543 per QALY gained when it was based on the
EQ-5D. The incremental cost per fall averted was GBP 190.62 (see
Supplementary material 16). The feasibility trial preceding this trial
also reported a cost analysis (Walker 2016; Supplementary material
16). Multifactorial interventions may be cost-effective at preventing
falls (low-certainty evidence).

Subgroup analyses exploring heterogeneity
Grouped by trial endpoint

We conducted a subgroup analysis grouping trials according to
whether falls were measured at the end of the intervention
period or after a period of post-intervention follow-up. A subgroup
analysis grouping the trials that clearly reported a period of post-
intervention follow-up versus the remainder found a difference
between subgroups for the rate of falls (test for subgroup
differences; Supplementary material 6, Analysis 2.1: P = 0.03),
with a reduction in falls in the subgroup recording falls after a
period of post-intervention follow-up (Supplementary material 6,
Analysis 2.1.2: RaR 0.64, 95% Cl 0.50 to 0.83; I? = 33%; 3 trials; 670
participants). The credibility of the subgroup analysis grouped by
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trial endpoint was considered low, so the implications of these
findings are uncertain and possibly spurious.

An additional post hoc subgroup analysis according to the length of
thetrial (Analysis 3.1; Analysis 3.2; Analysis 3.3) did not demonstrate
subgroup differences or a reduction in falls/fractures between the
subgroups of trials continued for greater or less than 12 months
(Supplementary material 17).

Grouped by level of cognition

We carried out a subgroup analysis comparing trials recruiting
people with cognitive impairment versus trials with participants
with no cognitive impairment (based on inclusion/exclusion
criteria), or a mixed sample (see Supplementary material 18).
Three trials recruited residents with cognitive impairment only
(Neyens 2009; Shaw 2003; Whitney 2017; 1017 participants). In
addition, two trials (Becker 2003; Jensen 2002; 1383 participants)
carried out pre-planned subgroup analyses by levels of cognition,
which are reported in Rapp 2008 [228] and Jensen 2003 [229],
respectively. Cognitive impairment was defined differently in
all five trials (see footnotes to Analysis 4.1 and Analysis 4.2;
Supplementary material 6). There was no evidence of subgroup
differences between those with higher or mixed levels of cognition
and those with lower cognition for rate of falls (Supplementary
material 6, Analysis 4.1: test for subgroup differences P = 0.96)
or risk of falling (Supplementary material 6, Analysis 4.2: test for
subgroup differences P = 0.40). In addition, Salva 2016 reported
an OR adjusted for clustering and confounders for the number of
peoplefalling for the subgroup of participants with higher cognition
(excluding those with dementia; OR 1.75, 95% CI 0.75 to 4.1; 173
participants); these data were not pooled.

Informed by ICA and QCA

As previous subgroup analyses were not informative, ICA and QCA
were conducted to develop a theory of the drivers of effective
multifactorial trials according to the trialists' views [230]. This
theory suggested that trials that attempted to engage all facility
staff and managers in implementation and/or education on the
intervention and appropriately tailored the delivery of selected
falls prevention interventions according to the residents' individual
circumstances (e.g. living with dementia) were more likely to
be effective at reducing falls (see Supplementary material 19).
Examples of facility engagement included approaches such as

inviting care home managers to training sessions (Logan 2021),
offering refresher training sessions to address staff turnover (Logan
2021;Walker 2016), or offering falls prevention education, including
discussion of case studies (Jensen 2002). Lack of appropriate
tailoring can lead to lack of implementation of the recommended
interventions, and thus a lack of success in falls reduction
and waste of resources (Whitney 2017). Successful tailoring may
involve allowing staff to tailor the intervention to ensure that the
environmental and personal intrinsic risks targeted are modified.

A summary of the evidence for multifactorial interventions in
comparison with usual care in care facilities for the subgroup
of trials aligned with this ICA/QCA-derived theory is provided in
Supplementary material 20. Subgroup analyses of trials grouped
according to whether or not the intervention was provided in
this manner demonstrated a statistically significant difference
between subgroups for rate of falls (tests for subgroup differences
Supplementary material 6, Analysis 5.1: rate of falls P < 0.001;
Supplementary material 6, Analysis 5.2: risk of falling P = 0.05;
Supplementary material 6, Analysis 5.3: risk of fracture P = 0.95).
Multifactorial interventions that are implemented with facility
staff engagement and tailored intervention delivery according
to resident individual circumstances (e.g. living with dementia)
probably result in a moderate to large decrease in falls in care
facilities (Analysis 5.1.1: RaR 0.61, 95% Cl 0.54 to 0.69; 1* = 0%;
7 trials; 3553 participants; Figure 6; Analysis 5.2.1: RR 0.81, 95%
Cl 0.71 to 0.92; I*> = 0%; 5 trials; 2993 participants; moderate-
certainty evidence; Figure 7). However, multifactorial interventions
that did not undertake either facility staff engagement and/or
tailored intervention delivery probably do not reduce the risk of
falling (Supplementary material 6, Analysis 5.2.2: RR 0.96, 95% ClI
0.86 to 1.07; I> = 5%j; 5 trials; 1234 participants; moderate-certainty
evidence; Figure 7). The effect on the rate of falls for interventions
not undertaking these approaches is uncertain (Analysis 5.1.2: RaR
1.12, 95% Cl 0.96 to 1.30; I? = 45%j; 4 trials; 960 participants; Figure
6; very low-certainty evidence). These subgroups did not differ for
the risk of fracture (Supplementary material 6, Analysis 5.3: test
for subgroup differences P = 0.95; with facility engagement and
tailored intervention delivery (RR 0.86,95% Cl 0.36 to 2.06; > = 33%;
3 trials; 3022 participants; very low-certainty evidence); without
facility engagement and tailored intervention delivery (RR 0.91,
95% Cl 0.16 to 5.14; I* = 38%j; 2 trials; 465 participants; very low-
certainty evidence)). The credibility of the subgroup analyses was
considered high (Supplementary material 17) [231].
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Figure 6. Multifactorial interventions: rate of falls grouped by alighment with QCA theory. Reproduced and updated
from Suen and colleagues 2023 [230].

Multifactorial Usual care Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI A BCDETFGHI

5.1.1 Facility engagement and tailored intervention delivery

Becker 2003 -0.6 0.15 509 472 10.4% 0.55[0.41, 0.74] —— 2720000000
Dyer 2004 -0.62 0.13 102 94 10.9% 0.54[0.42 , 0.69] —— 090000060060
Jensen 2002 -0.29 0.2 188 196 9.1% 0.75[0.51, 1.11] —— 9000 OOGOO®
Logan 2021 -0.46 0.1 630 712 11.5% 0.63[0.52,0.77] —-— 70907200000
McMurdo 2000 -0.25 0.24 52 38 8.1% 0.78 [0.49 , 1.25] —— 27200072000
Neyens 2009 -0.24 0.31 249 269 6.5% 0.79[0.43 , 1.44] i — 200000260
Walker 2016 -0.73 0.45 22 20 4.2% 0.48[0.20, 1.16] - 0000060
Subtotal (Wald.) 1752 1801  60.7% 0.61[0.54 , 0.69] ¢

Test for overall effect: Z = 7.86 (P < 0.00001)
Heterogeneity: Tau? (DLb) = 0.00; Chi2 = 4.56, df = 6 (P = 0.60); I = 0%

5.1.2 Without facility engagement and tailored intervention delivery

Kerse 2004 0.29 0.12 309 238 11.1% 1.34[1.06, 1.69] —a—

Kerse 2009 0.1 0.06 30 32 12.3% 1.11[0.98, 1.24] -
Rubenstein 1990 -0.05 0.1 79 81 11.5% 0.95[0.78, 1.16] —

Whitney 2017 0.46 0.44 103 88 4.4% 1.58[0.67, 3.75] s B
Subtotal (Walda) 521 439  39.3% 1.12[0.96, 1.30] ‘

Test for overall effect: Z = 1.47 (P = 0.14)
Heterogeneity: Tau? (DLb) = 0.01; Chi2 = 5.43, df = 3 (P = 0.14); I = 45%

Total (Walda) 2273 2240 100.0% 0.80 [0.64, 1.01] ‘
Test for overall effect: Z = 1.92 (P = 0.06) 0f2 0?5 1 é é
Test for subgroup differences: Chi? = 37.09, df = 1 (P < 0.00001), I> = 97.3% Favours multifactorial Favours usual care

Heterogeneity: Tau? (DLb) = 0.10; Chi? = 66.92, df = 10 (P < 0.00001); I* = 85%

Footnotes
aCI calculated by Wald-type method.
vTau? calculated by DerSimonian and Laird method.

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias
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Figure 7. Multifactorial interventions: risk of falling grouped by alignment with QCA theory. Reproduced and
updated from Suen and colleagues 2023 [230].

Multifactorial Usual care Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETFGHII
5.2.1 Facility engagement and tailored intervention delivery
Becker 2003 -0.29 0.14 509 472 10.4% 0.75[0.57 , 0.98] ——| 220000000
Dyer 2004 0.01 0.17 102 9 7.6% 1.01[0.72, 1.41] — XX X XX EK)
Jensen 2002 -0.34 0.14 188 196 10.4% 0.71[0.54 , 0.94] — 100000 O®O®
Logan 2021 -0.14 0.11 630 712 14.8% 0.87[0.70 , 1.08] —= 09000000
McMurdo 2000 -0.42 0.3 52 38 27% 0.66 [0.36 , 1.18] — 27000000
Subtotal (Wald.) 1481 1512 45.9% 0.81[0.71,0.92] ‘
Test for overall effect: Z = 3.16 (P = 0.002)
Heterogeneity: Tau? (DLb) = 0.00; Chi2 = 3.76, df = 4 (P = 0.44); I2 = 0%
5.2.2 Without facility engagement and tailored intervention delivery
Kerse 2004 0.25 0.17 309 238 7.6% 1.28[0.92, 1.79] +— (XX X X XXX
Kerse 2009 -0.31 031 30 2 2.6% 0.73[0.40 , 1.35] _ 20090200
Rubenstein 1990 -0.06 0.1 79 81  16.7% 0.94[0.77, 1.15] L 0000000
Shaw 2003 -0.08 0.07 130 144 24.8% 0.92[0.80, 1.06] B 000002000
Whitney 2017 0.09 0.32 103 88 2.4% 1.09 [0.58 , 2.05] . Ra— 0 020000200
Subtotal (Walda) 651 583 54.1% 0.96 [0.86, 1.07] ‘
Test for overall effect: Z = 0.74 (P = 0.46)
Heterogeneity: Tau? (DLb) = 0.00; Chi? = 4.19, df = 4 (P = 0.38); I2 = 5%
Total (Walda) 2132 2095 100.0% 0.89 [0.81, 0.99] ‘l
Test for overall effect: Z = 2.22 (P = 0.03) 0f2 0?5 i 5 é
Test for subgroup differences: Chi2 = 3.72, df = 1 (P = 0.05), I> = 73.1% Favours multifactorial Favours usual care
Heterogeneity: Tau? (DLb) = 0.01; Chi2 = 11.72, df =9 (P = 0.23); I2 = 23%
Footnotes
aCI calculated by Wald-type method.
vTau? calculated by DerSimonian and Laird method.
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes
(F) Selective reporting (reporting bias)
(G) Method of ascertaining falls
(H) Baseline imbalance
(I) Other bias
Funnel plots and sensitivity analyses of falling (Figure 9). There was no obvious asymmetry on visual
. - - . inspection.
We conducted a funnel plot of trials of multifactorial interventions P
in care facilities for the outcomes rate of falls (Figure 8) and risk
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Figure 8. Funnel plot of multifactorial trials reporting data for rate of falls meta-analysis.

[en)
|
1

SE(log[Rate Ratio])

0.1+ O

0O

0.2+ O

0.3+

Rate Ratio
0.5 f } }
0.2 0.5 1 2 5

Interventions for preventing falls in older people in care facilities (Review) 35
Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Figure 9. Funnel plot of multifactorial trials reporting data for risk of falling meta-analysis.
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We conducted sensitivity analyses examining the model used for
the meta-analyses and the effect of excluding trials at high risk
of bias for the subgroup analysis of trials grouped according to
alignment with the QCA theory of facility engagement and tailored
intervention delivery (considering the participant's individual
circumstances, e.g. living with dementia). These analyses did not
change the interpretation of any of the findings (Supplementary
material 17; Supplementary material 6, Analysis 1.4; Analysis 1.5;
Analysis 1.6; Analysis 5.4; Analysis 5.5; Analysis 5.6).

Single interventions

Single interventions consist of one major category of intervention
only and are delivered to all participants in the group.

Exercise
Overview of included trials

Thirty-five trials (4313 randomised participants) investigated
exercise as a single intervention (see Table 2): six trials were cluster
randomised (Choi 2005; Hewitt 2018; Kerse 2008; Rosendahl 2008
[232, 233, 234, 235, 236, 237, 238, 239]; Toots 2019; Yokoi 2015 [240,
241]), and the remaining 29 trials were individually randomised
(see Table 1). However, many of these trials were small (median 72
participants, range 16 to 682).

« The types of exercise are shown in Table 2 and examined in
subgroup analyses (Supplementary material 6, Analysis 8.1;
Analysis 8.2).

« Most trials examined a combination of exercise types, but eight
trials primarily examined gait, balance, and functional exercises
(Fu2015[242,243]; Jahanpeyma 2021 [244]; Kerse 2008; Kovacs
2012; Kovacs 2013; Sakamoto 2006 [245]; Shimada 2004 [246];
Sihvonen 2004); Irez 2011 primarily included strength exercises;
Choi 2005 examined Tai Chi; da Silva Borges 2014 [247] studied
ballroom dancing; three trials undertook general physical
activity (Schoenfelder 2000 [248, 249]; Varela 2018 [250]; Yokoi
2015); and two trials examined whole-body vibration (Buckinx
2014; Koike 2009 [251, 252, 253]).

« The control arms also varied across trials.

« Four trials included three arms (Faber 2006 [254]; Nowalk 2001
[255]; Saravanakumar 2014 [256, 257]; Tuunainen 2013 [258,
259]).

Kerse 2009 was a 2 x 2 factorial feasibility trial examining both
exercise and multifactorial interventions.

« One study was a cross-over trial (Toulotte 2003).

The trials are categorised below, both according to the ProFaNE
exercise category (see Supplementary material 11) and the
comparator arm of the trial. A summary of the evidence for active
exercise versus usual care for falls prevention in care facilities is
provided in Summary of findings 2 and Supplementary material 21.

Only six trials reported the impact of exercise interventions on
fractures (Hewitt 2018; Koike 2009; Rosendahl 2008, Sitja Rabert
2015 [260, 261, 262]; Taylor 2024; Toots 2019; 1448 randomised
participants). Fifteen trials (2789 randomised participants, 2516
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versus usual care and 273 in trials comparing different exercise
programmes) reported on AEs (Supplementary material 15).

In seven trials, the reported data were incomplete and unsuitable
for pooling with other trials (Buettner 2002; Cadore 2014; da Silva
Borges 2014; Imaoka 2016; Nowalk 2001; Serra-Rexach 2011 [263,
264, 265]; Toulotte 2003; see Supplementary material 6, Analysis
6.2; Analysis 11.4). Falls data from Imaoka 2016 excluded the
intervention period and are thus not presented in the forest plot.

Exercise compared with usual care
Overview of included trials

Twenty-eight trials compared an exercise intervention with usual
care, defined as no exercise, no change in previous lifestyle, or
exercise type or level unlikely to change physical performance (e.g.
seated flexibility exercise programme).

« Twenty-six trials examined an active exercise intervention, but
two evaluated an 'other' type of exercise (i.e. whole-body
vibration) (Koike 2009; Buckinx 2014). Outcomes from these two
groups of intervention types were not pooled.

« Sixtrials were cluster randomised (Choi 2005; Hewitt 2018; Kerse
2008; Rosendahl 2008; Toots 2019; Yokoi 2015).

« The results of two intervention arms were combined for Faber
2006.

« Analyses were conducted separately according to the timing of
recording of falls outcomes, either at the end of the intervention
period or at the longest follow-up time after the intervention.
These findings were published in 2023 [266]; the current analysis

includes two additional trials identified through searching trials
registry records that reported outcomes for active exercise at the
end of the intervention period (Kerse 2009; Taylor 2024), and one
that reported outcomes for whole-body vibration after a period
of post-intervention follow-up (Koike 2009)

« Five trials reported falls outcomes contributing to analyses for
both time points (Arrieta 2019 [267, 268, 269, 270, 271,272, 273];
Buckinx 2014; Rosendahl 2008; Schoenfelder 2000; Toots 2019).

« As there was considerable clinical and statistical heterogeneity
between trials, we undertook ICA and QCA analyses to explore
heterogeneity and inform a subgroup analysis [274, 275].

The findings for active exercise in comparison to usual care are
presented in Summary of findings 2 for outcomes measured at the
end of the intervention period and Supplementary material 21 for
outcomes measured after a period of post-intervention follow-up.

Critical outcomes
Rate of falls

Active exercise: At the end of the intervention period, active
exercise probably reduces the rate of falls (Supplementary material
6, Analysis 6.1.1: RaR 0.68, 95% CI 0.51 to 0.91; 14 trials;
2215 participants; moderate-certainty evidence; Figure 10), with
considerable statistical heterogeneity (1> = 84%). However, after a
period of post-intervention follow-up, there was no effect on the
rate of falls (Supplementary material 6, Analysis 7.1.1: RaR 1.02,
95% Cl 0.78 to 1.32; I = 64%; 7 trials; 1354 participants; Figure 11;
high-certainty evidence).
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Figure 10. Exercise: rate of falls at the end of the intervention period.

Exercise Usual care Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI A BCDETFGHI
6.1.1 Active exercise
Atrieta 2019 -0.8 0.22 43 39 7.6% 0.4510.29 , 0.69] — 0020000
Brett 2021 -1.47 0.24 36 19 7.3% 0.23[0.14, 0.37] — (XXX XXXXXK]
Dhargave 2020 -0.33 0.25 75 77 7.2% 0.72[0.44,1.17] — 20000220
Hewitt 20185 -0.8 0.16 97 92  82% 0.45[0.33, 0.61] —— 0000000
Irez 2011 -1.27 0.33 30 30 6.3% 0.28[0.15, 0.54] _— 220 22000
Jahanpeyma 2021 -0.94 0.27 35 36 7.0% 0.39[0.23, 0.66] —_— 200020006
Kerse 2009¢ -0.29 0.29 33 29 6.8% 0.75[0.42 , 1.32] —_— [ X X ) 2200
Kovacs 2013 -0.26 0.38 32 30 5.7% 0.77[0.37, 1.62] —_— X X KK N X
Mulrow 1994 0.28 0.17 97 97  81% 1.32[0.95, 1.85] —a— 090020006006
Sakamoto 2006 0.2 0.12 315 212 8.6% 0.82[0.65, 1.04] —y 2000606 220
Schoenfelder 2000 1.05 0.46 9 7 4.9% 2.86[1.16, 7.04] _— 7090000000
Taylor 2024 0 0.14 262 258  8.4% 1.00[0.76 , 1.32] —4— XX B XK EX B
Toots 2019 0.26 0.24 93 93 7.3% 1.30 [0.81, 2.08] —— (XXX XXXXK]
Varela 2018 -0.4 0.3 17 22 6.6% 0.67[0.37, 1.21] R 2020?20
Subtotal (Waldd) 1174 1041 100.0% 0.68 [0.51, 0.91] <&
Test for overall effect: Z = 2.60 (P = 0.009)
Heterogeneity: Tau? (DLe) = 0.25; Chi2 = 83.73, df = 13 (P < 0.00001); I2 = 84%
6.1.2 Whole body vibration
Buckinx 2014a 0.29 0.31 31 31 100.0% 1.34[0.73, 2.45] —+ 200000006
Subtotal 31 31 100.0% 1.34[0.73, 2.45] D
Test for overall effect: Z = 0.94 (P = 0.35)
Heterogeneity: Not applicable

01 02 05 1 2 5 10
Favours exercise Favours usual care

Footnotes

a6 months

bAt end intervention plus 6 months post-intervention maintenance period

<2x2 factorial trial, Staying UpRight vs seated control

dCI calculated by Wald-type method.

<Tau? calculated by DerSimonian and Laird method.

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias
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Figure 11. Exercise: rate of falls after post-intervention follow-up.

Exercise Usual care Rate Ratio Rate Ratio

Risk of Bias

Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI A BCDETFGHI
7.1.1 Active exercise

Arrieta 2019a -0.21 0.2 43 38 16.6% 0.81[0.55, 1.20]

Faber 2006 0.12 0.09 142 90 23.6% 1.13[0.95, 1.35]

Kerse 2008 0.1 0.14 310 329 20.5% 1.11[0.84, 1.45]

Rosendahl 2008 -0.2 0.32 87 96 10.6% 0.82[0.44,1.53]

Schoenfelder 2000 1 0.33 9 7 10.2% 2.72[1.42,5.19]

Sihvonen 2004 -0.92 0.43 20 7 7.1% 0.40[0.17, 0.93]

Toots 20194 -0.11 0.3 87 89 11.4% 0.90[0.50, 1.61]

Subtotal (Wald.) 698 656 100.0% 1.02 [0.78 , 1.32]

Test for overall effect: Z = 0.12 (P = 0.90)

Heterogeneity: Tau? (DLf) = 0.07; Chi2 = 16.63, df = 6 (P = 0.01); I = 64%

7.1.2 Whole body vibration

Buckinx 2014 -0.04 0.26 31 31 38.1% 0.96 [0.58 , 1.60]

Koike 2009 0.41 0.14 88 83 61.9% 1.51[1.15, 1.98]

Subtotal (Wald.) 119 114 100.0% 1.27[0.83, 1.95]

Test for overall effect: Z = 1.09 (P = 0.28)

Heterogeneity: Tau? (DLf) = 0.06; Chi2 =2.32, df =1 (P =0.13); I2 = 57%

Test for subgroup differences: Chi2 = 0.75, df = 1 (P = 0.39), I = 0% Ofl sz 0?5 é é 1€0

Footnotes

212 months (6 months after 6 month intervention)

vFunctional Walking (FW) and In Balance groups (IB) combined vs control
cFunctional exercise programme vs seated activities

416 months (12 months after 4 month intervention)

«CI calculated by Wald-type method.

Tau? calculated by DerSimonian and Laird method.

¢12 months (6 months post-intervention)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

Five additional trials (170 participants) reported data on rate of
falls that were not suitable for pooling (Supplementary material 6,
Analysis 6.2); all of these trials reported a reduction in falls.

Whole-body vibration: Trials of whole-body vibration did not
provide strong evidence for an effect on the rate of falls either at the
end of the intervention period (Supplementary material 6; Analysis
6.1.2: RaR 1.34,95% Cl 0.73 to 2.45; 1 trial; 62 participants) or after
a period of post-intervention follow-up (Supplementary material 6,
Analysis 7.1.2: RaR 1.27, 95% CI 0.83 to 1.95; I = 57%j; 2 trials; 233
participants).

Favours exercise Favours usual care

Risk of falling

Active exercise: At the end of the intervention period, data from
13 trials (2408 participants) showed that active exercise probably
reduces the risk of falls (Supplementary material 6, Analysis 6.3.1:
RR 0.86,95% CI 0.75 to 1.00; I = 37%; moderate-certainty evidence;
Figure 12). However, after a period of post-intervention follow-up
there was probably no effect on the risk of falling (Supplementary
material 6, Analysis 7.2.1: RR 1.06, 95% CI 0.92 to 1.23; I* = 17%; 7
trials; 1443 participants; moderate-certainty evidence; Figure 13).
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Figure 12. Exercise: risk of falling at the end of the intervention period.

Exercise Usual care Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup log[RR] SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI A B CDETFGHII
6.3.1 Active exercise
Arrieta 2019 0151  0.254 43 39 6.4% 0.86[0.52 , 1.41] — 200200200
Brett 2021 -0.734 0301 36 19  5.0% 0.48[0.27 ,0.87] — (X X XXXXXX)
Choi 2005 -0.51 0.58 29 30 1.6% 0.60[0.19, 1.87] e P000® 2000
Dhargave 2020 0329 0311 75 77 47% 0.72[0.39, 1.32] — 20000 0
Hewitt 20184 0431 0.149 113 108 12.2% 0.65[0.49, 0.87] - 000000060
Kerse 2009 -0.062  0.254 33 29 6.4% 0.94[0.57 , 1.55] — 0090200
Kovacs 2013 0.4 0.31 32 30 47% 0.67[0.37 ,1.23] —t XX X X XXX XK.
Mulrow 1994 0.15 0.17 97 97 10.7% 1.16 [0.83, 1.62] e P90 020000
Rosendahl 2008 -0.02 0.18 87 9%  10.0% 0.98[0.69 , 1.39] —— (XX X XXXXX)
Sakamoto 2006 -0.11 0.16 315 212 11.4% 0.90[0.65, 1.23] et 7200006 20
Taylor 2024 0.1 0.11 262 258  15.6% 1.11[0.89, 1.37] - 9090 ®
Toots 2019c -0.083  0.171 93 93 10.6% 0.92 [0.66 , 1.29] —a 000000000
Yokoi 2015 -1.56 1.02 51 54 0.5% 0.21[0.03,1.55] 4———1— 220907270072 2@
Subtotal (Walda) 1266 1142 100.0% 0.86 [0.75, 1.00] ﬂ
Test for overall effect: Z = 1.92 (P = 0.05)
Heterogeneity: Tau? (DLe) = 0.02; Chi2 = 19.12, df = 12 (P = 0.09); I2 = 37%
6.3.2 Whole body vibration
Buckinx 2014¢ 0 0.4 31 31 100.0% 1.00 [0.46 , 2.19] 27270000000
Subtotal 31 31 100.0% 1.00 [0.46 , 2.19] i
Test for overall effect: Z = 0.00 (P = 1.00)
Heterogeneity: Not applicable
Test for subgroup differences: Chi2 = 0.13, df = 1 (P = 0.72), 12 = 0% oo e i
Favours exercise Favours usual care
Footnotes
alncludes 6 months post-intervention maintenance
v2x2 factorial trial, Staying UpRight vs seated control arms
<4 months
4CI calculated by Wald-type method.
<Tau? calculated by DerSimonian and Laird method.
6 months (end of intervention)
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes
(F) Selective reporting (reporting bias)
(G) Method of ascertaining falls
(H) Baseline imbalance
(I) Other bias
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Figure 13. Exercise: risk of falling after post-intervention follow-up.

Exercise Usual care

Risk Ratio

Risk Ratio Risk of Bias

Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI A BCDETFGHI
7.2.1 Active Exercise
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Test for overall effect: Z = 0.78 (P = 0.43)
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7.2.2 Whole body vibration
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Footnotes

aFunctional Walking (FW) and In Balance (IB) groups combined vs control; 20 week intervention, 12 months follow-up

16 months, 12 months post-intervention

<12 months, 6 months post-intervention

dCI calculated by Wald-type method.

<Tau? calculated by DerSimonian and Laird method.
12 months follow-up, 6 months post-intervention

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

One additional trial (Nowalk 2001; 110 participants) reported data
on risk of falling that were not suitable for pooling (Supplementary
material 6, Analysis 6.2); there was no significant difference
between trial arms.

Whole-body vibration: Trials of whole-body vibration did not
provide strong evidence of an effect on the risk of falling either
at the end of the intervention period (Supplementary material 6,
Analysis 6.3.2: RR 1.00, 95% CI 0.46 to 2.19; 1 trial; 62 participants)
or after a period of post-intervention follow-up (Supplementary
material 6, Analysis 7.2.2: RR 1.14, 95% Cl 0.74 to 1.76; I* = 53%); 2
trials; 233 participants).

Important outcomes
Risk of fracture

Active exercise: Pooled data from three trials (927 participants)
reporting fracture outcomes at the end of the intervention period
found no strong evidence for a reduction in the risk of any fracture
(Supplementary material 6, Analysis 6.4.1: RR fracture 1.01, 95%
Cl 0.58 to 1.78; 1> = 0%; low-certainty evidence). One trial (186
participants) reported the risk of hip fracture (Supplementary
material 6, Analysis 6.4.2: RR fracture 0.50, 95% CI 0.05 to 5.20).

Active exercise may have little or no effect on the risk of fracture
(low-certainty evidence).

After a period of post-intervention follow-up, two trials (359
participants) reported outcomes of risk of any fracture and risk of
hip fracture (Supplementary material 6, Analysis 7.3.1: RR fracture
0.53,95% Cl0.24 to 1.14 12 =0%; Supplementary material 6, Analysis
7.3.3: RR hip fracture 0.72, 95% Cl 0.21 to 2.48; 1> = 24%; very low-
certainty evidence).

Whole-body vibration: No trials of whole-body vibration reported
fracture outcomes at the end of the intervention period. After a
period of post-intervention follow-up, one trial did not provide
strong evidence of an effect on the risk of fracture (Supplementary
material 6, Analysis 7.3.2: RR fracture 1.40, 95% Cl 0.53 to 3.74; 1
trial; 171 participants).

Adverse events

Active exercise: Ten trials (1731 participants) of active exercise
compared with usual care reported on AEs (see Supplementary
material 15 for details). Eight trials reported no serious AEs (Arrieta
2019; Brett 2021; Dhargave 2020 [276]; Hewitt 2018; Kerse 2008;
Mulrow 1994 [277, 278]; Schoenfelder 2000; Taylor 2024); it was
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unclear if data had been collected systematically. Four of these
trials reported no AEs, two reported no differences in the rates of
minor AEs such as aches and pains (Kerse 2008; Mulrow 1994), and
two reported one case of a non-injurious fall (Hewitt 2018; Taylor
2024). Two trials reported deaths for which association with the
intervention could not be definitively excluded (Rosendahl 2008;
Toots 2019).

We are uncertain of the effects of active exercise on AEs, as the
certainty of evidence is very low (Summary of findings 2).

Whole-body vibration: One trial found no strong evidence for a
difference in major AEs between whole-body vibration and usual
care (Supplementary material 6, Analysis 6.5.5: RR 1.51,95% CI 0.51
to 4.43; 1 trial; 171 participants; see Supplementary material 15 for
details).

Economic outcomes

Active exercise: Hewitt 2018 reported a cost-effectiveness analysis
of an exercise programme with individually prescribed progressive
resistance training plus balance exercise in a group setting
delivered over six months (with an additional six-month
maintenance period; N = 221) [26]. This intervention was
considered cost-effective with a (bootstrapped) cost-effectiveness
ratio of AUD 18 per fall per person avoided (95% CI AUD -380.34 to
AUD 417.85; 2015 prices). The analysis included costs of equipment
purchasing shared between facilities, which is likely to be more
favourable than the experience of a single aged care facility
implementing the programme (Supplementary material 16).

Two other trials reported cost information; however, as these are
not full economic evaluations, no conclusions can be drawn on the
value for money of the interventions (Buettner 2002; Mulrow 1994;
Supplementary material 16).

Active exercise interventions may be cost-effective at preventing
falls (low-certainty evidence).

Whole-body vibration: No trials of whole-body vibration reported
economic outcomes.

Subgroup analyses exploring heterogeneity
Grouped by type of exercise

In a subgroup analysis by broad types of exercise (with outcomes
measured at the end of the intervention period), there was
a statistical difference between subgroups for the rate of falls
(Supplementary material 6, Analysis 8.1: test for subgroup
differences P = 0.01). The rate of falls was reduced in the

subgroups of trials examining gait, balance, and functional
exercises (Supplementary material 6, Analysis 8.1.1: RaR 0.64, 95%
Cl 0.39 to 1.05; I*> = 68%; 3 trials; 660 participants), strength/
resistance training (Supplementary material 6, Analysis 8.1.2: RaR
0.28,95% Cl10.15to 0.54; 1 trial; 60 participants), and a combination
of exercise types (Supplementary material 6, Analysis 8.1.3: RaR
0.68, 95% Cl 0.45 to 1.02; I* = 88%; 8 trials; 1440 participants), but
not general physical activity (Analysis 8.1.4: RaR 1.33, 95% Cl 0.32
to 5.48; 12 = 86%; 2 trials; 55 participants) or whole-body vibration
(Supplementary material 6, Analysis 8.1.5: RaR 1.34, 95% CI 0.73
to 2.45; 1 trial; 62 participants). For all subgroups, there was either
a small number of participants (approximately 60), or there was
considerable statistical heterogeneity, with the 95% CI including
the possibility of no effect, thus interpretation of the findings of this
subgroup analysis remains uncertain.

There were no subgroup differences for the number of fallers
between different types of exercise as measured at the end of the
intervention period (Supplementary material 6, Analysis 8.2: test
for subgroup differences P = 0.64).

Grouped by level of cognition

We conducted a subgroup analysis based on the cognitive status
of the enrolled participants for active exercise interventions
as measured at the end of the intervention period. There
was no difference in the rate of falls between subgroups
according to whether trials enrolled participants with cognitive
impairment or not (Supplementary material 6, Analysis 9.1: test
for subgroup differences P = 0.65). Four trials contributed data
for participants without cognitive impairment; six trials included
a mixed population; and four trials reported data for participants
with cognitive impairment. We are uncertain of the impact of active
exercise on the rate of falls in residents with cognitive impairment
(Supplementary material 6, Analysis 9.1.3: RaR 0.58, 95% Cl 0.25
to 1.32; 1> = 89%; 4 trials; 451 participants; very low-certainty
evidence).

For the risk of falling, one trial contributed data to the subgroup
of participants without cognitive impairment; eight trials included
a mixed population; and four trials reported data for participants
with cognitive impairment. The test for subgroup differences
showed a statistically significant difference between subgroups
(Supplementary material 6, Analysis 9.2: test for subgroup
differences P = 0.04). Active exercise may reduce the risk of falling
in participants with cognitive impairment (Supplementary material
6; Analysis 9.2.3: RR 0.72, 95% CI 0.57 to 0.91; I = 25%j; 4 trials; 451
participants; low-certainty evidence; Figure 14).
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Figure 14. Exercise: risk of falling: grouped by level of cognitive impairment.

Exercise Usual care

Risk Ratio

Risk Ratio Risk of Bias

Study or Subgroup log[RR] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI A BCDETFGHI
9.2.1 No cognitive impairment
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Subtotal 51 54  05% 0.21[0.03,1.55] e ——

Test for overall effect: Z = 1.53 (P = 0.13)
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vCI calculated by Wald-type method.

cTau? calculated by DerSimonian and Laird method.
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(D) Blinding of outcome assessment (detection bias): All outcomes
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For the risk of fracture, two trials contributed data to the subgroup
of participants with a mixed population, and one trial only enrolled
participants with cognitive impairment. We are uncertain of the
impact of exercise on the risk of fracture in residents with cognitive
impairment (Supplementary material 6, Analysis 9.3.3: RR 1.0,
95% Cl 0.26 to 3.86; 1 trial; 186 participants; very low-certainty
evidence).

The credibility of the subgroup analysis was considered low
(Supplementary material 17).

Taylor 2024 reported no differences in falls for the participants with
better cognition (Montreal Cognitive Assessment scores = 18/30,

considered as mixed population in our subgroup analysis; adjusted
RaR 1.11,95% Cl 0.7 to 1.73; adjusted RR for fallers 1.11, 95% CI 0.7
to 1.77).

Grouped by alignment with QCA theory

A QCA [102, 279] informed by an ICA [19] identified two
configurations of features associated with successful falls
prevention programmes [274, 275]:

« moderate- or low-intensity group exercise; or

« for independent ambulatory residents (who can mobilise with
or without a walking aid), exercise for more than one hour per
week (for further details, see Supplementary material 22).
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A subsequent subgroup analysis (updated from [279]) found
that trials of active exercise providing these types of exercise
programmes may reduce the rate of falls (Supplementary material
6, Analysis 10.1.1: RaR 0.52, 95% Cl 0.38 to 0.72; 12 = 79%; 10 trials;
1292 participants; low-certainty evidence), but we are uncertain
about the impact on the risk of falling (Supplementary material
6, Analysis 10.2.1: RR 0.76, 95% Cl 0.60 to 0.97; I = 45%; 9
trials; 1318 participants; very low-certainty evidence). The test
for subgroup differences found a strong difference between these
subgroups (rate of falls P < 0.001, I = 91%; risk of falling P = 0.09,
12 = 66%). The subgroup of exercise trials that did not conduct
interventions that aligned with one of these two configurations
did not reduce falls (Supplementary material 6, Analysis 10.1.2:
RaR 1.24, 95% Cl 0.83 to 1.86; I> = 74%; 4 trials; 923 participants;
Analysis 10.2.2: RR 0.98, 95% Cl 0.83 to 1.16; I> = 0%; 4 trials;
1090 participants). There was no evidence of subgroup differences
for risk of fracture (Supplementary material 6, Analysis 10.3: test
for subgroup differences P = 0.98, 1> = 0%). The credibility of

the subgroup analysis was considered moderate (Supplementary
material 17).

Frailty

Faber 2006 carried out a post hoc subgroup analysis that indicated
that the intervention may increase the risk of falling in frail
participants (HR 2.95,95% Cl 1.64 to 5.32; 115 participants), while in
the pre-frail subgroup there was no strong evidence for a reduction
in the risk of falling (HR 0.62, 95% CI 0.29 to 1.33; 105 participants)
(test for subgroup difference P < 0.10). Other trials did not provide
data suitable for a post hoc subgroup analysis of the effectiveness
of the intervention according to the frailty of participants.

Funnel plots and sensitivity analyses

A funnel plot of trials of exercise versus usual care at the end
of the intervention period did not show any asymmetry for the
rate of falls (Figure 15; Figure 16). The funnel plot appeared
asymmetrical for the risk of falling (Figure 17; Figure 18), which may
indicate publication bias or lower methodological quality leading
to spuriously inflated effects in the smaller trials.

Figure 15. Funnel plot of exercise trials reporting data for rate of falls meta-analysis at the end of the intervention

period.
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Figure 16. Funnel plot of exercise trials reporting data for rate of falls meta-analysis after post-intervention follow-

up.
0+ SE(log[Rate Ratio])
0.14 ©
o <
0.2+
&
0.3+
©)

0.4+

Rate Ratio
0.5 } } t t t /

0.1 0.2 0.5 1 2 5 10
— Subgroups
O Active exercise <> Whole body vibration

Interventions for preventing falls in older people in care facilities (Review)
Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.

45



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Figure 17. Funnel plot of exercise trials reporting data for rate of falls meta-analysis at the end of the intervention
period.
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Figure 18. Funnel plot of exercise trials reporting data for risk of falling meta-analysis after a period of post-

intervention follow-up.
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Sensitivity analyses conducted examining the model used for the
risk of falling, including a trial with zero falls in the intervention
arm, excluding trials with 40 participants or fewer from the rate of
falls analysis or excluding trials at high risk of bias, did not change
the interpretation of any of the results (Supplementary material
17; Supplementary material 6; Analysis 6.6; Analysis 6.7; Analysis
6.8; Analysis 6.9; Analysis 7.4; Analysis 7.5; Analysis 9.4; Analysis 9.5;
Analysis 10.4; Analysis 10.5).

Comparisons of different exercise categories
Overview of included trials

Eight trials (544 randomised participants) provided 11 comparisons
of two different exercise programmes (Faber 2006; Fu 2015; Imaoka
2016; Kovacs 2012; Saravanakumar 2014; Shimada 2004; Sitja
Rabert 2015; Tuunainen 2013).

« Alltrials were individually randomised.

« Seven trials (nine comparisons; 505 randomised participants)
had data suitable for pooling (Faber 2006; Fu 2015; Kovacs
2012; Saravanakumar 2014; Shimada 2004; Sitja Rabert 2015;
Tuunainen 2013).

o Six trials (346 participants) examined alternative active
exercise interventions (Faber 2006; Fu 2015; Kovacs 2012;

Saravanakumar 2014; Shimada 2004; Tuunainen 2013), while
one trial (159 participants) examined exercise performed on
a whole-body vibration platform compared to the same land-
based exercises (Sitja Rabert 2015).

« Two trials provided data on the effectiveness of additional
balance exercises (Shimada 2004; Tuunainen 2013).

« All other trials included only single comparisons.

Critical outcomes
Rate of falls

Active exercise: Five trials (Faber 2006; Fu 2015; Saravanakumar
2014; Shimada 2004; Tuunainen 2013; 305 participants) with data
suitable for analysis reported the effect of nine comparisons of
different active exercise programmes on the rate of falls (Analysis
11.1). Allcomparisons contained fewer than 200 participants, so the
relative effectiveness of these exercise programmes in reducing the
rate of falls remains uncertain.

Whole-body vibration: No trials reported the effect of whole-body
vibration on the rate of falls in comparison to an active exercise
programme.
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Risk of falling

Active exercise: Five trials (Faber 2006; Imaoka 2016; Kovacs 2012;
Shimada 2004; Tuunainen 2013; 168 participants) reported the
effect of six comparisons of different exercise categories on the
risk of falling (Supplementary material 6, Analysis 11.2). One
additional trial (39 participants) reported data on the risk of falling
that were not suitable for pooling (Imaoka 2016; Supplementary
material 6, Analysis 11.4). All comparisons contained fewer than
200 participants, so the relative effectiveness of these exercise
programmes in reducing the risk of falling remains uncertain.

Whole-body vibration: Sitja Rabert 2015 compared exercise
performed on a whole-body vibration platform to the same land-
based exercises in 159 participants, but the effect on the risk of
falling is uncertain (Supplementary material 6, Analysis 11.2.4).

Important outcomes
Risk of fracture

Active exercise: No trials reported the comparative effects of
alternative active exercise programmes on the risk of fracture.

Whole-body vibration: Sitja Rabert 2015 (159 participants)
compared exercise performed on a whole-body vibration platform
to the same land-based exercises. The findings are uncertain as
the trial recorded only one fracture (Supplementary material 6,
Analysis 11.3).

Adverse events

Four trials (Kovacs 2012; Saravanakumar 2014; Serra-Rexach 2011;
Sitja Rabert 2015; 269 participants) comparing different exercise
programmes reported on AEs; no serious AEs were reported (see
Supplementary material 15 for details).

Economic outcomes

No trials comparing different exercise categories reported
economic outcomes.

Subgroup analyses exploring heterogeneity

As all comparisons of different exercise categories were
represented by only one or two trials, no subgroup analyses were
conducted.

Medication (drug target) interventions
Medication optimisation
Overview of included trials

Twenty-three trials (16,367 randomised participants plus 2438
average residents per day in Cateau 2021a [280, 281, 282, 283, 284,
285]) examined medication optimisation interventions to improve
the prescribing of medications in care facility residents. Although
the range of intervention types and approaches was diverse,
as the intent of all of these trials was clinically similar (i.e. to
increase the appropriateness of prescribing to improve resident

outcomes including falls), they were pooled with the differences
in interventions explored in subgroup analyses (Supplementary
material 6, Analysis 12.1; Analysis 12.3; Analysis 12.4 and described
below).

« The types of medication optimisation intervention and
comparisons are shown in Table 3 and examined in subgroup
analyses (Supplementary material 6, Analysis 12.1; Analysis
12.3; Analysis 12.4; Analysis 13.1; Analysis 13.2; Analysis 13.3).

+ Fourteen trials had medication review or deprescribing as a
primary intervention component (Cateau 2021b [286, 287];
Crotty 2004a [288, 289]; Curtin 2020 [290, 291, 292]; Desborough
2020293, 294, 295, 296, 297, 298, 299]; Etherton-Beer 2023 [300,
301, 302, 303]; Frankenthal 2014 [304, 305, 306, 307, 308, 309];
Holland 2023; Junius Walker 2021 [310, 311, 312, 313, 314, 315];
Kua 2021 [316, 317, 318]; Patterson 2010 [319, 320, 321, 322];
Potter 2016 [323, 324, 325, 326]; Roughead 2022 [327, 328, 329,
330, 331, 332]; Wouters 2017 [333, 334, 335]; Zermansky 2006
[336, 337]).

« One trial specifically focused on deprescribing for
hyponatraemia (Peyro Saint Paul 2013 [338, 339, 340]).

« One trial randomised participants to deprescribing of
antidepressants (Streim 2012).

« One trial examined academic detailing specifically focused on
deprescribing antipsychotics (Tadrous 2020 [341, 342]).

« Six trials undertook different approaches, such as education
or pharmacist outreach, that were not considered to contain
medication review or deprescribing as the primary components
(Cateau 2021a; Crotty 2004b [343, 344]; Garcia Gollarte 2014
[345]; Jordan 2015 [346, 347]; Juola 2015; Lapane 2011 [348]).

« Seven trials (7615 randomised participants plus 2438 average
residents per day in Cateau 2021a) did not report falls data
suitable for pooling (Cateau 2021a; Garcia Gollarte 2014; Jordan
2015; Junius Walker 2021; Kua 2021; Streim 2012; Tadrous 2020).

Asummary of the evidence for medication review/deprescribing for
falls prevention in care facilities is provided in Summary of findings
3.

Critical outcomes

Rate of falls

Thirteen trials (4314 participants) reporting data on the rate of falls
in trials of medication optimisation interventions were considered
clinically appropriate to pool, despite considerable heterogeneity.
Overall, pooled outcomes indicated that medication optimisation
may have little or no effect on the rate of falls (Supplementary
material 6, Analysis 12.1: RaR 0.92, 95% Cl 0.75 to 1.13; 1> = 86%; 13
trials; 4314 participants; low-certainty evidence; Figure 19). We are
uncertain of the effect of the group of trials including medication
optimisation by medication review or deprescribing interventions
(Supplementary material 6, Analysis 12.1.1: RaR 0.94, 95% CI 0.76
to 1.18; I> = 86%; 12 trials; 4125 participants; very low-certainty
evidence; Figure 19).
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Figure 19. Medication optimisation: rate of falls.

Medication optimisation  Control Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETFGHII
12.1.1 Interventions including medication review/deprescribing vs usual care
Cateau 2021ba -0.06 0.39 31 27 43% 0.94[0.44, 2.02] —_—r 2200002 20
Curtin 20205 -0.39 0.27 52 47 62% 0.68[0.40, 1.15] —_— o000 00
Desborough 2020c 0.01 0.16 381 445 8.4% 1.01[0.74, 1.38] —— 200000200
Etherton-Beer 20234 0.06 0.08 203 100 9.9% 1.06 [0.91, 1.24] - (XXX XXX FX]
Frankenthal 2014 -0.49 0.12 160 146 0.61[0.48,0.78] —— + LX)
Holland 2023t -0.09 0.16 449 427 8.4% 0.91[0.67, 1.25] —e— 2000006
Patterson 2010 0.36 0.15 173 161 8.6% 1.43[1.07, 1.92] —— 00020006
Peyro Saint Paul 2013n -0.46 0.7 4 5 1.9% 0.63[0.16, 2.49] — ? ® ®
Potter 2016i 0.51 0.11 45 48 9.4% 1.67 [1.34, 2.07] —_— (XXX X XXXKXK]
Roughead 2022; 0.01 0.1 97 111 1.01[0.83, 1.23] -+ 2907007206006
Wouters 2017k -0.06 0.32 193 159 5.3% 0.94[0.50, 1.76] —— 202> 220
Zermansky 20061 -0.48 0.08 331 330 9.9% 0.62[0.53, 0.72] - 020202000
Subtotal (Waldm) 2119 2006  91.2% 0.94[0.76 , 1.18] L 2
Test for overall effect: Z = 0.51 (P = 0.61)
Heterogeneity: Tau? (DLn) = 0.11; Chi? = 79.80, df = 11 (P < 0.00001); I = 86%
12.1.2 Education on harmful medications vs usual care
Juola 20150 -0.33 0.14 93 9%  8.8% 0.72 [0.55, 0.95] — 0020200200
Subtotal 93 9%  8.8% 0.72[0.55, 0.95] <o
Test for overall effect: Z = 2.36 (P = 0.02)
Heterogeneity: Not applicable
Total (Waldm) 2212 2102 100.0% 0.92[0.75, 1.13] t
Test for overall effect: Z = 0.77 (P = 0.44) o2 o5 1 3 :

Test for subgroup differences: Chi? = 2.30, df = 1 (P = 0.13), I> = 56.4%
Heterogeneity: Tau? (DLx) = 0.11; Chi? = 83.00, df = 12 (P < 0.00001); I2 = 86%

Footnotes

Favours medication optimisation Favours control

aPharmacist led individual desprescribing intervention (IDel) with collaborative multiD treatment modification plan

»STOPPFrail deprescribing tool in hospital pre-discharge

<Medication review meeting involving a meeting involving clinical pharmacist, pharmacy technician, care home staff and GP(s)

dMedication review with structural deprescribing, combined blinded and open interventions arms vs usual care

<Medication review with recommendations to chief physician based on STOPP/START criteria

fMedication review, optimising home processes and staff training to improve medication management by visiting pharmacist independent prescribers

gMonthly review targeting psychoactive medication prescribing for 12 months

nPharmacist review of medications of patients identified with hyponatremia

iMedication review with desprescribing vs medication review without deprescribing

jRegular, 8-weekly medication review and assesment by pharmacist

kOne deprescribing review, collaboration between physician and pharmacist

10ne review of GP record + consultation with patient and carer

mClI calculated by Wald-type method.

nTau? calculated by DerSimonian and Laird method.

oNurse education on harmful medications in older people, adjusted for age, sex, comorbidities

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(1) Other bias

A single trial that provided education to nurses on harmful
medications and adverse drug events reduced the rate of falls
(Supplementary material 6, Analysis 12.1.2: RaR 0.72, 95% CI 0.55
to 0.95; 1 trial; 189 participants).

The test for subgroup differences between these intervention
categories was not significant (P = 0.13). The credibility of the
subgroup analyses according to intervention type was considered
low (Supplementary material 17) [231].

Seven additional trials (7615 randomised participants plus 2438
average residents per day in Cateau 2021a) reported data on the
rate of falls that were not suitable for pooling; none reported a
changeintherate of falls (Supplementary material 6, Analysis 12.2).

Risk of falling

Overall, data from 12 trials (6209 participants) reporting data
on the risk of falling were considered clinically appropriate for
pooling, despite considerable heterogeneity in intervention types.
Medication optimisation probably does not reduce therisk of falling
overall (Supplementary material 6, Analysis 12.3: RR 0.96, 95%
Cl 0.89 to 1.03; I = 0%; 12 trials; 6209 participants; moderate-
certainty evidence; Figure 20). We are uncertain of the effect of the
group of trials including medication optimisation by medication
review or deprescribing interventions (Supplementary material 6,
Analysis 12.3.1: RR 0.90, 95% Cl 0.80 to 1.01; I = 0%; 9 trials; 1934
participants; very low-certainty evidence; Figure 20).
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Figure 20. Medication optimisation: risk of falling.

Medication optimisation  Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup log[RR] SE Total Total  Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETFGHII
12.3.1 Interventions including medication review/deprescribing vs usual care
Cateau 2021ba -0.139 0393 52 47 1.0% 0.87[0.40 , 1.88] ! (XX X X X EEX)
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Wouters 2017h -0.08 0.2 193 159 3.8% 0.92[0.62, 1.37] — 2072002720
Zermansky 2006i -0.24 0.12 331 330 10.7% 0.79 [0.62, 1.00] —ay 2029922000
Subtotal (Waldj) 1033 901 46.5% 0.90 [0.80, 1.01] ‘
Test for overall effect: Z = 1.83 (P = 0.07)
Heterogeneity: Tau? (DLk) = 0.00; Chi2 = 3.59, df = 8 (P = 0.89); 12 = 0%
12.3.2 Outreach pharmacist on hospital discharge vs usual care
Crotty 2004bi 0.16 0.16 381 384  6.0% 1.17[0.86 , 1.61] —fe— 0000060200600
Subtotal 381 384 6.0% 1.17[0.86 , 1.61] L 2
Test for overall effect: Z = 1.00 (P = 0.32)
Heterogeneity: Not applicable
12.3.3 Education on harmful medications vs usual care
Juola 2015m 0342 0177 93 9%  4.9% 0.71[0.50 , 1.00] — 2920002200
Subtotal 93 96  4.9% 0.71[0.50 , 1.00] R
Test for overall effect: Z = 1.93 (P = 0.05)
Heterogeneity: Not applicable
12.3.4 Addition of medication review software to medication review vs medication review
Lapane 2011n 0.03 0.06 1769 1552 42.6% 1.03[0.92, 1.16] 22072272000

Subtotal 1769 1552  42.6% 1.03 [0.92, 1.16]
Test for overall effect: Z = 0.50 (P = 0.62)
Heterogeneity: Not applicable

Total (Wald;) 3276 2933 100.0% 0.96 [0.89 , 1.03]
Test for overall effect: Z = 1.10 (P = 0.27) sz OfS 1 é é
Test for subgroup differences: Chi2 = 7.11, df = 3 (P = 0.07), 2 = 57.8% Favours medication optimisation Favours control

Heterogeneity: Tau? (DLk) = 0.00; Chi? = 10.70, df = 11 (P = 0.47); I2 = 0%

Footnotes

aPharmacist led individual desprescribing intervention (IDel) with collaborative multiD treatment modification plan
vPharmacist transition coordinator for patients discharged from hospital to nursing care facilities for the first time
<STOPPFrail deprescribing tool in hospital pre-discharge

dMedication review with structural deprescribing, combined blinded and open interventions arms vs usual care
«Medication review for hyponatraemia

A GP and a geriatrician/pharmacologist independently identified deprescribing targets using a list of potentially inappropriate medicines
gRegular, 8-weekly medication review and assesment by pharmacist

1One deprescribing review, collaboration between physician and pharmacist

iOne review of GP record + consultation with patient and carer

JCI calculated by Wald-type method.

xTau? calculated by DerSimonian and Laird method.

1Pharmacist-led outreach programme (audit + feedback + education of staff regarding medications and falls risk)
mNurse education on harmful medications in older people

»GRAM software for decision support for prescribing practices vs monthly medication review

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

A single trial that provided education to nurses on harmful  1.61; 1 trial; 765 participants) or the additional use of medication
medications and adverse drug events reduced the risk of falling  review software (Supplementary material 6, Analysis 12.3.4: RR
(Supplementary material 6, Analysis 12.3.3: RR 0.71,95% Cl 0.50 to  1.03,95% CI 0.92 to 1.16; 1 trial; 3321 participants) did not have any
1.00; 189 participants). effect on the risk of falling.

Single trials of an outreach pharmacist on hospital discharge  The test for subgroup differences between these intervention
(Supplementary material 6, Analysis 12.3.2: RR 1.17,95% Cl 0.86 to  categories was not statistically significant (P = 0.07).
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Five additional trials (Garcia Gollarte 2014; Jordan 2015; Junius
Walker 2021; Kua 2021; Tadrous 2020; 7277 participants) reported
data on the number of fallers that were not suitable for pooling;
none reported a reduction in the number of fallers (Supplementary
material 6, Analysis 12.2).

Important outcomes

Risk of fracture

Four trials (703 participants) reported the effect of medication
optimisation interventions that included medication review or
deprescribing on the risk of fracture. There was no strong evidence
for an effect, but the evidence is very uncertain (Supplementary
material 6, Analysis 12.4: RR 0.65, 95% Cl 0.36 to 1.19; I? = 0%; very
low-certainty evidence).

Adverse events

Seven trials (2469 participants) of medication review/deprescribing
interventions reported on AEs; the remaining 15 trials did
not clearly report on AEs related to the intervention (see
Supplementary material 15 and Supplementary material 6,
Analysis 12.5).

Two trials reported no AEs (Desborough 2020; Holland 2023); two
trials reported no significant difference in AEs between trial arms
(Potter 2016; Roughead 2022); one trial reported significantly fewer
severe AEs in the intervention arms (Etherton-Beer 2023); one
trial reported three AEs in the intervention arm (Cateau 2021b;
1/31); and one trial reported a major gastrointestinal bleed in the
intervention arm (Peyro Saint Paul 2013; 1/9).

We are uncertain of the effects of medication review/deprescribing
on AEs, as the certainty of evidence is very low (Summary of findings
3).

Economic outcomes

Desborough 2020 (826 participants) undertook an economic
analysis of multiprofessional medication reviews, which found
that usual care was dominant over medication review, with both
a higher falls rate and higher cost (Supplementary material 16).
Medication optimisation interventions as a single intervention may
not be cost-effective at preventing falls (low-certainty evidence).

Two other trials reported cost analyses from which no conclusions
could be drawn (Kua 2021; Zermansky 2006).

Subgroup analyses exploring heterogeneity

Grouped by intervention type

A subgroup analysis separating the medication review/
deprescribing interventions according to the primary intervention
component did not show a statistical difference between
subgroups for the rate of falls or risk of falling (Supplementary
material 6, Analysis 13.1: test for subgroup differences P = 0.05;
Analysis 13.2: test for subgroup differences P = 0.13).

We are uncertain of the effect on falls of the subgroup of
interventions that included medication review (Supplementary
material 6, Analysis 13.1.1: RaR 0.81, 95% ClI 0.65 to 1.02; I?
= 78%; 6 trials; 3229 participants; very low-certainty evidence;

Analysis 13.2.1: RR 0.90, 95% CI 0.77 to 1.05; I = 0%; 4 trials; 1331
participants; very low-certainty evidence).

One trial contributed to the subgroup of medication optimisation
interventions that included medication review for risk of fracture;
we are uncertain of the effects on risk of fracture (Supplementary
material 6, Analysis 13.3.1: RR 0.76, 95% Cl 0.13 to 4.45; 1 trial; 208
participants; very low-certainty evidence).

Grouped by professional leading the intervention

A subgroup analysis grouping trials according to the professional
leading the intervention found a significant difference between
subgroups for the rate of falls (Supplementary material 6, Analysis
14.1: test for subgroup differences P = 0.03), but heterogeneity in
the subgroups of multidisciplinary (1> = 65%) or pharmacist-led (I?
=91%) interventions remained high, so this subgroup analysis did
not provide an explanation for the statistical heterogeneity in the
overall analysis. The test for subgroup differences for risk of falling
was not significant (Supplementary material 6, Analysis 14.2: P =
0.26). Pooled data in the subgroup of trials with multidisciplinary-
led interventions did not show a reduction in falls (Supplementary
material 6, Analysis 14.1.1: RaR 1.18, 95% Cl 0.92 to 1.51; |I> = 65%;
6 trials; 2539 participants; Analysis 14.2.1: RR 0.98, 95% Cl 0.81 to
1.19; 12 = 0%; 4 trials; 1268 participants). The subgroup that was not
multidisciplinary and was pharmacist-led also did not reduce the
rate of falls (Supplementary material 6, Analysis 14.1.2: RaR 0.80,
95% Cl 0.59 to 1.08; I> = 91%; 4 trials; 1478 participants) or the risk
of falling (Supplementary material 6, Analysis 14.2.2: RR 0.91, 95%
C10.80 to 1.03; I = 0%; 4 trials; 1282 participants).

Grouped by level of cognition

No trials applied inclusion or exclusion criteria regarding
participant cognitive status (i.e. all trials included participants with
a range of cognitive status), thus no subgroup analysis according
to cognitive status was conducted. However, Juola 2015 reported
a reduction in the rate of falls for participants with a Mini Mental
State Examination (MMSE) greater than 15 (RaR 0.23, 95% CI 0.12
to 0.44; 49 participants) or an MMSE of 10 to 15 (RaR 0.27, 95%
Cl 0.17 to 0.44; 45 participants), but not for those with the lowest
cognitive ability (MMSE < 10, RaR 1.27, 95% Cl 0.95 to 1.69; 95
participants) with an intervention providing education to nurses on
harmful medications [65].

Informed by QCA

We undertook a QCA on the group of trials providing medication
review/deprescribing interventions, based on features from
the European Geriatric Medicine Society (EUuGMS) position
paper on polypharmacy and fall risk-increasing drugs (FRIDs)
(Supplementary material 23) [349]. This included features from
the World Falls Guidelines evidence-based recommendation on
medication reviews to "Use a validated, structured screening and
assessment tool to identify falls risk increasing drugs (FRIDs) when
performing a regular routine medication review or medication
review targeted to falls prevention in older adults" plus other
key features contained within the statement such as reviews
being personalised and patient-centred, and multidisciplinary
[349]. This QCA did not identify a combination of the presence or
absence of features from the EuGMS position paper as conditions
differentiating successful from unsuccessful trials of medication
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review/deprescribing for falls prevention, so a subgroup analysis ~ Funnel plots and sensitivity analyses
based on this was not undertaken.

Funnel plots for the rate of falls (Figure 21) and risk of falling
(Figure 22) did not demonstrate any obvious asymmetry on visual
inspection.

Figure 21. Funnel plot of medication optimisation trials reporting data for rate of falls meta-analysis.
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Figure 22. Funnel plot of medication optimisation trials reporting data for risk of falling meta-analysis.
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Sensitivity analyses examining the model used for the risk of falling
for the main analysis or exclusion of a trial with a known non-
normal distribution of falls did not change the interpretation of
the results (Supplementary material 17; Supplementary material 6;
Analysis 12.6; Analysis 12.7; Analysis 12.8).

Vitamin D supplementation
Overview of included trials

Eight trials (10,924 randomised participants) examined vitamin D
supplementation administered in some form (Bischoff 2003; Broe
2007; Chapuy 2002; Flicker 2005; Grieger 2009 [350]; Imaoka 2016;
Kennedy 2015; Law 2006 [351, 352, 353]).

« Twotrials (9169 participants) were cluster randomised (Kennedy
2015; Law 20086).

o Four trials (4656 participants) tested the effect of vitamin D
supplementation on falls (Bischoff 2003; Broe 2007; Flicker 2005;
Law 2006).

« One trial (610 participants) tested the effect of vitamin D and
calcium supplementation (Chapuy 2002).

« Two trials (206 participants) tested multivitamin
supplementation that included vitamin D plus calcium (Grieger
2009; Imaoka 2016).

« One trial (5452 participants) tested an educational intervention
for an interdisciplinary team aimed at increasing prescription
of adequate levels of vitamin D, calcium, and osteoporosis
medications (Kennedy 2015).

« Seven of the eight trials (5472 participants) reported serum
vitamin D levels at baseline (Bischoff 2003; Broe 2007; Chapuy
2002; Flicker 2005; Grieger 2009; Imaoka 2016; Law 2006).
Vitamin D levels were low or very low in these trials. Baseline
vitamin D levels for one trial were not reported (Kennedy 2015).

+ Fourtrials reported AE data (Supplementary material 15).
o Three trials (Chapuy 2002; Grieger 2009; Imaoka 2016; 806

participants) had industry funding (see Supplementary material
2).

A summary of the evidence for vitamin D supplementation for falls
prevention in care facilities is provided in Summary of findings 4.
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Critical outcomes
Rate of falls

Pooled data indicated that vitamin D supplementation (with or
without calcium supplementation, alone or within a multivitamin)

Figure 23. Vitamin D: rate of falls.

Vitamin D No vitamin D

Study or Subgroup log[Rate Ratio] SE Total Total Weight

Rate Ratio
IV, Random, 95% CI

probably reduces the rate of falls (Supplementary material 6,
Analysis 15.1.1: RaR 0.63, 95% Cl 0.46 to 0.86; I? = 72%; 5 trials; 4603
participants; Figure 23; moderate-certainty evidence). The type of
vitamin D administered is indicated in the footnotes of the analysis.

Risk of Bias
A BCDETFGHI

Rate Ratio
IV, Random, 95% CI

15.1.1 Vitamin D supplementation

Bischoff 2003a -0.67 0.41 62 60 6.5%
Broe 2007» -1.27 0.51 23 25 4.5%
Flicker 2005a -0.31 0.13 313 312 22.9%
Grieger 2009¢ -0.97 0.32 48 43 9.4%
Law 20064 -0.14 0.04 1762 1955  30.8%
Subtotal (Walde) 2208 2395 74.1%

Test for overall effect: Z = 2.87 (P = 0.004)
Heterogeneity: Tau? (DLf) = 0.07; Chi2 = 14.08, df = 4 (P = 0.007); 12 = 72%

15.1.2 Education on vitamin D supplementation

Kennedy 2015¢ 0.03 0.1 1290 2727 25.9%
Subtotal 1290 2727  25.9%
Test for overall effect: Z = 0.30 (P = 0.76)

Heterogeneity: Not applicable

Total (Walde) 3498 5122 100.0%

Test for overall effect: Z = 2.55 (P = 0.01)
Test for subgroup differences: Chi2 = 6.74, df = 1 (P = 0.009), I2 = 85.2%
Heterogeneity: Tau? (DLr) = 0.04; Chi? = 17.81, df =5 (P = 0.003); I = 72%

Footnotes

aVitamin D3 + calcium vs calcium

800 IU vitamin D group only vs placebo

<Multivitamins (including vitamin D3 + calcium)

dVitamin D2 vs usual care

<CI calculated by Wald-type method.

fTau? calculated by DerSimonian and Laird method.

gEducation on Vitamin D + calcium + osteoporosis medications vs usual care

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

An education intervention aimed at increasing the prescription of
vitamin D, calcium, and osteoporosis medication had no effect on
the rate of falls (Supplementary material 6, Analysis 15.1.2: RaR
1.03,95% CI 0.85 to 1.25; 1 trial; 4017 participants) (Kennedy 2015).

Risk of falling
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Pooled data indicated that vitamin D supplementation (with or
without calcium supplementation, alone or within a multivitamin)
probably makes little or no difference to the risk of falling
(Supplementary material 6, Analysis 15.2.1: RR 0.99, 95% CI 0.90
to 1.08; 12 = 12%; 6 trials; 5186 participants; moderate-certainty
evidence; Figure 24).
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Figure 24. Vitamin D supplementation: risk of falling.
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15.2.2 Education on Vitamin D + calcium + osteoporosis medications vs usual care
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Test for overall effect: Z = 0.63 (P = 0.53)
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Test for overall effect: Z = 0.23 (P = 0.82)
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Footnotes

aVitamin D3 + calcium vs calcium

800 IU vitamin D group only vs placebo

<Vitamin D3 + calcium vs placebo

dMultivitamins (including vitamin D3 + calcium) vs usual care or placebo
<Vitamin D2 vs usual care

{CI calculated by Wald-type method.

gTau? calculated by DerSimonian and Laird method.

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

An education intervention aimed at increasing the prescription of
vitamin D, calcium, and osteoporosis medication had no effect on
the risk of falling (Supplementary material 6, Analysis 15.2.2: RR
1.05,95% CI 0.90 to 1.23; 1 trial; 4017 participants) (Kennedy 2015).

One additional trial (34 participants) reported data on the risk of
falling that were not suitable for pooling as the intervention period
was excluded (Imaoka 2016; Supplementary material 6, Analysis
15.4).

Important outcomes

Risk of fracture

Pooled data from four trials of vitamin D supplementation showed
little effect on the risk of fracture (Supplementary material 6,
Analysis 15.3: RR 0.92, 95% Cl 0.54 to 1.56; I> = 66%; 5047
participants; 226 fractures; very low-certainty evidence), but the
evidence is very uncertain. Different trials reported different types
of fractures; the types of fractures are shown in the footnotes to the
analysis.

1.05[0.90, 1.23]
1.05[0.90, 1.23]

20002000

1.01 [0.94, 1.08]

+ +
0.2 0.5

Favours vitamin D Favours no vitamin D

An education intervention aimed at increasing the prescription of
vitamin D, calcium, and osteoporosis medication (Kennedy 2015;
4017 participants) reported that 1.5% of falls in control participants
and 1.6% of falls in intervention participants resulted in a fracture.
The trial was not powered to detect a difference in fall-related
fractures.

Adverse events

Fourtrials (1365 participants) reported AE data (see Supplementary
material 15 for details).

All four trials reported no AEs. Two trials were of vitamin D
supplementation alone (Bischoff 2003; Flicker 2005), one was of
vitamin D and calcium supplementation (800 international units
(V) of vitamin D3 + 1200 mg calcium carbonate daily; Chapuy
2002), and one was of a multivitamin supplementation including
vitamin D and calcium (Grieger 2009). One trial of vitamin D and
calcium supplementation reported a similar rate of gastrointestinal
disordersin each study arm (Chapuy 2002; Supplementary material
6, Analysis 15.5).
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We are uncertain of the effects of vitamin D supplementation (up
to 1000 IU daily) on AEs, as the certainty of evidence is very low
(Summary of findings 4).

Economic outcomes
No trials of vitamin D reported an economic evaluation.

Subgroup analyses exploring heterogeneity

No subgroup analyses were conducted, as the rate of falls meta-
analysis included only five trials, and the risk of falling meta-
analysis included six trials.

Funnel plots and sensitivity analyses

A sensitivity analysis of the risk of falling meta-analysis including
one additional trial that excluded falls during the intervention
period (Imaoka 2016, 91 participants) did not change the
interpretation of the findings of the analysis (Supplementary
material 6, Analysis 15.6.1: RR 0.98,95% CI 0.90 to 1.08; 7 trials; 5220
participants; 12 = 10%).

Figure 25. Nutritional intervention: risk of falling.

Nutrition Usual care

Risk Ratio

Nutrition: dairy food supplementation
Overview of included trials

One new trial examined a nutritional intervention. luliano 2021
conducted a cluster-randomised trial in 60 Australian care facilities
(7195 randomised participants) examining the effect of increasing
servings of dairy to residents through dietitian assistance with
menu design to enhance protein and calcium through provision
of dairy foods that reflect older peoples' preferences. The trial
was conducted in facilities that provided no more than two dairy
servings per day (i.e. dietary intake of < 1 g/kg body weight and
600 mg calcium daily) and provided residents adequate routine
vitamin D supplementation. A summary of the evidence for dairy
supplementation for falls prevention in care facilities is provided in
Summary of findings 5.

Critical outcomes
Rate of falls

No data were reported on the rate of falls.

Risk of falling

Increased dairy may decrease the risk of falling (Supplementary
material 6, Analysis 16.1: RR 0.89, 95% CI 0.79 to 1.00; low-certainty
evidence; Figure 25).

Risk Ratio Risk of Bias

Study or Subgroup log[RR] SE Total Total IV, Random, 95% CI IV, Random, 95% CI A B CDETFGHII

16.1.1 Dairy supplementation

Tuliano 2021 -0.117  0.058 3301 3894 0.890.79, 1.00] -H 00000OG 00
02 05 1 2 5

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): All outcomes
(E) Incomplete outcome data (attrition bias): All outcomes

(F) Selective reporting (reporting bias)

(G) Method of ascertaining falls

(H) Baseline imbalance

(I) Other bias

Important outcomes
Risk of fracture

Increased dairy may decrease the risk of fracture (Supplementary
material 6, Analysis 16.2: RR all fractures 0.67, 95% Cl 0.48 to 0.93;
low-certainty evidence).

Adverse events

luliano 2021 (7195 participants) reported no gastrointestinal
events related to the intervention with menu review and
dairy supplementation. We are uncertain of the effects of the
intervention on AEs (very low-certainty evidence).

Economic outcomes

The cost-effectiveness of the luliano 2021 trial of dietitian
assistance with menu design to increase dairy foods over two

Favours nutrition Favours usual care

years was reported as the cost per fracture avoided [35]. The
intervention was reported to provide a cost savings of AUD 8719
per fracture avoided with an intervention cost of AUD 0.66 per
resident. The intervention costs included were of dairy food
distribution, but it is unclear if the food costs were included,
and the cost of the dietitian assistance provided to intervention
sites was not captured. The costs of fracture were based on
secondary data, not within-trial resource use, and included
hospital, ambulance, rehabilitation, and increased residential aged
care costs (Supplementary material 16). We are uncertain of
the cost-effectiveness of dairy supplementation with dietitian
assistancein menu design as the certainty of evidence was very low.

Subgroup analyses exploring heterogeneity

No subgroup analyses were conducted, as there was only a single
trial of this intervention type.
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Environment/assistive technology
Overview of included trials

Two small trials (97 randomised participants) examined
environment/assistive technology interventions (Clifton 2009;
Lauriks 2020). Detailed descriptions of the interventions are
provided in Supplementary material 2. The outcomes from these
trials are presented according to intervention type.

Wireless position monitoring
Critical outcomes: falls

There was no strong evidence for a reduction in the rate of falls for a
wireless position-monitoring device (Clifton 2009; 43 participants;
cross-over trial; Supplementary material 6, Analysis 17.1: RaR 0.65,
95% Cl 0.33 to 1.27; no adjustments made for cross-over design in
the analysis).

Important outcome: economic outcomes

Clifton 2009 reported findings from an analytic model; however,
as this was not a full economic evaluation, no conclusions can be
drawn on the value for money of the intervention (Supplementary
material 16).

Assistive home technology
Critical outcomes: falls

There was no strong evidence for a reduction in the risk of falling for
assistive home technology, including a focus on lighting in group
homes for people with dementia (Lauriks 2020; 54 participants;
Supplementary material 6, Analysis 17.2: RR 0.63, 95% CI 0.37 to
1.08).

Social environment
Overview of included trials

Thirteen trials (15,934 plus 2952 facility beds in Colon-Emeric
2017 [354, 355, 356]) examined service change interventions.
These interventions target staff or caregivers and changes in the
organisational system in which an intervention is delivered, rather
than targeting residents directly.

« Eleven trials were cluster-randomised (14,583 randomised
participants in nine trials; Chenoweth 2009; Cox 2008; Man
2020 [357, 358, 359]; Meyer 2009 [360, 361, 362]; Richter 2019
[363, 364, 365]; Roberts 2020; Van de Ven 2014; Van Gaal 2011;
Ward 2010 [366], plus 3934 facility beds in Colon-Emeric 2013
[367, 368, 369, 370, 371, 372] and Colon-Emeric 2017). One trial
(150 participants) was individually randomised (Dever Fitzgerald
2016).

« Most comparisons within this category were examined in single
trials, although three of the trials included more than 1000
participants (Cox 2008; Meyer 2009; Ward 2010).

« Fivetrials examined staff training interventions (32 care facilities
from Colon-Emeric 2013 and Colon-Emeric 2017 and 7230
participants from Cox 2008, Van Gaal 2011, and Teresi 2018 [373,
374, 375]).

« Seven trials tested a service model change (8495 participants;
Chenoweth 2009; Man 2020; Meyer 2009; Richter 2019; Roberts
2020; Van de Ven 2014; Ward 2010).

« Other interventions included provision of individual-resident
falls risk information to facility staff (Dever Fitzgerald 2016).

We did not pool rate of falls data for these interventions due to high
clinical and statistical heterogeneity (test for subgroup differences:
P < 0.001, I*> = 84.5%). Only three trials (12,153 randomised
participants) reported data on risk of fracture (Cox 2008; Meyer
2009; Ward 2010).

Staff training
Overview of included trials

Five trials examined staff training interventions; however, data
were not suitable for pooling. The following interventions were
included.

« A half-day staff education programme about fall and fracture
prevention for managers, nurses, and healthcare assistants,
given by specialist osteoporosis nurses (Cox 2008).

« A guideline implementation programme providing education
to implement a patient safety programme directed at falls,
urinary tract infection, and pressure ulcers based on available
guidelines (Van Gaal 2011). These data were adjusted for the rate
of falls over a four-month pre-intervention baseline observation
period, which may have been too short to provide appropriate
adjustment.

+ Two cluster-RCTs (one a pilot) testing a programme to
improve staff connections, communication, and problem-
solving compared to usual care during implementation of a falls
quality improvement programme (Colon-Emeric 2013; Colon-
Emeric 2017).

« A staff training programme (primarily targeted at Certified
Nursing Assistants) on resident-to-resident elder mistreatment
(Teresi 2018).

Critical outcomes: falls

There was no strong evidence for areduction in the rate of falls from
any of the five trials.

« Cox 2008: Supplementary material 6, Analysis 18.1.1: RaR 1.19,
95% Cl 0.92 to 1.53; 5637 participants.

« Van Gaal 2011: Supplementary material 6, Analysis 18.1.2: RaR
0.63, 95% CI 0.34 to 1.16; 392 participants.

« Colon-Emeric 2013: change in falls rate from baseline to post-
intervention periods between study arms; RaR 0.81, 95% CI 0.55
to 1.20; 497 staff participants; 982 facility beds.

« Colon-Emeric 2017: in participants with at least one fall during
an observation period, median subsequent fall rates did not
differ between arms (intervention: 4.06, interquartile range (IQR)
2.03to0 8.11 versus control 4.06, IQR 2.04 to 8.11 falls per resident
per year; 1545 staff participants; 2952 facility beds).

o Teresi 2018: at 12 months, the falls rate was 0.180 in the
intervention arm versus 0.235 in the usual care arm (units
unclear, 1104 participants, P =0.24).

No data were reported on the risk of falling.

Important outcome: risk of fracture

There was no strong evidence for a reduction in the rate of fracture
(Cox 2008, rate of fracture, reported incidence rate ratio (IRR) for all
fractures: IRR 0.94, 95% Cl 0.71 to 1.26; for hip fractures: IRR 0.86,
95% C1 0.63 to 1.18).
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Service model change
Overview of included trials

The body of evidence for service model change interventions was
diverse and generally did not provide convincing evidence of a
reduction in falls.

« Two trials examined dementia care mapping (Chenoweth 2009;
Van de Ven 2014), but falls data from Chenoweth 2009 were not
suitable for pooling.

« Two trials examined different interventions targeted at falls
risk assessment tools (Dever Fitzgerald 2016; Meyer 2009). The
interventions differed clinically, and statistical heterogeneity
was high (12 =90%), thus the trials were not pooled.

« Four trials examined various other service model change
interventions (Man 2020; Richter 2019; Roberts 2020; Ward
2010).

The outcomes from these trials are presented according to
intervention combinations.

Dementia care mapping
Critical outcomes: falls

Chenoweth 2009 (289 participants) reported that "... at follow-up
there were fewer falls with dementia-care mapping than in usual
care (p = 0-02) and more falls in person-centred care than in usual
care (p=0-03)".

Van de Ven 2014 (318 participants) delivered a four-month
dementia care mapping intervention twice during the 12-month
follow-up period after baseline. The rate of falls at trial endpoint
was greater in the intervention arm of the trial (Supplementary
material 6, Analysis 18.1.3: RaR 1.84,95% CI 1.40 to 2.42; 1 trial; 293
participants).

Important outcome: economic outcomes

Chenoweth 2009 conducted a full economic evaluation of dementia
care mapping. However, this trial reported the cost-effectiveness of
theintervention to avoid behaviour (per Cohen-Mansfield Agitation
Inventory point), so no conclusions on the value for money to avoid
falls could be drawn (Supplementary material 16).

Van de Ven 2014 reported intervention cost information; however,
as this is not a full economic evaluation, no conclusions could be
drawn on the value for money of the intervention (Supplementary
material 16).

Falls risk assessment tools/screening
Critical outcomes: falls

Meyer 2009 (1125 participants) found that use of a brief screen
of five domains of falls risk (the Downton Index, considering
falls history, medication, sensory deficiency, mental state, and
walking ability) in comparison to nurses' judgement alone probably
makes little or no difference to the rate of falls or risk of falling
(Supplementary material 6, Analysis 18.1.4: RaR 0.96, 95% CI 0.84
to 1.10; 1 trial; 1125 participants; moderate-certainty evidence;
Analysis 18.2.1: RR 0.99, 95% CI 0.85 to 1.16; moderate-certainty
evidence).

Dever Fitzgerald 2016 (150 participants) found a reduction in falls
after provision of residents' falls risk assessment information,

conducted by physiotherapists on specific domains, to care facility
staff in a case conference (Supplementary material 6, Analysis
18.1.4: RaR 0.59, 95% CI 0.45 to 0.77; 1 trial; 150 participants).

Important outcome: risk of fracture

We are uncertain of the impact on the risk of fracture of a brief
screen of five domains of falls risk (Meyer 2009; Supplementary
material 6, Analysis 18.3.1: RR 0.96, 95% CI 0.57 to 1.63; 1 trial; 1125
participants; very low-certainty evidence). There were 77 fractures
in total.

Important outcome: economic outcomes

Meyer 2009 reported intervention cost information; however, as
this is not a full economic evaluation, no conclusions could be
drawn on the value for money of the intervention (Supplementary
material 16).

Dedicated falls practice nurse
Critical outcomes: falls

Employing a practice nurse to encourage the adoption of
best-practice falls injury prevention strategies over a 17-month
intervention period provided no strong evidence of an effect on the
rate of falls (Ward 2010; "0.13 fewer falls per 100 beds per month;
95% Cl, —0.36 to 0.10; P=0.259"; 5391 participants).

Important outcome: risk of fracture

There was no strong evidence of an effect on the risk of hip fracture
(Supplementary material 6, Analysis 18.3.2: RR 0.95, 95% Cl 0.63 to
1.44; 5391 participants). The trial recorded 215 hip fractures.

Model of ocular care
Critical outcomes: falls

A model of ocular care including a tailored and comprehensive
within-site eye examination and care rehabilitation pathway in
comparison to referral to an eye care provider had no strong effect
on the rate of falls (Man 2020; Supplementary material 6, Analysis
18.1.5: RaR 0.90, 95% CI 0.39 to 2.04; 1 trial; 110 participants).

Staff rounding
Critical outcomes: falls

A 20-minute rounding of staff including ensuring resident safety
and asking if anything is needed found an increase in falls in
comparison to usual care in one small trial, but the effects
of 20-minute rounding on falls remain uncertain (Roberts 2020;
Supplementary material 6, Analysis 18.1.6: RaR 1.52, 95% Cl 1.05
to 2.21; Analysis 18.2.3: RR 0.98, 95% Cl 0.66 to 1.45; 1 trial; 41
participants). The trial participants were at a high risk of falls, with
some cognitive impairment and a history of falling in the previous
12 months.

Important outcome: adverse events

Roberts 2020 (41 participants) reported that there were no
intervention-related AEs.

Person-centred care
Critical outcomes: falls

One trial examining person-centred care comprising nursing home
staff training and placement of a nurse specialising in dementia
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care (in addition to antipsychotic medication review and staff
education) in comparison to antipsychotic medication review and
staff education alone did not show any evidence of an effect on
therisk of falling (Richter 2019; Supplementary material 6, Analysis
18.2.2: RR 1.02,95% CI 0.73 to 1.42; 861 participants).

Important outcome: economic outcomes

Richter 2019 planned a cost-effectiveness analysis; however, as the
intervention was not shown to be effective, a full evaluation was not
conducted (Supplementary material 16).

Psychological interventions
Overview of included trials

Three trials (347 randomised participants) examined the impact
of psychological interventions on falls (Huang 2016 [376]; Rezola-
Pardo 2022 [377, 378, 379, 380, 381]; Van het Reve 2014 [382, 383]).

« Two trials examined the impact of psychological interventions
by providing cognitive training in addition to multicomponent
exercise training (dual-task training) in comparison to exercise
alone (Rezola-Pardo 2022; Van het Reve 2014). Van het
Reve 2014 examined a computer-based cognitive training
programme focused on improving attention combined with
strength and balance training, compared with strength and
balance training alone. Rezola-Pardo 2022 examined cognitive
training (relying on attention, executive function, and semantic
memory) simultaneously with multicomponent exercise (dual-
task training) in comparison to multicomponent exercise
training alone.

« Huang2016 was a three-arm trial; the data considered here were
for a cognitive-behavioural intervention adapted for a fear-of-
falling management model, conducted by a trained facilitator
in comparison with usual care; additional findings are also
discussed below under 'Multiple interventions'.

o Alltrials were individually randomised.

« Data were not suitable for pooling. In Rezola-Pardo 2022, the
number of participants included in the falls analysis per arm
was unclear; in Huang 2016, falls were excluded during the
intervention period.

Critical outcomes
Rate of falls

Two trials of dual-task training reported the rate of falls. One
trial reported no change in the rate of falls (Van het Reve
2014; Supplementary material 6, Analysis 19.1.1: RaR 1.22, 95%
Cl 0.78 to 1.92; 1 trial; 114 participants), while the other trial
reported higher falls in the dual-task arm (cognitive training plus
multicomponent exercise) than in an exercise-only arm (Rezola-
Pardo 2022; Supplementary material 6, Analysis 19.2: 3-month RaR
3.79,95% Cl 1.12 to 12.84; 12-month RaR 2.59, 95% CI 1.27 to 4.56;
1 trial; 85 participants; P < 0.05).

Huang 2016 (49 participants) reported that over the three months
following the intervention there were no falls in the cognitive-
behavioural intervention arm in comparison to 1.67 falls per
person-year in the usual care arm of the trial (10 falls in seven
fallers) (Analysis 19.2).

Risk of falling

Van het Reve 2014 reported no effect on the risk of falling during
the intervention period (Supplementary material 6, Analysis 19.3:
RR1.35,95% Cl 0.23 to 7.88; 1 trial; 114 participants; risk of falls over
12 months post-intervention RR 1.38, 95% CI 0.76 to 2.51; data not
shown).

Rezola-Pardo 2022 reported that analysis of risk of the time to first
fallindicated a non-statistically significant higherrisk of falling at 12
months in the dual-task group (Kaplan-Meier analysis at 3 months
P=0.13, 12 months P =0.053).

Important outcomes
Risk of fracture

No trials of psychological interventions reported data on the risk of
fracture.

Adverse events

Rezola-Pardo 2022 stated that "no intervention related adverse
effects were reported" (see Supplementary material 15). Huang
2016 and Van het Reve 2014 did not report on AEs.

Economic outcomes

No trials of psychological interventions reported economic
outcomes.

Knowledge

There were no trials of knowledge (education of residents on falls
prevention) as a single intervention.

Other single interventions
Overview of included trials

Four trials (814 randomised participants) examined other single
interventions. The interventions were as follows.

+ Lavender olfactory stimulation (Sakamoto 2012 [384, 385, 386,
387, 388]).

« Sunlight exposure (Sambrook 2012 [389, 390, 391, 392, 393, 394,
395, 396, 397, 398]).

« Multisensory stimulation in a Snoezelen room (Klages 2011).

+ Additional podiatry (Wylie 2017 [399, 400]).

o Three trials (771 participants) were individually randomised
(Klages 2011; Sakamoto 2012; Wylie 2017), and one trial
(Sambrook 2012; 602 participants) was cluster randomised.

The outcomes from these trials are presented according to
intervention combinations.

Lavender olfactory stimulation
Critical outcomes: falls

For one year, Sakamoto 2012 (145 participants) tested the effect
of lavender olfactory stimulation by applying lavender patches or
placebo patches to clothing near the neck daily. This intervention
did not show strong evidence for a reduction in the rate of falls
(Supplementary material 6, Analysis 20.1.1: RaR 0.57,95% C1 0.32 to
1.01) or risk of falling (Analysis 20.2.1: RR 0.67, 95% Cl 0.40 to 1.12).
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Important outcome: adverse events

The authors reported that there were no AEs.

Sunlight exposure
Critical outcomes: falls

Sambrook 2012 (395 participants), an Australian trial of increased
sunlight exposure, had low adherence to the sunlight intervention
and no effect on falls (Supplementary material 6, Analysis 20.1.2:
RaR 1.05, 95% Cl 0.71 to 1.56; 395 participants; Analysis 20.2.2: RR
1.09, 95% Cl 0.88 to 1.36; 395 participants) [401].

Important outcome: risk of fracture

There was no strong evidence for an effect on the risk of fracture.
There were a total of 32 fractures in the trial (Supplementary
material 6, Analysis 20.3: risk of fracture: RR 1.07, 95% Cl 0.53 to
2.17; 395 participants).

Important outcome: adverse events

The authors reported no difference in the incidence rates of new
skin cancers between arms of the trial and one fall on the way
to a sunlight session (see Supplementary material 15). Adverse
event data for this three-arm trial are also reported under 'Multiple
interventions' below.

Multisensory stimulation
Critical outcomes: falls

Klages 2011 (24 participants) compared the effect of multisensory
stimulation in a Snoezelen room with control activities in people
with dementia, and reported, without providing data, that "group
membership did not alter falls frequency".

Podiatry
Critical outcomes: falls

Wylie 2017 (43 participants) examined the impact of core podiatry
plus additional podiatry in the form of footwear assessment
and foot and ankle exercises, including care staff training on
the exercises, in comparison to core podiatry alone (routine nail
and callus maintenance) in an RCT conducted in six care homes.
There was no strong evidence of an effect on the rate of falls
(Supplementary material 6, Analysis 20.1.3: RaR 0.61, 95% CI 0.25
to 1.49), risk of falling (Supplementary material 6, Analysis 20.2.3:
RR 0.67, 95% CI 0.39 to 1.16), or risk of fracture (Supplementary
material 6, Analysis 20.3.2: RR 0.81, 95% Cl 0.05 to 12.54).

Important outcome: risk of fracture

There was no strong evidence of an effect on the risk of fracture
(Supplementary material 6, Analysis 20.3.2: RR 0.81, 95% CI 0.05 to
12.54).

Important outcome: adverse events

The authors reported that there were no AEs related to the
intervention.

Important outcome: economic outcomes

Wylie 2017 reported the cost of the podiatry intervention
(Supplementary material 16); however, as thisis not a full economic
evaluation, no conclusions could be drawn on the value for money
of the intervention.

Multiple interventions
Overview of included trials

In multiple (or multicomponent) interventions, the same
combination of single categories of intervention was delivered to
all participants in the group.

« Four trials (924 randomised participants) examined multiple
interventions (Gattinger 2017; Huang 2016; Sambrook 2012;
Schnelle 2003 [402, 403, 404]).

« Two trials (654 participants) were cluster randomised (Gattinger
2017; Sambrook 2012), while the other two trials (270
participants) were individually randomised (Huang 2016;
Schnelle 2003).

The outcomes from these trials are presented according to
intervention combinations.

Exercise, management of urinary incontinence, and fluid
therapy

Critical outcomes: falls

In Schnelle 2003, 190 participants engaged in supervised exercises
and were offered fluids and regular toileting. There was some
reduction in rate of falls and risk of falling, but the Cls included
the possibility of an increase in falls (Supplementary material 6,
Analysis 21.1.1: RaR 0.62, 95% CI 0.38 to 1.01; Analysis 21.2.1: RR
0.62, 95% Cl 0.36 to 1.05).

Important outcome: risk of fracture

There was no strong evidence for an effect on the risk of fracture.
There were a total of five fractures (Supplementary material 6,
Analysis 21.3.1: RR 4.26, 95% Cl 0.48 to 37.55).

Sunlight exposure plus calcium supplementation
Critical outcomes: falls

Oneintervention group in Sambrook 2012 (412 participants), which
was based in Australia, tested the effect of increased sunlight
exposure plus calcium supplementation, with low adherence to the
sunlight intervention [401]. We are uncertain of the effects on falls
(Supplementary material 6, Analysis 21.1.2: RaR 1.03, 95% CI 0.85
to 1.25; Analysis 21.2.2: RR 0.96, 95% C1 0.77 to 1.19).

Important outcome: risk of fracture

There was no strong evidence for an effect on the risk of fracture.
There were a total of 31 fractures (Supplementary material 6,
Analysis 21.3.2: RR0.78, 95% C1 0.36 to 1.67).

Important outcome: adverse events

One intervention group in Sambrook 2012 (412 participants)
tested the effect of increased sunlight exposure plus calcium
supplementation. The authors reported no significant difference in
the incidence rates of new skin cancers between study arms (18
new cancers total) and an increase in adjusted all-cause mortality in
the calcium-treated group compared with the sunlight-alone group
(Supplementary material 15).
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Exercise plus cognitive-behavioural therapy
Critical outcomes: falls

In a three-arm trial, Huang 2016 (50 participants) studied an
intervention combining cognitive-behavioural therapy to address
fear of falling with an exercise programme in comparison to usual
care. In the three months following the eight-week intervention,
the authors reported a reduction in falls in both the combined
intervention and the cognitive-behavioural intervention arm
alone (reported Kruskal-Wallis P < 0.001, presented above under
'Psychological interventions') in comparison to usual care. There
were 1.67 falls per person-year in the usual care arm of the trial (10
falls in seven fallers) and no falls in the cognitive-behavioural plus
exercise intervention (combined intervention) arm; data were not
pooled, as falls excluded the intervention period.

Mobility monitoring plus staff training on dementia and sleep
Critical outcomes: falls

Gattinger 2017 (52 participants) examined a mobility monitoring
system, staff training on dementia and sleep and dementia-
compromised behaviour, and case conferences in comparison to
usual care in a cluster-RCT. A 10-week period of intensive use of the
monitoring system was followed by three months of less intensive
use. The study reported that no significant effect was observed
on falls during the previous 30 days (Supplementary material 6,
Analysis 21.4).

Important outcome: economic outcomes

Gattinger 2017 reported a cost analysis of the mobility monitoring
system, staff training, and case conference intervention; however,
as this is not a full economic evaluation, no conclusions could be
drawn on the value for money of the intervention (Supplementary
material 16).

Studies in participants with cognitive impairment

Nineteen trials reported findings specifically for residents
with dementia or cognitive impairment (details reported in
Supplementary material 18). Two trials reported costs associated
with the interventions (Chenoweth 2009; Gattinger 2017), and
another trial reported healthcare utilisation costs associated with
falls; however, as these are not full economic evaluations, no
conclusions could be drawn on the value for money of the
interventions (Buettner 2002; Chenoweth 2009; Gattinger 2017;
Supplementary material 16).

There was generally a lack of strong evidence of interventions to
reduce falls in this population, although a subgroup meta-analysis
and two individual trials demonstrated some reduction in falls.
These data are reported above under the specific intervention
categories, but also summarised here for clarity.

« A subgroup analysis by level of cognitive impairment suggests
that exercise interventions may reduce the risk of falling
(Supplementary material 6, Analysis 9.2.3: RR 0.72, 95% ClI
0.57 to 0.91; I> = 25%); 4 trials; 451 participants; low-certainty
evidence).

« Juola 2015 showed a reduction in the rate of falls in participants
with an MMSE score of 10 or greater with nurse education on
harmful medications (94 participants).

« Dever Fitzgerald 2016 (150 participants) found reduced falls
with an intervention where physiotherapists provided falls risk
information to staff in case conferences.

Equity assessment

No equity assessment was conducted in this review.

Reporting biases

The trials reporting the risk of falling at the end of the intervention
period for exercise interventions demonstrated asymmetry on a
funnel plot that may be indicative of publication bias (Figure 17).

The majority of trials included in this review were conducted in
high-income countries. Only three trials (3%) were conducted in
middle-income countries (Brazil, India, and Turkey). No trials were
conducted in low-income countries (see Table 1; [405]).

DISCUSSION

Summary of main results

This review now includes 104 trials (68,964 participants) conducted
in care facilities, with 33 new trials (27,492 participants) added
in the current update. This version of the review retains the
previous recommendation for vitamin D supplementation in this
population, but adds new conclusions for multifactorial, exercise,
and nutritional interventions in this setting. The current update
includes many more trials of medication optimisation as a single
intervention, making this now one of the main intervention
categories (23 trials included in this update compared to 12 trials
includedin 2018 [1]). However, the evidence for medication review/
deprescribing interventions (14 trials) as a single intervention
remains uncertain.

Although 29 trials reported data on fractures suitable for use in
the analyses, this was only a portion of all trials. Fractures are
relatively infrequent, so when fracture data were reported there
were generally very few events. We are thus uncertain of the effects
of any interventions other than dairy food supplementation (for
which there was low-certainty evidence) on the risk of fracture.

Thirty-six trials clearly reported data on AEs, although in many trials
it was to report an absence of AEs. There were very few serious AEs
and minor complications, and where reported, these were usually
similar between intervention and control groups. Overall, we are
uncertain of the effects on AEs due to infrequent and possibly non-
systematic recording of AEs.

Multifactorial interventions

This review included 15 trials of multifactorial interventions. A
summary of the evidence in comparison with usual care is provided
in Summary of findings 1. Overall, multifactorial interventions
probably reduce therisk of falling, and subgroup analyses based on
ICA and QCA found that multifactorial interventions implemented
with care staff and manager engagement (including approaches
such as manager support for intervention delivery and providing
training and refreshers for all staff) and tailored intervention
delivery probably reduce rate of falls and risk of falling [230].

The analyses did not identify particular components of the
multifactorial interventions that should be included. However,
all trials included in the QCA incorporated assessment of
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environmental hazards and personal risk factors, including
medication optimisation plus assessment of the need for assistive
aids and exercise interventions.

All trials compared a multifactorial intervention with 'usual care',
which in many cases included some falls prevention activities.
These standard care practices may have changed over time.
However, the degree to which the comparator arm did or did
not include components of the intervention activities is not clear
enough to base any additional analysis on.

We judged the certainty of evidence as very low for the impact of
multifactorial interventions on risk of fracture or AEs, which were
not frequently reported in the included trials.

One trial demonstrated that multifactorial interventions may be
cost-effective (low-certainty evidence).

Single interventions
Exercise

Thirty-five trials examined exercise as a single intervention, and
28 trials compared an exercise intervention with usual care. Of
these, 26 trials were of active exercise interventions and two were
of whole-body vibration. Despite the relatively large number of
trials, many were small (fewer than 100 randomised participants).
A summary of the evidence for active exercise in comparison with
usual care is provided in Summary of findings 2.

The evidence indicates that active exercise probably reduces the
rate of falls and risk of falling (moderate-certainty evidence).
However, if active exercise is not sustained, after a period of
post-intervention follow-up the rate of falls is not reduced (high-
certainty evidence), and the risk of falling is probably unchanged
(moderate-certainty evidence) [266]. Active exercise may reduce
the risk of falling in residents with cognitive impairment (low-
certainty evidence).

There was considerable heterogeneity in the effectiveness of trials
for the rate of falls, which was explained in part by a subgroup
analysis grouping trials according to a qualitatively derived theory
of the drivers of trials that were effective at reducing falls [230,
274, 279]. The types of active exercise programmes that may
particularly reduce the rate of falls in the included trials (low-
certainty evidence) appear to be those that provide exercise that is:

« moderate- or low-intensity group exercise; or

« for independent ambulatory residents (who can mobilise with
or without a walking aid), exercise for more than one hour per
week.

As most exercise programmes within this analysis were supervised
and tailored, taking account of residents’ functional abilities and
considering the frailty of participants in this setting, it is likely that
any exercise programme implemented will require tailoring by a
professional with training in falls prevention and supervision.

Active exercise may have little or no effect on the risk of fracture
(low-certainty evidence). We are uncertain of the impact of exercise
on the risk of AEs, as this outcome was less commonly reported
(very low-certainty evidence).

The currentupdate includes a number of new trials, plus separation
of trial analyses according to the trial endpoint and additional

subgroup analyses, which has informed clearer conclusions about
exercise than the previous version of this review. Funnel plots of
the pooled trials for the risk of falling at the end of the intervention
period (14 trials) indicated potential publication bias, or small-trial
effects, for this comparison.

Eight trials provided 11 comparisons of two different exercise
programmes. Comparisons of different types of exercise only
included small numbers of participants, so no definitive
conclusions could be drawn from these data.

One trial demonstrated that active exercise interventions may be
cost-effective (low-certainty evidence).

Medication (drug target)
Medication optimisation

Twenty-three trials examined interventions that aimed to increase
the appropriateness of medication delivery in care facility residents
(medication optimisation interventions). This is a considerable
increase in the number of trials included and previously
categorised as medication review interventions in the 2018
version of this review [1]. There were a range of types of
interventions included in this category, with most considered
as medication review/deprescribing trials, but also including
interventions such as education of nurses on harmful medications,
pharmacist outreach on hospital discharge, and use of additional
digital technologies. While medication review and deprescribing
interventions are not the same (as comprehensive medication
review includes considerations of commencement as well as
cessation of medications), it was difficult to accurately differentiate
these intervention approaches within the trials included in this
review. A summary of the evidence for medication review/
deprescribing interventions is provided in Summary of findings 3.

Overall, medication optimisation interventions may make little
or no difference to the rate of falls (low-certainty evidence) and
probably make little or no difference to the risk of falling (moderate-
certainty evidence). The evidence for the effects of medication
review/deprescribing interventions as a single intervention on falls
is very uncertain (very low-certainty evidence).

Clinically, it is considered possible that a lack of observed effect
in reducing falls following medication optimisation interventions
in trials may be due to a temporary increase in agitation and
mobility in residents with dementia following cessation or tapering
of hypnotics and antipsychotics [406, 407]. It is also possible that
in some trials, following medication review, some medications
are deprescribed or re-prescribed [408, 409]. However, there was
considerable statistical heterogeneity in the analysis for rate of falls
that has not been clearly explained. Further successful trials and
additional analyses on the complexity of the implementation and
context of these medication target interventions are required to
more clearly inform the effectiveness of these interventions for falls
prevention.

Four trials reported on the risk of fracture, and seven reported
on AEs of medication review/deprescribing interventions. We
are uncertain of the effects of medication review/deprescribing
interventions on these outcomes as the certainty of evidenceis very
low.
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Vitamin D supplementation

Eight trials examined vitamin D interventions. The effect of
vitamin D supplementation was examined in five trials; daily
multivitamin supplementation, which included vitamin D and
calcium, in two trials; and an education intervention aimed at
increasing prescription of adequate levels of vitamin D, calcium,
and osteoporosis medications in one trial. Only four trials reported
data on the risk of fracture, and four reported data on AEs.

A summary of the evidence for vitamin D supplementation is
provided in Summary of findings 4. Vitamin D supplementation
probably reduces the rate of falls (moderate-certainty evidence),
but probably makes little or no difference to the risk of falling
(moderate-certainty evidence). The 37% reduction in falls rate
observed (RaR 0.63, 95% Cl 0.46 to 0.86) is substantial. Average
serum vitamin D levels at baseline were reported to be low or very
low in seven of the eight trials, indicating that these results are
applicable to residents of care facilities with low vitamin D levels.
Notably, most residents in care facilities have low vitamin D levels
[410]. Based on other trials, the reduction in the rate of falls may be
related to improvement in muscle function [411].

We are uncertain of the effect of vitamin D supplementation (up
to 1000 IU daily) on the risk of fall-related fractures or AEs as the
certainty of evidence is very low. These trials represent only a
subset of the trials evaluating the effect of vitamin D on fractures.

One trial of an education intervention aimed at increasing the
prescription of vitamin D, calcium, and osteoporosis medications
provided no strong evidence of an effect on falls.

Nutrition: dairy food supplementation

A large Australian cluster-randomised trial of 7195 enrolled
participants examined the effect of increasing servings of dairy to
residents through dietitian assistance with menu design. Facilities
enrolled were those providing vitamin D supplementation but no
more than two dairy servings per day. A summary of the evidence
for dairy food supplementation in comparison with usual care is
provided in Summary of findings 5.

Dairy food supplementation may reduce the risk of falling and
fractures in older people living in care facilities (low-certainty
evidence). No data were reported on the effect of dairy food
supplementation on rate of falls. We are uncertain of the cost-
effectiveness or the impact on AEs of dairy food supplementation,
as the certainty of evidence is very low.

Environment/assistive technology

There were no large trials of this type. We are uncertain of the
effect on falls of wireless position monitoring and assistive home
technology with a focus on lighting for people with dementia.

Social environment

Thirteen trials targeted staff training or implemented service
model changes. Three trials reported the risk of fracture, and
one trial reported AE data. None of the interventions provided
strong evidence for a reduction in falls. Interventions included
staff education on fall and fracture prevention, a project nurse
facilitating best-practice falls injury prevention strategies; guideline
implementation (falls, urinary tract infection, and pressure
ulcers); two trials of dementia care mapping; two trials of falls

risk assessment; two trials of a programme to improve staff
connections, communication, and problem-solving; a staff training
programme focused on resident-to-residence elder mistreatment;
a model of ocular care in comparison to referral to an eye care
provider; staff (20-minute) rounding; and person-centred care.

Considering the two trials examining falls risk assessment, one
large trial specifically assessed the benefit of using a validated falls
risk assessment tool (a brief screen of five domains of falls risk,
the Downton tool) in comparison with nurses' judgement in a care
facility and found that it likely made little or no difference to falls
outcomes (moderate-certainty evidence) (Meyer 2009). In contrast,
providing information on falls risk assessment by a physiotherapist
in case conferences in a trial of 150 participants decreased falls
(Dever Fitzgerald 2016). This calls into question the value of using
brief scored risk assessments to identify residents at risk of falls, as
allresidents should be considered at high risk, in line with the World
Falls Prevention Guidelines [412]. Instead, the emphasis should be
on the use of a comprehensive multifactorial assessment to inform
implementation of appropriate interventions [412].

Knowledge

There were no trials of knowledge (education of residents on falls
prevention) interventions.

Psychological interventions

Three trials (analysing 49 to 112 participants) evaluated the effect
of psychological interventions on falls. None of the trials provided
strong evidence of an effect on falls.

One trial examined a cognitive-behavioural intervention with a
focus on falls risk reduction. Another trial examined a computer-
based cognitive training programme focused on improving
attention combined with strength and balance training, compared
with strength and balance training alone. The third trial examined
cognitive training in combination with multicomponent exercise in
comparison to exercise alone.

Other single interventions

Four trials (607 participants) examined other single interventions,
including lavender olfactory stimulation, multisensory stimulation
in a Snoezelen room, sunlight exposure, and additional podiatry.
None provided strong evidence of a reduction in falls.

Multiple interventions

None of the four included trials examining multiple interventions
provided strong evidence for a reduction in falls.

An intervention for incontinent residents in high-level nursing
care facilities that included exercise, management of urinary
incontinence, and fluid therapy, including offering regular fluids
and toileting, showed no strong evidence for an effect (Schnelle
2003).

Increased sunlight exposure plus calcium supplementation had
low adherence to sunlight exposure and no effect on falls
(Sambrook 2012).

The combination of cognitive-behavioural therapy to address fear
of falling with an exercise programme did not report falls for the
entire intervention period in a three-arm trial of 50 participants
(Huang 2016).

Interventions for preventing falls in older people in care facilities (Review)

63

Copyright © 2025 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

There was no significant effect on falls in a trial of a
mobility monitoring system, staff training on dementia and sleep
and dementia-compromised behaviour, and case conferences,
although falls were not reported for the entire trial period
(Gattinger 2017).

Studies in participants with cognitive impairment

There is some evidence that exercise may reduce the risk of falling
in residents with cognitive impairment (low-certainty evidence).
Overall, there is limited evidence for interventions to reduce
falls in people with cognitive impairment where this is a clearly
defined group. Although only 19 trials reported findings specifically
for residents with dementia or cognitive impairment, many
participants in the other trials included in this review, including
those testing interventions that probably or may reduce falls (e.g.
vitamin D supplementation), had cognitive impairment.

Economic evaluations

Two cost-effectiveness analyses of successful falls prevention
interventions were reported (Hewitt 2018; Logan 2021). These
were a multifactorial intervention in the UK (Logan 2021),
and an evaluation of a multicomponent exercise intervention
in Australia (Hewitt 2018). Both evaluations demonstrated the
effectiveness and cost-effectiveness of these interventions. Three
other economic evaluations were conducted of interventions
that were not more effective than usual care, but were more
costly. These included a medication optimisation trial including
medication review (Desborough 2020), a standardised brief
risk assessment tool (Meyer 2009), and a person-centred care
intervention including staff training and in-house support with a
nurse specialising in dementia (Richter 2019). We assessed the
evidence for a cost-effectiveness evaluation of an effective trial of
dairy supplementation as of very low certainty [35] (luliano 2021).
Details are reported in Supplementary material 16 and under the
specific intervention types listed above.

No conclusions on the value for money of other interventions could
be drawn from the other 11 trials reporting economic outcomes, as
they were not full economic evaluations.

Limitations of the evidence included in the review

The current review, including 104 trials (68,964 participants),
indicates that multifactorial interventions and the single
interventions of exercise, vitamin D, and dairy food
supplementation can be effective in reducing falls in care
facilities. However, the body of evidence for most other types
of interventions was both diverse and limited in terms of
number of participants (e.g. social environment interventions) or
unexplained heterogeneity between trials (e.g. medication review/
deprescribing interventions).

Study design

There is a potential for differences between individually and
cluster-randomised trials. This review included a large proportion
of cluster-randomised trials (46%), and within the review, trials
were generally more likely to be cluster randomised or not
depending on the intervention being investigated. Thus, while
80% (12 of 15) of trials of multifactorial interventions were cluster
randomised, 83% (29 of 35) of trials of exercise were individually
randomised. Although it has been reported that contamination,
or 'herd effects, in individually randomised trials conducted

in facilities may decrease the estimate of effect [413], this is
considered unlikely to have had a major impact on the estimates of
effect or conclusions in this review. The reasons for this for exercise
and vitamin D are described below.

For trials of exercise, the estimates of effect of the five cluster-
randomised trials (Hewitt 2018; Kerse 2008; Rosendahl 2008; Toots
2019; Yokoi 2015) that contributed to pooling did not appear to
differ from the range of estimates for the individually randomised
trials (see Supplementary material 6, Analysis 6.1; Analysis 6.3;
Analysis 7.1). For vitamin D, the single cluster-randomised trial
contributing to the pooled result (Law 2006) had a smaller estimate
of effect compared to the individually randomised trials, indicating
that contamination of the control group of individually randomised
trials was unlikely to have played a role in the estimate of effect,
thereby increasing the confidence in the effect estimate (see
Analysis 15.1).

GRADE considerations used to assess the certainty of evidence

We assessed the certainty of the evidence using the GRADE
approach, which considers risk of bias, inconsistency, indirectness,
imprecision, and other biases (including publication bias) for the
evidence for each outcome of the main comparisons. The GRADE
assessments are reported in Summary of findings 1; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5 and Supplementary material 20; Supplementary
material 21. The GRADE certainty of evidence for fractures and AEs
was low or very low for all comparisons presented. This largely
reflects the poor reporting of these outcomes.

Risk of bias

Trials in this review varied widely in their risk of bias (see Figure
2; Figure 3). Most of the included trials were at high risk of bias
for one or more domains. The included trials illustrated the wider
problems of variation in the methods of ascertaining, recording,
analysing, and reporting falls described by Hauer and Lamb [414].
Many trials used a single approach for ascertaining the number
of falls, the limitations of which have been demonstrated in a
trial of falls data derived from a large hospital-based RCT [4]. For
some aspects of trial design, minimisation of bias is difficult. For
example, it is not possible to blind participants and treatment
providers for most types of interventions. Falls were generally
recorded by care facility staff who were frequently not blinded to
the intervention. In addition, not all trials met the contemporary
standards of the extended CONSORT statement [415], including the
extensions for cluster-RCTs [416], non-pharmacological trials [417],
and pragmatic randomised trials [418], so reporting was unclear in
many instances, particularly for allocation concealment or selective
outcome reporting when no protocol could be identified.

Inconsistency

There remains significant unexplained heterogeneity in the
findings for the rate of falls for medication review/deprescribing
interventions, which limits our confidence in the results (see
Summary of findings 3). A QCA of intervention components aligned
with the European Geriatric Medicine Society (EuGMS) position
statement on polypharmacy and fall risk-increasing drugs (FRIDs)
did not identify a combination of trial features that explained
the differences in trial outcomes. Further exploration of the
implementation and context of the intervention is required in an
attempt to explain this variation. The addition of further effective
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trials in future updates is also likely to clarify the drivers of effective
trials.

Indirectness

The trials within some ProFaNE categories of interventions
contained a degree of indirectness, where the intervention was
a recommendation for, or education on, use of the intervention,
rather than implementing the intervention for all participants. This
is considered in the GRADE evaluations where such trials form a
significant component of the intervention category.

QCA informed subgroup analyses

The conclusions on the types of exercise likely to be effective and
the circumstances of successful implementation of multifactorial
interventions are based upon qualitative analyses. Although
strongly supported by the subgroup analyses they inform, the
findings require further confirmation. For exercise interventions,
this should be in the form of additional trials. For multifactorial
interventions, this should be in the form of evaluation of ongoing
implementation, using established translational frameworks such
as RE-AIM [419].

Imprecision

There was also imprecision in some estimates, where the number
and size of trials were small, particularly for the risk of fracture,
where events are infrequent, and few trials reported the outcome
and events (e.g. vitamin D; see Summary of findings 4).

Publication bias

There was some evidence for likely publication bias, or small-trial
effects, for trials of exercise, where the included trials appeared
to have a disproportionate number of small trials with positive
findings for the outcome of risk of falling at the end of the
intervention period (see Figure 17).

There may be the possibility of publication bias in trials of whole-
body vibration, although this cannot be confirmed. We included
two trials of whole-body vibration, both of which had negative
findings and no industry funding (Buckinx 2014; Koike 2009). The
larger of the two trials (171 participants) was identified from a
trials registry, and the data were previously unpublished; data for
inclusion were provided through author correspondence (Koike
2009). A third trial of whole-body vibration (154 participants)
identified through a conference abstract could not be retrieved
despite multiple attempts at author contact (Tallon 2013 [420, 421,
422,423, 424, 425]), and a fourth trial only reported falls requiring
medical attention, although "falls incidence" was recorded as an
outcome in the trials registry (Lam 2017 [426, 427]; [427]). Due to
the paucity of data available, no conclusions could be drawn on the
effectiveness of whole-body vibration to prevent falls.

There were no concerns raised on the basis of funding in the
included trials of whole-body vibration or vitamin D.

In addition, some other trials (e.g. Gatiker 2021 [428, 429, 430];
Rezola Pardo 2020 [431, 432, 433]) did not report falls outcomes
despite indicating falls as an outcome in the trials registry [429]
[432].

Generalisability

Careful consideration of the context of effective interventions
is required. The type of care provided in care facilities differs
between countries and healthcare systems [434]. In some cases
(e.g. for diary food supplementation in luliano 2021), the facilities
enrolled are based on specific inclusion criteria. Also, cultural and
organisational contexts need to be considered when generalising
the results of this review. Unfortunately, the level of care and case
mix in each facility in this review was often not clearly defined. In
addition, there was striking variability in type, targeting, intensity,
and duration of the falls prevention programmes under study.

ProFaNE intervention categories

Although 104 trials were included in this review, a wide variety of
interventions were evaluated, sometimes with comparators other
than control or usual care, in various types of facilities in different
countries.

Multifactorial interventions

The interpretation of the trials of multifactorial interventions
is complex because of the variation in components, duration,
and intensity of the intervention, and how the interventions
were implemented. The trial design does not allow evaluation of
individual components of the interventions. Some multifactorial
trials used validated falls risk assessment tools to determine the
application of appropriate interventions, but the effects of the
falls risk assessment tool cannot be separated from that of the
interventions. Meyer 2009 and trials in hospital settings [435,
436] have demonstrated that removal of the scoring elements
of risk assessment tools can occur without a negative impact
on falls. There is scope for realigning clinical practice with less
emphasis on use of scales to assess falls risk (because there
is no convincing research evidence of their effectiveness) and
educating and encouraging clinical staff to focus on implementing
the appropriate interventions following a non-scored multifactorial
risk assessment in an individually tailored manner [412].

Exercise

We included 35 trials of exercise, 28 of which tested exercise
compared with usual care. However, many of these trials were
small (median 72 participants), and while there were a number
of trials examining a combination of exercise types or balance,
gait, or functional training exercise programmes, there were few
trials on flexibility, strength/resistance training, and 3D exercise
(including Tai Chi). Two trials examined whole-body vibration, the
outcomes of which were not pooled with the other, active exercise
interventions due to the difference in the intervention types.
There were several comparisons of different exercise programmes;
however, there was generally only one small trial for each
comparison, so the data were too few to be informative.

Medication optimisation

Medication optimisation trials are generally aimed at reducing
psychoactive medications and, more recently, other FRIDs [349].
We considered the identified trials to be clinically similar enough
in their intent to justify pooling; however, they include a
mix of intervention approaches, including medication review,
deprescribing, and educational interventions. It is important to
note that medication review and deprescribing are not considered
as clinically equivalent interventions, but this review was not
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able to differentiate these approaches based on the intervention
descriptions in the included trials, thus they were pooled in the
main analysis. We assessed the evidence as of very low certainty for
these interventions. The large degree of statistical inconsistency in
the trial findings was not clearly explained by subgroup analyses
on intervention type or the professional leading the intervention. A
QCA of the elements of the EUGMS position paper on polypharmacy
and FRIDs did not identify a combination of trial features that
explained the heterogeneity in outcomes either [349].

Vitamin D

The certainty of evidence for vitamin D supplementation was
reasonable (moderate-certainty evidence). However, there were
few trials of vitamin D supplementation taken in the form of a
multivitamin.

Nutrition: dairy food supplementation

This update of the review included the first trial of a nutritional
intervention (luliano 2021). This was a large trial that successfully
reduced the risk of falling and fractures. The trial was conducted in
Australian residential aged care facilities, and the applicability to
care facilities in other countries must be carefully considered. We
are uncertain of the effects on AEs and of cost-effectiveness, as the
certainty of evidence was very low.

Environment/assistive technology and social environment

Trials of environment/assistive technologies and social
environment (e.g. staff training, service model changes) generally
studied clinically different interventions, precluding the pooling of
trial results.

The findings of this review have called into question the value of
using brief scored risk assessments to identify residents at higher
risk of falls. There may, however, be some value in the use of
validated tools that have been shown to predict those at greatest
risk of hip fracture or injurious falls in this setting, but evaluation of
the effectiveness of these tools in improving resident outcomes is
beyond the scope of this review [437, 438].

Other

Few trials incorporated interventions relating to the circumstances
of falls (e.g. assistance with toileting) rather than targeting
individual risk factors, as in the continuous quality improvement
model used to develop a falls prevention programme in Lohse 2012
[439].

The comparator in many trials was 'usual care'. Frequently, the falls
prevention activities included as a component of usual care are not
clearly reported. This hinders interpretation of how usual care may
change over time and any potentially useful subgroup analyses
based on this.

Outcomes

In terms of outcomes, useable data were not reported in 37 trials
for calculating the rate of falls and in 43 trials for calculating the
risk of falling (see Supplementary material 14). Many trials for which
data were suitable for pooling reported data for one, but not both
of these outcomes. This may explain some inconsistency between
findings. Even fewer trials reported the impact of the interventions
on fractures or AEs. Within those trials that did report on AEs, it
was often unclear if these data were recorded systematically. Trials

that reported data on fractures reported outcomes for different
types of fractures (e.g. hip fractures only versus total fractures).
Other trials not eligible for inclusion in this review may provide
additional evidence for theimpact of the interventions on fractures.
In particular, while a larger proportion of included trials reported
data on the risk of fracture following vitamin D supplementation, it
is important to consider that these trials represent only a subset of
the available studies evaluating the effect of vitamin D on fractures.
In addition, some trials of interventions that may increase falls
during the intervention period only reported falls during the post-
intervention period (Garcia Gollarte 2014; Imaoka 2016). Others
reported only a subset of falls (e.g. complete cases only in Bergh
2012 [440]) and therefore did not meet the inclusion criteria for this
review. Many cluster-RCTs did not adjust for clustering, which was
therefore performed post hoc by the review authors (as indicated
by a "c" in Supplementary material 14). For details, see Unit of
analysis issues.

Effects on the rate of falls and risk of falling differed. Although the
pooled data for multifactorial interventions delivered in a tailored
manner according to resident individual circumstances and for
exercise demonstrated a reduction in falls for both outcomes, the
magnitude of the reduction is greater for the rate of falls than for the
risk of falling. Vitamin D supplementation reduced the rate of falls
but not the risk of falling. This discrepancy is likely to be explained
by differential effects on multiple fallers (i.e. those falling more
than once over the study period). However, too few of these trials
reported data on multiple fallers to enable meaningful analysis
of this outcome. It is important for individuals to aim to reduce
both the rate of falls and risk of falling outcomes. Every fall has
the potential to cause serious injury, or to modify behaviour (e.g.
necessitating using a wheelchair instead of walking), so reducing
the number of falls in multiple fallers reduces the risk of these
negative impacts, even if an individual continues to have some
(though fewer) falls. Clinically, the implications are that while there
is now some evidence demonstrating interventions that can reduce
the number of falls, the success of trials at decreasing the number
of people falling is lower, and further research is still required.

This update of the review includes cost-effectiveness analyses
for four of the five main comparisons. However, these were
conducted in single trials for each intervention type (multifactorial
interventions, exercise, medication review/deprescribing, and
dairy food supplementation), so the certainty of evidence was low
orvery low in all cases.

Subgroup analyses

We conducted a large number of subgroup analyses in this review,
some of which directly influence the conclusions. However, these
are spread across intervention categories, and there are a limited
number (three or four) within each intervention type. This was
considered necessary to explore the substantial heterogeneity
observed between trials in some categories of interventions. The
findings from subgroup analyses can be misleading, and the
likelihood of false-positive and false-negative findings increases
with the conduct of increasing numbers of subgroup analyses.
We undertook the adherence to predefined subgroup analysis
of cognitive status and intervention characteristics according to
the ProFaNE taxonomy plus subgroup analyses informed by a
qualitatively derived theory from the trialists' views to reduce this
bias.
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In addition, we conducted GRADE ratings of the credibility of
subgroup analyses, which were considered in the GRADE ratings for
inconsistency (downgrading where the credibility of the subgroup
analysis was considered low) and thus the overall certainty of
the evidence rating [231]. Nevertheless, it remains possible that
conclusions informed by subgroup analyses are spurious [231].

Implementation

Many of the interventions studied would be difficult to sustain
in usual clinical practice due to competing factors in the clinical
environment.

In care facility settings, vitamin D supplementation is relatively
cheap, and once it commences as part of a person’s regular
medication regimen it can be continued indefinitely.

While some of the exercise interventions in this review were
relatively resource-intensive (e.g. Hewitt 2018, with equipment
purchase costs of AUD 60,000 shared between facilities), other,
smaller exercise trials successfully reduced falls and utilised less
resource-intensive interventions (e.g. Jahanpeyma 2021 using
ankle weights, or Irez 2011 using resistance bands, mats, and
exercise balls). Individual preferences of residents are likely to play
a role in acceptability. Acceptability may increase adherence and
thereby the effectiveness of any programme.

The current analysis found that implementing multifactorial
interventions by engaging with aged care staff and managers,
and tailoring the intervention delivery to individual residents'
circumstances, is likely important to the successful delivery of
a falls reduction programme. A recent trial that undertook this
approach has been conducted in the UK (Logan 2021). Resources
that are freely available from this trial include educational
videos and a training booklet that includes falls risk assessment
and action guides on medical history and health, environment
and equipment, activity, communication and understanding, and
toileting (available from www.reactto.co.uk/react-to-falls) [43, 49].

Limitations of the review processes
Search methods for identification of studies

We attempted to minimise publication bias in this review by
searching multiple databases. We also attempted to contact
authors of trials identified in trials registers that were completed,
but for which full reports had not been identified, studies where
only conference abstracts were identified, and many studies where
eligibility was unclear. We placed no language restrictions on
our search strategy. Data were obtained for one unpublished
trial of whole-body vibration and included in the review (Koike
2009). However, our attempts at correspondence were not always
successful, so some risk of publication bias (i.e. a higher chance
of successful trials being published and included in the review)
remains. To examine the possible impact of this, we examined
funnel plots for meta-analyses of critical outcomes including more
than 10 trials. We explored the possibility of publication bias or
small-trial effects by constructing funnel plots of trials of exercise,
medication optimisation, and multifactorial interventions (Figure
9; Figure 15; Figure 16; Figure 17; Figure 18; Figure 21; Figure 22). For
most intervention categories and critical outcomes, there was no
clear evidence of publication bias (or small-study effects). However,
there was some asymmetry in the risk of falling outcome at the
end of the intervention period for trials of exercise versus usual

care, indicating potential bias (see Figure 17). This may inflate the
estimate of effectiveness in reducing falls for this comparison and
outcome, but this has been taken into account by downgrading the
certainty of evidence for this outcome (Summary of findings 2).

All citations in this update were screened in duplicate by two
reviewers, with two review authors screening all retrieved trials
at the full-text stage, and a third review author resolving any
conflicts in study selection as necessary. One thesis from 2001
(previously listed as awaiting classification; MacRitchie 2001 [441,
442]) and one conference abstract from 2013 (also previously
listed as awaiting classification; Tallon 2013) were excluded as
they could not be retrieved. The thesis was a small study (N =
88) of an exercise (standing) intervention; there are already 35
trials with 4313 randomised participants contributing to exercise
interventions in the review, so exclusion of this study is unlikely to
have impacted the findings. The conference abstract was of a trial
of whole-body vibration (N = 154) that reported no strong evidence
for a reduction in falls (Tallon 2013), the inclusion of which would
be unlikely to have impacted the review findings.

The studies incorporated into the analyses in this review were
identified from searches to December 2022, longer than the
standard 12-month time frame for a systematic review. Seven
additional trials eligible for inclusion as identified in a top-up
searchto May 2024 are listed in Supplementary material 4 as studies
awaiting classification, and results have not been incorporated into
this review as they are not considered likely to impact the review
findings. Due to the size and scope of this review, incorporation of
results of all trials published within 12 months of the search dates
is extremely difficult. We do not believe that this will add bias to the
review conclusions, as the likely impact of each of these trials on
the review has been considered carefully.

Criteria for considering studies for this review

While we strictly applied a priori inclusion and exclusion criteria
to the selection of trials, which should minimise bias, this does
resultintheinclusion of a subset of the available evidence, applying
in particular to the risk of fracture outcome. All included trials
were required to present data on the overall rate of falls or risk of
falling. Those reporting only a subset of falls (e.g. injurious falls,
bedside falls) were excluded. We also excluded studies reporting
falls as AEs, where trial authors indicated concerns that falls may
increase as a result of the intervention, although in some instances,
the intervention might plausibly have reduced falls. The impact of
the exclusion of such studies is uncertain, but inclusion of studies
reporting falls as AEs may reduce the estimates of effectiveness at
preventing falls. For a more comprehensive systematic review of
the effect of vitamin D supplementation on fractures, see Avenell
and colleagues' 2014 review [443].

This review only includes RCT evidence. Observational studies
conducted in middle- and lower-income countries that could
provide insights into successful implementation approaches for
some of the effective falls prevention interventions examined
within this review may exist. However, identification of these
studies was beyond the scope of this review.

Data extraction and management

We have not made any assumptions to account for missing falls
outcomes data. Where the number of participants contributing
outcomes was not clearly reported, it was assumed that the
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number of randomised participants contributed data, and for the
rate of falls, we assumed that they contributed data for the full
follow-up period. The impact of this approach on the estimates of
outcome effects is uncertain.

We have not extracted data on the source of funding for trials
included in previous versions of this review, except for vitamin
D and whole-body vibration studies. We considered this unlikely
to have added bias to the review, as the intervention types
other than vitamin D and whole-body vibration are not likely to
have significant commercial funding distorting the evidence, and
funding is also less likely to be reported in older studies.

While we collected AE data, AEs were generally poorly reported
and, where reported, the evidence was of very low certainty.
Consequently, we are uncertain of the AE estimates for all
interventions. In addition, only including RCT evidence means that
the included studies are underpowered to allow for detection of
serious and rare AEs, so this review could not accurately report on
these outcomes. This has been taken into account in the ratings of
the certainty of the evidence.

Risk of bias assessment

We did not undertake risk of bias assessment blind to trial
authorship, which could potentially lead to bias, although we
consider the risk of this to be low given that the assessment was
done in duplicate with resolution of discrepancies.

Synthesis methods

Using the generic inverse variance method in this review enabled
usto pooldataas reported by trial authors with our own, calculated
from raw data, and results adjusted for clustering. The use of
different intraclass correlation coefficients (ICCs) to adjust for
clustering forrisk of falling and risk of fracture outcomes (where not
undertaken by trial authors) in this update compared to older trials
included in this review prior to this update is a source of potential
bias. However, it is considered appropriate, as the included trials
span many decades, and standard practice in care facilities is likely
to have changed over this period. We did not have access to a newer
ICC for the rate of falls.

The ProFaNE falls prevention taxonomy enabled us to pool
similar interventions in the analyses using a systematic approach.
However, the classification of some interventions according to
this taxonomy was unclear and required judgement in some
cases. Interventions intended to improve the appropriateness
of medication prescribing (including medication review and
deprescribing interventions) were described as medication
optimisation, rather than medication review, as this more
appropriately described the range of interventions included in this
category. In some cases there was uncertainty in the classification
of interventions according to ProFaNE categories. This applied in
particular to medication review/deprescribing trials. In this case,
bias was minimised by pooling these interventions in the main
analysis (Analysis 12.1; Analysis 12.3), examining these separate
intervention categories in a further subgroup analysis (Analysis
13.1; Analysis 13.2), and downgrading the certainty of the evidence
for indirectness due to variation in approaches within intervention
category.

Investigation of heterogeneity and subgroup analysis

The classification of trials for subgroup analyses based on cognitive
status (i.e. as participants with no cognitive impairment, a mixed
sample, or with cognitive impairment, in Analysis 4.1 and Analysis
4.2 for multifactorial interventions versus usual care and Analysis
9.1 and Analysis 9.2 for active exercise interventions versus usual
care) was based upon the inclusion/exclusion criteria of the trials,
or baseline characteristics, rather than within-trial analyses. The
impact of this is uncertain, but the effect on the confidence of any
findings has been taken into account in the ratings of subgroup
credibility (Supplementary material 17) and in the GRADE ratings of
the certainty of the evidence.

Scoring of trial features for the QCA data table (for multifactorial
interventions in  Supplementary material 19, exercise in
Supplementary material 22, and medication review/deprescribing
in Supplementary material 23) was not undertaken blind to
trial outcomes, but was undertaken in duplicate. This approach
was necessary to undertake the qualitative, iterative process for
refinement of the theory of drivers of effectiveness within the
included trials. Where data were missing for scoring of the features
of included trials in ICA and QCA analyses, we undertook author
correspondence for multifactorial intervention trials, or assumed
that the scored component was absent. This could indicate some
risk of bias; however, we considered this to be low, as authors
are likely to report elements of their trials where included.
Nevertheless, we downgraded the certainty of the evidence for
findings from subgroup analyses informed by QCA (Analysis 5.1;
Analysis 5.2; Analysis 10.1; Analysis 10.2) for indirectness because
the subgroup analysis was based upon a qualitative theory, derived
using ratings of trial features that were not always clearly reported
(see Supplementary material 20; Supplementary material 21).
We did not undertake correspondence with authors of exercise
trials to inform the ICA/QCA analyses, as the components of the
interventions were generally more clearly reported than within
multifactorial trials, and the ICA indicated more intervention
components as features of the theory rather than implementation
features.

The ICA and QCA analyses do not include the complete or same
set of trials as those included in the entire review (Supplementary
material 22; Supplementary material 19; Supplementary material
23); however, this is not considered a bias, as the ICA/QCA approach
was undertaken only to develop a theory of drivers of successful
trials, utilising a set of both successful and unsuccessful trials. The
findings of a QCA are considered at low risk of being outdated, and
instead addition of extra studies is likely to add nuances or further
support for the final theory [444]. The theory was then used to
inform subgroup analyses, which included all meta-analysed trials
in the review.

Certainty of the evidence assessment

We undertook GRADE assessments for comparisons presented
in the summary of findings tables, which were conducted
independently by two review authors. There are potential biases
within the data included in the review in terms of non-normal
distribution of falls rates in the included trials (as seen in Potter
2016), missing data including the loss of clusters within some
trials (e.g. luliano 2021), selective outcome reporting, decisions
regarding pooling of trials where there is high heterogeneity,
and selection of models used for meta-analyses where there
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is high heterogeneity for one falls outcome but not another
(e.g. high heterogeneity for rate of falls but not risk of falling).
The potential biases due to these factors are captured by the
GRADE assessment of the overall certainty of evidence (Summary
of findings 1; Summary of findings 2; Summary of findings 3;
Summary of findings 4; Summary of findings 5). There are also
potential biases in decisions to conduct post hoc subgroup and
sensitivity analyses (e.g. Analysis 3.1; Analysis 3.2; Analysis 3.3;
see Investigation of heterogeneity and subgroup analysis and
Sensitivity analysis). We took this into account in conducting
the GRADE assessments, interpreting the findings cautiously
(i.e. downgrading the certainty of evidence for indirectness for
findings based on subgroup analyses informed by QCA features
scoring, which includes a qualitative component, for exercise and
multifactorial interventions) and transparently reporting these
analyses under Subgroup analyses headings.

Agreements and disagreements with other studies or
reviews

We searched for other systematic reviews of falls prevention
initiatives in care facilities published since 2018 within our search
described in Supplementary material 1. We compared our review
results with the Cochrane reviews 'Exercise for preventing falls
in older people living in the community' [52], 'Multifactorial and
multiple component interventions for preventing falls in older
people living in the community' [55], 'Environmental interventions
for preventing falls in older people living in the community' [51],
and 10 other systematic reviews incorporating meta-analyses.

Comparison with trials in community-living older people

There is now clear evidence that exercise can prevent falls in
older people living both in the community and in care facilities
[52]. The effectiveness of exercises that primarily involve balance
and functional exercises, or multiple exercise categories (typically
balance and functional exercises plus resistance exercises) is well
established in the community. Tai Chi may also prevent falls in
the community [52]. The current review provides low-certainty
evidence that moderate-/low-intensity exercise in a group setting,
or exercises delivered for at least one hour per week in ambulatory
residents, may reduce the rate of falls in care facility residents.
However, there is still uncertainty about the most effective types of
exercise in this setting.

A systematic review of fall prevention exercise programmes
found moderate-certainty evidence that fall prevention exercise
programmes for older people living in the community are likely
to be cost-effective, and that evidence for the cost-effectiveness
of falls prevention programmes for older adults living in care
facilities is more limited but promising [445]. The current review
also identified low-certainty evidence suggesting that exercise for
falls prevention in care facilities may be cost-effective (Summary of
findings 2).

Home fall hazard interventions are effective in reducing falls in
older people at higher risk of falling living in the community [51].
However, thereis insufficient evidence on the effectiveness of these
types of interventions conducted as single interventions in care
facilities.

In the community, multifactorial interventions may reduce the
rate of falls [55]. The current review has shown that multifactorial

interventions probably also decrease falls in care facilities.
However, in this setting, effective fall prevention is probably
dependent upon implementation with facility staff engagement
and tailored intervention delivery according to the circumstances
of the individual residents (e.g. living with dementia).

Comparison to other systematic reviews to prevent falls in
care facilities

All interventions

Gulka and colleagues [446] conducted a systematic review and
meta-analysis of any fall prevention interventions and included 36
trials, all of which are included in this review. Interventions were
categorised according to ProFaNE, but the classification of some
interventions differed from this review [15]. The review reported
meta-analyses for the risk of falling and concluded that exercise as
a single intervention and as multifactorial interventions reduced
falls, consistent with this review. Based on one trial included in this
review as a medication optimisation intervention (Juola 2015 [65]),
it was also concluded that staff education reduced falls. Pooling
outcomes from three trials of multiple interventions of exercise
combined with vitamin D (Imaoka 2016 [106]), incontinence care
and fluid therapy (Schnelle 2003 [402]), or podiatry (Wylie 2017
[399]) also led to the conclusion that multiple interventions reduce
falls.

Exercise

Wang and Tian [447] conducted a systematic review of exercise
interventions in "nursing homes" including 14 trials. They also
found a significant reduction in the risk of falls and rate of falling.
However, that review included some trials conducted in assisted-
living facilities [448] and the community [449, 450], which were
not considered care facility settings in this review. Wang and Tian
also included one trial that only recorded falls requiring medical
attention, which was excluded from the current review [426].

De Souto Barreto and colleagues conducted an individual patient
data meta-analysis examining the effects of exercise on falls and
other outcomes in people living with dementia [451]. Three of five
included trials with falls data were conducted in care facilities.
One of these was excluded from the current review, as falls were
monitored as AEs (de Souto 2017 [452]). They reported that exercise
reduced the risk of falls in this population (OR 0.75, 95% CI 0.57
to 0.99), which concurs with the subgroup analysis conducted for
participants with cognitive impairment in the current review (low-
certainty evidence).

Cao and colleagues conducted a systematic review and meta-
analysis examining exercise to prevent falls in "nursing home"
residents [453]. Pooled falls outcomes from seven trials showed no
effect on falls (OR 0.88, 95% CI 0.48 to 1.59).

Sherrington and colleagues conducted a systematic review and
meta-analysis of exercise interventions to prevent falls in older
adults [454]. That review included 14 RCTs (15 comparisons) of
exercise interventions in care settings and found no significant
effect on the rate of falls. The authors observed possible asymmetry
in the funnel plot, which was not statistically significant on
Egger's test. Three of the included trials were excluded from this
review (DeSure 2013 [455]; Resnick 2002 [456]; Rolland 2007 [457];
Supplementary material 3). Two of the trials included in the pooled
estimate were considered as multiple interventions under the
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ProFaNE classification system in the current review (Huang 2016
[376]; Schnelle 2003 [402]; Supplementary material 10), and data
reported for one trial were considered not suitable for poolingin the
current review (Toulotte 2003 [154]). All other trials were included.

The current review findings of a reduction in falls from exercise
is consistent with the conclusions of the most recent review by
Wang and Tian [447], but contrasts with the findings of Cao
and colleagues [453] and the older review by Sherrington and
colleagues [454]. The qualitative findings in this review regarding
the types of exercise programmes most consistent with effective
falls prevention, using the novel methodology of applying ICA and
QCA, are unique.

Medication optimisation

Seppala and colleagues conducted a systematic review and meta-
analysis examining medication review as a single intervention to
prevent falls [458], identifying 23 trials conducted in care facilities.
A meta-analysis of five trials of medication review or medication
withdrawal plans reporting the risk of falling found an RR of 0.86
(95% Cl 0.72 to 1.02; I*> = 0%). Seven trials were pooled to give
an RaR of 0.95 (95% Cl 0.64 to 1.35; I = 92%). All of these trials
were included in the current review. The authors concluded that
heterogeneity prevented any conclusions regarding the benefit of
medication review as a single intervention.

Lee and colleagues examined deprescribing of FRIDs for the
prevention of falls [459]. Their systematic review and meta-analysis
included five trials, one of which was conducted in a care facility
setting [319] and was included in the current review. The meta-
analysis did not find any effect of deprescribing on the rate or risk
of falls.

A systematic review and meta-analysis of medication optimisation
in care facilities including 25 RCTs also found no reduction in the
risk of falling (RR 1.06,95% C1 0.89 to 1.26; 8 trials; 9382 participants)
[58]. One included trial was excluded from the current review, as
falls were reported as AEs [460]; all other trials were included.

The conclusions of these three systematic reviews were consistent
with those of the current review.

Vitamin D supplementation

We have previously published a comparison of the findings of
this review (unchanged from 2018 [1]) to a systematic review
and meta-analysis of vitamin D supplementation published in The
Lancet Diabetes and Endocrinology in 2018 [461, 462]. Bolland and
colleagues pooled seven trials conducted in residential care in a
subgroup analysis and reported that vitamin D was not effective
at reducing falls [462]. However, their analysis included three trials
that were excluded from our meta-analysis due to the setting [463],
not being a valid RCT [464], or comparing high-dose to low-dose
vitamin D [465]. Regardless, the current review also found a lack of
effect of vitamin D on the risk of falling, but Bolland and colleagues
did not conduct a meta-analysis of the rate of falls.

A 2022 systematic review and meta-analysis examining vitamin
D supplementation for fall prevention in all settings reported a
subgroup analysis in institutionalised patients (pooling data from
participants in both hospital and care facility settings) [466]. The
two trials conducted in care facilities were also included in this
review. The meta-analysis found a reduction in the risk of falling

for six pooled trials in institutional settings (RR 0.74, 95% CI 0.58 to
0.94).

AUTHORS' CONCLUSIONS

Implications for practice

The addition of new trials and the application of new methods to
inform subgroup analyses where intervention categories had high
heterogeneity between trials has informed a number of new and
clearer conclusions in this update of the review of interventions
to prevent falls in care facilities, which are summarised below.
However, many interventions were investigated in single trials or
only a few small trials, thus conclusions cannot be drawn for many
intervention categories.

For all interventions, we are uncertain of their effects on adverse
events, as the certainty of evidence was assessed as very low.
This was also the case for the effects on the risk of fracture for
many interventions. There was a lack of evidence on knowledge/
education interventions, management of urinary incontinence,
and surgery (e.g. cataract surgery).

« Multifactorial

o Multifactorial interventions deliver different interventions
based on an individual risk assessment. Those that are
implemented with facility staff engagement and tailored
intervention delivery according to residents' individual
circumstances (e.g. living with dementia) probably result
in a large decrease in falls (moderate-certainty evidence;
Summary of findings 1).

o Effective multifactorial interventions target both personal
and environmental risk factors, including environmental
hazards and medication optimisation, assessment of the
need for assistive aids, and exercise.

« Exercise

o Active exercise as a single intervention probably reduces the
rate of falls and risk of falling (moderate-certainty evidence),
but after the end of a programme, active exercise has little or
no lasting effect on the rate of falls (high-certainty evidence)
and probably has little or no effect on the risk of falling
(moderate-certainty evidence; Summary of findings 2).

m Types of exercise programmes that may particularly
reduce the rate of falls are likely to be those that are
moderate- or low-intensity group exercise, or that involve
exercise for more than one hour per week forindependent
ambulatory residents (who can mobilise with or without a
walking aid; low-certainty evidence).

m Most successful interventions involve supervision and
tailoring of exercise programmes.

m Exercise may reduce the risk of falling in residents with
cognitive impairment (low-certainty evidence).
« Medication optimisation
o Overall, medication optimisation interventions may make
little or no difference to the rate of falls (low-certainty
evidence) and probably make little or no difference to the risk
of falling (moderate-certainty evidence).

o We are uncertain of the effect on falls of medication review/
deprescribing as a single intervention (very low-certainty
evidence; Summary of findings 3).

« Vitamin D supplementation
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o The prescription of vitamin D probably reduces the rate
of falls (moderate-certainty evidence), but prescription of
vitamin D (with or without calcium) probably makes little
or no difference to the risk of falling (moderate-certainty
evidence; Summary of findings 4).

Nutrition: dairy food supplementation

o Increasing servings of dairy to residents through dietitian
assistance with menu design to enhance protein and calcium
through the provision of dairy foods may decrease the risk of
falling and risk of fracture from falls (low-certainty evidence;
Summary of findings 5).

Environment/assistive technology
o Thereis a general lack of evidence on these interventions.

o The effects on falls of a wireless position-monitoring device
and assistive home technology with a focus on lighting did
not provide strong evidence for a reduction in falls.

Social environment

o Use of a brief, five-item scored falls risk assessment tool
probably makes little or no difference to the rate of falls or risk
of falling compared to nurses' judgement alone (moderate-
certainty evidence).

o One trial of 150 residents found that provision of resident
falls risk assessment information by a physiotherapist to care
facility staff in a case conference reduced the rate of falls.

o Nine other single interventions targeting staff and the
organisation of care on falls, including staff education on
fall and fracture prevention; a project nurse facilitating
best-practice falls injury prevention strategies; guideline
implementation (falls, urinary tract infection, and pressure
ulcers); dementia care mapping; a programme to improve
staff connections, communication, and problem-solving; a
staff training programme focused on resident-to-resident
elder mistreatment; a model of ocular care in comparison to
referral to eye care providers; staff 20-minute rounding; and
person-centred care were represented by one or two trials
and did not provide strong evidence for an effect on falls.

Psychological interventions

o We are uncertain of the effects on falls of
psychological interventions, including a cognitive-
behavioural intervention with a focus on falls risk reduction,
a computer-based cognitive training programme focused
on improving attention, and cognitive training provided in
addition to multicomponent exercise.

Other single interventions

o We are uncertain whether lavender olfactory stimulation,
multisensory stimulation in a Snoezelen room, sunlight
exposure, or additional podiatry (footwear assessment and
foot and ankle exercises) reduces falls.

Multiple interventions
o We are uncertain about the effect on falls of multiple
interventions including:
m exercise, offering regular fluids, and toileting for
incontinent residents;

m increased sunlight
supplementation;

cognitive-behavioural therapy plus exercise;

m a mobility monitoring system, staff training on dementia,
and case conferences.

exposure plus calcium

Cochrane Database of Systematic Reviews

Equity-related implications for practice

While exercise and multifactorial interventions have been shown
to be cost-effective in high-income countries (Australia and the
UK) [445], the applicability of these findings to middle- and
low-income countries is uncertain. Suggestions for less resource-
intensive interventions to prevent falls are included in Limitations
of the evidence included in the review, under the 'Implementation’
subheading.

Implications for research

Further research, primarily randomised controlled trials (RCTs), is
warranted to help inform decisions in this key area. We suggest the
following guide to help discussions on future priorities.

Further research into supervised exercise programmes should
focus on the specific type of exercise that prevents falls in this
population and examine exercise interventions for less mobile
residents and those with cognitive impairment.

Evaluation of ongoing implementation of multifactorial
interventions that engage facility management and staff with
tailored intervention delivery, using established translational
frameworks such as RE-AIM [419].

Furthertrials of patient-directed interventions, especially in care
facilities, for example with a psychological and educational
focus.

Further trials of nutritional interventions, particularly outside
Australia.

Trials with interventions incorporating approaches based on the
circumstances of falls in addition to individual risk factors, e.g.
regular assisted toileting (Schnelle 2003).

Further trials testing the routine use of validated falls
risk assessment tools to guide tailored fall prevention
implementation plans.

Further research on the provision of falls risk assessment
information to care facility staff in case conferences.

Further research is required testing interventions targeting
staff, and changes to the organisational system in which an
intervention is delivered or the introduction of new healthcare
models.

Additional trials on medication optimisation, vitamin
D plus calcium supplementation, environmental/assistive
technologies, and social environment interventions are
required. There should be an emphasis on large trials.

Further analyses of the context and implementation of the
interventions of medication optimisation trials to determine
drivers of effective trials.

Further research focusing on participants with dementia.
Further research conducted in low- and middle-income country
settings.

Further research examining exercise and nutrition as multiple
interventions, in settings where resources are limited, due to
their possible effectiveness in frailty and sarcopenia.

Other aspects, including research methods, that need to be
adopted in all future studies are as follows.

Classification of the components of fall prevention intervention
using the taxonomy developed by the Prevention of Falls
Network Europe (ProFaNE) [14, 15]. This will produce
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consistency between trials, allowing for more effective pooling
of data.

« Consideration is needed of the nature of 'usual care' and its
potential interaction with the intervention group.

« For single, multiple, and multifactorial intervention trials, clear
descriptions are needed of the components and the proportion
of the participants receiving the different interventions, in
addition to implementation factors such as engagement
with staff, success of implementation of recommended
interventions, and modification of recommended interventions
following initial assessment. Based on trials included in the 2010
version of this review [22], it was estimated that by 12 months,
only a third of care facility residents are likely to be adhering to
falls prevention interventions [467].

« Falls data should be collated by a researcher blind to group
allocation.

« Fall events should be reported by group as total number of
falls, fallers, and people sustaining a fall-related fracture or brain
injury; rate of falls (falls per person-year or per 1000 patient
days); multiple fallers and number in each analysis.

« Results should be analysed using appropriate, prespecified
methodology (e.g. negative binomial regression, survival
analysis) [468]. Group comparisons should be expressed as
incidence rate ratios and risk ratios with 95% confidence
intervals.

« Authors of trials not excluding people with cognitive impairment
or frailty should plan to report the results by level of cognitive
impairment or frailty to indicate whether degree of impairment
is an effect modifier.

« Design and reporting of trials should meet the contemporary
standards of the extended CONSORT statement, including
those relating to random sequence generation and allocation
concealment prior to randomisation [415]. Intervention
components should be reported according to Template for
Intervention Description and Replication (TIDieR) guidelines,
including the degree of implementation and fidelity [469].
Pragmatic trials and those testing non-pharmacological
interventions should incorporate the requirements defined in
the most recent CONSORT extension statements [417, 418].

« A clear description of usual care in the control arms of trials
and discussion of the interaction of the intervention with this is
needed.

« Design and reporting of cluster-RCTs should follow
contemporary guidance [416] including the reporting of
intraclass correlation coefficients.

« Where factorial designs are employed, data for each treatment
cell should be reported to allow interpretation of possible
interactions between different intervention components [470].

« Clear reporting on the cognitive status of the included
participants and including those with cognitive impairment.

« Economic evaluations should be conducted alongside RCTs
to establish the cost-effectiveness of each intervention being
tested. This involves measuring health-related quality of
life as an outcome (for cost-utility analyses), defining the
perspective and time horizon, collecting and clearly reporting
intervention costs, collecting data on healthcare use, costing
healthcare resources, calculating cost-effectiveness ratios (if
the intervention is effective in reducing falls), and evaluating
uncertainty. Studies should also report total costs per allocation

group, incremental costs, and incremental outcomes, as well as
incremental cost-effectiveness ratios plus uncertainty intervals
and acceptability curves. Guidelines for carrying out and
reporting economic evaluations in falls prevention trials have
been published [471].

Equity-related implications for research

Only 5% of trials were conducted in middle-income countries,
and none in low-income countries. Resources may thus not be
available to implement some of the falls prevention approaches
supported by the evidence in this review, and any cost-effectiveness
analyses may have limited applicability in such settings. Further
research into falls prevention approaches in low- and middle-
income countries should be a priority.
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Table 1. Characteristics of included studies: reference links (continued)

Trials added in this update

Additional (N = 33): Arrieta 2019; Brett 2021; Cateau 2021a; Cateau 2021b; Colon-Emeric 2017;
Curtin 2020; Dever Fitzgerald 2016; Dhargave 2020; Etherton-Beer 2023; Gattinger 2017; Hewitt
2018; Holland 2023; luliano 2021; Jahanpeyma 2021; Jordan 2015; Junius Walker 2021; Kerse
2009; Koike 2009; Kua 2021; Lauriks 2020; Logan 2021; Man 2020; Rezola-Pardo 2022; Richter 2019;
Roberts 2020; Roughead 2022; Tadrous 2020; Taylor 2024; Teresi 2018; Toots 2019; Varela 2018;
Wouters 2017; Wylie 2017

Design

Cluster randomised (N = 48): Beck 2016; Becker 2003; Cateau 2021a; Chenoweth 2009; Choi 2005;
Colon-Emeric 2013; Colon-Emeric 2017; Cox 2008; Crotty 2004b; Desborough 2020; Dyer 2004; Gar-
cia Gollarte 2014; Gattinger 2017; Hewitt 2018; Holland 2023; luliano 2021; Jordan 2015; Jensen
2002; Junius Walker 2021; Juola 2015; Kennedy 2015; Kerse 2004; Kerse 2008; Kua 2021; Lapane
2011; Lauriks 2020; Law 2006; Logan 2021; Man 2020; McMurdo 2000; Meyer 2009; Neyens 2009; Pat-
terson 2010; Ray 1997; Richter 2019; Rosendahl 2008; Salva 2016; Sambrook 2012; Tadrous 2020;
Teresi 2018; Toots 2019; Van de Ven 2014; Van Gaal 2011; Walker 2016; Ward 2010; Whitney 2017;
Wouters 2017; Yokoi 2015

Setting (country)

Australia (N = 16): Brett 2021; Chenoweth 2009; Crotty 2004a; Crotty 2004b; Etherton-Beer 2023;
Flicker 2005; Grieger 2009; Hewitt 2018; luliano 2021; Man 2020; Potter 2016; Roberts 2020; Roug-
head 2022; Sambrook 2012; Saravanakumar 2014; Ward 2010

Belgium (N = 1): Buckinx 2014

Brazil (N = 1): da Silva Borges 2014

Denmark (N =1): Beck 2016

Canada (N = 4): Dever Fitzgerald 2016; Kennedy 2015; Klages 2011; Tadrous 2020
China (N=1): Fu 2015

Finland (N = 3): Juola 2015; Sihvonen 2004; Tuunainen 2013

France (N = 3): Chapuy 2002; Peyro Saint Paul 2013; Toulotte 2003

Germany (N = 4): Becker 2003; Junius Walker 2021; Meyer 2009; Richter 2019
Hungary (N =2): Kovacs 2012; Kovacs 2013

India (N = 1); Dhargave 2020

Ireland (N = 1): Curtin 2020

Israel (N =1): Frankenthal 2014

Korea (N = 1): Choi 2005

Japan (N =6): Imaoka 2016; Koike 2009; Sakamoto 2006; Sakamoto 2012; Shimada 2004; Yokoi
2015

The Netherlands (N = 6): Faber 2006; Lauriks 2020; Neyens 2009; Van de Ven 2014; Van Gaal 2011;
Wouters 2017

New Zealand (N = 4): Kerse 2004; Kerse 2008; Kerse 2009; Taylor 2024
Singapore (N = 1): Kua 2021

Spain (N = 8): Arrieta 2019; Cadore 2014; Garcia Gollarte 2014; Rezola-Pardo 2022; Salva 2016; Ser-
ra-Rexach 2011; Sitja Rabert 2015; Varela 2018

Sweden (N = 3): Jensen 2002; Rosendahl 2008; Toots 2019
Switzerland (N = 5): Bischoff 2003; Cateau 2021a; Cateau 2021b; Gattinger 2017; Van het Reve 2014

Taiwan (N =1): Huang 2016
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Table 1. Characteristics of included studies: reference links (continued)

Turkey (N =2): Irez 2011; Jahanpeyma 2021

United Kingdom (N = 14): Cox 2008; Dyer 2004; Desborough 2020; Holland 2023; Jordan 2015; Law
2006; Logan 2021; McMurdo 2000; Patterson 2010; Shaw 2003; Walker 2016; Whitney 2017; Wylie
2017; Zermansky 2006

USA (N = 14): Broe 2007; Buettner 2002; Clifton 2009; Colon-Emeric 2013; Colon-Emeric 2017; La-
pane 2011; Mulrow 1994; Nowalk 2001; Ray 1997; Rubenstein 1990; Schnelle 2003; Schoenfelder
2000; Streim 2012; Teresi 2018

Key Intervention?

Multifactorial (N = 15): Beck 2016; Becker 2003; Dyer 2004; Jensen 2002; Kerse 2004; Kerse 2009;
Logan 2021; McMurdo 2000; Neyens 2009; Ray 1997; Rubenstein 1990; Salva 2016; Shaw 2003; Walk-
er 2016; Whitney 2017

Active exercise (N =33): Arrieta 2019; Brett 2021; Buettner 2002; Cadore 2014; Choi 2005; da Silva
Borges 2014; Dhargave 2020; Faber 2006; Fu 2015; Hewitt 2018; Imaoka 2016; Irez 2011; Jahanpey-
ma 2021; Kerse 2008; Kerse 2009; Kovacs 2012; Kovacs 2013; Mulrow 1994; Nowalk 2001; Rosendahl
2008; Sakamoto 2006; Saravanakumar 2014; Schoenfelder 2000; Serra-Rexach 2011; Shimada 2004;
Sihvonen 2004; Sitja Rabert 2015; Taylor 2024; Toots 2019; Toulotte 2003; Tuunainen 2013; Varela
2018; Yokoi 2015

Medication review/deprescribing (N = 23): Cateau 2021a; Cateau 2021b; Crotty 2004a; Crotty
2004b; Curtin 2020; Desborough 2020; Etherton-Beer 2023; Frankenthal 2014; Garcia Gollarte 2014;
Holland 2023; Jordan 2015; Junius Walker 2021; Juola 2015; Kua 2021; Lapane 2011, Patterson
2010; Peyro Saint Paul 2013; Potter 2016; Roughead 2022; Streim 2012;Tadrous 2020; Wouters 2017,
Zermansky 2006

Vitamin D (N = 8): Bischoff 2003; Broe 2007; Chapuy 2002; Flicker 2005; Grieger 2009; Imaoka 2016;
Kennedy 2015; Law 2006

Nutrition: dairy food supplementation (N = 1): luliano 2021

aInterventions represented in Summary of Findings tables

Table 2. Characteristics of interventions in studies of exercise interventions

Trial Intervention Control Comment
Arrieta 2019 Supervised group resistance and balance exercise,2  Routine low-intensity group
times/week, 60 minutes/session activities (e.g. memory work-
shop, reading, singing)
Brett 2021 Supervised group exercise targeting strength, bal- Usual care: continue to partici-
ance, endurance and flexibility, 1 time/week, 45 pate in usual activities

minutes/session; or 3 times/week 15 minutes per
session (ran in two different randomised groups)

Buckinx 2014 Individually supervised whole body vibration exer- Usual care: no change to
cise programme, 3 times/ week, roughly 3 minutes/ lifestyle
session
Buettner 2002 Supervised group exercises including balance, Usual care Results for inter-
strength and flexibility; 3 times/week and daily walk- ventions vs usual
ing group care as reported by
study authors pre-
sented in Analysis
6.2 as data not suit-
able for calculation
of RaR or RR
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Table 2. Characteristics of interventions in studies of exercise interventions (continued)

Cadore 2014 Multicomponent exercises including muscle power Usual care: "mobility" exercis-  Results for inter-
training combined with balance and gait retraining; es (at least 4 days/ week, 30 ventions vs usual
2 times/week, 40 minutes/session minutes/day), small active and  care as reported by
passive movements applied as  study authors pre-
stretches in a rhythmic fashion  sented in Analysis
6.2 as data not suit-
able for calculation
of RaR or RR
Choi 2005 Supervised group-based Tai Chi exercise, 3 times/ Usual care: routine activities,
week, 35 minutes/session without participation in any
regular exercise classes
Dhargave 2020 Partially individually supervised exercise and edu- Education programme about

cation programme about awareness and preven-
tion of falls. Recommended dose: 7 times/ week, 30
minutes/day for the exercise plus 30 minutes/day for
walking

awareness and prevention of
falls

da Silva Borges
2014

Ballroom dancing; 3 times/ week, 50 minutes/ ses-
sion

Usual care: agreed not to en-
gage in any regular physical
activity

Results for inter-
ventions vs usual
care as reported by
study authors pre-
sented in Analysis
6.2 as data not suit-
able for calculation

of RaR or RR
Faber 2006 « Supervised group exercise including functionalex-  Usual care: no change in usual ~ Both comparisons
ercises including standing up from a chair, reach-  pattern of activity of interventions vs
ing, stepping, staircase walking and single-limb usual care consid-
standing; 2 times/week 90 minutes/session ered under exercise
o Supervised group balance exercise derived from vs usual care. Com-
the principles of Tai Chi (3D (balance)) 2 times/ parisons of inter-
week 90 minutes/session ventions arms con-
sidered under com-
parisons of differ-
ent exercise cate-
gories
Fu 2015 Wii balance training; 3 times per week, 60 min- Different exercise: Balance Comparisons not vs
utes/session training (Otago); 3 times/ usual care (i.e. pre-
week, 60 minutes/session; 1 sented under com-
hour, 3 times/week parisons of differ-
ent exercise cate-
gories)
Hewitt 2018 Supervised individually prescribed group exercise, Usual care
including resistance and balance exercise; 2 times/
week, 60 minutes/ session for first 6 months and
then 2 times/week and 30 minutes/ session for an-
other 6 months
Imaoka 2016 Different exercise: groups plus individualised exer- Reduced exercise - individu- Analysed with

cises (described by study authors as usual care)

alised exercise only

groups inverted to
examine additional
effect of group ex-
ercise
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Table 2. Characteristics of interventions in studies of exercise interventions (continued)

Irez2011 Supervised group-based Pilates exercise; 3 times/ Usual care: no Pilates, instruct-
week, 60 minutes/session ed not to change current activ-
ity levels
Jahanpeyma 2021 Individual Otago programme and walking exercise Control: walking on level
(partially supervised); Otago exercise was 3 times/ ground at normal pace
week, 45 minutes/session plus 3 times/week and
walking = 30 minutes/day
Kerse 2008 Activity programme aiming to promote indepen- Usual care: social visits by re-
dence in residential aged care; frequency and dose searchers
not reported
Kerse 2009 UpRight exercise programme: group exercise pro- Usual care: control seated ex-
gramme including strength, balance, sensory inte- ercise with dose matched to
gration and dual-tasks exercises; 2 times/ week, 60 the intervention group
minutes/ session
Koike 2009 Standing on whole-body-vibration plate (G-Flex); 2 Usual care: no intervention
times/week, 3 minutes/session
Kovacs 2012 Group-based multimodal exercise including Different exercise: Osteoporo- ~ Comparison not vs
strength, balance and progressive resistance based sis exercise programme, in- usual care (i.e. pre-
on Otago exercise programme; 2 times/week, 30 cludes balance and strength- sented under com-
minutes/session plus control osteoporosis exercise ening exercises parisons of differ-
ent exercise cate-
gories)
Kovacs 2013 Supervised group-based multimodal exercise based ~ Usual care: social activities
on Otago Exercise; 2 times/week, 30 minutes/ses- such as board games, listening
sion programme to music
Mulrow 1994 Individually supervised exercises including balance,  Usual care: friendly visit, usu-
strength, gait, co-ordination and flexibility exercises;  ally involved reading to partic-
3 times/week, 30-45 minutes/session ipant, avoided physical activity
Nowalk 2001 « Group-based supervised exercise consisting of  Usual care: basic enhanced Results for inter-

progressive strength, flexibility and endurance ex-
ercises; 3 times/week, duration of session not re-
ported

« Group-based Tai Chi exercise; 3 times/ week, dura-
tion of session not reported

Plus control (basic enhanced programme)

programme including falls pre-
vention programme with 3 ed-
ucation sessions and a walking
programme

ventions vs usual
care as reported by
study authors pre-
sented in Analysis
6.2 as data not suit-
able for calculation
of RaR or RR

Rosendahl 2008

Supervised high-intensity functional group ex-
ercise programme including balance, functional
and strength exercises; 2.5 sessions/week, 45 min-
utes/session

Usual care: Seated activities,
including watching films, read-

ing, singing

Sakamoto 2006 Individual unsupervised single-leg standing balance  Usual care: without exercise

practice; 1 min/leg, 3 x daily
Saravanakumar o Group-based Tai Chi, 2 times/week, 30 min- Different exercise: "stayingac-  Comparisons not vs
2014 utes/session tive": includes games, group usual care (i.e. pre-

« Group-based Flexibility (yoga), 2 times/week, 30
minutes/session

activities, a gym with bike and
activities such as walking and
gardening

sented under com-
parisons of differ-
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Table 2. Characteristics of interventions in studies of exercise interventions (continued)

ent exercise cate-
gories)

Schoenfelder 2000

Supervised ankle-strengthening exercise and walk-
ing programme; 3 times/week, 30 minutes/session
(20 minutes exercise and 10 minutes walking)

Usual care: little information

Serra-Rexach 2011

Group-based training sessions including strength,
aerobic training and stretching exercises plus usu-
al care physiotherapy; 3 times/week, 45-50 min-
utes/session

Results for inter-
ventions vs usual
care as reported by
study authors pre-
sented in Analysis
6.2 as data not suit-
able for calculation
of RaRor RR

Different exercise: usual care
physiotherapy (40 to 45 min-
utes/day, 5 x weekly)- stretch-
es, aerobic exercise such as
walking (though low intensity)

Shimada 2004

Individually supervised gait exercises on treadmill;
1-3 times/week for a total dose of 600 minutes plus
usual exercises

Usual exercise: physiotherapy
for pain, stretches, low- and
high-intensity resistance train-
ing, gait training, stairs, lower
limb function

Comparison not vs
usual care (i.e. pre-
sented under com-
parisons of differ-
ent exercise cate-
gories)

Sihvonen 2004

Individualised balance training on force platform,
with visual feedback; 3 times/week, 20-30 min-
utes/session

Usual care: continue with their
normal daily routines and not
change their level of physical
activity

Sitja Rabert 2015

Whole-body vibration; 3 times/ week plus exercise
(static and dynamic balance and strength exercise)

Different exercise: same exer-
cise programme done on land

Taylor 2024 UpRight exercise programme: group exercise pro- Control: group seated pro-
gramme including strength, balance, sensory inte- grammes including seated
gration and dual-tasks exercises; 2 times/week, 60 swimming, seated marching,
minutes/session heel and toe tapping, seated

stretches and seated activi-
ties such as balloon catch and
throw

Toots 2019 Supervised individualised high-intensity function- Control: attention control

al exercise program; 2.5 sessions/week, 45 min-
utes/session

group participated in struc-
tured activities by occupation-
al therapists

Toulotte 2003

Supervised group exercises including strength, bal-
ance, gait, co-ordination and flexibility exercises; 2
times/week, 60 minutes/session

Results for inter-
ventions vs usual
care as reported by
study authors pre-
sented in Analysis
6.2 as data not suit-
able for calculation
of RaRor RR

Usual care: continued daily
routine

Tuunainen 2013

« Supervised group-based strength training includ-
ing progressive resistance exercises, 2 times/
week, 60 minutes/session

« Supervised group-based balance and strength
training; 2 times/week, 60 minutes/session

Different exercise: self-ad-
ministered training (1 hour,
2/week): stretching, crouch-
ing and rising administered
by nurses written instructions
from physiotherapist

Comparison not vs
usual care (i.e. pre-
sented under com-
parisons of differ-
ent exercise cate-
gories)
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Table 2. Characteristics of interventions in studies of exercise interventions (continued)

Varela 2018 Self-paced cycling; 7 sessions/week, = 15 min- Usual care: usual routine ac-
utes/session tivities including recreation-
al activities of the individual's
choice
Yokoi 2015 Group supervised seated stick exercises 25 minutes,  Usual care: activities of dai-
2 times weekly (included daily house-keeping and ly living and 10-minute group
hobbies for both exercise and control group); 2 ses- stretching exercises contin-
sions/week, 25 minutes/session ued; no other exercises were
conducted

RaR: rate of falls; RR: relative risk of falling

Table 3. Characteristics of interventions in the medication optimisation trials

Study Medication optimisation Control Comment

Cateau 2021a Interprofessional Quality Circle-Deprescribing Module (QC-De- Usual care Data not suitable
Mo) "focused on ways to deprescribe specific drug classes". for pooling. Total
Pharmacists of the nursing homes participated in a half-day ed- participant number
ucation session. Pharmacists selected classes based on drug unknown

use in the nursing home, organised and facilitated the session,
with nurses and physician, formalised a deprescribing consen-
sus. Two QC sessions with enacted consensus.

Cateau 2021b Individual "deprescribing-focused medication review, per- Usual care
formed by the pharmacists". Single treatment modification
planin collaboration with nurses and physicians.

Crotty 2004a Pharmacist transition co-ordinator for patients transferring Usual care
from hospital to a care facility for the first time: "medication
management transfer summaries from hospitals, timely coor-
dinated medication reviews by accredited community pharma-
cists, and case conferences with physicians and pharmacists".

Crotty 2004b Pharmacist outreach education intervention: intervention Usual care
physicians received 2 academic detailing visits from pharma-
cist, audit of prescribing practice and falls rates. One nurse per
facility received four 2-hour education sessions. Pharmacist ed-
ucated each facility on reducing use of psychotropic drugs.

Curtin 2020 Medication withdrawal plan devised by the research physician Usual care
was "communicated directly to one of the participant’s attend-
ing physicians and also documented in the patient’s medical
record". "The attending physician judged whether or not to ac-
cept the drug withdrawal plan and implement the recommend-
ed changes." One review was conducted.

Desborough 2020 Multiprofessional medication review. Multi-professional med- Usual care (support
ication review service (MMRS): meeting between clinical phar- from the NHS)
macist and pharmacy technician, care home staff and GP(s). Re-
view conducted at baseline and 6 months.

Etherton-Beer 2023  Deprescribing intervention. Medication review for withdraw- Blinded control
alin accordance with structural deprescribing. "Two research arms with encapsu-
pharmacists independently reviewed all medications taken reg-  lation of targeted
ularly" or at least weekly to "generate a list of medications tar- medications
Interventions for preventing falls in older people in care facilities (Review) 101
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Table 3. Characteristics of interventions in the medication optimisation trials (continued)

geted for withdrawal" according to an algorithm. Structured
plan for order of withdrawal of medications and tapering. GP
given medication withdrawal plan and asked to confirm agree-
ment prior to randomisation. Blinding by encapsulating med-
ications targeted for deprescribing. One arm blinded by encap-
sulation, one arm unblinded.

Frankenthal 2014

Medication review by pharmacist with Screening Tool of Old-
er Persons potentially inappropriate Prescriptions/Screening
Tool to Alert doctors to Right Treatment (STOPP/START). Phar-
macist made recommendations to chief physician who decided
whether to implement changes. Review at study opening, 6 and
12 months later.

No interventional

recommendations
made by pharma-

cist to chief physi-
cian.

Garcia Gollarte

Physician education on drug use in older people, plus medica-

No intervention or

Falls data exclude

2014 tion review in 10%. information about the intervention pe-
an educational in- riod; not suitable
tervention for pooling

Holland 2023 Medication review. Pharmacist independent prescribers (PIPs) Usual care

"visited care homes to do medication reviews" and create phar-
maceutical care plans, "provided general support forimproving
home processes" and staff training.

Jordan 2015 "Nurses completed the West Wales adverse drug reactions Usual care Data not suitable
(WWADR) Profile for Mental Health Medicines with each partici- for pooling
pant".

Junius Walker 2021  Medication review. Multidisciplinary drug review consisting of Usual care Data not suitable
"a drug review by trained pharmacists, educational sessions for pooling
for general practitioners and nurses, a drug safety toolbox, and
change management seminars for members of the three partic-
ipating professions".

Juola 2015 Nursing education to reduce medication use Usual care

Kua 2021 Deprescribing. 5-step deprescribing intervention, with "mul- Usual care Data not suitable

tidisciplinary team-care medication review with pharmacists, for pooling
physicians, and nurses".

Lapane 2011 Clinical informatics tool for medication review: providing re- Usual care (includes

ports to pharmacists and nursing staff to assist in identifying monthly medica-
"residents at risk for delirium and falls". Reports generated tion review by phar-
within 24 hours of admission, used during monthly medication macist)

review and at time of Minimum Data Set reporting or when falls

or delirium triggered resident assessment protocols.

Patterson 2010 Pharmacist review of psychoactive medications Usual care

Peyro Saint Paul Ceasing medication to avoid hyponatraemia Usual care Unusual study, not

2013 pooled with others

Potter 2016 Deprescribing by GP and geriatrician who was also a clinical Medication review

pharmacologist. "Medicine withdrawal plan, amended to re-
flect changes requested by participant, next-of-kin, or GP, was
implemented over several months." GP "reviewed participants
weekly during deprescribing".

without deprescrib-

ing

Interventions for preventing falls in older people in care facilities (Review)
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Table 3. Characteristics of interventions in the medication optimisation trials (continued)

Roughead 2022 Medication review. Pharmacists were trained, undertook med-
ication review, met with resident and care staff, conducted as-
sessments of cognition, movement behaviour and hand grip
strength and liaised with resident's doctors every 8 weeks.

Streim 2012 Deprescribing antidepressants. All participants in study arms Continue takingan-  Data not suitable
included in this review were randomised to deprescribing or tidepressants for pooling
continuation of antidepressants, rather than management
based on individual assessment.

Data from a third, patient preference arm were not included in
the review.

Tadrous 2020 Academic detailing on deprescribing antipsychotics: education  Usual care Data not suitable
outreach to clinicians. "Delivered by health professionals (e.g. for pooling
nurses or pharmacists) who arranged meetings (with adminis-
trators, physicians, pharmacists, nurses, and support workers),
presentations, group and 1-on-1 visits."

Wouters 2017 Medication review. Multidisciplinary medication review carried  Usual care, which
out by the patient's treating elderly care physician and a phar- included medica-
macist, with training. tion safety moni-

toring and ad hoc
medication reviews
on clinical indica-
tion that differed

in quality and fre-
quency

Zermansky 2006 Medication review by pharmacist Usual care

GP: general practitioner; NHS: National Health Service (UK)
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