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ABSTRACT

Background

Falls are one of the most common complications after stroke, with a reported incidence ranging between 7% in the first week and 73% in
the first year post stroke. This is an updated version of the original Cochrane Review published in 2013.

Objectives

To evaluate the effectiveness of interventions aimed at preventing falls in people after stroke. Our primary objective was to determine the
effect of interventions on the rate of falls (number of falls per person-year) and the number of fallers. Our secondary objectives were to
determine the effects of interventions aimed at preventing falls on 1) the number of fall-related fractures; 2) the number of fall-related
hospital admissions; 3) near-fall events; 4) economic evaluation; 5) quality of life; and 6) adverse effects of the interventions.

Search methods

We searched the trials registers of the Cochrane Stroke Group (September 2018) and the Cochrane Bone, Joint and Muscle Trauma Group
(October 2018); the Cochrane Central Register of Controlled Trials (CENTRAL; 2018, Issue 9) in the Cochrane Library; MEDLINE (1950 to
September 2018); Embase (1980 to September 2018); CINAHL (1982 to September 2018); PsycINFO (1806 to August 2018); AMED (1985 to
December 2017); and PEDro (September 2018). We also searched trials registers and checked reference lists.

Selection criteria

Randomised controlled trials of interventions where the primary or secondary aim was to prevent falls in people after stroke.

Data collection and analysis

Two review authors (SD and WS) independently selected studies for inclusion, assessed trial quality and risk of bias, and extracted data.
We resolved disagreements through discussion, and contacted study authors for additional information where required. We used a rate
ratio and 95% confidence interval (Cl) to compare the rate of falls (e.g. falls per person-year) between intervention and control groups.
For risk of falling we used a risk ratio and 95% ClI based on the number of people falling (fallers) in each group. We pooled results where
appropriate and applied GRADE to assess the quality of the evidence.

Interventions for preventing falls in people after stroke (Review) 1
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Main results

We included 14 studies (of which six have been published since the first version of this review in 2013), with a total of 1358 participants. We
found studies that investigated exercises, predischarge home visits for hospitalised patients, the provision of single lens distance vision
glasses instead of multifocal glasses, a servo-assistive rollator and non-invasive brain stimulation for preventing falls.

Exercise compared to control for preventing falls in people after stroke

The pooled result of eight studies showed that exercise may reduce the rate of falls but we are uncertain about this result (rate ratio
0.72, 95% Cl 0.54 to 0.94, 765 participants, low-quality evidence). Sensitivity analysis for single exercise interventions, omitting studies
using multiple/multifactorial interventions, also found that exercise may reduce the rate of falls (rate ratio 0.66, 95% CI 0.50 to 0.87, 626
participants). Sensitivity analysis for the effect in the chronic phase post stroke resulted in little or no difference in rate of falls (rate ratio
0.58, 95% Cl 0.31 to 1.12, 205 participants). A sensitivity analysis including only studies with low risk of bias found little or no difference
in rate of falls (rate ratio 0.88, 95% Cl 0.65 to 1.20, 462 participants). Methodological limitations mean that we have very low confidence
in the results of these sensitivity analyses.

For the outcome of number of fallers, we are very uncertain of the effect of exercises compared to the control condition, based on the
pooled result of 10 studies (risk ratio 1.03, 95% CI 0.90 to 1.19, 969 participants, very low quality evidence). The same sensitivity analyses
as described above gives us very low certainty that there are little or no differences in number of fallers (single interventions: risk ratio
1.09, 95% C1 0.93 to 1.28, 796 participants; chronic phase post stroke: risk ratio 0.94, 95% Cl 0.73 to 1.22, 375 participants; low risk of bias
studies: risk ratio 0.96, 95% CI 0.77 to 1.21, 462 participants).

Other interventions for preventing falls in people after stroke

We are very uncertain whetherinterventions other than exercise reduce the rate of falls or number of fallers. We identified very low certainty
evidence when investigating the effect of predischarge home visits (rate ratio 0.85, 95% CI 0.43 to 1.69; risk ratio 1.48,95% Cl 0.71 to 3.09;
85 participants), provision of single lens distance glasses to regular wearers of multifocal glasses (rate ratio 1.08, 95% Cl 0.52 to 2.25; risk
ratio 0.74,95% Cl 0.47 to 1.18; 46 participants) and a servo-assistive rollator (rate ratio 0.44, 95% CI 0.16 to 1.21; risk ratio 0.44,95% CI 0.16
to 1.22; 42 participants).

Finally, transcranial direct current stimulation (tDCS) was used in one study to examine the effect on falls post stroke. We have low certainty
that active tDCS may reduce the number of fallers compared to sham tDCS (risk ratio 0.30, 95% CI 0.14 to 0.63; 60 participants).

Authors' conclusions

At present there exists very little evidence about interventions other than exercises to reduce falling post stroke. Low to very low quality
evidence exists that this population benefits from exercises to prevent falls, but not to reduce number of fallers.

Fallresearch does notin general or consistently follow methodological gold standards, especially with regard to fall definition and time post
stroke. More well-reported, adequately-powered research should further establish the value of exercises in reducing falling, in particular
per phase, post stroke.

PLAIN LANGUAGE SUMMARY

Interventions for preventing falls in people after stroke

Review question
Which intervention modalities reduce falling post stroke?

Background

Falls are commonly reported and occur in up to 73% of people one year post stroke. Not all falls are serious enough to require medical
attention but even non-serious falls may lead to activity restrictions and people developing a fear of falling. They are a factor for predicting
future falls, which may restrict the person's activities of daily living and therefore require attention. This review investigated which methods
are effective in preventing falls in people after their stroke, either with haemorrhagic or ischaemic aetiology.

Search date
3 September 2018

Study characteristics

After searching the literature, we included 14 studies with a total of 1358 participants. We found studies that investigated various
interventions for preventing falls: physical exercises; predischarge home visits for hospitalised patients; the provision of single lens distance
vision glasses instead of multifocal glasses; a servo-assistive rollator; and non-invasive brain stimulation. Included studies conducted their
investigations in early to chronic inpatient, outpatient, and community dwelling settings.

Study funding sources
None

Interventions for preventing falls in people after stroke (Review) 2
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Key results

Exercises appear to reduce the rate of falls, but not the number of people falling post stroke. Among the studies that used exercises as
an intervention condition, the majority of studies asked participants to solely perform exercises. One study offered exercises together
with additional components, such as educational sessions about falls. Another study offered exercises together with a comprehensive
risk assessment and subsequent referrals, such as a review by an optometrist or new shoes, leading to a personalised programme for
preventing falls.

Besides exercises, several other interventions aiming to prevent falls post stroke were investigated in the literature. One study administered
non-invasive brain stimulation to people after stroke and the results showed a potential to decrease the number of people falling, but
this study needs to be replicated before consideration in clinical practice. There is no evidence at the moment that predischarge home
visits, single lens distance vision glasses instead of multifocal glasses or a servo-assistive rollator reduce the rate of falls or the number
of people falling.

None of the included studies reported serious harm related to the intervention conditions.

In summary: there is little evidence that interventions other than exercises are beneficial for preventing falls in people after stroke. The
main reason is that there were only a limited number of studies focusing on people after stroke or that included a stroke subgroup in the
study. In addition, studies related to falling do not consistently follow known methodological guidelines, particularly in fall definition and
time post stroke. More well-reported, consensual research with an adequate number of participants might further establish the value of
exercises in reducing falling post stroke.

Quality of the evidence

The quality of the evidence regarding rate of falls and number of fallers ranged from very low to low across the five comparisons, meaning
that we have very low to low certainty in these results. The main reasons for downgrading the evidence were the lack of blinding of fall
outcome and the majority of comparisons including only one study.

Interventions for preventing falls in people after stroke (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Exercise compared to control for preventing falls in people after stroke

Exercise compared to control for preventing falls in people after stroke

Patient or population: preventing falls in people after stroke
Setting: inpatient and outpatient rehabilitation
Intervention: exercise

Comparison: control

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Certainty of the evi- Comments
(95% Cl) pants dence
Risk with control Risk with exercise (studies) (GRADE)
Rate of falls Study population Rate ratio 0.72 765 DPOO Exercise may reduce rate of falls but
(0.54 t0 0.94) (8 RCTs) Low 123456 we are very uncertain. Fall rate ratios
Not applicable Not applicable were calculated if not explicitly stat-
ed.
Number of fall-  Study population RR1.03 969 lolele]
ers (0.90 to 1.19) (10 RCTs) Very low 1234567
411 per 1000 424 per 1000
(375 to 495)

*The risk in the intervention group (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).

Cl: Confidence interval; RR: Risk ratio; OR: Odds 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

1 All studies had a high/unclear risk of bias regarding blinding of outcome assessment. Furthermore, 6 studies were at additional unclear/high risk on other items of our risk of
bias assessment.

2 1 study had > 30% loss to follow-up. Since major drop-out was not consistent in all included studies, we decided not to perform an additional downgrading of the evidence
for risk of bias.

3 Heterogeneous nature of interventions in both intervention and control conditions.
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4 Only 1 study reported very few fall events and number of fallers in both groups, yielding a large 95% confidence interval. Regarding number of fallers, 2 additional studies
reported a rather low amount of number of fallers. However, this is to some extent justified since the latter studies also comprised smaller sample sizes. We decided not to the
downgrade the evidence level for imprecision of results.

5 In 2 studies, 2 intervention conditions were included. For reasons outlined in the results section of this review, we pooled the effect of the 2 intervention conditions, which
might have caused an over- or underestimation compared to the separate effects of the interventions. However, since both intervention conditions adopted some kind of exercise
treatment, we did not perform an additional downgrade of the evidence.

6 Some heterogeneity was found regarding the included population, being the post stroke phase of the participants. Post stroke phase appeared to range from early subacute to
chronic phase post stroke. However, to our knowledge, literature does not consist of convincing evidence to substantiate limitation in applicability of fall-prevention strategies
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according to post stroke phase at present. Hence, we concluded not to downgrade for indirectness of evidence.
7 Effect sizes differ widely and inconsistent at both sides of the line of no difference.

Summary of findings 2. Home visits compared to control for preventing falls in people after stroke

Home visits compared to control for preventing falls in people after stroke

Patient or population: preventing falls in people after stroke
Setting: inpatient rehabilitation

Intervention: home visits

Comparison: control

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Certainty of the evi- Comments
(95% Cl) pants dence
Risk with control Risk with home visits (studies) (GRADE)
Rate of falls Study population Rate ratio 0.85 85 OO Fall rate ratios
(0.43 t0 1.69) (1RCT) Very low 123456 were calculated
Not applicable Not applicable if not explicitly
stated.
Number of fall-  Study population RR1.48 85 [ZIOlCIC)
ers (071 to 309) (l RCT) Very low123456
209 per 1000 310 per 1000
(149 to 647)

*The risk in the intervention group (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).

Cl: Confidence interval; RR: Risk ratio; OR: Odds 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
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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

1 Substantial amount of unclear and high risk scores regarding study methodology.

2 Falls as a secondary outcome measure and unclear if falls were reported as an adverse event.

3 Allocation of patients to either cohort study or RCT based on empirical decisions.

4 Results based on data of 1 single study.

5 The risk ratio has a strong tendency to be in favour of the control condition.

6 Despite of the fact that only 1 study was found for this comparison, we do not expect the existence of more trials assessing the intervention of interest, since it is a rather
exceptional method to reduce falling post stroke.

Summary of findings 3. Single lens distance glasses compared to usual (multifocal) glasses for preventing falls in people after stroke

Single lens distance glasses compared to usual (multifocal) glasses for preventing falls in people after stroke

Patient or population: preventing falls in people after stroke
Setting: community

Intervention: single lens distance glasses

Comparison: usual (multifocal) glasses

Outcomes Anticipated absolute effects* (95% CI) Relative effect Ne of partici- Certainty of the evi- Comments
(95% CI) pants dence
Risk with usual (multifo-  Risk with single lens distance (studies) (GRADE)
cal) glasses glasses
Rate of falls Study population Rate ratio 1.08 43 @000 Fall rate ratios
(0.52t02.25) (1RCT) Very low 1234 were calculated
Not applicable Not applicable if not explicitly
stated.
Number of fall-  Study population RR0.74 43 B0
ers (0.47 t0 1.18) (1 RCT) Very low 1234
739 per 1000 547 per 1000
(347 to 872)

*The risk in the intervention group (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).

Cl: Confidence interval; RR: Risk ratio; OR: Odds 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
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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

1 Despite of the fact that only 1 study was found for this comparison, we do not expect the existence of more trials assessing the intervention of interest, since it is a rather
exceptional method to reduce falling post stroke.

2 Substantial amount of unclear and high risk scores regarding study methodology.

31nitial target population was elderly regular wearers of multifocal glasses. Hence, conclusions are only applicable on elderly stroke survivors who are regular wearers of multifocal
glasses.

4 Results are based on data of 1 single study.

Summary of findings 4. Servo-assistive rollator compared to control for preventing falls in people after stroke

Servo-assistive rollator compared to control for preventing falls in people after stroke

Patient or population: preventing falls in people after stroke
Setting: inpatient rehabilitation

Intervention: servo-assistive rollator

Comparison: control

Outcomes Anticipated absolute effects™ (95% Cl) Relative effect Ne of partici- Certainty of the evi- Comments
(95% Cl) pants dence
Risk with control Risk with servo-assistive rolla- (studies) (GRADE)
tor
Rate of falls Study population Rate ratio 0.56 42 ICIolC] Fall rate ratios
(0.19to 1.66) (1RCT) Very low 1234 were calculated
Not applicable Not applicable if not explicitly
stated.
Number of fall-  Study population RR0.44 42 DO
ers (0.16 to 1.22) (LRCT) Very low 1234
429 per 1000 189 per 1000
(69 to 523)

*The risk in the intervention group (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).

Cl: Confidence interval; RR: Risk ratio; OR: Odds 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
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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

1 Despite of the fact that only 1 study was found for this comparison, we do not expect the existence of more trials assessing the intervention of interest, since it is a rather
exceptional method to reduce falling post stroke.

2 Substantial amount of unclear and high risk scores regarding study methodology.

3 Results are based on data of 1 single study.

4 A large confidence interval is present in both outcomes due to few events compared to the group sizes.

Summary of findings 5. Other interventions: tDCS compared to sham tDCS for preventing falls in people after stroke

Other interventions: tDCS compared to sham tDCS for preventing falls in people after stroke

Patient or population: preventing falls in people after stroke
Setting: inpatient rehabilitation

Intervention: other interventions: tDCS

Comparison: sham tDCS

Outcomes Anticipated absolute effects™ (95% Cl) Relative effect Ne of partici- Certainty of the evi- Comments
(95% ClI) pants dence
Risk with sham tDCS Risk with other interventions: tDCS (studies) (GRADE)
Number of fall-  Study population RR0.30 60 BPOO
ers (0.14t0 0.63) (1RCT) Low123
600 per 1000 180 per 1000
(84 to 378)

*The risk in the intervention group (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).

Cl: Confidence interval; RR: Risk ratio; OR: Odds 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

1 Despite of the fact that only 1 study was found for this comparison, we do not expect the existence of more trials assessing the intervention of interest, since it is a rather
exceptional method to reduce falling post stroke.

2 Results rely solely on data of 1 single study.

3 Effects of 3 different montages of tDCS were pooled and compared to sham tDCS. Stimulation of different brain regions might have different impact on falling post stroke.
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BACKGROUND

Description of the condition

Falls are one of the most common secondary complications after
stroke (Davenport 1996; Langhorne 2000). A study including fall
events early after stroke showed an incidence of 7% in the first week
after stroke onset (Indredavik 2008). Incidence figures from studies
collecting data between one and six months post stroke vary from
25% to 37% (Indredavik 2008 and Kerse 2008 respectively). Studies
evaluating participants between six and 12 months after stroke
report incidences from 40% to 50% (Belgen 2006 and Harris 2005
respectively). One year after stroke, the reported incidence ranges
from 55% to 73% (Ashburn 2008 and Sackley 2008 respectively). Not
all falls are serious enough to require medical attention, but non-
serious falls are a known predictor for future falls, and can lead to
fear of falling and may restrict a person's activities of daily living
(Andersson 2008). In summary, serious and non-serious falls are
stillamong the most common complications after stroke and their
increasing incidence poses a challenge for rehabilitation.

Many stroke-related impairments contribute to deficits of balance
and falls, e.g. muscle weakness, sensory loss, reduced attention,
and abnormalities of vision and spatial awareness (Weerdesteyn
2008). A fallis a strong predictor of further falls among people with
stroke living in the community. However, all people with residual
difficulties following a stroke should be considered atincreased risk
(Ashburn 2008).

Description of the intervention

Few studies have examined fall prevention post stroke, but
interventions recommended for the general elderly population
who have experienced falls have been reported. Recent evidence
outlines the efficacy of different types of interventions to prevent
falls in the elderly population (Grossman 2018; Tricco 2017),
which mainly comprise multifactorial and exercise interventions.
At present, evidence regarding exercise interventions as well as
other interventions to tackle falling post stroke is increasing;
these interventions presumably work by impacting risk factors
for falling post stroke. Various risk factors have already been
identified, in particular lack of balance and mobility, and fear
of falling (Landers 2016; Maeda 2015; Xu 2018). Rehabilitation
might benefit from interventions improving these risk factors. For
example, preliminary evidence post stroke shows that various
exercise programmes are beneficial for improving balance, fear
of falling, and mobility (English 2017; Jung 2015; Van Duijnhoven
2016), and could therefore positively impact on fall occurrence.
Additionally, technological advances in assistive devices, such as
ankle-foot orthoses, walking aids (Kuan 1999), and functional
electrical stimulation (Burridge 2007), have been suggested to
improve mobility. Finally there is increasing interest in the use
of rehabilitation technology such as virtual reality and robotics
for addressing balance and gait (Laver 2017; Morone 2016), the
impairment of which are risk factors for falls.

This review did not focus particularly on the different factors
mediating fall occurrence, but investigated the effect of
interventions on falling regardless of which risk factors they
impacted. Studies mainly included an exercise intervention.
Furthermore, literature reports that physical fitness training is a
cost-effective intervention (Collins 2018), with an incremental cost
of GBP 2343 per quality-adjusted life year (QALY) being acceptable

according to the National Institute for Health and Care Excellence
(NICE) guidelines (NICE 2013). The former statements combined
with a fracturerisk reducing effect (Eng 2008) outline the multi-level
benefits of exercises, and its potential to decrease falls.

Why it is important to do this review

A summary of the evidence is important for informing evidence-
based practice, and to identify gaps in research. There are existing
reviews on the prevention of falls for older people (Cameron 2018;
Grossman 2018; Sherrington 2019; Tricco 2017). However, a stroke
is a serious condition leading to altered physical, cognitive and
psychological impairments specifically related to the problem of
falls in this population. In addition, persistent impairments in the
later stages after stroke can contribute to an increasing incidence of
fallsin people after stroke. Since it has been shown that a significant
proportion of the total cost of stroke originates from admission
to nursing homes and hospitalisation (Demaerschalk 2010), which
Lin 2017 found to be increased in fallers compared to non-fallers,
falling results in an increased economic burden. Moreover, from
a biopsychosocial point of view, Faes 2010 found that falling is
associated with the development of fear of falling resulting in social
withdrawal. Interestingly, this fear of falling seems to extend to
family caregivers.

Our original Cochrane Review summarised research that
investigated the effect of fall prevention interventions in the
stroke population and found no significant reduction of falls with
exercise interventions, despite a strong fall-reducing tendency in
the chronic phase (Verheyden 2013). The review authors included
evidence up to November 2012 and found insufficient evidence
that administration of exercise reduces falling in people after
stroke. Further studies reporting about the effects of fall prevention
after stroke have since been published. Hence, an update of the
literature is warranted to provide a coherent understanding of the
latest evidence.

OBJECTIVES

To evaluate the effectiveness of interventions aimed at preventing
falls in people after stroke. Our primary objective was to determine
the effect of interventions on the rate of falls (number of falls per
person-year) and the number of fallers. Our secondary objectives
were to determine the effects of interventions aimed at preventing
falls on 1) the number of fall-related fractures, 2) the number of
fall-related hospital admissions, 3) near-fall events, 4) economic
evaluation, 5) quality of life, and 6) adverse effects of the
interventions.

METHODS

Criteria for considering studies for this review
Types of studies

We included controlled trials where participants or clusters were
randomly allocated. If cross-over trials had met our inclusion
criteria, we would have included the first phase if the order of
assignment was determined randomly.

Types of participants

We included trials with adult participants (over 18 years of age)
in the hyperacute, acute, early subacute, late subacute or chronic

Interventions for preventing falls in people after stroke (Review)
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phase following stroke with a confirmed diagnosis. Diagnosis of
stroke comprised ischaemic as well as haemorrhagic events.

We classified people according to the phase post stroke (Bernhardt
2017). The hyperacute phase was within 24 hours post stroke. The
acute phase comprised people one to seven days after stroke.
The subacute phase was divided into the early subacute phase
(one week to three months) and late subacute phase (three to six
months). Finally, people in the chronic phase after stroke were
those who had suffered a stroke more than six months previously.

We included trials reporting an intervention carried out in a mixed
sample of participants, including people after stroke, if data were
provided separately (i.e. in a subgroup) for people after stroke.

Types of interventions

We included any intervention where a stated primary or secondary
aim was to prevent falls. We classified the interventions according
to the taxonomy developed by the Prevention of Falls Network
Europe (ProFaNE) (Lamb 2007; Lamb 2011), which proposes the
following categories.

« Exercises (supervised/unsupervised) including: gait, balance
and functional training; strength/resistance exercises; flexibility
exercises (e.g. yoga); 3D training (e.g. Tai Chi, Qi Gong); general
physical activity; endurance training or others.

« Medication (drug target): direct action targeted to
specific classes of drugs including: antihypertensives; other
cardiovascular agents; vitamin D; calcium; other bone health
medication; drugs used in diabetes; anti-Parkinson drugs; anti-
dementia drugs; antidepressants; antipsychotic/neuroleptic
drugs; anxiolytics, hypnotics and sedatives; other central
nervous system drugs; urinary antispasmodics; or other
specified drugs.

« Surgery including: cataract extraction; pacemaker provision;
podiatric surgery or intervention; or others.

« Management of urinary incontinence (e.g. assisted toileting,
bladder retraining).

o Fluid or nutrition therapy where the basic objective was to
restore the volume and composition of body fluids to normal
with respect to water-electrolyte balance (fluid therapy) or to
improve the health status of the individual by adjusting the
quantities, qualities, and methods of nutrient intake (nutrition
therapy).

« Psychological intervention, either individual or in a group,
including cognitive (behavioural) intervention, or others.

« Environment/assistive technology, which includes technical
aids for people with disabilities.

o Environment (furnishings and adaptations to homes and
other premises): direct action including dwelling unitindoors
(including entrances); dwelling unit outdoors; public outdoor
(e.g. pavement); or relocation.

o Environment (aids for personal mobility such as walking aid;
wheelchair).

o Environment (aids for communication, information and
signalling): including optical aids; hearing aids; aids for
signalling and indicating; or alarm systems.

o Environment (body-worn aids for personal care and
protection) including: body-worn protective aids; clothes and
shoes; or others.

« Environmental (social environment) including: staff ratio; staff
training; service model change; telephone support; caregiver
training; homecare services; or others.

« Knowledge interventions including: written material; videos;
lectures; or others.

« Otherinterventions/procedures.

We classified interventions into single interventions with
one component; multiple interventions with more than one
component, but the intervention was the same for all participants;
and multifactorial interventions with more than one component
and the intervention modified for every participant personally
(Lamb 2007).

We compared the intervention for preventing falls with no
additional treatment (routine care) or with another type of
intervention.

Types of outcome measures

We included only those trials that reported an outcome measure
related to the rate of falls or the number of fallers. We included trials
where falls were collected either prospectively or retrospectively.
We expected to find different definitions of a fall, although a
consensus report recommends that a fall should be defined as "an
unexpected event in which the participants come to rest on the
ground, floor, or lower level." (Lamb 2005).

Primary outcomes

 Rate of falls: defined as the ratio between number of fall events
in a group and the group sample size (i.e. number of fall events
in a group/group sample size). This ratio divided by the length
of follow-up (in years) yielded a standardised measure for fall
occurrence (falls per person-year).

« Number offallers: number of people who fell at least once during
the study.

Secondary outcomes

« Number of people sustaining fall-related fractures.

« Number of people with fall-related hospital admissions.

« Number of people with near-fall events (typically defined as an
occasion on which a person felt that they were about to fall, but
did not actually fall) (Stack 1999).

« Economic evaluation.

« Quality of life (including psychological aspects such as fear of
falling).

« Adverse events.

Search methods for identification of studies

See the methods for the Cochrane Stroke Group Specialised
register. We searched for trials in all languages and arranged the
translation of relevant papers where necessary. We did not include
studies published only in abstract form.

Electronic searches

We searched the trials registers of the Cochrane Stroke Group (last
searched 3 September 2018) and the Cochrane Bone, Joint and
Muscle Trauma Group (last searched October 2018). In addition
we searched: the Cochrane Central Register of Controlled Trials
(CENTRAL; 2018, Issue 9) in the Cochrane Library (Appendix
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1); MEDLINE (1950 to 3 September 2018) (Appendix 2); Embase
(1980 to 3 September 2018) (Appendix 3); CINAHL (1982 to 3
September 2018) (Appendix 4); PsycINFO (1806 to August 2018)
(Appendix 5); AMED (1985 to December 2017) (Appendix 6); and
Physiotherapy Evidence Database (PEDro) (www.pedro.org.au) (3
September 2018) (Appendix 7).

We developed the MEDLINE search strategy with the help of the
Cochrane Stroke Group Information Specialist and adapted it for
the other databases.

In June 2018, we also searched the following ongoing trials registers
(Appendix 8).

« ClinicalTrials.gov (www.clinicaltrials.gov);

« International Clinical Trials Registry Platform Search Portal
(apps.who.int/trialsearch);

« ISRCTN Registry (www.isrctn.com);
« Stroke Trials Registry (www.strokecenter.org/trials).

Searching other resources

In an effort to identify further published, ongoing and planned trials
we:

« checked reference lists of relevant articles;

« used Science Citation Index Cited Reference Search for forward
tracking of important articles;

« contacted original authors and trialists for clarification and
further data if trial reports were missing or unclear (Appendix 9).

Data collection and analysis
Selection of studies

For this update, two review authors (SD and WS) independently
screened the titles, abstracts and descriptors of the records
obtained from the electronic searches and excluded obviously
irrelevant studies. We obtained the full text of the remaining
studies and independently assessed these for inclusion based on
the review eligibility criteria. We resolved disagreements through
discussion and with a third review author (GV), and contacted study
authors for additional information where required.

Data extraction and management

For this update, two review authors (SD and WS) independently
extracted data onto a pre-tested data extraction sheet. We resolved
disagreements through discussion, together with the statistical
expert (RP).

Assessment of risk of bias in included studies

Two review authors (SD and WS) independently assessed risk of
bias for this update for the following items of each included trial
(Higgins 2017): sequence generation (randomisation); allocation
concealment; blinding of assessors (for falls); incomplete outcome
data; and selective outcome reporting. We included one additional
risk of bias item: reliable ascertainment of fall/fallers outcome
where 'low risk of bias' means ascertainment of outcome via active
registration, e.g. falls diary; 'high risk of bias' if ascertainment relied
on participants' recall over a longer period of time (more than
one month); and 'unclear risk of bias' if ascertainment relied on
participants' recall over a short period of time (one month or less)
or if method of ascertainment was not described.

We collected this information on the data extraction sheet and
resolved disagreements through discussion.

Measures of treatment effect
Primary outcomes

We used results reported at one year if these were available for
trials that monitored falls for longer than one year, and carried
out separate analyses pooling information on rate of falls, and
risk of falling once or more within a year: treatment effects were
measured with the rate ratio and relative risk respectively, following
the analyses carried out by Gillespie 2012.

Rate of falls: when the rate ratio and its confidence interval (Cl)
were presented in the report of a trial, we included them directly
in our meta-analysis. When they were not presented, we calculated
rate ratios and their standard errors (SE) based on the number of
falls (or mean number of falls) divided by total follow-up assuming
that all participants had the nominal amount of follow-up, with SEs
calculated according to the formula in section 9.4.8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

Number of fallers: when the risk ratio or the risk difference
were reported, we included them directly in our meta-analysis.
Otherwise, we calculated the risk ratio by entering the number
of people who fell at least once and the total sample size of the
intervention and control condition in Cochrane's meta-analysis
software, Review Manager 5 (Review Manager 2014).

If the required data to calculate either rate of falls or number of
fallers were not reported, we contacted the researcher group as
outlined in Dealing with missing data in the Methods section.

We used the generic inverse variance method for pooling rate
and risk ratios, which we entered according to the information
available in the source papers, and we set the software to display
results in the original scale. We obtained standard errors of the
logarithm of the intervention effect using the method described in
section 7.7.7.3 of the Cochrane Handbook for Systematic Reviews
of Interventions when a properly estimated confidence interval for
the intervention effect was presented in the study report (Higgins
2011).

We included unadjusted intervention effects if they were available;
otherwise, we considered incorporating adjusted estimates of
effect, or calculated estimates of unadjusted effects depending on
the validity of obtaining estimates from the information presented
in the source report (see Unit of analysis issues). Where necessary,
we calculated rate ratio estimates of treatment effect using the
method described in section 9.4.8 and calculated risk ratios using
the methods described in section 9.2.2 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011).

The above analysis was based on the one carried out in the
Cochrane Review of interventions for preventing falls in older
people living in the community (Gillespie 2012), and so we
anticipated that the same analysis would be appropriate when
restricted to studies in people after stroke.

Secondary outcomes

For our secondary outcomes (number of people sustaining fall-
related fractures, number of people with fall-related hospital
admissions, number of people with near-fall events, economic
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evaluation, quality of life, and adverse events), we expected limited
and heterogeneous results throughout the included studies. We
therefore provide a narrative description of these results.

Unit of analysis issues

We planned to incorporate any cluster-randomised trials that we
found according to the advice in section 16.3 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011),
and any cross-over trials according to section 16.4. We used the
strategy described in section 7.2.2 of the Cochrane Handbook
for Systematic Reviews of Interventions to identify multiple
publications of the same trial, and included only the main/first-
reported publication (Higgins 2011).

Dealing with missing data

We contacted study authors to acquire missing data. An email
contact template is provided in Appendix 10. We planned a
sensitivity analysis in which studies with missing data would have
been excluded but we were unable to perform this analysis because
of the limited number of included studies.

Assessment of heterogeneity

We assessed heterogeneity visually by means of forest plots
and by reporting the I? statistic (Higgins 2003), as described in
section 9.5.2 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). Using this section, we used the
following interpretation of the |2 statistic.

« 0% to 40%: might not be important;

« 30% to 60%: may represent moderate heterogeneity;
« 50% to 90%: may represent substantial heterogeneity;
« 75% to 100%: considerable heterogeneity.

As our search resulted in heterogeneous trials that provided
information which could be pooled, we conducted a random-
effects meta-analysis incorporating random heterogeneity in
intervention effect across studies into the standard error of the
effect size, so that our findings can be generalised more widely.

Assessment of reporting biases

We discuss possible problems in the Discussion section of our
review. We minimised reporting bias by using a comprehensive
search strategy, by searching for studies in languages other than
English, and by searching the grey literature (see Searching other
resources).

Data synthesis

Since the studies we found were of a heterogeneous nature,
we performed random-effects meta-analyses in all cases. We
pooled results from comparable single, multiple and multifactorial
interventions as defined in the Types of interventions section above
and as presented in the Results section below.

GRADE and 'Summary of findings' table

We created 'Summary of findings' tables for the following
outcomes.

« Rate of falls
« Number of fallers

We used the eight GRADE considerations (study limitations,
consistency of the effect, imprecision, indirectness, publication
bias, large effect, plausible confounding which would change the
effect, and dose response gradient) to assess the body of evidence
included in our meta-analyses (Atkins 2004). We created 'Summary
of findings' tables using GRADEpro GDT, and used the Cochrane
Handbook for Systematic Reviews of Interventions as a guide to
assign qualities of evidence and to justify our decisions regarding
downgrading the quality level, added as footnotes below the tables
(Higgins 2011 chapter 12.2).

Subgroup analysis and investigation of heterogeneity

We carried out analyses of subgroups of studies (in the
(hyper)acute, early/late subacute, and chronic phase after stroke)
in an attempt to explain heterogeneity by study characteristics. We
were unable to explore the effect of prospective/retrospective data
collection or the different forms of data ascertainment, described
in the Assessment of risk of bias in included studies section, due to
the limited number of included studies.

Sensitivity analysis

In this update, we performed a sensitivity analysis by initially
combining low-bias studies (low risk on all items of the risk of
bias assessment, apart from the 'Blinding of outcome assessment'
subsection which is consistently at high risk due to the nature of fall
assessment), and subsequently addingin the unclear and high-bias
studies to check for noticeable changes in the results.

As we found studies that comprised single, multiple, and
multifactorial interventions, we conducted a sensitivity analysis by
omitting multiple and multifactorial interventions from the pooled
single interventions.

We also performed a sensitivity analysis for phase post stroke,
including only studies that ascertained the phase post stroke
of their participants. Since stroke recovery is typically more
pronounced in the early phases post stroke, we would expect fall-
prevention interventions to be more effective in the earlier phases
post stroke compared to the chronic phase (Wagner 2009). We
considered the phase post stroke to be ascertained if no ambiguity
regarding classification of the included stroke population was
present. For example, merely reporting on mean and standard
deviation was not sufficient to draw this conclusion.

RESULTS

Description of studies
Results of the search
2013 version

The search strategy of the original review identified 5702 records.
Removal of duplicates resulted in 4138 records for initial screening.
We obtained a total of 32 full-text papers for further screening.

2018 version

For the 2018 update of this review, we used the same search
strategy to identify studies from 2012 until present. The updated
search identified 3618 records. Removal of duplicates resulted in
an additional 3272 unique records for initial screening, of which we
obtained 26 for full-text screening.
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We present the study flow diagram of the results of our searches in
Figure 1.
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Figure 1. Study flow diagram.
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41 articles (37 studies) excluded, based an

= falls being a measure of adverse event
(18 studies),
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Figure 1. (Continued)

(8 studies (9 articles) from
2013 version, & studies (7
articles) additional in 2018
versian)

10 studies included in
quantitative synthesis
(meta-analysis) for rate of falls
and 14 studies included in
quantitative synthesis
(meta-analysis) for number of
fallers

(Rate of falls: & from 2013
version, 4 additional in 2018
version; Mumber of fallers; 8
from 2013 versian, 6 additional
in 2018 version)

Notational remark: n is consistently used to denote the sample size
in comparisons, whereas N is used to indicate the occurrence of a
certain event (e.g. adverse events).

Included studies

After our updated searches, we included in total 14 studies with
1358 participants, of which six were new studies. Details of the
included studies can be found in the Characteristics of included
studies table, and are summarised below.

All studies were individually randomised controlled trials. We did
not retrieve any cluster-randomised controlled trials or the first
phase of any cross-over trials.

The included studies enrolled between 34 and 170 participants
(Holmgren 2010 and Green 2002 respectively), with a median
sample size of 91 participants. Age (mean (SD)) of the participants
for the experimental and control groups ranged from 57 (11) years
(for both groups) in Lau 2012 to 78 (8) years and 79 (8) years
respectively in Holmgren 2010. For Lau 2012, the mean age of the
participants was under 60 years; seven studies had a mean age
between 60 and 69 years (Ada 2013; Andrade 2017; Dean 2012;
Mansfield 2018; Marigold 2005; Morone 2016; Taylor-Piliae 2014);
and in the remaining six studies the mean age was 70 years or older.

The studies were carried out in eight different countries: five in
Australia (Ada 2013; Batchelor 2012; Dean 2010; Dean 2012; Haran
2010), two in Canada (Mansfield 2018; Marigold 2005), two in
the UK (Drummond 2012; Green 2002), and one each in Brazil
(Andrade 2017), Italy (Morone 2016), Hong Kong (Lau 2012), Sweden
(Holmgren 2010), and the USA (Taylor-Piliae 2014).

Regarding phases post stroke, both time post stroke and
intervention duration were determinants of phase categorization of
the included studies. However, we only assigned phases to studies
that assured time post stroke of their participants by reporting

a range or by using an inclusion criterion regarding time post
stroke which assured a correct phase categorization. Four studies
recruited people in the chronic phase after stroke (Green 2002; Lau
2012; Mansfield 2018; Marigold 2005). Dean 2012 recruited people
in the early and late subacute and chronic phase post stroke, and
Holmgren 2010 included people in the late subacute and chronic
phase after stroke.

The remaining eight studies were not assigned a phase since
there was no specific report on participants' time post stroke, the
inclusion criterion spanned multiple phases post stroke, or data
comprised solely mean time post stroke with standard deviation.

In 10 studies, people living in the community or receiving
outpatient rehabilitation services, or both, were included (Ada
2013; Batchelor 2012; Dean 2012; Green 2002; Haran 2010;
Holmgren 2010; Lau 2012; Mansfield 2018; Marigold 2005; Taylor-
Piliae 2014). Four studies carried out their interventions in
an institutional or hospital setting (Andrade 2017; Dean 2010;
Drummond 2012; Morone 2016).

All studies included both men and women. On average across all
studies, 60% of participants consisted of men, ranging from 35% in
Haran 2010 to 71% in Lau 2012.

Eight studies evaluated the effect of exercises on falls (Ada
2013; Dean 2010: Dean 2012; Green 2002; Lau 2012; Marigold
2005; Mansfield 2018: Taylor-Piliae 2014). Ada 2013 compared
a combination of treadmill and overground walking with no
intervention. Dean 2010 compared treadmill with overground
walking. Dean 2012 investigated the WEBB programme, involving
task-related training with progressive balance and strengthening
exercises as well as walking and stair climbing in comparison
with an exercise class for the upper limb. Green 2002 compared
community physiotherapy with no intervention. Lau 2012
examined whole-body vibration in comparison with the same
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exercises without vibration. Marigold 2005 compared agility
training with stretching and weight-shifting exercises. Mansfield
2018 investigated perturbation training compared to a traditional
balance training programme. Taylor-Piliae 2014 carried out two
comparisons: both Tai Chi and a fitness programme were compared
with usual care.

Three studies used interventions that were classified in the
ProFaNE taxonomy under environment/assistive technology
(Drummond 2012; Haran 2010; Morone 2016). Drummond 2012
considered the effect of predischarge assessment by means of a
home visit compared to an assessment conducted in a hospital
setting (social environment). Haran 2010 examined the effect of
single lens distance vision glasses instead of multifocal glasses
(aids for communication, information and signalling). Morone 2016
compared the use of a servo-assistive rollator with conventional
walking-oriented therapy (aids for personal mobility).

Andrade 2017 used an intervention that was classified in the
ProFaNE taxonomy under 'Other interventions/procedures', which
considered the effect of active repeated transcranial direct current
stimulation (tDCS) compared to sham repeated tDCS. Holmgren
2010 evaluated the effect of a multiple intervention that largely
consisted of individualised and home-based exercises. Finally,
Batchelor 2012 examined the effect of a multifactorial intervention
that also partly consisted of an individualised home exercise
programme but included a comprehensive risk assessment and
referral for a wide range of risk factors. For further details of the
interventions provided, see Characteristics of included studies.

In two studies, the control group did not receive any intervention
(Ada 2013; Green 2002). In two studies, the control group did not
receive an additional treatment (usual care only) (Batchelor 2012;
Haran 2010). In all but two other studies, the control group received
the same amount of therapy but another type of treatment. In the
case of Holmgren 2010, the treatment for the control group was
not dose-matched to that of the intervention group; and Taylor-
Piliae 2014 only provided resources, written material, and phone
calls for the control condition. For further details of the content of
the control group, see the Characteristics of included studies table.

Regarding fall data registration, four studies recorded falls during
the intervention period (Batchelor 2012; Dean 2010; Dean 2012;
Taylor-Piliae 2014), three studies recorded falls during a follow-up
period (Lau 2012; Mansfield 2018; Morone 2016), and seven studies
recorded falls in both the intervention and follow-up period (Ada
2013; Andrade 2017; Drummond 2012; Green 2002; Haran 2010;

Holmgren 2010; Marigold 2005). The fall registration time ranged
from one to 13 months (mean (SD): 8.07 (4.12) months).

Finally, 11 studies were registered in an online database.

Excluded studies

From the 58 full-text papers that we screened, we excluded
36 studies (see the Characteristics of excluded studies table).
We excluded most of the studies (18 out of 36) because falls
were collected as a measure of an adverse event: these studies
did not therefore have the aim of preventing falls, although
they did report them. We excluded four studies for not being
randomised controlled trials (Calugi 2016; Gervasoni 2017; Goljar
2016; Mansfield 2017). We excluded Barreca 2004 because the
study was not truly randomised; Dai 2013 because they used
an inappropriate definition of a fall; Eng 2010 because it was a
narrative review; Halvarsson 2011 because the subgroup of people
with stroke consisted of only four participants; Johansson 2018
because no stroke subgroup was defined in the full-text article;
and Mayo 1994 because the author was unable to provide us with
details and data for the stroke subgroup. For this updated version,
we additionally excluded two studies that were included in the
2013 version of this review: Sato 2005a because the publication was
retracted; and Sato 2011 because its validity has been questioned.
Furthermore, we excluded five studies that awaited classification in
the 2013 version: three studies because they were conducted by the
same author of the retracted article (Sato 2003; Sato 2005b; Sato
2005c); and two studies because we did not receive additional data
needed for classification at present (Cheng 2001; Rosendahl 2008).

Our search did not identify any ongoing trials.

We have insufficient data on number of fallers and unsuitable data
(median and interquartile range) to allow calculation of rate of falls
from one study (Pedreira 2017); (see the Characteristics of studies
awaiting classification table). Since efforts to obtain these data
have not yet been fruitful, this study awaits classification.

Risk of bias in included studies

For five out of sixitems of our 'Risk of bias' assessment, the majority
of our included studies scored as having low risk of bias. Only
for blinding of outcome assessment (detection bias) did we score
the majority of the included studies as having a high risk of bias.
Details of 'Risk of bias' assessment for each study are shown in
the Characteristics of included studies table. Summary results are
shown in Figure 2 and Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Allocation

We assessed risk of bias for both random sequence generation and
allocation concealment as low in 12 studies (85.7%) and unclear in
the remaining two studies (14.3%) (Figure 3).

Blinding

With participant recall or active registration of falls by the
participants themselves through a falls calendar or diary, we
assessed the risk of bias for blinding as high for all but two included
studies (85.7%) (Andrade 2017: low risk, 7.15%; Drummond 2012:
unclear risk, 7.15%) (Figure 3).

Incomplete outcome data

We scored the risk of bias for incomplete outcome data addressed
as low for all included studies (Figure 3).

Selective reporting

We assessed reporting bias as low in 12 studies (85.7%) and high in
the remaining two studies (14.3%) (Figure 3).

Other potential sources of bias

We also assessed whether the falls/fallers outcome was ascertained
reliably. For this item, we scored the risk of bias as low for nine
studies (64.3%), high for two studies (14.3%) and unclear for the
remaining three studies (21.4%) (Figure 3). Of the nine studies
that scored low, eight studies used a falls calendar that had to
be returned after 10 days, one month, or two months. Six of
these studies reminded the participants, if necessary, to fill in
these calendars after two weeks (one study) or monthly (five
studies). The remaining study used a weekly fall interview. The two
studies that scored high used retrospective recall of six months and
three months respectively (Dean 2010; Green 2002). We assessed
Holmgren 2010, Drummond 2012, and Morone 2016 as being at
unclear risk. In Holmgren 2010, it was not apparent whether the
falls calendar that they used for the six-month follow-up had to be
returned monthly, three-monthly, or after six months, and if there
were any follow-up telephone calls. In Drummond 2012, there was

no report on how falls were measured. Finally, Morone 2016 did not
report the method of falls self-registration in the six-month follow-
up period in which falls were recorded.

Effects of interventions

See: Summary of findings for the main comparison Exercise
compared to control for preventing falls in people after stroke;
Summary of findings 2 Home visits compared to control for
preventing falls in people after stroke; Summary of findings 3
Single lens distance glasses compared to usual (multifocal) glasses
for preventing falls in people after stroke; Summary of findings 4
Servo-assistive rollator compared to control for preventing falls in
people after stroke; Summary of findings 5 Other interventions:
tDCS compared to sham tDCS for preventing falls in people after
stroke

Exercises

Our searches identified eight studies that evaluated the effect of
exercises on falls (Ada 2013; Dean 2010; Dean 2012; Green 2002; Lau
2012; Mansfield 2018; Marigold 2005; Taylor-Piliae 2014). As we also
identified one multiple interventions trial (Holmgren 2010), and
one multifactorial trial (Batchelor 2012), where the intervention
largely consisted of an exercise component, we decided to include
these two studies under the heading 'Exercises' and combine them
with those examining the effect of exercises as a single intervention.
Ada 2013 and Taylor-Piliae 2014 included two treatment groups in
their studies. Comparison of two intervention conditions was not
the aim of this review (this method is described in section 9.3.9
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) and in Introduction to Meta-Analysis 2009)), so
we decided to combine the effect sizes of the two intervention
conditions in Ada 2013 and Taylor-Piliae 2014 according to the
method described in Introduction to Meta-Analysis 2009, chapter
25, pages 239-41. Since Ada 2013 used two 'exact same treatment'’
groups which differed solely based on intervention time (two and
four months), we calculated the mean effect of the intervention
groups at two months and compared it with the control group
at two months. Both a summary of results and the quality of
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the evidence regarding the exercises analysis are provided in the
Summary of findings for the main comparison.

Rate of falls
Data

We obtained rate ratio and Cl from Batchelor 2012, Dean 2012
and Mansfield 2018. We calculated rate ratio and SE (Measures of
treatment effect) in Ada 2013, Dean 2010, Lau 2012, Marigold 2005,
and Taylor-Piliae 2014. We obtained no data on rate of falls from
Green 2002 or Holmgren 2010.

Analyses

We pooled the results of eight studies including 765 participants
(Ada 2013; Batchelor 2012; Dean 2010; Dean 2012; Lau 2012;
Mansfield 2018; Marigold 2005; Taylor-Piliae 2014), giving a
significant reduction in the rate of falls (rate ratio 0.72, 95% CI 0.54
to 0.94, low GRADE evidence) for the experimental group (Analysis
1.1). We were unable to include other trials that included exercises
in this analysis due to the lack of stroke-specific information on
falls (Green 2002; Holmgren 2010). The I? statistic (43%) revealed a
potential moderate heterogeneity.

When omitting the multifactorial study by Batchelor 2012, our
sensitivity analysis of single interventions resulted in a significant
reduction of rate of falls (rate ratio 0.66, 95% CI 0.50 to 0.87, n =
626). Furthermore, we observed a reduction in the |2 statistic (34%),
reducing the heterogeneity risk to 'might not be important'.

A sensitivity analysis including studies with participants in the
chronic phase post stroke found no significant reduction in rate
of falls (rate ratio 0.58, 95% CI 0.31 to 1.12, n = 205). The risk for
heterogeneity (1> = 52%) remained moderate. We conducted no
phase-related sensitivity analysis for Dean 2010 and Holmgren 2010
since they recruited participants in multiple phases post stroke.

Afinal sensitivity analysis including solely studies at low risk of bias
revealed no significant between-group difference (rate ratio 0.88,
95% C10.65 to 1.20, n=462), with a reduction in the I? statistic to 0%,
indicating absence of heterogeneity (Batchelor 2012; Dean 2012;
Mansfield 2018; Taylor-Piliae 2014). However, after adding in the
Ada 2013 study, which is at unclear risk of bias due to an unknown
concealment method, the overall finding switches to a significant
reduction in rate of falls in favour of the intervention group (rate
ratio 0.77, 95% Cl 0.61 to 0.98, n = 548). The |? statistic increased to
5%.

Number of fallers
Data

Data for this section were based on the risk difference reported by
Dean 2010, therisk ratio reported by Batchelor2012 and Dean 2012,
and the risk ratio calculated (Measures of treatment effect) by the
review authors in Ada 2013, Green 2002, Holmgren 2010, Lau 2012,
Mansfield 2018, Marigold 2005 and Taylor-Piliae 2014.

Analyses

We pooled the results of 10 studies with a total of 969 participants
(Ada 2013; Batchelor 2012; Dean 2010; Dean 2012; Green 2002;
Holmgren 2010; Lau 2012; Mansfield 2018; Marigold 2005; Taylor-
Piliae 2014) (Analysis 1.2). This demonstrated no significant

reduction in the number of fallers (risk ratio 1.03, 95% CI 0.90 to
1.19, very low GRADE evidence).

When omitting the multiple study by Holmgren 2010 and the
multifactorial study by Batchelor 2012, our sensitivity analysis of
single interventions yielded no significant reduction in the number
of fallers (risk ratio 1.09, 95% CI1 0.93 to 1.28, n = 796).

A sensitivity analysis including studies with participants in the
chronic phase post stroke yielded no significant reduction in
number of fallers (risk ratio 0.94, 95% CI 0.73 to 1.22, n = 375). We
conducted no phase-related sensitivity analysis for Dean 2010 and
Holmgren 2010 since they recruited participants in multiple phases
post stroke.

Afinal sensitivity analysis including solely studies at low risk of bias
did not alter the non-significant finding related to number of falls
(risk ratio 0.96, 95% CI 0.77 to 1.21, n = 462) (Batchelor 2012; Dean
2012; Mansfield 2018; Taylor-Piliae 2014).

All analyses regarding number of fallers resulted in a risk of
heterogeneity that 'might not be important' (12 ranged from 0% in
the original analysis to 26% in the sensitivity analysis with low risk
of bias studies).

Number of people sustaining fall-related fractures

Four studies reported on participants sustaining fall-related
fractures. Dean 2012 indicated that one person had a stroke,
fractured his shoulder and died in hospital. Lau 2012 reported that
none of the falls resulted in any injuries that required medical
attention. In Mansfield 2018, no falls resulted in fractures. One
person in the agility group in Marigold 2005 sustained a hip fracture,
but on a task that was included in both programmes.

Taylor-Piliae 2014 reported a total of 29 falls that resulted in an
injury, of which 8% were evaluated by a health care provider. They
did not specify if these injuries involved fractures.

Number of people with fall-related hospital admissions

No study reported on fall-related hospital admissions, but three
studies reported about the number of falls resulting in a need
for medical attention. Lau 2012 indicated that none of the falls
resulted in any injuries that required medical attention. Mansfield
2018 and Taylor-Piliae 2014 reported a total of three and 10 cases,
respectively, where participants sought medical attention because
of their fall.

Number of people with near-fall events

We calculated a non-significant near-fall rate ratio of 1.11 (95% ClI
0.70to0 1.75,n=89) (see Measures of treatment effect) based on data
reported in Taylor-Piliae 2014.

Economic evaluation

No study that investigated the effect of exercises reported an
economic evaluation.

Quality of life

We summarise findings of studies related to quality of life in the
table below. Fourteen outcome measures were used across 14
studies, with the vast majority reporting no significant difference
between the exercise and control condition. Due to the use of awide
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variety of outcome measures, we decided not to pool data within a
meta-analysis, but rather to describe results narratively.

QOL Measure Number of studies  Studies Significant finding?
Adelaide Activities Profile 3 Ada 2013 Dean 2012
Dean 2010 « subscale "service to others",
favouring intervention
Dean 2012 o subscale "social activities",
favouring control
SF-12 / SF-36 3 Dean 2012 Holmgren 2010: favouring inter-
vention at 3 months
Holmgren 2010
- » subscales: "mental dimension"
Taylor-Piliae 2014 and "mental health"
Activities-specific Balance Confidence 3 Lau 2012 No
scale
Mansfield 2018
Marigold 2005
Falls Efficacy Scale (Swedish/International) 2 Batchelor 2012 Holmgren 2010: favouring inter-
vention post intervention and at 3
Holmgren 2010 months' follow-up
Frenchay Activities Index 2 Green 2002 No
Holmgren 2010
Subjective Index of Physical and Social 1 Mansfield 2018 Mansfield 2018: favouring con-
Outcome trol at 6, 8, 10 and 12 months' fol-
low-up
EuroQol EQ-5D-3L 1 Ada 2013 No
Walking Self-Efficacy Scale 1 Ada 2013 No
Hospital Anxiety and Depression Scale 1 Green 2002 No
General Health Questionnaire 28 1 Green 2002 No
Physical Activity Scale for Individuals with 1 Mansfield 2018 No
Physical Disabilities
Nottingham Health Profile 1 Marigold 2005 No
Center for Epidemiologic Studies Depres- 1 Taylor-Piliae 2014 No
sion Scale
Pittsburgh Sleep Quality Index 1 Taylor-Piliae 2014 No

Adverse events

Three trials reported specifically on adverse events. Dean 2012
indicated that no falls or other adverse events occurred during
the exercise classes, home programme or assessments. Only

one participant withdrew because of the intervention, stating
that the exercises had exacerbated an incontinence problem.
In Lau 2012, no severe adverse events were reported by the
participants, although three indicated mild dizziness during whole-
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body vibration therapy, and four had lower-limb soreness and
fatigue (two from the whole-body vibration group). The study
authors reported that all symptoms gradually subsided after the
first few sessions of training. Mansfield 2018 reported 48 adverse
events: fatigue with training (N = 4), joint pain during or soon after
training (N = 25), delayed onset muscle soreness (N = 13), seizure
during training (N = 1), and abnormally elevated heart rate and
low blood pressure during training (N = 1). Furthermore, four falls
occurred related to the study procedure.

Environment/assistive technology

Three studies were classified in the environment/assistive
technology section of the ProFaNe taxonomy (Drummond 2012;
Haran 2010; Morone 2016). We calculated rate and risk ratios
using the methods described in the Measures of treatment effect
described in the Methods section.

Social environment

Drummond 2012, who investigated the efficacy of predischarge
home visits in the subacute phase post stroke, was categorised in
the subcategory of social environment. Both a summary of results
and the quality of the evidence regarding the social environment
analysis are provided in the Summary of findings 2.

Rate of falls

We found no significant reduction in the rate of falls when
comparing predischarge assessment by means of a home visit to an
assessment conducted in a hospital setting (rate ratio 0.85, 95% ClI
0.43 to 1.69, n = 85, very low GRADE evidence; Analysis 2.1).

Number of fallers

We did not find number of fallers to be significantly different
between the two treatment groups (risk ratio 1.48, 95% Cl 0.71 to
3.09, n = 85, very low GRADE evidence; Analysis 2.2).

Economic evaluation

The mean (SD) total cost of a home visit was GBP 183 (GBP 81). The
total cost of the control condition was not reported.

Quality of life

Mood as measured by the Stroke Aphasic Depression Questionnaire
(10-item hospital version) differed significantly in favour of the
home visits group. We found no significant difference for health-
related quality of life (EQ-5D).

No information regarding fall-related fractures, fall-related hospital
admissions, near-fall events, and adverse events was reported.

Aids for communication, information and signalling

For this section, results relating to vision improvement were based
on unpublished data from the stroke subgroup in Haran 2010. Both
a summary of results and the quality of the evidence regarding the
aids for communication, information and signalling analysis are
provided in the Summary of findings 3.

Rate of falls

There was no significant reduction in rate of falls when single lens
distance vision glasses replaced multifocal glasses for people after
stroke (rate ratio 1.08, 95% Cl 0.52 to 2.25, n = 43, very low GRADE
evidence; Analysis 3.1).

Number of fallers

There was no significant reduction in the number of fallers when
single lens distance vision glasses replaced multifocal glasses for
people after stroke (risk ratio 0.74, 95% CI 0.47 to 1.18, n = 43, very
low GRADE evidence; Analysis 3.2).

Number of people sustaining fall-related fractures

No one with stroke in the intervention group sustained a fracture,
compared with one person in the control group.

Number of people with fall-related hospital admissions

One person with stroke in the intervention group was admitted to
hospital once, compared with one person with stroke in the control
group admitted to hospital three times.

Quality of life

Data from the SF-12 physical and mental component score and
Falls Efficacy Scale - International version showed no significant
difference between groups.

No information regarding near-fall events, economic evaluation,
and adverse events was reported.

Aids for personal mobility

For this section we included Morone 2016, which investigated the
effect of a servo-assistive rollator (i-walker) on falling post stroke.
Both a summary of results and the quality of the evidence regarding
the aids for personal mobility analysis are provided in the Summary
of findings 4.

Rate of falls

No significant reduction was observed regarding the rate of falls
between the i-walker group and the control group (rate ratio 0.56,
95% Cl1 0.19 to 1.66, n = 42, very low GRADE evidence; Analysis 4.1).

Number of fallers

There was no significant reduction in the number of fallers between
thei-walker group and the control group (risk ratio 0.44,95% CI 0.16
to 1.22, n =42, very low GRADE evidence; Analysis 4.2).

No information regarding fall-related fractures, fall-related hospital
admissions, near-fall events, economic evaluation, quality of life,
and adverse events was reported.

Other interventions: transcranial direct current stimulation
(tDCS)

We could not classify Andrade 2017, which investigated the effect
of different montages of transcranial direct current stimulation on
falls post stroke, in any of the specified intervention classes; it
was subsequently classified in the 'other interventions' section of
the ProFaNe taxonomy. Both a summary of results and the quality
of the evidence regarding the tDCS analysis are provided in the
Summary of findings 5.

Rate of falls

We obtained no data about rate of falls.
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Number of fallers

Combining effect sizes of all montages, we found a significant
reduction in the number of fallers in favour of the intervention
(active tDCS) group (risk ratio 0.30, 95% Cl 0.14 to 0.63, n = 60, low
GRADE evidence; Analysis 5.1). Furthermore, a significant reduction
in the number of fallers was reported for all individual montages
of tDCS compared to the sham tDCS condition. Despite a tendency
of bilateral stimulation to be more effective in reducing fallers
post stroke, we found no significant differences between the three
different montages of tDCS. We calculated the risk ratio using the
method described in Measures of treatment effect, part of the
Methods section.

Adverse events

No adverse events were reported.

No information regarding fall-related fractures, fall-related hospital
admissions, near-fall events, economic evaluation or quality of life
was reported.

DISCUSSION

This review focused on the effects of interventions for preventing
fallsin people after stroke, with secondary outcomes examining the
number of people sustaining fall-related fractures, the number of
people with fall-related hospital admissions, the number of people
with near-fall events, economic evaluation, quality of life (including
psychological aspects such as fear of falling), and adverse events.

Summary of main results

Our search strategy resulted in 14 studies being included in this
review update (of which six were new studies since publication of
the original review) with a total of 1358 participants. Ten studies
reported an exercise intervention, three studies an environmental
adaptation (providing single lens glasses to users of multifocal
glasses, predischarge home visits and a servo-assistive rollator),
one study a multiple intervention, one study a multifactorial
intervention and one study transcranial direct current stimulation,
which was classified under 'other interventions'. Since both the
multiple and multifactorial intervention largely consisted of an
exercise component, both studies were included under 'Exercises’.

Exercises

For rate of falls, based on pooled results from eight studies
(765 participants) investigating exercises to prevent falling in
people after stroke as well as our sensitivity analysis for single
interventions (626 participants), we have low confidence that
exercise may reduce the rate of falls in favour of the experimental
group. Based on our pooled results, exercises resulted in a 28%
reduction of the fall rate; and when considering exercises as a single
intervention, a 34% reduction of fall rate was observed. Sensitivity
analysis for studies conducted in the chronic phase after stroke (205
participants), however, showed little or no difference in the rate of
falls. There was also little or no difference in the rate of falls when
only studies at low risk of bias were included (462 participants).

For the number of fallers, based on pooled results from 10 studies
(969 participants) and sensitivity analyses for single interventions
(796 participants), chronic phase after stroke (375 participants),
and low risk of bias (462 participants), we have very low confidence
in the finding that there may be little or no difference in the number

of fallers within the exercises group compared to controls. Overall,
our findings suggest that exercises may result in a beneficial
reduction in the number of times that fallers fall, but to date there is
no clear evidence that exercises change fallers into non-fallers. The
certainty in the evidence (GRADE) for this analysis ranges from very
low (number of fallers) to low (rate of falls).

Results for secondary outcome measures were sparse, with the
exception of quality of life, but because of the heterogeneity of
outcome measures used we decided not to pool these results.
Studies assessing the effect of exercises on preventing falls
included a total of 14 measures of quality of life. In four of these
measures (Adelaide Activities Profile 'service to others' subscale,
FES-1, SF-36 mental dimension and mental health subscales, and
SIPSO), animprovement was reported in favour of the experimental

group.
Environmental adaptations

Rate of falls or number of fallers did not appear to reduce when
comparing the intervention to the control condition.

« Social environment: predischarge home visits compared to
predischarge interviews in the hospital (very low GRADE
evidence, 85 participants). Mood was found to be increased
more in the home visits group.

« Vision improvement: provision of single lens distance vision
glasses instead of multifocal glasses (very low GRADE evidence,
43 participants).

« Aids for personal mobility: use of a servo-assistive rollator
compared to a conventional walking-oriented therapy (very low
GRADE evidence, 42 participants).

All analyses within the 'Environmental adaptations' section relied
solely on one study.

Other interventions (transcranial direct current stimulation)

One study (60 participants) investigated the effect of different
montages of tDCS compared to a sham tDCS condition. The
combined effect size of all montages gives us low certainty that
tDCS may reduce the number of fallers (low GRADE evidence).

Overall completeness and applicability of evidence

We were only able to include a limited number of trials with
a limited number of participants. In comparison, the review
evaluating interventions for preventing falls in older people living
in the community included 159 trials with a total of 79,193
participants (Gillespie 2012). Even fewer of the trials presented data
required to include them in our analysis of the rate of falls than
in the analysis of the number of fallers. Lamb 2005 provided a
consensus statement that both outcomes should be provided in
trials reporting on interventions evaluating the prevention of falls,
and that future trials should include the numbers of both falls and
fallers when presenting their results.

Interpretation of results

In contrast to the findings of the original version of this review,
exercises may reduce falling post stroke, based on a reduced
rate of falls. Our results showed different results in rate of falls
and number of fallers. Absence of data on rate of falls from
Green 2002 and Holmgren 2010 may have resulted in different
findings for the pooled analysis of rate of falls. Of interest are the
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results of Marigold 2005 and Ada 2013, which are the only trials
individually demonstrating a reduction of rate of falls resulting
from an intervention programme consisting of agility exercises
and treadmill training, respectively. It should be noted that there
is a difference for the analysis and subsequent result between
Marigold 2005 and our review. In Marigold 2005, the number of
falls and the number of fallers were analysed with a Mann-Whitney
U test and a Chi? test respectively, and showed no statistically
significant between-group difference. Based on the information
from Marigold 2005, we were able to calculate the parameters
of interest for inclusion into our meta-analysis (see Analysis 1.1
and Analysis 1.2). Surprisingly, for the rate of falls this resulted
in a statistically significant between-group difference in favour of
the agility programme (Analysis 1.1). For planning future trials
and implementation in clinical practice, this trial seems to give
an important message about the content of an intervention to
prevent falls. Ada 2013 used two intervention conditions related
to exercises, forcing us to pool the two intervention groups
into one group to circumvent the problem of study multiplicity
in the meta-analysis. This merge might have caused an under-
or overestimation of the true effect of the individual exercise
programmes. However, in meta-analyses a general pooling of
related control interventions is suggested, therefore this potential
bias is intrinsic to the analysis.

Andrade 2017 found tDCS to reduce falling post stroke. However,
these results need to be interpreted with caution since the results
were obtained from a single study with limited sample size, of which
the power analysis was not conducted for the number of fallers.
Interestingly, a recent meta-analysis investigating the effect of tDCS
on balance found little or no effects (Li 2018), which seems contrary
to the results of Andrade 2017, since balance is an important
predictor of falling post stroke (Ashburn 2008; Maeda 2015). Falls
remain complex, however, for they are predicted by multiple factors
(Ashburn 2008).

Results in Haran 2010 are only to be interpreted for post-stroke
patients who are regular wearers of multifocal glasses.

Regarding environmental adaptations to reduce falling post stroke,
Drummond 2012 used in parallel to the randomised controlled trial
a cohort study which included patients to whom the clinicians
believed a home visit was essential. This has a clinical advantage,
but might reduce statistical quality. Furthermore, they described
procedural problems in administering the home visits, which were
reported to be altered in a definitive trial. Finally, they also found
the mean (SD) cost of a home visit to be GBP 183 (GBP 81), which
might be an extra limitation for implementation in low-income
countries.

Our hypothesis that fall-prevention strategies are more effective
in earlier phases post stroke remains unconfirmed since we found
too few studies with a population in that early rehabilitation post-
stroke phase. Future updates might be potent to answer this query.

Inthis update, we have used a broad categorisation of interventions
to synthesise data, and have not further documented details
of interventions. We note that variability is present regarding
intervention type within our exercises' meta-analyses. In our
opinion the heterogeneity is substantial, and forms — in
combination with the limited number of included studies — the
main reason why we did not perform sensitivity analyses on the
effect of type of exercise intervention. Exercise, furthermore, is

an umbrella term covering a wide range of interventions, which
should be described in detail in order to understand key elements
such as dose, content and intensity. In a future update of this
review, specific analyses of type of exercise intervention could
be possible if both future exercise trials are conducted and trials
provide adequate detail of exercises investigated. Future sensitivity
analyses could investigate whether multiple or multifactorial
exercise interventions are more beneficial than single-type or
focused exercise interventions, in order to understand the
differential effect of type of exercises provided on falls.

Other remarks

It should be further noted that some trials reported interesting post
hoc analyses. Marigold 2005 showed that for their participants with
a history of falls, eight out of 15 continued to fall in the intervention
group compared with 13 out of 15 in the control group (P = 0.05).
Dean 2012 indicated fewer falls in the intervention group for their
fast walkers but more falls in the intervention group for their
slower walkers. Both studies contribute to the current belief that
interventions should be developed for specific subgroups of people
with stroke. Again, this information can contribute to the future
development of interventions for preventing falls in people after
stroke. Andrade 2017 found that the group receiving sham tDCS
experienced a higher fall risk compared to the other participants (P
< 0.01). This result — combined with their discovery of a bilateral
tDCS montage to be associated with significantly higher Berg
Balance Scale (BBS) and Falls Efficacy Scale - International (FES-
I) scores compared to anodal and cathodal currents — might be of
use when considering a broad scope on fall prevention, including
measures for fall risk. It should be noted, however, that only people
with high risk of falling were included in the trial. Additionally, no
differences between montages were found on the Four Square Step
Test (FSST) and Overall Stability Index (OSI), which were both used
as outcome measures to quantify the risk of falling.

Holmgren 2010 used an intervention that was classified as multiple,
since it comprised exercises, implementing exercises into real-life
situations and educational sessions. The trial found no significant
reduction of number of fallers, but a significantincrement in quality
of life. In addition, the complex aetiology of falls might point
towards a more holistic interventional approach, outlining the
importance of this idea for planning future trials in this field.

We could neither perform meta-analyses nor narrative description
regarding the benefits of interventions targeted at reducing falling
post stroke on our secondary outcomes, due to lack of reporting on
these outcomes in the included studies. Future studies are advised
to include these outcomes as part of the trial design.

Quality of the evidence
Fall assessment

A major concern arising from the trials included in this review
is the definition of falls. Of the 16 trials, only nine provided a
definition of a fall, and among these seven different definitions
were used, with two trials presenting a definition not referenced
to previous literature (Dean 2010; Taylor-Piliae 2014). Although the
content of these different definitions might not be significantly
different, uniformity should be sought in future trials evaluating
interventions for preventing falls in people after stroke, with a
consensual definition of a fall, such as the one developed by the
Preventions of Falls Network Europe (Lamb 2005).
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Also relating to fall assessment, four of the included studies
only collected data on falls during the intervention period. The
disadvantage of this approach is that the presence of a latency
of physiological changes might cause an overestimation in fall
occurrence since benefits from exercises are not yet physically
established (Lamb 2005). On the other hand, there may also be
a decay of beneficial effects during follow-up. These limitations
strengthen our recommendation to follow the methodological gold
standards of fall research presented by Lamb 2005.

Power calculation

For nine out of 14 trials, the primary aim was to prevent falls. For
seven of the nine, a power calculation was performed based on
establishing a reduction in falls/fallers. Andrade 2017 performed a
power calculation to establish this on another primary outcome
measure (Four Square Step Test (FSST)) and Taylor-Piliae 2014
reported about a power calculation to determine their sample size
but neither specified time point (a priori or post hoc) nor outcome
measure used. The single aim of Holmgren 2010 was to prevent
falls, but the power calculation was based on finding an increase in
the Berg Balance Scale score, leading to a total of 34 participants
recruited. The non-significant finding for falls and fallers may
have resulted from an inadequate sample size for this outcome.
Unpublished stroke subgroup results from Haran 2010 should also
be interpreted with caution; this analysis is underpowered, since
a limited group of the total study sample was selected for our
analysis. Future trials need to be of adequate size, with a power
calculation based on reasonable estimates of effect size, resulting
in trials with many more participants. As an example, Marigold
2005 calculated that, based on their fall data, a sample size of
292 participants per exercise group would be required to detect
differences for the number of fallers in a definitive trial. Future trials
will probably need to be multicentred and perhaps international.

Risk of bias

The causes of falls in people after stroke are complex, and a
trial aimed at preventing falls requires a complex intervention.
We assessed the majority of trials included in this review as
having a low risk of selection, attrition and reporting biases,
as well as a reliable ascertainment of falls/fallers outcome (see
Figure 3). Of concern was the level of detection bias (blinding of
outcome assessment for falls). In the majority of trials (93.75%),
we assessed this as being at high risk of bias, as studies used
a self-reported questionnaire or a falls calendar or diary. These
methods rely on active registration by the participant, with
telephone calls to the participants if (monthly) fall calendars
are not returned. Nevertheless, we assessed this as being at
high risk of bias, since the assessors, who were in this case
the participants themselves, were probably not blinded to group
allocation, and because the accuracy of prospective reporting
methods may lead to over- or under-reporting of falls (Lamb
2005). In an attempt to mitigate this risk, Mansfield 2018 used
one blinded assessor to interview the participant about the
circumstances of the fall, and two blinded assessors to determine
if any falls should be excluded from the analysis. This approach
could serve as example for future studies and warrants further
consideration. Kunkel 2011, comparing retrospective interviews
and prospective falls diaries over a 12-month period in a cohort
of 122 people with stroke, found an 83% agreement between
the methods in the classification of fallers. Yet frequent repeat
fallers reported falls during the retrospective interview but did

not record all falls in the diary. Excluding these outliers, a similar
number of falls were reported using either method. Our results
for detection bias and the findings from Kunkel 2011 indicate
that monitoring falls accurately in a chronic, community-dwelling
population remains difficult. Although prospective methods are
considered preferable (Hauer 2006), future trials could include both
retrospective and prospective methods. Nevertheless, preliminary
studies investigating novel assessments of falls, such as portable
activity monitors, seem warranted for future research.

To correct for included studies at high/unclear risk of bias (scoring
high/unclear risk on one item in addition to the 'blinding of
outcome assessment' item), we performed an additional sensitivity
analysis in the exercise comparison. Surprisingly, this produced
results conflicting with the original significant finding in rate of
falls. Subsequent stepwise addition of studies at high/unclear risk
of bias yielded results that strongly depended on study selection.
Of interest is our observation that by reincorporating Ada 2013
in the analysis, the significant finding returned regardless of the
amount of remaining studies at high/unclear risk of bias that were
subsequently reincluded. Ada 2013 scored unclear risk of bias at
concealment methodology, since details were lacking regarding
the adopted concealment method. A conclusive statement with
respect to study quality is that more well-designed, low bias,
adequately powered trials are needed to increase quality of the
evidence, which would be potent to more robustly outline the true
significance of fall-oriented interventions.

GRADE

This updated version included the GRADE approach according to
Atkins 2004. The quality of the evidence ranged from very low in
the majority of the comparisons to low in the two comparisons
that were found to be significant. The most frequent reasons for
downgrading were the lack of blinding, which is difficult to perform
on outcome measures related to fall assessment, and the fact that
most comparisons only consisted of one study. Future updates of
the review might show increased quality of the evidence due to
inclusion of more studies per comparison.

Potential biases in the review process

Although we developed comprehensive search strategies for our
review, there is still a possibility that we have missed some trials.
Nevertheless, as an international group we are familiar with the
work of colleagues from around the world active in the domain of
falls after stroke, so we were able to include studies reporting on
trials that were only recently completed.

Another potential bias of our review might be that we excluded
trials that reported falls as an adverse event. It could be
hypothesised that, although falls were included in these trials
despite the fact that the interventions were not aimed at preventing
them, some of them might actually have a positive effect on falls or
the number of fallers, or both.

Furthermore, one could disagree with our inclusion of Dean 2010,
Dean 2012, Lau 2012, Mansfield 2018 and Marigold 2005 in our
pooled analysis, as both arms of these trials received an active
exercise component. We believe that our decision was justified as,
firstly, there is a general mixture of types of control interventions
across our studies, and secondly — and more importantly —
we believe that the experimental intervention in these studies
was focused on significant aspects of falls prevention. Although
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both the intervention and the control condition involved a gait-
related approach in Dean 2010, body-weight-supported treadmill
training was reported to be superior in improving ambulatory
kinematics (Mao 2015), which in turn has a predictive capacity to
falling (Punt 2017). The control condition in Dean 2012 consisted
of upper extremity exercises, which could help prevent falls
by improving mobility and balance recovery mechanisms. We
feel, however, that the strength- and balance-oriented approach
adopted in the intervention condition has a higher probability
of reducing falls compared to the control condition. In Lau 2012
the intervention group conducted whole-body vibration exercises;
vibration is thought to improve muscle weakness, the latter
being an important predictor for falls (Weerdesteyn 2008). In
Mansfield 2018, participants in the intervention condition received
perturbation training, adapted to participants' ability and balance
impairments, aimed at improving control of balance reactions,
which is also related to falls post stroke (Marigold 2006). Similarly in
Marigold 2005, the aim of the agility exercises in the experimental
group was also clearly more related to falls prevention than
the stretching and slow, low-impact weight-shifting exercises
conducted in the control group. Despite our feeling that inclusion
of the previously mentioned studies was justified, we highlight
the probability of underestimating the true effect of exercises.
Since exercises obviously show a potential to efficiently prevent
falling post stroke, offering a similar approach to the control
condition might have caused the occurrence of treatment effects in
the control conditions, therefore minimising differences between
both groups. Taylor-Piliae 2014 provided usual care to the control
condition in addition to written resources, which might have
included some exercise component. Details are lacking regarding
the content of the usual care condition.

Finally, the categorization of post-stroke phases in this update
version was different from the one used in the original version
of this review. In the 2013 version, the categorization per study
was made according to the location of the studies' recruited
participants. This was a dedicated stroke unit or acute hospital
ward (acute stage), a rehabilitation ward or clinic after discharge
from an acute ward (subacute stage) or living at home or admitted
to institutional care (chronic stage). Despite a profound clinical
understanding that efficacy of administered interventions differs
according to the location of the participants, experts in the field
agree on a phase categorization according to time post stroke
(Bernhardt 2017), also based on the biology of stroke recovery.
Additionally, we chose to only assign a phase post stroke to
studies of which we were absolutely sure of the time post stroke
of all recruited patients. Together with our choice to conduct
sensitivity analyses by pooling studies according to phase, these
decisions were carefully made after intensive discussion with our
international review group, including statistical experts in the field
of stroke rehabilitation. By following this approach, however, we
might have missed studies in our sensitivity analysis that recruited
patients in one single phase post stroke but did not clearly indicate
this in their report.

Agreements and disagreements with other studies or
reviews

Stroke research

Our search strategy identified two systematic reviews on the topic
of falls prevention after stroke. First, Batchelor 2010 included 13
studies and found exercises not to be beneficial in reducing either

rate of falls or number of fallers post stroke. There is a discrepancy
between the studies included in Batchelor 2010 and our review. In
Batchelor 2010, the type of interventions included were all those
that may affect falls outcome. On that basis, they also included
trials in which falls were classified as an adverse event. Their
review therefore contains six trials that we have excluded from
our review, because we applied the stricter inclusion criterion
that interventions had to be aimed at preventing falls. This is
an important distinction. Trials evaluating interventions such as
very early mobilisation after stroke or early supported discharge
include falls as an outcome. The aim of these interventions,
however, is not to prevent falls but to improve functional outcome.
Because (very) early mobilisation or early supported discharge
might be associated with an increase in falls, they are included
as an outcome measure. We believe that a stricter approach —
i.e. including only trials where the aim was to prevent falls —
is justified, as otherwise study hypotheses are mixed and results
become difficult to interpret.

Second, Winser 2018 conducted a meta-analysis regarding the
effect of Tai Chi in neurological disorders, including the effect on
falling post stroke. They found Tai Chi to reduce falling post stroke,
based on one study that was also included in our meta-analysis
(Taylor-Piliae 2014). Their results agree with our findings of Taylor-
Piliae 2014, although we merged their two intervention conditions
and we used a random-effects model to evaluate the rate ratio,
whereas Winser 2018 used a fixed-effect model to evaluate an odds
ratio. Despite the fact that merging both intervention conditions
in our review reduced the effect size, our findings support that
Tai Chi might be beneficial in preventing falls post stroke. The
superiority of one exercise intervention over the other remains
unknown at present, since there is a lack of studies investigating
the fall-preventing capacity of different exercise interventions post
stroke, and this is probably also an important avenue for future
research.

Elderly research

Finally, we feel that a more in-depth appraisal of fall-prevention
reviews, focusing on elderly people living in the community, is
important to the readership of this article. Besides the larger
number of studies included in these reviews, there is a first notable
contrast with our results in Gillespie 2012: multiple-component
group exercises and individually prescribed multiple-component
home-based exercises did show a beneficial effect for reducing the
rate of falls and the risk of falling in this population. We should be
cautious, however, when considering whether these interventions
might be suitable for preventing falls in people after stroke. Three
trialsincluded in this review (Batchelor 2012, Dean 2012 and Taylor-
Piliae 2014) examined the effect of an intervention containing
an exercise programme developed for older people: the Otago
Exercise Program (OEP) in Batchelor 2012; the Weight-bearing
Exercise for Better Balance (WEBB) programme in Dean 2012; and
the SilverSneakers national fitness programme designed for older
people in Taylor-Piliae 2014, which was merged with the Tai Chi
intervention condition for reasons stated in the Results section
of this review. None of these trials showed significant between-
group differences for reducing the rate of falls and the number of
fallers, again indicating that specific interventions may be required
for preventing falls in people after stroke, with strategies aimed at
particular deficits that people have after their stroke.
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Other reviews concerning fall prevention in elderly people
published contradicting results regarding the fall-preventing
capacity of exercises (Cameron 2018; Grossman 2018; Sherrington
2019; Tricco 2017). Sherrington 2019 substantiates the value of
Tai Chi, balance-oriented and functional exercises. Tricco 2017
found exercises, either alone or part of a multifactorial approach,
to be associated with lower risk of injurious falls. Grossman
2018 found a small effect of multifactorial interventions, whereas
Cameron 2018 express their uncertainty of the effect of exercises
on rate of falls or risk of falling. We note, however, that the
latter study was conducted in an institutionalised setting, opposed
to the other three reviews assessing community-dwelling older
people. In general, literature therefore concludes that exercises
have a beneficial fall-preventing effect in elderly people, which
was reflected in the stroke population in this review update.
Nevertheless, we stress the importance that the exercise-related
studies included in our review did not find any beneficial effect
on number of fallers. The overall inconsistency of significant fall-
reducing effects of the investigated interventions, combined with
issues outlined earlier in this discussion, requires us to be cautious
and thus express low confidence in our conclusion. If future updates
could reach sample sizes comparable to fall research in elderly
people, this cautiousness regarding concluding statements might
turn into more robust evidence more effectively informing clinical
practice.

AUTHORS' CONCLUSIONS

Implications for practice
Exercises

Currently, there is low to very low quality evidence that exercises,
either as a single intervention or part of a multi-component
intervention, and including ambulation, perturbation/vibration-
based, balance/strength-oriented or Tai-Chi training, reduce the
rate of falls, but not the number of fallers after stroke. There remains
a lack of evidence to draw conclusions of the effects in a specific
phase post stroke. Furthermore, there is a general lack of evidence
to inform clinicians about potent interventions to prevent fall-
related fractures, fall-related hospital admissions, near-fall events,
economic factors, quality of life, or adverse events.

Environmental adaptations

There is currently insufficient evidence to reach conclusions about
the impact of use of predischarge home visits, provision of single
lens distance glasses, or use of a servo-assistive rollator on the rate
of falls or number of fallers. We graded quality of the evidence to be
very low in all analyses related to environmental adaptations.

Other interventions (tDCS)

Low-quality evidence from one study suggests that tDCS may
reduce the number of fallers, but there is a need for further
evidence before tDCS is introduced into routine clinical practice as
an intervention to prevent falls.

General quality of the evidence

Despite the GRADE approach finding quality of the evidence to
range from low (exercises (rate of falls) and tDCS) to very low in the
remainder of the analyses, our review outlines a strong tendency
that clinical practice at this stage will benefit mostly from exercises,
based on their low cost, ease of administration and potentially

favourable fall-preventing outcome. Hopefully, future updates of
this review will be sufficiently enriched with new literature to
provide more conclusive evidence on its value compared to other
fall prevention interventions.

Implications for research
Content

Further studies are needed to evaluate exercises as a single
component or part of a multiple or multifactorial programme, with
careful consideration of the content of the intervention, taking
into account the current knowledge about risk factors for falling
after stroke and the possibility that different interventions have
to be developed for different subgroups of people after stroke. In
addition, larger trials are needed to confirm the potential benefits
of (different) exercises regarding falling post stroke.

No studies seemed to include participants in the (hyper)acute
phase after their stroke.

Currently, only three domains of potential interventions for
preventing falls have been investigated, with the majority of trials
investigating exercises. Thus, there remains an important evidence
gap, and future trials should consider other types of interventions
or inclusion of these types of interventions in multiple or
multifactorial approaches, since they also might positively impact
on established risk factors for falls, and potentially reduce falls post
stroke. Moreover, interpretability of fall research would increase by
clarifying the content of interventions using for instance the TIDieR
framework (Hoffmann 2014), designed to allow for replication
of the intervention as well as translating research into clinical
practice.

Methodology

It is important to note that time post stroke was generally
reported by means of a mean (SD) which does not allow for
accurate phase categorisation, and therefore limits us to draw
conclusions regarding phase-dependent efficacy of fall-prevention
interventions. Combined with the need for more studies in the
(hyper)acute phase, we would recommend future trials to restrict
inclusion criteria to particular post stroke phases. Moreover, it
could focus on the potential of influencing risk factors for falls in
people early after stroke, i.e. while still hospitalised, as well as on
the assessment of the long-term effect when people are discharged
back into their community.

A general heterogeneity was observed regarding the time point
of measuring treatment effect (during intervention vs. follow-up),
which might influence results based on reasons stated in the
Quality of the evidence section of this review. This outlines a
general need for consensus regarding the optimal timespan of
recording falls in a clinical trial, which could be addressed in future
research.

Studies investigating fall prevention for people after stroke should
be adequately powered, provide a standardised definition of a
fall from a consensus statement, use appropriate and accurate
methods of fall ascertainment, and apply the current standards for
analysis and reporting of data (Lamb 2005), including the CONSORT
guidelines.
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* Indicates the major publication for the study

Methods 3-arm RCT

Participants

102 community-dwelling people with stroke

Interventions

The 2 experimental groups received treadmill training without body weight support, structured to in-

crease step length, speed, balance, fitness, and automaticity. Additionally, "overground walking was
used each session to reinforce gains achieved during treadmill training." (Page 3)

Experimental group 1 and 2 received respectively 4 months and 2 months of the earlier-mentioned

training type

The control group did not receive any type of intervention

Outcomes Number of fallers and quality of life

Notes Fall registration during both intervention and follow-up period. Registration time: 12 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Computer-generated, independent and concealed randomization was used
tion (selection bias) to assign each participant within the triplet to either ..." (Page 1)

Allocation concealment Unclear risk "Computer-generated, independent and concealed randomization was used
(selection bias) to assign each participant within the triplet to either ..." (Page 1)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk "Data analysis was performed using intention-to-treat analysis." (Page 2)

(attrition bias)

"Missing data were interpolated based on nearest measures taken." (Page 4)
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Cochrane Database of Systematic Reviews

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way
Reliable ascertainmentof ~ Low risk "At each measurement time, participants were given calendars to cover the

falls/fallers outcome

period until the next measure and were instructed to record any falls that oc-
curred and bring the calendars to the next measurement session." (Page 3)
Pre-post measurement session interval was 2 months

Andrade 2017

Methods

Sham-controlled, double-blinded, parallel RCT

Participants

Atotal of 60 unilateral, non-recurring, acute ischaemic stroke patients with a high risk of falling

Interventions

In addition to the same physical rehabilitation programme (1 hour a day, 3 days a week), all partici-
pants received an additional 10 sessions (5 consecutive days for 2 weeks) of:

« anodal tDCS for group A (n = 15)

« bilateral tDCS for group B (n = 15)
« cathodal tDCS for group C (n = 15)
« sham tDCS for group D (n = 15)

Outcomes Number of fallers and adverse events

Notes Fall registration during both intervention and follow-up period. Registration time: 3 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was conducted with randomly permuted blocks,

tion (selection bias) through an online program (www. random.org)." (page 3)

Allocation concealment Low risk Quote: "... blind allocation in the ratio of 1:1:1:1 was carried out with sequen-

(selection bias) tially numbered and sealed opaque envelopes." (page 3)

Blinding of outcome as- Low risk Although participants recorded falls themselves through the use of a falls cal-

sessment (detection bias) endar, participants were blinded to group allocation.

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter

(attrition bias) the results.

All outcomes
Quote: "All participants were inserted into the analysis, even if they had at-
tended only one session, following the intention-to-treat principle. Sensitivity
analysis was applied to choose the treatment of missing data....Missing data
were treated by simple imputation." (page 4)

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-

porting bias) fied way

Reliable ascertainment of ~ Low risk Quote: "...participants completed information about falls after evaluation, re-

falls/fallers outcome

turning calendar pages using prepaid envelopes." (page 4)
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Batchelor 2012

Methods

Single blind, multicentre RCT with 12-month follow-up

Participants

Atotal of 156 participants were recruited. Participants were people with stroke at risk of recurrent falls
being discharged home from rehabilitation

Interventions

In addition to usual care after discharge (physiotherapy and occupational therapy and follow-up by the
general medical practitioner), the 12-month study programme consisted of:

« for the intervention group (n = 71): a physiotherapist providing a multifactorial, individually-tailored
falls prevention programme, consisting of: (1) individualised home exercise programme based on the
Otago Exercise Program; (2) falls risk minimisation strategies; (3) written and verbal education about
fallsrisk factors and risk minimisation; (4) injury risk minimisation strategies, and (5) a falls prevention
booklet

« forthe control group (n = 85): a falls prevention booklet

Outcomes Rate of falls, number of fallers, number of people sustaining fall-related fractures, and quality of life

Notes Fall registration during intervention period. Registration time: 12 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "... participants were allocated into either the control group or the in-

tion (selection bias) tervention group (1:1 allocation ration, simple randomization) using a com-
puter-generated random allocation sequence ..." (page 2)

Allocation concealment Low risk Quote: "... participants were allocated into either the control group or the in-

(selection bias) tervention group (1:1 allocation ration, simple randomization) using a com-
puter-generated random allocation sequence concealed from all researchers
in opaque envelopes. Staff independent of the study undertook sequence and
concealment." (page 2)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter

(attrition bias) the results

All outcomes

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-

porting bias) fied way

Reliable ascertainment of ~ Low risk Participants returned the falls calendar each month. A researcher blinded to

falls/fallers outcome

group allocation telephoned participants who did not return their calendar
within 2 weeks of the due date

Dean 2010
Methods Assessor-blinded RCT
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Dean 2010 (Continued)

Participants

Atotal of 126 participants unable to walk within 4 weeks of a stroke who were undergoing inpatient re-
habilitation

Interventions

A conventional stroke rehabilitation programme was provided plus up to 30 minutes (5 days a week) of:

« for the intervention group (n = 64): walking in a treadmill while supported in a harness. Once they
attained a speed of 0.4 m/s without body-weight support, 10 minutes of the session was devoted to
overground walking

« for the control group (n = 62): assisted overground walking (aids allowed). If too disabled, therapy
focused on standing, shifting weight and stepping forwards and backwards

Interventions were provided until participants achieved independent walking or were discharged from
hospital, resulting in heterogeneity regarding intervention/control condition duration.

Outcomes Rate of falls, number of fallers, and quality of life

Notes Fall registration during intervention period. Registration time: 6 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "The allocation sequence was computer-generated before commence-
tion (selection bias) ment of the study and centrally located." (page 98)

Allocation concealment Low risk Quote: "After recruitment, the central office was contacted for allocation so
(selection bias) that randomization was secure and concealed." (page 98)

Blinding of outcome as- High risk Number of falls was quantified by means of a self-reported questionnaire
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results

All outcomes

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way

Reliable ascertainment of ~ High risk Fall ascertainment method used was retrospective recall (6-month period)

falls/fallers outcome

Dean 2012

Methods

Assessor-blinded RCT

Participants

Atotal of 151 community-dwelling people after stroke

Interventions

Both groups participated in exercise classes of 45 to 60 minutes delivered by a physiotherapist weekly
for 40 weeks over a 1-year period consisting of:

« for the intervention group (n = 76): an exercise intervention designed to enhance mobility, prevent
falls, and increase physical activity - the WEBB programme involving task-related training with pro-
gressive balance and strengthening exercises as well as walking and stair climbing. The intervention
was delivered in a weekly circuit-style group exercise class and a home exercise programme (to be
completed at least 3 times per week), and advice to increase walking was given
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Dean 2012 (Continued)

« for the control group (n = 75): the exercise class was designed to improve upper limb function, man-
age upper limb contracture with task-related strength and co-ordination training, and improve cog-
nition with matching, sorting and sequencing tasks. The control group was also prescribed a home
programme (to be completed at least 3 times per week)

Outcomes Rate of falls, number of fallers, quality of life, and adverse events
Notes Fall registration during intervention period. Registration time: 12 months
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The allocation sequence was computer generated before commence-
tion (selection bias) ment of the study ..." (page 2)
Allocation concealment Low risk Quote: "... and a set of consecutively numbered, sealed opaque envelopes con-
(selection bias) taining the allocation was centrally generated for each stroke club." (page 2)
Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results
All outcomes
Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way
Reliable ascertainmentof ~ Low risk Participants returned the falls calendar each month. A researcher telephoned
falls/fallers outcome participants who did not return their calendar

Drummond 2012
Methods RCT

Participants

93 patients transferred from an acute stroke unit with a confirmed diagnosis of stroke.

Interventions

The experimental group received a predischarge home assessment visit with an occupational therapist
to identify and address any potential problems in the home environment

The control group also received a predischarge home assessment with an occupational therapist, but
this was conducted in the hospital. Potential problems were discussed in general terms

Outcomes Number of falls, economic evaluation, and quality of life

Notes Fall registration during both intervention and follow-up period. Registration time: 1 month

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Patients recruited to the randomized controlled trial were registered

tion (selection bias) using a web-based randomization program. This was managed by Notting-
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Drummond 2012 (cContinued)

ham Clinical Trials Unit who held a pre-prepared list in random varying block
sizes." (Page 3)

Allocation concealment High risk No report about concealment was found

(selection bias)

Blinding of outcome as- Unclear risk Insufficient explanation regarding falls evaluation.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Quote: "Analyses were carried out on the basis of intention to treat. For base-

(attrition bias) line and outcome measures where less than 10% of the total data were miss-

All outcomes ing, mean values were imputed for individual missing items. Where 10% or
more data were missing, the entire measure was coded as ‘missing’" (Page 3)

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-

porting bias) fied way

Reliable ascertainment of Unclear risk No details except for a blinded researcher who assessed participant outcome

falls/fallers outcome

Green 2002

Methods

Single-masked RCT

Participants

Atotal of 170 patients with mobility problems more than 1 year after stroke were included in the study

Interventions

Intervention group (n = 85): physiotherapy treatment by an established community physiotherapy ser-
vice as part of their usual work. Participants treated with a problem-solving approach at home or in
outpatient centre. A standard maximum contact period of 13 weeks with a minimum of 3 contacts per

patient was agreed

Control group (n = 85): no intervention

Outcomes Number of fallers and quality of life

Notes Fall registration during both intervention and follow-up period. Registration time: 9 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomisation was achieved by numbered, sealed, opaque envelopes
tion (selection bias) prepared from random number tables ..." (page 200)

Allocation concealment Low risk Quote: "Randomisation was achieved by numbered, sealed, opaque envelopes
(selection bias) prepared from random number tables ..." (page 200)

Blinding of outcome as- High risk Participants were asked to recall falls themselves

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter

(attrition bias)
All outcomes

the results

Interventions for preventing falls in people after stroke (Review)
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Green 2002 (Continued)

Selective reporting (re-
porting bias)

Low risk All of the studies' prespecified outcomes have been reported in the prespeci-

fied way

Reliable ascertainment of
falls/fallers outcome

High risk Fall ascertainment method used was retrospective recall (3-month period)

Haran 2010

Methods

Parallel assessor-blinded RCT

Participants

A subgroup of 46 people with stroke (n = 606 for the total group) who were regular wearers of multifocal
glasses and had an increased risk of falls

Interventions

Intervention group (n = 22): examination by an optometrist with prescription for a pair of single lens
distance glasses

Control group (n =24): examination by an optometrist

Outcomes Rate of falls, number of fallers, number of fall-related fractures, and quality of life

Notes Fall registration during both intervention and follow-up period. Registration time: 13 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Insufficient information provided about the sequence generation process

tion (selection bias)

Allocation concealment Low risk Quote: "... by using sequentially numbered opaque envelopes containing
(selection bias) group assignment." (page 2)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results

All outcomes

Selective reporting (re- Low risk All of the studies' pre-specified outcomes have been reported in the pre-speci-
porting bias) fied way

Reliable ascertainment of ~ Low risk Participants returned the falls calendar each month. Follow-up telephone calls

falls/fallers outcome

were made as required

Holmgren 2010

Methods

Single-centre, single-blinded RCT

Participants

Atotal of 34 people after stroke with risk of falls were included in the study

Interventions

A 5-week programme consisting of:
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Holmgren 2010 (Continued)

Intervention group (n = 15): the high-intensity functional exercises (HIFE) programme consisting of (1)
individualised exercise sessions, 45 minutes, 6 times a week (30 sessions in a 5-week period) including
physical activity and functional performance, aimed at improving lower-limb strength, balance and
gait ability; (2) implementing the functional exercises into real-life situations (a second 45-minute ses-
sion); (3) a 1-hour educational session (1 per week, so 5 in total) with discussions about the increased
risk of complications after stroke, such as falls. During the last week of intervention, an individualised
home-based exercises programme was designed for each participant. The instruction was to perform
this programme 3 times a week at least until the 3-month follow-up

Control group (n = 19): met once a week for 1 hour of educational sessions (so 5 in total), containing
group discussions about a variety of topics (e.g. fatigue, depression, dysphagia, etc) but with no spe-
cial focus on the risks of falls

Outcomes Number of fallers, quality of life, and adverse events
Notes Fall registration during both intervention and follow-up period. Registration time: 6 months
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Randomization of subjects ... was conducted a minimization software
tion (selection bias) programme ..." (page 117)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results
All outcomes
Selective reporting (re- High risk Falls are specified for the total group, but not for the intervention and control
porting bias) group separately
Reliable ascertainment of ~ Unclear risk Unclear whether the falls calendar that was used throughout the 6-month fol-
falls/fallers outcome low-up had to be returned monthly, 3-monthly or at the end of the 6-month
follow-up
Lau 2012
Methods RCT

Participants

Atotal of 82 people in the chronic phase after stroke participated in the study

Interventions

An 8-week training programme consisting of:

Intervention group (n =41): 3 weekly whole-body vibration (WBV) training sessions. Each session con-
sisted of a 15-minute warm-up in sitting position and 9 to 15 minutes of WBV training. The WBV training
comprised dynamic exercises (weight-shifting, squats, single leg squats, forward lunge). The training
volume and intensity were systematically increased

Control group (n = 41): they performed the same exercises as the intervention group while standing
on the same platform but with no vibration

Interventions for preventing falls in people after stroke (Review) 41
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews
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Outcomes Rate of falls, number of fallers, number of people sustaining fall-related fractures, number of people
with fall-related hospital admissions, and adverse events

Notes Fall registration during follow-up period. Registration time: 6 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation not described

tion (selection bias)

Allocation concealment Low risk Quote: "... using sealed opaque envelopes. To ensure concealed allocation, the

(selection bias) procedures were performed by an "off-site" researcher who was not involved
in other parts of the study." (page 1410)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a logbook

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter

(attrition bias) the results

All outcomes

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-

porting bias) fied way

Reliable ascertainment of ~ Low risk Falls data were collected by means of a monthly interview until 6 months after

falls/fallers outcome

the end of training

Mansfield 2018

Methods

Multi-site single-blind RCT

Participants

A total of 88 community-dwelling individuals with chronic stroke (> 6 months post stroke)

Interventions

2 training sessions per week, lasting 1 hour per session, for 6 weeks. These sessions include:

« Experimental group (n = 44): external perturbation training with (apart from 5 to 10 minute warm-
ing-up and cooling-down) up to 60 pushes or pulls from the supervising physiotherapist

« Control group (n = 44): Keep Moving with Stroke programme - an exercise programme to enhance
balance and mobility. Quote: "'traditional’ balance training program that focuses on maintaining sta-
bility during voluntary movement, rather than responding to instability." (Page 5)

Additionally, participants attended a 1 hour "booster" training 3 and 9 months following the initial
training period

Outcomes Rate of falls, number of fallers, number of people sustaining fall-related fractures, number of people
with fall-related hospital admissions, quality of life, and adverse events
Notes Fall registration during follow-up period. Registration time: 12 months
Risk of bias
Bias Authors' judgement  Support for judgement
Interventions for preventing falls in people after stroke (Review) 42
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Mansfield 2018 (continued)

Random sequence genera-  Low risk Quote: "Participants will be assigned using blocked stratified randomization

tion (selection bias) with allocation concealment to one of two training group ... To maintain allo-
cation concealment, a variable block size ranging from 4-8 will be used. There
will be four strata based on two stratification factors: site (two levels), and fre-
quency of ‘failures’ during baseline reactive balance control assessment (two
levels)." (Page 4)

Allocation concealment Low risk Quote: "Participants will be assigned using blocked stratified randomization
(selection bias) with allocation concealment to one of two training groups ..."

Quote: "To maintain allocation concealment, a variable block size ranging
from 4-8 will be used." (Page 4)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results

All outcomes
Quote: "Intent-to-treat analysis will be used; all individuals with some falls-

monitoring data will be included in the analysis." (Page 8)

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way

Reliable ascertainment of ~ Low risk Quote: "Participants will be provided stamped addressed postcards contain-
falls/fallers outcome ing a calendar to record falls, which they will complete daily. Participants will

be asked to return each postcard to the research team fortnightly. Participants
will receive a monthly study newsletter by mail containing health-related ar-
ticles of interest, as well as a reminder to complete the postcards. If a partici-
pant does not return a postcard within two weeks, the research assistant will
call them. In this telephone call, the research assistant will try to ascertain if
the participant has experienced a fall in the previous two weeks." (Page 6)

Marigold 2005

Methods RCT
Participants Atotal of 61 community-dwelling older adults with chronic stroke
Interventions A 10-week exercise programme (1-hour sessions, 3 times a week) consisting of:

« Intervention (agility) group (n = 30): 5-minute warm-up and 5-minute cool-down with a programme
challenging dynamic balance and emphasising agility and multisensory approach in between. Tasks
included standing in various postures, walking with various challenges, sit-to-stand movement, rapid
knee raise in standing and standing perturbations. Eyes closed conditions and foam surfaces were
incorporated for many of the tasks. The tasks progressively increased in difficulty

« Control (stretching/weight-shifting) group (n = 31): 5-minute warm-up and 5-minute cool-down with
a programme focusing on slow, low-impact movements consisting of stretching and weight shifting

in between
Outcomes Rate of falls, number of fallers, number of people sustaining fall-related fractures, and quality of life
Notes Fall registration during both intervention and follow-up period. Registration time: 12 months
Interventions for preventing falls in people after stroke (Review) 43
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Marigold 2005 (Continued)
Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Quote: "Participants were ... randomly assigned alphanumeric codes through a

tion (selection bias) random number generator." (page 417)

Allocation concealment Low risk Quote: "Subsequently, a person independent of the study (i.e. concealed allo-

(selection bias) cation) randomly assigned participants..." (page 417)

Blinding of outcome as- High risk Participants recorded falls themselves through the use of a falls calendar

sessment (detection bias)

All outcomes

Incomplete outcome data ~ Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter

(attrition bias) the results

All outcomes

Selective reporting (re- High risk A post hoc primary outcome analysis using a subset of data was performed

porting bias) that was not prespecified

Reliable ascertainment of Low risk Participants returned the falls calendar each month for a period of 1 year. Fol-

falls/fallers outcome low-up telephone calls were made if the monthly diary was not returned
Morone 2016

Methods Prospective RCT

Participants

A total of 44 first-ever, unilateral stroke patients in the subacute phase (< 90 days post stroke)

Interventions

Both control and intervention groups received 20 sessions (1 session a day, 5 days a week, 4 weeks) of
exercises on hand recovery, tone control and improvement of global ability. In addition, 20 therapy ses-
sions (1 session a day, 5 days a week, 4 weeks) were administered involving:

« Experimental group (n =22): walking training using the i-Walker
« Control group (n =22): overground ambulation exercises on the parallel bars

Outcomes Rate of falls and number of fallers

Notes Fall registration during follow-up period. Registration time: 6 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "The trial was designed as a prospective randomized controlled trial

tion (selection bias) based on CONSORT guidelines. After randomization, which was carried out us-
ing a random computer-generated list, patients were consecutively assigned
to one of the two groups" (Page 2)

Allocation concealment Low risk Quote: "Allocation was concealed from both patients and physiotherapists;

(selection bias) only a non-clinical experimenter who was not involved in the treatments had
access to the randomized lists." (Page 2)

Blinding of outcome as- High risk Participants recorded falls themselves

sessment (detection bias)
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Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results

All outcomes

Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way

Reliable ascertainment of ~ Unclear risk Falling was only recorded during follow-up, and specifications lack details

falls/fallers outcome

about self-reporting of falling during that period

Quote: "(T2) follow-up, corresponding to the 6 months after T1 during which
the number of falls that occurred in the community was self-reported." (Page
3)

Taylor-Piliae 2014

Methods

Single-blind, 3-group RCT

Participants

Atotal of 145 community-dwelling stroke survivors > 3 months post stroke

Interventions

Participants assigned to 1 of the 2 experimental conditions attended a 1-hour class, 3 times a week, for

12 weeks, involving:

« Tai Chi group (n =53): Yang-style 24-posture short form

« SilverSneakers group (n =44): Quote: "...national fitness program for older adults that offers different
types of group-based exercise classes (e.g. aerobics, strength and range of movement, water aerobics,

yoga)." (Page 2)

« Control condition (usual care, n = 48): received "..written materials and resources for participating in
community-based physical activity suitable for older adults, which they could contact on their own.
In addition, they received a weekly phone call to inquire of their health status to provide individual

attention." (Page 2)

Outcomes Number of fallers, number of people sustaining fall-related fractures, number of people with fall-relat-
ed hospital admissions, number of people with near-fall events, and quality of life

Notes Fall registration during intervention period. Registration time: 3 months

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk

Quote: "Participants were randomly assigned to TC, SilverSneakers (SS), or UC
groups using simple randomization with allocation concealment." (Page 2)

Quote: "Subjects drew a slip of paper from a non-transparent container and
were then handed an opaque, sealed envelope match- ing the slip of paper,
and instructed to open the envelope when they returned home. We select-
ed this method of randomization, e.g. having subjects ‘select’ their group, in
order to reduce drop-outs related to group assignment." (Taylor-Piliae 2012,
page 3)

Allocation concealment
(selection bias)

Low risk

Quote: "Participants were randomly assigned to TC, SilverSneakers (SS), or UC
groups using simple randomization with allocation concealment." (Page 2)
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Taylor-Piliae 2014 (Continued)

Quote: "Subjects drew a slip of paper from a non-transparent container and
were then handed an opaque, sealed envelope match- ing the slip of paper,
and instructed to open the envelope when they returned home. We select-
ed this method of randomization, e.g. having subjects ‘select’ their group, in
order to reduce drop-outs related to group assignment." (Taylor-Piliae 2012,

page 3)
Blinding of outcome as- High risk Participants were interviewed weekly regarding the number of falls
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Incomplete outcome data adequately addressed and unlikely to seriously alter
(attrition bias) the results
All outcomes
Quote: "Sensitivity analyses removing dropouts (nZ131) and comparing differ-
ences between groups were similar, except for race/ethnicity, which was no
longer significantly different (X*> =4.93, PZ.09). Most dropouts (93%, nZ13) were
white/European-American." (Page 4)
"Sensitivity analyses removing dropouts (nZ131, data not reported) were simi-
lar to results obtained using intention-to-treat analyses." (Page 5)
Selective reporting (re- Low risk All of the studies' prespecified outcomes have been reported in the prespeci-
porting bias) fied way
Reliable ascertainment of Low risk Quote: "...we interviewed participants weekly during the 12-week intervention
falls/fallers outcome on the number of falls and near-fall events they experienced." (Page 2)

m/s: metres per second
RCT: randomised controlled trial

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Barreca 2004 No true randomisation of participants
Bernhardt 2008 Falls outcome included as adverse event
Boysen 2009 Falls outcome included as adverse event
Cadilhac 2011 Falls outcome included as adverse event
Calugi 2016 Not an RCT
Cheng 2001 No additional data received since publication of the original review
Creamer 2018 Falls outcome included as adverse event
Dai 2013 Inappropriate definition of falls
Duncan 2011 Falls outcome included as adverse event
Eng 2010 Narrative review, not including any new results
Gervasoni 2017 Not an RCT
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Study

Reason for exclusion

Goljar 2016

Not an RCT

Halvarsson 2011

Only 4 people with stroke included in the study (3 in the intervention and 1 in the control group)

Hesse 2011

Falls outcome included as adverse event

Hill 2015

Unable to provide details and data for stroke subgroup

Johansson 2018

No stroke population

Kluding 2013 Falls outcome included as adverse event
Kong 2009 Falls outcome included as adverse event
Kwok 2005 Falls outcome included as adverse event
Langhorne 2017 Falls outcome included as adverse event

Mansfield 2017

Not an RCT

Mayo 1994

First author unable to provide details and data for stroke subgroup

Plummer-D'Amato 2012

Ongoing trial; no data available at present

Poletto 2015

Falls outcome included as adverse event

Rosendahl 2008

No additional data received since publication of the original review

Rossi 1990 Falls outcome included as adverse event

Sato 2003 No additional data received since publication of the original review + same author as retracted
studies

Sato 2005a Publication was retracted. Retraction note: "We wish to retract the paper entitled ‘Low-dose vi-
tamin D prevents muscular atrophy and reduces falls and hip fractures in women after stroke:

a randomized controlled trial’ (Cerebrovascular Diseases 2005;20:187-92) by Y Sato, J Iwamo-
to, T Kanoko and K Satoh as a result of concerns about data integrity and scientific misconduct
which have been brought to our attention. For further information see also http://retraction-
watch.com/2016/11/09/analysis-casts-doubt-on-bone-researchers-body-of-work/.

MG Hennerici, Editor-in-Chief

M Fatar, Managing Editor"

Sato 2005b Publication was retracted. Retraction note: "The following article: Sato Y, lwamoto J, Kanoko T,
Satoh K. Risedronate sodium therapy for prevention of hip fracture in men 65 years or older after
stroke. Archives of Internal Medicine 2005;165(15):1743-8, has been retracted due to acknowledg-
ment of scientific misconduct resulting in concerns about data integrity and inappropriate assign-
ment of authorship.

H Bauchner, MD;
RF Redberg, MD, MSc"

Sato 2005c No additional data received since publication of the original review + same author as retracted
studies

Sato 2011 Questionable validity
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Study Reason for exclusion

Schmid 2013 Falls outcome included as adverse event
Stark 2017 Falls outcome included as adverse event
Tao 2015 Falls outcome included as adverse event
Taylor-Piliae 2011 Falls outcome included as adverse event
Tyson 2018 Falls outcome included as adverse event
Von Koch 2001 Falls outcome included as adverse event

RCT: randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]

Pedreira 2017

Methods RCT
Participants Atotal of 27 participants with hemiparesis after stroke
Interventions 10 weeks of twice-weekly physiotherapy visits lasting 1 hour, involving:

For the experimental group: Quote: "..trunk mobilizations in the lateral, anterior and posterior di-
rections, and stretching the arms and legs with a duration of 60 seconds, for a total time of 15 min-
utes, followed by 45 minutes of exercise with Nintendo Wii. The games were performed for 12 min-

utes each, with a 1-minute interval between the two games." (Page 2)

For the control group: stretching (10 minutes), trunk mobilisation (10 minutes), active (assisted) leg
movement (15 minutes), balance training (10 minutes), free gait training (10 minutes)

Outcomes Rate of falls and quality of life

Notes

RCT: randomised controlled trial

DATA AND ANALYSES

Comparison 1. Exercise

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Rate of falls 8 765 Rate Ratio (Random, 95% Cl) 0.72[0.54, 0.94]

2 Number of fallers 10 969 Risk Ratio (IV, Random, 95% Cl) 1.03[0.90,1.19]
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Analysis 1.1. Comparison 1 Exercise, Outcome 1 Rate of falls.
Study or subgroup Exercises Control log[Rate Rate Ratio Weight Rate Ratio
Ratio]
N (SE) IV, Random, 95% CI IV, Random, 95% CI
Ada 2013 59 27 -0.5(0.181) —— 20.68% 0.63[0.44,0.9]
Batchelor 2012 60 79 0.1(0.284) — 13.78% 1.1[0.63,1.92]
Dean 2010 46 49 -0.1(0.367) —— 10.03% 0.92[0.45,1.9]
Dean 2012 76 75 -0(0.27) — 14.56% 0.96[0.57,1.63]
Lau 2012 41 41 0(0.816) 2.73% 1[0.2,4.95]
Mansfield 2018 41 42 -0.2(0.36) — 10.32% 0.85[0.42,1.72]
Marigold 2005 19 21 -1(0.231) — 17.02% 0.38[0.24,0.6]
Taylor-Piliae 2014 61 28 -0.5 (0.345) —t 10.88% 0.58[0.3,1.14]
Total (95% Cl) L 2 100% 0.72[0.54,0.94]
Heterogeneity: Tau?=0.06; Chi?=12.25, df=7(P=0.09); 1*=42.87%
Test for overall effect: Z=2.37(P=0.02)
Favours exercises 0.1 02 05 12 5 10 Favours control
Analysis 1.2. Comparison 1 Exercise, Outcome 2 Number of fallers.
Study or subgroup Exercises Control Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
Ada 2013 24/59 8/27 —_— 4.62% 1.37[0.71,2.65]
Batchelor 2012 29/60 46/79 — 19.36% 0.83[0.6,1.14]
Dean 2010 28/46 25/49 - 15.52% 1.19[0.83,1.71]
Dean 2012 47/76 38/75 e 24.68% 1.22[0.92,1.62]
Green 2002 30/85 23/85 - 9.77% 1.3[0.83,2.05]
Holmgren 2010 5/15 6/19 B 2.11% 1.06[0.4,2.8]
Lau 2012 3/41 3/41 0.84% 1[0.21,4.67]
Mansfield 2018 19/41 23/42 — 10.87% 0.85[0.55,1.3]
Marigold 2005 11/19 16/21 —— 9.8% 0.76[0.48,1.19]
Taylor-Piliae 2014 10/61 6/28 e — 2.43% 0.77[0.31,1.9]
Total (95% Cl) 503 466 ® 100% 1.03[0.9,1.19]
Total events: 206 (Exercises), 194 (Control)
Heterogeneity: Tau?=0; Chi*=8.48, df=9(P=0.49); 1>=0%
Test for overall effect: Z=0.43(P=0.67)
Favours exercises 0.1 02 05 1 2 5 10 Favours control
Comparison 2. Environment: social environment
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Rate of falls 1 85 Rate ratio (Random, 95% Cl) 0.85[0.43, 1.69]
2 Number of fallers 1 85 Risk Ratio (IV, Random, 95% Cl) 1.48[0.71, 3.09]
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Analysis 2.1. Comparison 2 Environment: social environment, Outcome 1 Rate of falls.

Study or subgroup Home visits Control log[Rate Rate ratio Weight Rate ratio
ratio]
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Drummond 2012 o 3 -0.2(0.35) —.— 100% 0.85[0.43,1.69]

Total (95% Cl) ¢ 100% 0.85[0.43,1.69]

Heterogeneity: Not applicable
Test for overall effect: Z=0.45(P=0.65)

FavoursHOvIS 01 02 0.5 1 2 5 10 Favours control

Analysis 2.2. Comparison 2 Environment: social environment, Outcome 2 Number of fallers.

Study or subgroup Home visits Control Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
Drummond 2012 13/42 9/43 o 100% 1.48[0.71,3.09]
Total (95% Cl) 42 43 —~l— 100% 1.48[0.71,3.09]
Total events: 13 (Home visits), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.04(P=0.3)
Favours home visits 01 02 0.5 1 2 5 10 Favours control
Comparison 3. Environment: single lens distance glasses versus usual (multifocal) glasses
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Rate of falls 1 43 Rate Ratio (Random, 95% Cl) 1.08[0.52, 2.25]
2 Number of fallers 1 43 Risk Ratio (IV, Random, 95% Cl) 0.74[0.47,1.18]
Analysis 3.1. Comparison 3 Environment: single lens distance
glasses versus usual (multifocal) glasses, Outcome 1 Rate of falls.
Study or subgroup Single lens Usual log[Rate Rate Ratio Weight Rate Ratio
glasses glasses Ratio]
N N (SE) IV, Random, 95% Cl IV, Random, 95% CI

Total (95% Cl)
Heterogeneity: Not applicable

100% 1.08[0.52,2.25]

Haran 2010 20 23 0.1(0.376) o= 100% 1.08[0.52,2.25]

Test for overall effect: Z=0.2(P=0.84)

‘
Favours single lens 01 0.2 05 1 2 5 10 Favours usual glasses
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Analysis 3.2. Comparison 3 Environment: single lens distance glasses
versus usual (multifocal) glasses, Outcome 2 Number of fallers.
Study or subgroup Single lens Usual glasses Risk Ratio Weight Risk Ratio
glasses
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl

Haran 2010 11/20 17/23 B 100% 0.74[0.47,1.18]
Total (95% Cl) 20 23 . o 100% 0.74[0.47,1.18]

Total events: 11 (Single lens glasses), 17 (Usual glasses)
Heterogeneity: Not applicable
Test for overall effect: Z=1.25(P=0.21)

Favourssinglelens 0.1 0.2 0.5 1 2 5 10 Favoursusual glasses
Comparison 4. Environment: servo-assistive rollator
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Rate of falls 1 42 Rate ratio (Random, 95% Cl) 0.56 [0.19, 1.66]
2 Number of fallers 1 42 Risk Ratio (IV, Random, 95% Cl) 0.44[0.16, 1.22]

Analysis 4.1. Comparison 4 Environment: servo-assistive rollator, Outcome 1 Rate of falls.

Study or subgroup i-walker Control log[Rate Rate ratio Weight Rate ratio
ratio]
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Morone 2016 21 21 -06(0.558) = 100% 0.56[0.19,1.66]
Total (95% Cl) ——— 100% 0.56[0.19,1.66]
Heterogeneity: Not applicable
Test for overall effect: Z=1.05(P=0.29)
Favoursi-Walker 01 02 0.5 1 2 5 10 Favours control

Analysis 4.2. Comparison 4 Environment: servo-assistive rollator, Outcome 2 Number of fallers.

Study or subgroup i-walker Control Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% CI 1V, Random, 95% ClI
Morone 2016 4/21 9/21 B 100% 0.44[0.16,1.22]
Total (95% CI) 21 21 ——e 100% 0.44[0.16,1.22]
Total events: 4 (i-walker), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.57(P=0.12)

Favoursi-walker 0-1 02 05 1 2 5 10 Favours control
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Comparison 5. Other interventions: tDCS

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Number of fallers 1 60 Risk Ratio (IV, Random, 95% Cl) 0.30[0.14, 0.63]

Analysis 5.1. Comparison 5 Other interventions: tDCS, Outcome 1 Number of fallers.

Study or subgroup tDCS Control Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
Andrade 2017 8/45 s —— 100% 0.3(0.14,0.63]
Total (95% CI) 45 15 —l—— 100% 0.3[0.14,0.63]

Total events: 8 (tDCS), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=3.17(P=0)

FavourstDCS 01 02 0.5 1 2 5 10 Favours control

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Cerebrovascular Disorders] explode all trees

#2 MeSH descriptor: [Basal Ganglia Cerebrovascular Disease] explode all trees
#3 MeSH descriptor: [Brain Ischemia] explode all trees

#4 MeSH descriptor: [Carotid Artery Diseases] explode all trees

#5 MeSH descriptor: [Intracranial Arterial Diseases] explode all trees

#6 MeSH descriptor: [Intracranial Embolism and Thrombosis] explode all trees
#7 MeSH descriptor: [Intracranial Hemorrhages] explode all trees

#8 MeSH descriptor: [Stroke] explode all trees

#9 MeSH descriptor: [Brain Infarction] explode all trees

#10 MeSH descriptor: [Vasospasm, Intracranial] explode all trees

#11 MeSH descriptor: [Vertebral Artery Dissection] explode all trees

#12 ("stroke™ or "poststroke” or “post-stroke” or “cerebrovasc*” or “brain vasc*” or “cerebral vasc*” or “cva*” or “apoplex*” or
“SAH"):ti,ab,kw (Word variations have been searched)

#13 ("brain*” or “cerebr*” or “cerebell*” or “intracran*” or “intracerebral™) near/5 (“isch?emi*” or “infarct*” or "thrombo*" or
“emboli*” or "occlus*"):ti,ab,kw or ("brain*" or “cerebr*” or "cerebell*" or “intracerebral” or "intracranial” or “subarachnoid ™) near/5

("haemorrhage*” or "hemorrhage*” or "haematoma*" or "hematoma*" or "bleed*"):ti,ab,kw (Word variations have been searched)

#14 MeSH descriptor: [Paresis] explode all trees
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#15 MeSH descriptor: [Hemiplegia] explode all trees

#16 "hemipleg*” or "hemipar*” or "paresis” or "paretic:ti,ab,kw (Word variations have been searched)
#17 MeSH descriptor: [Gait Disorders, Neurologic] explode all trees

#18 #1l or#2or#3 or#4 or#5or#6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17
#19 MeSH descriptor: [Accidental Falls] explode all trees

#20 MeSH descriptor: [Accidents] explode all trees

#21 MeSH descriptor: [Accident Prevention] explode all trees

#22 MeSH descriptor: [Accidents, Home] explode all trees

#23 MeSH descriptor: [Accident Proneness] explode all trees

#24 ("fall* or "fall-related” or "near-fall):ti,ab,kw or ("slip*~ or “"trip*"):ti,ab,kw or ("stumble* " or "tumble* "):ti,ab,kw or “lose™ near/5
“footing":ti,ab,kw (Word variations have been searched)

#25 #19 or #20 or #21 or #22 or #23 or #24

#26 #18 and #25

#27 MeSH descriptor: [Randomized Controlled Trial] explode all trees

#28 MeSH descriptor: [Randomized Controlled Trials as Topic] explode all trees
#29 MeSH descriptor: [Random Allocation] explode all trees

#30 MeSH descriptor: [Controlled Clinical Trial] explode all trees

#31 MeSH descriptor: [Controlled Clinical Trials as Topic] explode all trees
#32 MeSH descriptor: [Clinical Trials as Topic] explode all trees

#33 MeSH descriptor: [Clinical Trial] explode all trees

#34 MeSH descriptor: [Clinical Trials, Phase | as Topic] explode all trees
#35 MeSH descriptor: [Clinical Trials, Phase Il as Topic] explode all trees
#36 MeSH descriptor: [Clinical Trials, Phase Ill as Topic] explode all trees

#37 MeSH descriptor: [Clinical Trials, Phase IV as Topic] explode all trees

#38 MeSH descriptor: [Cross-Over Studies] explode all trees

#39 MeSH descriptor: [Multicenter Studies as Topic] explode all trees

#40 MeSH descriptor: [Therapies, Investigational] explode all trees

#41 ("randomised controlled trial" or “controlled clinical trial” or “clinical trial™ or “clinical trial phase I or “clinical trial phase Il or
“clinical trial phase Il or “clinical trial phase IV"):ti,ab,kw or ("random*™ or "cross-over™ or “cross over™ or “crossover”):ti,ab,kw or
("quasi-random™ or “"quasi random™ or “pseudo-random” or “pseudo random”):ti,ab,kw or “coin” near/5 ("flip*" or “toss”):ti,ab,kw
(Word variations have been searched)

#42 #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41

#43 #26 and #42
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#4

4 #43 Publication Year from 2012 to 2018

Appendix 2. MEDLINE search strategy

1.

2

8

9.

10

11

12

13

14

15.

cerebrovascular disorders/

. exp basal ganglia cerebrovascular disease/

. exp brain ischemia/

. exp carotid artery diseases/

. exp intracranial arterial diseases/

. exp "intracranial embolism and thrombosis"/
. exp intracranial hemorrhages/

. stroke/

exp brain infarction/

. vasospasm, intracranial/

. vertebral artery dissection/

.lor2or3or4or5or6or7or8or9orl0orll

. (stroke or post stroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or SAH).tw.

. ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$)).tw.

((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5 (haemorrhage$ or hemorrhage$ or haematoma

$ or hematomas$ or bleed$)).tw.

16

17

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31
tri

32

. hemiplegia/ or exp paresis/

. (hemipleg$ or hemipar$ or paresis or paretic).tw.

exp gait disorders, neurologic/

12o0rl13o0rl4orl5o0rl6orl7orl8

accidental falls/ or accidents/ or exp accident prevention/ or accidents, home/ or accident proneness/
(fall or falls or faller or fallen or fallers or falling or fall-related or near-fall or falls-efficacy scale).tw.
(slip or slips or slipped or slipping or trip or trips or tripped or tripping).tw.

(stumble$ or tumble$).tw.

(lose adj5 footing).tw.

200or2lor22or23or24

19and 25

Randomized Controlled Trials as Topic/

random allocation/

Controlled Clinical Trials as Topic/

control groups/

. clinical trials as topic/ or clinical trials, phase i as topic/ or clinical trials, phase ii as topic/ or clinical trials, phaseiii as topic/ or clinical
als, phase iv as topic/

. double-blind method/
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33. single-blind method/

34. Placebos/

35. placebo effect/

36. cross-over studies/

37. Multicenter Studies as Topic/

38. Therapies, Investigational/

39. Research Design/

40. Program Evaluation/

41. evaluation studies as topic/

42. randomised controlled trial.pt.

43. controlled clinical trial.pt.

44, (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv).pt.
45. multicenter study.pt.

46. (evaluation studies or comparative study).pt.

47.randomS.tw.

48. (controlled adj5 (trial$ or stud$)).tw.

49, (clinical$ adj5 trial$).tw.

50. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.
51. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo randomsS).tw.

52. ((multicenter or multicentre or therapeutic) adj5 (trial$ or studs)).tw.

53. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.
54. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or masks)).tw.

55. (coin adj5 (flip or flipped or toss$)).tw.

56. versus.tw.

57. (cross-over or cross over or crossover).tw.

58. placebo$.tw.

59. sham.tw.

60. (assign$ or alternate or allocat$ or counterbalance$ or multiple baseline).tw.

61. controls.tw.

62. (treatment$ adj6 order).tw.

63.27 0r28 or290r300r31or32or33o0r34or350r36o0r37or38or39o0r40o0r4l or42or43or44or45o0r46 or47 or 48 or 49 or 50
or51 or52or53o0r54o0r55o0r560r57or58or59or60or6lor62

64.26 and 63
65. limit 64 to humans

66. limit 65 to yr="2012 -Current"
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Appendix 3. Embase search strategy

1. ‘cerebrovascular disease’/exp

2. ‘basal ganglion hemorrhage’/exp
3. ‘brain ischemia’/exp

4. ‘carotid artery disease’/exp

5. ‘cerebral artery disease’/exp

6. 'intracranial embolism’

7. ‘intracranial thrombosis'

8. ‘brain hemORrhage’/exp

9. ‘brain infarction’/exp

10. ‘brain vasospasm’/exp

11. ‘artery dissection’/exp
12.10R20R30OR40R50R60R70OR80R90R100R11

13. (‘stroke’ OR ‘post stroke’ OR ‘post-stroke’ OR ‘cerebrovasc$’ OR ‘brain vasc$’ OR ‘cerebral vasc$’ OR ‘cva$’ OR ‘apoplex$’ OR
‘SAH’):ti,ab,kw

14. ((‘brain$’ OR ‘cerebr$’ OR ‘cerebell$’ OR ‘intracran$’ OR ‘intracerebral’) NEAR/5 (‘isch?emi$’ OR ‘infarct$’ OR ‘thrombo$’ OR ‘emboli$’
OR ‘occlus$’)):ti,ab,kw

15. ((‘brain$’ OR ‘cerebr$’ OR ‘cerebell$’ OR ‘intracerebral’ OR ‘intracranial’ OR ‘subarachnoid’) NEAR/5 (‘haemORrhage$’ OR ‘hemORrhage
$’ OR ‘haematoma$’ OR ‘hematoma$’ OR ‘bleed$’)):ti,ab,kw

16. ‘hemiplegia’/exp
17. ‘paresis’/exp

18. ((‘brain$’ OR ‘cerebr$’ OR ‘cerebell$’ OR ‘intracerebral’ OR ‘intracranial’ OR ‘subarachnoid’) NEAR/5 (‘haemORrhage$’ OR ‘hemORrhage
$’ OR ‘haematoma$’ OR ‘hematoma$’ OR ‘bleed$’)):ti,ab,kw

19. ‘gait disORder’/exp

20.120R130R140R150R16 OR17OR180OR 19

21. ‘accident’/exp

22. ‘accidents and accident related phenomena’/exp

23. “falling’/exp

24. ‘home accident’/exp

25. ‘accident prevention’/exp

26. ‘accident proneness’/exp

27. (‘fall$’ OR “fall-related’ OR ‘near-fall’ OR “falls-efficacy scale’):ti,ab,kw
28. (‘slip’ OR ‘slips’ OR ‘slipped’ OR ‘slipping’ OR ‘trip’ OR ‘trips’ OR ‘tripped’ OR ‘tripping’):ti,ab,kw
29. (‘stumble$’ OR ‘tumble$’):ti,ab,kw

30. (‘lose’ NEAR/5 “footing’):ti,ab,kw

31.21 OR22 OR23 OR24 OR250R 26 OR 27 OR28 OR29 OR 30

32. ‘controlled clinical trial’/exp
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33. ‘randomized controlled trial’/exp

34. 'controlled clinical trial (topic)'/exp
35. ‘randomization’/exp

36. ‘phase 1 clinical trial (topic)’/exp OR ‘phase 2 clinical trial (topic)’/exp OR ‘phase 3 clinical trial (topic)’/exp OR ‘phase 4 clinical trial
(topic)’/exp

37. (‘crossover procedure’/exp OR ‘cross-over’ OR ‘cross over’ OR ‘crossover’):ti,ab,kw

38. ‘multicenter study (topic)’/exp

39. ‘experimental therapy’/exp

40. (‘randomized controlled trial’ OR ‘randomised controlled trial’ OR ‘controlled clinical trial’):ti,ab,kw

41. (‘clinical trial phase I’ OR ‘clinical trial phase i’ OR ‘clinical trial phase iii’ OR ‘clinical trial phase iv’):ti,ab,kw

42. (‘random allocat$’ OR ‘random$’ OR ‘quasi-random’ OR ‘quasi random$’ OR ‘pseudo-random’ OR ‘pseudo random$’):ti,ab,kw
43.320R330R340R350R36 0R370R380R390R400R41

44.20 AND 31 AND 43

45. Limit 44 to Humans; Publication years: 2012 to 2018

Appendix 4. CINAHL search strategy

S1 (MH "Cerebrovascular Disorders")

S2 (MH "Basal Ganglia Cerebrovascular Disease+")

S3 (MH "Cerebral Ischemia+")

S4 (MH "Intracranial Arterial Diseases+") OR (MH "Intracranial Embolism and Thrombosis+") OR (MH "Intracranial Hemorrhage+") OR (MH
"Stroke+")

S5 (MH "Carotid Artery Diseases+")

S6 (MH "Brain Injuries+")

S7 (MH "Cerebral Vasospasm")

S8 (MH "Vertebral Artery Dissections")

S9 TX (stroke or post stroke or post-stroke or cerebrovasc* or brain vasc* or cerebral vasc* or cva* or apoplex* or SAH)
S10 TX (brain* or cerebr* or cerebell* or intracran* or intracerebral)

S11 TX (isch?emi* or infarct* or thrombo* or emboli* or occlus*)

S12 S10 AND S11

S13 TX (brain* or cerebr* or cerebell* or intracerebral or intracranial or subarachnoid)

S14 TX (haemorrhage* or hemorrhage* or haematoma* or hematoma* or bleed*)

S15S13 AND S14

S16 (MH "Hemiplegia")

S17 (MH "Paralysis+")

S18 TX (hemipleg* or hemipar™ or paresis or paretic)

S19 (MH "Gait Disorders, Neurologic+")

S20S1 ORS2 ORS3 OR S4 OR S5 0R S6 OR S7 OR S8 OR S9 OR S12 OR S15 OR S16 OR S17 OR S18 OR S19
S21 (MH "Accidents, Home") OR (MH "Accidental Falls") OR (MH "Accidents")

S22 (MH "Safety")

S23 TX (fall or falls or faller or fallen or fallers or falling or fall-related or near-fall or falls-efficacy scale)
S24 TX (slip or slips or slipped or slipping or trip or trips or tripped or tripping)

S25 TX (stumble* or tumble*)

$26 TX lose footing

S27 521 OR S22 OR S23 OR S24 OR S25 OR S26

S28 S20 AND S27

S29 (MH "Randomized Controlled Trials")

S30 (MH "Random Assignment")

S31 (MH "Clinical Trials")

$32 (MH "Control Group")

S33 (MH "Double-Blind Studies") OR (MH "Single-Blind Studies") OR (MH "Triple-Blind Studies") OR (MH "Intervention Trials") OR (MH
"Preventive Trials") OR (MH "Therapeutic Trials")

S34 (MH "Placebos") OR (MH "Placebo Effect")
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S35 (MH "Cross Sectional Studies") OR (MH "Crossover Design") OR (MH "Multicenter Studies") OR (MH "Experimental Studies") OR (MH
"Multimethod Studies")

S36 (MH "Study Design") OR (MH "Research Methodology")

S37 (MH "Program Evaluation")

S38 (MH "Evaluation Research")

S39 PT randomised controlled trial

S40 TX randomised controlled trial

S41 PT controlled clinical trial

S42 TX controlled clinical trial

S43 PT (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv)
S44 PT multicenter study

S45 TX multicenter study

S46 PT (evaluation studies or comparative study)

S47 TX (evaluation studies or comparative study)

S48 TX random*

S49 TX controlled

S50 TX (trial* or stud*)

S51 S49 AND S50

S52 TX clinical* trial*

S53 TX (control or treatment or experiment* or intervention)

S54 TX (group™ or subject* or patient*)

S55 S53 AND S54

S56 TX (quasi-random* or quasi random™* or pseudo-random* or pseudo random*)
S57 TX (multicenter or multicentre or therapeutic)

S58 TX (trial* or stud*)

S59 S57 AND S58

S60 TX (control or experiment* or conservative)

S61 TX (treatment or therapy or procedure or manage*)

S62 S60 AND S61

S63 TX coin AND TX ( (flip or flipped or toss*) )

S64 TX versus

S65 TX (Cross-over or cross over or crossover)

S66 TX placebo*

S67 TX sham*

S68 TX (assign* or alternate or allocat* or counterbalance* or multiple baseline)
S69 TX controls

S70 TX treatment™ AND TX order

S71 S52 OR S55 OR S56 OR S59 OR S62 OR S63 OR S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR S70
S72 S28 AND S71

S73 S28 AND S71 Limiters - Published Date: 20120101-20181231; Human

Appendix 5. PsycINFO search strategy

S1 DE “Cerebrovascular Disorders” OR DE “Cerebrovascular Accidents”
S2 DE “Cerebrovascular Disorders” OR DE “Cerebrovascular Accidents”
S3 DE “Basal Ganglia”

S4 DE “Cerebral Ischemia” OR DE “Cerebral Small Vessel Disease”

S5 DE “Carotid Arteries”

S6 DE intracranial arterial disease*

S7 “intracranial embolism and thrombosis”

S8 intracranial embolism

S9 DE “Subarachnoid Hemorrhage” OR DE “Cerebral Hemorrhage”
S10 intracranial vasospasm

S11 DE “Brain Disorders”
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S12 DE “Cerebral Arteriosclerosis”

S13 TX (stroke or post stroke or post-stroke or cerebrovasc* or brain vasc* or cerebral vasc* or cva* or apoplex* or SAH)
S14 TX (brain* or cerebr* or cerebell* or intracran* or intracerebral)
S15 TX (brain* or cerebr* or cerebell* or intracran* or intracerebral) AND TX (isch?emi* or infarct* or thrombo* or emboli* or occlus*)

S16 TX (brain* or cerebr* or cerebell* or intracerebral or intracranial or subarachnoid) AND TX (haemorrhage* or hemorrhage* or
haematoma* or hematoma* or bleed*)

S17 DE “Hemiplegia” OR DE “Hemiparesis”

S18 TX (hemipleg* or hemipar* or paresis or paretic)

$19 TX neurologic gait disorder*

S20S1ORS20ORS3 ORS4 ORS50R S6 ORS7ORS80ORS90OR S100ORS11 0ORS120R S13 0ORS14 ORS150R S16 OR S17 ORS18 OR S19
S21 DE “Falls”

S22 DE “Accidents” OR DE “Falls” OR DE “Home Accidents” OR DE “Industrial Accidents” OR DE “Pedestrian Accidents” OR DE
“Transportation Accidents” OR DE “Accident Prevention” OR DE “Home Accidents”

S23 DE “Accident Proneness”

S24 TX (fall or falls or faller or fallen or fallers or falling or fall-related or near-fall or falls-efficacy scale)
S25 TX (slip or slips or slipped or slipping or trip or trips or tripped or tripping)
S26 TX (stumble* or tumble*)

S27 TX lose AND TX footing

S$28 521 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27

S$29 S20 AND S28

S30 DE “Random Sampling”

S31 DE “Clinical Trials”

$32 DE “Experiment Controls”

S33 DE “Double Bind Interaction”

S34 DE “Placebo”

S35 DE “Experimentation” OR DE “Experimental Methods”

S36 DE “Methodology”

S37 DE “Program Evaluation”

S38 DE “Followup Studies” OR DE “Longitudinal Studies” OR DE “Retrospective Studies”
S39 PT randomised controlled trial

S40 PT randomised controlled trial

S41 TX randomised controlled trial

S42 PT controlled clinical trial

S43 PT controlled clinical trial

S44 TX controlled clinical trial

S45 PT (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv)
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S46 PT (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv)

S47 TX (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv)
S48 PT multicenter study

S49 PT multicenter study

S50 TX multicenter study Search modes

S51 TX multicenter study Search modes

S52 PT (evaluation studies or comparative study)

S53 PT (evaluation studies or comparative study)

S54 TX (evaluation studies or comparative study)

S55 TX random™

S56 TX controlled AND TX (trial* or stud*)

S57 TX clinical* trial*

S58 TX (control or treatment or experiment* or intervention) AND TX (group* or subject* or patient*)
S59 TX (quasi-random* or quasi random™* or pseudo-random* or pseudo random*)

S60 TX (multicenter or multicentre or therapeutic) AND TX (trial* or stud*)

S61 TX (control or experiment* or conservative) AND TX (treatment or therapy or procedure or manage*)
S62 TX coin AND TX (flip or flipped or toss*)

S63 TX versus

S64 TX (Cross-over or Cross over or Crossover)

S65 TX placebo*

S66 TX sham

S67 TX (assign* or alternate or allocat* or counterbalance* or multiple baseline)

S68 TX controls

S69 TX treatment™ AND TX order

S70 S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR
S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR S64
OR S65 OR S66 OR S67 OR S68 OR S69

S71 S29 AND S70

S72 Limiters - Publication Year: 2012-2018
Narrow by Population: - human

Appendix 6. AMED search strategy

S1 cerebrovascular disorders/
S2 exp Basal ganglia/

S3 exp Basal ganglia/

S4 exp Cerebral ischemia/

S5 exp Cerebral ischemia/
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S6 Carotid arteries/

S7 intracranial embolism.mp.

S8 brain disease/

S9 exp Cerebral infarction/

S10 exp Cerebral infarction/

S11 vasospasm.mp.

S12 vertebral artery/

S13 cerebrovascular accident/

S14 (stroke or post stroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or SAH).tw.

S15 ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$)).tw.
S16 ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$)).tw.

S17 ((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5 (haemorrhage$ or hemorrhage$ or haematoma
$or hematomas$ or bleeds$)).tw.

S18 ((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5 (haemorrhage$ or hemorrhage$ or haematoma
$or hematoma$ or bleed$)).tw.

S19 hemiplegia/
S20 (hemipleg$ or hemipars$ or paresis or paretic).tw.
S21 gait disorders/

$22 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19
ORS20 OR S21

S23 Accident prevention/ or Accidental falls/

S24 accidents/

S25 (fall or falls or faller or fallen or fallers or falling or fall-related or near-fall or falls-efficacy scale).tw.
S26 (slip or slips or slipped or slipping or trip or trips or tripped or tripping).tw.
S27 (stumble$ or tumble$).tw.

S28 (stumble$ or tumble$).tw.

S29 (lose adj5 footing).tw

S30 (lose adj5 footing).tw

S31 523 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30

S32 S22 AND S31

S33 randomized controlled trials/

S34 random allocation/

S35 controlled clinical trials.mp.

S36 controlled clinical trials.mp.

S37 control groups.mp.

S38 clinical trials/
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S39 Double blind method/

S40 single blind method/

S41 Placebos/

S42 placebo effect.mp.

S43 cross-over studies.mp.

S44 cross-over studies.mp.

S45 multicenter studies.mp.

S46 therapies investigational.mp.

S47 investigational therapies.mp.

S48 research design/

S49 program evaluation/

S50 evaluation studies.mp.

S51 randomised controlled trial.pt.

S52 randomised controlled trial.pt.

S53 controlled clinical trial.pt.

S54 controlled clinical trial.pt.

S55 (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial phase iv).pt.
S56 multicenter study.pt.

S57 (evaluation studies or comparative study).pt.

S58 randomS$.tw

S59 random$.tw

$60 (controlled adj5 (trial$ or stud$)).tw.

S61 (controlled adj5 (trial$ or stud$)).tw.

S62 (clinical$ adj5 trial$).tw.

S63 (clinical$ adj5 trial$).tw.

S64 ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.
S65 ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.
S66 (quasi-random$ or quasi random$ or pseudo-random$ or pseudo randoms$).tw.

S67 (quasi-randomS$ or quasi random$ or pseudo-random$ or pseudo randoms$).tw.

S68 ((multicenter or multicentre or therapeutic) adj5 (trial$ or stud$)).tw.

S69 ((multicenter or multicentre or therapeutic) adj5 (trial$ or stud$)).tw.

S70 ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.
S71 ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.
S72 ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.

S73 (coin adj5 (flip or flipped or toss$)).tw.
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S74 (coin adj5 (flip or flipped or toss$)).tw.

S75 versus.tw.

S76 (cross-over or cross over or crossover).tw.

S77 placeboS$.tw

S78 placeboS$.tw

S79 sham.tw

S80 (assign$ or alternate or allocat$ or counterbalance$ or multiple baseline).tw.
S81 controls.tw.

S82 (treatment$ adj6 order).tw.

S83 (treatment$ adj6 order).tw.

584 S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50
OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR S64 OR S65 OR S66 OR S67 OR S68
OR S69 OR S7T0 OR S7T1 OR S72 ORS73 ORS74 ORS75 OR S76 OR S77 OR S7T8 OR S79 OR S80 OR S81 OR S82 OR S83

S85 S32 AND S84
586 S32 AND S84
S87 Limiters - Published Date: 20120101-20171231

Appendix 7. PEDro search strategy

Search combinations:

1: Stroke* AND Fall*

2: Stroke® AND Accident*

3: Stroke* AND Trip*

4: Cerebrovascular AND Accident*
5: CVA AND Accident

6: Brain* AND Fall*

Appendix 8. Clinical trial registers search strategies
Clinicaltrials.gov:

Stroke AND Fall

Filters:

e 2012-01/06/2020
« >18yo

« Interventional

o Adult (18-64)

« Older Adult (65+)

International clinical trials registry platform search portal:

Condition: cerebrovascular disease OR basal ganglion hemORrhage OR brain ischemia OR carotid artery disease OR intracranial embolism
OR intracranial thrombosis OR brain hemORrhage OR brain infarction OR artery dissection OR stroke OR cva* OR apoplex* OR SAH

Intervention: accident OR accidents and accident related phenomena OR falling OR home accident OR accident prevention OR accident
proneness OR fall* OR near-fall OR slip OR slip* OR trip* OR stumble* OR tumble* OR (lose AND footing)
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Filters:

e Recruitment status: ALL
e Phases: ALL

ISRCTN:

Condlition: Stroke

Keyword: Fall
Stroke trials registry:
Keyword:

1. Fall
2. Accident

Filters:
« Allocation: randomized

Appendix 9. Author contacting template (ongoing trial)
Dear Prof./Dr. ...,

Ourinternational research group is currently performing an update of a systematic review performed by Verheyden et al, 2013 concerning
the effectiveness of interventions to reduce falling post-stroke (Verheyden GSAF et al. Interventions for preventing falls in people after
stroke. (Review) Cochrane Database of Systematic Reviews, 2013).

Currently we are screening literature for eligible articles to be included in our update, and your promising ongoing trial appears to meet
our inclusion criteria (Study title: "...", Trial registration: ...). More specifically, we would like to check eligibility and whether following data
is already available, and if it is by any means possible to obtain these data to incorporate them in the update review.

Could you first confirm that your trial adheres to all of the following inclusion criteria:
1. Type of study: controlled trial where participants or clusters were randomly allocated.

2. Type of participants: adult participants (over 18 years of age) in the acute, subacute or chronic phase following stroke with a confirmed
diagnosis (diagnosis comprises ischemic as well as hemorrhagic events).

3. Type of intervention: Intervention where a stated primary or secondary aim is to prevent falls.

4. Type of outcome measure: at least 1 outcome measure related to the rate of falls or the number of fallers. Fall collection can be collected
either prospectively or retrospectively.

In case you have answered YES to the previous question, would you be able to provide us, by dd/mm/yyyy, the following information:

In the advantageous case of data availability, we kindly request to provide us the data before Friday 31 August 2018 by means of an email
forwarded to Stijn Denissen (mail address), Wouter Staring (mail address) and our group supervisor Prof. Dr. Geert Verheyden (mail address)
to ensure the progress of the update.

Should you have further questions, please do not hesitate to contact us on the email addresses stated above.
Thank you very much in advance.

Yours sincerely,

Stijn Denissen and Wouter Staring

Appendix 10. Author contacting template (missing data)
Dear Prof./Dr. ...,

Interventions for preventing falls in people after stroke (Review) 64
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Our international research group is currently updating a systematic review performed by Verheyden et al, 2013 concerning the
effectiveness of interventions to reduce falling post-stroke (Verheyden GSAF et al. Interventions for preventing falls in people after stroke.
(Review) Cochrane Database of Systematic Reviews, 2013).

Your study (Study title: "...", Trial registration: ...) has been included in our update version and data has been extracted from the full text
article version. In addition to the published results, we would like to check if additional data is available regarding fall rates per treatment
group. More specifically, we are interested in following data:

In the advantageous case of availability of these additional data, we kindly request to provide us the data before dd/mm/yyyy by means
of an email forwarded to Stijn Denissen (mail address), Wouter Staring (mail address) and our group supervisor Prof. Dr. Geert Verheyden
(mail address) to ensure the progress of the update.

Should you have further questions, please do not hesitate to contact us on the email addresses stated above.

Thank you very much in advance.

Yours sincerely,
Stijn Denissen and Wouter Staring

WHAT'S NEW

Date Event Description

3 September 2018 New search has been performed Update of the original review (2013) by including the results of an
updated search from November 2012 to September 2018. We re-
moved 2 studies from the original review due to publication re-
traction.

We included an additional 6 studies with a total of 532 partici-
pants, yielding a new total of 14 included studies with 1358 par-
ticipants.

We applied the GRADE approach including 'Summary of findings'
tables in order to summarise key results from our review.

3 September 2018 New citation required and conclusions At present very little evidence exists about interventions other
have changed than exercises to reduce falling post stroke. Low-quality to very
low quality evidence exists that this population benefits from ex-
ercises to prevent falls, but not to reduce number of fallers.

CONTRIBUTIONS OF AUTHORS

For the 2013 version

G Verheyden planned the review, worked with A Ashburn and finalised the planning of the review based on comments from V Weerdesteyn,
R Pickering, D Hyndman, S Lennon and A Geurts.

G Verheyden and V Weerdesteyn independently screened all search results.

G Verheyden, V Weerdesteyn and S Lennon independently screened full-text papers, performed data extraction and risk of bias screening.
A Ashburn also screened all full-text papers for eligibility.

R Pickering and G Verheyden performed data analysis.

G Verheyden wrote the draft of the review and revised the draft based on comments from V Weerdesteyn, R Pickering, D Hyndman, S
Lennon, A Geurts, and A Ashburn.
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For the 2018 version

D Kunkel updated and ran the search strings for AMED and PsycINFO.
S Denissen updated and ran the search strings for all other databases and trial registers.
S Denissen and W Staring independently screened all search results.

S Denissen and W Staring independently screened full-text papers, performed data extraction and risk of bias screening. G Verheyden
provided supervision to the search process.

R Pickering and S Denissen performed data analysis.

S Denissen wrote the draft of the 2018 update version of the review and revised the draft based on comments from W Staring, D Kunkel,
V Weerdesteyn, R Pickering, S Lennon, A Geurts and G Verheyden.

DECLARATIONS OF INTEREST

Stijn Denissen: none known

Wouter Staring: none known

Dorit Kunkel: none known

Ruth M Pickering: none known

Sheila Lennon: none known

Alexander CH Geurts: none known

Vivian Weerdesteyn: none known

Geert SAF Verheyden: none known

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We decided to pool results for one specific type of intervention (i.e. exercises) from single, multiple and multifactorial interventions.
However, we additionally reported a sensitivity analysis of single interventions only. Thus, trials were not specifically grouped as single,
multiple or multifactorial interventions as specified in our protocol.

INDEX TERMS

Medical Subject Headings (MeSH)

Accidental Falls [*prevention & control] [statistics & numerical data]; Alendronate [administration & dosage]; Bone Density
Conservation Agents [administration & dosage]; Exercise; Eyeglasses; Female; Humans; Male; Randomized Controlled Trials as Topic;
Stroke [*complications]; Vitamin D [administration & dosage]; Vitamins [administration & dosage]
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