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Abstract

Background: The implementation of condition-specific falls prevention interventions is proving challenging due to
lack of critical mass and resources. Given the similarities in falls risk factors across stroke, Parkinson’s Disease (PD)
and Multiple Sclerosis (MS), the development of an intervention designed for groups comprising of people with
these three neurological conditions may provide a pragmatic solution to these challenges. The aims of this
umbrella review were to investigate the effectiveness of falls prevention interventions in MS, PD and stroke, and to
identify the commonalities and differences between effective interventions for each condition to inform the
development of an intervention for mixed neurological groups.

Methods: A systematic literature search was conducted using 15 electronic databases, grey literature searches and
hand-screening of reference lists. Systematic reviews of studies investigating the effects of falls prevention
interventions in MS, PD and stroke were included. Methodological quality of reviews was assessed using the A
MeaSurement Tool to Assess Systematic Reviews 2. A matrix of evidence table was used to assess the degree of
overlap. The Grading of Recommendations Assessments, Development and Evaluation framework was used to rate
the quality of evidence. Findings were presented through narrative synthesis and a summary of evidence table.

Results: Eighteen reviews were included; three investigating effectiveness of falls prevention interventions in MS, 11
in PD, three in stroke, and one in both PD and stroke. Exercise-based interventions were the most commonly
investigated for all three conditions, but differences were identified in the content and delivery of these
interventions. Low to moderate quality evidence was found for the effectiveness of exercise-based interventions at
reducing falls in PD. Best available evidence suggests that exercise is effective at reducing falls in stroke but no
evidence of effect was identified in MS.
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Conclusions: The findings suggest that exercise-based interventions are effective at reducing falls in PD, however,
the evidence for MS and stroke is less conclusive. A strong theoretical rationale remains for the use of exercise-
based interventions to address modifiable physiological falls risk factors for people with MS, PD and stroke,
supporting the feasibility of a mixed-diagnosis intervention. Given the high overlap and low methodological quality
of primary studies, the focus should be on the development of high-quality trials investigating the effectiveness of
falls prevention interventions, rather than the publication of further systematic reviews.
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Background
Up to 73% of stroke survivors fall in their first year post-
stroke and over half of people with Multiple Sclerosis
(MS) (56%) and Parkinson’s Disease (PD) (59%) experi-
ence a fall over a three- or six-month period, respect-
ively [1–3]. Falls can result in physical injury for people
with these neurological conditions, with research sug-
gesting that between 11 and 17% of falls result in injury
[4–6]. Notably, this figure was reported to be as high as
72% among stroke survivors [7]. Falls can have a number
of psychosocial consequences including an increase in
fear of falling and reduced self-efficacy [8], resulting in
decreased independence and health-related quality of life
[9, 10]. Falls also lead to an increase in acute healthcare
utilisation, higher home-care needs and/or greater insti-
tutional care needs [5–7, 11]. Consequently, the develop-
ment of effective evidence-based falls prevention
interventions for people with MS, PD and stroke is a pri-
ority for research and service provision.
There are currently substantial shortcomings in the

provision of services for people with neurological condi-
tions in Ireland [12]. Despite the recent proliferation in
the number of condition-specific falls prevention inter-
ventions being designed and evaluated, the implementa-
tion of these interventions in clinical practice is proving
challenging for clinicians due to insufficient numbers of
participants and resources to run group-based pro-
grammes [13]. Additionally, the stringent inclusion and
exclusion criteria that are regularly associated with ex-
planatory intervention trials reduce their transferability
into clinical settings [14]. One potential solution to ad-
dress these challenges is the development of an
evidence-based pragmatic falls prevention programme
that can be adapted for use among groups of individuals
with different neurological conditions.
While there are differences in the pathophysiology and

clinical presentation of stroke, PD and MS [15–18],
people with these neurological conditions often present
with a number of similar impairments and modifiable
falls risk factors. Falls risk factors such as mobility im-
pairments, decreased balance, strength deficits, cognitive
dysfunction, depression and fear of falling, in addition to
environmental and behavioural falls risk factors, are
common across these conditions [19–28]. The mutual

modifiable falls risk factors support a mixed-diagnosis
intervention approach, as it is likely that the subsequent
treatment approaches across the three conditions are
similar. Moreover, differences in falls risk factors can
exist in individuals with the same diagnosis, for example,
not all people with PD present with freezing of gait [29].
Therefore, tailoring of a programme to a person’s unique
presentation is necessary for all interventions, independ-
ent of diagnosis, and is recommended in international
guidelines for falls prevention [30, 31]. Thus, it is antici-
pated that this model could also be used to develop a
programme for people with MS, PD and stroke, and im-
portantly be implemented in primary care. A mixed-
diagnosis approach to the design and implementation of
interventions could increase the number of eligible par-
ticipants and services available. Consequently, the devel-
opment of an intervention for groups with these mixed
neurological conditions is timely to address implementa-
tion challenges in the community.
To date only one randomised controlled trial (RCT)

has investigated the effect of a falls prevention interven-
tion for people with MS, PD and stroke, reporting that
an education programme did not reduce falls [32]. An
umbrella review investigated the efficacy of condition-
specific, exercise-based falls prevention interventions for
people with neurological conditions [33]. The review
found exercise was effective at reducing falls among
people with PD, but insufficient evidence existed to de-
termine their efficacy for people with stroke or MS [33].
The review focused on exercise only, however, a multi-
modal approach to falls prevention has been recom-
mended to reduce falls risk [19]. Therefore, this
umbrella review used a robust methodology to deter-
mine the effectiveness of all non-pharmacological and
non-surgical falls prevention interventions for people
with MS, PD and stroke, and compared and contrasted
the effectiveness of interventions across these neuro-
logical conditions.
The objectives of this umbrella review were:

1. To summarise the totality of evidence regarding the
effectiveness of non-pharmacological and non-
surgical falls prevention interventions for people
with MS, PD and stroke.

O’Malley et al. BMC Neurology          (2021) 21:378 Page 2 of 31



2. To identify commonalities and differences between
interventions that are effective at reducing falls for
people with MS, PD and stroke to inform the
development of an evidence-based intervention that
can be tailored for groups with mixed neurological
conditions.

Methods
An umbrella review was conducted to identify and syn-
thesise the results of systematic reviews (with or without
meta-analysis) of studies investigating the effectiveness
of falls prevention interventions at improving falls out-
comes among people with MS, PD and stroke. In lieu of
specific guidance for umbrella reviews, this umbrella re-
view was conducted with reference to the Joanna Briggs
Institute (JBI) Reviewer’s Manual [34], the relevant sec-
tions of the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) guidelines [35, 36],
and the key aspects of methods and results of umbrella
reviews outlined in the protocol for the Preferred
Reporting Items for Overviews of Reviews (PRIOR)
guidelines [37].

Protocol and registration
In compliance with best-practice recommendations to
increase transparency and minimise bias, an a priori
protocol for this umbrella review was developed [38].
This protocol was registered with the International Pro-
spective Register of Systematic Reviews, PROSPERO, on
the 28th April 2020 (CRD42020175409) and was pub-
lished in an open access repository [39].

Search strategy
The authors developed a comprehensive search strategy
to identify all pertinent research syntheses, both pub-
lished and unpublished [40]. One reviewer (NO’M) com-
pleted searches of the following electronic databases:
The Cochrane Database of Systematic Reviews, Joanna
Briggs Institute Database of Systematic Reviews and Im-
plementation Reports, Database of Abstracts of Reviews
of Effects, PubMed, Embase, EBSCO (Academic Search
Complete, AMED, Biomedical Reference Collection,
CINAHL, Medline, PsycInfo, SPORTDiscus), Epistemo-
nikos, PEDro and the PROSPERO register. All electronic
databases were searched from date of inception to April
2020 (sample search string for the CINAHL is detailed
in Appendix 1). In addition, the grey literature searches
for relevant unpublished systematic reviews encom-
passed a search of OpenGrey and MedNar. Finally, the
reference lists of all included systematic reviews were
hand-searched to identify other potentially relevant
reviews.

Inclusion and exclusion criteria
Quantitative systematic reviews (with or without meta-
analysis), mixed-methods systematic reviews (quantita-
tive elements only), or pooled analyses and research syn-
theses investigating the effectiveness of non-
pharmacological falls prevention interventions for people
with MS, PD and stroke were considered for inclusion in
this umbrella review. Reviews published in the English
language were included and authors of potentially rele-
vant reviews published in a different language were con-
tacted to ascertain if a copy of the review was available
in English. No restriction was placed on year of publica-
tion of the review. In instances where a systematic re-
view was an update of a previous review, the most
recent version was included and the older version ex-
cluded. For the purposes of this umbrella review, a re-
view was classified as an update of a previous version if
there were changes pertaining to new data, new
methods, or new analyses, but the research question, ob-
jectives and inclusion criteria remained similar [41]. In
the case of new authors or a different research team up-
dating an existing review, they had to clearly state that
their review was an update and acknowledge the work of
the authors on the previous edition [41].
The eligibility criteria based on population, interven-

tion, comparator, outcome and study design are outlined
below.

Population
We included reviews with adult participants (≥18 years)
with PD, MS or stroke according to a confirmed diag-
nostic criterion and reviews with a combination of these
conditions. There were no exclusion criteria based on
gender, disease duration, disease subtype or functional
ability. For the purposes of this umbrella review, there
was no exclusions based on the presence of co-
morbidities, however, when restrictions based on the
presence of co-morbidities were a feature of included re-
views, we extracted and recorded this.

Intervention
All non-pharmacological and non-surgical falls preven-
tion interventions were included. Any intervention in
which a primary or secondary aim was to reduce falls
was considered a falls prevention intervention. Given the
multifactorial nature of falls, and for inclusivity, there
was no exclusion based on intervention content, inter-
vention duration, intervention setting or mode of deliv-
ery of intervention.

Comparator
In instances where controlled trials were included in the
systematic reviews all comparators were considered,
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including, but not limited to, usual care, enhanced care
or waitlist control.

Outcomes
The primary outcomes of interest were any falls out-
comes, measured as a primary or secondary outcome in
the systematic reviews. For this umbrella review, the oc-
currence of a fall event had to be recorded in order to
be classified as a falls outcome. This included, but was
not limited to, total number of falls, falls rate, number of
fallers, number of recurrent fallers or injurious falls. Of
note, reviews in which falls were only measured as ad-
verse outcomes were not included as the aim of the
intervention was not to reduce falls. Additionally, re-
views in which only laboratory-induced falls were re-
corded were excluded. Given that there is currently no
consensus regarding what constitutes a fall, in addition
to the variation in fall definitions present in the litera-
ture [42], a pre-determined definition for a fall event was
not used in this umbrella review. Instead, all systematic
reviews were considered for inclusion regardless of their
definition of a fall, but these definitions were extracted
and presented to help readers contextualise the results.
Secondary outcomes of interest were those relating to

the effectiveness and implementability of interventions.
Secondary outcomes were only extracted in instances
where falls were measured as a primary outcome and
where it was possible to extract this data for the popula-
tions and interventions of interest.

Study design
Systematic reviews of all study designs investigating falls
prevention interventions were considered for inclusion.
Potentially relevant papers were screened for inclusion

as a systematic review by two independent reviewers
(NO’M and BC) using the JBI Critical Appraisal Check-
list for Systematic Reviews and Research Syntheses [34].
Any disagreements between reviewers were resolved
through discussion or through consulting a third re-
viewer until consensus was achieved. Any review that re-
ceived a ‘No’ response to Items 2,3,4,5 or 8 were
excluded [43, 44].

Study selection
The citations yielded from the searches were exported to
the master reference management library Rayyan, where
duplicate papers were then removed. The titles and ab-
stracts were screened by two independent reviewers
(NO’M and BC) against the eligibility criteria. The au-
thors of potentially relevant protocols and conference
abstracts were contacted to determine the full text publi-
cation status. Following this, the full texts of potentially
relevant reviews were obtained and screened for eligibil-
ity by two independent reviewers (NO’M and BC). Any

discrepancies between reviewers were resolved through
discussion or through consultation with a third reviewer
until consensus was achieved.

Dealing with overlap of primary studies
Overlap of primary studies within included systematic
reviews is a challenge exclusive to umbrella reviews.
Currently, there is a lack of guidance on how best to
manage this occurrence [45]. To maximise comprehen-
siveness of this umbrella review, we employed a ‘full in-
clusion scenario’ where all Cochrane reviews and non-
Cochrane reviews were included [46]. A list of the pri-
mary studies included in each systematic review was as-
sembled and a matrix of evidence table was created to
determine the amount of overlap between systematic re-
views. To avoid double-counting outcome data the fol-
lowing were decided:

� Any systematic review that contained a relevant
primary study that was not in any other systematic
review was included so that data were not lost.

� Any systematic review that did not contain any
unique primary study (i.e. a primary study not
already present in an included review) was excluded
to minimise duplication of data.

� In the presence of complete overlap between
reviews, the highest quality review, as determined by
the A MeaSurement Tool to Assess Systematic
Reviews 2 (AMSTAR 2) was included in data
synthesis and analysis.

� In cases where there was a complete overlap
between reviews and they received the same
AMSTAR 2 rating, then the most recently published
review was included.

� In the presence of partial overlap, all reviews were
included but the degree of overlap was noted and its
implications on the findings of this umbrella review
were discussed.

Methodological quality assessment
Two independent reviewers (NO’M and BC) assessed
the methodological quality of included reviews using the
AMSTAR 2 [47]. In line with recommendations, the
critical domains for the AMSTAR 2 were classified as
Items 2,4,7,9,11,13 and 15 [47]. The overall score of the
AMSTAR 2 was used to rate the quality of each included
review as high, moderate, low or critically low [47] [47]..
It has been proposed that the use of the PRISMA

reporting guidelines, in addition to a comprehensive, val-
idated quality appraisal tool, facilitates the judgement of
not only the methodological quality but also the general
quality of reporting of included systematic reviews [48].
Therefore, the full texts of all systematic reviews in-
cluded in this umbrella review were cross-checked
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against the PRISMA reporting guidelines checklist [35,
36].

Data extraction
Data were extracted by one reviewer (NO’M) using the
JBI standardised data extraction form for umbrella re-
views [34]. The following were also considered key data
to answer our research question and were extracted
where available: the definition of a fall, the faller classifi-
cation and the person delivering the intervention. This
form was then checked by a second reviewer (MC) to
ensure that the extracted data were accurate. Disagree-
ments regarding data extraction were resolved through
discussion or by consulting a third reviewer until con-
sensus was achieved.

Quality of evidence
The quality of evidence was assessed using the Grading
of Recommendations Assessments, Development and
Evaluation (GRADE) algorithm that has been developed
for application to umbrella reviews [49]. The GRADE al-
gorithm was applied to the included systematic reviews
by two reviewers (NO’M and MC) to assess the quality
of the evidence relating to the following outcomes:

1. Total number of falls – the number of falls
recorded by participants throughout the study
period

2. Falls rate – the number of falls per person per
specific period of time, e.g. falls per person per year

3. Number of fallers - the proportion of participants
classified as ‘fallers’ based on the criteria outlined by
the researchers e.g. an individual who has one or
more falls during the follow-up period

Data synthesis and analysis
Given the heterogeneity in populations, outcomes and
analyses, the findings of included reviews were primarily
summarised using a narrative synthesis with the quanti-
tative tabulation of results as appropriate. The primary
analyses for this umbrella review were centred on type
of neurological condition and type of intervention. Fol-
lowing this, cross-comparison of similarities and differ-
ences in the effect of different interventions between the
three conditions were reported and discussed. The out-
comes of each included systematic review were consid-
ered and discussed in the context of their
methodological quality, as determined by the AMSTAR
2 and the GRADE algorithm.

Discordance between reviews
Umbrella reviews provide an opportunity for researchers
to address the issue of discordance between reviews and
to identify its cause [48]. In instances of discordant

reviews in our umbrella review, the algorithm developed
by Jadad et al. (1997) was used to resolve and discuss is-
sues of discordance [50].

Deviations from protocol
To facilitate comparison of intervention effectiveness, we
had planned to have a standardised approach to our re-
sults by converting the different estimates of effect that
we extracted to one common effect measure. However,
these analyses were not possible due to the small num-
ber of meta-analyses and the heterogeneity between
studies in terms of outcomes assessed. We had antici-
pated that many of our included systematic reviews
would include non-randomised trials and as a result had
planned to examine the effects of synthesising reviews of
varying quality, however, this was not the case as only
three systematic reviews included non-randomised trials
and so this analysis was not completed.

Results
Figure 1 illustrates the study selection process for this
umbrella review. A total of 51 reviews were deemed to
have met our inclusion criteria. The reasons for exclu-
sion of reviews following full-text screening are reported
in Additional file 1. A citation table was produced to es-
tablish the degree of overlap between these reviews (see
Additional file 2), thus excluding 33 systematic reviews
using the predefined criteria for dealing with overlap.
Eighteen systematic reviews were included in the final
synthesis; three reviews including people with MS [51–
53], three reviews including people with stroke [54–56],
11 reviews including people with PD [57–67] and, fi-
nally, one review including primary studies with people
with stroke and PD [68]. The matrix of evidence table
outlining the final citation count and the degree of over-
lap for these 18 included reviews is presented in Table 1.

Characteristics of included systematic reviews
Specific details regarding the characteristics of the 18 in-
cluded reviews are presented in Additional file 3. The in-
cluded systematic reviews were published between 2010
and 2020. Of those systematic reviews, nine conducted
meta-analyses [51, 53–56, 63, 64, 66, 68], however, only
six of those reviews conducted a meta-analysis on a falls
outcome [51, 54, 56, 63, 64, 68]. The remaining 12 pre-
sented their findings on falls outcomes through a narra-
tive synthesis. Falls data were extracted from RCTs only
in 15 included reviews, a combination of RCTs and non-
randomised studies of intervention (NRSIs) in two re-
views, and NRSIs only in one systematic review. The in-
cluded systematic reviews comprised of primary studies
conducted between 1990 and 2018. 17, 24 and 32 pri-
mary studies informed the falls outcomes of systematic
reviews including people with MS, people with stroke
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and people with PD, respectively. Despite the exclusion
of 33 systematic reviews, some overlap of primary stud-
ies across included reviews remained, as demonstrated
in Table 1.

Methodological quality
The methodological quality of included systematic re-
views is presented in Fig. 2. The quality of included re-
views ranged from critically low to moderate, with no
included review rated as high quality. The majority of re-
views (n = 12) were rated as critically low [52, 53, 56–64,
67], with three systematic reviews rated as low [55, 66,
68] and three rated as moderate [51, 54, 65]. None of
the included systematic reviews reported the sources of
funding for included primary studies. The majority of
those rated low or critically low were deemed to have
critical flaws relating to a priori protocol development, a
comprehensive search strategy, and the listing and justi-
fication for exclusions.

Reporting quality
In general, the reporting across included reviews was
relatively complete, however, as shown in Table 2, there
were some reporting flaws identified. Firstly, nine of the
included reviews did not identify the paper as a system-
atic review and/or meta-analysis in the title and 11 of
the reviews did not register an a priori protocol. This
umbrella review also found inadequate reporting of the
search strategy, data items, summary measures, results
of individual studies and funding.

Participant characteristics
The number of participants in included reviews ranged
from 21 to 1358. The mean age of participants was
lower in systematic reviews of people with MS (range
36–63 years in included primary studies) compared to
systematic reviews of people with PD and stroke, where
the mean age of participants was greater than 60 years in
the vast majority of included primary studies. Disease

Fig. 1 PRISMA flow diagram of review selection
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severity and functional ability were not regularly re-
ported in included reviews but, of note, when it was par-
ticipants generally had a relatively low disease severity
and high functional level. Specific details regarding the
participants in each included systematic review are pre-
sented in Table 3 and Additional file 3.

Critical appraisal of primary studies
As presented in Additional file 3, a variety of different
critical appraisal instruments were used to assess the
methodological quality of included primary studies. The
methodological quality of primary studies was varied
and was noted as a limitation in the majority of included
systematic reviews. A detailed summary of the critical
appraisal of the primary studies is outlined in Additional
file 3.

Person delivering the intervention and intervention
setting
The person delivering the intervention and intervention
setting were not regularly reported in included system-
atic reviews. Of those presenting the person delivering
the intervention, physiotherapists were most common,
other disciplines included occupational therapists, yoga
instructors, Tai Chi instructors, optometrists and multi-
disciplinary teams. Interventions were primarily deliv-
ered in the community or the participants’ homes, but

other settings including rehabilitation centres, hospitals
and acute care were also reported.

Intervention characteristics
Exercise-based interventions were the most common
across all three conditions, included in a total of 15 sys-
tematic reviews. Tai Chi and treadmill walking interven-
tions were assessed among people with PD and stroke,
but not MS. Dance-based exercise interventions were
only investigated among people with PD. Technology-
based interventions and multicomponent interventions
were reported across more than condition, with all other
reported interventions investigated amongst only one.
There was substantial variation across reviews with re-
spect to the reporting of intervention details. Specific
intervention characteristics including, where reported,
content, dose and duration are presented for included
reviews in Table 3 and Additional file 3.

Exercise-based interventions
This umbrella review identified low to moderate quality
evidence for exercise-based interventions among people
with PD, with seven out of ten reviews reporting a sig-
nificant effect of intervention on the recorded falls out-
come [59–61, 63, 64, 67, 68]. The remaining three
reviews for PD identified mixed results regarding the ef-
fectiveness of intervention across included primary

Fig. 2 AMSTAR 2 ratings of included systematic reviews
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studies [62, 65, 66]. The effectiveness of exercise-based
interventions varied across reviews for people after
stroke, with two reviews reporting significant improve-
ments in falls outcomes [54, 68] and two reporting no
evidence of effect [55, 56]. However, the two that
showed effect were of higher methodological quality and
provided low to moderate quality evidence for the effect-
iveness of exercise at improving falls outcomes for
people after stroke. The evidence for exercise among
people with MS also differed across reviews with one
reporting no effect [51] and two reporting an improve-
ment in falls outcomes [52, 53], but the most recently
published review that had the highest methodological
quality and the largest number of primary studies
informing outcomes reported no evidence of effect of
exercise-based interventions on falls rate or number of
fallers.

Technology-based interventions
Technology-based interventions were investigated among
people with MS and stroke. The evidence regarding the ef-
fectiveness of these interventions varied across reviews for
people with MS, with one review of moderate methodo-
logical quality reporting no significant effect of functional
electrical stimulation (FES) [51] compared to another of
critically low methodological quality that reported FES led
to a reduction in total number of falls and number of
fallers [52]. Technology-based interventions were investi-
gated in one systematic review for people with stroke, pro-
viding low quality evidence for transcranial direct
stimulation to reduce number of fallers [54].

Multicomponent and multifactorial interventions
Multicomponent interventions were investigated for
people with MS and PD in one systematic review each
[51, 58]. No significant effect of multicomponent inter-
ventions was identified for people with MS or PD on
number of fallers. However, there was moderate evi-
dence identified for the effectiveness of a multicompo-
nent intervention comprising of physiotherapy and falls-
self management education at reducing falls rate among
people with PD [58].
Two systematic reviews for people with stroke in-

cluded a multifactorial intervention [54, 55], however,
this intervention was primarily comprised of exercises
and so was included in the analyses for exercise-based
interventions in these reviews.

Education-based interventions
Education interventions were only reported in one sys-
tematic review of moderate methodological quality
among people with MS [51]. This review concluded that
there was no significant effect of education-only

interventions on number of fallers but this outcome was
only informed by one primary study.

Environment/assistive technologies
Environment/assistive technologies were assessed among
people with stroke in two reviews ranging from critically
low to moderate methodological quality [54, 56]. These
reviews identified no significant effect of intervention on
number of fallers or falls rate.

Cueing interventions
Cueing interventions for people with PD were assessed
in three systematic reviews of low to critically low meth-
odological quality [57, 66, 67]. One of these reviews pro-
vided very low quality evidence for the effectiveness of
cueing at reducing falls [67]. The two remaining system-
atic reviews reported that there was no significant effect
of cueing interventions on total number of falls [57, 66].

Interventions to improve bone mineral density
One systematic review of critically low methodological
quality investigating the effect of interventions to im-
prove bone mineral density for people with stroke re-
ported that increased sunlight exposure had no
significant effect on falls rate [56].

Models of stroke care interventions
One systematic review of critically low methodological
quality investigating the effect of different models of
stroke care on falls outcomes for people with stroke con-
cluded that home rehabilitation with multidisciplinary
team outreach had no significant effect on falls rate [56].

GRADE quality of evidence
The quality of evidence relating to total number of falls,
falls rate and number of fallers for each outcome is out-
lined in the summary of evidence table (see Table 3) and
the application of the algorithm to each of these is out-
lined in Additional file 4.

Discordance between reviews
Inconsistencies in findings regarding the effectiveness of
exercise-based interventions and FES were identified be-
tween reviews for people with MS. A potential reason
for this difference in findings may be the different selec-
tion criteria of the two systematic reviews [50], with
Hayes et al. (2019) only including RCTs [51] and Sosnoff
and Sung (2015) including both RCTs and NRSIs [52].
Variations in findings regarding the efficacy of

exercise-based interventions on falls rate for people with
stroke were also identified [54, 56], which may be ex-
plained by the differences in studies informing outcome,
with only one primary study included in both reviews.
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Secondary outcomes
There were a broad range of secondary outcomes
assessed in included systematic reviews including, but
not limited to, gait, quality of life, balance, cognition and
fatigue. These were assessed with a number of different
outcome measures. The effectiveness of falls prevention
interventions at improving these outcomes varied across
reviews. Of note, very few included reviews provided
data regarding adverse events or cost-effectiveness of in-
terventions. The findings regarding secondary outcomes
are presented in Additional file 3.

Discussion
This comprehensive umbrella review included 18 sys-
tematic reviews representing 73 unique primary studies
investigating the effectiveness of falls prevention inter-
ventions at reducing fall events among people with MS,
PD and stroke. This review identified low to moderate
quality evidence for the effectiveness of exercise-based
interventions at reducing falls among people with PD,
both over the short-term and long-term. Reviews investi-
gating the effectiveness of exercise-based interventions
for people with MS and stroke yielded conflicting re-
sults, however, the best available evidence suggests that
exercise is effective at reducing falls among people with
stroke but no evidence of effect was identified for people
with MS. All other types of intervention are relatively
under-researched, with insufficient evidence available to
draw definitive conclusions regarding their effectiveness.
The large number of systematic reviews that investi-

gated the effectiveness of falls prevention interventions
for people with MS, PD and stroke suggest that this field
is well researched, particularly among people with PD
and stroke. However, this umbrella review has demon-
strated that this proliferation in systematic reviews is not
reflective of an increase in primary studies but rather
that the findings across all of these reviews are largely
based on the same small number of trials. The quality
and value of a systematic review is largely dependent on
the number and methodological quality of included pri-
mary studies [69]. Therefore, the inclusion of the same
primary studies across many systematic reviews results
in the same limitations, such as heterogeneity in
methods and outcomes, small sample sizes, and high risk
of bias, being reported in newer systematic reviews thus
not contributing to advancements in the research field
and evidence-based practice. This umbrella review has
identified a critical lack of high-quality trials investigat-
ing falls prevention interventions for people with MS,
PD and stroke, prohibiting researchers and clinicians
from drawing firm conclusions regarding their
effectiveness.
The finding that exercise is effective at reducing falls

among people with PD is consistent with that of Lai

et al. (2019) who investigated the effectiveness of
exercise-only falls prevention interventions for people
with neurological diseases [33]. The inclusion of add-
itional systematic reviews in our umbrella review, along
with the application of the GRADE algorithm (showing
low to moderate quality evidence), increases the cer-
tainty of this finding. However, a difference was noted
between the findings of this umbrella review and that of
Lai et al. (2019) with respect to the effectiveness of
exercise-based interventions for people with stroke. Lai
et al. (2019) included two systematic reviews for people
with stroke, neither of which found effect. However, two
recent systematic reviews identified as part of this um-
brella review, neither of which were included in the
paper by Lai et al. (2019), found exercise-based interven-
tions significantly improved falls outcomes for people
with stroke [54, 68]. Therefore, the highest quality re-
search and best available evidence for people with
stroke, as demonstrated by the AMSTAR 2 and GRADE
algorithm, suggests that exercise can reduce falls for
these individuals. The evidence regarding the efficacy of
exercise-based interventions for people with MS was the
least comprehensive, with the smallest amount of pri-
mary studies and systematic reviews informing out-
comes. The systematic review of the highest
methodological quality for people with MS did not find
any evidence of effect for exercise-based interventions
on falls outcomes but the authors noted that there was
an absence of high-quality RCTs in this field meaning
that the findings of this review are inconclusive [51]. An
umbrella review investigating rehabilitation for people
with MS identified high-quality evidence for exercise to
improve mobility, muscle strength and fatigue, three
common modifiable falls risk factors for people with MS
[70]. Consequently, despite the lack of evidence support-
ing the use of exercise-based interventions for people
with MS, a strong theoretical basis for their use remains.
There is conclusive evidence regarding the effectiveness
of exercise at reducing falls among older adults [71, 72],
a much further advanced research field than falls pre-
vention for people with neurological diseases and there-
fore, further high-quality research is required to
determine its effectiveness for people with MS, PD and
stroke.
Exercise-based interventions were the most commonly

investigated intervention type for all three conditions,
supporting the feasibility of a mixed-diagnosis interven-
tion. However, a noticeable difference was identified be-
tween the three conditions in terms of the content of
these exercise-based interventions. The majority of inter-
ventions for people with PD comprised of mixed train-
ing, usually involving some combination of balance,
strength and functional or gait exercises. This is in con-
trast to interventions for people with MS and stroke

O’Malley et al. BMC Neurology          (2021) 21:378 Page 26 of 31



which were primarily focused on one specific training,
most commonly balance training or functional move-
ment. Three of the main modifiable falls risk factors for
PD, MS and stroke are strength deficits, balance dys-
function and gait impairments and, therefore, it can be
hypothesised that the most effective method of reducing
falls risk for these individuals would be through a mixed
exercise programme, as demonstrated in falls research
for older adults [71]. This umbrella review identified low
to moderate quality evidence for the efficacy of Tai Chi
interventions at improving falls outcomes for people
with PD and stroke but this intervention does not have
reviews with falls outcomes for people with MS. Another
difference was identified between conditions with re-
spect to intervention dosage. A recent review in older
adults concluded that interventions consisting of balance
training and functional exercises that involved a total
weekly dose of three or more hours were most effective
at reducing falls rate [71]. Intervention dose was not
routinely reported in included reviews but where it was,
only four interventions for people with MS and seven
for people with stroke achieved this dosage. While for-
mal statistical analyses could not be completed, the find-
ings of this review would suggest that exercise-based
interventions that involved mixed training and had a
higher intervention dose led to improvements in falls
outcomes. Therefore, future trials investigating the effi-
cacy of mixed exercise interventions of sufficient dosage
for people with MS, PD and stroke are recommended.
Falls are widely accepted as having a range of causes

and, therefore, a surprising finding of this review was the
lack of multicomponent or multifactorial interventions
that have been investigated for people with MS, PD and
stroke. The majority of interventions included in this review
were developed with the aim of targeting the physiological
falls risk factors, however, psychosocial, environmental and
behavioural factors (that are common across these condi-
tions) have also been shown to increase falls risk among in-
dividuals with these conditions. Given this broad range of
risk factors, it can be hypothesised that multifactorial or
multicomponent interventions targeting several risk factors
would be more effective at reducing falls. The National In-
stitute for Health and Care Excellence (NICE) guidelines
for the assessment and treatment of falls currently recom-
mend the use of multifactorial interventions among older
adults [30]. This recommendation is supported by a recent
systematic review that found multifactorial interventions re-
duced falls rate among older adults [73]. The nature of
multifactorial interventions, differing components based on
individual risk profiles, make them the most likely interven-
tion approach to facilitate groups with mixed neurological
conditions. Therefore, research to determine if this multi-
factorial approach is also effective for people with MS, PD
and stroke should be a priority.

There was insufficient evidence identified to make de-
finitive conclusions regarding the effectiveness of
technology-based interventions, education-based inter-
ventions, environment/assistive technologies, cueing in-
terventions, interventions to improve bone mineral
density, and models of stroke care interventions at im-
proving falls outcomes or to compare the interventions
across conditions. These interventions were regularly
only informed by one primary study. In addition, the
quality of evidence for these interventions was primarily
low to very low and so further research is warranted to
determine their true effectiveness. Given the recent shift
to remote treatment delivery, this should be a priority
for researchers.

Strengths and limitations
This umbrella review investigated the effectiveness of
non-pharmacological falls prevention interventions for
people with MS, PD and stroke and compared the simi-
larities and differences across the three conditions. A ro-
bust methodology was used including the development
of an a priori protocol, a comprehensive search strategy
of databases, grey literature and reference lists, and the
use of the AMSTAR 2 and GRADE to determine the
strength of the evidence. There were also several limita-
tions to this umbrella review. Firstly, the substantial het-
erogeneity and overall poor methodological quality of
included systematic reviews precludes firm conclusions
regarding the effectiveness of these interventions being
drawn from the current evidence base. In addition, the
language restrictions placed upon our searches may have
resulted in relevant citations being missed. However, in
an attempt to overcome this, authors of potentially rele-
vant reviews that were published in another language
were contacted to determine if an English version was
available. Finally, the authors had planned on converting
the estimates of effect presented in included reviews to
one common measure of effect, however, given that the
majority of reviews presented their results narratively,
and the variation in interventions and outcomes
assessed, this was not possible.

Implications for practice
Exercise-based interventions are effective at reducing
falls among people with PD both over the short- and
long-term. The best available evidence identified in this
umbrella review suggests that exercise-based interven-
tions can reduce falls for people with stroke but no evi-
dence of effect was identified for people with MS.
However, much of the uncertainty regarding the effect-
iveness of these interventions can be attributed to the
lack of high-quality studies informing outcomes and so a
strong theoretical rationale remains for the use of
exercise-based interventions to address modifiable
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physiological falls risk factors. There was insufficient evi-
dence available for all other intervention types to deter-
mine their effectiveness, however, it can be hypothesised
that the most effective method of reducing falls risk for
individuals with MS, PD and stroke would be through
an individualised multifactorial intervention with a core
exercise programme and additional elements to address
individual, specific needs.

Implications for research
The authors of every systematic review included in this
umbrella review recommended the development of fur-
ther high-quality primary studies investigating falls pre-
vention interventions for people with MS, PD and
stroke, and this recommendation is re-emphasised by
the authors of this umbrella review. A key limitation
across included systematic reviews was the lack of
reporting and heterogeneity of methods of falls data col-
lection, fall definitions and falls outcomes. Particularly of
note was the absence of data available across included
systematic reviews with respect to injurious falls, with
only one review reporting falls outcomes relating to
physical injury [54]. Given that a key aim of falls preven-
tion interventions is to reduce injurious falls, this data is
of particular interest to service-planners and clinicians
when deciding what programme to implement in the
community. The large variation across included reviews
prohibits cross-comparison of findings and pooling of
data. Therefore, there is need for an international stand-
ard regarding research methods and outcomes for stud-
ies investigating falls among people with PD, MS and
stroke.

Conclusions
Given the negative consequences associated with falls
for people with MS, PD and stroke, the development
and implementation of theory-based and effective falls
prevention interventions is a research priority. Exercise-
based interventions have been found to be effective at
reducing falls among people with PD, however, the evi-
dence for exercise-based interventions for people with
MS and stroke is less conclusive. In addition, conclu-
sions regarding all other intervention types could not be
drawn due to insufficient evidence. To progress research
in this field, the focus should be on the development of
high-quality trials investigating the effectiveness of falls
prevention interventions for people with MS, PD and
stroke, rather than the publication of further systematic
reviews.

Appendix
Search strategy for CINAHL
S1: TI (falls OR fall* OR “accidental fall”) OR AB (falls
OR fall* OR “accidental fall”).

S2: TI (stroke OR CVA OR cerebrovascular OR apo-
plexy OR vascular OR MS OR “multiple sclerosis” OR
demyelin* OR PD OR “parkinson’s disease” OR “parkin-
son disease” OR parkinson* OR neurol*) OR AB (stroke
OR CVA OR cerebrovascular OR apoplexy OR vascular
OR MS OR “multiple sclerosis” OR demyelin* OR PD
OR “parkinson’s disease” OR “parkinson disease” OR
parkinson* OR neurol*).
S3: (TI stroke OR CVA OR cerebrovascular OR apo-

plexy OR vascular OR MS OR “multiple sclerosis” OR
demyelin* OR PD OR “parkinson’s disease” OR “parkin-
son disease” OR parkinson* OR neurol* OR AB stroke
OR CVA OR cerebrovascular OR apoplexy OR vascular
OR MS OR “multiple sclerosis” OR demyelin* OR PD
OR “parkinson’s disease” OR “parkinson disease” OR
parkinson* OR neurol*) AND (S1 AND S2).
S4: TI (intervention OR prevention OR rehabilitation

OR treatment OR therap*) OR AB (intervention OR pre-
vention OR rehabilitation OR treatment OR therap*).
S5: (TI intervention OR prevention OR rehabilitation

OR treatment OR therap* OR AB intervention OR pre-
vention OR rehabilitation OR treatment OR therap*)
AND (S3 AND S4).
S6: TI (systematic OR review OR “meta-analysis”) OR

AB (systematic OR review OR “meta-analysis”).
S7: (TI systematic OR review OR “meta-analysis” OR

AB systematic OR review OR “meta-analysis”) AND (S5
AND S6)
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