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Objectives: To examine the association between 
falls and fear of falling in people with stroke and 
to evaluate the differences between patients with 
acute stroke and those with chronic stroke with 
regard to any such association.
Methods: Articles were searched in Medline, CINAHL, 
AMED, Embase, PsycINFO, Cochrane Library of 
Reviews and PEDro from inception until March 2023. 
Experimental, observational or explorative studies 
investigating the association between fear of fal-
ling and falls in people with stroke were included. 
Articles were screened by 2 independent reviewers. 
Data were extracted by an independent reviewer.
Results: A total of 26 reports were included in this 
review (n = 2863). Fear of falling, assessed by a 
single-question survey, was significantly asso-
ciated with falls (relative risk = 1.44; 95% confi-
dence interval (95% CI) = 1.22, 1.70; I2 = 0%) in 
people with acute stroke. Significant mean diffe-
rences in fear of falling, based on the Falls Efficacy 
Scale (mean difference = 12.80; 95% CI = 1.81, 
23.78; I² = 28%) and Activities-specific Balance 
Confidence Scale (mean difference = –9.99; 95% 
CI = –15.36, –4.62; I² = 57%), were also repor-
ted between fallers and non-fallers in people with 
chronic stroke. 
Conclusion: A small, but significant, association 
exists between falls and fear of falling in both acute 
and chronic stroke patients.

LAY ABSTRACT
Falls are common in people with stroke and often lead 
to serious injuries, such as fractures and hospital admis-
sion. Fear of falling has been identified as a risk factor 
for falls in older adults. However, the association bet-
ween fear of falling and falls has not been thoroughly 
investigated. This systematic review included 26 studies 
with 2863 people with stroke. Our analysis showed that 
there is a small and significant association between fear 
of falling and falls in stroke patients. A single-question 
survey on fear of falling can be used to predict falls in 
people with acute stroke. The Falls Efficacy Scale and 
Activities-specific Balance Confidence Scale can be used 
to identify fallers in people with chronic stroke. Fear 
of falling should be addressed in falls prevention and 
management in people with stroke.
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Stroke is one of the most common neurological 
conditions, with a prevalence of 101 million 

worldwide reported in 2019 (1). Stroke was the se-
cond leading cause of mortality globally and the third 
leading cause of combined death and disability in 2019 
(1). In Hong Kong, the incidence of stroke was 314.4 
per 100,000 in 2007 (2).

Falls are a frequent complication for people with 
stroke (3). In a prospective study of approximately 500 

patients, 22% of the patients with stroke experienced 
falls (4). In the acute stage, the falls incidence for 
people with stroke has been reported to be 2.2–4.9 
falls per person-year and 1.3–6.5 falls per person-year 
during the inpatient rehabilitation period, while the rate 
of falls among healthy older adults is 0.65 falls per 
person-year (3). This rate is 1.4–5.0 falls per person-
year for community-dwelling stroke survivors (3). A 
fall may lead to fall-related injuries, such as bruises and 
fractures, which, in turn, lead to increased dependency 
of the individuals with stroke in the long term (5). This 
places a large burden on the individuals, their carers, 
and the healthcare system (1, 3, 6).

Exploring factors related to falls risk, in order to pre-
dict future falls for people with stroke, is necessary so 
that specific interventions can be put in place for falls 
prevention (3, 7, 8). Reduced balance, gait abnorma-
lities, motor impairment and history of previous falls 
have been identified as significant predictors for future 
falls for people with stroke (3, 5–7, 9, 19). Non-motor 
factors, such as depression and cognitive impairment, 
are also associated with future falls for this population 
group (3, 7).

Fear of falling (FoF) is an interesting potential falls 
risk factor, in that it might be a cause and an outcome 
of falls in people with stroke (3, 5, 11). Close to 90% 
of people with stroke developed a FoF after a fall (12). 
This FoF will lead to restriction of physical activities, 
in the hope of reducing the chance of falls (6). This 
will then cause reduction in physical activity and, 
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hence, physical deconditioning, in people with stroke 
(3). These factors are themselves risk factors for falls 
(7, 8). Fig. 1 summarizes the interaction between falls 
and FoF (3).

Although FoF has been identified as a risk factor 
for falls among community-dwelling older adults 
(11), its association in people with stroke has not been 
thoroughly investigated using a systematic approach. 
In a recent systematic review, using FoF as an indepen-
dent variable, past falls history has been identified as 
one of the significant predictors for FoF in people with 
stroke, but the main shortfall of this review is that it 
does not consider the overall grade of evidence of the 
included studies (13). Hence, the current review took a 
more rigorous approach, using falls as an independent 
variable to explore the following research questions:
• Is there is an association between falls and FoF in 

people with stroke?
• If this association exists, is there any difference 

between people with stroke at the acute and chronic 
stages?

METHODS

Identification and selection of studies 

Systematic searches were conducted in Medline, CINAHL, 
AMED, Embase, PsycINFO, Cochrane Library of Reviews 
and PEDro from database inception until early March 2023 
by the first author (TWP). These databases were chosen due to 
their relevance to stroke management. The search terms were 
constructed under the themes of “stroke”’ and “FoF”, used as a 
keyword search if supported in the database, and/or as a wildcard 
search, and then were finally combined. Cerebral infarction, in-
tracranial embolism and thrombosis, intracranial arteriovenous 
malformations and cerebrovascular disorders were used under 
the theme of stroke. Balance confidence, FoF and fall-related 
self-efficacy were used under the theme of FoF (Table SI shows 

the search strategy for the Medline database). The reference 
lists of key papers and relevant systematic reviews were also 
searched for citation tracking and by hand. 

In this systematic review, a fall was defined as an event when 
there is a displacement of the body to a level of knee height or 
lower through an uncontrolled, involuntary action (14). FoF is 
commonly assessed by either directly asking the participants if 
they were afraid of falling or the confidence level of a person 
in performing common daily activities without falling as an 
operationalization of the FoF (15). The latter is frequently tested 
using Falls Efficacy Scale (FES) (16) or Activities-specific 
Balance Confidence Scale (ABC) (17). Furthermore, the acute 
stage of stroke was defined as less than 3 months post-stroke 
and the chronic stage as 6 months post-stroke. The timelines 
for these stages are commonly accepted in clinical settings (18).

The inclusion criteria for the current review were: (i) expe-
rimental, observational or explorative studies; (ii) the study 
participants had a confirmed diagnosis of stroke; (iii) current 
or historical FoF of the study participants were explicitly asses-
sed by a self- or clinician-rated symptom-rating scale or other 
quantitative measure; (iv) the participants were older than 18 
years of age; (v) the participants were divided into 2 groups: 
those who had fallen at least once and those who had not fallen; 
and (vi) the studies were published in English language peer-
reviewed journals. The exclusion criteria were: (i) protocols, 
conference proceedings and expert opinions (if a protocol 
was found, citation tracking would be performed if the study 
was completed and published); (ii) studies of mixed groups of 
people with neurological conditions, but relevant data, would 
be included if the results for participants with stroke could be 
separated; and (iii) full text was not retrievable.

After removing duplicates, the titles and abstracts were 
screened by 2 independent reviewers (first author, TWP and 
a research colleague, WS) and followed by full-text reading 
for any queries. Discrepancies between the 2 reviewers were 
discussed. Unresolved discrepancies were discussed with a 
third reviewer (MM).

Data extraction

The following data were extracted from all included studies: 
authors, year of publication, study design, study sample size, 
and participants’ characteristics including age, mean duration 
post-stroke, percentage of males, number of participants clas-
sified as fallers or non-fallers, and outcome measure(s) used 
for measuring falls and FoF. Data extraction was carried out 
by the first author (TWP). 

The outcome of interest (independent variable) was falls in 
people with stroke in association with FoF (dependent variable) 
expressed as an odds ratio (OR) or relative risk ratio (RR). If 
sufficient data were available and had not been already reported 
in the original study, descriptive and test statistics showing the 
association between falls and FoF were converted to an OR or 
RR with 95% CI. 

Data synthesis

A meta-analysis was performed using Review Manager 5.4.1 
(19) if sufficient data were available from the included studies 
according to various outcome measures of the FoF. From each 
study included in the meta-analysis, quantitative data regarding 
the associations between the FoF and the outcome of falls or 
no falls were extracted and/or calculated based on the raw data 
available in the publications. No attempt was made to contact the 
authors for any clarification of the results of the included studies. 

Fig. 1. Interaction of falls and fear of falling in people with stroke.
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A more robust random-effects model was used to estimate the 
overall effect size, as heterogeneity was expected among the 
included studies with the significance level set at p < 0.05. The 
Q statistic or χ2 and the I2 statistic were used to examine the he-
terogeneity of the effect sizes. Sensitivity analyses of the pooled 
results were performed based on participant subgroups, i.e. acute 
and chronic stroke (20), methodological quality, i.e. random 
vs fixed effect models, and quality of individual studies (21).

Assessment of characteristics of studies

The Scottish Intercollegiate Guidelines Network (SIGN) metho-
dology checklists for cohort studies and case-control studies (22) 
were used to assess the quality of the included studies indepen-
dently by the 2 reviewers (TWP and WS) (Table SII). Fourteen 
questions are used to assess the risk of bias and confounding, 
with the final grade of the study rated either “high quality” or 
“acceptable” or “unacceptable” (22). The reviewers were not 
blinded to the authors of the included studies, and all the inclu-
ded studies were graded. Any disagreement regarding the SIGN 
grades was resolved with consensus and opinions to be sought 
from the third reviewer (MM) if unresolved. It was arbitrarily 
determined that studies that yielded less than 7 positive answers 
( < 50%) to the 14 questions would have “unacceptable” study 
quality, ≥ 7 to 10 positive answers (50% to 70%) as “acceptable” 
quality and ≥ 10 (≥ 70%) as “high quality”.

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) system was used to rate the 
quality of overall evidence (23). The quality of the body of 
evidence based on the included studies was classified as high, 
moderate, low or very low quality (23). The rating of the level 
of evidence begins as high quality for randomized controlled 
trials (RCTs) and low quality for observational studies. The 
quality of the evidence is rated down according to the 
recommended 5 criteria (23) (Table SIII). The level of 
evidence could be rated up based on 3 criteria: large study 
effect, dose-response gradient and plausible confounding 
factors (24–29).

RESULTS

Flow of studies through the review
The search yielded 2,835 studies, of which 46 
were relevant (Fig. 2). One publication (30) was 
added from the reference list of a related syste-
matic review (31). Full texts of these 47 articles 
were screened and another 19 articles were further 
removed. Among the remaining 28 publications, 
some research studies generated more than 1 
publication. After considering whether new data 
was added in new publications of the same studies, 
26 reports (5, 30, 32–55), based on 23 research 
studies, were included in the current review (see 
Fig. 2 for details). 

Characteristics of studies
Table I shows the characteristics of the study 
settings, study participants and the numbers of 
reported fallers in each study. Most of the stu-
dies were conducted in a non-acute setting. Ten 

studies (5, 30, 33, 37, 38, 40, 43, 45, 54, 55) reported 
longitudinal data on the study participants, with a 
follow-up duration that varied from 1 week up to 12 
months post-baseline. All except 1 study (48) reported 
the proportion of fallers (mean = 40%, range 13–75%).

All, except 1 RCT (30), were observational cohort 
studies (Table II). Over half of the 26 studies (n = 15) 
used falls recall by the participants as the outcome 
measure of their falls records, and another 8 studies 
(30, 40, 43, 45, 47, 50–52) used phone follow-ups or 
visits in addition to the falls recall. Four studies (36, 
47, 50, 53) used the falls data from the medical records 
of the participants (Table II). The outcome measures 
used to assess the FoF were a single-question survey 
using a dichotomous yes or no answer (i.e. whether 
the participants were afraid of falling) (n = 6 studies) 
(5, 34, 47, 50–52), FES and its various versions (n = 9 
reports) (32–34, 38, 40, 41, 45, 51, 55) and ABC and 
its various translations (n = 12 studies) (30, 35, 37, 39, 
43–46, 48–50, 54). Two studies did not indicate how 
the FoF was assessed (36, 42). Four studies (34, 44, 
45, 50) used more than 1 outcome measure for the 
FoF (Table II).

The findings between the FoF and falls for all the 
included studies are summarized in Table II. Ten 
studies showed statistically significant higher OR in 
falls if the FoF was present (33, 34, 40) and significant 
higher FoF score in the fallers than non-fallers (30, 

Records identified from: 
AMED (n = 116) 
CINAHL (n = 966) 
EMBASE (n = 640) 
MEDLINE (n = 870) 
PsycINFO (n = 243) 
Cochrane library (n = 0) 
PEDro (n = 0) 

Duplicate records removed (n = 402)  

Records screened (n = 2,433) Records excluded (n = 2,387) 

Reports sought for retrieval 
(n = 46) 

Related report added from reference list of a 
related systematic review (n = 1) 

Reports assessed for eligibility 
(n = 47) 

Reports excluded: 
Systematic reviews (n = 3) 
Qualitative data only (n = 1) 
No separate date on fallers and non-fallers 
(n = 12) 
No separate data on stroke patients (n = 2) 
Fear of falling as outcome/ independent 
variable (n = 1) 

Studies included in review (n = 23) 
Reports included in review (n = 26) 
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Reported included (n = 28)
 Reports shared same study cohort and same  

dataset and treated as 1 entity (n = 1) (Takatori 
 et al, 2009a (53) and Takatori et al, 2009b (58)) 
Reports shared same study cohort and no 
added data from the recent report and treated 
as 1 entity (n = 1) (Schmid et al, 2009 (51) and   
Schmid et al, 2009 (57)) 
Studies shared same cohort but different datasets  
and treated as 2 entities (n = 3) (Belgen 
 

et al,
2006 (34) and Beninato et al, 2009 (35); Persson  

 et al, 2018 (47) Samuelsson et al, 2019 (5); Tilson  
 et al, 2012 (30) and Liphart et al, 2016 (43))

Fig. 2. Flow diagram of included studies.
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Table I. Included study characteristics

Study Study aims
Sample size/
males (%)

Mean age 
(SD, years)

Mean duration 
post-stroke (SD, 
months) Follow-up 

First/
recurrent 
fallers

Proportion 
of all 
fallers

Akosile et al. 
2011 (32) 

To investigate relationship between fall, fall risk, FoF and 
physical functioning in stroke survivors 

26/17 (65) 55.6 (9.9) 15.0 (19.2) NA 1/4 19%

Andersson et al. 
2008 (33) 

To investigate relationship between FoF and functional 
abilities in stroke survivors 

140/78 (56) Median = 75, 
range 35–94

NA Half up to 6 
months, half up 
to 12 months

Total 
fallers = 58

41%

Belgen et al. 
2006b (34) 

To determine the relationship between capacity-based and 
self-efficacy measures to fall history and the predictors for 
falls in stroke survivors

50/31 (62) 59.9 (11.9) 62.2 (62.1) NA 9/11 40%

Beninato et al. 
2009b(35) 

To determine the relationship between clinical outcome 
measures and falls in stroke survivors

27/15 (56) 57.2 (12.4) Median = 34, range 
11–312 

NA 13/9 67%

Bugdayci et al. 
2011 (36) 

To determine the differences in features of falls and 
functional outcome measures between fallers and non-
fallers in sub-acute stroke patients

99/42 (42) 62.0 (11.8) 5.2 (2.3) NA 17/0 17%

Forsberg et al. 
2013 (37) 

To examine the reliability and validity of the Swedish 
version of ABC scale in stroke survivors

67/42 (63) 68.1 (11.2) 55.2 (66.0)a 1 week 13/6 28%

Goh et al. 2016 
(38) 

To compare the fall history and to evaluate the 
relationships between falls factors and FoF between older 
adults with and without stroke

75/49 (65) 66.6 (6.9) 39.4 (48.0) 1 month 14/9 31%

Handelzalts et al. 
2020 (39) 

To investigate if clinical measures of proactive balance 
could differentiate between fallers and non-fallers and to 
investigate the relationship between reactive and proactive 
balance abilities in sub-acute stroke patients

48/38 (79) 60.8 (8.6) 1.6 (0.7)a NA Total 
fallers = 36

75%

Jalayondeja et al. 
2014 (40) 

To determine if the assessment findings at first month 
could predict fallers in the 6 months post-stroke and to 
describe the characteristics of fallers and non-fallers in 
stroke survivors

97/59 (62) 61.9 (11.1) NA but data 
collections at 
3- and 6-months 
post-stroke

6 months 12/13 26%

Kongwattanakul 
et al. 2020 (41) 

To use structural equation model of clinical outcomes to 
predict falls in stroke survivors

236/153 (65) 62.5 (10.3) 38.5 (61.1)a NA Total 
fallers = 88

37%

Lim et al. 2012 
(42) 

To investigate falls incidence and risk factors for falls in 
stroke survivors

330/177 (54) 67.9 (13.4) 20.8 (8.0)a NA Total 
fallers = 62

19%

Liphart et al. 
2016c (43) 

Secondary analysis of RCT (30) to assess the discordance 
between perceived and measured balance and to examine 
the impact on walking speed and falls in stroke survivors

352/196 (56) 61.6 (12.7) 2.1 (0.4)a at 
randomization and 
data collections at 
2 months and 12 
months post-stroke

12 months 84/127 60%

Liu et al. 2015 
(44) 

To examine if walking endurance, subjective balance 
confidence and fear avoidance behaviour were predictors 
to community reintegration in stroke survivors

57/40 (70) 61.1 (6.7) 97.7 (52.1)a NA Total 
fallers = 12

21%

Pal et al. 2005 
(45) 

To investigate concurrent and construct validity and 
the test-retest reliability of ABC scale and FES in stroke 
survivors

24/14 (58) 75.7 (6.5) 84 (98.8) 5 months 6/7 54%

Pang & Eng 2008 
(46)

To investigate if fall-related self-efficacy could predict 
balance, mobility, and falls in stroke survivors with low 
bone mass.

39/21 (54) 66.7 (9.1) 6.5 (5.7) NA 12/5 44%

Persson et al. 
2018d (47) 

To examine if different baseline characteristics were 
associated with falling during hospitalization in acute stroke 
patients

504/253 (50) Median = 77, 
IQR 67–84.8

0.1 (0.2)a NA 52/13 13%

Portnoy et al. 
2017 (48) 

To assess if clinical measures of balance and centre of 
pressure movement during standing, sit-to-stand and 
functional reaching were correlated with subjective balance 
confidence and falls incidence in stroke survivors when 
compared with healthy young and older controls

21/13 (62) 61.4 (10.1) 17.0 (10.2) NA Not 
provided 

Not 
provided 

Sahin et al. 2019 
(49) 

To examine specificity and sensitivity of Balance Evaluation 
Systems Test in determining the falls risk in stroke 
survivors

50/30 (60) 58.5 (17.7) 31.4 (49.8)a NA Total 
fallers = 26

52%

Samuelsson et al. 
2019d (5) 

Follow-up study (47) to investigate if factors present 
shortly after stroke were associated with falls over the first 
12 months post-stroke in stroke survivors

348/179 (51) 75.6 (11.1) Data collections at 
12 months post-
stroke

12 months Total 
fallers = 140

40%

Schinkel-Ivy 
et al. 2016 (50) 

To investigate if variables in quiet standing balance, gait, 
and reactive stepping were different and if these variables 
related to balance confidence between individuals with 
and without FoF in acute stroke patients based on medical 
record data

208/113 (54) 66.6 (12.9) 0.6 (0.6)a NA Total 
fallers = 99

48%

Schmid et al. 
2009e (51) 

To examine FoF incidence and if this immediate post-
stroke FoF were correlated to quality of life, occupational 
performance, psychological and cognitive measures in 
acute stroke patients

28/18 (64) 59.0 (10.0) 0.2 (0.1)a NA Total 
fallers = 8

29%

Schmid et al. 
2015 (52)

To investigate the FoF prevalence and compare balance, 
anxiety, depression, activity and participation and stroke 
severity in people with and without FoF in stroke survivors

77/58 (75) 64.1 (8.8) 53.1 (44.3) NA Total 
fallers = 56

73%

Takatori et al. 
2009af (53) 

To assess the discordance between perceived postural 
limits and falls and if this relation could predict people of 
high falls risk in sub-acute stroke patients

76/45 (59) 68.7 (12.0) 6.1 (4.7) NA 16/21 49%

Tilson et al. 
2012c (30) 

RCT to investigate falls incidence and if clinical outcomes 
at 2 months post-stroke could predict falls at 12 months 
post-stroke in stroke survivors randomized to either 
2 walking programmes or 1 strength training home 
programme 

408/224 (55) 62.0 (12.7) 2.1 (0.4)a at 
randomization and 
data collections at 
2 months and 12 
months post-stroke

12 months 88/147 58%

Tsang & Pang 
2020 (54) 

To investigate predictive validity of different single-task 
and dual-task walking tests for falls in stroke survivors

91/64 (70) 62.7 (8.3) 105.6 (63.6)a 12 months 14/15 32%

Wei et al. 2017 
(55) 

To develop a prediction model for falls using a 
multidimensional physical assessments and psychological 
evaluation in stroke patients

112/60 (54) 69.6 (10.3) NA 6 months Total 
faller = 37

33%

aRe-calculated based on available data from studies. bShared same study cohort but reported different data and hence treated as 2 entities. cShared same study cohort but 
reported different data and hence treated as 2 entities. dShared same study cohort but reported different data and hence treated as 2 entities. eSchmid 2009 (51) and Schmid 
2011 (57) shared same study cohort without extra data added from Schmid 2011 (57) and hence treated as 1 entity (Schmid 2009 (51)). fTakatori 2009a (53) and Takatori 
2009b (58) with overlapped datasets and treated as 1 entity (Takatori 2009a (53)).
ABC: Activities-specific Balance Confidence; FES: Falls Efficacy Scale; FoF: fear of falling; NA: not available; RCT: randomized controlled trial; SD: standard deviation.
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Table II. Measurements and findings of falls and fear of falling in included studies

Study Study design Measurement of falls
Measurement of fear 
of falling Findings on falls and fear of falling

Akosile et al. 2011 (32) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in past 6 
months

Falls Efficacy Scale Swedish 
version

Spearman correlation r = –0.27 (p = 0.18) 
in all fallers. Fearful and no fear defined by 
scoring below or above 8.

Andersson et al. 2008 (33) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in the last 6 or 
12 months

Falls Efficacy Scale Swedish 
version

All fallers-
Univariate analysis OR = 5.1 (95% CI 
2.4–10.6). Multivariate analysis OR = 5.0 
(95% CI 1.6–15.7) when compared 
between low and high self-efficacy score 
(defined as scored below and above group 
median respectively)
Significantly more fallers scored low fall-
related self-efficacy (χ2 = 19.9, p < 0.001)

Belgen et al. 2006b (34) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in past 6 
months

Asking if the participants 
were afraid of falling (yes, 
no) and to rank fear of 
falling on a 10-point ordinal 
scale of 1 (no fear) to 10 
(the worst fear you can 
imagine) 

All fallers-
2.4 times (95% CI 1.1–4.9) more likely to 
be afraid of falling 
Multiple fallers-
5.6 times (SD 1.3–23) more likely to be 
afraid of falling

Falls Efficacy Scale Swedish 
version (FES-S)g

All fallers- 
Significant difference in FES-S between 
non-fallers (20.9, SD 9.2) vs first time and 
multiple fallers (28.0, SD 14.8) (p = 0.04)
FES-S = 17.5 best differentiated fallers 
from non-fallers with sensitivity  =  0.90, 
specificity = 0.53 and AUC = 0.71

Beninato et al. 2009b (35) Prospective observational 
single-cohort study with 
retrospective falls datah

Falls recall in past 6 
months

Activities-specific Balance 
Confidence Scale (ABC)

Multiple fallers scored significantly lower in 
ABC than non-faller/1 fall (p < 0.001)
ABC = 81.1 to predict multiple falls with 
sensitivity = 1.00, specificity = 0.72, 
AUC = 0.92 (SD 0.82–1.02), LR + = 3,60 
(SD 1.71–7.57) and LR– = 0

Bugdayci et al. 2011 (36) Prospective observational 
single-cohort study

Current medical records Not provided Spearman correlation r = 0.14 (p = 0.16) 
in all fallersa

Forsberg et al. 2013 (37) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in past 3 
months

Activities-specific Balance 
Confidence scale Swedish 
version (ABC-S)

Mann–Whitney U test showed no 
significant difference in ABC-S score 
between fallers (n = 48, median = 42 IQR 
34–65) and non-fallers (median = 58, IQR 
38–72) (p = 0.13)

Goh et al. 2016 (38) Prospective observational 
cohort study with 
retrospective falls data 
and control grouph

Falls recall in past 12 
months

Falls Efficacy Scale- 
International (FES-I)

Unadjusted OR = 0.99 (95% CI 0.27–3.63) 
(p = 0.99) when compared fallers and non-
fallers who both scored over FES-I cut-off 
point = 27

Handelzalts et al. 2020 (39) Prospective observational 
single-cohort study

When the participant fell 
into and supported by the 
supportive harness

Activities-specific Balance 
Confidence Scale

One-way ANOVA showed no significant 
difference among the 3 groups of fallers 
and non-fallers (p = 0.125)

Jalayondeja et al. 2014 (40) Prospective observational 
single-cohort study

Phone calls every 2 weeks 
from research assistants 
and falls diary by patients 
prospectively from 1 month 
to 6 months post-stroke

Fall Efficacy Scale (FES) Significant difference in FES between 
fallers (66.3 SD 36.6 at 1 month, 56.6 
SD 34.3 at 3 months, 46.2, SD 31.1 at 
8 months) and non-fallers (49.3, SD 36.9 
at 1 month, 33.6, SD 32.1 at 3 months, 
30.3, SD 30.8 at 6 months) (p < 0.05)
Adjusted OR = 4.1 (95% CI 1.19–14.07) 
(p < 0.05) to predict fallers at 6 months 
post-stroke with FES cut-off point ≥ 33 at 
3 to 6 months post-stroke

Kongwattanakul et al. 2020 
(41) 

Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in past 6 
months

Fall Efficacy Scale (FES) Significant difference in FES between 
fallers (68.5 SD 50.8) and non-fallers 
(38.5 SD 43.8) (p < 0.0001)

Lim et al. 2012 (42) Prospective observational 
single-cohort study

Falls recall since stroke 
onset until phone interview

Not provided χ2 test showed > 50% of fallers had FoF 
and 25% of non-fallers had FoF (p < 0.001, 
no raw data given)

Liphart et al. 2016c (43) Prospective observational 
single-cohort study

Monthly falls calendar 
prospectively with phone 
follow-ups up to 12 months 
post-baseline

Activities-specific Balance 
Confidence Scale (ABC)

Post-hoc pairwise comparisons after χ2 
showed those with low ABC (≤ 66) and 
BBS (≤ 42) scores fell significantly more 
than those with low ABC score but high 
BBS (> 42) scores (p = 0.0001)

Liu et al. 2015 (44) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in the past 6 
months

Survey of Activities and 
Fear of Falling in the Elderly 
Chinese version (SAFE-C)

No significant difference in SAFE-C 
between fallers (20.58 SD 18.19) and 
non-fallers (10.58 SD 10.03) (p = 0.090)

Activities-specific Balance 
Confidence Scale Chinese 
version (ABC-C)

No significant difference in ABC-C between 
fallers (73.02 SD 16.91) and non-fallers 
(74.25 SD 16.80) (p = 0.823)

Pal et al. 2005 (45) Prospective observational 
single-cohort study

Falls diary by patients 
and fortnightly phone call 
follow-ups prospectively 5 
months post-baseline

Fall Efficacy Scale (FES) Spearman’s correlation r = –0.024 
(p = 0.910) between FES and number of 
falls

Activities-specific Balance 
Confidence Scale (ABC)

Spearman’s correlation r = 0.014 
(p = 0.948) between ABC and number of 
falls

(Continued)
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Table II. (Continued) Measurements and findings of falls and fear of falling in included studies

Study Study design Measurement of falls
Measurement of fear of 
falling Findings on falls and fear of falling

Pang & Eng 2008 (46) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in the past 12 
months

Activities-specific Balance 
Confidence Scale (ABC)

Adjusted OR = 0.18 (95% CI 0.04–0.97) 
(p = 0.04) when compared with those 
below (≤ 80) and above (> 80) cut-off 
ABC score
Trend of significance for higher ABC score 
in non-fallers (76.7 SD 16.6) than fallers 
(67.2 SD 17.1) (p = 0.084)

Persson et al. 2018d (47) Prospective observational 
single-cohort study

Falls register by hospital 
staff and with retrospective 
audit if deviations found 
between reported numbers 
and medical records

Asking if the participants 
were afraid of falling (yes, 
no)

Univariate analysis Hazard ratio = 1.93 
(95% CI 1.06 –3.52) (p = 0.031) but 
insignificant in multivariate analysis 
Hazard ratio

Portnoy et al. 2017 (48) Prospective observational 
singel cohort study with 
control groups

Falls recall since stroke 
onset

Activities-specific Balance 
Confidence Scale (ABC)

No significant correlation between ABC 
score (52.4 SD 24.5) and number of falls 
(2.2 SD 2.1) (p = 0.866)

Sahin et al. 2019 (49) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall in the past 12 
months

Activities-specific Balance 
Confidence Scale (ABC)

Significant difference in ABC between 
fallers (median 39.69 IQR 20.46–55.00) 
and non-fallers (68.44, IQR 51.87–78.12) 
(p = 0.001)
ABC ≥ 55.31 predicted fallers with 
sensitivity = 0.750, specificity = 0.808, 
AUC = 0.786 (95% CI 0.657–0.916), 
LR+ = 3.23 (95% CI 2.4–4.4) and 
LR– = 0.26 (95% CI 0.09–0.70)

Samuelsson et al. 2019d (5) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall prospectively 
by self-reported answer in 
standardized questionnaire 
at 6 and 12 months post-
stroke

Asking if the participants 
were afraid of falling (yes, 
no)

Univariate OR = 2.49 (95% CI 1.51–3.80) 
(p = 0.0002) but non-significant in 
multivariate analysis

Schinkel-Ivy et al. 2016 (50) Retrospective 
observational single-
cohort study

Past falls record in hospital Asking if the participants 
were afraid of falling (yes, 
no)

χ2 test showed no significant correlation 
between falls history and FoF (p = 0.089)

Activities-specific Balance 
Confidence Scale (ABC)

Independent t-test (n = 134) showed 
significant difference in ABC score between 
fear group (50.3 95% CI 44.4, 56.2) and 
non-fear group (71.9 95% CI 66.7, 77.1) 
(p < 0.001)

Schmid et al. 2009 (51)e Prospective observational 
single-cohort study with 
retrospective falls data

Falls recalls before stroke, 
during stroke and during 
hospital stay after stroke

Asking if the participants 
were afraid of falling (yes, 
no)

No significant difference in numbers of 
self-reported falls since stroke between 
those reporting FoF or no FoF (5/15 
reporting FoF vs 3/13 no FoF, p = 0.431)

Falls Efficacy Scale Swedish 
version (FES-S)

Significant difference in FES-S scores 
between those with (28.57 SD 6.25) and 
without FoF (35.58 SD 10.54) (p = 0.034)

Schmid et al. 2015 (52) Prospective observational 
single-cohort study with 
retrospective falls data

Falls recall post-stroke Asking if the participants 
were afraid of falling (yes, 
no)

χ2 test showed no significant correlation 
between FoF and falls history (p = 0.623)
χ2 test showed no significant correlation 
between FoF and repeated falls (p = 0.214)

Takatori et al. 2009af (53) Prospective observational 
single-cohort study with 
retrospective falls data

Falls record in hospital in 
the past 5 months

Visual analogue scale (line 
of 10 cm long) from “not at 
all afraid” to “unbearably 
fearful”. Participants marked 
the line to record FoF 
during a maximum forward 
reaching movement.

Independent t-test showed no significant 
difference in FoF between zero/single 
fallers (2.9 SD 3.2) and multiple fallers 
(3.5 SD 2.9) (p > 0.05)

Tilson et al. 2012c (30) Randomized controlled 
trial 

Monthly falls calendar 
prospectively with phone 
follow-ups for 12 months 
post-baseline

Activities-specific Balance 
Confidence Scale (ABC)

ANOVA showed significantly lower ABC 
score in recurrent/injurious fallers (40.0 
SD 22.5) compared with non-fallers (49.8 
SD 23.8) and first/non-injurious fallers 
(44.2 SD 24.9) (p < 0.01)

Tsang & Pang 2020 (54) Prospective observational 
single-cohort study

Falls recall prospectively 
with monthly phone call 
follow-ups for 12 months 
post-baseline

Activities-specific Balance 
Confidence Scale Chinese 
version (ABC-C)

Significant difference in ABC-C score in 
fallers (67.0 SD 14.3) and non-fallers 
(75.2 SD 14.2) (p = 0.010)
Adjusted OR = 0.961 (95% CI 0.920–
1.004) (p = 0.073) in multivariate analysis

Wei et al. 2017 (55) Prospective observational 
single-cohort study

Falls recall prospectively 
for 6 months post-baseline 
with additional research 
personnel visits at 4, 12 
and 24 weeks post-
baseline.

Modified Fall Efficacy Scale 
(mFES)

Significant difference in mFES in fallers 
(74.9 SD 31.3) and non-fallers (108.5 SD 
29.0) (p < 0.001)

aCalculated based on raw data provided from the study. bShared same study cohort but reported different data and hence treated as 2 entities. cShared same 
study cohort but reported different data and hence treated as 2 entities. dShared same study cohort but reported different data and hence treated as 2 entities. 
eSchmid 2009 (51) and Schmid 2011 (57) shared same study cohort without extra data added from Schmid 2011 (57) and hence treated as 1 entity (Schmid 
2009 (51)). fTakatori 2009a (53) and Takatori 2009b (58) with overlapped datasets and hence treated with 1 entity (Takatori 2009a (53)). gSuspected using Falls 
Efficacy Scale instead of Falls Efficacy Scale-Swedish version based on the definitions of scoring stated in the main text and the results of the fallers and non-faller. 
hAccording to the definitions of the SIGN list, these studies should be cohort studies instead of case-control study.
ANOVA: analysis of variance; AUC: an area under the curve; BBS: Berg Balance Scale; 95% CI: 95% conference interval; FoF: fear of falling; IQR: intraquartile 
range; LR+: positive likelihood ratio; LR–: negative likelihood ratio; OR: odds ratio; RR: relative risk ratio; SD: standard deviation.
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33–35, 40–43, 49, 55). In contrast, 10 studies showed 
no statistically significant correlation between the FoF 
and falls (32, 36–38, 45, 48, 52) and no difference in 
the FoF score between the fallers and non-fallers (39, 
44, 53). Six studies showed mixed significant and non-
significant correlations between the FoF and falls in 
their data analyses (5, 46, 47, 50, 51, 54).

Quality of included studies and evidence

The SIGN grades of the 26 studies are listed in 
Table III. Twenty-three studies (5, 30, 33–35, 37–52, 
54, 55) are graded with “acceptable” study quality 

and 3 (32, 36, 53) with “unacceptable” quality. The 
quality of evidence according to the GRADE is listed 
in Table IV. The quality of evidence ranged from low 
to very low.

Association between FoF and falls assessed using a 
single-question survey

Seven studies including 1,300 participants (5, 34, 36, 
47, 50–52) with methodological quality ranging from 
unacceptable to acceptable showed a significant as-
sociation between FoF and falls with an overall RR of 
1.31 (95% CI 1.14–1.51, Z = 3.77, p = 0.0002; I² = 35%) 

Table III. Quality assessment of included cohort studies using Scottish Intercollegiate Guidelines Network (SIGN) 

Study 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.10 1.11 1.12 1.13 1.14 Final grade

Akosile et al. 2011 
(32) 

Yes Doesn’t 
apply

No No 100% Doesn’t 
apply

Yes Doesn’t 
apply

Can’t 
say

Yes Yes No Can’t 
say

No Unacceptable

Andersson et al. 
2008 (33) 

Yes Doesn’t 
apply

Yes No 100% Doesn’t 
apply

Yes No Yes Yes Yes No No Yes Acceptable

Belgen et al. 2006a 
(34) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes Yes Yes Yes Yes No Yes Yes Acceptable

Beninato et al. 
2009a (35) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes Can’t 
say

Yes Yes Yes No Yes Yes Acceptable

Bugdayci et al. 
2011 (36) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Can’t 
say

Can’t 
say

Yes Can’t 
say

Yes No Yes Yes Unacceptable

Forsberg et al. 2013 
(37) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 98.5% Doesn’t 
apply

Yes No Yes Yes Yes Yes Yes Yes Acceptable

Goh et al. 2016 (38) Yes Yes No No 100% Doesn’t 
apply

Yes Can’t 
say

Yes Yes Yes No Yes Yes Acceptable

Handelzalts et al. 
2020 (39) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Jalayondeja et al. 
2014 (40) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 73% Doesn’t 
apply

Yes No Yes Yes Yes Yes Yes Yes Acceptable

Kongwattanakul et 
al. 2020 (41) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes Yes Yes Yes Yes No Yes Yes Acceptable

Lim et al. 2012 (42) Yes Doesn’t 
apply

Doesn’t 
apply

No 82% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Liphart et al. 2016b 
(43) 

Yes Doesn’t 
apply

No No 86% Doesn’t 
apply

Yes Yes Yes Yes Yes Yes No Yes Acceptable

Liu et al. 2015 (44) Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Pal et al. 2005 (45) Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes Yes No Yes Acceptable

Pang & Eng 2008 
(46)

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Persson et al. 2018c 
(47) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Portnoy et al. 2017 
(48) 

Yes Yes No No 100% Doesn’t 
apply

Yes No No Yes Yes No No Yes Acceptable

Sahin et al. 2019 
(49) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Can’t 
say

Yes Acceptable

Samuelsson et al. 
2019c (5) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 71% Doesn’t 
apply

Yes No Yes Yes Yes Yes Yes Yes Acceptable

Schinkel-Ivy et al. 
2016 (50) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Schmid et al. 2009 
(51)d

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No No Yes Acceptable

Schmid et al. 2015 
(52) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No No Yes Acceptable

Takatori et al. 
2009ae (53)

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Can’t 
say

Can’t 
say

No No Yes Unacceptable

Tilson et al. 2012b 
(30) 

Yes Yes No No 100% Doesn’t 
apply

Yes Yes Yes Yes Yes Yes No Yes Acceptable

Tsang & Pang 2020 
(54) 

Yes Doesn’t 
apply

Doesn’t 
apply

No 100% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Wei et al. 2017 (55) Yes Doesn’t 
apply

Doesn’t 
apply

No 80% Doesn’t 
apply

Yes No Yes Yes Yes No Yes Yes Acceptable

Refer to Table SII for the details of each scoring criterion.
aShared same study cohort but reported different data and hence treated as 2 entities. bShared same study cohort but reported different data and hence treated 
as 2 entities. cShared same study cohort but reported different data and hence treated as 2 entities. dSchmid 2009 (51) and Schmid 2011 (57) shared same 
study cohort without extra data added from Schmid 2011 (57) and hence treated as 1 entity (Schmid 2009 (51)). eTakatori 2009a (53) and Takatori 2009b (58) 
shared same study cohort and treated as 1 entity (Takatori 2009a (53)).
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(Fig. 3a). The quality of evidence according to GRADE 
for this pooling was low. The level of heterogeneity 
was moderate (I2 = 35%). Further sensitivity analyses 
did not reveal any difference by using the random or 
fixed model effects and by removing the only study 
with an “unacceptable” quality (36) (Table SIII). Three 
studies (47, 50, 51) were pooled to examine the RR of 
falls during acute stroke (Fig. 3b). A significant RR of 
1.44 (95% CI 1.22–1.70, Z = 4.23, p < 0.0001; I2 = 0%) 
was found. The quality of evidence was low. The level 
of heterogeneity was low (I2 = 0%). No significant dif-
ference was found after sensitivity analyses by using 
the random or fixed model effects and by removing 
the only retrospective study (50) (Table SIV). Four 
studies (5, 34, 36, 52) were pooled and an overall 
non-significant RR of falls with moderate heterogen-
eity in chronic stroke was found (RR of 1.21, 95% 
CI 0.96–1.54, Z = 1.61, p = 0.11; I² = 61%) (Fig. 3c). 
The quality of evidence was very low. Sensitivity 
analysis has shown significant difference in the result 
if using the fixed model effect with RR = 1.33 (95% CI 
1.15–1.55; Z = 3.75 p = 0.0002; I² = 61%) (Table SIV). 

Association between fear of falling and falls assessed 
using Falls Efficacy Scale
Four studies used the original FES to measure FoF 
(34, 40, 41, 45). One study (40) measured the FoF 
of the participants at both acute and chronic stages. 
As this is the only study examining FoF in the acute 
stroke, no meta-analysis was performed. For the chro-
nic stroke, the meta-analysis of 4 studies (34, 40, 41, 
45) of “acceptable” methodological quality showed a 

significant difference in the FoF scores between the 
fallers and non-fallers (12.80, 95% CI 1.81–23.78, 
Z = 2.88, p = 0.02, I² = 79%) (Fig. 4a). The quality of 
evidence was low. Sensitivity analysis did not show 
a significant difference in using the random or fixed 
effect models (Table SIV). However, if the study with 
participants with explicitly more severe spasticity 
was removed (41), the pooled mean difference remai-
ned significant (6.71, 95% CI 0.41–13.01, Z = 2.09, 
p = 0.04) with a significantly reduced heterogeneity, 
I² = 28% (Tau² = 8.93; χ² = 2.78, p = 0.25) (Fig. 4b and 
Table SIV).

Association between FoF and falls assessed using 
ABC and its translated versions
Only 2 studies (30, 39) used the ABC on participants 
with acute stroke and, hence, no meta-analysis was 
conducted. The meta-analysis of the 7 studies on 
participants with chronic stroke (35, 37, 44–46, 49, 
54) of “acceptable” methodological quality revealed 
a significant difference in the FoF scores between fal-
lers and non-fallers (–12.60, 95% CI –20.75 to –4.55, 
Z = 3.05, p = 0.002 with high heterogeneity I² = 87%) 
(Fig. 5a). The quality of evidence was low. Sensitivity 
analysis did not show a significant difference using the 
random or fixed effect models (Table SIII). If the study 
with participants with explicitly better balance were 
removed (49), the pooled mean difference remained 
significant (–9.99; 95% CI –15.36 to –4.62, Z = 3.64, 
p = 0.0003) with a reduced heterogeneity, I² = 57% 
(Tau² = 23.56; χ² = 11.07, p = 0.04) (Fig. 5b and Table 
SIII).

Table IV. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) quality of evidence

Outcome

Certainty assessment Summary of findings

Risk of 
bias Inconsistency Indirectness Imprecision

Publication 
bias

Overall 
certainty 
of evidence

Study event rates (%)
Relative 
risk ratio 
(95% CI)

With no fear 
of falls

With fear of 
falls

Single-question survey
All stages 1,300 (7 

observational 
studies)

Not 
serious

Not serious Not serious Not serious None ⊕⊕ Low 412/900 
(45.8%) 

241/400 
(60.3%) 

Relative risk 
1.31 (1.14–
1.51)

Acute 
stage

740 (3 
observational 
studies)

Not 
serious

Not serious Not serious Not serious None ⊕⊕ Low 242/568 
(42.6%) 

94/172 
(54.7%) 

Relative risk 
1.44 (1.22–
1.70)

Chronic 
stage

560 (4 
observational 
studies)

Not 
serious

Seriousa Not serious Not serious None ⊕ Very 
low

170/332 
(51.2%) 

147/228 
(64.5%) 

Relative risk 
1.21 (0.96–
1.54)

FES
Chronic 
stage

171 (3 
observational 
studies)

Not 
serious

Not serious Not serious Not serious None ⊕⊕ Low 115 56 Mean 
difference 
6.71 higher 
(0.41 higher 
to 13.01 
higher)

ABC
Chronic 
stage

305 (6 
observational 
studies)

Not 
serious

Not serious Not serious Not serious None ⊕⊕ Low 206 99 Mean 
difference 
9.99 lower 
(15.36 
lower to 
4.62 lower)

aInconsistent results using either random or fixed effect model.
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DISCUSSION

To our knowledge, this is the first systematic review 
with meta-analysis to rigorously examine the associa-
tion between falls and FoF in people with stroke. A 
total of 26 publications based on 23 research studies 
among 2863 participants with stroke were included 
in this review. The review found low-level evidence 
to support that stroke patients with FoF had a higher 
risk of falls compared with their counterparts without 
FoF (Table IV). Using a simple question if they were 
afraid of falling, an overall small, but significant, 
increase of 31% in the falls risk was found if the 
person answered yes to this question (Fig. 3a). In 
the acute stage of stroke, this risk was estimated as 
44% for those with a positive answer (Fig. 3b). With 
the small RR found, it appears that there may be 
other risk factors contributing to the falls in people 
with stroke besides their FoF, such as poor balance, 

abnormal gait, previous falls and impaired cognition 
(3, 7). There is very low level of evidence to support 
the association between FoF and falls in the chronic 
stage if using the single-question survey (Fig. 3c). 
In chronic stroke, there is low level of evidence to 
support that those with a lower perceived confidence 
in avoiding falls during daily activities would have 
more falls (pooled mean difference of FES = 12.80 and 
of ABC = –9.99 between the fallers and non-fallers, 
Figs 4 and 5, respectively). 

To answer a research question on the association 
between the falls and FoF in people with stroke, the 
most appropriate study design is an observational 
cohort study (56). According to the scoring criteria of 
the SIGN checklist, the maximal score for single cohort 
observational studies is +, i.e. “acceptable” study 
quality (22). Among the 26 included studies, 23 were 
of a single cohort (88%), 2 had a comparison group 

Fig. 3. Forest plot of the association between fear of falling and falls using a single-question survey. (a) Forest plot of the association between fear 
of falling and falls using a single-question survey in patients with stroke. (b) Forest plot of the association between fear of falling and falls using 
a single-question survey in patients with acute stroke. (c) Forest plot of the association between fear of falling and falls using a single-question 
survey in patients with chronic stroke. 95% CI: 95% confidence interval.
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(8%) and 1 RCT (4%) (Table II). Although 3 studies 
might have potentially granted a higher study quality 
(i.e. ++), flaws were found in some scoring criteria, 
raising the possibility of risk of bias, and hence they 
were downgraded to an “acceptable” study quality 
(30, 38, 48) (Table III). According to the GRADE cri-
teria, the body of evidence from observational studies 
starts at a low level (23). Overall low evidence quality 
reported in this review is essentially due to the study 

design. Among the included studies with a longitudinal 
design, data lost to follow-up were high. Strategies to 
reduce the lost to follow-up data need to be addressed. 
In addition, the use of blinded assessors and consistent 
assessments across the study groups at each time-point 
need to be considered for future studies. Future studies 
with more rigorous methodological quality are required 
to examine the association between falls and FoF in 
people with stroke.

Fig. 4. Forest plot of the association between fear of falling and falls using Falls Efficacy Scale in the chronic stage of stroke. (a) Association with 
all pooled studies. (b) Association after removing participants of severe spasticity.

Fig. 5. Forest plot of the association between fear of falling and falls using and Activities-specific Balance Confidence Scale and its various translations 
in chronic stage of stroke. (a) Association with all pooled studies. (b) Association after removing participants with better mobility.
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A single-question survey on FoF demonstrated an 
increased falls risk for people with acute stroke while 
insignificant among chronic stroke. The latter may be 
due to the insensitivity of the single-question survey to 
pick subtle changes in the FoF (16). The use of more 
objective measures for estimating the FoF, such as the 
FES or the ABC, reported a significant association 
between the falls and FoF among patients with chronic 
stroke. These findings suggest the need for the use of 
objective measures for FoF estimation among chronic 
stroke patients rather than using the single-question 
survey. Our sensitivity analysis further supports the 
use of FES among patients with less severe post-stroke 
spasticity (Fig. 4b) and ABC for those with poor to 
average balance ability (Fig. 5b). Nevertheless, con-
sidering the quality of the evidence, these conclusions 
should be interpreted with caution. Another precau-
tion in interpreting the current findings is that using 
the single-question survey and standardized outcome 
measures, such as FES and ABC, may assess different 
constructs of the FoF (15). The single-question survey 
is to directly examine the participant’s feeling about 
falling. The FES and ABC are to assess the operatio-
nalized continuum of the FoF into the perceived self-
confidence in carrying out common daily activities (16, 
17). Both tools were developed based on Bandura’s 
theory, in which one’s cognitive judgement of their 
feeling of FoF would influence their decision whether 
to perform a particular activity, such as reaching for 
an object on a high shelf (16, 17). This may explain 
why the single-question survey was unable to show 
the significant association between the FoF and falls 
at the chronic stage of stroke. When a person with 
stroke has returned to their community, their FoF may 
be manifested into a lack of confidence, inability in 
performing activities in their daily life safely without 
falling, and inability to remain active or keep up with 
their peers (Fig. 1). 

Based on the current findings from the best available 
body of evidence, we speculate that assessment of FoF 
should be part of the management for this population 
group, using a single question regarding whether they 
are afraid of falling at the acute stage, and a more for-
mal outcome measure, such as the FES or ABC, at the 
chronic stage (11). Education on how to deal with FoF 
should be included in the fall prevention programmes. 
Open discussion of this fear in a supportive environ-
ment allows people with stroke to understand that FoF 
could sometimes be beneficial in protecting them from 
unnecessary falls. Instead of totally eliminating FoF, 
this type of “healthy” FoF should be differentiated 
from that restricting them to have the much-needed 
physical exercises and activities. Education of patients 
regarding how to recover after a fall and conducting 
a hazard assessment for falls in the patient’s home 

are further suggestions to assist people with stroke to 
minimize an “unhealthy” FoF.

Study limitations

The current review has several limitations. As pre-
viously identified as disadvantages of cohort studies 
(56), the quality of the included studies was limited 
due to to sample size, non-blinded assessments on the 
study participants, lack of a comparison group, and lack 
of follow-up (Tables I–III). Despite a significant as-
sociation between falls and FoF in people with stroke, 
the causal relationship could not be confirmed, as most 
of the included studies were of cross-sectional design 
rather than longitudinal prospective observations. Se-
lective reporting bias could not be eliminated in this 
review, as several studies were excluded because of 
not reporting separate data of FoF of the fallers and 
non-fallers or separate data on the stroke sub-group 
(Fig. 2). Lastly, the possibility of language bias could 
not be eliminated, as the search was restricted to stu-
dies published in English. The strengths of this review 
include: (i) stringent criteria for study inclusion; (ii) 
use of standardized quality appraisal tools for assessing 
the methodological quality and the quality of evidence; 
(iii) the study methodology, including independent re-
viewers for study search and quality appraisal, ensures 
comprehensiveness and accuracy of the systematic 
review; and (iv) the choice of a quantitative approach 
to pool the findings using a meta-analysis ensures ac-
curacy of the review findings.

Conclusion

This is the first systematic review with meta-analyses 
to rigorously examine the association between falls 
and FoF in people with stroke. This review demon-
strates low-level evidence for a small and significant 
association between falls and FoF among both acute 
and chronic stroke patients. Objective measures for 
FoF estimation, such as FES and ABC, need to be con-
sidered while assessing patients with chronic stroke. 
Management of FoF should be part of the management, 
especially among patients with stroke. High-quality 
studies with prospective design are necessary to con-
firm these findings.
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