
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=idre20

Disability and Rehabilitation

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/idre20

Disentangling interventions to reduce fear of
falling in community-dwelling older people:
a systematic review and meta-analysis of
intervention components

Marlot Kruisbrink, Rik Crutzen, Gertrudis I. J. M. Kempen, Kim Delbaere, Ton
Ambergen, Kei Long Cheung, Denise Kendrick, Steve Iliffe & G. A. Rixt Zijlstra

To cite this article: Marlot Kruisbrink, Rik Crutzen, Gertrudis I. J. M. Kempen, Kim Delbaere,
Ton Ambergen, Kei Long Cheung, Denise Kendrick, Steve Iliffe & G. A. Rixt Zijlstra (2021):
Disentangling interventions to reduce fear of falling in community-dwelling older people: a
systematic review and meta-analysis of intervention components, Disability and Rehabilitation, DOI:
10.1080/09638288.2021.1969452

To link to this article:  https://doi.org/10.1080/09638288.2021.1969452

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 11 Sep 2021. Submit your article to this journal 

Article views: 15 View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=idre20
https://www.tandfonline.com/loi/idre20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09638288.2021.1969452
https://doi.org/10.1080/09638288.2021.1969452
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2021.1969452
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2021.1969452
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2021.1969452
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2021.1969452
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2021.1969452&domain=pdf&date_stamp=2021-09-11
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2021.1969452&domain=pdf&date_stamp=2021-09-11


REVIEW ARTICLE

Disentangling interventions to reduce fear of falling in community-dwelling older
people: a systematic review and meta-analysis of intervention components

Marlot Kruisbrinka , Rik Crutzenb , Gertrudis I. J. M. Kempena , Kim Delbaerec , Ton Ambergend,
Kei Long Cheunge , Denise Kendrickf , Steve Iliffeg and G. A. Rixt Zijlstraa

aDepartment of Health Services Research, Care and Public Health Research Institute, Maastricht University, Maastricht, The Netherlands;
bDepartment of Health Promotion, Care and Public Health Research Institute, Maastricht University, Maastricht, The Netherlands; cSchool of
Public Health and Community Medicine, Neuroscience Research Australia, UNSW, Randwick, Australia; dDepartment of Methodology and
Statistics, Care and Public Health Research Institute, Maastricht University, Maastricht, The Netherlands; eDepartment of Health Sciences,
College of Health, Medicine and Life Sciences, Brunel University London, London, UK; fDivision of Primary Care, School of Medicine, University
of Nottingham, Nottingham, UK; gResearch Department of Primary Care & Population Health, University College London, London, UK

ABSTRACT
Purpose: Fear of falling (FoF) is a common and debilitating problem for older people. Most multicompo-
nent interventions show only moderate effects. Exploring the effective components may help in the opti-
mization of treatments for FoF.
Materials and methods: In a systematic review of five scientific literature databases, we identified random-
ized controlled trials with older community-dwelling people that included FoF as an outcome. There was no
restriction on types of interventions. Two reviewers extracted information about outcomes and content of
interventions. Intervention content was coded with a coding scheme of 68 intervention components. We
compared all studies with a component to those without using univariate meta-regressions.
Results: Sixty-six studies, reporting on 85 interventions, were included in the systematic review. In the
meta-regressions (n¼ 49), few components were associated with intervention effects at the first available
follow up after the intervention, but interventions with meditation, holistic exercises (such as Tai Chi or
Pilates) or body awareness were significantly more effective than interventions without these compo-
nents. Interventions with self-monitoring, balance exercises, or tailoring were less effective compared to
those without these components.
Conclusions: The identified components may be important for the design and optimization of treatments
to reduce FoF.

� IMPLICATIONS FOR REHABILITATION
� Fear of falling (FoF) is a common and debilitating issue among older people and multicomponent

interventions usually show only small to moderate effects on FoF.
� This review and meta-analysis investigated 68 intervention components and their relation to interven-

tion effects on FoF.
� Interventions with meditation, holistic exercises (such as Tai Chi), or body awareness are more effect-

ive than interventions without these components.
� Clinicians aiming to reduce FoF may recommend selected interventions to older people taking into

account the current knowledge of intervention components.
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Introduction

The percentage of people aged 60 or over is projected to increase
worldwide from 12% in 2015 to 22% in 2050 [1]. One of the fac-
tors which is important in old age is fear of falling (FoF). The
prevalence of FoF typically ranges between 21% and 85%, varying
by the older population under study and the measure that is
used [2–5]. In 1990, FoF was conceptualized as “low perceived
self-efficacy at avoiding falls”, when the Falls Efficacy Scale (FES)

was developed to operationalize this construct [6] . In previous
studies, the term FoF has been used interchangeably to refer to
cognitive based constructs (e.g., balance confidence or fall-related
self-efficacy) and affect-based constructs (e.g., concern or worry
about falling). In this review, “fear of falling” is used as an
umbrella term and includes both constructs. Both people with
and without any recent falls experience FoF [8–10] and is associ-
ated with activity avoidance, social isolation, decreased physical
functioning, and future falls [2,5,11]. In addition, FoF is a
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debilitating condition that affects quality of life and may lead to
premature nursing home admission [2,12]. Consequently, interven-
tions to effectively reduce FoF in older community dwelling peo-
ple are important.

The effects of interventions on FoF have been summarized in
previous studies. Meta-analyses of the effectiveness of interven-
tions to reduce FoF mostly focused on specific types of interven-
tions, such as cognitive behavioral therapy (CBT) or exercise,
which have shown small to moderate reductions in FoF [13–16].
In addition to meta-analyses that focus on the effectiveness of
single types of interventions, there are also meta-analyses that
have compared the effectiveness of different types of interven-
tions. In such an analysis of 24 studies by Rand et al., Tai Chi was
associated with a moderate effect and other exercise and multi-
factorial interventions with a small effect [17]. Furthermore, Jung
et al. found a small to moderate effect of combined exercise and
education interventions (n¼ 2) and a non-significant small effect
for exercise only interventions (n¼ 3), suggesting that combining
education and exercise is more effective than exercise alone [18].
These studies indicate that different types of interventions can
reduce FoF in older people, although often only small or moder-
ate effects were found.

So far, interventions have been examined on a meta-level, i.e.,
they were labeled and analyzed according to their most promin-
ent feature (e.g., cognitive behavioral approach, exercise, etc.).
Less prominent features may contribute to the intervention
effects as well. Interventions often include different components
that are assumed to contribute towards the intervention effect,
such as goal setting, self-monitoring, exercise, and nutritional sup-
plementation. Studying the effectiveness of such components
seems relevant for optimizing interventions. Studies in other areas
have shown that different intervention components contribute to
the outcome. For example, for cancer patients, the inclusion of
social cognitive theory-based components like modeling of
behavior, goal setting, and help in setting realistic expectations,
were beneficial to improve overall quality of life [19]. Classifying
interventions according to their intervention components, may
provide insight into components that could be strengthened or
removed to optimize interventions and achieve larger or pro-
longed effects [20]. Components to effectively reduce FoF have
not yet been studied. In the present systematic review and meta-
analysis of RCTs with FoF as outcome, we explore the association
between specific intervention components and the reduction of
FoF among community-dwelling older people. All intervention
types are included and control groups received either no inter-
vention or usual care.

Materials and methods

The international prospective register of systematic reviews
(PROSPERO) holds the protocol of this systematic review and
meta-analysis, registration ID CRD42018080483. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were used for the reporting of this review
[21] (supplementary file 1). Online supplementary information is
available at the Journal website and the Open Science
Framework, https://doi.org/10.17605/OSF.IO/SF67D

Search strategy

On 30 November 2020, the databases CENTRAL, CINAHL, EMBASE,
PsycINFO, and PubMed were searched for articles published after
1 July 2005. Publication date was not an eligibility criterion and

the systematic review performed by Zijlstra et al. was used to
identify articles that were published before 1 July 2005 [7]. To
supplement the current systematic search, three additional search
strategies were employed to identify articles published before
and after 1 July 2005. First, experts that recently published about
falling or FoF were contacted. Second, reviews and meta-analyses
primarily directed at FoF were screened for potentially relevant
articles. Lastly, protocol papers that emerged from the search
strategy were used to identify published articles. Searches were
filtered to include only publications written in Dutch or English.
Keywords relating to FoF, randomized controlled trials and older
adults were combined with “AND”. The full search strategy is
available online (supplementary file 2).

Study selection process

Eligibility criteria
Criteria have been reported in detail elsewhere [22]. In short, to
be included, articles had to report on the results of a randomized
controlled trial conducted in non-institutionalized populations
with a mean age of �65 years. In addition, FoF had to be an out-
come of the study and the control group could receive only usual
care or nothing (including wait-list control). Articles were excluded
when they were not written in English or Dutch or when they
were aimed at populations with specific diseases or health condi-
tions, such as Parkinson’s or stroke. The reason for using language
as a criterion in addition to using it as a search filter, was that
abstracts are often in English and scientific databases do not
always recognize other languages from full texts.

Title and abstract screening
Two reviewers (authors MK and GARZ) screened the first 200 titles
and abstracts independently. The following order was used in
checking titles and abstracts against eligibility criteria: design of
the study, age of the included sample, living situation of the sam-
ple, health of the study participants, FoF as outcome and lan-
guage. The percentage of agreement between reviewers on
whether to look at the full texts was 95.5%. A kappa of 0.67 sug-
gested there was good interrater reliability [23]. Consequently, the
remaining titles and abstracts were screened for eligibility by one
reviewer (author MK). An article also advanced to the full text
phase when doubt remained after reading the title and abstract.
In addition, articles from the review by Zijlstra et al. [7] were
screened against eligibility criteria of the current study, because
the current study has one additional criterion for the con-
trol group.

Full text screening
To screen full texts, the following order of checking against crite-
ria was applied: language, design of the study, control group, age
of the included sample, living situation of the sample, health of
the study participants, and FoF as outcome. One reviewer (author
MK) screened all full texts. Studies were excluded when one or
more criteria were not clear, e.g., if the age of the population was
not reported. When doubt remained about inclusion, articles were
discussed with a second reviewer (RC, GIJMK, or GARZ) and agree-
ment was reached.

Data extraction

Pairs of two reviewers extracted data independently with a data-
extraction form (authors MK, RC, GIJMK, KD, KLC, DK, SI, GARZ).
Reviewers were not involved in data extraction of articles in which
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they were involved as a co-author. The extraction form can be
found online. Extracted information included bibliographic infor-
mation and information about the study design, population, con-
tent of the intervention, FoF measures and results, and risk of
bias. For about 25% of the articles identified in the first round of
searching (12 articles), the content of the interventions was inde-
pendently screened for intervention components by two
reviewers (authors MK and GARZ). In this study, intervention com-
ponents were defined as “content-related ingredients of an inter-
vention that have the potential to causally influence outcomes”
[24]. Examples of intervention components are goal setting, feed-
back, home modification, hip protectors, tailoring, increase in diffi-
culty and discussion. A coding scheme was developed based on
intervention mapping, the behavior change technique (BCT) tax-
onomy and falls taxonomy [25–27], and refined in several rounds
of consensus meetings. For an overview of the interventions com-
ponents and coding conditions, see the coding scheme in supple-
mentary file 3. When the component was mentioned as part of
the intervention, it was coded as 1 (present). If not, it was coded
as 0 (not present). When intervention descriptions were unclear
regarding the presence of a certain component, the component
was coded as missing. Aspects belonging to usual care were not
coded, meaning that only components that were unique to the
intervention group were extracted. Remaining intervention texts
were coded by one reviewer (author MK). In case of any ambigu-
ity during the coding process, a second reviewer (RC, KD, or
GARZ) was consulted and agreement reached. Studies in which
the intervention content was completely tailored and there was
no clear indication of what participants could receive, were
included in the overall meta-analysis but not in the meta-regres-
sions (see below for the performed analyses). Results on FoF were
extracted at two separate time points, i.e., the first and the last
available assessment in the study at hand. Data were extracted
for all intervention arms. We contacted authors when the data
presented in an article were not suitable for meta-analysis, e.g., if
results were presented in figures only. When the data could not
be provided, the article was excluded for the meta-analysis. If a
reference to a protocol or main study article was included in an
article’s intervention description, this reference was checked for
additional information about the intervention. Selection bias (two
items), performance bias, detection bias, attrition bias, reporting
bias, and other types of bias were assessed in a separate extrac-
tion form with the Cochrane Collaboration’s Tool to assess risk of
bias in RCTs [28].

Analysis

The means, standard deviations (SDs), and numbers of partici-
pants of the intervention and control group were used to esti-
mate the standardized mean difference (SMD) in FoF for each
study. Calculation of standardized effects is appropriate when dif-
ferent measures are pooled [29]. If regression coefficients repre-
senting mean differences between the intervention and control
group were reported, these were used instead of follow-up
means. Standard errors (SEs) or 95% confidence intervals (95% CI)
were used to calculate SDs if these were not reported. See the
online material for an overview of the applied formulas. If appro-
priate, scales were inverted to make sure a high score represented
a high level of FoF. The following interpretation was used for the
SMD: 0.2 is a small effect, 0.5 is a moderate effect, and 0.8 is a
large effect [30].

We pooled SMDs at the first available follow up after the inter-
vention with random effects meta-analysis. We started with

estimating main effects on FoF in an overall meta-analysis.
Subsequently, we estimated associations between intervention
components and the SMD at the first available follow up with uni-
variate meta-regression. The regression coefficient represents the
difference in the SMD between interventions with (coded as 1)
and without (coded as 0) the component in question. In case of
multiple intervention arms, the intervention arm listed first in the
article’s abstract was the one used in the primary analyses.
Statistical significance was set at p< 0.05.

The following pre-specified sensitivity analyses were performed
to investigate the robustness of the results and the methodo-
logical decisions: (I) using the other intervention arm of a study in
meta-regressions, if more than one intervention arm was involved,
(II) removing the cluster RCTs from the meta-regressions, (III)
using the results of the latest assessment to perform meta-regres-
sions, (IV) using study quality (the number of high risk bias items)
as a continuous variable in a meta-regression, (V) restricting analy-
ses to studies with the best study quality (two high risk bias
items), (VI) performing a separate meta-analysis on cognitive-
based FOF measures (e.g., FES, Activities-specific Balance
Confidence Scale (ABC)) and affect-based FOF measures (e.g., Falls
Efficacy Scale-International (FES-I), the Survey of Activities and
Fear of Falling in the Elderly (SAFFE)), and (VII) removing outliers
from the meta-regressions. Furthermore, two of our components
deviated from the BCT and falls taxonomy and we performed sen-
sitivity analysis in which we (VIII) combined the components
“support”, “motivational strategy – supervisor”, and “motivational
strategy – peer”, as is the case in the BCT taxonomy, and (IX)
combined “walking strategies” and “balance”, as is the case in the
falls taxonomy. Lastly, we (X) combined the components “assistive
devices” and “home adaptation”, as home adaptations such as a
grab bar could also be defined as an assistive device.

To assess statistical heterogeneity (an estimate of between
study variation), I2 and Q test statistics were used. The following
interpretations from the Cochrane handbook were used: “0–40%:
might not be important; 30–60%: may represent moderate hetero-
geneity�; 50–90%: may represent substantial heterogeneity�;
75–100%: considerable heterogeneity �” [31]. We investigated
components that could occur in a range of intervention types,
e.g., in home visits, cognitive behavioral interventions, or exercise
interventions. As we pooled different types of interventions, we
expected heterogeneity in the overall meta-analysis to be high.
The intervention components could potentially explain some of
the heterogeneity. Egger’s test was used to statistically assess
publication bias. In addition, funnel plots were visually inspected
for publication bias. Outliers were determined by inspection of
the forest and funnel plot. All analyses were performed with
STATA version 15 (College Station, TX), metan package.

Results

Study selection

A flowchart of the study selection process is shown in Figure 1. A
total of 12 551 unique records from five literature databases were
screened. After screening the titles and abstracts and reading the
full texts, 99 articles reporting on 66 unique trials could be
included in the systematic review. The data of several studies
(n¼ 15) were unsuitable for inclusion in the meta-analyses
because intervention descriptions or scales used to measure FoF
were unclear, or means or SDs were missing and data could not
be retrieved by estimation or contacting the author. Fifty-one
studies with data on 52 intervention groups were included in
meta-analysis.
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Description of studies

A full description of included studies, including their designs, pri-
mary outcomes, sample characteristics, and FoF measures is avail-
able online. Briefly, most studies were parallel group RCTs
(n¼ 57), but cluster RCTs (n¼ 5) and crossover RCTS (n¼ 4) were
also present. Designs with three (n¼ 15) or four (n¼ 2) arms were
included, but the majority of studies had two study arms (n¼ 49).
Twenty-one studies assessed FoF more than once after the inter-
vention. The risk of bias scoring can be viewed online and in sup-
plementary file 5. In short, the number of high risk of bias items
ranged from two to four out of the total of seven items. Due to
the nature of the interventions, blinding was impossible and the
two items regarding blinding of participants and personnel and

outcome assessors (performance bias and detection bias) were
always scored with a high risk of bias.

Description of components

Sixty-six studies reported on 85 interventions. See supplementary
file 4 for an overview of intervention components per intervention
and supplementary file 3 for a detailed description of intervention
components. A total of 68 different components were identified.
A mean of 11 components (range 2–46) was reported in the inter-
ventions. Great diversity of components was evident in the stud-
ies, such as discussion, education, balance exercises, strength
exercises, graded tasks, relaxation, feedback, goal setting, diet,

99 articles reporting on 66 unique 
RCTs included in qualitative 

synthesis  

Additional articles from: 
Reviews (n=7) 
Protocols in search results 
(n=0) 
Expert consultation (n=2) 
Intervention descriptions 
(n=18)

Full text articles excluded (n=406): 
Reasons: 
• Not English or Dutch 

(n=12) 
• Not RCT (n=137) 
• Control group received 

alternative intervention 
(n=172) 

• Mean age of the population 
<65(n=4) 

• Institutionalized population 
(n=15) 

• Population with a disease 
(n=15) 

• Fear of falling not an 
outcome (n=35)  

• Article retracted (n=1) 
• Full text unavailable (n=15) 

RCTs included in quantitative 
synthesis (meta-analysis) (n=51, 

52 intervention groups) 

RCTs included in quantitative 
synthesis (meta-regression) (n=48, 

49 intervention groups) 

Records after duplicates 
removed (n=12551) 

Records identified 
through database 

searching on 30-11-2021  
(n=19343): 

PubMed (n=5145) 
EMBASE (n=5658) 
CINAHL (n=4609) 

CENTRAL (n=2568) 
PsycINFO (n=1363) 

Full text articles assessed for 
eligibility (n=478) 

12073 Records excluded: 
Publication type (n=1697) 
Title (n=7910) 
Abstract (n=2460)  

Reasons: 
• Not RCT (n=1928) 
• Mean age of the population 

<65 (n=54) 
• Institutionalized 

population(n=21) 
• Population with a disease 

(n=51) 
• Fear of falling not an 

outcome (n=406)  
Missing abstract & full text could 
not be retrieved (n=6) 

Duplicates removed (n=6792)  
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Data unsuitable to be 
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Figure 1. Flowchart of study selection process. Adapted from Moher et al. [21] .
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energy conservation, visualization, and home adaptation.
Components most frequently embedded in the interventions
were balance exercises (n¼ 35), an increase in difficulty (n¼ 52),
motivating the participants (n¼ 29), repetition (n¼ 80), strength
training (n¼ 39), tailoring (n¼ 52), and a warm-up (n¼ 30). Some
components rarely occurred. For example, podiatry and feedback
by peers only occurred twice and visualization and providing par-
ticipants with hip protectors only occurred once. For three studies
[32–34], the content of the intervention was completely tailored
to the individual and there was no clear indication of what partic-
ipants received.

Meta-analysis

All interventions pooled together were associated with a small to
moderate reduction in FoF at the first available assessment after
the intervention (Figure 2, SMD: �0.36; 95% CI: �0.48; �0.25; I2:
78.7%, p< 0.001; n¼ 52). There was significant publication bias
(p< 0.001) and six outliers could be determined [35–40]. Without
these six outliers, the remaining interventions were associated
with a small reduction in FoF (SMD: �0.20; 95% CI: �0.28; �0.12;
I2: 52.3%; p< 0.001; n¼ 46). The overall estimates for cognitive-
based and affect-based measures were similar (–0.37 and �0.36,
respectively, sensitivity analysis V). Additional results, such as the
funnel plot and the forest plots for sensitivity analyses are avail-
able online.

Meta-regression

Of 68 components, 66 could be included in univariate meta-
regressions. For the remaining two components, there were no
studies with the component that could be included in the meta-
regression. The univariate meta-regressions showed that most
intervention components were not significantly associated with
effects on FoF (see supplementary file 3 and Table 1). Body
awareness (SMD: �0.53; 95% CI: �0.93; �0.13; n¼ 11 out of 49),
holistic exercises (SMD: �0.67; 95% CI: �1.10; �0.24; n¼ 9 out of
49) and meditation (SMD: �0.79; 95% CI: �1.35; �0.23; n¼ 5 out
of 49) were significantly associated with a negative SMD, meaning
they were more effective in reducing FoF than interventions with-
out these components. The intervention components balance
(SMD: 0.45; 95% CI: 0.11; 0.78; n¼ 22 out of 49), self-monitoring
(SMD: 0.44; 95% CI: 0.02; 0.86; n¼ 10 out of 48), and tailoring
(SMD: 0.52; 95% CI: 0.16; 0.87; n¼ 28 out of 47) were significantly
associated with a positive SMD. This indicates that interventions
with these components were significantly less effective in reduc-
ing FoF than studies without these components. Bubble plots
that visualize the results of the aforementioned significant compo-
nents are available online (see supplementary file 6).

Overall, our sensitivity analyses confirmed the robustness of
the results (see the footnotes in Table 1 for an overview of results
from sensitivity analyses). The changes that did occur mainly fol-
lowed from repeating the meta-regressions with the results of the
last assessment (sensitivity analysis III) and repeating meta-regres-
sions without outliers (sensitivity analysis VII). When repeating
meta-regressions with a smaller sample of 15 studies that meas-
ured FoF at a later time point, most previously mentioned signifi-
cant associations disappeared. For tailoring, this sensitivity
analysis could not be performed due to a lack of studies without
tailoring. When six outliers identified based on the funnel plot
were removed, tailoring, self-monitoring, body-awareness, holistic
exercises, and meditation were no longer associated with the

SMD. Study quality (sensitivity analysis IV) was not significantly
associated with the SMD.

Discussion

Overall, the interventions in our meta-analysis (n¼ 52) resulted in
a small-to-moderate reduction in FoF in community-dwelling
older people (SMD-0.36 [95% CI: �0.48; �0.25]). We explored the
content of interventions, as a first step to gaining insight into the
contribution of specific components to this reduction. We identi-
fied 68 different components, of which 66 could be included in
univariate meta-regressions. Most of these intervention compo-
nents were not associated with an intervention effect on FoF.
However, interventions with body awareness exercises, holistic
exercises, or meditation were significantly more effective in reduc-
ing FoF than interventions without these components. In contrast,
interventions with balance training, self-monitoring, or tailoring
were significantly less effective in reducing FoF than interventions
that did not include these components. Considering long-term
effectiveness, only 15 interventions in our meta-regressions
included more than one follow up. When we analyzed these stud-
ies, most previously mentioned components were no longer sig-
nificant. However, it is likely this analysis was underpowered and
therefore, long-term effects are still uncertain. Other sensitivity
analyses generally confirmed the robustness of these results.
When six outliers identified based on the funnel plot were
removed, a different pattern of associations appeared in which
tailoring, self-monitoring, body-awareness exercises, holistic exer-
cises, and meditation were no longer identified as significant.
However, four of the six outliers were highly effective studies of
holistic exercise interventions, often including elements of body
awareness and meditation, but not self-monitoring or tailoring. As
the associations disappear when these effective studies are
removed, this could indicate that holistic exercise, body aware-
ness, and meditation are among the most effective components
to reduce FoF. The intervention studies included in our meta-ana-
lysis consistently scored a high risk of bias on two items, regard-
ing blinding of participants and personnel (performance bias) and
outcome assessment (detection bias). It is worthwhile to stress
that it is very difficult to achieve blinding in these kind of studies
(in comparison with, e.g., pharmacological trials) [41].
Furthermore, when participants are aware of their group alloca-
tion and outcome measurement is based on self-report, the
potential for detection bias is high.

To the best of our knowledge, no previous meta-analyses have
examined the content of interventions on the level of compo-
nents for the outcome FoF. Usually, the content of interventions
is classified according to their most prominent feature. Rand et al.
[17] conducted a meta-analysis of 24 studies and found larger
effects on FoF for Tai Chi than for other exercise interventions or
multifactorial interventions, which is in line with the findings of
the current study. Kendrick et al. [16] found no significant differ-
ences in effect on FoF by exercise type in their meta-analysis of
24 exercise interventions. This difference in results with the cur-
rent study may be due to differences in analysis methods and eli-
gibility criteria or the inclusion of more recent studies, such as
the study by Mortazavi et al. [37], presenting a highly effective Tai
Chi intervention.

Several findings that may be relevant to current practice are
observed. First, in falls prevention, balance training and tailoring
are generally considered as beneficial [42–45]. However, in the
current study, interventions including balance training or tailoring
were less effective for reducing FoF compared to interventions
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that did not include these components. Second, self-monitoring
was less effective in the current study, while self-monitoring has
previously demonstrated effectiveness for a range of health
behaviors, including taking up exercise [46]. There may be several
reasons for these apparent inconsistencies. Falls and FoF are dif-
ferent concepts that may require different treatments with

different intervention components, i.e., effective intervention com-
ponents may differ for FoF and falls risk. For instance, tailoring
could help older people become more aware of their fall risk,
which can be beneficial for the intention to participate in fall pre-
vention programs [43,47], but may not be beneficial for FoF. In a
qualitative study, some persons with Parkinson’s disease, indicated

NOTE: Weights are from random effects analysis

Overall  (I-squared = 78.7%, p = 0.000)

Snooks, 2017

Vrantsidis, 2009

Parry, 2016

Gallo, 2016

Whyatt, 2015

Hafström, 2016

Markle-Reid, 2010

Zhao a, 2016

Sheffield, 2013

Bjerk, 2019

McCormack a, 2004

Wollesen SG1, 2017

Zijlstra, 2009

Gawler a, 2016

Zidén a, 2014

Arkkukangas a, 2017

Nicholson, 2014

Johnson a, 2018

Study

Hinman a, 2002

ID

Dorresteijn, 2016

Schoene, 2013

Suttanon, 2018

Halvarsson, 2013

Menant 2018

Pirauá a, 2019

Kim, 2020

Clemson, 2010

Schwenk, 2016

Lü, 2016

van Haastregt, 2000

Stanmore, 2019

Nguyen, 2012

Mortazavi, 2018

Wollesen a, 2017

Daniel a, 2012

Yoo, 2010

Tousignant, 2012

Lai, 2013

Freiberger a, 2012

Wollesen SG2, 2017

Adams, 2018

Nick a, 2016

Gitlin, 2006

Hamel, 2005

Siegrist, 2016

Ma, 2019

Faes, 2011

Hosseini, 2018

Pighills a, 2011

Metzelthin, 2013

Robertson, 2001

Zhang, 2006

-0.36 (-0.48, -0.25)

0.02 (-0.09, 0.13)

-0.51 (-1.05, 0.03)

-0.45 (-0.66, -0.24)

-0.57 (-1.27, 0.13)

-0.39 (-0.83, 0.05)

-1.10 (-1.83, -0.37)

-0.04 (-0.45, 0.37)

-0.13 (-0.77, 0.51)

-0.31 (-0.82, 0.20)

0.06 (-0.25, 0.38)

-0.78 (-1.72, 0.16)

-0.52 (-1.12, 0.07)

-0.15 (-0.32, 0.02)

0.02 (-0.16, 0.20)

-0.04 (-0.27, 0.20)

0.11 (-0.26, 0.49)

-0.55 (-1.31, 0.21)

0.51 (-0.03, 1.05)

Standardized mean

-0.02 (-0.53, 0.50)

difference (95% CI)

-0.34 (-0.56, -0.11)

-0.29 (-0.99, 0.41)

0.07 (-0.16, 0.31)

-0.82 (-1.39, -0.26)

-0.07 (-0.30, 0.17)

-1.39 (-2.11, -0.67)

-0.12 (-1.00, 0.76)

-0.55 (-1.30, 0.20)

-1.14 (-2.09, -0.19)

0.25 (-0.33, 0.84)

-0.36 (-0.60, -0.11)

-0.65 (-1.07, -0.23)

-2.31 (-2.91, -1.72)

-2.86 (-3.62, -2.09)

0.25 (-0.28, 0.78)

-1.02 (-2.24, 0.19)

-0.98 (-1.89, -0.08)

0.00 (-0.42, 0.42)

-0.97 (-1.73, -0.21)

-0.08 (-0.44, 0.27)

-0.59 (-1.28, 0.09)

-0.04 (-0.55, 0.47)

-1.56 (-2.27, -0.84)

-0.31 (-0.54, -0.08)

0.02 (-0.87, 0.92)

-0.41 (-0.64, -0.18)

0.13 (-0.56, 0.81)

0.44 (-0.26, 1.13)

-1.35 (-1.91, -0.79)

-0.22 (-0.52, 0.09)

-0.13 (-0.36, 0.09)

-0.26 (-0.54, 0.01)

-0.60 (-1.18, -0.01)

100.00

2.97

1.84

2.77

1.44

2.11

1.37

2.21

1.58

1.92

2.49

1.01

1.69

2.87

2.85

2.71

2.31

1.32

1.84

%

1.90

Weight

2.74

1.44

2.71

1.76

2.71

1.39

1.11

1.33

1.00

1.71

2.68

2.18

1.69

1.30

1.86

0.69

1.06

2.19

1.32

2.36

1.47

1.91

1.40

2.73

1.08

2.72

1.48

1.45

1.78

2.51

2.74

2.61

1.71

-0.36 (-0.48, -0.25)

0.02 (-0.09, 0.13)

-0.51 (-1.05, 0.03)

-0.45 (-0.66, -0.24)

-0.57 (-1.27, 0.13)

-0.39 (-0.83, 0.05)

-1.10 (-1.83, -0.37)

-0.04 (-0.45, 0.37)

-0.13 (-0.77, 0.51)

-0.31 (-0.82, 0.20)

0.06 (-0.25, 0.38)

-0.78 (-1.72, 0.16)

-0.52 (-1.12, 0.07)

-0.15 (-0.32, 0.02)

0.02 (-0.16, 0.20)

-0.04 (-0.27, 0.20)

0.11 (-0.26, 0.49)

-0.55 (-1.31, 0.21)

0.51 (-0.03, 1.05)

Standardized mean

-0.02 (-0.53, 0.50)

difference (95% CI)

-0.34 (-0.56, -0.11)

-0.29 (-0.99, 0.41)

0.07 (-0.16, 0.31)

-0.82 (-1.39, -0.26)

-0.07 (-0.30, 0.17)

-1.39 (-2.11, -0.67)

-0.12 (-1.00, 0.76)

-0.55 (-1.30, 0.20)

-1.14 (-2.09, -0.19)

0.25 (-0.33, 0.84)

-0.36 (-0.60, -0.11)

-0.65 (-1.07, -0.23)

-2.31 (-2.91, -1.72)

-2.86 (-3.62, -2.09)

0.25 (-0.28, 0.78)

-1.02 (-2.24, 0.19)

-0.98 (-1.89, -0.08)

0.00 (-0.42, 0.42)

-0.97 (-1.73, -0.21)

-0.08 (-0.44, 0.27)

-0.59 (-1.28, 0.09)

-0.04 (-0.55, 0.47)

-1.56 (-2.27, -0.84)

-0.31 (-0.54, -0.08)

0.02 (-0.87, 0.92)

-0.41 (-0.64, -0.18)

0.13 (-0.56, 0.81)

0.44 (-0.26, 1.13)

-1.35 (-1.91, -0.79)

-0.22 (-0.52, 0.09)

-0.13 (-0.36, 0.09)

-0.26 (-0.54, 0.01)

-0.60 (-1.18, -0.01)

100.00

2.97

1.84

2.77

1.44

2.11

1.37

2.21

1.58

1.92

2.49

1.01

1.69

2.87

2.85

2.71

2.31

1.32

1.84

%

1.90

Weight

2.74

1.44

2.71

1.76

2.71

1.39

1.11

1.33

1.00

1.71

2.68

2.18

1.69

1.30

1.86

0.69

1.06

2.19

1.32

2.36

1.47

1.91

1.40

2.73

1.08

2.72

1.48

1.45

1.78

2.51

2.74

2.61

1.71

Decrease in fear of falling  Increase in fear of falling 

0-3.62 0 3.62

Figure 2. Forest plot of the 52 intervention arms included in the overall meta-analysis.
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the awareness of their risk of falling increased their FoF [48].
Furthermore, without returning to “multicomponent” interven-
tions, it may be possible that analyzing a combination of two or
more components may provide more insight. Combinations of
components may be required to reduce FoF. For instance, balance
exercises may need to be offered in combination with cognitive
restructuring in order to reduce FoF or repetition may be benefi-
cial for exercise, but not for discussion. The theoretical underpin-
ning required to formulate hypotheses and to investigate
combinations with standard meta-regression techniques is lacking
so far. Other data-driven techniques, like meta-CART, require suffi-
cient data for the intervention components under study [49]. The
current meta-analysis lacked sufficient data for some components.
Lastly, other aspects of interventions and their effect on FoF may
need to be taken into account. For example, for FoF, interventions
may need to be longer, for participants not only to master skills,
but also to gain confidence by incorporating these skills in
daily life.

The strengths of the current study include its systematic survey of
five scientific databases, rigorous quality assessment and its detailed
overview of intervention components. This study was also subject to
several limitations, leading to recommendations for future research.
First of all, because of the diversity of interventions that included FoF
as an outcome, there were no suitable pre-existing overall taxono-
mies that could be used in coding our components. Therefore, our
components guide was tailor made to suit our study and future stud-
ies may provide additional validation. Furthermore, we considered
this an exploratory study and we did not use a correction for multiple
testing. This may have caused a risk of type 1 error. Moreover, we
came across a large variation in the level of detail of intervention
descriptions and some interventions reported only a few main com-
ponents. It is possible that some interventions did not report on the
presence of certain components, causing bias in the results. For
example, studies often did not report whether the desired behavior
was demonstrated. Reporting in the included studies was also not
detailed enough to determine the delivered dose or actual compli-
ance with the intervention, hence we only considered planned deliv-
ery of components. Future studies should include detailed reporting
on intervention content and actual delivery to facilitate future meta-
analyses, for example by following the TiDieR checklist. An approach
like intervention component analysis (ICA, [50]) may also be consid-
ered. The informal evidence that is taken into account in ICA, may
reveal components that are not included in intervention descriptions.
In addition, some intervention components rarely occurred in our
sample of studies and power may have been lacking in our analyses.
For example, only one study included the intervention component
visualization. Future studies on such components are necessary to
properly investigate their effectiveness with meta-analysis.
Furthermore, the components identified as promising in the current
study can be used to develop or adapt interventions and to accumu-
late more evidence on these components. For example, the type of
tailoring may be investigated [51]. Lastly, a strong theoretical rationale
about intervention components and characteristics – and their inter-
action – is required to formulate hypothesis that can be tested with
multivariate meta-regression techniques.

Conclusions

Our analyses indicate that interventions with body awareness, hol-
istic exercises, and meditation were more effective than interven-
tions without these components. Interventions with tailoring,
motivation by the supervisor, balance exercises, or self-monitoring
were less effective than interventions without these components.Ta
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These components may be emphasized or de-emphasized,
respectively, when designing or optimizing interventions to
reduce FoF, in order to prevent its disabling consequences in
community-dwelling older people. Clinicians should consider
including these components in their treatments for FoF, also tak-
ing into account costs and culture.
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