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HIGHLIGHTS

e The combined physical and cognitive intervention had a small to moderate immediate effect on FOF among older adults compared with blank/placebo/usual

control.

e The combined intervention can provide additional immediate benefits than the single cognitive intervention.
e The immediate effect of combined interventions is not preferable to the single physical intervention.
o No effect was found in a long-term retention effect of combined interventions on reducing FOF.
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ABSTRACT

Objective: Fear of falling (FOF) is common among older adults. Currently, physical exercise, cognitive inter-
vention, and combined physical and cognitive intervention have been proven to be effective interventions.
However, whether combined interventions can provide additional benefits than single interventions remains
unclear. Thus, the systematic and meta-analysis was conducted to explore the immediate and retention effects of
combined physical and cognitive interventions, in comparison with a single intervention.

Materials and methods: Randomized controlled trials of combined interventions on FOF in older adults were
searched using Web of Science, PubMed, Cochrane Library, EMBASE, SCOPUS, CINAHL, and PsycINFO from
inception to March 20, 2023. The risk of bias in included studies was evaluated using the Cochrane Collaboration
Risk of Bias tool. Two independent researchers extracted the data using predetermined criteria.

Results: 31 studies were included in the systematic review and meta-analysis. For the immediate post-
intervention effect, the combined intervention was more effective than the blank/placebo/conventional inter-
vention and the single cognitive intervention, while no additional effect was observed compared with the single
physical intervention. Moreover, no additional follow-up retention effects were found when comparing the
combined intervention with the single intervention.

Conclusions: Combined interventions had positive immediate effects on FOF in older adults, compared with single
cognitive intervention, while combined interventions had a similar effect as a single physical intervention. More
well-designed studies are required to explore the additional benefits of combined interventions compared with a
single intervention and to investigate the follow-up effects of combined interventions.

1. Introduction

2018), poor quality of life(Scheffer et al., 2008), late-life depression
(Gambaro et al., 2022; Yao et al., 2021), functional decline(Martin et al.,

Fear of falling (FOF) is defined as continuing concern about falling
that causes individuals to avoid daily activities that they could be
capable of performing(Tinetti & Powell, 1993). FOF is a common
problem in older adults with a prevalence of 20-85%(Scheffer et al.,
2008) and is associated with falls(Gambaro et al., 2022; Lavedan et al.,
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2005), balance impairment(Li et al., 2003), and mortality(Chang et al.,
2017). FOF can be attributed to many factors(Dos et al., 2023; Park &
Kim, 2022), such as age, female, comorbidity, worse self-rated health,
physical performance, and cognitive ability. Thus, developing inter-
vention strategies that target modifiable risk factors is vital to improving
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FOF in older adults.

Previous studies have already conducted different types of in-
terventions to decrease FOF in older adults with exercise and cognitive
intervention being the two most common interventions(Kruisbrink
et al.,, 2021). Physical exercise can enhance muscle strength, walking
ability, and balance performance(Salbach et al., 2005; Sherrington et al.,
2008). A systematic review and meta-analysis of randomized controlled
trials indicated exercise interventions had a small to moderate effect on
improving FOF (standardized mean difference (SMD): 0.37, 95% CI
0.18-0.56)(Kumar et al., 2016). In addition, other studies have shown
the benefits of cognitive interventions, including cognitive behavior
therapy (CBT)(Liu et al., 2018) and cognitive training (CT)(Spano et al.,
2022; Yoon et al., 2013), in reducing FOF in older adults.

The study has shown that risk factors for FOF are multidimensional
(McAuley et al., 1997), interventions therefore that address factors in
multiple domains are theoretically likely to reduce FOF in older adults to
a greater extent(Vliek et al., 2008). On the other hand, due to the
complexity of the combined physical and cognitive intervention, which
can be difficult tasks for frail older adults, positive effects may not be
observed compared with single interventions. Currently, a systematic
review and meta-analysis has shown that physical combined with
cognitive interventions can reduce FOF (Chua et al., 2019), but whether
combined interventions can provide additional benefits than single in-
terventions is controversial. Several studies indicated that combined
interventions were preferable to single interventions(de Bruin et al.,
2013; Liu et al., 2019), while other studies were not observed similar
results(de Oliveira et al., 2021; Justina & Man, 2014; Turunen et al.,
2022). Given the high cost and complexity of designing, analyzing, and
implementing combined interventions(Vliek et al., 2008), evaluating
and synthesizing the effects of combined interventions on reducing FOF
is essential, when compared to single interventions. At present, how-
ever, no systematic review and meta-analysis has been conducted to
explore the effect of combined interventions by contrast with single
interventions.

Thus, the aims of this systematic review of randomized controlled
trials are to investigate: (1) the immediate post-intervention and follow-
up retention effects of combined physical and cognitive intervention,
compared to a single intervention (physical or cognitive intervention),
on fear of falling in older adults; (2) the effect size of combined in-
terventions on reducing FOF, in comparison with conventional inter-
vention, placebo control, blank control, or wait-list control.

2. Method

This systematic review and meta-analysis was registered on the
PROSPERO (registration number: CRD42023425764) and followed the
Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines(Moher et al., 2009).

2.1. Search strategy

The PICO (Population, Intervention, Comparison, and Outcome)
principle was performed to conduct the systematic search. Based on
PICO principles, we retrieved in databases including Web of Science,
PubMed, Cochrane Library, EMBASE, SCOPUS, CINAHL, and PsycINFO
using the combination of MESH terms, free-text terms, and truncation
retrieval from the inception to March 20, 2023. More detailed search
strategy can be seen in Supplementary Material.

2.2. Inclusion criteria

2.2.1. Types of participants

Older adults aged 60 years or older, with no restrictions on location
(e.g. community, hospitalization, or institution) were included in the
analyses. Older adults with mild cognitive impairment (MCI) often have
abnormalities in learning and memory functions, as well as executive
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functions (Guo et al., 2023). MCI is an intermediate condition between
the normal cognitive state and dementia (Roberts & Knopman, 2013),
and is not believed to affect the daily lives and communication abilities
of older adults. Additionally, MCI is associated with FOF in older adults
(Uemura et al., 2014). Therefore, participants with cognitive impair-
ment were not excluded.

2.2.2. Types of interventions

The intervention must be the combination of cognitive intervention
and physical training. Physical training can be any form of exercise, such
as balance training, resistance training, aerobic training, strength
training, Tai Chi and so on. Cognitive intervention includes cognitive
therapy, cognitive behavioral therapy, and cognitive training, in-
terventions that fit any of the above three formats, can be considered as
cognitive intervention.

2.2.3. Types of comparators

The comparators can be any of the following types: single physical
intervention, single cognitive intervention, conventional intervention(e.
g. various forms of health education, such as lectures, brochures), pla-
cebo control, blank control or wait-list control.

2.2.4. Types of outcomes

Trials that measured FOF were included. Falls Efficacy Scale(Tinetti
et al., 1990), Falls Efficacy Scale-International(Yardley et al., 2005),
Activities-specific Balance Scale(Powell & Myers, 1995), and other
scales that had been validated were considered accepted measurements.

2.2.5. Types of study design
Randomized controlled trails (RCTs) published in English were
included.

2.3. Exclusion criteria

The exclusion criteria were the following: (1) review articles, pro-
tocol papers, conference abstracts, and case report; (2) data unavailable;
(3) duplicate publications.

2.4. Data extraction

Two authors independently extracted data from studies that meet the
inclusion criteria, and disagreements were resolved by the third author.
The following information was extracted: the first author, year of pub-
lication, the country the study was conducted in, number of participants
enrolled in the study, mean age, gender, type of the intervention, fre-
quency of the intervention, duration of the intervention, follow-up
period, and measurement scales.

2.5. Quality assessment

Two authors independently assessed the risk of bias of the included
study according to the Cochrane Collaboration Risk of Bias tool
(Cumpston et al., 2019), including selection bias(random sequence
generation and allocation concealment), performance bias, detection
bias, attrition bias, reporting bias and other bias. Each domain is clas-
sified as“low risk of bias”,*high risk of bias”, “unclear risk of bias”for
each study by two authors. Disagreements were solved by the third

author.
2.6. Statistical analysis

The comparisons of meta analysis include the combined intervention
vs. conventional/placebo/blank/wait-list control, the combined inter-
vention vs. single physical intervention, the combined intervention vs.
single cognitive intervention. For meta-analysis, the outcome data are
extracted in the form of means, standard deviations and the number of
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participants in each group. When the higher score represents the greater
FOF, the mean is multiplied by —1 to ensure that score is in the same
direction. We report continuous outcomes as mean difference (MD) or
standardized mean difference (SMD) with 95% Confidence Intervals
(CD), if the same scale or different scales are used, respectively. For SMD,
0.2 represents a small effect, 0.5 represents a medium effect, and 0.8
represents a large effect(COHEN, 1962).

Heterogeneity of trials are assessed with the chi-squared test and 12
statistics. If P > 0.1 and 2 < 50%, we select the fixed effect model. If P <
0.1 and 12 > 50%, it indicates that there is high heterogeneity between
studies(Higgins et al., 2003), the random effect model is used and we
conduct a subgroup analysis to explore sources of heterogeneity. Sources
of heterogeneity are mainly divided into methodological heterogeneity
and clinical heterogeneity, including differences in study design, par-
ticipants, interventions, exposures, and outcomes(Higgins & Thompson,
2002). Thus, a series of subgroup analyses are conducted according to
FOF outcome measures, the place where older adults live (communi-
ty-dwelling or not), length of the intervention (<8 weeks,>8 weeks),
type of cognitive intervention, the trial was registered or not, and the
number of groups in the randomized controlled trial. Sensitivity ana-
lyses using the leave-one-out method are performed to confirm the
consistency of the effect size. In addition, the study with low risk of bias
in three domains (random sequence generation, allocation concealment,
and missing participant outcome data) is categorized as having low
overall risk of bias (Karam et al., 2023). In order to ensure the reliability
of the results, we conduct sensitivity analyses of the trials with low
overall risk of bias. The funnel plot and Egger’s test(Egger et al., 1997)
are used to evaluate publication bias. All analyses are performed using
Review Manager 5.4.0 and Stata 17.0.

3. Results
3.1. Study selection

The flow diagram of study selection is shown in Fig. 1. A total of 2760
articles were retrieved from the seven databases. 117 articles remained
after removal of duplicates and screening of titles and abstracts. After
screening the full-text articles, 31 articles were included in systematic
review and 27 were included in meta analysis. Four articles were not
included in the Meta-analysis because two articles were not full data
available(Kraiwong et al., 2021; Wetherell et al., 2018) and two articles
with small sample sizes were reported in median/quartiles(Broscheid
et al., 2020; Maria et al., 2021).

3.2. Study characteristics

The main characteristics of the 31 included studies are presented in
Table 1. Among these articles, four articles were conducted in China
(Huang et al., 2016, 2011; Justina & Man, 2014; Liu et al., 2019), three
in Switzerland(de Bruin et al., 2020, 2013; Pichierri et al., 2012), three
in Netherlands(Dorresteijn et al., 2016; Scheffers-Barnhoorn et al.,
2019; Zijlstra et al., 2009), three in Brazil(de Oliveira et al., 2021;
Gomes et al., 2018; Maria et al., 2021), three in Turkey(Uzunkulaoglu
et al., 2020; Karagul & Kartaloglu, 2023; Akin et al., 2021), two in
Germany(Broscheid et al., 2020; Freiberger et al., 2012), two in
Australia(Callisaya et al., 2021; Schoene et al., 2015), two in USA
(Wetherell et al., 2018; Plummer-D’Amato et al., 2012), two in Slovakia
(Hagovska & Olekszyova, 2016; Mihalova et al., 2022), two in multiple
countries (Barban et al., 2017; Reve & de Bruin, 2014), and the others
were single studies conducted in different countries. The publication
years of 31 eligible articles ranged from 2009 to 2023. Five articles were
published in 2021(Akin et al., 2021; Callisaya et al., 2021; de Oliveira
et al., 2021; Kraiwong et al., 2021; Maria et al., 2021), accounting for
the highest proportion.
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Additional records identified
through other sources (n=0)

Records identified through database searching
(n=2760)

Web of Science:610
PubMed:307
Cochrane Library:610
EMBASE: 94
SCOPUS:675
CINAHL:396
PsycINFO:68

Records after duplicates

removed (n=1946)

Records screened
(n=1946)

Records excluded
(n=1829)

———=

Full-text articles excluded (n=86)
Protocal--only: 29

Not RCT: 4

Not in English: 1
Participants'age <60 years: 6

Not the combination of physical and
cognitive interventions: 27

Not the single intervention, sham
intervention or usual care in control
group: 4

Fear of faling not measured: 8

Full-text articles
assessed for
eligibility (n=117)

Conference abstracts: 6

Full text unavailable: 1

Studies included
in qualitative

synthesis (n=31)

synthesis (meta-analysis)

Studies included in quantitative
(n=27)

Fig. 1. PRISMA flow diagram of study selection.

3.2.1. Participants

A total of 3366 participants were included in this systematic review.
Of the 28 articles that reported the percentage of females, 21 had greater
than 50%. Among the 31 eligible articles, sample sizes varied from 13 to
540. The mean age of the participants ranged from 60 to 88 years, except
for two studies, which did not report an exact mean age(Huang et al.,
2011; Maria et al., 2021). Nine studies recruited participants with his-
tory of falls or FOF(Arnold et al., 2011; Barban et al., 2017; Dorresteijn
et al., 2016; Freiberger et al., 2012; Justina & Man, 2014; Liu et al.,
2019; Scheffers-Barnhoorn et al., 2019; Wetherell et al., 2018; Zijlstra
et al., 2009), three studies with balance limited(Kraiwong et al., 2021;
Mihalova et al., 2022; Uzunkulaoglu et al., 2020), three studies with
cognitive impairment(Callisaya et al., 2021; Hagovska & Olekszyova,
2016; Yoon et al., 2013), two studies with lumbar spinal stenosis
(Broscheid et al., 2020; Karagul & Kartaloglu, 2023), and one each with
frailty/pre-frailty(Gomes et al., 2018) and hip osteoarthritis(Arnold
et al., 2011).

3.2.2. Interventions

21 studies conducted combined interventions of physical exercise
and cognitive training, nine studies adopted combined physical exercise
and cognitive behavior intervention (CBI), and one was physical exer-
cise, cognitive training plus CBI. The main components of cognitive
training included memory training, attention training, and executive
function training, while the CBI included cognitive restructuring, goal
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Table 1
The characteristics of eligible studies (n = 31) included in a systematic review and meta-analysis.
The first Publication Country Sample Mean Control group  Intervention duration of frequency of  Follow- Measurement
author year size (% age group the the up time tools
female) (SD) intervention intervention
Karagul 2023 Turkey 43(49) 68.98 BT BT + CT 4 weeks 3 times per — ABC
(3.05) week
Katri 2022 Finland 314(38) 74.45 AT + RT + BT AT + RT + 12 months PT:2-3 12 FES-1
(3.79) BT + CT times per months
week;
CT:3-4
times per
week
Mihalova 2022 Slovakia 80(100) 75.5 PT PT + pelvic 12 weeks 2 times per — FES
(8.87) floor muscle week
training + CT
Javadpour 2022 Iran 69(71) 68.6 BT; BT + CT 6 weeks 3 sessions — ABC
(3.3) blank control per week
De Oliveira 2021 Brazil 50(88) 68.3 ST ST + CT 24 weeks 3 times per — FES-I
(5.58) week
Kraiwong 2021 Thailand 37(78) 71.22 HE AT +RT+CT 8 weeks 3 sessions 12 FES-I-Thai
(5.43) per week months
Callisaya 2021 Australia 93 72.8 HE BT + ST +CT 6 months 120 min per — ABC
(58.1) @) week
Akin 2021 Turkey 50(38) 67.72 motor-motor motor- 8 weeks — — FES-1
(7.33) DTT cognitive
DTT
Maria 2021 Brazil 16(88) — ST + BT ST+ BT +CT 6 weeks 3 times per — FES-I-Brazil
week
Broscheid 2020 Germany 18(72) 71.5 PT PT + CT 6 weeks 2 times per — SFES-I
(11.7) week
de Bruin 2020 Switzerland 17(59) 88.08 sham PT+ CT 8 weeks 3 times per 4 weeks FES-1
(6.1) intervention week
Uzunkulaogl 2020 Turkey 50(68) 72.95 BT BT + CT 4 weeks 3 times per — ABC
(5.53) week
Scheffers- 2019 Netherlands 77(79) 82.5 usual care PT + CBT discharge 3 months  FES-I
Barnhoorn (7.6) &6
months
Liu 2019 China 89(40) 60.47 HE + ST +BT ST + BT + 8 weeks 2 times per 3 months  ABC
(5.73) CBT week &12
months
Wetherell 2018 USA 42(74) 77.9 HE HE + CBT + 8 weeks once per — SFES-I
(7.35) ST + BT week
Gomes 2018 Brazil 30(93) 84 HE CT + PT 7 weeks 2 times per 30 days FES-I
(6.01) week
Barban 2017 Italy, Greece, Spain & 481(65) 75.03 PT; PT + CT 3 months 2 times per 3 months FES-1
Serbia (8.14) CT; week
active control
Huang 2016 China 75(48) 79.58 routine care; CBT+ PT 8 weeks 2 times per 3 months FES
(6.6) CBT week
Hagovska 2016 Slovakia 80(49) 66.95 BT CT + BT 10 weeks 2 times per — FES-I
(5.45) week
Dorresteijn 2016 Netherlands 389(70) 78.31 usual care CBT + PT 4 months — 1 months  FES-I
(5.34) &8
months
Schoene 2015 Australia 90(66) 81.52 brochure cognitive- 16 weeks 3 sessions Icon-FES
(6.98) motor per week
training
Justina 2014 China 122(87) 74.51 Tai Chi TaiChi+CBT 8 weeks — 2 months  CFES-I
(7.28)
Reve 2014 Switzerland&Germany 145(70) 81.52 ST + BT ST + BT +CT 12 weeks SB: 2 times — FES-1
(7.31) per week
CT: 3 times
per week
de Bruin 2013 Switzerland 13(62) 77.2 ST + BT PT + CT 12 weeks ST: 2 times — FES-1
(7.74) per week
CT: 3-5
times per
week
Yoon 2013 Korea 20(-) 74.39 PT CT + PT 12 weeks 3 times per — MFES
(10.4) week
Pichierri 2012 Switzerland 22(—) 86.2 ST + BT cognitive- 12 weeks 2 times per — FES-I
(4.6) motor week
exercise
training
Plummer- 2012 USA 17(94) 76.64 BT CT +BT 4 weeks once per — ABC
D’Amato (5.58) week

(continued on next page)
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Table 1 (continued)
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The first Publication Country Sample Mean Control group  Intervention duration of frequency of  Follow- Measurement
author year size (% age group the the up time tools
female) (SD) intervention intervention
Freiberger 2012 Germany 153(45) 76.23 blank control ST+ BT+ CT 16 weeks 2 times per 2 ABC
(4.23) + CBT week months,
8 months
&20
months
Huang 2011 China 176(59) — blank control; CBT + Tai Chi 8 weeks 5 times a 3 months FES
CBT week
Arnold 2011 Canada 54(—) 73.78 aquatic BT + ST+ 11 weeks exercise: 2 — ABC
(6.2) fitness class CBT times per
week
CBI: once
per week
Zijlstra 2009 Netherlands 540(72) 77.9 usual care CBT + 2 months once per 6 months ~ MFES
(4.79) stretching week &12
and flexing months
exercises +
ST
Abbreviation:

Intervention type: AT: aerobic training; BT,balance training; CBT: cognitive behavior training; CT: cognitive training; HE: health education; PT: physical training; RT:

resistance training; ST, strength training;

Scale: ABC, the Activities-specific Balance Confidence Scale; FES, the Falls Efficacy Scale; MFES,the Modified Falls Efficacy Scale; FES-L the Falls Efficacy Scale In-
ternational; CFES-I, the Chinese version of the Falls Efficacy Scale International; SFES-I, the short Falls Efficacy Scale-International;

—: No data available.

setting, and behavior change. For physical exercise, only 7 trials were
the single exercise intervention, 4 trials were dual-task training, 2
studies did not provide a specific description of the intervention, and the
remaining were combined physical interventions. Balance training
accounted for the largest proportion of all exercise interventions, fol-
lowed by strength training with 17 and 15 articles, respectively. In order
to maximize the effectiveness of interventions, more targeted studies are
needed in the future to explore which interventions contribute the most
to reducing the fear of falling in older adults.

The duration of the intervention ranges from 4 to 52 weeks, except
for one study, which regards the length of hospitalization as the duration
of intervention. 13 studies conducted post-intervention follow-up
ranged from 1 to 20 months to explore the retention effects of the
intervention, with seven studies reporting short-term (<6 months) ef-
fects only, two studies reporting long-term (>6 months) effects only, and
four reporting both short-term and long-term effects.

3.2.3. Comparisons

Of 27 trials with two intervention arms, 16 trials adopted physical
exercises in control group, eight trials were conventional intervention,
and one each was the cognitive intervention, sham intervention, and
blank control. The control group of three trials with three arms were
blank control and physical intervention, conventional intervention and
CBI, and blank control and CBI, respectively. One trial was a four-arm
design with control groups of blank control, physical exercise, and
cognitive training.

3.2.4. Outcomes

The 31 eligible studies had a wide variety of measurements. 15
studies adopted FES-I to assess FOF, and three of which used the Chinese
version, the Brazilian version, and the Thai version of the FES-I,
respectively. Eight studies adopted ABC scale, three studies adopted
FES, two studies adopted the modified version of FES, two studies
adopted the short version of the FES-I and the remaining one study used
Icon-FES.

3.3. Risk of bias

The risk of bias of included studies is shown in Supplementary Ma-
terial, Figs. S1 and S2. For the selection bias, 27 studies reported random

sequence generation, and 25 studies reported allocation concealment.
22 studies were assessed at low risk of detection bias, 23 studies were
judged as being low risk of attrition bias and 30 studies were judged as
being low risk of reporting bias. However, only four studies had low risk
of performance bias because blinding participants and researchers
simultaneously was difficult.

3.4. Immediate post-intervention effects of combined interventions on FOF

3.4.1. Combined intervention vs. blank/placebo/conventional intervention

A total of nine trials, including 1201 participants, reported the effect
of combined intervention on FOF compared with blank/placebo/con-
ventional intervention. The results of meta-analysis are shown in Fig. 2,
FOF was significantly improved in the combined intervention group
(SMD = 0.37, 95% CI 0.14-0.60, P = 0.001). There was considerable
heterogeneity among the included trials (3> = 21.44, I = 63%, P =
0.006).

3.4.2. Combined intervention vs. cognitive intervention

Four trials, consisting of 426 older adults, reported the effect of
combined intervention group on FOF compared with single cognitive
intervention group. As shown in Fig. 3, a fixed effects model was used
because I2 < 50% and P < 0.1. The results showed that the combined
intervention was more effective in improving FOF in comparison with
cognitive intervention (SMD = 0.20, 95% CI 0.01-0.39, P = 0.04).

3.4.3. Combined intervention vs. physical intervention

Seventeen trials, including 1456 older adults, compared the effect on
FOF between the combined intervention and single physical interven-
tion. The results are presented in Fig. 4. Compared with physical
intervention, the pooled effect size indicated that there was no effect of
the combined intervention on FOF (SMD = —0.09, 95% CI —0.27-0.08,
P = 0.29) with significant heterogeneity (x*> = 39.07, 12 = 56%, P =
0.002).

3.5. Short-term(<6 months) and long-term(>6 months) retention effects
of combined interventions on FOF

As shown in Fig. 5, in contrast with blank/placebo/conventional
intervention, there was an edge effect (SMD = 0.28, 95% CI 0.00-0.57,
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Fig. 3. Forest plot of the immediate effect of the combined intervention on FOF in older adults compared with the single cognitive intervention.
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Fig. 4. Forest plot of the immediate effect of the combined intervention on FOF in older adults compared with the single physical intervention.

P = 0.05) of combined intervention on FOF in a short-term follow-up.
However, no significant long-term retention effect (SMD = 0.08, 95% CI
—0.18-0.34, P = 0.53) was observed between two groups. Figs. 6 and 7
showed the short-term and long-term retention effects of combined in-
terventions on FOF, compared with single cognitive intervention, and
single physical intervention, respectively. The results revealed that there
were no differences between the combined intervention and single
intervention group (SMD = 0.45, 95% CI —0.23-1.13, P = 0.20; SMD =
—0.02, 95% CI —0.17-0.13, P = 0.81).

3.6. Subgroup analyses

Due to the high heterogeneity, subgroup analyses were conducted in
the meta-analysis of combined intervention vs. blank/placebo/conven-
tional intervention and combined intervention vs. single physical
intervention. As shown in Supplementary Material, Fig. S3, the results
suggested that the effect of combined intervention group on FOF did not
differ by the FOF outcome measures (X2 = 4.24, df = 4, P = 0.37),
community-dwelling or not (X2 = 1.08, df = 1, P = 0.30), type of
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cognitive intervention (y? = 0.19, df = 1, P = 0.67), the trial was
registered or not (x2 = 0.03, df = 1, P = 0.86), and the number of
intervention arms (Xz = 2.02, df = 1, P = 0.16). Length of inter-
vention<eight weeks (SMD = 0.63, 95% CI 0.26-1, P = 0.0008)
significantly improved FOF compared to length of intervention>eight
weeks (SMD = 0.12, 95% CI —0.09-0.34, P = 0.27). The effect of
combined intervention varied by the FOF outcome measures, compared
with physical intervention (Xz = 7.89, df = 2, P = 0.02; please see
Figure S4, in the supplementary material). Measured by FES-I scale,
single physical interventions had a better improvement than combined
interventions (SMD = —0.27, 95% CI —0.50-—0.04, P = 0.02). However,
no significant difference was found (SMD = —0.06, 95% CI —0.23-0.12,
P = 0.53; please see Fig. S5, in the supplementary material) when the
changes of mean and SD were extracted to calculate SMD.

3.7. Sensitivity analyses

Sensitivity analyses, conducted in the meta-analyses of combined
intervention vs. blank/placebo/usual control and combined
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Fig. 5. Forest plot of the retention effect of the combined intervention on FOF in older adults compared with the blank/placebo/conventional intervention.
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Fig. 6. Forest plot of the retention effect of the combined intervention on FOF in older adults compared with the cognitive intervention.
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Fig. 7. Forest plot of the retention effect of the combined intervention on FOF in older adults compared with the physical intervention.

intervention vs. single physical intervention, indicated that the results
were consisted with the above analyses. However, there was no robust
result between the combined intervention and cognitive intervention.
After the studies with high overall risk bias were excluded, no different
results were found, suggesting that the results of the present study were
robust. More details could be seen in Supplementary Material, Fig. S6.

3.8. Publication bias

The funnel plot and Egger’s test indicated no publication bias in the
immediate post-intervention effect of combined intervention on FOF
(please see Supplementary Material, Fig. S7).

4. Discussion

This review explored the immediate post-intervention and retention
effects of combined physical and cognitive intervention on fear of falling
in older adults. The results showed the combined intervention had a
small to moderate effect on FOF, in comparison with blank/placebo/
usual control. Moreover, a small effect size on FOF was observed in the
combined intervention vs. cognitive intervention, while there was no
positive effect when comparing the combined intervention with a single
physical intervention. In a short-term retention effect, only the com-
bined intervention had a positive effect compared to blank/placebo/
usual control. Furthermore, no effect was found in a long-term retention
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effect of combined interventions on reducing FOF.

The results suggested that in comparison with blank/placebo/usual
control, the combined interventions were linked to a small to moderate
reduction in FOF among older adults immediately post-intervention
(SMD = 0.37, 95% CI 0.14-0.60, P = 0.001). This finding was consis-
tent with the results of a meta-analysis of randomized controlled trials
investigating the effect of physical intervention on FOF in older adults
(SMD = 0.37, 95% CI 0.18-0.56, P = 0.0001)(Kumar et al., 2016). The
similar effect sizes indicated that combined interventions did not appear
to have additional benefits for reducing FOF. However, on account of the
differences in the characteristics of participants, control intervention,
and study design between the two reviews, the result should be inter-
preted with caution.

Additionally, to explore the additional benefits of the combined
intervention, the present study compared the effect of the combined
intervention in reducing FOF with a single intervention. In comparison
with single physical intervention, the combined intervention also did
not produce additional benefits on FOF in older adults (SMD = —0.09,
95% CI —0.27-0.08, P = 0.29). One possible explanation is that FOF is
mainly caused by the deterioration of physical function. Previous studies
suggested that FOF was strongly associated with poorer balance per-
formance, lower extremity function, walking mobility, muscle strength,
and perceived physical health (Kumar et al., 2014; Oh et al., 2017).
Furthermore, physical exercise had already been proven to be effective
in enhancing balance ability, strength, and physical performance (Lam
et al., 2018; Papalia et al., 2020). Thus, this may be the reason why
combined interventions did not produce additional benefits, compared
with physical interventions. In contrast, there was a positive effect on
reducing FOF when comparing combined intervention with single
cognitive intervention (SMD = 0.20, 95% CI 0.01-0.39, P = 0.04).
However, only four trials were included for this outcome, more research
is needed in the future to explore whether the combined intervention
can lead to additional effects compared to the single intervention.

The subgroup analysis revealed that the effect of the combined in-
terventions on FOF varied by the duration of trials (y? = 5.37, df = 1, P
= 0.02), compared with blank/placebo/ usual control. The duration of
trials < eight weeks had a significant effect on improving FOF (SMD =
0.63, 95% CI 0.26-1, P = 0.0008), while no effect was observed when
the duration of trials was more than 8 weeks (SMD = 0.12, 95% CI
—0.09-0.34, P = 0.27). The possible reason may be excessive perceived
stress and cognitive fatigue in older adults. The extended duration of the
combined intervention may lead to less participation (Holtzer et al.,
2011), and ultimately has an negative impact on the effectiveness of the
intervention. The result shows that there is a nonlinear relationship
between the effect of the combined intervention and the duration of
intervention. To ensure cost-effectiveness, more well-designed studies
are needed to explore the optimal length of intervention for combined
interventions.

In long-term follow-up retention effects, no statistically significant
difference was observed (Combined intervention vs. Blank/placebo/
conventional intervention: SMD = 0.08, 95% CI —0.18-0.34, P = 0.53;
Combined intervention vs. Single cognitive intervention: SMD = 0.45,
95% CI —0.23-1.13, P = 0.20; Combined intervention vs. Single physical
intervention: SMD = —0.02, 95% CI —0.17-0.13, P = 0.81). The reason
for this result could be that after the intervention ended, older adults do
not adhere to a regular training routine, resulting in insignificant
intervention effects(Huang et al., 2016; Liu et al., 2019). Future research
should focus on the follow-up retention effects of the combined inter-
vention on reducing FOF.

4.1. Clinical implications

FOF is a common psychological problem in older adults and is
associated with many adverse health outcomes. Therefore, to improve
the quality of life in later life, implementing interventions to reduce FOF
in older adults is essential. The present study shows that combined
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physical and cognitive intervention and single physical intervention
have similar effects on reducing FOF in older adults. Considering the
simplicity of the intervention and the feasibility of clinical practice, a
single physical intervention may be an optimal choice. Clinical practi-
tioners should develop tailored exercise intervention programs to reduce
FOF in older adults and improve the quality of life in later life.

4.2. Study limitations

This systematic review and meta-analysis has several limitations.
First, only studies written in English are included, which may have
missed some studies. Second, most of the studies included in this review
have high risks of performance bias, due to the difficulty of blinding
participants and researchers simultaneously. Third, sample sizes for
some studies are relatively small, and these studies may have limited
power to explore intervention effects. In additon, age, as an affecting
factor for fear of falling in older adults, has the possibility of influencing
the effectiveness of interventions. Therefore, a more detailed delineation
of the age of older adults and exploring the best interventions for
different age groups should be the direction of future research. Fourth,
there are no standardized outcome measures to evaluate FOF, which
may impede the comparability and reliability of the results. Focusing on
different measurement purposes, the FOF has a variety of measurement
tools (Jorstad et al., 2005). A systematic review and meta-analysis
showed that FES-International (FES-I) had high-certainty evidence to
support the responsiveness, however, future studies are still needed to
explore the efficacy of measurement properties of FES-I variants and
application in different settings (McGarrigle et al., 2023). Future studies
are needed to explore the optimal measurement for FOF in different
contexts. Fifth, although seven databases were searched for this study,
the funnel plot and Egger’s test did not reveal the publication, there is a
discrepancy between the study protocol and the amount of published
research(Komukai et al., 2023). Publication bias is likely to exist in this
study and lead to an overestimation of the intervention outcome. Last, a
small number of studies have investigated the follow-up retention effects
of combined interventions, which may lead to inaccurate synthesized
effect sizes.

5. Conclusion

In summary, the results showed that combined physical and cogni-
tive groups have a positive immediate post-intervention effect on
reducing FOF in older adults in comparison with blank/placebo/usual
control or single cognitive intervention. Only combined interventions
had a small effect compared to blank/placebo/usual control in short-
term retention effects. The immediate and long-term effects of the
combined intervention were not preferable to those of the physical
intervention. However, only small number of trials explored the reten-
tion effects of the combined intervention, and the characteristics of
trials, which can lead to long-term effects on FOF in older adults, remain
unclear. Thus, to clarify the feasibility of the combined intervention, in
the future, more studies are required to explore the retention effects of
the combined intervention and to demonstrate whether it can provide
additional benefits than single interventions.

CRediT authorship contribution statement

Yue Hu: Conceptualization, Data curation, Methodology, Software,
Writing — original draft, Writing — review & editing. Kun Wang: Data
curation, Writing — original draft. Jiaxin Gu: Writing — review & editing,
Formal analysis. Zhixuan Huang: Methodology, Software, Supervision.
Ming Li: Conceptualization, Methodology.

Declaration of Competing Interest

None.

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en
febrero 12, 2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Y. Hu et al.
Funding

This work was supported by the National Social Science Fund of
China [grant numbers 19BRK010].

Acknowledgment
Not applicable.
Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.archger.2023.105173.

References

AKkin, H., Senel, A., Taskiran, H., & Kaya, M. E. (2021). Do motor-cognitive and motor-
motor dual task training effect differently balance performance in older adults?
European Geriatric Medicine, 12(2), 371-378. https://doi.org/10.1007/s41999-020-
00434-8

Arnold, C. M., Faulkner, R. A., & Gyurcsik, N. C. (2011). The relationship between falls
efficacy and improvement in fall risk factors following an exercise plus educational
intervention for older adults with hip osteoarthritis. Physiotherapy Canada, 63(4),
410-420. https://doi.org/10.3138/ptc.2010-29

Barban, F., Annicchiarico, R., Melideo, M., Federici, A., Lombardi, M. G., Giuli, S., et al.
(2017). Reducing fall risk with combined motor and cognitive training in elderly
fallers. Brain Sciences, 7(2), 19. https://doi.org/10.3390/brainsci7020019

Broscheid, K. C., Behrendt, T., Hamacher, D., Boker, S., Gagelmann, T., Schmidt, C.,
Caspari, C., Meiler, K., Napiontek, A., Franke, J., & Schega, L. (2020). Effect of a
multimodal movement intervention in patients with neurogenic claudication based
on lumbar spinal stenosis and/or degenerative spondylolisthesis-A pilot study.
Frontiers in Medicine, 7, Article 540070. https://doi.org/10.3389/fmed.2020.540070

Callisaya, M. L., Jayakody, O., Vaidya, A., Srikanth, V., Farrow, M., & Delbaere, K.
(2021). A novel cognitive-motor exercise program delivered via a tablet to improve
mobility in older people with cognitive impairment-StandingTall Cognition and
Mobility. Experimental Gerontology, 152, Article 111434. https://doi.org/10.1016/j.
exger.2021.111434

Chang, H. T., Chen, H. C., & Chou, P. (2017). Fear of falling and mortality among
community-dwelling older adults in the Shih-Pai study in Taiwan: A longitudinal
follow-up study. Geriatrics & Gerontology International, 17(11), 2216-2223. https://
doi.org/10.1111/ggi.12968

Chua, C., Jiang, Y., Lim, S., Wy, V. X., & Wang, W. (2019). Effectiveness of cognitive
behaviour therapy-based multicomponent interventions on fear of falling among
community-dwelling older adults: A systematic review and meta-analysis. Journal of
Advanced Nursing, 75(12), 3299-3315. https://doi.org/10.1111/jan.14150

Cohen, J. (1962). The statistical power of abnormal-social psychological research: A
review. Journal of abnormal and social psychology, 65, 145-153. https://doi.org/
10.1037/h0045186

Cumpston, M., Li, T., Page, M. J., Chandler, J., Welch, V. A., Higgins, J. P., & Thomas, J.
(2019). Updated guidance for trusted systematic reviews: A new edition of the
Cochrane handbook for systematic reviews of interventions. The Cochrane database of
systematic reviews, 10(10), Article ED000142. https://doi.org/10.1002/14651858.
ED000142

de Bruin, E. D., Baur, H., Brulhart, Y., Luijckx, E., Hinrichs, T., & Rogan, S. (2020).
Combining stochastic resonance vibration with exergaming for motor-cognitive
training in long-term care; A Sham-control randomized controlled pilot trial.
Frontiers in Medicine, 7, Article 507155. https://doi.org/10.3389/fmed.2020.507155

de Bruin, E. D., Reve, E. V., & Murer, K. (2013). A randomized controlled pilot study
assessing the feasibility of combined motor-cognitive training and its effect on gait
characteristics in the elderly. Clinical Rehabilitation, 27(3), 215-225. https://doi.org/
10.1177/0269215512453352

de Oliveira, V., Piraua, A., Cavalcante, B. R., Beltrao, N. B., de Farias, W. M., Pitangui, A.,
& de Araujo, R. C. (2021). Additional functional performance gains after 24-week
unstable strength training with cognitive training in community-dwelling healthy
older adults: A randomized trial. Journal of Aging and Physical Activity, 29(3),
412-422. https://doi.org/10.1123/japa.2020-0050

Dorresteijn, T., Zijlstra, G., Ambergen, A. W., Delbaere, K., Vlaeyen, J., & Kempen, G.
(2016). Effectiveness of a home-based cognitive behavioral program to manage
concerns about falls in community-dwelling, frail older people: Results of a
randomized controlled trial. Bmc Geriatrics, 16(2). https://doi.org/10.1186/512877-
015-0177-y

Dos, S. E., Ohara, D. G., Patrizzi, L. J., de Walsh, L., Silva, C., Da, S. N. J., Oliveira, N.,
Matos, A. P., losimuta, N., Pinto, A., & Pegorari, M. S. (2023). Investigating factors
associated with fear of falling in community-dwelling older adults through structural
equation modeling analysis: A cross-sectional study. Journal of Clinical Medicine, 12
(2), 545. https://doi.org/10.3390/jcm12020545

Egger, M., Davey, S. G., Schneider, M., & Minder, C. (1997). Bias in meta-analysis
detected by a simple, graphical test. BMJ (Clinical research ed.), 315(7109), 629-634.
https://doi.org/10.1136/bmj.315.7109.629

Freiberger, E., Haberle, L., Spirduso, W. W., & Zijlstra, G. (2012). Long-term effects of
three multicomponent exercise interventions on physical performance and fall-

Archives of Gerontology and Geriatrics 117 (2024) 105173

related psychological outcomes in community-dwelling older adults: A randomized
controlled trial. Journal of the American Geriatrics Society, 60(3), 437-446. https://
doi.org/10.1111/j.1532-5415.2011.03859.x

Gambaro, E., Gramaglia, C., Azzolina, D., Campani, D., Molin, A. D., & Zeppegno, P.
(2022). The complex associations between late life depression, fear of falling and risk
of falls. A systematic review and meta-analysis. Ageing Research Reviews, 73, Article
101532. https://doi.org/10.1016/j.arr.2021.101532

Gomes, G., Simoes, M., Lin, S. M., Bacha, J., Viveiro, L., Varise, E. M., Carvas, J. N.,
Lange, B., Jacob, F. W., & Pompeu, J. E. (2018). Feasibility, safety, acceptability, and
functional outcomes of playing Nintendo Wii Fit Plus(TM) for frail older adults: A
randomized feasibility clinical trial. Maturitas, 118, 20-28. https://doi.org/10.1016/
j-maturitas.2018.10.002

Guo, Y., Pai, M., Xue, B., & Lu, W. (2023). Bidirectional association between depressive
symptoms and mild cognitive impairment over 20 years: Evidence from the Health
and Retirement Study in the United States [Journal Article]. Journal of Affective
Disorders, 338, 449-458. https://doi.org/10.1016/j.jad.2023.06.046

Hagovska, M., & Olekszyova, Z. (2016). Impact of the combination of cognitive and
balance training on gait, fear and risk of falling and quality of life in seniors with
mild cognitive impairment. Geriatrics & Gerontology International, 16(9), 1043-1050.
https://doi.org/10.1111/ggi.12593

Higgins, J. P., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis.
Statistics in Medicine, 21(11), 1539-1558. https://doi.org/10.1002/sim.1186

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring
inconsistency in meta-analyses. BMJ (Clinical research ed.), 327(7414), 557-560.
https://doi.org/10.1136/bmj.327.7414.557

Holtzer, R., Shuman, M., Mahoney, J. R., Lipton, R., & Verghese, J. (2011). Cognitive
fatigue defined in the context of attention networks. Neuropsychology, Development,
and Cognition. Section B, Aging, Neuropsychology and Cognition, 18(1), 108-128.
https://doi.org/10.1080,/13825585.2010.517826

Huang, T. T., Chung, M. L., Chen, F. R,, Chin, Y. F., & Wang, B. H. (2016). Evaluation of a
combined cognitive-behavioural and exercise intervention to manage fear of falling
among elderly residents in nursing homes. Aging & Mental Health, 20(1), 2-12.
https://doi.org/10.1080/13607863.2015.1020411

Huang, T. T., Yang, L. H., & Liu, C. Y. (2011). Reducing the fear of falling among
community-dwelling elderly adults through cognitive-behavioural strategies and
intense Tai Chi exercise: A randomized controlled trial. Journal of Advanced Nursing,
67(5), 961-971. https://doi.org/10.1111/j.1365-2648.2010.05553.x

Jorstad, E. C., Hauer, K., Becker, C., & Lamb, S. E. (2005). Measuring the psychological
outcomes of falling: A systematic review. Journal of the American Geriatrics Society,
53(3), 501-510. https://doi.org/10.1111/j.1532-5415.2005.53172.x

Justina, L., & Man, T. C. (2014). A randomized trial comparing Tai Chi with and without
cognitive-behavioral intervention (CBI) to reduce fear of falling in community-
dwelling elderly people. Archives of Gerontology and Geriatrics, 59(2), 317-325.
https://doi.org/10.1016/j.archger.2014.05.008

Karagul, S., & Kartaloglu, I. F. (2023). The effect of single and dual-task balance exercises
on balance performance in older adult patients with degenerative lumbar spinal
stenosis: A randomized controlled trial. Geriatric Nursing, 49, 133-138. https://doi.
org/10.1016/j.gerinurse.2022.12.002

Karam, G., Agarwal, A., Sadeghirad, B., Jalink, M., Hitchcock, C. L., Ge, L., et al. (2023).
Comparison of seven popular structured dietary programmes and risk of mortality
and major cardiovascular events in patients at increased cardiovascular risk:
Systematic review and network meta-analysis. BMJ (Clinical research ed.), 380,
€72003. https://doi.org/10.1136/bmj-2022-072003

Komukai, K., Sugita, S., & Fujimoto, S. (2023). Publication bias and selective outcome
reporting in randomized controlled trials related to rehabilitation: A literature
review. Archives of Physical Medicine and Rehabilitation. https://doi.org/10.1016/j.
apmr.2023.06.006. $0003-9993(23)00362-3. Advance online publication.

Kraiwong, R., Vongsirinavarat, M., Rueankam, M., & Sumalrot, T. (2021). Effects of
physical-cognitive training on physical and psychological functions among older
adults with type 2 diabetes and balance impairment: A randomized controlled trial.
Journal of Exercise Rehabilitation, 17(2), 120-130. https://doi.org/10.12965/
jer.2142106.053

Kruisbrink, M., Delbaere, K., Kempen, G., Crutzen, R., Ambergen, T., Cheung, K. L., et al.
(2021). Intervention characteristics associated with a reduction in fear of falling
among community-dwelling older people: A systematic review and meta-analysis of
randomized controlled trials. The Gerontologist, 61(6), €269-e282. https://doi.org/
10.1093/geront/gnaa021

Kumar, A., Carpenter, H., Morris, R., Iliffe, S., & Kendrick, D. (2014). Which factors are
associated with fear of falling in community-dwelling older people? Age and Ageing,
43(1), 76-84. https://doi.org/10.1093/ageing/aft154

Kumar, A., Delbaere, K., Zijlstra, G. A., Carpenter, H., Iliffe, S., Masud, T., Skelton, D.,
Morris, R., & Kendrick, D. (2016). Exercise for reducing fear of falling in older people
living in the community: Cochrane systematic review and meta-analysis. Age and
Ageing, 45(3), 345-352. https://doi.org/10.1093/ageing/afw036

Lam, F. M., Huang, M. Z,, Liao, L. R., Chung, R. C., Kwok, T. C., & Pang, M. Y. (2018).
Physical exercise improves strength, balance, mobility, and endurance in people
with cognitive impairment and dementia: A systematic review. Journal of
Physiotherapy, 64(1), 4-15. https://doi.org/10.1016/j.jphys.2017.12.001

Lavedan, A., Viladrosa, M., Jurschik, P., Botigue, T., Nuin, C., Masot, O., & Lavedan, R.
(2018). Fear of falling in community-dwelling older adults: A cause of falls, a
consequence, or both? PloS one, 13(3), Article e194967. https://doi.org/10.1371/
journal.pone.0194967

Li, F., Fisher, K. J., Harmer, P., McAuley, E., & Wilson, N. L. (2003). Fear of falling in
elderly persons: Association with falls, functional ability, and quality of life. The
Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 58(5),
P283-P290. https://doi.org/10.1093/geronb/58.5.p283

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en
febrero 12, 2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.archger.2023.105173
https://doi.org/10.1007/s41999-020-00434-8
https://doi.org/10.1007/s41999-020-00434-8
https://doi.org/10.3138/ptc.2010-29
https://doi.org/10.3390/brainsci7020019
https://doi.org/10.3389/fmed.2020.540070
https://doi.org/10.1016/j.exger.2021.111434
https://doi.org/10.1016/j.exger.2021.111434
https://doi.org/10.1111/ggi.12968
https://doi.org/10.1111/ggi.12968
https://doi.org/10.1111/jan.14150
https://doi.org/10.1037/h0045186
https://doi.org/10.1037/h0045186
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.3389/fmed.2020.507155
https://doi.org/10.1177/0269215512453352
https://doi.org/10.1177/0269215512453352
https://doi.org/10.1123/japa.2020-0050
https://doi.org/10.1186/s12877-015-0177-y
https://doi.org/10.1186/s12877-015-0177-y
https://doi.org/10.3390/jcm12020545
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1111/j.1532-5415.2011.03859.x
https://doi.org/10.1111/j.1532-5415.2011.03859.x
https://doi.org/10.1016/j.arr.2021.101532
https://doi.org/10.1016/j.maturitas.2018.10.002
https://doi.org/10.1016/j.maturitas.2018.10.002
https://doi.org/10.1016/j.jad.2023.06.046
https://doi.org/10.1111/ggi.12593
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1080/13825585.2010.517826
https://doi.org/10.1080/13607863.2015.1020411
https://doi.org/10.1111/j.1365-2648.2010.05553.x
https://doi.org/10.1111/j.1532-5415.2005.53172.x
https://doi.org/10.1016/j.archger.2014.05.008
https://doi.org/10.1016/j.gerinurse.2022.12.002
https://doi.org/10.1016/j.gerinurse.2022.12.002
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.1016/j.apmr.2023.06.006
https://doi.org/10.1016/j.apmr.2023.06.006
https://doi.org/10.12965/jer.2142106.053
https://doi.org/10.12965/jer.2142106.053
https://doi.org/10.1093/geront/gnaa021
https://doi.org/10.1093/geront/gnaa021
https://doi.org/10.1093/ageing/aft154
https://doi.org/10.1093/ageing/afw036
https://doi.org/10.1016/j.jphys.2017.12.001
https://doi.org/10.1371/journal.pone.0194967
https://doi.org/10.1371/journal.pone.0194967
https://doi.org/10.1093/geronb/58.5.p283

Y. Hu et al.

Liu, T. W., Ng, G., Chung, R., & Ng, S. (2018). Cognitive behavioural therapy for fear of
falling and balance among older people: A systematic review and meta-analysis. Age
and Ageing, 47(4), 520-527. https://doi.org/10.1093/ageing/afy010

Liu, T. W, Ng, G. Y. F., Chung, R. C. K., & Ng, S. S. M. (2019). Decreasing fear of falling in
chronic stroke survivors through cognitive behavior therapy and task-oriented
training. Stroke; a Journal of Cerebral Circulation, 50(1), 148-154. https://doi.org/
10.1161/STROKEAHA.118.022406

Maria, D. S. N, Silva, D. F. M., Freitas, H. D. A. D., Guedes, D. L. E., Brito, D. S. V.,
Victor, D. A. S. J., Larrad, A. R., de Almeida, A. D., & Freire, V. L. N. (2021). Effects
of a multicomponent exercise program on groups of community-dwelling older
adults with low schooling: A pilot study. Journal of Aging Research. , Article 8829332.
https://doi.org/10.1155/2021/8829332, 2021.

Martin, F. C., Hart, D., Spector, T., Doyle, D. V., & Harari, D. (2005). Fear of falling
limiting activity in young-old women is associated with reduced functional mobility
rather than psychological factors. Age and Ageing, 34(3), 281-287. https://doi.org/
10.1093/ageing/afi074

McAuley, E., Mihalko, S. L., & Rosengren, K. (1997). Self-efficacy and balance correlates
of fear of falling in the elderly. Journal of Aging and Physical Activity, 5(4), 12.
https://doi.org/10.1123/japa.5.4.329

Mcgarrigle, L., Yang, Y., Lasrado, R., Gittins, M., & Todd, C. (2023). A systematic review
and meta-analysis of the measurement properties of concerns-about-falling
instruments in older people and people at increased risk of falls. Age and Ageing, 52
(5). https://doi.org/10.1093/ageing/afad055

Mihalova, M., Hagovska, M., Oravcova, K., Martinaskova, N., Grus, C., & Svihra, J.
(2022). Pelvic floor muscle training, the risk of falls and urgency urinary
incontinence in older women. Zeitschrift Fur Gerontologie Und Geriatrie, 55(1), 51-60.
https://doi.org/10.1007/s00391-021-01942-3

Mobher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. BMJ (Clinical research
ed.), 339, b2535. https://doi.org/10.1136/bmj.b2535

Oh, E., Hong, G. S., Lee, S., & Han, S. (2017). Fear of falling and its predictors among
community-living older adults in Korea. Aging & Mental Health, 21(4), 369-378.
https://doi.org/10.1080/13607863.2015.1099034

Papalia, G. F., Papalia, R., Diaz, B. L., Torre, G., Zampogna, B., Vasta, S., Fossati, C.,
Alifano, A. M., & Denaro, V. (2020). The effects of physical exercise on balance and
prevention of falls in older people: A systematic review and meta-analysis. Journal of
Clinical Medicine, 9(8), 2595. https://doi.org/10.3390/jcm9082595

Park, G. R., & Kim, J. (2022). Coexistent physical and cognitive decline and the
development of fear of falling among Korean older adults. International Journal of
Geriatric Psychiatry, 37(4). https://doi.org/10.1002/gps.5705, 10.1002/gps.5705.

Pichierri, G., Murer, K., & de Bruin, E. D. (2012). A cognitive-motor intervention using a
dance video game to enhance foot placement accuracy and gait under dual task
conditions in older adults: A randomized controlled trial. Bmc Geriatrics, 12, 74.
https://doi.org/10.1186/1471-2318-12-74

Plummer-D’Amato, P., Cohen, Z., Daee, N. A., Lawson, S. E., Lizotte, M. R., & Padilla, A.
(2012). Effects of once weekly dual-task training in older adults: A pilot randomized
controlled trial. Geriatrics & Gerontology International, 12(4), 622-629. https://doi.
org/10.1111/j.1447-0594.2011.00825.x

Powell, L. E., & Myers, A. M. (1995). The activities-specific balance confidence (ABC)
scale. The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,
50A(1), M28-M34. https://doi.org/10.1093/gerona/50a.1.m28

Reve, E. V., & de Bruin, E. D. (2014). Strength-balance supplemented with computerized
cognitive training to improve dual task gait and divided attention in older adults: A
multicenter randomized-controlled trial. Bmc Geriatrics, 14, 134. https://doi.org/
10.1186/1471-2318-14-134

Roberts, R., & Knopman, D. S. (2013). Classification and epidemiology of MCI. Clinics in
Geriatric Medicine, 29(4), 753-772. https://doi.org/10.1016/j.cger.2013.07.003

Salbach, N. M., Mayo, N. E., Robichaud-Ekstrand, S., Hanley, J. A., Richards, C. L., &
Wood-Dauphinee, S. (2005). The effect of a task-oriented walking intervention on
improving balance self-efficacy poststroke: A randomized controlled trial. Journal of
the American Geriatrics Society, 53(4), 576-582. https://doi.org/10.1111/j.1532-
5415.2005.53203.x

Scheffer, A. C., Schuurmans, M. J., van Dijk, N., van der Hooft, T., & de Rooij, S. E.
(2008). Fear of falling: Measurement strategy, prevalence, risk factors and
consequences among older persons. Age and Ageing, 37(1), 19-24. https://doi.org/
10.1093/ageing/afm169

10

Archives of Gerontology and Geriatrics 117 (2024) 105173

Scheffers-Barnhoorn, M. N., van Eijk, M., van Haastregt, J., Schols, J., van Balen, R., van
Geloven, N., et al. (2019). Effects of the FIT-HIP intervention for fear of falling after
hip fracture: A cluster-randomized controlled trial in geriatric rehabilitation. Journal
of the American Medical Directors Association, 20(7), 857. https://doi.org/10.1016/j.
jamda.2019.03.009

Schoene, D., Valenzuela, T., Toson, B., Delbaere, K., Severino, C., Garcia, J., Davies, T. A.,
Russell, F., Smith, S. T., & Lord, S. R. (2015). Interactive cognitive-motor step
training improves cognitive risk factors of falling in older adults - A randomized
controlled trial. PloS one, 10(12), Article e0145161. https://doi.org/10.1371/
journal.pone.0145161

Sherrington, C., Whitney, J. C., Lord, S. R., Herbert, R. D., Cumming, R. G., & Close, J. C.
(2008). Effective exercise for the prevention of falls: A systematic review and meta-
analysis. Journal of the American Geriatrics Society, 56(12), 2234-2243. https://doi.
org/10.1111/j.1532-5415.2008.02014.x

Spano, B., De Tollis, M., Taglieri, S., Manzo, A., Ricci, C., Lombardi, M. G., Polidori, L.,
Griffini, I. A., Aloisi, M., Vinicola, V., Formisano, R., Caltagirone, C., &
Annicchiarico, R. (2022). The effect of dual-task motor-cognitive training in adults
with neurological diseases who are at risk of falling. Brain Sciences, 12(9), 1207.
https://doi.org/10.3390/brainscil 2091207

Tinetti, M. E., & Powell, L. (1993). Fear of falling and low self-efficacy: A case of
dependence in elderly persons. Journal of Gerontology, 48, 35-38. https://doi.org/
10.1093/geronj/48.special_issue.35. Spec No.

Tinetti, M. E., Richman, D., & Powell, L. (1990). Falls efficacy as a measure of fear of
falling. Journal of Gerontology, 45(6), P239-P243. https://doi.org/10.1093/geronj/
45.6.p239

Turunen, K. M., Tirkkonen, A., Savikangas, T., Hanninen, T., Alen, M., Fielding, R. A.,
Kivipelto, M., Neely, A. S., Tormakangas, T., & Sipila, S. (2022). Effects of physical
and cognitive training on falls and concern about falling in older adults: Results from
a randomized controlled trial. Journals of Gerontology Series a-Biological Sciences and
Medical Sciences, 77(7), 1430-1437. https://doi.org/10.1093/gerona/glab375

Uemura, K., Shimada, H., Makizako, H., Doi, T., Tsutsumimoto, K., Yoshida, D., et al.
(2014). Effects of mild and global cognitive impairment on the prevalence of fear of
falling in community-dwelling older adults. Maturitas, 78(1), 62-66. https://doi.org/
10.1016/j.maturitas.2014.02.018

Uzunkulaoglu, A., Kerim, D., Ay, S., & Ergin, S. (2020). Effects of single-task versus dual-
task training on balance performance in elderly patients with knee osteoarthritis.
Archives of Rheumatology, 35(1), 35-40. https://doi.org/10.5606/
ArchRheumatol.2020.7174

Vliek, S., Melis, R. J., Faes, M., Goluke-Willemse, G. A., de Leest, B. J., Meeuwsen, E., van
Raak, F. H., Scholzel-Dorenbos, C. J., & Olde, R. M. (2008). Single versus
multicomponent intervention in frail elderly: Simplicity or complexity as
precondition for success? Journal of Nutrition Health & Aging, 12(5), 319-322.
https://doi.org/10.1007/BF02982662

Wetherell, J. L., Bower, E. S., Johnson, K., Chan, D. G., Ward, S. R., & Petkus, A. J.
(2018). Integrated exposure therapy and exercise reduces fear of falling and
avoidance in older adults: A randomized pilot study. American Journal of Geriatric
Psychiatry, 26(8), 849-859. https://doi.org/10.1016/].jagp.2018.04.001

Yao, Q., Jin, W., & Li, Y. (2021). Associations between fear of falling and activity
restriction and late life depression in the elderly population: Findings from the Irish
longitudinal study on ageing (TILDA). Journal of Psychosomatic Research, 146, Article
110506. https://doi.org/10.1016/j.jpsychores.2021.110506

Yardley, L., Beyer, N., Hauer, K., Kempen, G., Piot-Ziegler, C., & Todd, C. (2005).
Development and initial validation of the falls efficacy scale-international (FES-I).
Age and Ageing, 34(6), 614-619. https://doi.org/10.1093/ageing/afi196

Yoon, J. E,, Lee, S. M., Lim, H. S., Kim, T. H., Jeon, J. K., & Mun, M. H. (2013). The effects
of cognitive activity combined with active extremity exercise on balance, walking
activity, memory level and quality of life of an older adult sample with dementia.
Journal of Physical Therapy Science, 25(12), 1601-1604. https://doi.org/10.1589/
jpts.25.1601

Zijlstra, G., van Haastregt, J., Ambergen, T., van Rossum, E., van Eijk, J., Tennstedt, S. L.,
& Kempen, G. (2009). Effects of a multicomponent cognitive behavioral group
intervention on fear of falling and activity avoidance in community-dwelling older
adults: Results of a randomized controlled trial. Journal of the American Geriatrics
Society, 57(11), 2020-2028. https://doi.org/10.1111/].1532-5415.2009.02489.x

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en
febrero 12, 2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1093/ageing/afy010
https://doi.org/10.1161/STROKEAHA.118.022406
https://doi.org/10.1161/STROKEAHA.118.022406
https://doi.org/10.1155/2021/8829332
https://doi.org/10.1093/ageing/afi074
https://doi.org/10.1093/ageing/afi074
https://doi.org/10.1123/japa.5.4.329
https://doi.org/10.1093/ageing/afad055
https://doi.org/10.1007/s00391-021-01942-3
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1080/13607863.2015.1099034
https://doi.org/10.3390/jcm9082595
https://doi.org/10.1002/gps.5705
https://doi.org/10.1186/1471-2318-12-74
https://doi.org/10.1111/j.1447-0594.2011.00825.x
https://doi.org/10.1111/j.1447-0594.2011.00825.x
https://doi.org/10.1093/gerona/50a.1.m28
https://doi.org/10.1186/1471-2318-14-134
https://doi.org/10.1186/1471-2318-14-134
https://doi.org/10.1016/j.cger.2013.07.003
https://doi.org/10.1111/j.1532-5415.2005.53203.x
https://doi.org/10.1111/j.1532-5415.2005.53203.x
https://doi.org/10.1093/ageing/afm169
https://doi.org/10.1093/ageing/afm169
https://doi.org/10.1016/j.jamda.2019.03.009
https://doi.org/10.1016/j.jamda.2019.03.009
https://doi.org/10.1371/journal.pone.0145161
https://doi.org/10.1371/journal.pone.0145161
https://doi.org/10.1111/j.1532-5415.2008.02014.x
https://doi.org/10.1111/j.1532-5415.2008.02014.x
https://doi.org/10.3390/brainsci12091207
https://doi.org/10.1093/geronj/48.special_issue.35
https://doi.org/10.1093/geronj/48.special_issue.35
https://doi.org/10.1093/geronj/45.6.p239
https://doi.org/10.1093/geronj/45.6.p239
https://doi.org/10.1093/gerona/glab375
https://doi.org/10.1016/j.maturitas.2014.02.018
https://doi.org/10.1016/j.maturitas.2014.02.018
https://doi.org/10.5606/ArchRheumatol.2020.7174
https://doi.org/10.5606/ArchRheumatol.2020.7174
https://doi.org/10.1007/BF02982662
https://doi.org/10.1016/j.jagp.2018.04.001
https://doi.org/10.1016/j.jpsychores.2021.110506
https://doi.org/10.1093/ageing/afi196
https://doi.org/10.1589/jpts.25.1601
https://doi.org/10.1589/jpts.25.1601
https://doi.org/10.1111/j.1532-5415.2009.02489.x

	Effect of combined physical and cognitive intervention on fear of falling in older adults: A systematic review and meta-ana ...
	1 Introduction
	2 Method
	2.1 Search strategy
	2.2 Inclusion criteria
	2.2.1 Types of participants
	2.2.2 Types of interventions
	2.2.3 Types of comparators
	2.2.4 Types of outcomes
	2.2.5 Types of study design

	2.3 Exclusion criteria
	2.4 Data extraction
	2.5 Quality assessment
	2.6 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.2.1 Participants
	3.2.2 Interventions
	3.2.3 Comparisons
	3.2.4 Outcomes

	3.3 Risk of bias
	3.4 Immediate post-intervention effects of combined interventions on FOF
	3.4.1 Combined intervention vs. blank/placebo/conventional intervention
	3.4.2 Combined intervention vs. cognitive intervention
	3.4.3 Combined intervention vs. physical intervention

	3.5 Short-term(≤6 months) and long-term(>6 months) retention effects of combined interventions on FOF
	3.6 Subgroup analyses
	3.7 Sensitivity analyses
	3.8 Publication bias

	4 Discussion
	4.1 Clinical implications
	4.2 Study limitations

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Funding
	Acknowledgment
	Supplementary materials
	References


