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Aims: The aim of this systematic review was to examine the correlation between fear of
falling and dual task gait parameters in older adults.

Method and Materials: The present study is a systematic review and meta-analysis. An
English search of PubMed, Scopus, and Embase databases was conducted in January 2022,
using the four main concepts, namely “Elderly, Fear of falling, Gait, and Dual task”. Modified
Downs and Black checklist was utilized to assess the quality of the included studies.
Findings: Based on the inclusion and exclusion criteria, 13 articles out of 2368 were included
in the review. All the articles were of acceptable quality. On account of the quorum of meta-
analysis, it could only be conducted in the velocity parameter (4 studies were included). An
analysis of the correlation between the fear of falling and dual task gait velocity based on
95% confidence intervals found a significant difference between dual task gait velocity with
and without the fear of falling (P=0.06, >=50%, 95% CI: 0.31-0.51).

Conclusion: This study demonstrated that the fear of falling deteriorates some of the dual
task gait characteristics in healthy and cognitively intact older adults, and that this reduction

can be varied by the difficulty of the dual task (cognitive or manual).
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Introduction

Due to enhanced quality of
life and hygiene, people’s life
expectancy is increasing. It has
been argued that between 2015
and 2050, the percentage of the
population over the age of 60 in
the world will have been doubled
(11 [thas been estimated that one-
third of the people living over
the age of 65, experience falls at
least once a year, 20% of which
leads to severe injuries 3. One
of the main health problems of
the elderly is falling, which can
cause severe injuries and an
increased risk of hospitalization
4. Worsened health conditions
as a result of falls can lead to
chronic pain, physical disability,
injury, or death .. Injury is the
fifth leading cause of death in
the elderly, and two-third of
unexpected deaths are due to
falls 16,

Gait performance, such as a
person’s ability to resist exter-

nal perturbations or walking
speed, can provide insight into
a senior’s physical capacity and
risk of falling during daily life
activities 1”8, Gait performance
relies on cognitive function and
sensorimotor. According to the
situation, the locomotor sys-
tem needs to coordinate move-
ments and integrate sensory
information in daily situations .
Furthermore, the ability to per-
form simultaneous mental and/
or motor challenging activities
while walking is necessary to
perform daily tasks successfully
(10. 111 Concurrent tasks or dual
tasks activities are affected by
age, and therefore, cognitive and
mobility tasks are negatively in-
fluenced 2. Moreover, the addi-
tion of a dual task leads to dete-
rioration in gait outcomes, such
as reduced walking speed and
cadence and a higher stride time
(13,141 in older adults.

Another risk factor associated
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with falling in older adults is the fear of falling
(151 The Fear of Falling (FoF) is defined as low-
perceived self-confidence at avoiding falls
during relatively nonhazardous activities ¢!
and is common in community-dwelling older
adults with a prevalence of 20.8 to 80% 17191,
Several studies have compared gait outcomes
in the presence and absence of FoF in older
adults. They observed that older adults
who feared falling had slower gait speed
(20. 211 shorter stride length 22, prolonged
double support time 2% and longer step
width 23, In other words, the fear of falling
reduces gait performance in old people 2. A
systematic review and meta-analysis (2015)
showed that the fear of falling is associated
with a significant increase in gait variability
in spite of its small magnitude .. Another
systematic review and meta-analysis (2019)
revealed that cognitive-motor interference
is not significantly different in older adults
with and without a fear of falling or fallers
and non-fallers 261,

Individual’s  strategies  used  while
performing a dual task are explained by the
Task Prioritization Model ?). Inhibiting or
ignoring irrelevant information from the
environment is difficult for older adults with
higher levels of FoF in the balance control
process 28, Studies have suggested that fear
of falling hinders the automaticity of walking,
along with an attendant need for increased
cognitive involvement. Due to diminished
resources for attentional and executive
functions as people age, the effect might
be further aggravated when performing a
secondary or dual task [2%39],

Dual tasks and the fear of falling are both
important risk factors for predicting
falls. Many studies have investigated the
correlation between the fear of falling and
dual task outcomes in the elderly, examining
mixed parameters. Moreover, there is no
comprehensive reference for gathering
these data together. The importance of this
correlation and the growth of research in this
field require a review of the literature. The
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current systematic review was conducted to
evaluate this correlation.

Method and Materials

Search strategy and selection criteria

A systematic search was conducted in
electronic databases including PubMed,
Scopus, and Embase up to January 2022,
without date, language, or study design
restriction. The search included four main
concepts, namely elderly, fear of falling, gait,
and dual task, and their relevant keywords.
The methodology of the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline was followed
in this review BY, The results were then
extracted to EndNote X8.

Two reviewers screened the titles and
abstracts of the found articles for eligibility
identification. The primary criteria for
screening the title and abstract were as
follows: 1) articles written in Persian and
English; 2) human participants with the
mean age of = 65; 3) healthy older adults
without any specific disease affecting
their gait and their cognitive condition;
4) original papers including Radomised
Cotrol Trial (RCT's), cross-sectional studies,
longitudinal studies, cohort studies, and
observational studies; 5) FoF and dual task
gait as outcomes. The studies that gathered
data during functional walking measures,
stair = ascending/descending,  obstacle
negotiation, gait initiation/termination,
perturbations walking, loaded walking,
turning, stepping task, and running were
excluded. Subsequently, the two reviewers
independently assessed the full-text of the
identified potentially eligible articles to
determine the final included works (Figure
1). Any disagreement on the inclusion
was resolved by discussion and through
arbitration by a third reviewer.

Data extraction

One reviewer extracted information
concerning the authors, date of publication,
setting, study design, sample size and
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demographic information, assessment of the
fear of falling, dual task, and gait parameters
from the full review and imported it to an
excel sheet. A second reviewer checked the
extraction accuracy. We emailed for further
information, and some of the authors
responded, but none of them could be used
in the review. The main data extracted from
included articles are shown in Table 1 and 2.
Quality assessment

The methodological quality of the included
studies was assessed using a customized
15-point checklist based on that developed
by Downs and Black (1998) 12, which had
been used previously in reviews of studies of

)
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this designs !314331. This checklist comprises
four main criteria, including reporting,
external validity, internal validity, and
internal validity (confounding).

Data synthesis and analysis

Studies reporting means and standard
deviation for at least one dual task gait
parameter were included in the meta-
analysis if possible. The differences between
FoF and non-FoF dual task performance
were represented as the raw Mean
Difference (MD) with a 95% Confidence
Interval (CI). Random-effect model analysis
was performed with review manager
software (version 5.4) due to the significant

=
= Records identified through database Additional records identified
[--] -
& searching through other sources
',':;' (n=12368) n=0
(7]
=
[ ]
v v
PR Records after duplicates removed

(n=1329)
er
=
=
%]
v v
Ly
“ Records screened by title and abstract Records excluded

(n=1329) i (n=1287)
v | Full-text articles excluded, (n=29)
Full-text articles assessed for ' I;:nguaj?u
: ey ge L . * iginality

% eligibality o Peerreview 0
= (n=42) »  Meanage<65 4
] s NotHealthy 0
M o Only TUG or Obstacle etc

y dual task 2

Studies included in qualitative *  No Gait outcome 1
— svnthesis »  No Dual tazk gait outcome 1
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l dual task gait outcome 14
T
E
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= synthesis (meta-analysis)
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Figure 1) Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart
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Table 1) Quality sssessment of studied articles

Internal
Internal validity
validity (confon-

dong)

External

First author (year) Reporting validity

(Ref)
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Table 2) Summary of included studies characteristics

First Sample Mean
author size (fe- age
(year) male%) (SD)

Study Sample
design characteristics

Fear of
falling

Gait task
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Continued Table 2) Summary of included studies characteristics

Sample Mean
size (fe- age
male%) (SD)

First author
(year) [Ref.]

Study
design

Sample characteristics

Fear of

falling Gait task

Dual task

an inertial sensor (LEGSys)*’! were used
once. In total, 18 different gait parameters
were assessed in the included studies.

Gait Velocity

Twelve studies examined dual task gait
velocity [+ 353746l They all showed that dual
task velocity is lower in older adults with
FoF in comparison with that in older adults
without FoF. Numerical data of dual task
velocity (mean * SD) was available only
in four studies 3%* %5l In one paper, the
samples were separated into subgroups

based on FoF, with and without activity
restrictions 2%, In two studies, two different
types of dual tasks were examined, namely
arithmetic and verbal ™, cognitive and
manual “Y. The meta-analysis was applied
to them (figure 2). Publication bias was
assessed visually using funnel plot (Figure
3). Publication bias did not appear in
the dual task gait velocity. The result
demonstrated that older adults with FoF
had a lower dual task velocity than no-FoF
ones (Appendix 1).
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No FoF Fof Std. Mean Difference §td. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Reelick 2008 Arithrmetic 0997 0263 685 0754 021 28 46% 097 [0.41,1.43] 2009 E—
Reelick 2008 Yerbal 0996 0266 65 0788 0234 28 47% 0.83(0.37,1.28] 2009 E—
Donoghue 2013 AR 1.04 024 861 083 026 96 21.9% 0.451(0.24, 0.67) 2013 —
Donoghue 2013 MAR 1.04 024 861 086 027 250 487% 0.32[018,046) 2013 =
Asai 2014 Cognitive 127 026 85 116 024 32 A8% 0.441[0.03,0.85 2014 —
Asai 2014 Manual 13 023 8% 126 025 32 459% 017 [-0.24,068] 2014 — T
Wiang 2021 099 023 63 089 029 459 T6% 0.381(0.02,074] 2041 —
Total (95% CI) 2285 527 100.0% 0.41 [0.31, 0.51] 3
Heteroneneity: Chi*= 1147, df= 6 (F = 0.06); 7= 50% 51 -EIIE i 055 15
Testfor overall effect; 2= 8.12 (P = 0.00001) NoFoF FoF

Figure 2) Forest plot of the effect of fear of falling on dual task gait velocity in older adults

differences in the mean reported by different
articles. I?and Q were measured in order to
assess heterogeneity among the studies. For
assessing publication bias, we considered
the funnel plot asymmetry.

Findings

Out of 2368 articles found by titles, abstracts,
and keywords, 1039 duplicated ones were
removed. Out of remained 1329 articles, 41
articles were included through the initial
inclusion criteria.Inthe following screen of the
full-texts, the studies were mainly excluded
since they did not examine the correlation
between FoF and dual task gait outcome.
Therefore ,thirteen studies met the inclusion
criteria and were included in this systematic
review. It should be noted that the articles
by Callisaya (2018)3% and Holtzer (2019)
351 were subsamples of the one longitudinal
study “Central Control of Mobility in Aging”
(CCMA). Furthermore, the study by Wollesen
(2019)B¢ was a secondary analysis of the
data from her work published in 2017857,
The included studies’ quality assessment is
shown in Table 1. Ten studies scored 12/15,
two studies 11/15, and the last one scored
10/15. Table 2 summarizes the 13 studies
included in this systematic review. Studied
population ranged from 15 participants!3®
to 1037 participants®®, who were more
frequently women with a prevalence ranging
from 34% *°! to 80%"®!. The mean age ranged
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between 67.5 + 3.988 and 80.55 + 3.95 [
years. Fear of falling was assessed through
employing four different methods: almost
half of the studies used the single question
“Are you afraid of falling?” answering yea/
no3* 353841 nearly another half of the studies
used the Fall Efficacy Scale-International
(FES-I)36 37. 42451 the Survey of Activities and
Fear of Falling in the Elderly (SAFFE-fear)
was used in one study!*®!, and in Reelick study,
the Activity-specific Balance Confidence scale
(ABC-NL) was utilized as well as the single
question*”, Both manual and cognitive
tasks were used as secondary tasks while
walking. Three studies employed the manual
task, including carrying an inclinometer tray
46l carrying a ball on a round tray *, and
carrying a tray with an apple and a full glass
of water "3, The cognitive task was used in
12 studies, including subtracting by different
amounts 1042 4 451 “reciting alternate letters
of the alphabet3* 3% 39 the visual-verbal
Stroop test*¢37], the Prob RT test!*®, naming a
favorite piece of music or song!*®!, and naming
as much animal species as possiblel*.,

In order to assess gait characteristics,
studies used various devices. Four studies
used a digital stopwatchB®* *-31, five studies
utilized electronic walkways including
the GaitRite system (n=4)B% 3% %0. 461 gnd
Zeno system (n=1)3, two studies used a
treadmill 3¢ 37, An OpenGo Sensor Insoles
44 an inclinometer ¢, a SwayStar %, and

910
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Figure 3) Funnel Plot of the effect of fear of falling on

dual task gait velocity in older adults

Two studies measured dual task stride time.
No correlation was found between dual
task stride time and FoF ** %I, Four studies
measured dual task stride time variability
[39-41, 441 hut the correlation between dual
task stride time variability and FoF was only
examined in two studies 3% %%, There were
no agreements between the result of these
two studies.

While four studies assessed dual task
stride length [38 39 45 461" the correlation
between FoF and dual task stride length
was only examined in two studies. They
both showed that the presence of FoF
leads to a lower dual task stride length in
older adults B% *l. Two studies examined
the correlation between dual task stride
length variability and FoF. There were no
agreements between the result of these two
studies 3940,

Three studies measured dual task step
width [3® 37 39 However, the correlation
between dual task step width and FoF was
only examined in two studies. They both
reported that the presence of FoF leads to
an increased dual task step width in older
adults 36391,

Discussion

This systematic review aimed to assess the
correlation between dual task gait outcomes
and the fear of falling in older adults. The
results demonstrated that the presence of

Vahidi F. et al.

FoF leads to a deterioration in some of the
dual task gait outcomes.

Two systematic reviews and meta-analyses
reported that gait speed decreases with the
addition of a dual task in healthy older adults
(13,141 Makino et al. showed that seniors who
feared falling, with or without a history of
falls, have a slower gait velocity compared
with no-FoF ones 2, It has been previously
reported that concern about falling is the
strongest predictor of gait speed under all
conditions (single task fast and preferred
speed, dual ask cognitive and manual),
independent of physiological fall risk or
cognitive function 31,

There is evidence that the gait variability is
negatively affected by the presence of FoF 2]
and the addition of a dual task "%, Reelick et
al.reported a significant correlation between
FoF and dual task stride time variability
and dual task stride length variability [“ol.
On the other hand, Donoghue et al. found
no correlation between them [B°. This
discrepancy in their results could be due to
the difference in the sample size and higher
mean age in the study by Reelick. Therefore,
further research is needed to assess this
correlation.

Makino etal.found that FoF isassociated with
shorter stride length regardless of fall history
(201 However, a systematic review and meta-
analysis showed no significant difference
between single and dual task stride length in
older adults ['*. Wang et al. and Donoghue
et al. indicated that older adults who feared
falling had a shorter dual task stride length.
Both studies used cognitive tasks to assess
dual tasks, but utilized different tools for
assessing FoF (single question and FES-I) 3%
1, The strength of the study by Donoghue is
its large sample size 9. In the investigation
by Wang, groups were matched based on
individual characteristics. Therefore, the
effect of confounding factors was minimized
on the fear of falling and walking dual tasks,
including age, cognitive status, and gender.
Thus, it could be concluded that its results
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are largely reliable . Further research is
needed in this area.While Smith et al. showed
that stride time significantly increases with
the addition of a dual task ', no correlation
was found between FoF and dual task stride
time in the latest studies [**°1. Nevertheless,
the results reported by Kneis et al. might not
be suitable to be generalized due to their
small sample size, easy dual task (counting
backward by 2), and limited range of FES-I
scores **. However, Wang et al. carried out
propensity score matching with age, CES-D,
MSSE, and BMI %1, Overall, more research
is required in this field. We found that the
presence of FoF leads to an increased dual
task step width in older adults 3¢ 39, In this
regard, Nordin et al. indicated that changes
in step width while dual task walking
can predict future falls in the elderly 7.
Moreover, several studies have demonstrated
that increased step width is associated with
FOF [23, 39].

Our study has certain limitations; primarily,
it should be noted that this review
included only a limited number of studies,
highlighting the need for further research in
this area. Secondly, only the articles written
in English were included in this study (three
eligible studies were excluded in full-text
screening), which increases the probability
of language bias in this review. Additionally,
the studies examining walking during
activities, such as turning, perturbation, and
obstacle crossing while performing Timed
Up and Go Test (TUG) and Activity-Based
Curriculum (ABC) tests were excluded from
our work. Ultimately, there were limitations
in accessing numerical data due to the lack
of properly reported data or differences in
statistical normal values.

Conclusion

In conclusion, some of the dual task gait
outcomes (speed, step width, stride time
variability, and stride length variability)
deteriorate with the increase in the fear of
falling in older adults. This deterioration
can be influenced by the type of dual task

Vahidi F. et al.

(manual or cognitive) and difficulty of the
task (counting backward by 7 or 1). While
previous research mainly focused on the
correlation between FoF and single task gait
outcomes, almost all of the daily activities
contain a certain level of dual tasking.
Therefore, it is essential to determine the
relation between dual task gait outcomes
and the fear of falling as important risk
factors and predictors of future falls.
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