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Abstract

Background Limited evidence has examined the association between balance and mobility measures with risk of fall.

Aim To determine the prevalence and balance measures associated with falls and fear of falling among community adults
aged 50 years and older.

Methods This cross-sectional study included community-dwelling adults aged > 50 years, living in Saudi Arabia. The
participants were asked to report any history of falls in the past 12 months and fear of falling using the Falls Efficacy Scale
(FES-I). Balance/mobility measures included the Timed Up and Go (TUG) test, Functional Reach Test (FRT), 10-m walk
test (10-MWT), 6-min walk test (6-MWT), and Five Times Sit-to-Stand Test (5XSST).

Results Two hundred and six participants, including 96 women, were included. The prevalence of falls was 12.6%, and the
5XSST was the only balance measure significantly associated with falls (OR 1.17, 95% CI [1.03, 1.33], p=0.019) with a
cutoff score of 13.93 s or more, a sensitivity of 0.73, and a specificity of 0.58. An increase in 5XSST time was associated
with an increase in FES-I score, while a decrease in other balance measures (10-MWT, TUG, FRT, and 6-MWT) was associ-
ated with an increase in FES-I scores.

Conclusion Adults living in Saudi Arabia had a low prevalence of falls. The SXSST was the only significant balance/mobility
measure that distinguished fallers from non-fallers.
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Introduction

Falls are a major public health issue faced by older adults
[1]. A fall is defined as “an event that causes a person to
come to rest accidentally on the ground, floor, or at a lower
level” [2]. Falls have been linked to increased morbidity,
decreased functionality, reduced quality of life, and early
admissions to nursing homes and hospitals [2-5]. Approxi-
mately one-third of people aged 65 years and older experi-
ence at least one fall annually [6]. Approximately 20-30%
of people who fall acquire injuries that limit their mobil-
ity, and as a result, their ability to be independent in the
future is hindered [3-5]. Fall mortality increases with age
in both men and women, irrespective of race and ethnicity,
with 70% of unintentional deaths occurring in individuals
aged 75 years and older [7]. The most common risk factors
for falls among older adults are impaired gait and balance,
which can be caused by visual, sensorimotor, or vestibular
system problems [8, 9].

Balance has been shown to predict functionality, mobil-
ity, and fall risk in patients with different demographic vari-
ables and various clinical settings [10, 11]. Deterioration in
balance is common with aging and can be caused by illness
and injury [12, 13]. It is also a leading cause of falls in older
adults [14]. Therefore, balance measures that are sensitive
enough to determine early signs of balance control impair-
ment are required to establish prevention strategies for falls
among older adults worldwide.

There is limited evidence of the prevalence of falls and
fear of falling among the people of Saudi Arabia [15-17].
In this population, fear of falling was associated with neither
polypharmacy nor number of medications but was associated
with the history of falls [16]. No previous study has exam-
ined balance and mobility in relation to falls [15-17]. Previ-
ous research in Saudi Arabia has shown that the prevalence
of falls in Gulf Cooperation Council countries is 45% [18].
According to this recent meta-analysis, there is a dearth of evi-
dence on balance measures and their association with falls in
older adults in Saudi Arabia. Another limitation is the lack of
research on fall risk among adults aged > 50 years. Although
this age group might have a relatively low prevalence of falls,
falling may indicate decreased functionality and poor balance
and mobility measures. Hence, focusing on balance measures
and the risk of falls in Saudi Arabia will aid in designing fall
prevention programs across the region. Therefore, this study
is aimed at determining the prevalence of falls and the associ-
ated balance measures using the Falls Efficacy Scale (FES-I)
among community-dwelling adults aged 50 years and older.
We hypothesized that poor balance measures would be asso-
ciated with falls and FES-I among this population of older
adults in Saudi Arabia.
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Methods
Study design and participants

This cross-sectional study was conducted in Saudi Arabia
between January 2022 and March 2022. Community-dwelling
adults aged > 50 years living in Saudi Arabia were included
in the study. People who were non-Saudi, unable to read or
write in Arabic, or unable to perform functional tasks safely
were excluded from this study. Participants were recruited
from regions across Saudi Arabia, including Riyadh, Al-
Kharj, Jazan, Jeddah, Arar, Hail, and Tabuk. Licensed and
trained physical therapists recruited participants from the
community—from mosques, malls, clinics, and other loca-
tions. We selected Arabic speakers because of self-reported
outcome measures that have been translated and validated in
the Arabic language. All the participants were informed of the
study goals before signing the consent form and were given
the option to voluntarily withdraw from the study at any time.
The participants signed informed consent forms before enroll-
ment in the study. This study was approved by the Research
Ethics Committee of Prince Sattam bin Abdulaziz University
(No. RHPT/021/017).

Fall outcomes
History of falls

The primary outcome measure was history of falls based on
an interview in which participants were asked if they had
experienced a fall within the past 12 months. We chose the
World Health Organization’s definition of a fall, “an unin-
tentional laying down to the ground,” and if the answer was
affirmative, we enquired regarding the number of falls [2].

Falls Efficacy Scale

The secondary outcome measure was fear of falling using FES-I.
Data collection tools included the Arabic version of the FES-I,
which is used for measuring fear or concern about falling [19,
20]. It is a valid and reliable scale for older adults and can be
used to assess daily living activities, both in- and outdoors [21].
Dressing, bathing, getting into chairs, climbing stairs, walk-
ing up and down the slopes, and going to social events are few
examples of the activities included in the questionnaire. The
questionnaire has 16 items and employs a 4-point Likert scale
as follows: 1 =not at all concerned, 2=somewhat concerned,
3 =fairly concerned, and 4=very concerned. The final FES-I
score is the sum of all the item answers, with the total score
ranging from 16 to 64. A greater FES-I score indicates that the
participant is extremely prone to falling [22].
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Demographics and measurements

Demographic and medical data obtained from the participants
included age (years), sex (male or female), weight (kg), height
(cm), marital status (married or divorced/widowed), educa-
tion level, occupational status (unemployed or employed),
smoking status (yes or no), number of chronic conditions,
and currently used medications. Body mass index (BMI) was
calculated by dividing the weight in kilograms by the height
in m2. Educational level was categorized as below elemen-
tary school, elementary, middle, high school, or university
level. The number of chronic conditions was recorded as the
sum of self-reported chronic conditions, including arthritis,
diabetes, hypertension, cardiovascular diseases, dyslipidemia,
anemia, osteoporosis, neurological conditions, and lower back
pain. The Arabic version of the Patient Health Questionnaire
9 (PHQ-9) was used to measure depressive symptoms [23].
This self-reporting questionnaire has good validity and reli-
ability [24]. The scores ranged from O to 27, with a greater
score indicating greater depressive symptoms.

Timed Up and Go (TUG) test

The TUG test was used to measure the risk of falls [25]. In
this test, the participants are asked to stand up, walk 3 m, turn
around, walk back, and sit down. Each participant completed
three trials. The first trial was for practice, and the average of
the scores from the other two was calculated. Studies have
shown that TUG is a sensitive and specific measure for identi-
fying community-dwelling adults who are at risk of falls [25].

Functional Reach Test (FRT)

The FRT has been used to assess stability and balance in many
health conditions [26]. Each participant completed three trials.
The first was practice, and the average of the scores from the
other two was calculated. For every trial, the participant was
directed to stand near a wall without touching it and to place the
arm closest to the wall at a 90-degree angle of shoulder flexion
and the hand in a closed fist. The assessor marked the initial
position of the third metacarpal bone on a large ruler. The par-
ticipant was given the following instructions: reach as much as
possible without taking a step. The third metacarpal position at
the end of reach was recorded. The distance between the begin-
ning and finishing points was measured in centimeters. A shorter
distance indicated a higher risk of falls and poor balance.

10-m walk test (10-MWT)

The 10-MWT was used to measure gait speed reliably among
older adults [27]. This test was used to determine walking speed

over a short distance in meter per second. Ten meters was meas-
ured, including 2 m at the beginning for acceleration and 2 m
at the end for deceleration. Participants were asked to walk at
a comfortable pace over the entire distance. They were then
instructed to walk as fast as possible over the same distance (max-
imum speed). The timer was started when the toes passed the
acceleration mark and stopped once their toes entered the decel-
eration mark. For each participant, two trials were conducted,
and the average scores were calculated [27]. In this study, the
comfortable gait speed was used for the analysis.

6-min walk test (6-MWT)

This test examines the distance walked in 6 min and can be
considered a test of endurance and aerobic capacity [28].
A greater distance in meters indicates better endurance and
performance. During this test, the participants could rest
while standing as much as needed, but the timer was not
stopped during the rest periods. The period and number of
rests were documented. Participants could use any assistive
device or brace, which was documented. The turnaround
points were marked by a cone. The participants were asked
to wear comfortable clothes and shoes and eat light meals
before the test. While walking, participants were informed
of every lapsed minute.

Five Times Sit-to-Stand Test (5XSST)

The 5XSST was used to measure functional lower extremity
strength, balance, and fall risk [29]. A stopwatch and a straight-
backed chair of standard height (40.64 cm high) were used
for this test. Patients were instructed to sit with their backs
against that of the chair, with their arms folded over their
chests. The timer started when the patient moved his/her back
away from the chair, and each stand was counted aloud to keep
the patient oriented. The timer was stopped when the patient
achieved a standing position on the 5th repetition. The lower
time recorded indicated better scores. This test is considered
areliable and valid measure of mobility in older adults [29].

Statistical analysis

The primary outcomes of this study were fall history and
the FES-I. Fall history was categorized as yes (fallers) or no
(non-fallers). The FES-I was used as a continuous variable.
Descriptive statistics were expressed as counts for categorical
variables and means with standard deviations for continuous
variables in fallers and non-fallers. To compare fallers and
non-fallers based on demographics and clinical variables, we
used the chi-squared or Fisher’s exact test for categorical vari-
ables and an independent #-test for continuous variables.

To examine the association between balance measures and
fall history, multiple binary logistic regression was used with
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odds ratios (OR) and 95% confidence intervals (95% CI) for
each risk factor. The primary analysis was adjusted for possible
confounders, including age, sex, BMI, education, employment
status, marital status, smoking status, number of chronic condi-
tions, depressive symptoms, and all other balance measures,
including 10-MWT, TUG, 5XSST, FRT, and 6-MWT. Missing
variables were handled through case-wise deletions.

Multiple linear regression analysis was used to examine the
association between the balance measures and FES-I. Data were
expressed as unstandardized coefficients (B) along with the
standard error (SE). The primary analysis was adjusted for pos-
sible confounders, including age, sex, BMI, education, employ-
ment status, marital status, smoking status, number of chronic
conditions, depressive symptoms, and all other balance meas-
ures, including the 10-MWT, TUG, 5XSST, FRT, and 6-MWT.

To determine the cutoff score for significant balance and
mobility measures, a receiver operating characteristic (ROC)
curve was utilized. The area under the ROC curve (AUC)
indicates the overall accuracy of the model in detecting the
presence or absence of an outcome, such as a fall versus no

fall. To determine the best cutoff score, the Youden index
(sensitivity + [ 1 — specificity]) was calculated, and the largest
Youden index was used as the cutoff. Sensitivity and speci-
ficity were calculated to indicate true positive and true nega-
tive results, respectively. An alpha level of 0.05 was used
for all analyses. All analyses were performed using the IBM
SPSS for Mac version 25.0 (SPSS Inc., Chicago, IL, USA).

Results

In total, 206 participants were included in the final analysis. In
this study, the prevalence of falls was 12.6% among community-
dwelling older adults. Participants were classified as fallers if
they had at least one fall in the past 12 months (n=26) and as
non-fallers if they did not fall in the past 12 months (n=180).
Table 1 shows the demographics and clinical characteristics of
fallers and non-fallers. Of these variables, only sex, number of
chronic conditions, and 5XSST score were statistically different
between fallers and non-fallers.

Table 1 Participant

. o Factors Fallers (n=26) Non-fallers (n=180) p-value*
demographics and clinical
factors [25] Age, years (mean + SD) 61.23+8 59.29+7 0.21
Sex male/female 21/5 89/91 0.003
BMI, kg/m* (mean + SD) 29.8+5 28.5+5 0.27
Marital status 0.36
Married, n (%) 21 (80) 157 (87.2)
Divorced/widowed, n (%) 5(19.2) 23 (12.8)
Education 0.81
None, 1 (%) 2(1.7) 9(5.0)
Elementary, n (%) 6(23.1) 43 (23.9)
Middle, n (%) 3(11.5) 27 (15.0)
High school, n (%) 5(19.2) 48 (26.7)
University, n (%) 10 (38.5) 53 (29.4)
Employment status 0.075
Retired/unemployed, n (%) 24 (92.3) 137 (76.1)
Employed, n (%) 2(7.7) 43 (23.9)
Smoking (yes), n (%) 0 (0.0) 20 (11.1) 0.084
Number of chronic conditions 25+1.7 1.5+1.3 0.008
(mean + SD)
FES-I (mean +SD) 31.77+10 28.66+9 0.18
PHQ-9 (mean+ SD) 6.35+5.05 4.99+5.04 0.21
10-MWT, m/s (mean + SD) 1.0£0.3 0.91+0.27 0.14
TUG, s (mean + SD) 11.03+3.6 10.75+2.9 0.66
5XSST, s (mean + SD) 17.50 £8.7 13.70+3.81 0.03
FRT, cm (mean+ SD) 26.35+6,2 26.80+8.22 0.74
6-MWT, m (mean + SD) 397+115 425+104 0.20

10-MWT 10-m walk test for gait speed, TUG Times Up and Go test, 5XSST 5 Times Sit-to-Stand Test, FRT
Functional Reach Test, 6-MWT 6-min walk test

*p-value was based on the chi-squared/Fisher’s exact test for categorical variables or independent -test for

continuous variables

The p-value in boldface indicates a significant difference
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Table 2 Binary logistic regression for the history of falls (fallers and
non-fallers) versus balance factors®

Table 4 ROC values and cutoff score for significant balance measures
associated with falls

Factors OR (95% CI) p-value Variables  AUC (95% CI) Cutoff score (sensitivity, specificity)

10-MWT 4.47 (0.62, 32.08) 0.13 5XSST 0.66 (0.53,0.77)  >13.93 (0.73, 0.58)

Tve 085 (067, 1.06) 0.14 5XSST 5 Times Sit-to-Stand Test, AUC der th cI
t-to- ) ) -

SXSST 1.17 (103, 133) 0.019 > Times Sit-to-Stand Tes area under the curve con

fidence interval
FRT 0.97 (0.91, 1.06) 0.58
6-MWT 0.99 (0.99, 1.01) 0.76

Covariates included age, gender, BMI, education, employment status,
marital status, smoking status, number of chronic conditions, depres-
sive symptoms, and all other balance measures

OR odds ratio, /0-MWT 10-m walk test for gait speed, TUG Timed
Up and Go test, 5XSST 5 Times Sit-to-Stand Test, FRT Functional
Reach Test, 6-MWT 6-min walk test

The p-value in boldface indicates a statistically significant predictor

The results of the multiple binary logistic regression exam-
ining balance measures associated with falls are presented in
Table 2 with ORs and 95% ClIs. Only SXSST was significantly
associated with falls (OR 1.17,95% CI [1.03, 1.33], p=0.019)
after controlling for other covariates, including age, sex, BMI,
education, employment status, marital status, smoking sta-
tus, number of chronic conditions, depressive symptoms, and
other balance measures. Fallers were approximately 17% more
likely to have an increased time (s) for the SXSST when com-
pared to non-fallers.

The results of the multiple linear regression examining the
association between balance measures and FES-I are shown in
Table 3, with beta coefficients and 95% CIs. All balance meas-
ures were significantly associated with FES-I scores. An increase
in the 5XSST time was associated with an increase in the FES-I
score. In contrast, a decrease in scores on other balance measures
(ie., 10-MWT, TUG, FRT, and 6-MWT) was associated with an
increase in the FES-I scores. These results were controlled for
other covariates, including age, sex, BMI, education, employ-
ment status, marital status, smoking status, number of chronic
conditions, depressive symptoms, and all other balance measures.

Table 3 Linear regression for FES-I versus balance measures®

Factors B SE p-value
Gait speed —6.5 24 0.009
TUG —0.88 0.27 0.001
5XSST 0.39 0.15 0.015
FRT -0.19 0.08 0.023
6-MWT —-0.019 0.01 0.005

Covariates included age, gender, BMI, education, employment status,
marital status, smoking status, number of chronic conditions, depres-
sive symptoms, and all other balance measures

B beta coefficient, SE standard error, FES-I Fall Efficacy Scale Inter-
national, /0-MWT 10-m walk test for gait speed, TUG Times Up and
Go test, 5XSST 5 Times Sit-to-Stand Test, FRT Functional Reach
Test, 6-MWT 6-min walk test

The p-value in boldface indicates a statistically significant predictor

Cutoff scores were determined using ROC curves and
AUC for significant balance measures associated with falls.
Only 5XSST was significantly associated with falls, with a
cutoff score of 13.93 s or more, a sensitivity of 0.73, and a
specificity of 0.58 using Youden’s index, as shown in Table 4.
The ROC curves are presented in Fig. 1.

Discussion

The current study is aimed at examining the prevalence of falls
in community-dwelling adults in Saudi Arabia, as well as the
balance measures associated with falls. This study showed that
the prevalence of falls among community-dwelling adults was
12.6%. This was similar to the reported prevalence in some
other countries, such as 12.9% (40-59 years old) and 16.5%
(6079 years old) in Japan [30]. Another study in Japan reported
a prevalence of 15.9% [31], while one in China reported 11.1%
[32]. However, these prevalence rates are much lower than those

ROC Curve
1.0

0.8

0.6 J

Sensitivity

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. 1 ROC curve depicting significant balance/mobility measure asso-
ciated with history of fall
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reported in our region, according to previous studies carried out
in Riyadh (49.9% [33] and 57.7% [34]) and Unaizah (31.5%)
[17]. Moreover, a meta-analysis reported that 45% of older adults
living in Saudi Arabia and Gulf Cooperation Council countries
had histories of falls [18]. Various factors could explain the dis-
parities in fall prevalence rates between studies, including the
differences in sample sizes and lack of controlling for possible
covariates, such as the number of chronic conditions and lifestyle
factors. However, the majority of these studies in Saudi regions
were conducted on an older group of adults—those aged 60 years
and older. This could explain the discrepancy in prevalence
between previous evidence and our study.

In this study, we examined multi-balance outcome measures,
including the TUG, 10-MWT, 5XSST, FRT, and 6-MWT. Only
5XSST was significantly associated with history of falls. Other
balance measures were not associated with history of falls. This
could be attributed to the low prevalence of falls in the cur-
rent study (12.6%) and relatively younger adults (mean age
60 years). The SXSST is a very reliable measure of dynamic
balance and functional mobility, regardless of whether individu-
als are healthy or have disorders [29].

Poor sitting and standing performance are associated with a
higher risk of falling [35]. Based on our results, an increase in
5XSST was significantly associated with an increased risk of
falls. The findings of our study are consistent with a previous
report indicating that a poor SXSST time is associated with
a higher risk of falls [36]. Other studies were consistent with
our findings regarding the association between SXSST and the
risk of falls [37-39]. However, the majority of the previous
studies included adults with a higher mean age than our study
population, although the results were consistent [37-39].
Similar to our findings, a recent meta-analysis that included
risk factors for falls among community-dwelling older adults
found that SXSST was a predictor of falls [39]. However, the
studies included defined falling in a way (> 2 falls) different
to our study (>1 fall), and their included participants were
older. In the current study, more than two falls were uncom-
mon in fallers, which may be related to the generally younger
age of the participants (mean age of participants =60 years).
In contrast to our results, Zhang et al. reported that the time
to complete the SXSST was not associated with fall risk [40].
This may be due to the difference in study design, theirs being
a longitudinal study and ours a cross-sectional one.

Our study established the cutoff score (13.93 s) for SXSST
that was associated with falls in community-based Saudi
adults aged 50 years and older. To our knowledge, this study
was the first to determine a cutoff score for falls among the
Saudi population. Therefore, comparisons with previously
described population are not possible. Previous work has
identified cutoff scores for SXSST associated with falls in
other regions in both eastern and western countries [36, 39,
41]. These cutoff scores ranged from 12 to 15 s for 5XSST
[36, 39, 41]. Our cutoff score (13.93 s) was within this range

@ Springer

of scores reported in previous literature. However, previous
cutoff scores were based on at least two falls, a criterion dif-
ferent from ours, which was one fall or more. Future research
should examine the prediction of falls using SXSST using
multiple approaches, such as longitudinal assessment and
including recurrent falls.

In older adults, 5XSST performance has been linked to a
variety of sensorimotor, balance, and psychological factors, in
addition to knee extension, knee flexion, and ankle dorsiflex-
ion strength [42]. Lord et al. found that nine measures (visual
contrast sensitivity, lower limb proprioception, tactile sensi-
tivity, simple foot reaction time, postural sway, body weight,
reported pain, anxiety, and vitality) were significant and inde-
pendent predictors of SXSST performance [42]. Yamada and
Demura suggested that there is a correlation between ground
reaction force parameters during SXSST, which might result
in an increased risk of falls in older adults [35].

In our study, FES-I was significantly associated with SXSST.
These results are consistent with those of previous studies [43].
A previous study reported that greater FES-I scores were sig-
nificantly associated with delayed time in the 5XSST and TUG
[43]. This could indicate that participants with greater concern
about falls and fear of falling had decreased functional mobility
and balance.

Our study had some limitations. As this study was conducted
on healthy and independent people aged 50 years and older,
the findings cannot be generalized to all older adults. Another
limitation was the cross-sectional study design, which could
have limited the causality of these measures and the risk of
falls. Future research should longitudinally examine the risk of
falls and its relationship with balance and mobility measures.
A sample size calculation was not done for the current study,
although the number of participants and predictors was suffi-
cient for statistical analysis using regression models. Therefore,
the small sample might have affected the generalizability of the
results. Future research should examine the statistical power
and perform sample size calculations to minimize type II error.
In addition, as the falls were self-reported in this study, the data
was prone to recall bias, which may have affected the results.
Finally, the sample size was small; therefore, future research
should include more participants at a population-based level to
obtain generalizable results.

Conclusion

This cross-sectional study found that the prevalence of falls
is low (12.6%) among older adults living in Saudi Arabia.
This fall rate was lower than that reported in previous studies
conducted on different populations; thus, further research is
required to confirm this finding. This study also found that an
increase in time taken for performing the SXSST was the only
balance measure that was significantly associated with falls in
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older adults, with a cutoff score of 13.93 s and more. Slower
gait speed, increased SXSST time, decreased TUG time,
decreased 6-MWT distance, and decreased FRT distance were
associated with more concerns about falls, as identified using
the FES-I. The 5XSST is an easy-to-administer test for mobil-
ity and can predict fall history among adults aged 50 years
and older. The small sample size and cross-sectional design
should be considered limitations of the current study. Future
work should examine the risk of falls in a longitudinal study
and with a larger sample size.
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