& frontiers | Frontiers in Public Health

‘ @ Check for updates

OPEN ACCESS

Radenko M. Matic,
University of Novi Sad, Serbia

Ana Penjak,

University of Split, Croatia

Joanna Baj-Korpak,

John Paul Il University in Biata Podlaska, Poland

Qiang He
hg@sdu.edu.cn

17 June 2023
24 July 2023
14 August 2023

Wu S, Li G, Shi B, Ge H and He Q (2023) The
association between physical activity and fear
of falling among community-dwelling older
women in China: the mediating role of physical
fitness. Front. Public Health 11:1241668.

doi: 10.3389/fpubh.2023.1241668

© 2023 Wu, Li, Shi, Ge and He. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiersin Public Health

Original Research
14 August 2023
10.3389/fpubh.2023.1241668

The association between physical
activity and fear of falling among
community-dwelling older
women in China: the mediating
role of physical fitness

Shuang Wu, Guangkai Li, Beibei Shi, Hongli Ge and Qiang He*

School of Physical Education, Shandong University, Jinan, China

Background: This study aimed to explore the association between physical activity
(PA) and fear of falling (FOF) and to determine whether this relationship was
mediated by physical fitness (PF) in community-dwelling older women.

Methods: For this cross-sectional study, a total of 1,108 older women were
recruited. Moderate-to-vigorous physical activity (MVPA) and light physical activity
(LPA) were objectively measured by accelerometers. Physical fitness indicators
including body mass index (BMI), forced vital capacity, choice reaction time, grip
strength, sit and reach, and five times sit-to-stand were measured. FOF was
evaluated by the Chinese version of the activities-specific balance confidence
scale. A stepwise linear regression model analysis was used for mediation analysis,
and bootstrap analysis was used to verify the mediation effects.

Result: The Pearson correlation coefficient results suggested that MVPA was
significantly and negatively correlated with FOF while LPA was not correlated
with FOF. Logistic regression analysis suggested a significant association between
MVPA, BMI, forced vital capacity, choice reaction time, sit and reach, grip strength,
five times sit-to-stand, and FOF. The mediation analysis showed a negative
relationship between MVPA and FOF. BMI completely mediated the relationship
between MVPA and FOF while sit and reach, five times sit-to-stand, and forced
vital capacity partially mediated the relationship between MVPA and FOF.

Conclusion: Accumulation of more daily MVPA was associated with reducing the
odds of FOF in community-dwelling older women. PF indicators fully or partially
mediate the relationship between MVPA and FOF. Therefore, more intervention
efforts should focus on the promotion of MVPA to improve PF and thus reduce
FOF among older women.

older women, physical activity, fear of falling, physical fitness, mediation analysis

Introduction

Falls represent a major public health threat as falls are the leading cause of injury-related
morbidity and mortality among older adults (1, 2). Consequences of falls can be severe,
including fractures, increased risk of disability, premature nursing home admissions, and
substantial reduction in quality of life. It was suggested that approximately one in three
community-dwelling older adults experience at least one fall each year (3). Moreover, this
figure increases to two in three for those who have a history of fall or are afraid of falling (4).
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Fear of falling (FOF) is considered low perceived self-efficacy
in avoiding falls during essential, non-hazardous activities of daily
living (5). FOF is very common among community-dwelling older
adults with a prevalence ranging from 21 to 85% (6). An earlier
review suggested that older adults with falling experience had a
prevalence of FOF ranging from 29 to 92% while older adults who
had not fallen had a prevalence ranging from 12 to 65% (7). There
were a series of risk factors for FOF including but not limited to
old age, female sex, worse physical performance, fall history, poor
self-rated health, cognitive impairment, depressive symptoms, and
living alone (8). The consequence of FOF includes more frequent
falls (9), a decline in physical and mental performance, and a
reduction in quality of life (10) and social activity (11). Apparently,
being female is one of the main risk factors robustly associated with
developing FOF (12). Therefore, more attention should be paid to
older women with FOF.

Recent evidence suggested that a sedentary lifestyle is a
potential risk factor for FOF (13), while an increasing physical
activity (PA) level probably is a promising strategy to protect
against FOF (14). The health benefits of PA had been widely
accepted including but not limited to reducing the risk of
cardiovascular disease, diabetes, and all-cause mortality (15, 16).
Several studies have demonstrated that PA is associated with FOF in
the older population; however, the results and conclusion were not
always consistent (17-19). In addition, in most cases, the influence
of FOF on PA was examined while the influence of PA on FOF was
scarcely studied.

Physical fitness (PF) is an important health marker for children
and adults (20, 21). Poor PF is associated with the prevalence
of various chronic conditions (22, 23). Studies consistently
demonstrated that older adults with FOF presented worse physical
performance (24-27). On the contrary, older adults with high PF
performance presented lower FOF level. Thus, it is reasonable
to assume that the improvement in FOF is due, at least in
part, to a better PF. Thus, it is necessary to clarify whether
a low level of FOF among older people is due to better PF.
At the same time, a positive association between PA and PF
was supported by previous findings which linked PA with lower
body mass index (BMI), better aerobic endurance and strength
(28), and better balance capacity in older adults (29). These
findings suggested that PF can act as an intermediate variable
between PA and FOF. A deeper understanding of the potential
mediating effects of PF in the relationship between PA and FOF
is required.

Therefore, this study aimed to analyze whether PA measures
including LPA and MVPA is associated with FOF in a sample of
community-dwelling older women and the potential mediating role
of PF in these associations was determined.

Methods

Covariate variables

Sociodemographic data were collected by self-report, including
age, education level (primary school and below, middle school, and
undergraduate and above), living alone (yes, no), current drinkers
(yes, no), fall experience (no falls, >1 falls), type of medications

Frontiersin Public Health

10.3389/fpubh.2023.1241668

taken (<5, >5), and diagnosed chronic disease (no, yes >1).
The nutritional and cognitive statuses were assessed using short-
form mini-nutritional assessment (MNA-SF) (30) and mini-mental
state examination (MMSE) (31), respectively. Muscle mass was
measured by bioimpedance analysis (BIA) using the Tanita MC-
180 (Bailida Co., Tokyo, Japan) (32). The balance stable coefficient
was assessed using the Super Balance IIT Static Balance Test System
(Acmeway, Beijing, China) (33).

Study design and participants

This study used a cross-sectional design with data from the
baseline survey of Physical Activity and Health in Older Women
Study (PAHIOWS) (34). Convenience sampling was used to
recruit participants from urban communities in Yantai, Shandong
province in China. The time span was from March 2021 to June
2021. Convenience sampling is a specific type of non-probabilistic
sampling method that relies on data collection from populations
who are conveniently available to participate in the study, and
it is most frequently used in quantitative studies (35). A total of
1, 370 older women were recruited, and participants meeting the
following criteria were finally included: (1) participants aged 60-
70 years, (2) participants who have no cognitive impairment and
can communicate normally, (3) participants who have no physical
disability that might impede normal physical activity, and (4)
participants who are willing to sign the informed consent form.
Overall, 1, 108 participants were included in the data analysis. This
study was approved by the Ethics Committee of the School of
Nursing and Rehabilitation, Shandong University, China (2021-R-
001). We measured and collected data related to physical activity,
fear of falling, and physical fitness of eligible subjects.

Physical activity

The participants were required to wear the Actigraph WGT3X-
BT (Actigraph, Pensacola, FL, USA) accelerometer on their left
waist for 7 consecutive days to objectively measure the LPA and
MVPA (36). As the number of accelerometer devices is limited,
participants were invited to participate in the physical activity
measurement in batches. In general, every day, 20-40 participants
were invited to our test center to complete the fitness test and
relevant questionnaire survey and then wear the accelerometer.
Therefore, the physical activity measurement can be deemed and
implemented within the same time frame. The sampling frequency
of the original accelerometer data is 30 times per second, and the
original data are converted into 60-s epoch length motion counts
for further analysis. Non-wearing time was defined as at least 90
consecutive min of 0 counts, with an allowance of a maximum of
2 min of counts between 0 and 100 counts per minute (CPM) (37).
Valid data are defined as the wearing time being more than or equal
to 10 h per day and the wearing days being more than or equal to
4 days (38). Cutoff points defined by Freedson were used to classify
sedentary time (SB), LPA, and MVPA as follows: SB (0 to 99 CPM),
LPA (100 to 1951 CPM), and MVPA (>1952 CPM) (39).
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Variables FOF group score
Total Low FOF High FOF

(n=1,108) (n = 898) (n=210)
Age, years 64.9 (2.8) 64.8 (2.8) 65.4 (2.8) 0.005
Living alone (%) 125 (11.3) 107 (11.9) 18 (8.5) 0.147
Education (n, %) 0.012
Primary school or lower 133 (12.0) 96 (10.6) 37 (15.1)
Middle school 774 (69.8) 634 (70.1) 140 (65.7)
Bachelor degree or higher 201 (18.1) 171 (19.0) 30 (14.9)
Current drinker (%) 105 (9.5) 84 (9.3) 21(9.8) 0.642
No. of medications taking > 5 14 (1.3) 9 (1.0) 5(2.3) 0.111
(%)
Diagnosed Chronic diseases (%) 720 (64.9) 574 (63.9) 146 (69.5) 0.121
MMSE score 26.7 (1.4) 26.7 (1.4) 26.5(1.5) 0.060
MNA-SF 133 (1.1) 13.3 (1.0) 13.2 (1.3) 0.929
ABC score 92.9 (8.9) 96.4 (3.6) 77.1(10.1) <0.001
Fall experience > 1 (n, %) 315 (28.2) 230 (40.1) 85 (25.5) <0.001
Muscle mass (kg) 38.7 (2.8) 38.68 (2.8) 38.7 (3.0) 0.924
Balance stable coefficient 12.5(1.9) 12.6 (1.9) 12.1(2.1) 0.008
Wear time (min/day) 888.1 (118.4) 886.8 (115.7) 891.3 (128.9) 0.824
MVPA (min/day) 327 (19.3) 33.7(18.9) 28.52 (20.4) <0.001
LPA (min/day) 307.5 (70.5) 308.7 (71.6) 302.2 (65.7) 0.440
SB (min/day) 548.3 (117.4) 544.9 (115.2) 563.0 (125.6) <0.001
BMI (kg/mz) 26.3(3.4) 26.1(3.2) 27.2(3.9) <0.001
Forced vital capacity (ml) 2037.5 (537.9) 2065.3 (529.7) 1919.5 (557.4) <0.001
Choice reaction time (s) 0.6 (0.1) 0.6 (0.1) 0.7 (0.1) <0.001
Sit and reach (cm) 10.4 (9.2) 11.1 (8.9) 7.6 (9.8) <0.001
Grip strength (kg) 24.0 (5.0) 24.3 (5.0) 23 (4.5) <0.001
Five times sit-to-stand (s) 7.96 (2.1) 7.82 (2.0) 8.56 (2.2) <0.001

ABC, activities-specific balance confidence scale; MMSE, mini-mental state examination; MNA-SF, short-form mini-nutritional assessment; MVPA, moderate-to-vigorous physical activity;

LPA, light-intensity physical activity; SB, sedentary behavior; BMI, body mass index.

Fear of falling

The Chinese version of the activity-specific balance confidence
(ABC) scale was used to evaluate the FOF. ABC is a mature
and structured scale that is more suitable for older adults with
certain physical activities (40). A score of 88 was taken as the
cutoff point, and a high FOF was judged as an ABC score lower
than 88 (34). During the assessment, participants were asked
to report their level of confidence in specific physical activities
(walking on the icy road, walking up and down the escalator
without holding the handrail, etc.). The confidence ranges from
0% (no confidence) to 100% (full confidence). If participants
had no physical activity in reality, they were asked to imagine
themselves in this specific physical activity and give corresponding
confidence levels.
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Physical fitness

The physical fitness test includes six standardized tests, namely
BMLI, forced vital capacity, sit and reach, grip strength, five times
sit-to-stand, and choice reaction time. For the physical fitness
test, we used the fitness management system (Acmeway company,
Beijing, China).

The obesity degree was evaluated by body mass index (BMI),
which was obtained by dividing the weight (kg) of a subject by the
square of height (m) (41).

The forced vital capacity (FVC) is a readily available objective
measurement of lung volume and respiratory muscle function (42).
The subjects breathed as deeply as possible and then exhaled air
from the lung. The greatest among of air that can be forced from
the lung can be recorded by a spirometer (ml).
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TABLE 3 Logistic regression of the associations between PA, PF, and FOF.

N N NSRS Variables Odds ratio (95 % confidence interval)
DTl alelZlalzlel A
T9]°lF]S|F]|S S Model 1 p Model 2 p |
MVPA, per 0.67(0.51,0.86) | 0.002 | 0.72(0.54,0.96)* | 0.023
= 30 min
c increased
S
° LPA, per30min | 0.95(0.89,1.02) | 0.188 | 0.97(0.90,1.04)> | 0.350
4? P I . increased
: IR EREIE
s EIRIE IR IR BMI (kg/m?) 1.12(1.07,1.18) | <0.000 | 1.12(1.06,1.18)° | <0.000
T T
4]
S Forced vital 0.95(0.93,0.98) | <0.000 | 0.96(0.93,0.99) | 0.003
= capacity (ml
v pacity (ml)
i Choice reaction | 1.22(1.06,1.41) | 0.005 | 122(1.06,141)° | 0.006
time (s)
<
= Sit and reach 0.96 (0.95,0.98) | <0.000 | 0.97(0.95,0.98)° | <0.000
SP e e | (cm)
: BIEIEIRIEIEIE
2 S s 3 7 Grip strength 0.94(0.90,097) | <0.000 | 0.94(0.91,098)° | 0.001
o
= (kg)
O -
Five times 1.16 (1.08, 1.25) <0.000 1.14 (1.06, 1.23)¢ <0.000
6 sit-to-stand (s)
g Model 1, adjusted age, wearing time, education level, living alone, drinking, drug use, chronic
— 3}_‘ %\ im ;.-4 ’éé diseases, MMSE score, muscle mass, MNA score, fall experience, balance stability coefficient;
-g g 2|l 2| 2 <|> ' Model 2a, variables in Model 1+ daily sedentary time; Model 2b, variables in Model 14 daily
© MVPA time; Model 2c, variables in Model 1+ daily MVPA time +daily sedentary time; BMI,
ﬁ body mass index.
(]
£
=
5 The coordination and rapid reaction ability of human nervous
T IS 0 % and muscular systems were evaluated by choice reaction time (43).
(7] — g ! . . « » H
' <| T °| 7 = The subjects were instructed to press the “start key” and wait for
3 g the signal to be sent. When any “signal key” sends a signal (light),
e £ the subjects press the corresponding key as quickly as possible
O = and then return to the “start key” waiting for the next signal. Five
- v signal responses should be answered in each test, and the time was
2 :
T % recorded (seconds).
@ s . .
e £ The upper limb muscle strength was evaluated by the grip
° E strength test (41). A manual dynamometer was used to assess grip
. | 5 8 IS
= B=R=a= ] strength. The test was performed in a standing position with the
> = . . .
o = arm naturally down on both the right and left sides. During the
- [} = . . :
o ° = test, the upper and lower handles were tightly held with maximum
w ! . .
o A : force, and the measured strength was recorded in kilograms.
<
= Ei The flexibility of the lower limb and the trunk was evaluated
::1 § S b % by sit and reach test (44). The subjects sat on the floor with their
% < £ head, back, and hips against a wall, knees straight, heels together,
9 5 e . .
s B 2 and feet positioned flat against a board of the sit and reach the
g % E ‘ z box. The subjects were required to extend their arms with palms
£ g' down and bend forward slowly, pushing the vernier forward with
[}
E o = the fingertips of the middle fingers of both hands as far forward as
3 S Z possible while keeping the knees extended.
(%} (%2} ' < . .
s NS = The dynamic balance and lower limb muscle strength were
5 B _;i evaluated through five times sit-to-stand test (45, 46). The subjects
o . . . . .
‘g g were required to sit on a chair of height between 43 and 46 cm, with
= g . .
o B g 5 arms crossed over their chest. During the test, they should stand up
c S| g 2| 7 . .. .
) £ g R and then return to the sitting position as fast as possible, and the
= 2 PO . . "
38 o = 8% §> 3| E time to finish five repetitions was recorded (seconds).
= = o 151 S| 9 . .
~ $ < Z § = % qé g All tests are performed twice, taking the better one. Moreover,
& 3| 2| g Sl Z . . s .
E é E SRR é = -g 2= all testers were provided with a manual describing the standardized
= 2 | > i .
s = procedure, demonstrations, and verbal cure for participants.
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Statistical analyses

Descriptive data were presented as means and standard
deviations (SDs) or as numbers and percentages (%). Differences
between the low FOF group and the high FOF group were assessed
using the Mann-Whitney test, Fisher’s exact test, chi-square test,
and trend chi-square test, depending on the type of variables.
Pearson’s correlation coefficients and logistic regression model were
used to examine the relationships between FOF, PA, and PF. The
stepwise linear regression model is used to determine whether the
association between PA and FOF was mediated by PF. Bootstrap
analysis was used based on sample sampling by 5000 times to
observe whether the 95% confidence interval of the indirect effect
crosses 0 to further judge whether there is a mediating effect. The
mediating effect needs to meet the following conditions: (1) The
total effect c is significant that PA could significantly affect the FOF
(path ¢); (2) the indirect effect a x b is significant that PA could
significantly affect the PF and PF could significantly affect the FOF.

Before running these models, the accelerometer-measured
MVPA and LPA were rescaled so that a one-unit increase reflected
30 min/day. In addition, we mainly adjusted the age, wearing
time, education level, living alone, drinking, drug use, chronic
diseases, MMSE score, muscle mass, MNA score, fall experience,
and balance stability coefficient in Model 1. Model 2a adjusted
the sedentary time based on Model 1 (stepwise linear regression
model and bootstrap analysis used Model 2a). While Model 2b
adjusted MVPA time based on Model 1, Model 2¢ adjusted MVPA
time and sedentary time based on Model 1. The variance inflation
factor (VIF) for all variables was calculated to detect collinearity.
The VIF is considered acceptable when it is <5 (47). All analyses
were conducted using STATA MP software version 17.0 (StataCorp,
Texas, USA). The statistical significance was set at a p-value of
< 0.05 in two-sided tests.

Results

Table I shows the basic characteristics of the participants. A
total of 1, 108 older women were included in the final analysis,
with an average age of 64.9 & 2.8 years. A total of 210 older
women and 898 older women were identified as high FOF and
low FOF in the total sample, respectively. More than a quarter
of participants had fallen once or more. The participants spent
an average of 548.2 min on sedentary behavior and 32.7 min and
307.5min per day on MVPA and LPA, respectively. There were
significant statistical differences in age, ABC score, education level,
fall experience, MVPA, sedentary time, BMI, forced vital capacity,
choice reaction time, sit and reach, grip strength, and five times
sit-to-stand between the high and low FOF group. No significant
inter-group differences were found in other indicators.

Table 2 shows the Pearson correlation coefficients between
PA, PF indicators, and FOF. It was suggested that the ABC
score was positively associated with MVPA, forced vital capacity,
sit and reach, and grip strength and negatively associated with
choice reaction time, five times sit-to-stand, and BMI. Additionally,
MVPA was positively associated with forced vital capacity and sit
and reach and negatively associated with five times sit-to-stand
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and BMI. LPA was positively associated with sit and reach and
negatively associated with five times sit-to-stand.

According to the logistic regression analysis (Table 3), after
adjusting all covariate variables in models 2a and 2b, the increase
in daily MVPA per 30 min was significantly associated with FOF
(OR = 0.72, 95% CI: 0.54-0.96, p = 0.023) while the increase in
daily LPA per 30 min (OR = 0.97, 95% CI: 0.90-1.04, p = 0.35) was
not correlated with FOF. Through model 2¢, we found a significant
association between FOF and BMI (OR = 1.12, 95% CI: 1.06-1.18,
P < 0.000), forced vital capacity (OR = 0.96, 95% CI: 0.93-0.99, p
= 0.003), choice reaction time (OR = 1.22,95% CI: 1.06-1.41, p =
0.006), sit and reach (OR = 0.96, 95% CI: 0.95-0.98, p < 0.000), grip
strength (OR = 0.94, 95% CI: 0.91-0.98, p = 0.001), and five times
sit-to-stand (OR = 1.14, 95% CI: 1.06-1.23, p < 0.000), respectively.

As shown in Table 4, the total effect (c) suggested a significant
positive relationship between MVPA and ABC score (f = 1.32,
95% CI: 0.43-2.20), but after adding mediator factors, only four
significant indirect effects (axb) were found, including forced vital
capacity (8 = 0.15, 95% CI: 0.02-0.27), sit and reach (8 = 0.30, 95%
CI: 0.10-0.50), five times sit-to-stand (8 = 0.34, 95% CI: 0.12-0.56),
and BMI (8 = 0.51, 95% CI: 0.15-0.86), respectively.

The bootstrap analysis verified the mediating effect (Table 5).
We also found that physical fitness plays an important role in the
relationship between MVPA and FOF. The results suggested that
forced vital capacity, sit and reach, five times sit-to-stand, and BMI
were independent mediators of the effect of MVPA on FOF, and
their mediating effect accounted for 11.1, 22.5, 25.8, and 38.4%
of the total effect, respectively. Figures 1-4 present the mediation
model used to determine whether PF indicators mediate the effect
of MVPA on FOF.

Discussion

This cross-sectional study aimed to determine whether a
mediating role by PF exists in the relationship between PA and FOF
in community-dwelling older women. The main findings of this
study were that MVPA was significantly and negatively correlated
with FOF while LPA did not. In addition, a significant association
was found between MVPA, BMI, forced vital capacity, choice
reaction time, sit and reach, grip strength, five times sit-to-stand,
and FOF. The benefits of MVPA on FOF are fully mediated by
BMI and partially mediated by forced vital capacity, sit and reach,
and five times sit-to-stand performance. These findings provide a
deeper insight into the mechanism of PA on FOF.

Both regular PA and health-related physical fitness are key
indicators of health (20, 21). A positive association between PA and
PF has been previously reported (28, 48). PA can help to maintain a
healthy weight status and improve aerobic fitness, muscular fitness,
and body composition (28, 49-51). These effects seem to depend
on the intensity and volume of PA, and the results were not always
consistent (48). Our study was consistent with most previous
studies that higher MVPA was positively correlated with lower BMI,
higher grip strength, and better sit and reach performance in older
women. However, no significant correlation between MVPA and sit
and reach was identified in older adults (28). In addition, our study
also suggested that MVPA was correlated with shorter reaction
time and shorter time to complete five times sit-to-stand, which
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TABLE 4 Mediation analysis results of PA, PF, and FOF.

Mediator factors PA (MVPA) PA PA Indirect Direct Total Proportion
— FOF (MVPA)— (MVPA)— effect: effect: ¢’ effect: c
(ABC score) PF PF— FOF a*b
(ABC
score)
Forced vital capacity c:1.32(0.43, a: 87.46 c:1.17 (0.28, 0.15* 1.17* 1.32%* 11.1%
2.20)"* (35.28, 139.65)** 2.06)** b: 0.17
(0.07,0.27)**
Choice reaction times c:1.32(0.43, a: —0.01 c:1.21(0.32, 0.11 0.21** 1.32%* 8.3%
2.20)" (—0.02, —0.001)* 2.09)** b:
—9.53
(—14.56,
—4.50)*
Sit and reach ¢ 1.32 (043, a: 1.69 ¢:1.02 (0.14, 0.30"* 1.02* 1.32%* 22.5%
2.20)"* (0.80, 2.58)** 1.90)* b: 0.18
(0.12,0.23)"*
Grip strength ¢ 1.32 (043, a:0.41 ¢11.21(0.33, 0.11 1.21% 1.32%* 8.1%
2.20)** (—0.06, 0.89) 2.09)** b: 0.26
(0.15,0.37)"*
Five times sit-to-stand ¢ 1.32 (043, a: —0.47 £'10.98 (0.09, 0.34" 0.98* 1.32%* 25.8%
2.20)"* (—0.67, —0.27) 1.86)* b: —0.72
(—0.98,
—0.46)**
BMI ¢ 1.32 (043, a: —1.09 ¢10.81 (—0.09, 0.51%* 0.81 1327 38.4%
2.20)"* (—1.38, —0.80)* 1.71) b: —0.47
(—0.64,
—0.29)*

FOE fear of falling; PF, physical fitness; PA, physical activity (MVPA time; increased per 30 min/day); * and ** indicate significance at 0.05 and 0.01 levels, respectively.

TABLE 5 Bootstrap analysis.

Mediator factors = Effect Effect size Boot SE Bootstrap 95% Cl
Lower limit Upper limit
Forced vital capacity Indirect effect 0.146 0.019 0.063 0.024 0.269
Direct effect 1.170 0.011 0.463 0.263 2.077
Choice reaction time Indirect effect 0.110 0.065 0.060 —0.007 0.228
Direct effect 1.206 0.010 0.466 0.292 2.120
Sit and reach Indirect effect 0.297 0.003 0.101 0.099 0.494
Direct effect 1.020 0.026 0.457 0.125 1.915
BMI Indirect effect 0.507 0.005 0.180 0.154 0.860
Direct effect 0.810 0.054 0.421 —0.015 1.634
Five times sit-to-stand Indirect effect 0.339 0.003 0.113 0.118 0.561
Direct effect 0.977 0.025 0.435 0.125 1.830
Grip strength Indirect effect 0.107 0.098 0.065 —0.020 0.233
Direct effect 1.210 0.009 0.464 0.301 2.119

Boot standard error (Boot SE); bootstrap 95% confidence interval (Bootstrap 95% CI).

was not elucidated in older women by previous studies. This can
be explained by the evidence that MVPA usually involves more
strenuous and faster muscle contractions, thus increasing muscle
strength or power (52).

This study also suggested that MVPA rather than LPA
was significantly correlated with ABC score; hence, a negative
correlation was observed with FOF. The logistic regression results
showed that the odds of high FOF significantly declined by 28%
with each 30 min increase in daily MVPA. This finding is in line
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with the study led by Whipple et al. who found that participants
with less MVPA tended to report higher FOF; however, only 10
older adults were enrolled in the study (53). Moreover, our previous
study also demonstrated that older women in higher tertile of
daily MVPA (>38.3min) had a lower risk of high FOF (19). A
systematic review summarized the relationship between PA and
FOF in older adults and concluded that higher PA including total
PA and MVPA was associated with lower FOF (54). Apparently,
the accumulation of more daily MVPA time was associated with
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The mediating role of forced vital capacity in the association physical activity and fear of falling. The “ and ™ symbols indicate significance at 0.05 and

Sit and reach(cm)

Path a=1.69**

Path b=0.18**

Indirect effect axb=0.30**

Physical activity(MVPA)

Path ¢=1.32%*

Fear of falling

Path ¢’=1.02*

FIGURE 2

levels, respectively.

The mediating role of sit and reach in the association physical activity and fear of falling. The * and ™ symbols indicate significance at 0.05 and 0.01

the improvement of FOF in older women. However, our study
found that the increase in LPA was not associated with FOF. In
the same samples, our previous study suggested that even the
highest tertile of LPA (>336.4min per day) was not associated
with FOF (19). Previous studies consistently suggested a significant
negative association between FOF and LPA in older adults after
controlling confounding factors (17, 55). The difference might be
due to the definition of LPA which was defined as 1.1-2.9 METs,
the participants having an average of older age, and these studies
enrolling participants with both genders.

This study confirmed the mediating role of PF in the
relationship between MVPA and FOF. Older women with more
daily MVPA had a lower FOF risk, and this was largely mediated
by their better PF. This finding is consistent with the idea that
PF is a strong predictor of the overall health of older adults (56)
and contributes to better balance confidence (57) or lower concern
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of falling (58), hence a low risk of fall (59). MVPA is one of the
primary modifiable factors capable of influencing PF of the old
population (28, 60, 61), while higher PF level can influence fall
efficacy or balance confidence to reduce FOF in older adults. A
Korean study found that most physical fitness factors including
6-min walk, 30-s chair stand, 30-s arm curl, sit and reach, and
grip strength were strongly associated with decreased FOF (62).
This suggested that PF played an important role in reducing
FOF. The logistic regression analysis indicated a significant
association between BMI and FOF. This finding is consistent
with previous studies that FOF is high in obese subjects (63).
People with higher BMI will restrict physical activity, regardless
of whether they have falling experiences (63). The mediating
effect of BMI accounted for 38.4% of the total effect of PF which
reminded us of maintaining an appropriate BMI to reduce the risk
of FOF.
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The mediating role of BMI in the association physical activity and fear of falling. The " and ™ symbols indicate significance at 0.05 and 0.01 levels,

Muscular fitness is also an important indicator of physical
health in the old population. Many studies have explored the
relationship between muscle strength and FOFE and the results
seemed inconsistent due to the usage of different muscle test
tools (64-67). In this study, we did not find a mediating role in
upper limb strength. Although no mediating effect was found, the
linear relationship between grip strength and FOF is significant.
Thus, we cannot deny the benefits of better upper limb strength
on FOF. This finding is consistent with the previous results that
older adults with FOF have lower grip strength compared with
those without FOF (65), and the grip strength level of women
with FOF is lower than that of men with FOF (68). Moreover, the
five times sit-to-stand, a commonly used measure of sit-to-stand
performance in older adults, is associated with dynamic balance.
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The time to complete the five times sit-to-stand test is significantly
longer in older individuals with balance dysfunction than in healthy
control individuals (69). This study demonstrated that the time
to complete five times sit-to-stand was significantly associated
with FOF. This observation was in line with a recent study in
adults aged 50 years and older (70). Sit and reach was widely
used to evaluate flexibility, which is associated with improving
joint range of motion and function, and is important for the
daily activity performance in older adults. Only a few studies
explored the association between flexibility and health outcomes,
including arterial stiffening (71, 72) and the onset of atherosclerosis
(73). For the first time, this study found that older women with
high FOF had worse sit and reach performance and confirmed a
mediating role of flexibility in the relationship between MVPA and
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FOF. This means that the accumulation of more MVPA partially
reduces FOF by improving lower limb flexibility. Finally, we found
that forced vital capacity is also an independent mediator in the
relationship between MVPA and FOF. It is highly rational that
there is a significant correlation between strenuous MVPA and
forced vital capacity, which was found associated with functional
performance in older adults (42, 74, 75). However, so far, no
study has directly investigated the association between forced
vital capacity and FOF in older adults. More relevant research
is needed in the future to explore the role of physical fitness in
FOF management.

Conclusion

The findings of this study confirmed our hypothesis that
physical fitness mediated the association between PA and FOF in
older women. Specifically, an accumulation of more daily MVPA
was associated with a reduced risk of FOF rather than LPA.
The association between MVPA and FOF was fully mediated
by BMI and partially mediated by sit and reach, five times
sit-to-stand, and forced vital capacity. These findings highlight
the important role of PF in the relationship between PA and
FOE which deepens our understanding of the impact of PA
on FOF in older women. Therefore, developing interventions to
promote MVPA participation is urgently needed to reduce FOF in
older women.

Limitations

There are several limitations to this study. First, the
cross-sectional design limited the ability to establish a causal
link, and longitudinal studies are needed in the future.
Second, the participants recruited in this study were not
nationally representative of the whole older population,
future studies need to include older men as well, and a
multi-center study is needed to better reflect the physical
activity and fear of falling situation in the whole Chinese

older population.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

References
1. Alamgir H, Muazzam S, Nasrullah M. Unintentional falls mortality
among elderly in the United States: time for action. Injury. (2012)

43:2065-71. doi: 10.1016/j.injury.2011.12.001

2. Rubenstein LZ. Falls in older people: epidemiology, risk factors and strategies for
prevention. Age Ageing. (2006) 35:ii37-41. doi: 10.1093/ageing/afl084

3. Gillespie LD, Robertson MC, Gillespie W],
S, Clemson LM, et al. Interventions for preventing falls in older
people living in the community. Cochrane Database Syst Rev. (2012)
2012:CD007146. doi: 10.1002/14651858.CD007146.pub3

4. Andresen EM, Wolinsky FD, Miller JP, Wilson MM, Malmstrom TK, Miller
DK. Cross-sectional and longitudinal risk factors for falls, fear of falling, and falls

Sherrington C, Gates

Frontiersin Public Health

10.3389/fpubh.2023.1241668

Ethics statement

The studies involving humans were approved by Ethics
Committee of the School of Nursing and Rehabilitation,
Shandong University, China (2021-R-001). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. No potentially identifiable
images or data are presented in this study.

Author contributions

SW: data curation, formal analysis, visualization, and writing—
original draft preparation. GL: formal analysis, visualization, and
writing—reviewing and editing. BS: data curation and formal
analysis. SW and HG: methodology and writing—review and and
supervision. QH: conceptualization, writing—reviewing editing,
project administration, and funding acquisition. All authors have
read and agreed to the submitted version of the manuscript.

Funding

The authors would like to thank the Office of Shandong
Philosophy and Social Science for providing fund for this
study (Shandong Province Social Science Foundation, grant
number 22CTYJ06).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

efficacy in a cohort of middle-aged African Americans. Gerontologist. (2006) 46:249—
57. doi: 10.1093/geront/46.2.249

5. Tinetti ME, Richman D, Powell L. Falls efficacy as a measure of fear of falling. |
Gerontol. (1990) 45:P239-43. doi: 10.1093/geron;j/45.6.P239

6. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC.
Effective exercise for the prevention of falls: a systematic review and meta-analysis. ]
Am Geriatr Soc. (2008) 56:2234-43. doi: 10.1111/j.1532-5415.2008.02014.x

7. Legters K. Fear of falling. Phys Ther. (2002) 82:264-72. doi: 10.1093/ptj/82.3.264

8. MacKay S, Ebert P, Harbidge C, Hogan DB. Fear of falling in older adults: a
scoping review of recent literature. Can Geriatr J. (2021) 24:379-94. doi: 10.5770/cg
j.24.521

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1241668
https://doi.org/10.1016/j.injury.2011.12.001
https://doi.org/10.1093/ageing/afl084
https://doi.org/10.1002/14651858.CD007146.pub3
https://doi.org/10.1093/geront/46.2.249
https://doi.org/10.1093/geronj/45.6.P239
https://doi.org/10.1111/j.1532-5415.2008.02014.x
https://doi.org/10.1093/ptj/82.3.264
https://doi.org/10.5770/cgj.24.521
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

9. Gazibara T, Kurtagic I, Kisic-Tepavcevic D, Nurkovic S, Kovacevic N. Gazibara T,
et al. Falls, risk factors and fear of falling among persons older than 65 years of age.
Psychogeriatrics. (2017) 17:215-23. doi: 10.1111/psyg.12217

10. Scheffer AC, Schuurmans MJ, van Dijk N, van der Hooft T, de Rooij SE. Fear of
falling: measurement strategy, prevalence, risk factors and consequences among older
persons. Age Ageing. (2008) 37:19-24. doi: 10.1093/ageing/afm169

11. Auais M, Alvarado B, Guerra R, Curcio C, Freeman EE. Ylli A, et al. Fear
of falling and its association with life-space mobility of older adults: a cross-
sectional analysis using data from five international sites. Age Ageing. (2017) 46:459-
65. doi: 10.1093/ageing/afw239

12. Denkinger MD, Lukas A, Nikolaus T, Hauer K. Factors associated
with fear of falling and associated activity restriction in community-
dwelling older adults: a systematic review. Am ] Geriatr Psychiatry. (2015)
23:72-86. doi: 10.1016/j.jagp.2014.03.002

13. Murphy SL, Dubin JA, Gill TM. The development of fear of falling among
community-living older women: predisposing factors and subsequent fall events. ]
Gerontol A Biol Sci Med Sci. (2003) 58:M943-7. doi: 10.1093/gerona/58.10.M943

14. Kumar A, Delbaere K, Zijlstra GA, Carpenter H, Iliffe S, Masud T, et al.
Exercise for reducing fear of falling in older people living in the community:
Cochrane systematic review and meta-analysis. Age Ageing. (2016) 45:345-
52. doi: 10.1093/ageing/afw036

15. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et al.
Evidence-based intervention in physical activity: lessons from around the world.
Lancet. (2012) 380:272-81. doi: 10.1016/S0140-6736(12)60816-2

16. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT.
Effect of physical inactivity on major non-communicable diseases worldwide:
an analysis of burden of disease and life expectancy. Lancet. (2012) 380:219-
29. doi: 10.1016/S0140-6736(12)61031-9

17. Sawa R, Asai T, Doi T, Misu S, Murata S, Ono R. The association between
physical activity, including physical activity intensity, and fear of falling differs by fear
severity in older adults living in the community. ] Gerontol B Psychol Sci Soc Sci. (2020)
75:953-60. doi: 10.1093/geronb/gby103

18. Rosic G, Milston AM, Richards J, Dey P. Fear of falling in obese women under 50
years of age: a cross-sectional study with exploration of the relationship with physical
activity. BMC Obes. (2019) 6:7. doi: 10.1186/s40608-019-0230-z

19. Du L, Zhang X, Wang W, He Q, Li T, Chen S, et al. Associations between
objectively measured pattern of physical activity, sedentary behavior and fear of
falling in Chinese community-dwelling older women. Geriatr Nurs. (2022) 46:80-
5. doi: 10.1016/j.gerinurse.2022.05.001

20. Zhao Y, Sun H, Qie R, Han M, Zhang M. Shi X, et al. Association between
cardiorespiratory fitness and risk of all-cause and cause-specific mortality. Eur J Clin
Invest. (2022) 52:€13770. doi: 10.1111/eci.13770

21. Steell L, Ho FK, Sillars A, Petermann-Rocha E Li H, Lyall DM, et al.
Dose-response associations of cardiorespiratory fitness with all-cause mortality
and incidence and mortality of cancer and cardiovascular and respiratory
diseases: the UK Biobank cohort study. Br ] Sports Med. (2019) 53:1371-
8. doi: 10.1136/bjsports-2018-099093

22. Wang Y, Lee DC, Brellenthin AG, Sui X, Church TS, Lavie CJ, et al. Association
of muscular strength and incidence of type 2 diabetes mayo. Clin Proc. (2019) 94:643—-
51. doi: 10.1016/j.mayocp.2018.08.037

23. Albin EE, Brellenthin AG, Lang JA, Meyer JD, Lee DC. Cardiorespiratory fitness
and muscular strength on arterial stiffness in older adults. Med Sci Sports Exerc. (2020)
52:1737-44. doi: 10.1249/MSS.0000000000002319

24. Su Q, Gao Y, Zhang J, Tang J, Song M, Song J, et al. Prevalence of
fear of falling and its association with physical function and fall history among
senior citizens living in rural areas of China. Front Public Health. (2021)
9:766959. doi: 10.3389/fpubh.2021.766959

25. Moreira BS, Dos AD, Pereira DS, Sampaio RF, Pereira LS, Dias RC, et al. The
geriatric depression scale and the timed up and go test predict fear of falling in
community-dwelling elderly women with type 2 diabetes mellitus: a cross-sectional
study. BMC Geriatr. (2016) 16:56. doi: 10.1186/s12877-016-0234-1

26. Sapmaz M, Mujdeci B. The effect of fear of falling on balance

and dual task performance in the elderly. Exp Gerontol. (2021)
147:111250. doi: 10.1016/j.exger.2021.111250
27.Kim M, Lim SK, Shin S, Lee JH. The effects of objectively

measured physical activity and fitness on fear of falling among Korean
older women. ] Exerc Rehabil. (2016) 12:489-93. doi: 10.12965/jer.1632
716.358

28. Petrica J, Serrano ], Paulo R, Ramalho A, Lucas D. The sedentary time and
physical activity levels on physical fitness in the elderly: a comparative cross sectional
study. Int ] Environ Res Public Health. (2019) 16:19. doi: 10.3390/ijerph16193697

29. Corcoran MP, Chui KK, White DK, Reid KE Kirn D, Nelson ME,
et al. Accelerometer assessment of physical activity and its association
with physical function in older adults residing at assisted care facilities.
J Nutr Health Aging.  (2016) 20:752-8.  doi:  10.1007/s12603-015-0
640-7

Frontiersin Public Health

10.3389/fpubh.2023.1241668

30. Tsai AC, Lai MY. Mini Nutritional Assessment and short-form Mini Nutritional
Assessment can predict the future risk of falling in older adults - results of a national
cohort study. Clin Nutr. (2014) 33:844-9. doi: 10.1016/j.cInu.2013.10.010

31.Li H, Jia J,
chinese: a population-based normative
53:487-96. doi: 10.3233/JAD-160119

32. Gaba A, Kapus O, Cuberek R, Botek M. Comparison of multi- and single-
frequency bioelectrical impedance analysis with dual-energy X-ray absorptiometry
for assessment of body composition in post-menopausal women: effects of body
mass index and accelerometer-determined physical activity. ] Hum Nutr Diet. (2015)
28:390-400. doi: 10.1111/jhn.12257

33. Xiao S, Wang B, Zhang X, Zhou J, Fu W. Acute effects of high-
definition transcranial direct current stimulation on foot muscle strength,
passive ankle kinesthesia, and static balance: a pilot study. Brain Sci. (2020)
10:4. doi: 10.3390/brainsci10040246

34. Ren P, Zhang X, Du L, Pan Y, Chen S, He Q. Reallocating time
spent in physical activity, sedentary behavior and its association with fear of
falling: iso temporal substitution model. Int ] Environ Res Public Health. (2022)
19:5. doi: 10.3390/ijerph19052938

Yang Z. Mini-mental state examination in
study. J Alzheimers Dis.

elderly
(2016)

35. Henry JP, Cassel JC. Psychosocial factors in essential hypertension. Recent
epidemiologic and animal experimental evidence. Am ] Epidemiol. (1969) 90:171-
200. doi: 10.1093/oxfordjournals.aje.al21062

36. Wijndaele K, Westgate K, Stephens SK, Blair SN, Bull FC, Chastin

SE et al. Utilization and harmonization of adult accelerometry data:
review and expert consensus. Med Sci Sports Exerc. (2015) 47:2129-
39. doi: 10.1249/MSS.0000000000000661

37. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear
and non wear time classification algorithm. Med Sci Sports Exerc. (2011) 43:357-
64. doi: 10.1249/MSS.0b013e3181ed61a3

38. Ballin M, Nordstrom P, Niklasson ], Nordstrom A. Associations of objectively
measured physical activity and sedentary time with the risk of stroke, myocardial
infarction or all-cause mortality in 70-year-old men and women: a prospective cohort
study. Sports Med. (2021) 51:339-49. doi: 10.1007/540279-020-01356-y

39. Freedson PS, Melanson E, Sirard J. Calibration of the computer science
and applications, Inc. accelerometer. Med Sci Sports Exerc. (1998) 30:777-
81. doi: 10.1097/00005768-199805000-00021

40. Guan Q, Han H, Li Y, Zhao L, Jin L, Zhan Q. Activities-specific Balance
confidence (ABC) scale adapted for the mainland population of China. Clin Rehabil.
(2012) 26:648-55. doi: 10.1177/0269215511427748

41. Rikli RE, Jones CJ. Development and validation of criterion-referenced clinically
relevant fitness standards for maintaining physical independence in later years.
Gerontologist. (2013) 53:255-67. doi: 10.1093/geront/gns071

42. Benadjaoud MA, Menai M, van Hees VT, Zipunnikov V, Regnaux JP, Kivimaki
M, et al. The association between accelerometer-assessed physical activity and
respiratory function in older adults differs between smokers and non-smokers. Sci Rep.
(2019) 9:10270. doi: 10.1038/541598-019-46771-y

43. Adleman NE, Chen G, Reynolds RC, Frackman A, Razdan V, Weissman DH,
et al. Age-related differences in the neural correlates of trial-to-trial variations of
reaction time. Dev Cogn Neurosci. (2016) 19:248-57. doi: 10.1016/j.dcn.2016.05.001

44. Miyamoto N, Hirata K, Kimura N, Miyamoto-Mikami E. Contributions of
hamstring stiffness to straight-leg-raise and sit-and-reach test scores. Int ] Sports Med.
(2018) 39:110-4. doi: 10.1055/s-0043-117411

45. Goldberg A, Chavis M, Watkins J, Wilson T. The five-times-sit-to-stand test:
validity, reliability and detectable change in older females. Aging Clin Exp Res. (2012)
24:339-44. doi: 10.1007/BF03325265

46. Munoz-Bermejo L, Adsuar JC, Mendoza-Munoz M, Barrios-Fernandez S,
Garcia-Gordillo MA, Perez-Gomez J, et al. Test-retest reliability of five times sit to
stand test (FTSST) in adults: a systematic review and meta-analysis. Biology. (2021)
10:6. doi: 10.3390/biology10060510

47. Munro BH. Statistical Methods for Health Care Research. Philadelphia, PA:
Lippincott Williams & Wilkins (2005).

48. Knaeps S, Bourgois JG, Charlier R, Mertens E, Lefevre J. Associations between
physical activity and health-related fitness - volume versus pattern. J Sports Sci. (2017)
35:539-46. doi: 10.1080/02640414.2016.1178393

49. Ortega FB, Ruiz JR, Castillo M]J, Sjostrom M. Physical fitness in
childhood and adolescence: a powerful marker of health. Int ] Obes. (2008)
32:1-11. doi: 10.1038/sj.ij0.0803774

50. Hou X, Tang ZY, Liu Y, Liu YJ, Liu JM. Epidemiological study on the dose-effect
association between physical activity volume and body composition of the elderly in
China. Int ] Environ Res Public Health. (2020) 17:365. doi: 10.3390/ijerph17176365

51. Cooper A, Lamb M, Sharp SJ, Simmons RK, Griffin §J. Bidirectional association
between physical activity and muscular strength in older adults: results from the UK
Biobank study. Int ] Epidemiol. (2017) 46:141-8. doi: 10.1093/ije/dyw054

52. Ramsey KA, Rojer A, D’Andrea L, Otten R, Heymans MW, Trappenburg MC,
et al. The association of objectively measured physical activity and sedentary behavior

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1241668
https://doi.org/10.1111/psyg.12217
https://doi.org/10.1093/ageing/afm169
https://doi.org/10.1093/ageing/afw239
https://doi.org/10.1016/j.jagp.2014.03.002
https://doi.org/10.1093/gerona/58.10.M943
https://doi.org/10.1093/ageing/afw036
https://doi.org/10.1016/S0140-6736(12)60816-2
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1093/geronb/gby103
https://doi.org/10.1186/s40608-019-0230-z
https://doi.org/10.1016/j.gerinurse.2022.05.001
https://doi.org/10.1111/eci.13770
https://doi.org/10.1136/bjsports-2018-099093
https://doi.org/10.1016/j.mayocp.2018.08.037
https://doi.org/10.1249/MSS.0000000000002319
https://doi.org/10.3389/fpubh.2021.766959
https://doi.org/10.1186/s12877-016-0234-1
https://doi.org/10.1016/j.exger.2021.111250
https://doi.org/10.12965/jer.1632716.358
https://doi.org/10.3390/ijerph16193697
https://doi.org/10.1007/s12603-015-0640-7
https://doi.org/10.1016/j.clnu.2013.10.010
https://doi.org/10.3233/JAD-160119
https://doi.org/10.1111/jhn.12257
https://doi.org/10.3390/brainsci10040246
https://doi.org/10.3390/ijerph19052938
https://doi.org/10.1093/oxfordjournals.aje.a121062
https://doi.org/10.1249/MSS.0000000000000661
https://doi.org/10.1249/MSS.0b013e3181ed61a3
https://doi.org/10.1007/s40279-020-01356-y
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1177/0269215511427748
https://doi.org/10.1093/geront/gns071
https://doi.org/10.1038/s41598-019-46771-y
https://doi.org/10.1016/j.dcn.2016.05.001
https://doi.org/10.1055/s-0043-117411
https://doi.org/10.1007/BF03325265
https://doi.org/10.3390/biology10060510
https://doi.org/10.1080/02640414.2016.1178393
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.3390/ijerph17176365
https://doi.org/10.1093/ije/dyw054
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

with skeletal muscle strength and muscle power in older adults: a systematic review and
meta-analysis. Ageing Res Rev. (2021) 67:101266. doi: 10.1016/j.arr.2021.101266

53. Whipple MO, Schorr EN, Talley K, Lindquist R, Bronas UG, Treat-Jacobson
D, et al. A mixed methods study of perceived barriers to physical activity, geriatric
syndromes, and physical activity levels among older adults with peripheral artery
disease and diabetes. J Vasc Nurs. (2019) 37:91-105. doi: 10.1016/j.jvn.2019.02.001

54. Ramsey KA, Zhou W, Rojer A, Reijnierse EM, Maier AB. Associations of
objectively measured physical activity and sedentary behaviour with fall-related
outcomes in older adults: a systematic review. Ann Phys Rehabil Med. (2022)
65:101571. doi: 10.1016/j.rehab.2021.101571

55. Umegaki H, Uemura K, Makino T, Hayashi T, Cheng XW, Kuzuya
M. Association of fear of falling with cognitive function and physical
activity in older community-dwelling adults. Eur Geriatr Med. (2021)
12:99-106. doi: 10.1007/s41999-020-00410-2

56. Su Y], Hsu CT, Liang C, Lee PE Lin CE Chen HT, et al. Association
between health-related physical fitness and self-reported health status in older
Taiwanese adults. BMC Geriatr. (2022) 22:235. doi: 10.1186/s12877-022-0
2929-4

57. Schott N. Reliability and validity of the German short version of the activities
specific balance confidence (ABC-D6) scale in older adults. Arch Gerontol Geriatr.
(2014) 59:272-9. doi: 10.1016/j.archger.2014.05.003

58. Badrasawi M, Hamdan M, Vanoh D,
Muhtaseb TB. Predictors of fear of falling among community-dwelling
older adults: cross-sectional study from Palestine. PLoS ONE. (2022)
17:€0276967. doi: 10.1371/journal.pone.0276967

59. Lin WS, Hsu NW, Lee M], Lin YY, Tsai CC, Pan PJ. Correlation
analysis of physical fitness and its impact on falls in 2130 community-
dwelling older adults: a retrospective cross-sectional study. BMC Geriatr. (2022)
22:447. doi: 10.1186/s12877-022-03138-9

60. Nayor M, Chernofsky A, Spartano NL, Tanguay M, Blodgett B, Murthy VL, et al.
Physical activity and fitness in the community: the framingham heart study. Eur Heart
J. (2021) 42:4565-75. doi: 10.1093/eurheartj/ehab580

61. Santos DA, Silva AM, Baptista F, Santos R, Vale S, Mota ], et al. Sedentary

behavior and physical activity are independently related to functional fitness in older
adults. Exp Gerontol. (2012) 47:908-12. doi: 10.1016/j.exger.2012.07.011

Zidan S, ALsaied T,

62. Jeoung BJ. Correlation between physical fitness and fall efficacy in elderly women
in Korea. ] Exerc Rehabil. (2015) 11:151-4. doi: 10.12965/jer.150208

63. Ercan S, Baskurt Z, Baskurt F, Cetin C. Balance disorder, falling risks and fear of
falling in obese individuals: cross-sectional clinical research in Isparta. ] Pak Med Assoc.
(2020) 70:17-23. doi: 10.5455/JPMA.293668

Frontiersin Public Health

11

10.3389/fpubh.2023.1241668

64. Oh E, Hong GS, Lee S, Han S. Fear of falling and its predictors among
community-living older adults in Korea. Aging Ment Health. (2017) 21:369-
78. doi: 10.1080/13607863.2015.1099034

65. Yardimci B, Akdeniz M, Demir T. The correlation between fear of
falling and upper extremity muscle strength. Saudi Med J. (2021) 42:411-
8. doi: 10.15537/smj.2021.42.4.20200674

66. Vongsirinavarat M, Mathiyakom W, Kraiwong R, Hiengkaew V. Fear of falling,
lower extremity strength, and physical and balance performance in older adults
with diabetes mellitus. J Diabetes Res. (2020) 2020:8573817. doi: 10.1155/2020/85
73817

67. Park S, Cho OH. Fear of falling and related factors during
everyday activities in patients with chronic stroke. Appl Nurs Res. (2021)
62:151492. doi: 10.1016/j.apnr.2021.151492

68. Lim E. Sex differences in fear of falling among older adults with low grip strength.
Iran J Public Health. (2016) 45:569-77.

69. Alcazar ], Losa-Reyna J, Rodriguez-Lopez C, Alfaro-Acha A, Rodriguez-Manas
L, Ara I, et al. The sit-to-stand muscle power test: an easy, inexpensive and portable
procedure to assess muscle power in older people. Exp Gerontol. (2018) 112:38-
43. doi: 10.1016/j.exger.2018.08.006

70. Alosaimi RM, Almegbas NR, Almutairi GR, Alqahtani MA, Batook SG, Alfageh
IA, et al. The five times sit-to-stand test is associated with both history of falls and
fear of falling among community adults aged 50 years and older. Ir ] Med Sci. (2023)
5:1-7. doi: 10.1007/s11845-023-03287-9

71. Yamamoto K, Kawano H, Gando Y, Iemitsu M, Murakami H, Sanada
K, et al. Poor trunk flexibility is associated with arterial stiffening. Am J
Physiol Heart Circ Physiol. (2009) 297:H1314-8. doi: 10.1152/ajpheart.0006
1.2009

72. Nishiwaki M, Kurobe K, Kiuchi A, Nakamura T, Matsumoto N. Sex
differences in flexibility-arterial stiffness relationship and its application for diagnosis
of arterial stiffening: a cross-sectional observational study. PLoS ONE. (2014)
9:e113646. doi: 10.1371/journal.pone.0113646

73. Suwa M, Imoto T, Kida A, Yokochi T, Iwase M, Kozawa K. Association of body
flexibility and carotid atherosclerosis in Japanese middle-aged men: a cross-sectional
study. BMJ Open. (2018) 8:¢019370. doi: 10.1136/bmjopen-2017-019370

74. Gao Y, Shen L, Zhan R, Wang X, Chen H, Shen X. Association of lung function
with functional limitation in older adults: a cross-sectional study. PLoS One. (2021)
16:€0253606. doi: 10.1371/journal.pone.0253606

75. O’'Donovan G, Hamer M. The association between leisure-time physical activity
and lung function in older adults: the English longitudinal study of ageing. Prev Med.
(2018) 106:145-9. doi: 10.1016/j.ypmed.2017.10.030

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1241668
https://doi.org/10.1016/j.arr.2021.101266
https://doi.org/10.1016/j.jvn.2019.02.001
https://doi.org/10.1016/j.rehab.2021.101571
https://doi.org/10.1007/s41999-020-00410-2
https://doi.org/10.1186/s12877-022-02929-4
https://doi.org/10.1016/j.archger.2014.05.003
https://doi.org/10.1371/journal.pone.0276967
https://doi.org/10.1186/s12877-022-03138-9
https://doi.org/10.1093/eurheartj/ehab580
https://doi.org/10.1016/j.exger.2012.07.011
https://doi.org/10.12965/jer.150208
https://doi.org/10.5455/JPMA.293668
https://doi.org/10.1080/13607863.2015.1099034
https://doi.org/10.15537/smj.2021.42.4.20200674
https://doi.org/10.1155/2020/8573817
https://doi.org/10.1016/j.apnr.2021.151492
https://doi.org/10.1016/j.exger.2018.08.006
https://doi.org/10.1007/s11845-023-03287-9
https://doi.org/10.1152/ajpheart.00061.2009
https://doi.org/10.1371/journal.pone.0113646
https://doi.org/10.1136/bmjopen-2017-019370
https://doi.org/10.1371/journal.pone.0253606
https://doi.org/10.1016/j.ypmed.2017.10.030
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The association between physical activity and fear of falling among community-dwelling older women in China: the mediating role of physical fitness
	Introduction
	Methods
	Covariate variables
	Study design and participants
	Physical activity
	Fear of falling 
	Physical fitness
	Statistical analyses

	Results
	Discussion 
	Conclusion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


