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Purpose: Preventing the effects of physical vulnerability is a practical approach to improving older adults’ depressive symptoms. This
study aims to examine the relationship between gender differences related to muscle strength and depressive symptoms mediated by
perceived stress.

Methods: In this cross-sectional study, data from 2,705 older adults (65 years old or older) from the Korea National Health and Nutri-
tion Examination Survey VII 2016 and 2018 were analyzed. The moderated mediation model was developed; the outcome, indepen-
dent, mediation, and moderated mediation variables in the literature-based research model were depressive symptoms, muscle strength,
perceived stress, and gender, respectively.

Results: Perceived stress had a mediating effect on the relationship between muscle strength and depressive symptoms. The indirect ef-
fect of muscle strength on depressive symptoms mediated by perceived stress was = -.02 (95% CI:-0.03~-0.01). The moderated medi-
ation model demonstrated that the interaction term of handgrip strength and gender negatively affected perceived stress, which indi-
cated that gender moderated the mediating model of perceived stress on the association of muscle strength and depressive symptoms (f
=-.01, p <.05). The conditional indirect effect model was insignificant in the male group (f = -.00, 95% CI:-0.01~0.01) but significant
in the female group (B = -.01, 95% CI: -0.02~0.00).

Conclusions: Perceived stress mediated the relationship between muscle strength and depressive symptoms. However, the effect dif-
fered by gender. A stress- mediated depressive symptoms intervention program for older adults should be developed to consider wom-

en’s needs.

Keywords: depression; muscle strength; aged; sex

Introduction

Depressive symptoms are prevalent in older adults and a severe
public health concern among older adults [ 1]. A recent meta-anal-
ysis has shown that depressive symptoms have increased fourfold
among frail people compared to non-frail people [2]. Using mus-

cle strength as one of the important indicators, frailty constitutes a

physically vulnerable status and is closely related with depressive
symptoms [3-5]. Likewise, older adults are prone to physical lim-
itations, which induce feelings of helplessness [6,7]. The factors
mediating the influence of older adults’ low muscle strength on
depressive symptoms must be elucidated for efficient interven-
tion. Therefore, in this care area, ameliorating the effect of low

muscle strength is a practical approach to improving depressive
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symptoms among older adults.

Owing to their physical limitations and lower capacity to man-
age external stimuli, physically vulnerable older adults may experi-
ence higher stress levels and depressive symptoms compared to
their robust counterparts [2,4]. Lazarus and Folkman [8] defined
“stress” as a relationship between an individual and their environ-
ment that is appraised as personally significant and taxing or ex-
ceeding one’s resources to cope; they also highlighted individual
differences in stress response according to appraisals of stressful
situations and the resources available for managing stress. When
frail people are exposed to stressful situations, they experience
greater stress. This is because their vulnerable physical status re-
stricts their daily life and causes more discomfort [4], manifesting
as decreased motor function and quality of life [9]. Physical activ-
ity also affects the release of neurotransmitters and myokines,
which are significantly associated with stress response [ 10].

Stress is significantly associated with depressive symptoms
[7,11]. Older adults experience various stressful situations owing
to decreased muscle strength [6,7]. Moreover, the degree of stress
is associated with the intensity and duration of stressful life events
and the ability to manage them. Smith et al. [ 12] examined the re-
lationship between muscle strength, depressive symptoms, and
stress; however, in their study, gender was simply considered a
confounder. Additionally, many studies have examined the rela-
tionships between muscle strength, depressive symptoms, and
stress [3,4,7,11]. However, research on the relationship between
the three variables, namely, muscle strength, depressive symp-
toms, and stress is scant. Therefore, there is a need for further re-
search to understand the relationship more accurately.

Depressive symptoms show gender differences; females show
more severe depressive symptoms than males [13]. The factors
causing gender differences can be considered in endogenous and
exogenous aspects. As endogenous aspects, females’ peak muscle
mass is lower than males’ [ 14,15]. Thus, female older adults reach
frailty status and are exposed to situations that may limit their dai-
ly lives earlier than males [S]. One study showed greater activa-
tion in the Hypothalamic-Pituitary-Adrenal (HPA) axis and auto-
nomic nervous system during stress response in the male group
compared to the female group [16]. As for exogenous aspects,
scholars point to socio-cultural factors. Females experience chron-
ic stress by taking caregiver roles in most families [17]. In addi-
tion, the unfairness of education and social participation opportu-
nities between the genders in the past have contributed to today’s
economic inequality [ 18]. Sufficient socioeconomic factors act as
a buffer for stress, but females’ capacity for coping with stress
tends to be weak, caused by accumulated external factors.
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Considering previous studies, gender differences must be un-
derstood in terms of the relationship between physical and psy-
chological vulnerability. Therefore, this study aimed to examine
the gender differences concerning muscle strength and depressive
symptoms mediated by perceived stress by using data from the
Korea National Health and Nutrition Examination Survey (KN-
HANES) VIL

Methods

1. Study Design and Participants

This study is a cross-sectional study. The data for this study
were drawn from the 2016 and 2018 waves of KNHANES VII,
which were obtained from the Korea Disease Control and Pre-
vention Agency (https://knhanes.kdca.gokr/). The KNHANES
is a national surveillance system that represents the Korean peo-
ple's health status. More details on the data collection process are
available [19]. From the available data, participants aged 65 years
or older were selected. Among them, those with physical disabili-
ties owing to dementia or with missing values for grip strength,
perceived stress, and depressive symptoms were excluded. Ulti-

mately, the data of 2,705 participants were used in the analysis.

2.Measures
1) Muscle strength

Handgrip strength is an independently valuable indicator re-
flecting physical status and has been included as an indicator in
the Cardiovascular Health Study frailty scale [5]. Handgrip
strength has been reported to have excellent reliability and validi-
ty; it can be measured in healthy participants and those with clini-
cal diseases [20]. When diagnosing sarcopenia, the Asian Work-
ing Group for Sarcopenia and the European Working Group on
Sarcopenia in Older People used muscle strength via handgrip
strength as one of the indicators for screening physical status [21].
‘We used the handgrip strength variable provided in KNHANES,
which was measured with a digital grip dynamometer. The maxi-
mum value between the left and right handgrip strength was used

for the muscle strength variable.

2) Depressive symptoms

Depressive symptom was a dependent variable in our study, as-
sessed with the nine-item Patient Health Questionnaire based on
self-reported measures [22]. The total score ranged from 0-27 ina
continuous variable, and higher scores indicated higher degrees of
depression.
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3) Perceived stress

Perceived stress was a mediating variable of this study. The KN-
HANES asked participants one question on the degree of per-
ceived stress, to which the responses could be extremely stressed
(four points), quite stressed (three points), a little bit stressed (two
points), or hardly stressed (one point). A higher score indicated a

higher stress level.

4) Covariates

Demographic variables included age (years), residential area
(urban vs. rural), education attainment (years), household in-
come (low, middle-low, middle, middle-high, or high), marital
status (living with spouse vs. not living with a spouse, widowed,
or divorced or never married). Education attainment was catego-
rized as 6 years or less (elementary), 7-9 years (middle school),
10-12 years (high school), and 13 years or more (college).
Health-related variables included current smoking (yes vs. no),
high-risk drinking (yes vs. no), history of depression treatment
(yes vs. no), and the number of chronic diseases [12,23]. Specifi-
cally, high-risk drinking refers to having more than seven glasses
of alcohol twice a week for males and drinking more than five
glasses twice a week for females. Given that treatment for depres-
sion could affect the degree of depression, it was included as a co-
variate. Regarding the number of chronic diseases, participants
were asked whether they have been diagnosed with the following
10 kinds of chronic diseases by a physician: hypertension, osteo-
arthritis, diabetes, cerebrovascular disease, cardiomyopathy, angi-
na, asthma, kidney disease, chronic obstructive lung disease, and
cancer (colon, stomach, liver, breast, cervical, lung, thyroid, and
other cancers). Each item was allocated 1 for “yes” and 0 for “no,”
and a higher total score indicated having more chronic diseases
(Table 1).

3. Statistical Analysis

We conducted a complex sample analysis by applying colonies,
stratification variables, and the weights of the 2016 and 2018 data.
First, we derived descriptive statistics to show the general charac-
teristics. Second, we performed a correlation analysis between
variables, including the main variables and covariates. Third, we
confirmed a simple mediation model of stress among all partici-
pants. Fourth, we confirmed the moderated mediation model ad-
justed by gender as a moderator variable; we used SPSS PRO-
CESS macro, version 3.5.3, developed by Preacher and Hayes, to
test the mediation hypothesis. Complex sampling design was not
applied in mediation model and moderated mediation model
analysis using PROCESS macro.

The moderated mediation analysis was performed based on
5,000 bootstrapped samples using bias-corrected and accelerated
95% confidence intervals (model 7 in PROCESS macro).
Mean-centering was used for continuous variables. We then ex-
amined the relations among the independent variable X (hand-
grip strength), dependent variable Y (depressive symptom), me-
diator M (perceived stress), and moderator W (gender; Figure 1).
The conditional process model could be specified using regres-
sion equations for M and Y, with the two equations allowing the
effect of X to be dependent on W; however, the effect of M on Y
to be fixed. Hence, this equation could be modified by including
W and XW as predictors to allow the direct effect of X to be mod-
erated by W [24]. Therefore, moderated mediation existed when
the following requirements were met: (i) In the regression equa-
tion of the mediator, the moderated effect of the moderator be-
tween the independent variable and mediator should be signifi-
cant; (ii) In the regression equation of the independent variable to
the dependent variable, the independent variable, and moderator
interaction terms should not be significant; (iii) In the regression
equation of the independent variable and mediator to the depen-
dent variable, the mediator should be significant [25].

4. Ethical considerations
As secondary data were used in this study, it was exempt from

requiring approval by the appropriate institutional review board
(TRB No. SNU 21-08-069).

Results

1. Descriptive Analysis

Table 1 gives the general characteristics of the study population
by gender. It includes age, residential area, education attainment,
household income, marital status, current smoking, high-risk
drinking, history of depression treatment, number of chronic dis-
eases, muscle strength, perceived stress, and depressive symptoms.
The correlation between variables showed significant relations
between handgrip strength and perceived stress (B = -.07, p
<.01), between handgrip strength and depressive symptoms (p
= -.19, p <.01), and between perceived stress and depressive
symptom (B = .34,p <.01; Table 2).

2. Mediating Effect of Perceived Stress on Relations Between
Muscle Strength and Depressive Symptoms

Muscle strength was negatively associated with perceived stress
(B = -01, p <.05) and depressive symptoms (B = -.06,p <.0S).
The negative effect of muscle strength on depressive symptoms

https://doi.org/10.12799/rcphn.2023.00164
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Table 1. General Characteristics of the Study Population by Gender
o Total (n=2,705) Male (n=1,218) Female (n=1,487) 5
Characteristics xort p
n(%)orMean +SE  n(%)orMean +SE  n (%) or Mean +SE
Demographics
Age 72.68 £0.14 7214 £0.19 73.13 £0.17 425  <.001
Residential area Urban 2013 (78.9) 916 (80.0) 1097 (78.2) 1.29 225
Rural 692 (21.1) 302 (20.0) 390 (21.8)
Education attainment (years) <6 1379 (50.6) 391 (30.9) 988 (66.1) 37521 <.001
7-9 513(18.3) 261 (20.9) 252(16.3)
10-12 490 (18.5) 331(274) 159 (11.5)
=13 322 (12.6) 235(20.7) 87(62)
NA 1(0.0) 0(0.0) 1(0.0)
Household income Low 1193 (43.3) 470(37.2) 723 (48.1) 40.19 <.001
Middle-low 647 (23.3) 300 (24.0) 347 (22.8)
Middle 376 (14.0) 196 (16.7) 180 (11.9)
Middle-high 255(9.8) 131 (11.5) 124 (8.5)
High 221 (8.5) 114 (9.6) 107 (7.6)
NA 13(1.0) 7(0.8) 6(1.1)
Marital status Not living with a spouse 862 (34.5) 156 (12.8) 706 (51.6) 447.93 <.001
(widowed or divorced
or never married)
Living with spouse 1842 (65.4) 1062 (87.2) 780 (48.2)
NA 1(0.1) 1(0.2)
Health-related variables
Current smoking No (former or never) 2468 (91.3) 1014 (83.1) 1454 (97.9) 190.59 <.001
Yes 235(8.6) 204 (16.9) 31(2.0)
NA 2(0.1) 2(0.1)
High-risk drinking No 2595 (95.7) 1116 (90.9) 1479 (99.6) 123.16 <.001
Yes 110 (4.3) 102 (9.1) 8(0.4)
History of depression treatment ~ No 2627(97.1) 1200 (98.7) 1427 (95.9) 18.66 <.001
Yes 78 (2.9) 18(1.3) 60 (4.1)
Number of chronic diseases 140 £0.02 1.25 £0.03 1.51 £0.03 -5.63 <.001
(range: 0-10)
Main variables
Muscle strength (kg) 254 +£0.23 33.03 £0.23 19.38 £0.19 50.92 <.001
Perceived stress (range: 1-4) 3.14 £0.20 323 £0.02 3.07 £0.03 4.89 <.001
Depressive symptom (range: 0-27) 243 £0.09 1.69 £0.10 3.02 £0.14 -8.12 <.001

Notes. Unweighted numbers, weighted percentages (%), and chi-squared values are presented for categorical variables. Mean * SE and t-values are presented for
continuous variables. Those “not living with a spouse” include widowed, divorced, or never married individuals. “Current smoking: No” includes those who have
never smoked or those who used to smoke in the past but no longer do so.

NA = not applicable.

Gender Perceived stress

\ 4

Muscle strength

Depressive symptoms

Figure 1. Research model of this study.

Muscle strength, independent variable; depressive symptoms, dependent
variable; perceived stress, mediation variable; gender, moderated

mediation variable.
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tionship between muscle strength and depressive symptoms me-

diated by perceived stress and identified gender differences in the

mediating effect of perceived stress. In particular, the results re-

vealed that the conditional indirect effect model according to gen-

der was not significant in the male group but was significant in the

female group. This model explained the results from biological

and social perspectives.

In this study, the mediating effect of perceived stress in the rela-
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was significant (B = -.04, p <.0S) when both muscle strength and
perceived stress were concurrently included. The indirect effect of
muscle strength on depressive symptoms mediated by perceived
stress was p = -.02 (95% CI: -0.03~0.01) (Table 3), indicating
the mediating effect of perceived stress on the relationship be-

tween muscle strength and depressive symptoms.

Table 2. Correlation Coefficient Among the Variables (N =2,705)

Variable Muscle strength  Perceived stress ?;E;etisz:
Muscle strength -

Perceived stress -072%* -

Depressive symptoms -186** 3427 -

Notes. Demographic variables (age, residential area, education attainment,
household income, marital status) and health-related variables (current
smoking, high-risk drinking, history of depression treatment, number of
chronic diseases) were omitted in this table.

*p <.05,*p <.01,**p <.001.

3. Gender Differences in the Mediation Model of Perceived
Stress on Relations Between Muscle Strength and Depressive
Symptoms

We analyzed the relations between muscle strength, perceived
stress, and depressive symptoms using gender as a moderator,
controlling for demographic and health-related variables among
all participants. Table 4 shows that the interaction term of hand-
grip strength and gender had a negative effect on perceived stress
(B = -.01, p <.05). Specifically, the conditional indirect effect
model according to gender was not significant in the male group
(B = -.00,95% CI: -0.01~0.01), but was significant in the female
group (B = -.01,95% CI: -0.02~-0.00).

Discussion

Effective interventions for alleviating depressive symptoms
should be provided to guarantee a good life in old age. Hence, the
relationship between physical and psychological vulnerability

must be thoroughly understood. Our study examined the rela-

Table 3. Estimation of the mediation effect between muscle strength, perceived stress, and depressive symptom (N =2,705)

X>M XY X>M->Y

Variables Outcome variable: Perceived stress (M) Outcome variable: Depressive symptom (Y) ~ Outcome variable: Depressive symptom (Y)

B SE t  95%CI B SE t 95%CI B SE t  95%CI
Muscle strength (X) -01 0.00 -541  -0.02,-0.01 -.06 0.01 -6.23  -0.08,-0.04 -.04 0.01 -4.69  -0.06,-0.03
Perceived stress (M) 1.67 0.09 18.02 149,185
R’ 08 09 18
E 13.19 24.77 54.76
Indirect effect Effect (,B) -.02, SE:0.00,95% CI: -0.03,-0.01

Notes. All the values are unstandardized. Model 4 of the PROCESS macro is used. Covariance: age, residential area, education, household income, marital status,

current smoking, high-risk drinking, number of chronic diseases.

Table 4. Estimation of the relation between muscle strength, perceived stress, and depressive symptoms, moderated by gender (N=2,705)

Outcome variable: Perceived stress

Outcome variable: Depressive symptoms

Variables
B SE t 95% CI B SE t 95% CI
Muscle strength .01 0.01 1.35 -0.01,0.03 -04 0.01 -4.69 -0.06,-0.03
Gender 13 0.05 2.57 0.03,0.23
Muscle strength x Gender -.01 0.01 217 -0.02,0.00
Perceived stress 1.67 0.09 <.001 1.49,1.85
R’ .05 18
F 12.12 54.76
Conditional indirect effect Gender Effect (8) SE t 95% CIL
Male 00 0.00 034 -0.01,0.01
Female -01 0.00 2.84 -0.02,0.00
Moderation mediation index = -0.019 -0.04,0.00

Notes. All values are unstandardized. Model 7 of the PROCESS macro is used. In gender variable, male is reference. Covariance: age, residential area, education
attainment, household income, marital status, current smoking, high-risk drinking, history of depression treatment, number of chronic diseases.

https://doi.org/10.12799/rcphn.2023.00164
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tionship between muscle strength and depressive symptoms was
significant. Muscle strength/mass can reflect the quality of muscle
[12], and myokines are associated with older adults’ mood [26].
Although the exact mechanism has not been confirmed, it may be
assumed that the quality of muscles affects stress response. In the
human body, muscles work as endocrine organs. Interleukin-6, a
type of myokine released from muscle fibers, is secreted in re-
sponse to stress and is involved in cortisol secretion in the adrenal
gland. Therefore, the circulating level of interleukin-6 is raised by
stress [ 10,26]. In other words, a physically vulnerable state such as
muscle weakness leads to greater susceptibility to stress owing to
the decrease in endocrine coping function against stress [10].
Long-term exposure to stress causes a chronic stress condition,
which increases cortisol resistance and results in depressive symp-
toms [7,10,12].

Additionally, physical vulnerability such as low muscle strength
status can lead to functional limitations and physical inactivity.
Older adults’ vulnerable physical condition can be a contributing
factor that induces social isolation, increases perceived stress, and
worsens the stress-coping base [27,28]. Increased perceived stress
could lead to the development of depressive symptoms [2,3,4].
Physically vulnerable older adults are less likely to engage in social
activities. Therefore, it is important to reduce the social isolation
attributable to their physical vulnerability [28]. Prevention of
muscle weakness should be fundamental. Moreover, additional
institutional support to prevent physical vulnerability from acting
as a stressor in older adults’ daily lives is crucial.

The mediating effect of perceived stress differs by gender. The
mediating effect of perceived stress was only significant among
females in the moderated mediation model of our study. This
result indicates that the perceived stress response to decreased
muscle strength differs according to gender. This difference can
be explained by hormonal responses and sensitivity to stress
sources [4,16,29]. First, the physiological system response to
stress is mainly explained by responses of the autonomic ner-
vous system and HPA axis [30]. Female gender hormones
weaken the sympathoadrenal response and delay cortisol feed-
back of the HPA axis [16]. Although hormone medication and
blood hormone levels were not investigated in the KNHANES,
judging from the demographic and health-related variables in
this study, the difference by gender can be presumed to be a re-
sult of delayed response of myokines or neurotransmitters to
stress by gender hormone effects.

Second, sensitivity to stressors differs by gender. In a previous
study, stressors caused sadness or anxiety, which manifested more
in physical responses and behaviors in females because females

Korean Academy of Community Health Nursing

more cognitively focus on sadness or anxiety than males [31].
The environment to which males and females have been exposed
also contributes to the differences in sensitivity. Consequently, fe-
males tend to consider stressors more threatening [6]. According
to a study conducted on twin pairs (male-male, female-female,
and male-female) that considered social aspects, females are more
sensitive to the depressogenic effects of proximal and distal net-
working with individuals [32]. The buffer function of interactions
with close networks has also been reported in another study [7].
Sensitivity to stress sources can be complemented by the socio-
economic basis of stress management. Gender roles have weak-
ened the stress-coping function of the current female older adult
generation [29]. For these study participants, the household in-
come and education attainment gaps between men and women
were significant. However, younger male and female generations
have experienced similar educational and work environments.
Moreover, the socioeconomic gap is less prominent [ 16,18]. Until
the gap is completely bridged, the influence of gender roles accu-
mulated in the past cannot be ignored. In terms of appraising the
situation positively and developing coping strategies for stressors
[30,33], encouraging social interaction to alleviate stress is expect-
ed to be an effective intervention for female older adults’ depres-
sive symptoms.

With aging, adults experience fluctuating cortisol cycles owing
to dysfunction of the HPA axis, inhibiting the proper stress re-
sponse [ 16]. Physical activity or financial compensation interven-
tions improve older adults’ psychological health [34]. However,
most of them have been implemented without consideration for
participants’ gender [12]. Our results highlighted the effect of
gender on the pathway of psychological vulnerability among older
adults. Even if the biological mechanism for stress response is dif-
ferent according to gender [16,35], gender roles and other exter-
nal factors play more critical roles in coping with stress [36].
Meanwhile, non-pharmacological interventions (e.g, exercise,
psychotherapy, and cognitive behavior therapy) have also been
applied to older adults. However, there is a need for further re-
search to confirm the applicability of these interventions in this
care area [37]. This study’s results thus suggest practical interven-
tions that may benefit older adults.

Our study has several limitations. First, the perceived stress vari-
able was measured by a one-question questionnaire. Future works
may use structured questionnaires (e.g., Perceived stress scale,
Standard stress scale) or clinical indicators, such as pathological
information (e.g., cortisol, epinephrine, norepinephrine) , to mea-
sure stress [38]. Secondly, gender difference was only interpreted

comprehensively and extensively in terms of social, economic,
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and stress coping because KNHANES dataset did not include bi-
ological indicators of gender differences, such as sex hormone
concentrations. Third, the causal relationship between variables
could not be determined because of the study’s cross-sectional
design. Future research using objective measurements and longi-
tudinal data is needed to prove the causal relationship between

muscle strength, perceived stress, and depressive symptoms.

Conclusions

Depressive symptoms in community-dwelling older adults are a
severe public health concern. Moreover, the factors related to de-
pressive symptoms show gender differences. Therefore, this study
examined the gender differences concerning muscle strength and
depressive symptoms mediated by perceived stress. The findings
from this study suggested that perceived stress had a mediating ef-
fect on the relation between muscle strength and depressive symp-
toms, but the effect differed by gender. These findings have import-
ant implications for public health nurses to develop depressive
symptoms intervention for older adults. A stress-mediated depres-
sive symptoms intervention program should be developed with

consideration for females’ needs.
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