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Associations of physical activity and sedentary
behavior with mental health among
university students: the mediating role

of cardiorespiratory fitness and moderating
role of gender

Liya Xu', Yutian Ji' and Xu Wen"

Abstract

Objective This study aimed to examine the associations between physical activity (PA), sedentary behavior, and
mental health among university students, with a focus on the mediating role of cardiorespiratory fitness (CRF) and the
potential moderating effect of gender.

Methods A cross-sectional survey was conducted among 233 university students from Zhejiang University. PA and
sedentary behavior were assessed using the Global Physical Activity Questionnaire, mental health was measured by
the Depression Anxiety Stress Scale (DASS-42), and CRF was evaluated via a treadmill-based VO,max test. Harman's
single-factor test was used to assess common method bias. Partial correlation, mediation, and moderation analyses
were performed using SPSS 27.0 and the PROCESS 3.5 macro.

Results PA was positively associated with CRF (3=0.0016, P<0.001) and negatively associated with depression
(8=-0.0010, P<0.001), anxiety (3 = —0.0004, P=0.004), and stress (8 = —0.0014, P<0.001). Sedentary behavior

was negatively associated with CRF (8 = —0.0096, P=0.002) but not significantly associated with mental health
outcomes directly (P>0.05). CRF was negatively associated with depression (8 = —0.0721, P=0.040), anxiety (3 =
—0.0806, P=0.040), and stress (8 = —0.2502, P=0.007), and partially mediated the associations of PA and sedentary
behavior with mental health. Gender significantly influenced depression (F=1.191, P=0.276) and anxiety (F=3.552,
P=0.061), but did not significantly moderate the associations among PA, sedentary behavior, and CRF (interaction
P-values>0.05).

Conclusion CRF partially mediates the association between PA and mental health, suggesting that improved CRF
may be one pathway through which PA supports psychological well-being. While sedentary behavior did not directly
predict mental health outcomes, its negative impact on CRF may indirectly contribute to psychological distress.
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Gender differences in mental health were observed, but gender did not significantly alter the relationships between

the key study variables.
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Introduction

Mental health issues among university students have
become an increasingly prominent concern worldwide.
Mental health, as defined by the World Health Organiza-
tion (WHO), is a state in which individuals can cope with
the stresses of life, realize their potential, and contribute
meaningfully to society [1]. However, university students
often encounter stressors such as academic performance,
career uncertainties, and social isolation, which can
lead to a higher vulnerability to mental health disorders,
including anxiety, depression, and sleep disturbances [2,
3]. A systematic review involving twenty-four studies
reporting on the depression prevalence rate among uni-
versity students had found that the average depression
prevalence is 30.6% [4]. These concerns have been exac-
erbated in recent years by lifestyle changes and exter-
nal factors such as the COVID-19 pandemic, leading to
increased emotional distress and reduced psychological
resilience among students [5, 6].

Physical activity (PA), defined as any skeletal muscle
movement that results in energy expenditure, is widely
recognized as a protective factor for mental well-being
[7]. A systematic review by Singh et al. showed that regu-
lar PA is associated with better mental health outcomes,
such as reduced symptoms of depression (MES = -0.43)
and anxiety (MES = -0.42) [8]. Engaging in PA stimu-
lates the release of endorphins and the modulation of
the hypothalamic-pituitary-adrenal (HPA) axis, both of
which are known to improve psychological resilience and
reduce stress levels [9]. Regular PA has also been linked
to improved self-esteem, social connectedness, and over-
all quality of life, factors that are particularly important
for students in their academic and personal development
[10, 11].

Sedentary behavior is not synonymous with physical
inactivity, but a distinct behavior defined by activities
undertaken at a low energy expenditure (<1.5 metabolic
equivalents of task [METs]) while sitting, lying or reclin-
ing [12]. Sedentary behavior, particularly excessive screen
time, has been shown to have negative effects on mental
health, contributing to symptoms of anxiety and depres-
sion [13, 14]. In a meta-analysis, the risk of depression
from overall sedentary behavior was 31% higher over
13 cross-sectional studies, and 14% higher over 11 pro-
spective studies [15]. The mechanisms through which
PA and sedentary behavior influence mental health are
multifaceted. As shown in Fig. 1, these behaviors may
affect psychological outcomes via four key pathways:
neurotransmitter regulation, emotional regulation,

self-awareness, and social interaction. These mechanisms
highlight how PA may enhance neurochemical, emo-
tional, and social functioning, while sedentary behav-
ior may impair them, contributing to divergent mental
health outcomes. Thus, promoting PA among university
students is crucial not only for physical health but also for
improving mental health outcomes. These hypothesized
pathways are further supported by the biopsychosocial
model [16], which emphasizes that behavioral, physiolog-
ical, and psychological systems interact to shape mental
health. Within this framework, PA and sedentary behav-
ior represent behavioral inputs, while CRF functions as
a physiological mediator that may influence psychologi-
cal outcomes. In addition, the neurobiological model of
exercise and mental health suggests that improvements
in CRF can enhance mental well-being through mecha-
nisms such as hypothalamic-pituitary-adrenal (HPA) axis
modulation, increased neurogenesis, and more effective
emotion regulation [17]. These theoretical models pro-
vide a solid conceptual foundation for the mediation and
moderation pathways examined in the present study.

Cardiorespiratory fitness (CRF), typically assessed by
maximal oxygen uptake (VO2max), represents the inte-
grated ability of the circulatory and respiratory systems
to supply oxygen during sustained PA [18-21]. Hills et
al. demonstrated that higher levels of CRF are associ-
ated with better mental health, as individuals with bet-
ter cardiovascular health are more resilient to negative
emotional experiences and are better able to manage
stress [22]. Additionally, those who engage in extended
periods of sedentary behavior, particularly when com-
bined with low levels of PA, have an increased risk of
low CRF [23, 24]. Given its physiological link to both PA
and psychological health, CRF may serve as a potential
pathway through which PA and sedentary behavior relate
to mental health. In addition, gender differences in both
CRF and mental health outcomes have been documented
[25]. For example, females often report higher levels of
psychological distress, while males tend to demonstrate
higher CREF levels [26, 27].

However, despite these well-established associations,
relatively few studies have examined the indirect role of
CRF or tested whether gender moderates these relation-
ships. To address these gaps, the present study incorpo-
rates a laboratory-based CRF assessment (VO,max) and
adopts a mediation analysis framework with all effects
explicitly interpreted as correlational rather than causal,
thereby enhancing both measurement rigor and ana-
lytical transparency. This study proposes the following



Xu et al. BMC Public Health (2025) 25:3260

Page 3 of 13

T T T T
1 : . [ " . 1 o A 1 s <
] Neurotransmitter 1 Emotional Regulation Self-awareness 1 Social Interaction
1 e 1 1 1
1 1 1 1
1 1 = 1 1
1 e 1 Vi 1 1 1‘
! S ! f ! ! 1\ : 1\
' ( | ! f ‘ ! ! A 1\
1 | / | \ 1 |
1 1 e ' 1 1 T
1 1 Ve 1 1
| 1 1 1
Physical Activity Il @ 1 the synthesis and relcase of : ® 1 the release of endorphins : ® 1 psychological resilience in : @ 1 frequency and quality of
: neurotransmitters (such as : ® | the excessive activation of : dealing with setbacks and : social intcractions
£ : scrotonin, dopamine, and : the hypothalamic-pituitary- : stress : ® 1 sense of group belonging
: norepinephrine) : adrenal (HPA) axis : ® 1 sense of sclf-eflicacy and :
. : ® 1 the expression of brain-derived : : sense of accomplishment; :
1 1 1
’ I neurotrophic factor (BDNF) I : I
e 1 I 1 1
1 1 1 1
1 1 1 1
Sedentary : ® |the normal synthesis and : ® | the secretion of endorphins : ® | sense of self-efficacy and : @ | opportunities for social
' : regulation of neurotransmitters : ® 1 the dysfunction of the : sense of accomplishment : interactions
| @ lthe level of brain-derived ) hypothalamic-pituitary- | ® | positive body image | ® L sense of group belonging
& : neurotrophic factor (BDNF) : adrenal (HPA) axis : :
1 1 1 1
1 1 1 1
=S 1 1 1 1

Fig. 1 Proposed biopsychosocial mechanisms linking physical activity and sedentary behavior to mental health outcomes This conceptual diagram
summarizes four key pathways—neurotransmitter regulation, emotional regulation, self-awareness, and social interaction—through which behavioral

patterns may influence psychological well-being

hypotheses: (1) CRF partially mediates the relationship
between PA and symptoms of depression, anxiety, and
stress; (2) CRF mediates the relationship between seden-
tary behavior and mental health; and (3) gender moder-
ates these mediation effects. Given the cross-sectional
design, the study aims to provide preliminary, correla-
tional insights into these relationships rather than make
causal claims. Future longitudinal or experimental stud-
ies are warranted to validate the observed associations
and further explore the mechanisms involved.

Methods

Participants

Participants in this study were 233 university students
(26.7% female) from Zhejiang University, with an average
age of 24.24 +4.52 years. The participants were enrolled
in various academic programs across different depart-
ments within the university.

Inclusion criteria: (1) full-time enrollment at Zhejiang
University; (2) age between 18 and 30 years; (3) ability to
safely complete a cardiopulmonary exercise test; and (4)
provision of informed consent.

Exclusion criteria: (1) self-reported cardiovascular, pul-
monary, neurological, or psychiatric disorders; (2) cur-
rent use of medications that could affect cardiovascular
or psychological function; and (3) recent musculoskeletal
injuries limiting physical activity.

Students were informed about the voluntary and anon-
ymous nature of participation, and they were assured
they could withdraw from the study at any time. Written

informed consent from participants was obtained before
participation. The survey was distributed through an
online platform, and all participants completed the elec-
tronic questionnaire during regular university hours. A
total of 304 students were invited to participate, and 233
valid responses were retained for analysis after exclud-
ing incomplete submissions, resulting in an effective
response rate of 76.6%. The study was approved by the
Medical Ethics Committee of the Department of Psy-
chology and Behavioral Science, Zhejiang University.

Measures

Participants self-reported birthdate, sex, and country of
birth. Research assistants measured weight (recorded
to the nearest 0.1 kg) and height (recorded to the near-
est 0.1 cm), and body mass index (BMI) was calculated
(weight (kg)/height (m)?).

PA

The Global Physical Activity Questionnaire (GPAQ)
is a self-administered, seven-day recall question-
naire designed to assess physical activity levels [28]. It
has been widely used in various populations, includ-
ing in China, with demonstrated reliability and valid-
ity. The questionnaire consists of questions regarding
physical activity in three domains: work, transporta-
tion, and recreational activities. The intensity of these
physical activities was measured in Metabolic Equiva-
lents of Task (METs). One MET is defined as the energy
expenditure at rest in a seated position, equivalent to a
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consumption of 3.5 ml of oxygen per kg of body weight
per minute. For the purpose of this analysis, the following
MET intensities were applied: walking and bicycling =4
METs, MPA =4.0 METs, and VPA =8.0 METs. The total
weekly PA energy expenditure (expressed in MET-min-
utes/week, or MET*min/wk) is calculated as the sum of
energy expended in walking, bicycling, MPA, and VPA.
In addition, sedentary behavior was measured using a
specific item from the GPAQ, which asked participants
to report the average amount of time (in minutes) they
spent sitting or reclining on a typical day, excluding time
spent sleeping. This includes time spent sitting at a desk,
watching television, using a computer or other screen
devices, and during transportation.

Mental health

Mental problems were evaluated through the utilization
of the Depression Anxiety and Stress Scale-42 (DASS-
42) [29]. This scale, consisting of 42 items, encompasses
three distinct dimensions: depression, anxiety, and stress.
Participants were instructed to rate each item within
a range from 0 (not applicable to oneself in any sense)
to 3 (highly applicable or applicable for the majority of
the time), based on their emotional experiences during
the past week. Regarding these three dimensions, each
dimension consists of a sub-score formed by the cumu-
lative scores of 14 items, with a range from 0 to 42. In
general, elevated scores within each sub - score as well
as in the overall assessment signify more severe levels of
depression, anxiety, and stress respectively.

CRF

CRF was assessed using a laboratory-based treadmill
VO,,..« test with a progressive incremental protocol. The
test was conducted following standard maximal exercise
testing guidelines and used the leveling-off criterion as
the primary indicator of VO,,,,,, defined as a plateau in
oxygen uptake despite increasing workload, along with a
respiratory exchange ratio (RER) > 1.15. After a 5-minute
warm-up at a self-selected light pace, participants rested
for 5 min before beginning the test. To optimize the test
duration, participants with lower physical condition
started at 5 km/h, while well-trained participants began
at 7 km/h, both at a 0% incline. The treadmill speed was
then increased by 1 km/h every 3 min without changing
the incline, continuing until participants reached voli-
tional exhaustion. Heart rate (HR) was monitored using a
chest strap, and VO, was continuously measured using a
breath-by-breath analysis system (Cosmed K5 analyzer).
The test was terminated when participants reached voli-
tional fatigue, and VO, ,, was recorded as the highest
30-second average oxygen uptake observed during the
test. The results are expressed in milliliters of oxygen per
kilogram of body weight per minute (ml/kg/min), with
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higher values indicating better cardiovascular and pul-
monary health.

Statistical analysis

Statistical analyses were conducted using SPSS version
27.0 (IBM Corp., Armonk, NY, USA). Descriptive sta-
tistics were computed for all demographic and study
variables, with continuous variables expressed as means
and standard deviations and categorical variables pre-
sented as frequencies and percentages. Given the reliance
on self-reported measures, the potential for common
method bias was considered. Harman’s single-factor test
was employed to assess the extent of this bias, with the
first unrotated factor accounting for less than 40% of the
total variance, indicating no severe common method
issue.

To examine differences in mental health outcomes
and behavioral variables across demographic subgroups,
one-way analysis of variance (ANOVA) was applied.
Partial correlation analyses, controlling for gender, were
performed to assess the bivariate associations among
PA, sedentary behavior, CRF, and mental health indica-
tors. To explore potential indirect associations, media-
tion and interaction analyses were performed using the
PROCESS macro (version 3.5; Hayes, 2017) with 5,000
bootstrap samples. Model 4 was used to assess whether
CRF (measured by VO,max) statistically mediated the
association between PA and mental health outcomes. To
test the moderating role of gender on the relationship
between PA or sedentary behavior and CRF, Model 7 was
employed. Given the cross-sectional nature of the study
and the known limitations of the Sobel test, we reported
only bootstrap-based confidence intervals, in line with
current best practices.

In addition to regression-based mediation and mod-
eration analyses conducted using the PROCESS macro,
structural equation modeling (SEM) was performed in
AMOS 24.0 (IBM Corp.) to estimate and visualize the
hypothesized mediation and moderated mediation path-
ways. The maximum likelihood estimation method was
used to calculate standardized path coefficients, and
model fit was evaluated using standard indices, including
the chi-square statistic (x°), the Comparative Fit Index
(CFI), the Tucker-Lewis Index (TLI), the Root Mean
Square Error of Approximation (RMSEA), and the Stan-
dardized Root Mean Square Residual (SRMR). Given the
cross-sectional nature of the data, all path relationships
modeled using SEM are interpreted as correlational, and
no causal inferences are drawn. The SEM results were
consistent with the PROCESS-based findings, and the
SEM model was included to provide a comprehensive
visualization and confirmatory analysis of the proposed
theoretical structure.
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Table 1 Participants characteristics. Baseline characteristics of
the study sample by gender (Mean +SD)

Variables Male (n=171) Female (n=62) F P

Age (years) 24.03+4.67 24.84+4.07

BMI (kg/mz) 22.07+252 20.80+2.16

Depression  8.51+6.10 9.50+6.19 1.191 0.276
(scores)

Anxiety 549+484 6.85+5.00 3.552 0.061
(scores)

Stress 14.11+£11.58 16.68+11.70 2221 0.137
(scores)

PA 3002.67+2307.14 187555+ 1157.10 13.535*** <0.001
(MET*min/

wk)

Sedentary  432.75+186.75 496.13+173.45 5439* 0.021
(min/d)

VO, (MI/ 52124746 42614781 721174 <0001
min/kg)

F and P values represent results of one-way ANOVA between male and female
participants.*: P<0.05; **: P<0.01; ***: P<0.001

Results

Common method bias test

Harman’s single-factor test was conducted to assess the
potential presence of common method bias. Results
from the unrotated exploratory factor analysis indicated
that multiple factors had eigenvalues greater than 1, with
the first factor accounting for 30.2% of the total vari-
ance—well below the critical threshold of 40% [30]. These
findings suggest that common method bias was not a sig-
nificant concern in the current study.

Participants characteristics

Participant demographics are summarized in Table 1.
A total of 233 university students were included in the
analysis, comprising 171 males (73.4%) and 62 females
(26.7%). The mean age was 24.03 £4.67 years for males
and 24.84+4.07 years for females. The average body
mass index (BMI) was 22.07 +£2.52 kg/m” for males and
20.80+2.16 kg/m? for females. All participants had BMI
values within the normal range (18.5-24.9 kg/m?®), and
due to the absence of underweight, overweight, or obese
individuals, BMI was not included as a covariate in the
statistical models, as its minimal variation was unlikely to
introduce confounding effects.
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In addition, one-way ANOVA revealed significant gen-
der differences in several behavioral and physiological
variables. Specifically, males reported significantly higher
levels of PA (F=13.535, P<0.001) and VO, (F=72.117,
P<0.001), while females reported more sedentary time
than males (F=5.439, P=0.021). In contrast, no sig-
nificant main effects of gender were observed for men-
tal health outcomes. Depression (F=1.191, P=0.276),
anxiety (F=3.552, P=0.061), and stress scores (F=2.221,
P=0.137) did not significantly differ between genders.
Given these findings, gender was not included as a direct
predictor in the SEM models, but was tested for modera-
tion effects in subsequent analyses.

Partial correlation analysis of PA, sedentary behavior, CRF,
and mental health

Given the significant gender differences observed in
depression and anxiety, gender was statistically con-
trolled in the subsequent partial correlation analysis
(Table 2). PA was positively correlated with VO, ..
(R=0.316, P<0.001) and negatively correlated with
depression (R = -0.343, P<0.001), anxiety (R = -0.167,
P=0.011), and stress (R = -0.236, P<0.001).

Sedentary time was negatively correlated with VO, ..
(R = -0.153, P=0.02), while VO,,,., was negatively cor-
related with depression (R = -0.213, P=0.001), anxiety
(R = -0.155, P=0.018), and stress (R = —-0.238, P<0.001).
Additionally, depression was strongly and positively cor-
related with both anxiety (R=0.796, P<0.001) and stress
(R=0.750, P<0.001), while anxiety was highly positively
correlated with stress (R=0.876, P<0.001).

Indirect association of CRF in the relationship between PA
and mental health

To examine the potential indirect association between
PA and mental health outcomes via CRF, Model 4 of the
PROCESS macro was applied (Table 3). Mental health
outcomes—including depression, anxiety, and stress—
were treated as dependent variables, with PA as the inde-
pendent variable.

Results indicated that higher levels of PA were sig-
nificantly associated with lower levels of depression (8
= -0.0010, 95%CI=-0.0014 - -0.0007, P<0.001), anxi-
ety (8 = -0.0004, 95%CI=-0.0007 - -0.0001, P=0.004),

Table 2 Partial correlation analysis of PA, sedentary behavior, CRF, and DASS scores

Variables PA Sedentary VO, ax Depression Anxiety Stress
PA 1

Sedentary —-0.109 1

VO, 0316%* —0.153* 1

Depression —0.343%** -0.046 —0.213** 1

Anxiety -0.167* —-0.062 —0.155*% 0.796*** 1

Stress —0.236"* -0.090 —0.238%** 0.750%** 0.876** 1

Gender was statistically controlled in the partial correlation analysis.*: P<0.05; **: P<0.01; ***: P<0.001
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Table 3 Mediating effect analyses

Dependent variables Independent variables B SE t LLCL ULCL R? F

Mental health PA

Depression —0.0010%** 0.0002 —5.6744 -0.0014 —-0.0007 0.1223 32.198%**

Anxiety —0.0004** 0.0001 —2.9488 —-0.0007 —-0.0001 0.0363 8.696**

Stress —0.0014%** 0.0003 —3.9426 —0.0021 —0.0007 0.0630 15.544%%%

CRF PA 0.0016*** 0.0002 6.3024 0.0011 0.0020 0.1467 39.720%**

Mental health

Depression PA —0.0009%** 0.0002 —4.6720 —-0.0013 —0.0005 0.1311 17.357%%%
CRF -0.0721* 0.0472 —1.5264 —0.1651 -0.0210

Anxiety PA —-0.0003* 0.0002 —-1.9607 —0.0006 0.0000 0.0534 6.491**
CRF —-0.0806* 0.0395 —2.0412 -0.1583 0.0028

Stress PA —0.0010** 0.0004 —2.6472 -0.0017 —-0.0003 0.0924 11.712%**
CRF —0.2502** 0.0917 —2.7286 -04309 —0.0695

CRF PA -0.0012 0.0007 —1.6490 -0.0027 0.0002 0.1228 10.6845%**
Gender -0.5415 1.5825 -0.3422 -3.6595 2.5765
Interaction effect @ 0.0002 0.0007 0.2931 —0.0011 0.0015

Mental health Sedentary behavior

Depression —-0.0012 0.0022 —-0.5282 —0.0054 0.0031 0.0012 0.2790

Anxiety —0.0011 0.0017 -0.6413 —0.0046 0.0023 0.0018 04113

Stress —0.0046 0.0041 -1.1216 -0.0128 0.0035 0.0054 1.2579

CRF Sedentary —0.0096** 0.0030 —3.2023 —-0.0155 —0.0037 0.0425 10.2544%%

Mental health

Depression Sedentary —-0.0028 0.0022 -1.2793 —0.0070 0.0015 0.0554 6.7449**
CRF —0.1688*** 0.0465 —3.6326 —0.2604 —-0.0773

Anxiety Sedentary -0.0023 0.0017 -1.3024 -0.0057 0.0012 0.0447 5.3748**
CRF —0.1202** 0.0374 -3.2127 —0.1940 —-0.0465

Stress Sedentary 0.0083* 0.0041 —2.0385 -0.0163 —-0.0003 0.0814 10.1868***
CRF —0.3798*** 0.0871 -4.3609 -0.5514 -0.2082

CRF Sedentary 0.0078 0.0128 06121 -0.0174 0.0330 0.0229 1.7852
Gender 8.1908 5.0200 1.6316 —1.7004 18.0820
Interaction effect —-0.0109 0.0098 -1.1177 —-0.0302 0.0083

a, PA x Gender; b, Sedentary x Gender; SE standard error; LLCL lower limit of the 95% confidence interval; ULCL upper limit of the 95% confidence interval. *: P<0.05;

**:P<0.01; ***: P<0.001

and stress (§ = -0.0014, 95%CI=-0.0021 - -0.0007,
P<0.001). When CRF was included as a mediator,
PA remained a significant positive predictor of CRF
(8=0.0016, 95%CI=0.0011-0.0020, P<0.001). In models
including both PA and CRE, PA continued to show signif-
icant inverse associations with depression (8 = -0.0009,
95%CI=-0.0013 - -0.0005, P<0.001), anxiety (5 =
-0.0003, 95%CI=-0.0006—-0.0000, P=0.04), and stress
(B = -0.0010, 95%CI=-0.0017 - -0.0003, P=0.009).
Furthermore, CRF was inversely associated with depres-
sion (8 = -0.0721, 95%CI=-0.1651 - -0.0210, P=0.04),
anxiety (8 = —-0.0806, 95%CI=-0.1583-0.0028, P=0.04),
and stress (f = -0.2502, 95%CI=-0.4309 - -0.0695,
P=0.007).

These findings suggest that CRF serves as a partial
statistical mediator in the relationship between PA and
mental health outcomes. To explore whether this indi-
rect association was moderated by gender, Model 7 of the
PROCESS macro was employed. The interaction term
between PA and gender did not significantly predict CRF

(5=0.0002, 95%CI=-0.0011-0.0015, P=0.77), indicat-
ing no moderating effect.

In addition to the regression-based analyses, a struc-
tural equation model (SEM) was estimated using AMOS
to visualize and test the proposed mediation pathway
from PA to mental health via CRF (Fig. 2). The standard-
ized path coefficients indicated that PA was positively
associated with CRF ($=0.463), while the interaction
term PA x Gender also showed a positive association
with CRF (8=0.287), although the effect was not statis-
tically significant. CRF was inversely associated with the
latent mental health construct (8 = —0.170), and PA also
had a direct negative effect on mental health (5 = -0.186).

The latent variable of mental health was indicated by
three observed variables: depression (loading=0.693),
anxiety (loading=0.719), and stress (loading=0.604).
However, the model exhibited poor overall fit to the
data: x*(8)=79.880, P<0.001; x*/df=9.985; CF1=0.901;
TLI=0.814; RMSEA=0.197 (90%CIL: 0.159-0.237);
SRMR =0.303. While the CFI approached the acceptable



Xu et al. BMC Public Health (2025) 25:3260

CRF

316

.287

PAxGender

PA

Page 7 of 13

693

Depression

ot

Mental Health Anxiety

T

Stress

bbi

Fig. 2 Structural equation model examining the mediating effect of cardiorespiratory fitness (CRF) in the association between physical activity (PA) and
mental health outcomes, with gender as a moderator The model includes a latent mental health construct indicated by depression, anxiety, and stress.
Standardized path coefficients are shown. The interaction term (PAx Gender) was included to test moderation. All effects are interpreted as correlational
due to the cross-sectional design. The model was estimated using AMOS with maximum likelihood estimation

threshold, both TLI, RMSEA, and SRMR values indicated
suboptimal model fit. Therefore, the PROCESS-based
mediation model remains the primary basis for inter-
pretation in this study, with the SEM results included for
conceptual illustration.

Indirect association of CRF in the relationship between
sedentary behavior and mental health

As sedentary behavior is conceptually and behaviorally
independent from PA, a separate mediation analysis was
conducted to explore the role of CRF in the association
between sedentary behavior and mental health outcomes
(Table 3).

Direct associations between sedentary behavior and
depression (8 = -0.0012, 95%CI=-0.0054-0.0031,
P=0.60), anxiety (8 = —-0.0011, 95%CI=-0.0046 — 0.0023,
P=0.52), and stress B = -0.0046,
95%CI=-0.0128 -0.0035, P=0.26) were not statisti-
cally significant. Nevertheless, after including CRF as a
mediator, sedentary behavior was found to significantly
predict lower CRF levels (5 = -0.0096, 95%CI=-0.0155
- -0.0037, P=0.002). Notably, in the model for stress,
sedentary behavior showed a small but significant posi-
tive association (£=0.0083, 95%CI=-0.0163 - —0.0003,
P=0.04).

CRF remained a significant negative predictor of
depression (5 = -0.1688, 95%CI=-0.2604 - -0.0773,
P<0.001), anxiety (8 = -0.1202, 95%CI=-0.1940
- -0.0465, P=0.002), and stress (8 = -0.3798,
95%CI=-0.5514 - -0.2082, P<0.001), suggesting that

CREF partially mediated the relationship between seden-
tary behavior and mental health outcomes.

To test for gender moderation, Model 7 of the PRO-
CESS macro was again used. The interaction between
sedentary behavior and gender was not statistically sig-
nificant (5 = -0.0109, 95%CI = - 0.0302 - 0.0083, P=0.26),
indicating that the indirect pathway was not moderated
by gender.

In addition to the PROCESS-based moderation mod-
els, a structural equation model (SEM) was also con-
structed in AMOS to examine the moderated mediation
pathway linking sedentary behavior to mental health via
CRE, with gender as a moderator (Fig. 3). The standard-
ized path coefficients indicated that sedentary behavior
was negatively associated with CRF (8 = -0.209), and
CRF was inversely associated with mental health (8 =
-0.253). Sedentary behavior also showed a direct nega-
tive effect on mental health (8 = —-0.106). The interaction
term (Sedentary x Gender) negatively predicted CRF
(f = -0.065), suggesting a potential moderating effect.
The latent construct of mental health was indicated by
depression (loading=0.686), anxiety (loading=0.807),
and stress (loading=0.915). The overall model demon-
strated mixed fit to the data: x*(8)=10.731, P=0.217;
x’/df=1.341; CFI=0.995; TLI=0.992; RMSEA=0.038
(90%CI: 0.000-0.091), PCLOSE=0.576, SRMR =0.468.
While CFI, TLI, and RMSEA indicated excellent fit, the
SRMR was notably high, suggesting that the model may
not adequately reproduce all observed covariances.
Despite this, the model structure provides a useful
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Fig. 3 Structural equation model examining the moderated mediation effect of cardiorespiratory fitness (CRF) in the association between sedentary
behavior and mental health outcomes, with gender as a moderator The model includes a latent mental health construct indicated by depression, anxiety,
and stress. Standardized path coefficients are shown. The interaction term (Sedentary x Gender) was included to test moderation. All effects are inter-
preted as correlational due to the cross-sectional design. The model was estimated using AMOS with maximum likelihood estimation

conceptual framework for exploring the relationships
among sedentary behavior, CRF, and mental health.

Discussion

This study examined the associations between PA, seden-
tary behavior, CRF, and mental health among university
students. The findings showed that higher levels of PA
were associated with fewer mental health problems, with
CRF partially mediating this relationship. Although sed-
entary behavior was not directly related to mental health
outcomes, it was indirectly associated via CRF, suggest-
ing that lower fitness levels may link sedentary lifestyles
to psychological distress.

PA and mental health

Association between PA and mental health

This study found that higher levels of PA were signifi-
cantly associated with lower levels of depression, anxiety,
and stress among university students, aligning with pre-
vious findings that regular PA contributes to improved
mental health [31]. Moreover, CRF was shown to par-
tially mediate these associations, suggesting that PA
may support mental well-being partly through its role in
enhancing aerobic capacity. Notably, even after adjusting
for gender, the associations remained significant, high-
lighting the robustness of this pathway.

Evidence from clinical and population-based studies
supports the link between CRF and psychological out-
comes. In a 12-week exercise trial, Rahman et al. found
that the increase in CRF predicted a greater reduction
in the symptoms of patients with depression, which was

independent of exercise intensity, age and body weight,
and they also found that the improvement of CRF
increased the probability of a treatment response at fol-
low-up (OR=3.73, 95%CI: 1.22-11.43) [32]. Additionally,
another systematic review targeting patients with depres-
sion and those without found that there was a moderate
correlation (CC=-0.16, 95%CI: -0.21—0.10) between
CRF and the severity of depressive symptoms in 16 ran-
domized controlled trials and population-based studies
[33].

Physiological mechanisms linking PA, CRF, and mental health
It is well-established that individuals who regularly
engage in moderate- to high-intensity aerobic exercises
tend to exhibit better CRF (higher VO,,,,) [34, 35]. Such
physical activity promotes the release of key neurotrans-
mitters in the brain, including serotonin and dopamine,
and improves cerebral oxygenation and vascular function
[36—-38] (Figure 4).

While neurobiological processes were not directly
measured in this study, prior research suggests that
physical activity may influence mental health through the
modulation of neurotransmitters such as serotonin and
dopamine. These chemicals play important roles in emo-
tional regulation, memory, and cognitive flexibility [39—
42]. Regular aerobic exercise has also been associated
with elevated levels of brain-derived neurotrophic factor
(BDNF), which supports neuroplasticity and cognitive
function [43, 44]. Beyond neurochemical effects, exercise
may also exert antidepressant benefits by modulating sys-
temic inflammation. Lavebratt et al. demonstrated that
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patients with depressive symptoms who engaged in exer-
cise interventions exhibited significantly reduced serum
interleukin-6 (IL-6) levels, along with improved depres-
sion scores compared to control groups [45].

In addition, individuals with higher CRF exhibit more
effective oxygen and nutrient transport to the brain,
improved cerebral perfusion, and better endothelial func-
tion, including greater nitric oxide availability and vas-
cular elasticity [46, 47]. These physiological adaptations
help sustain a stable neural environment conducive to
emotional well-being.

Despite these benefits, CRF levels have declined glob-
ally over recent decades, particularly among youth [48].
In the United States, it is estimated that only about 40%
of youths aged 12 to 15 meet the criteria for healthy CRF
levels [49]. Given this downward trend, designing tar-
geted physical activity interventions with appropriate
intensity, frequency, and duration is essential for improv-
ing CRF and promoting overall health. Evidence suggests
that an aerobic exercise program performed three times
per week, lasting 45 min per session over a three-week
period, can increase CRF by 18% in younger individuals
(average age: 23 years) [50].
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Sedentary and mental health

Mixed evidence and underlying mechanisms

Although the present study found a significant nega-
tive association between sedentary behavior and CREF,
the direct relationships between sedentary behavior and
mental health outcomes—including depression, anxiety,
and stress—were not statistically significant. This finding
is consistent with some prior research, which reported
no clear associations between sedentary time and psy-
chological symptoms in either prospective or interac-
tion models [51]. However, this result contradicts some
research findings [52, 53].

One possible explanation for these discrepancies lies
in the complexity of underlying mechanisms. Sedentary
behavior has been linked to elevated levels of inflamma-
tory markers such as C-reactive protein and interleu-
kin-6, both of which are associated with increased risks
of depression and anxiety [54, 55]. Moreover, screen-
based sedentary activities—such as prolonged television
viewing or computer use—may reduce opportunities for
face-to-face interaction and social engagement, thereby
contributing to emotional isolation and depressive symp-
toms [56, 57]. Variability in research designs, measure-
ment methods, and population characteristics may also
account for inconsistent findings. For instance, reliance
on self-reported sedentary time introduces recall bias,
while different mental health scales vary in sensitivity and
focus. Future studies should aim to standardize and opti-
mize assessment tools to improve measurement accuracy
and cross-study comparability.

The mediating role of CRF and practical implications
Importantly, this study identified a significant indirect
effect of sedentary behavior on mental health via CRE.
Specifically, prolonged sedentary time was associated
with reduced CREF, which in turn was linked to increased
psychological distress. This finding highlights CRF as a
partial statistical mediator and suggests that interven-
tions aimed at preserving or enhancing CRF could miti-
gate the potential adverse effects of sedentary lifestyles
on mental health. From a practical perspective, these
results underscore the importance of targeting CRF
as a buffer against the psychological risks of sedentary
behavior. For individuals who cannot avoid prolonged
sitting due to occupational or lifestyle factors, incor-
porating regular moderate-intensity exercise may help
offset declines in CRF and reduce vulnerability to men-
tal health issues. Additionally, future research should
explore optimal thresholds and interruption patterns for
sedentary behavior to preserve CRF and, by extension,
psychological well-being. Questions such as whether fre-
quent breaks or specific daily sedentary time limits are
more protective remain to be answered.
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Furthermore, the mediating role of CRF may vary
across populations. For example, older adults or indi-
viduals with chronic conditions typically exhibit lower
baseline CRF and reduced physiological adaptability,
which may amplify the mental health consequences of
sedentary behavior. Tailored interventions that account
for individual health status, age, and functional capac-
ity are therefore warranted. At the public health level,
these findings reinforce the need to raise awareness of
the long-term effects of sedentary behavior and promote
simple, accessible physical activity strategies—such as
light stretching, walking, or desk-based exercises—to
help maintain CRF and support mental well-being.

Moderating effect of gender

Absence of gender moderation in the PA-CRF relationship

In this study, gender was found to significantly influence
depression and anxiety levels, with females generally
reporting higher psychological distress. However, gender
did not demonstrate a significant moderating effect in
the associations among PA, sedentary behavior, and CRE.
This suggests that while mental health disparities exist
between males and females, the strength of the relation-
ship between PA and CRF does not substantially differ by
gender.

From a physiological perspective, this may reflect fun-
damental similarities between men and women in car-
diopulmonary structure and function, as well as in their
adaptive responses to exercise [58]. Although there are
known differences in hormonal profiles and body com-
position between genders, these factors do not appear to
exert a dominant regulatory effect on how PA improves
CRE. For example, whether it is men or women, regu-
lar aerobic exercises can enhance cardiac function and
improve the efficiency of pulmonary ventilation, thereby
increasing CRF [59, 60].

However, the reasons for the significant gender differ-
ences in mental health may be more related to sociocul-
tural factors [61]. conducted a cross-sectional study on a
sample of 133 women and 90 men, and the results of the
study showed that women’s physical health conditions
were worse than those of men, while the gender differ-
ences in mental health conditions were relatively small
[62]. This is mainly because women tend to face more
stressors in society, such as the challenges of balancing
family and career and the pressure of social expecta-
tions [63]. These factors may make them more prone to
depression and anxiety.

Gender-Sensitive recommendations for intervention

Given the absence of a moderating effect but the presence
of gender-specific mental health needs, future interven-
tions should consider tailoring physical activity strate-
gies accordingly. For female participants, integrating
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psychological support into exercise programs—such as
offering stress management workshops or access to emo-
tional counseling—may address both physiological and
emotional dimensions of health. Such holistic approaches
may be more effective in alleviating symptoms of depres-
sion and anxiety in women.

For male participants, interventions may focus on
enhancing motivation and adherence through structured,
goal-oriented, or competitive physical activity programs.
Emphasizing the broader health benefits of exercise,
including stress resilience and long-term wellness, may
also be effective in promoting PA participation and indi-
rectly improving mental health outcomes.

Limitations

While this study offers valuable insights into the rela-
tionships among PA, sedentary behavior, CRF, and men-
tal health, several limitations should be acknowledged.
First, given the cross-sectional study design, the associa-
tions found should be interpreted with caution. Although
the mediation models are statistically valid, they do not
allow for establishing a temporal sequence or causality.
Longitudinal or experimental studies are needed to vali-
date these mechanisms. Second, the PA and sedentary
behavior data were obtained through self-report ques-
tionnaires, which may be affected by recall bias or social
desirability. These biases may influence the accuracy of
the estimated associations. Future studies are encouraged
to incorporate objective tools, such as accelerometers or
wearable sensors, to obtain more reliable measurements.
Third, the gender distribution in our sample was skewed,
with a relatively low proportion of female participants
(26.7%), which may limit the generalizability of the find-
ings across genders. Moreover, since all participants were
recruited from a single university, the external validity of
the findings may be constrained. Future studies should
aim to include more gender-balanced and geographi-
cally diverse samples to improve representativeness.
Finally, although CRF was identified as a partial mediator,
other potential mediating variables—such as social sup-
port, sleep quality, or psychological resilience—were not
included in the current model. Future studies should con-
sider a broader range of mediators to more comprehen-
sively understand the pathways linking physical behavior
patterns to mental health outcomes.

Conclusion

This study demonstrated that PA can improve college
students’ mental health problems by enhancing CRE,
and CRF played a partial mediating role in this process.
Although sedentary behavior did not have a signifi-
cant direct relationship with mental health, it indirectly
affected mental health by influencing CRE. Therefore,
it is of great practical significance to promote college

Page 11 of 13

students’ participation in PA, reduce sedentary time,
and improve mental health by enhancing CRF. Future
research should further explore how to design personal-
ized intervention measures to improve college students’
CRF and thus effectively improve their mental health.
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