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Abstract

Objective This Research explores the intermediary function of academic stress and sleep quality in the connection
between physical exercise and subjective well-being among high school students.

Methods This Research conducted an online survey through random sampling with a sample of 540 (males=310,
females=217; grade 10=159, grade 11=190, grade 12=178) high school students to explore the intermediary
function of academic stress and sleep quality between physical exercise and subjective well-being. The participants
were surveyed using PSQI, the Subjective Well-Being Scale, the ESSA, and PSQI. SPSS Statistics 26 was used to conduct
reliability and validity tests, descriptive statistics, and correlation analysis. Mediation analysis was conducted utilizing
Model 6 from the PROCESS 4.0 plugin.

Results (1) Physical exercise shows a significant positive correlation with subjective well-being, and the direct
impact of physical exercise on subjective well-being is also significant. (2) Physical exercise adversely affects academic
stress and positively influences sleep quality. Academic stress negatively impacts sleep quality and subjective well-
being, while sleep quality positively influences subjective well-being. (3) Academic stress and sleep quality serve

as significant mediators between physical exercise and subjective well-being. The mediation effect encompasses
two indirect paths: In one aspect, physical exercise has an indirect impact on subjective well-being through its
influence on academic stress; in another aspect, physical exercise indirectly affects subjective well-being via the chain
mediation effects of academic stress and sleep quality.

Conclusion Physical exercise can directly influence the subjective well-being of high school students. Additionally,
physical exercise can indirectly impact their subjective well-being through academic stress, and it can also indirectly
influence their subjective well-being through the chain mediation effect of academic stress and sleep quality. Based
on these findings, it is recommended that schools provide more opportunities for physical exercise, integrated with
psychological counseling and sleep management, to help students effectively alleviate academic stress, thereby
enhancing their overall well-being.
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Introduction

Subjective well-being (SWB) is a key psychological trait
in positive psychology, referring to a person’s compre-
hensive assessment of their life quality according to their
own criteria [1]. It’s highly subjective and consists of
two components: life satisfaction and emotional experi-
ence. Emotional experience can be further divided into
the increase of favorable emotions and the reduction of
unpleasant emotions [2]. Research shows that SWB is
crucial for both physical and mental health [3, 4]. It not
only enhances overall happiness in adolescents but also
strengthens psychological resilience, helping them bet-
ter cope with the various challenges in their academic
and personal lives [5, 6]. However, recent studies have
revealed an overall drop in adolescents’ SWB, with this
trend being particularly pronounced among high school
students [7, 8]. This decline has garnered significant
attention from researchers, as a decrease in SWB may not
only impact academic performance but also exacerbate
mental health issues, potentially creating a negative cycle
[9]. During high school, students’ psychological develop-
ment transitions from semi-maturity and immaturity to
full maturity. During this period, they experience intense
emotional fluctuations and often face significant aca-
demic stress(AS), which can lead to psychological issues
such as anxiety [10] and depression [11], severely impact-
ing their physical and mental well-being [12]. The lat-
est report from the World Mental Health Organization
indicates that approximately 14% of adolescents world-
wide are affected by mental disorders [13]. In China, high
school students face immense AS, particularly due to the
highly competitive college entrance examination system,
which significantly impacts their psychological well-
being and sleep quality (SQ) [14]. Excessive academic
workload and exam preparation stress result in most high
school students getting less than eight hours of sleep,
with limited opportunities for physical exercise (PE),
contributing to increasingly severe mental health issues
[15, 16]. Against this backdrop, PE has emerged as a non-
pharmacological intervention offering a new pathway to
alleviate AS and improve psychological well-being.

The direct impact of physical exercise on SWB

PE is a conscious activity in which individuals actively
transform and enhance their own well-being. It encom-
passes various forms of activity, including fitness exer-
cises, recreational sports, health and rehabilitation
exercises, and mental and intellectual training. Previ-
ous studies have demonstrated that PE is essential for
improving SWB [17, 18]. Through regular PE, individu-
als can enhance their physical fitness while also boosting

the release of neurotransmitters like endorphins, which
help combat depression, improve mood, reduce negative
emotions, and increase positive emotions. This combined
enhancement of both physiological and psychological
aspects positions PE as a key avenue for improving SWB
[18, 19]. Self-Determination Theory (SDT) is a funda-
mental framework for understanding motivation and
SWB. According to SDT, PE can fulfill individuals’ basic
psychological needs, particularly autonomy, compe-
tence, and relatedness [20]. Jetzke and Mutz [20] found
that PE has a notable positive impact on SWB. PE can
meet individuals’ needs for autonomy and a sense of con-
trol, thereby leading to positive emotional experiences
and higher SWB. Additionally, during PE, individuals
experience social interactions that allow them to per-
ceive greater social support and develop a positive self-
assessment, thereby enhancing their SWB [21]. Thus, PE
not only brings improvements at both physiological and
psychological levels but also fulfills individuals’ multi-lay-
ered needs through social interaction, making it an effec-
tive means of boosting SWB.

The mediating role of academic stress

AS denotes the stress and unease that stem from the
pressures imposed by school, family, and society through-
out the learning journey [22]. An increase in AS is often
accompanied by the emergence of mental health issues.
Existing research indicates that when students face heavy
academic workloads and exam pressures, they often
struggle to experience joy and a sense of accomplishment
in life. This directly impacts their SWB, involving over-
all life contentment and the experience of positive feel-
ings [23, 24]. The greater the AS, the stronger the feelings
of unhappiness, and individuals may experience more
negative emotions [25]. If this state persists, individuals
are likely to develop learned helplessness, which in turn
reduces their SWB. Jiang et al. [26] also indicated that AS
can influence adolescents’ SWB through self-regulation
and parent-child conflict. An increase in AS ultimately
leads to a decline in SWB. This indicates that excessive
AS can reduce SWB.

PE also holds a significant position in alleviating AS.
Studies have indicated that combining moderate-inten-
sity exercise with psychological training aids individuals
in managing psychological stress more effectively and
promotes mental health [27]. Through consistent PE,
students can effectively manage stress, release negative
emotions, and ultimately enhance their SWB [28, 29].
For instance, Demir and Barut [30] found that through
engaging in PE, individuals can not only manage stress
efficiently but also strengthen psychological resilience,
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helping to eliminate negative emotions like anxiety and
improve SWB. This suggests that AS serves as a media-
tor between PE and SWB. By alleviating AS, PE can
indirectly enhance individuals’ SWB, thus becoming
an effective approach to improving mental health and
increasing well-being.

The mediating role of sleep quality

SQ issues, including sleeplessness, recurring nightmares,
late nights, and inadequate rest [31], are considered key
factors affecting high school students’ mental health and
academic performance. Currently, sleep problems are
widespread among adolescents, with 75% of high school
students reporting that their sleep duration is signifi-
cantly less than the recommended 8 h [32]. Insufficient
sleep leads to poor sleep hygiene, frequent sleep prob-
lems [33], and a high prevalence of sleep disorders [34],
making overall SQ concerning. High school students
need adequate energy to efficiently complete academic
tasks, but poor SQ often results in daytime drowsi-
ness, fatigue, sleepiness, lack of concentration, memory
decline, and low mood [35, 36]. These issues are fre-
quently accompanied by mental health challenges like
anxiety and depression [37]. Research has found that
insufficient sleep increases the likelihood of emotional
deficits [38]. Further research by Wang et al. [37] found
that sleep may be closely associated with the prefrontal
cortex, which is responsible for emotion regulation and
cognitive functions, Adequate sleep helps maintain a
positive emotional state, encouraging the expression of
positive feelings while minimizing negative ones, thereby
enhancing individuals’ SWB. This suggests that improv-
ing SQ can enhance individuals’ SWB.

PE significantly influences the enhancement of SQ.
Research has demonstrated that engaging in PE can
diminish the occurrence of anxiety, improve SQ, and be
especially beneficial for adolescents who experience day-
time sleepiness [39, 40]. Additionally, PE can increase the
production of melatonin, regulate the sleep-wake cycle,
and help with faster sleep onset [41]. An appropriate level
of exercise intensity can lead to physical fatigue, prompt-
ing the brain to respond by extending deep sleep duration
[42]. However, excessive physical exertion and overly fre-
quent high-intensity activities may lead to difficulty fall-
ing asleep or even insomnia [43]. Tomas et al. [44] found
that exercise habits are essential for high school stu-
dents’ sleep; appropriate PE can prevent declines in SQ,
though the timing of exercise should be managed care-
fully. Research on college students has also shown that
PE helps improve SQ, further enhancing SWB [45]. This
indicates that SQ mediates the relationship between PE
and SWB, as PE can indirectly promote SWB by improv-

ing SQ.
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Analysis of the serial mediating effect of AS and SQ on high
school students’ SWB

Previous studies have found that AS has a significant
impact on SQ [46]. The greater the AS, the poorer the
SQ [47]. Giundogan [46] found in research on college
students that AS can not only directly affect SQ but
also indirectly influence it through academic burnout.
Deng et al. [48], in an investigation concerning Chinese
teenagers, also found that as AS increases, adolescents’
SQ significantly decreases [42]. This possibly related to
the underlying consequences of unpleasant emotions,
including worry and restlessness, which interfere with
normal sleep cycles, ultimately resulting in poorer SQ.
Research focusing on high school students has further
revealed the specific characteristics of the relationship
between AS and SQ. Compared to other student groups,
high school students experience particularly pronounced
levels of AS and sleep problems. In China, high school
students are immersed in a highly competitive learning
environment and endure substantial AS, which often
results in insufficient sleep [49]. Moreover, a study by
Kang et al. [50] comparing the sleep duration of Chinese
high school and middle school students found that high
school students sleep significantly less on both weekdays
and weekends. Due to the dual influences of high school
students’ physiological characteristics (e.g., a tendency
for later bedtimes) and social environment (e.g., strict
school management and intense competition for higher
education), the negative impact of AS on SQ may be fur-
ther exacerbated. Thus, while studies on other age groups
provide valuable references, the unique context and spe-
cific mechanisms affecting high school students require
more in-depth exploration.

Stress-Coping Theory (SCT) emphasizes that individu-
als adopt different coping strategies when facing stress to
mitigate its negative impact on mental health. According
to this theory, moderate PE, as an effective coping mech-
anism, can help alleviate AS, indirectly improve SQ, and
ultimately enhance SWB [51]. Individuals can alleviate
AS through the positive physiological and psychologi-
cal effects of PE. Regular participation in PE fosters the
secretion of neurotransmitters like endorphins, helping
individuals reduce stress and anxiety, thereby enabling
them to cope with academic tasks more calmly [19, 52].
The reduction of AS not only directly benefits men-
tal health but also improves SQ, which in turn further
enhances SWB [53]. As AS decreases, individuals’ SQ
also significantly improves. Further research by Huang et
al. [54] found that sustained perception of stress activates
the body’s stress response, resulting in hormonal changes
like elevated cortisol levels. This disruption interferes
with sleep regulation and impacts sleep cycles and qual-
ity. Sleep aids in individual recovery, and good sleep
helps regulate emotions and minimize the prevalence of
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negative feelings, thereby further boosting SWB [55]. In
summary, PE alleviates AS, which in turn improves SQ,
and improved SQ further enhances SWB. This chain
mediation effect reveals the multi-level influence of PE
on enhancing SWB.

Although previous studies have explored the relation-
ship between PE and SWB among high school students,
the mechanism involving AS and SQ as chain mediators
has not been thoroughly investigated. Therefore, this
study focuses on high school students and, based on the
psychophysiological framework from existing literature,
aims to uncover how PE influences SWB through path-
ways involving AS and SQ. This research seeks to pro-
vide theoretical support for the development of more
effective mental health intervention strategies as illus-
trated in Fig. 1. The subsequent research hypotheses are
presented:

Hypothesis 1 PE significantly and positively influences
SWB.

Hypothesis 2 AS acts as an intermediary in the connec-
tion between PE and SWB.

Hypothesis 3 SQ functions as an intermediary in the link
between PE and SWB.

Hypothesis 4 AS and SQ act as a chain intermediary in
the connection between PE and SWB.

Research methods

Sample and data collection procedure

In this study, to minimize selection bias, ensure the rep-
resentativeness of the sample, and enhance the external
validity and generalizability of the findings, a random
sampling method was employed for the distribution and
collection of questionnaires. In May 2024, participants
were randomly selected from First Senior High School of
Shangqiu and SHANGQIUSHI Hui MIN ZHONG XUE.
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The data were gathered through the Wenjuanxing online
survey tool (https://www.wjx.cn/). First, the research
team coordinated with the teachers of each class, and the
teachers introduced the survey’s goals and importance
were explained to the students in the classroom. The
teachers then randomly selected students within each
class to participate in the survey, ensuring the random-
ness and representativeness of the sample. Following this
process, teachers shared the questionnaire link in the
class group chat, allowing students to voluntarily decide
whether to participate. A total of 540 responses were
gathered, and after omitting incomplete or insincerely
completed questionnaires, 496 valid responses were
gathered, resulting in a valid response rate of 91.85%. The
participants included 292 males and 204 females. All par-
ticipants were informed before completing the question-
naire. The criteria for excluding invalid questionnaires
are as follows: (1) Questionnaires with more than five
items missing responses (a valid questionnaire is defined
as one with at least 80% of the items completed; miss-
ing responses>20% are considered invalid); (2) Ques-
tionnaires in which >80% of the items are rated as either
“strongly agree” or “strongly disagree,” to avoid severe
floor or ceiling effects that could compromise the accu-
racy of data analysis.

Measurement tools

Demographic characteristics

The demographic characteristics include gender (292
males, 204 females), grade level (150 in Grade 10, 181 in
Grade 11, 165 in Grade 12), household registration loca-
tion (423 from rural areas, 73 from urban areas), whether
the participant is an only child (114 yes, 382 no), and
whether the participant is a left-behind child (53 vyes,
443 no) (see Table 1). In addition, we also collected the
income levels of their parents as socioeconomic informa-
tion. There were 34 participants with a parental income
of 0-2000 RMB, 42 with 2000-3000 RMB, 81 with
3000-5000 RMB, 221 with 5000-8000 RMB, 99 with

Academic stress

>| Slesp quality

Physical exercise

Fig. 1 Research model

>| Subjective well-being
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Table 1 Descriptive analysis of population characteristics

Total grade Household registration location Only child Left-behind

children

Gender Grade 10 Grade 11 Grade 12 rural urban yes no yes no
Males 292 92 105 95 245 47 69 223 33 259
Females 204 58 76 70 178 26 45 159 20 184
Total 496 150 181 165 423 73 114 382 53 443

Note: Descriptive statistics for each population characteristic (gender, grade, household registration location, only child, and left-behind children)

8000-15,000 RMB, 16 with 15,000-30,000 RMB, and 3
with an income above 30,000 RMB.

Subjective well-being scale

This study utilized the well-being index scale(WBIS)
designed by Campbell [56]. It includes 9 items (For
example: I believe life is full of hope) encompassing two
dimensions: Overall Affect Index (8 items) and Life Satis-
faction (1 item). The scale adopts a 7-point Likert scoring
system, spanning from 1 (indicating strong disagreement)
to 7 (indicating strong agreement). To ensure consistency
with the original scale, this study did not make any modi-
fications to the content or structure of the items. WBIS
is calculated by adding the mean score of the Overall
Affect Index (weight 1) to the score of the Life Satisfac-
tion dimension (weight 1.1). If item 8 is unanswered, it
is treated as missing data and excluded from the over-
all summation. The score ranges from 2.1 (least happy)
to 14.7 (most happy), with higher scores reflect greater
SWB. In this research, the scale’s reliability, measured by
Cronbach’s alpha, is 0.893.

Sleep quality scale

This study employed the Pittsburgh Sleep Quality Index
(PSQI) designed by Buysse et al. [57]. The questionnaire
consists of 18 items (For example: In the past month, I
have had difficulty falling asleep at night (unable to fall
asleep within 30 min)) and includes seven factors: SQ,
time taken to fall asleep, length of sleep, sleep effective-
ness, disturbances during sleep, use of sedative medica-
tions, and functional impairment during the day. Each
factor is rated on a scale from O to 3. This scale has dem-
onstrated good reliability and validity in high school stu-
dent populations [58]. To ensure consistency with the
original scale, this study did not make any modifications
to the content or structure of the items, and the cumula-
tive score of the seven factors represents the overall SQ
(PSQI total score). Higher scores reflect worse SQ. In this
study, the Cronbach’s alpha for the scale is 0.865.

Physical activity scale

This study used the Physical Activity Rating Scale (PARS-
3) designed by Liu et al. [59], which consists of 3 items
(For example: How many minutes do you spend on
each session of the above-intensity physical activity)

measuring physical activity intensity, duration, and fre-
quency. It employs a 5-point Likert scale, with scores
ranging from 1 to 5. To ensure consistency with the
original scale, this study did not make any modifications
to the content or structure of the items. The total activ-
ity score is calculated as: Activity Level = Intensity Score
x (Duration Score —1) x Frequency Score, with a score
spanning from O to 100. In this research, the scale’s reli-
ability, measured by Cronbach’s alpha, is 0.717.

Academic stress scale

This study utilized the Educational Stress Scale for Ado-
lescents (ESSA) developed by Sun et al. [60]. The scale
consists of 16 items (For example: I am very dissatisfied
with my academic performance) and covers five factors:
academic pressure (4 items), workload (3 items), anxi-
ety about grades (3 items), self-imposed expectations (3
items), and feelings of dissatisfaction (3 items). It employs
a 5-point Likert scale, where responses range from 1
(strongly disagree) to 5 (strongly agree). A higher score
reflects increased levels of stress. To ensure consistency
with the original scale, this study did not make any modi-
fications to the content or structure of the items. In this
study, the Cronbach’s alpha for the scale is 0.935.

Statistical methods

Statistical analyses for this study were conducted using
SPSS Statistics 26. First, descriptive statistics, correlation
analysis, and reliability and validity tests were performed
on the scale data to verify the basic characteristics. Sub-
sequently, Model 6 in the PROCESS 4.0 plugin was used
to conduct a serial mediation analysis, examining the
indirect effects of PE on SWB through AS and SQ. In the
mediation analysis, the Bootstrap method (with 5,000
resamples) was employed to test the confidence intervals
of the mediation effects of key variables, enhancing the
robustness of the analysis. Additionally, before conduct-
ing multivariate analysis, normality and common method
bias tests were performed to ensure the reliability of the
results and the appropriateness of the statistical methods.

Result

To ensure that the data met the assumptions for multi-
variate analysis and to enhance the accuracy and validity
of the results, this study verified normality by examining
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kurtosis and skewness. According to Kline [61], an abso-
lute skewness value below 3 and an absolute kurtosis
value under 10 are considered acceptable benchmarks.
Thus, the primary variables in this research satisfy the
requirements for normal distribution (refer to Table 2).
The Q-Q plots for normal distribution can be found in
Figs. 2, 3 and 4, and 5.

In addition, we used the Kaiser-Meyer-Olkin (KMO)
test and Bartlett’s test of sphericity to assess the suit-
ability of the measurement instruments. The KMO value
measures sample adequacy, with values greater than
0.5 generally considered appropriate for factor analy-
sis. Bartlett’s test of sphericity evaluates whether there
is sufficient correlation among variables, with p<0.05
indicating suitability for factor analysis. In this study
(Table 2), the KMO values ranged from 0.679 to 0.972,
and Bartlett’s test of sphericity was significant, confirm-
ing the appropriateness for factor analysis.

Common variance bias test

To assess common method bias in the data, the Harman
single-factor test was applied. The exploratory factor
analysis revealed six factors with eigenvalues exceeding 1,
with the first factor accounting for 32.479% of the vari-
ance, falling short of the critical threshold of 40% [62].
This suggests that common method bias does not pose an
issue in this research.

Correlation matrix of each variable

The findings from the correlation analysis indicate sig-
nificant relationships between PE, AS, SQ, and SWB.
Specifically, PE is significantly negatively correlated with
AS, while it is strongly positively associated with SQ and
SWB. AS is strongly negatively associated with both SQ
and SWB, and SQ is strongly positively associated with
SWB (see Table 3).

In addition, this study employed the Variance Inflation
Factor (VIF) to test for multicollinearity issues within the
model. VIF values for all variables should be below 3.3
[63]. In this study, all variables had VIF values below 3.3
(Table 3), indicating that the model does not suffer from
multicollinearity issues.

Additionally, to further control for the influence of
grade-level differences on SWB and minimize the inter-
ference of individual factors on the research findings, a

Table 2 Descriptive statistics of variables
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one-way ANOVA was conducted to examine potential
grade-level (Grade 10, Grade 11, and Grade 12) differ-
ences in key research variables, the results showed sig-
nificant differences in all variables, as shown in Table 4.
The results indicated significant differences across grade
levels in PE (F=4.504, p<0.05), AS (F=22.797, p<0.001),
SQ (F=24.748, p<0.001), and SWB (F=18.991, p<0.001).
These findings highlight that grade-level differences
are important factors in understanding PE, AS, SQ, and
SWB. Future research could further explore how these
differences affect other variables in the model.

Hypothesized model testing

Based on hierarchical regression analysis, the follow-
ing model was established: PE, AS, and SQ were classi-
fied as independent variables, and SWB was classified as
the dependent variable, grade level was used as a control
variable. This model aimed to examine the main, direct,
and indirect effects. Table 5 presents the chain mediation
effect results from the hierarchical regression analysis.

The regression coefficient for PE on SWB (p=0.0579,
t=9.8753, p<0.001) indicates that increase in PE is asso-
ciated with a significant increase in SWB, suggesting a
direct positive effect of PE on SWB. PE strongly nega-
tively impacts AS (B = -0.2218, t = -7.7551, p<0.001),
and SQ strongly positively affects SWB (p = -0.1775, t =
-10.9140, p<0.001). Additionally, AS significantly nega-
tively impacts SQ (p=0.2196, t=16.0823, p<0.001) (as
shown in Table 5).

This research utilized the bias-corrected percentile
Bootstrap approach (with 5,000 Bootstrap samples) and
applied Model 6 from Hayes [64] SPSS macro PROCESS
4.2 to perform a chain intermediary effect analysis. This
study aims to investigate the mediating roles of AS and
SQ in the relationship between PE and SWB, while con-
trolling for grade level.

The results of the Bootstrap chain intermediary analysis
are displayed in Table 6; Fig. 2. The overall effect of PE on
SWB was 0.0579 (95%CI= [0.0464, 0.0695]), which does
not cross zero, suggesting that the overall effect is signifi-
cant. The overall direct effect of PE on SWB was 0.0201
(95%ClI= [0.0136, 0.0266]), confirming the presence of a
significant direct effect. The overall indirect effect of PE
on SWB was 0.0378 (95%CI= [0.0267, 0.0489], which
also does not cross zero. Specifically, the indirect effect

Variables N M=+SD MIN MAX SK Kur KMO Bartlett
PE 496 39.60+15.933 0 80.00 -0.043 0.005 0679 <0.001
AS 496 45.17+11.043 20.00 76.00 0.095 -0.332 0.972 0.000
SQ 496 9.42+3.963 0 20.00 0.134 -0.303 0.931 0.000
SWB 496 8.83+2315 2.60 14.70 -0.021 -0.377 0.943 0.000

Note: N=sample size; M+ SD=mean tstandard deviation; MIN=minimum value; MAX=maximum value; SK=skewness; Kur=kurtosis; KMO=Kaiser-Meyer-Olkin
measure of sampling adequacy; Bartlett=Bartlett’s test of sphericity. P-values <0.001 indicate that the variables are suitable for factor analysis
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of PE on SWB through AS ($=0.0280, 95%CI= [0.0191,
0.0369]) is significant, indicating that AS partially medi-
ates the relationship between PE and SWB. This suggests
that PE not only directly impacts SWB but also reduces
AS, which in turn contributes to improved SWB. Inter-
estingly, the indirect effect of PE on SWB through SQ
(B=0.0012, 95%CI= [-0.0020, 0.0049]) was not signifi-
cant, suggesting that the relationship between PE and
SWB is not substantially mediated by SQ in this model.
Additionally, the chain mediation effect of PE — AS —

SQ — SWB was 0.0086 (95%CI= [0.0058, 0.0121]), sug-
gesting that this model represents a partial chain inter-
mediary effect. Based on the above description, the chain
mediation model is illustrated in Fig. 6.

Discussion

This study explored the intermediary roles of AS and
SQ in the connection between PE and SWB among Chi-
nese high school students, validating and supporting
Hypotheses 1, 2, and 4. The findings reveal that active
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involvement in PE can help high school students experi-
ence positive emotions, reduce negative emotions, and
directly enhance their SWB. Additionally, PE can indi-
rectly influence SWB by alleviating AS and improving
SQ. Specifically, PE helps reduce AS, ameliorate SQ, and
consequently augment SWB. This chain mediation effect
indicates that the impact of PE on high school students’
SWB is mediated by the chain effects of AS and SQ,
offering empirical support for designing interventions

aimed at Promoting mental wellness among high school
students (see Fig. 6).

The direct impact of PE on SWB

PE significantly and positively influences the SWB, con-
gruent with the results of Iwon et al. [19], supporting
Hypothesis 1. Iwon et al. [19] found that individuals
who regularly exercise exhibit higher levels of well-being
compared to beginners and non-exercisers. Addition-
ally, beginners also show increased life satisfaction and
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well-being after engaging in exercise for four weeks. PE
helps individuals effectively alleviate stress, reduce anxi-
ety and depression, and other negative emotions [65],
leading to a more stable psychological state and more
positive emotional experiences, thus positively affect-
ing SWB. In addition, PE can also influence in a round-
about way SWB by means of psychological and social
mechanisms such as satisfying basic psychological needs,
enhancing perceived social support, and elevating exer-
cise self-efficacy [21, 45]. These findings further illustrate

that PE not only benefits individuals” health on a physio-
logical level but also contributes to enhancing well-being
on a psychological level.

The mediating effect of AS

AS functions as a bridge between PE and SWB, indi-
cating that AS could be a potential risk factor affecting
SWB. This finding aligns with the research of Liang [23],
confirming Hypothesis 2, which proposes that AS medi-
ates the association between PE and SWB. Liu et al. [29]
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Table 3 Pearson correlation

Variables PE AS SQ SWB VIF
PE 1 1.142
AS -0.357%* 1 1.808
SQ -0.251%%* 0.639%** 1 1.692
SWB 0.423%** -0.839*** -0.718%** 1

Note: VIF=Variance Inflation Factor, used to detect multicollinearity. Pearson
correlation coefficients: *p <0.05, **p < 0.01, ***p <0.001

conducted a study on adolescents and found that PE can
improve their mental health by alleviating AS, releasing
negative emotions, and reducing anxiety levels, thereby
significantly enhancing their life satisfaction and well-
being. According to the Conservation of Resources the-
ory (COR), individuals expend significant psychological
resources, such as self-control, attention, and emotional
regulation, when dealing with stress. For high school
students under significant AS, resource depletion may
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Table 4 Grade differences in SN, CON, AIRE, and BI
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Grade 10(n=150) Grade 11(n=181) Grade 12(n=165) F P

M SD M SD M sD
PE 4244 15.837 39.53 15.702 37.08 15.936 4.504 0.012
AS 4213 10.769 43.62 10.079 49.64 10.958 22.797 <0.001
SQ 8.82 3711 839 3.845 11.10 3.786 24.748 <0.001
SWB 19.29 2.230 9.24 2202 7.95 2276 18.991 <0.001

Note: F and pvalues are based on one-way ANOVA tests for differences across grades (Grade 10, Grade 11, Grade 12). Significant differences are indicated by p <0.001

Table 5 Hierarchical regression analysis of chain mediation effects

Outcome variable Predictor R R? F B SE t
variable
SWB 04591 0.2108 65.8407***
PE 0.0579 0.0059 9.8753***
Garde -0.5242 01172 -4 4712%%%
SWB 0.8812 0.7766 426.7059***
PE 0.0201 0.0033 6.0588***
AS -0.1262 0.0061 207417
SQ -0.1775 0.0163 -10.9140%**
Garde 0.0597 0.0647 0.9237
AS PE 04189 0.1755 52.45871*** -0.2218 0.0286 =7.7551%%%
Garde 3.1979 0.5717 5.5938***
SQ 0.6425 04127 115.2651%%*
PE -0.0069 0.0092 -0.7482
AS 0.2196 0.0137 16.0823***
Garde 03150 0.1787 1.7625

Note: Grade=Grade level (10, 11, or 12). F and pvalues indicate the significance of the model fit and predictors

Table 6 Analysis of chain intermediary effects among PE, AS, SQ,
and SWB using bootstrap method

Effect Efficiency BootSE 95% Cl 95% ClI
value lower upper
limit limit
Aggregate effect 0.0579 0.0059 0.0464 0.0695
Total direct effect 0.0201 00033 00136 0.0266
Total indirect effect 0.0378 0.0056  0.0267 0.0489
PE—->AS—SWB 0.0280 0.0046 0.0191 0.0369
PE—-SQ—-SWB 0.0012 0.0018 -0.0020 0.0049
PE—->AS—SQ—-SWB 0.0086 0.0016 0.0058 0.0121

Note: Boot SE=Bootstrap Standard Error, 95% Cl=95% Confidence Interval

lead to reduced coping abilities, resulting in anxiety
and depressive symptoms, ultimately diminishing their
SWB [66]. PE, by offering a positive coping strategy,
not only reduces the excessive depletion of psychologi-
cal resources but also helps restore these reserves [67].
Consequently, PE indirectly enhances SWB by alleviating
AS. AS acts as a mediating factor between PE and SWB,
highlighting the important function of PE in enhancing
students’ SWB.

The mediating role of SQ

In this research, SQ has a strong positive impact on SWB;
better SQ correlates with greater amounts of SWB, con-
sistent with the findings of Su and He [55]. However, the

regression path between PE and SQ is not significant,
demonstrating that SQ does not intermediary the rela-
tionship between PE and SWB, thus invalidating Hypoth-
esis 3. According to Negele et al. [68], PE can effectively
ameliorate short-term SQ in adolescents, and maintain-
ing regular PE helps sustain optimal SQ [69]. Yet, this
study found no significant impact between the two vari-
ables, this may be closely related to the unique lifestyle
and contextual factors of high school students, and it is
also possible that AS plays a more significant indirect
role between the two. It is hypothesized that this may be
due to the unique circumstances of high school students,
who often need to complete study tasks at night, increas-
ing the likelihood of nighttime eating or consuming caf-
feinated beverages. These unhealthy habits may negate
the favorable impacts of PE on sleep [70]. Additionally,
according to the stress-coping theory, PE may primarily
enhance SWB through direct emotional improvements,
such as the release of endorphins [18]. This physiologi-
cal mechanism can quickly generate positive emotions,
directly boosting well-being without necessarily depend-
ing on improved SQ. This may explain why PE can
directly enhance SWB but does not exert an indirect
effect on SWB through the improvement of SQ. Further-
more, as high school students’ sleep patterns are greatly
influenced by AS, AS may have a greater moderating
effect on SQ, thereby weakening the direct impact of PE
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Fig. 6 Mediating model of PE on SWB in high school students

on SQ. The positive effect of PE on SWB is likely achieved
primarily through an indirect pathway of alleviating AS,
rather than directly improving SQ [46]. In summary, this
study did not find a significant impact of PE on SQ, which
may be related to the unique lifestyle, unhealthy behav-
ioral habits, and specific contextual pressures of high
school students. This finding provides important insights
for further understanding the mechanisms through
which PE influences SWB in different contexts.

Analysis of the chain mediating role of AS and SQ on SWB

Research indicates that AS plays an important intermedi-
ary role in influencing PE on SQ, thereby influencing the
association between PE and SWB through a chain inter-
mediary pathway. A strong negative correlation exists
between AS and SQ, consistent with the findings of Yuan
et al. [53]. As individual AS increases, SQ deteriorates,
and vice versa. This suggests that AS, a prevalent source
of pressure for high school students, directly affects their
SQ, leading to difficulties in falling asleep and insufficient
sleep [71]. Furthermore, the study shows that while SQ
does not mediate the relationship between PE and SWB,
it does serve as a serial mediator between AS and SWB.
Deng et al. [48] discovered that elevated levels of AS lead
directly to not only poorer SQ but also contribute to
emotional disturbances, anxiety, and depression, which
subsequently result in sleep problems. AS may arise from
students’ excessive focus on academic issues or their
inability to find effective solutions. Giindogan [46] posits
that such stress disrupts individuals’ sleep patterns, mak-
ing it challenging to maintain healthy sleep. This rela-
tionship exhibits distinct characteristics in the context of
high school students. Compared to college students, high
school students’ stress is more concentrated on academic
performance, while compared to middle school students,
high school students experience an overlap of physiologi-
cal traits (e.g., a tendency for late-night habits) and social

0.0201%**

being

pressures (e.g., pressures related to higher education
entrance). This dual effect may further exacerbate the
negative impact of AS on SQ [50]. Overall, it is apparent
that AS is an important factor affecting high school stu-
dents’ SQ, with elevated levels of stress making SQ issues
more likely.

This study also employed the Bootstrap method to
validate the chain intermediary role of AS and SQ in
the favorable effect of PE on SWB, confirming Hypoth-
esis 4. This chain intermediary model offers a fresh
viewpoint for gaining deeper insights into the connec-
tion between PE and SWB. PE can enhance SWB not
only through direct pathways but also indirectly by alle-
viating AS and improving SQ. the conclusions back the
stress-buffering theory [72], indicating that PE serves as a
positive influencing factor that helps mitigate AS. PE can
release endorphins and lower levels of cortisol and other
stress hormones, reducing the negative impact of stress
on both physical and mental well-being [27]. By allevi-
ating AS, PE can indirectly ameliorate individuals’ SQ,
thereby enhancing SWB [51, 55]. Engaging in PE not only
strengthens the body but also helps reduce AS, amelio-
rate SQ, and increase individuals’ sense of happiness in
life. This has a vital part in maintaining students’ mental
health, enabling them to effectively cope with AS while
ensuring both physical and psychological well-being.

Research implications
For high school students, enhancing their SWB and
reducing the incidence of mental health issues is a con-
structive topic of discussion. This study focuses on the
impact of PE on SWB, exploring the chain intermediary
roles of AS and SQ in this process, which holds signifi-
cant theoretical and practical implications.

Theoretical Significance: This research offers a new
theoretical perspective and empirical evidence regard-
ing the association between PE and SWB. While previous
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studies have indicated that favorable impacts of PE on
individual SWB, further investigation into the underly-
ing mechanisms is needed. By introducing AS and SQ
as mediating variables, this research highlights the fun-
damental mechanism through which PE enhances SWB
by reducing AS and improving SQ, this finding not only
enriches the theoretical framework regarding the rela-
tionship between PE and mental health but also provides
a valuable reference for future research to further explore
the connections between exercise and mental health.

The practical significance of this study: For educators
and mental health practitioners, it is essential to recog-
nize the significance of PE in augment students’ SWB and
actively promote the implementation of physical educa-
tion courses and extracurricular activities to increase
student participation. Additionally, teachers need to pay
attention to students’ AS by flexibly adjusting course
structures and homework loads to help students bal-
ance their academic and personal lives, thereby promot-
ing mental health. Finally, educators should emphasize
the importance of SQ by providing relevant health edu-
cation to help students develop good routines, ensuring
their psychological and physical well-being. For high
school students, it is vital to actively participate in vari-
ous PE activities as an effective means to alleviate stress
and enhance well-being. Moreover, high school students
should learn to plan their study and rest time effectively
to ensure a balance between academic pursuits and over-
all health. Lastly, they need to prioritize SQ by establish-
ing a regular schedule to improve their attention and
learning efficiency, thereby augmenting their SWB. For
researchers, future studies should further explore the
differential impact of various types of PE on SWB and
examine other potential mediating and moderating fac-
tors to gain a comprehensive understanding of the mech-
anisms influencing well-being. Practitioners may also
refer to the findings of this study by incorporating PE,
AS management, and SQ improvement into intervention
programs to provide more personalized psychological
support services.

In summary, this study not only deepens our theo-
retical understanding of how PE affects SWB but also
furnishes new perspectives and support for health man-
agement, psychological counseling, and educational
policies in social practice, contributing significantly to
enhancing individual happiness and societal welfare.

Limitations

There are a few constraints in this study. First, it utilized
self-reporting methods, which may be influenced by
participants’ subjective willingness, leading to potential
response bias in the reported data. Future research could
consider incorporating objective measurement meth-
ods, such as sleep monitoring devices and AS assessment
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tools, to minimize the influence of subjective bias. Sec-
ond, the research utilized a cross-sectional design, which
cannot establish causal relationships between the vari-
ables. Future research could adopt a longitudinal design
to gain deeper insights into the long-term effects of PE,
AS, and SQ on SWB. Through more objective measure-
ments and repeated data collection, such studies could
more clearly reveal lagged effects and causal relation-
ships. Moreover, the study’s sample primarily consists
of Chinese high school students, which may restrict the
generalizability of the findings to students of other ages
or cultural backgrounds. The cultural context in which
the study was conducted could influence the applicabil-
ity of the findings to other cultural settings, as the ways
in which PE, AS, and SQ are conceptualized and expe-
rienced may differ across cultures due to varying soci-
etal norms, educational systems, and health practices.
To enhance the generalizability of these results, future
research should involve diverse populations, such as
university students, working adults, or individuals from
different cultural contexts. Cross-cultural studies com-
paring data from different countries or regions could
examine whether the relationships between PE, AS, SQ,
and SWB hold across cultural boundaries or if cultural
differences influence these relationships. This would
contribute to a deeper understanding of the universal or
context-dependent nature of the effects observed in this
study. Additionally, this study did not specifically account
for potential demographic imbalances, such as differ-
ences between urban and rural students, which could
influence the generalizability of the findings. Urban and
rural students may have different access to PE facilities,
different lifestyle habits, and varying levels of academic
or social stress, which could affect their SQ and SWB.
Future research should consider balancing demographic
characteristics more carefully to better reflect these
potential disparities. In addition, no significant relation-
ship was found between PE and SQ, possibly affected by
the duration of exercise; future studies could incorpo-
rate longer measurement periods for exercise to better
control for this variable. At the same time, future stud-
ies should explore the effects of different types of exer-
cise on SQ, as various forms of PE (e.g., aerobic exercise,
strength training) may have distinct impacts on improv-
ing SQ. Finally, this study primarily explored the impact
of PE on SWB and emphasized the chain mediating roles
of AS and SQ. However, it did not delve deeply into the
causal relationship whereby SQ might inversely influence
AS. Although this choice was made to focus on the theo-
retical core of the research, future studies could further
validate this inverse causal relationship through longitu-
dinal studies or experimental designs.
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Conclusion

This study holds significant importance for research on
high school students, as it reveals the direct impact of
PE on their SWB. It examines the chain intermediary
effects through AS and SQ. The findings indicate that PE
has a significant positive impact on SWB, with AS Act-
ing as an intermediary in the connection between PE and
SWB; however, SQ does not function as an intermediary.
Both AS and SQ act as chain mediators in the influence
of PE on SWB. The findings of this study provide empiri-
cal support for enhancing high school students’ SWB,
highlighting the crucial role of PE in mental health inter-
ventions. Based on this, educators and policymakers can
integrate PE into school practices, alongside measures to
reduce AS and improve SQ, thereby effectively enhancing
students’ well-being. This study offers practical guidance
for developing educational policies and implementing
targeted interventions to promote high school students’
mental health.
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