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Purpose: This study aimed to investigate the relationship between physical exercise and sleep quality among college students, 
focusing on the chain mediating roles of perceived stress and ruminative thinking.
Participants and Methods: A total of 955 college students completed questionnaires, including the Physical Activity Rating Scale 
(PARS-3), the Pittsburgh Sleep Quality Index (PSQI), the Perceived Stress Scale (PSS), and the Ruminative Thinking Response Scale 
(RRS). The PROCESS macro Model 6 and Bootstrap methods were used to analyze the mediating effects of perceived stress and 
ruminative thinking.
Results: (1) Negative correlations were found between physical exercise and sleep quality (r = −0.361, p < 0.01), perceived stress 
(r = −0.393, p < 0.01), and ruminative thinking (r = −0.503, p < 0.01). Positive correlations existed between sleep quality and 
perceived stress (r = 0.477, p < 0.01), as well as between sleep quality and ruminative thinking (r = 0.549, p < 0.01), and perceived 
stress and ruminative thinking (r = 0.550, p < 0.01). (2) Physical exercise significantly impacted college students’ sleep quality 
directly, with an effect size of −0.074. The relative proportion of indirect effects mediated by perceived stress and ruminative 
thinking was 20.59%, with individual effect sizes of −0.085 and −0.135 respectively, accounting for 23.89% and 37.93% of the total 
effect. (3) Additionally, there was a chain mediation effect with an effect size of −0.063, representing 17.59% of the total effect.
Conclusion: Physical exercise can reduce perceived stress to alleviate ruminative thinking, thereby improving sleep quality. The 
findings of this study provide a scientific basis for the development of mental health education and intervention strategies in colleges. 
Colleges should offer diverse physical activities and improve facilities to encourage student participation in exercise. College students 
should recognize the importance of physical exercise in enhancing sleep quality, actively engage in physical activities, learn 
psychological adjustment techniques, and cultivate healthy lifestyle habits.
Keywords: physical exercise, sleep quality, perceived stress, ruminative thinking, chain mediation

Introduction
Good sleep is essential for maintaining personal health and improving life quality. Currently, Chinese college students 
often suffer from short sleep duration and unhealthy sleep patterns.1 Short-term sleep deprivation can lead to reduced 
concentration, memory decline, and slower reaction times. Long-term sleep deprivation may trigger anxiety, depression, 
and even increase the risk of mental disorders.2 Therefore, addressing sleep quality issues among college students is 
significant.

Physical exercise is crucial for improving sleep quality among college students. Recent studies have primarily 
focused on behavioral patterns or psychological states, such as how exercise influences sleep quality through factors 
like smartphone addiction, happiness, and loneliness.3–5 However, less attention has been paid to cognitive processes. In 
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recent years, with the intensification of social competition and increased academic pressure, Chinese college students 
often find themselves in a state of continuous tension.6 This persistent stress has led to a gradual increase in perceived 
stress levels, severely disrupting students’ emotional and cognitive functions.7 Ruminative thinking causes students to 
repeatedly dwell on negative events or emotions, intensifying self-doubt and pessimistic expectations for the future, 
which in turn exacerbates anxiety and depression.8 These negative emotions and thought patterns not only impact 
students’ mental health but may also lead to health issues such as sleep disorders and impaired immune system function.9

Previous studies have primarily focused on the individual relationships between physical exercise and perceived 
stress, physical exercise and ruminative thinking, and physical exercise and sleep quality. However, these studies often 
overlook the interactions among these variables and their complex underlying mechanisms. This study attempts to 
establish a chain mediation model within an integrated framework to explore the mechanisms by which perceived stress 
and ruminative thinking mediate the effect of physical exercise on improving sleep quality among college students. This 
perspective not only extends the existing theoretical framework on how physical exercise enhances sleep quality in 
college students but also provides important scientific evidence for colleges to design extracurricular physical activity 
programs and psychological adjustment courses. The findings hold significant theoretical and practical value.

Theoretical Basis and Hypotheses
The Influence of Physical Exercise on Sleep Quality Among College Students
Physical exercise is a vital tool for enhancing both physical and mental health. Numerous studies confirm its effective-
ness in improving sleep quality and treating sleep disorders non-pharmacologically.10–13 Researchers in China have 
demonstrated that consistent exercise, such as the Baduanjin routine for 12 weeks, significantly improves sleep quality 
among college students.14 Active exercise habits correlate positively with subjective sleep quality improvement, leading 
to shorter sleep latency and higher sleep quality.15 Physiologically, exercise helps regulate the body’s circadian rhythm, 
inducing natural drowsiness at specific times of day.16 Psychologically, it fosters positive motivation, aiding in over-
coming sleep disturbances caused by negative mental states.17

Hypothesis 1: Physical exercise positively influences sleep quality among college students.

The Mediating Effect of Perceived Stress
Perceived stress involves individuals’ evaluations of external events and their stress responses. It encompasses not only 
the events themselves but also personal interpretations of their significance, emphasizing subjective cognitive and 
emotional reactions rather than just objective stressors.18

According to the Cognitive Phenomenon Logical Transactional (CPT) model, stress is conceptualized as a dynamic 
process encompassing both primary and secondary appraisals of a given situation,19 during the primary appraisal stage, 
physical exercise helps reduce the perceived severity of external stressors,20 in the secondary appraisal stage, the 
psychological and physiological benefits of exercise enhance individuals’ sense of coping resources, further lowering 
perceived stress.21 The cross-adaptation hypothesis suggests that physical exercise, as a stressor, prompts adaptive 
mechanisms that enhance resilience and calmness under pressure.22 The antagonistic inhibition hypothesis posits that 
physical activity alleviates psychological stress based on neuroimmunology.23,24 According to the stress-diathesis model, 
stress events may activate predispositions for depression, leading to sleep disorders.25 Several studies now show that 
perceived stress can negatively predict sleep quality, ie, the higher the level of perceived stress, the lower the quality of 
sleep. During the outbreak of COVID-19, insomnia played a mediating role between perceived stress and depression 
among medical students, and the weaker the individual’s resistance to stress, the worse the adaptation to stress, which led 
to insomnia, sleep anisotropy, and other problems; at the same time, insomnia itself exacerbates the level of perceived 
stress, which in turn creates a vicious cycle.26–32

Hypothesis 2: Perceived stress plays a mediating role in the impact of physical exercise on sleep quality among college 
students.
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The Mediating Effect of Ruminative Thinking
Ruminative thinking refers to the continuous, cyclical contemplation of causes, processes, consequences, and self- 
evaluations related to stressful events.33 It is defined as maladaptive, negatively impacting individuals by trapping 
them in negative emotions instead of taking action to resolve situations. This repetitive focus intensifies existing negative 
emotional states, potentially increasing emotional distress and psychological fatigue, affecting daily life and work 
performance.34

Ruminative thinking is considered a potential vulnerability factor for depression, with moderate-intensity exercise 
proven effective in treating severe depression.35 Since sleep disorders are core symptoms of depression, ruminative 
thinking may influence the effect of exercise on sleep quality.36 Cognitive theories of sleep maintenance propose that 
when individuals perceive sleep disturbances, a series of negative cognitive responses are triggered.37 In addition, several 
studies have shown that sleep disorders are associated with ruminative thinking that Sebastian Butz found that after 
a week of “daily self-compassion” intervention, ruminative thinking significantly decreased and sleep quality improved 
in patients with severe depression.38 Adam J. Guastella concluded that high ruminators had more intrusive thoughts 
before sleep and poorer sleep quality following stressful events.39

Hypothesis 3: Ruminative thinking plays a mediating role in the impact of physical exercise on sleep quality among 
college students.

The Chain Mediating Effect of Perceived Stress and Ruminative Thinking
Perceived stress positively influences ruminative thinking. According to Nolen-Hoeksema’s 1987 response style theory, 
individuals facing pressure may adopt three strategies: ruminative thinking, problem-solving, and distraction.40 Under 
prolonged high-pressure conditions, ruminative thinking becomes a favored approach. Stressful events exacerbate rumi-
native thinking, evidenced by its mediating role in the relationship between adolescent stress perception and problematic 
smartphone use.41,42 Perceived stress prompts individuals to engage in ruminative thinking, maintaining high cognitive 
activation, which catalyzes negative emotions and adversely affects sleep quality, exacerbating sleep disorders. Further 
evidence indicates that ruminative thinking is linked to emotional regulation imbalance, amplifying subjective stress and 
hindering adaptation and recovery after stressful life events.43 Higher stress levels significantly promote ruminative 
thinking occurrence; the stronger the stress, the more frequent and severe ruminative thinking becomes.44

Hypothesis 4: Perceived stress and Ruminative thinking play a chain mediating role in the impact of physical exercise on 
sleep quality among college students.

In summary, this study introduces perceived stress and ruminative thinking into research on the relationship between physical 
exercise and sleep quality among college students for the first time, constructing a chain mediation model (Figure 1).

Figure 1 Chain mediation hypothesis model of physical exercise, perceived stress, ruminative thinking, and sleep quality. 
Notes: This figure presents the hypothesized relationships among physical exercise, perceived stress, ruminative thinking, and sleep quality. The arrows indicate the 
direction of influence.
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Materials and Methods
Participants
This study is a cross-sectional research aimed at assessing the relationships between physical exercise, perceived stress, 
ruminative thinking, and sleep quality at a specific point in time. This study used convenience sampling, surveying 
college students in Shandong Province, China via Wenjuanxing. All methods were conducted in accordance with the 
Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects and other relevant laws, 
regulations and ethical norms. I have conducted the STROBE checklist of cross-sectional studies. The studies involving 
humans were approved by the Ethics Committee of Shandong University. Informed consent was obtained from the all 
participants. Prior to filling out the survey questionnaire, we thoroughly introduce to the participants the purpose of our 
research and our confidentiality policy. Out of 1059 questionnaires distributed, 955 valid responses were obtained after 
removing invalid ones due to irregular answering patterns or excessively short completion times, yielding a 90.1% valid 
return rate. The sample included 480 males and 475 females, with 630 undergraduates (66%), 183 postgraduates (19%), 
18 doctoral students (2%), and 124 students with associate degrees or lower (13%). Participants’ ages ranged from 18 to 
26 years (M ± SD 21.19 ± 2.122).

Measures
Physical Activity Rating Scale (PARS-3)
This study used the Physical Activity Rating Scale (PARS-3), a revised version of the Physical Activity Rating Scale 
(PARS-3) by Chinese scholar Liang Deqing, to assess participants’ physical activity levels.45 This scale focuses on 
intensity, frequency, and duration, quantified on a five-point Likert scale. The formula “exercise volume = frequency × 
(duration - 1) × intensity” is applied, with scores ≤19 indicating low exercise volume, 20–42 moderate volume, and 
≥43 high volume. The Cronbach’s alpha coefficient is 0.793, indicating good reliability.

Pittsburgh Sleep Quality Index (PSQI)
The PSQI is widely recognized as a reliable tool for sleep assessment.46 Adapted by Liu Xianchen et al for Chinese 
populations, it accurately evaluates college students’ sleep quality.47 Comprising seven factors and 18 questions, each 
rated from 0 to 3 based on severity, higher total scores indicate poorer sleep quality. A score above 7 signifies significant 
sleep disorders.48 The Cronbach’s alpha coefficient is 0.853, indicating good reliability.

Perceived Stress Scale (PPS)
The Chinese version of the Perceived Stress Scale, revised by Yang Tingzhong et al, contains 14 items scored on a five- 
point Likert scale.49 Reverse scoring applies to questions 4, 5, 6, 7, 9, 10, and 13. Higher total scores indicate greater 
perceived stress intensity. The Cronbach’s alpha coefficient is 0.904, indicating good reliability.

Ruminative Response Scale (RRS)
The RRS, originally developed by Nolen-Hoeksema and Morrow and adapted for China by Han Xiuyu and Yang 
Hongfei, includes 22 items divided into symptom ruminative thinking, intrusive thinking, and reflective pondering 
dimensions.7 Using a four-point Likert scale, higher scores suggest a stronger tendency towards ruminative thinking. The 
Cronbach’s alpha coefficient is 0.965, indicating good reliability.

Results
Control and Examination of Common Method Bias
The data collected in this study were derived from questionnaire surveys, which may introduce the risk of common 
method bias. To mitigate this potential bias, reverse-coded items were incorporated into the questionnaire to detect and 
reduce mechanical responses from participants. Additionally, the order of questions was randomized to prevent patterned 
responses. Harman’s single-factor test was conducted to assess the presence of common method bias. The results 
indicated that five factors had eigenvalues greater than 1, with the first factor accounting for 34.787% of the variance, 
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which is below the critical threshold of 40%.50 Based on these findings, it can be concluded that the data collected in this 
study were not significantly affected by common method bias, ensuring a high level of data reliability.

Descriptive Statistics and Correlation Analysis
The mean values, standard deviations, and descriptive statistics along with correlation analyses for the variables involved 
in the present study are illustrated in Table 1. Physical exercise showed a significant negative correlation with sleep 
quality (r = −0.361, p < 0.01), perceived stress (r = −0.393, p < 0.01), and ruminative thinking (r = −0.503, p < 0.01). 
Conversely, sleep quality exhibited a significant positive correlation with perceived stress (r = 0.477, p < 0.01) and 
ruminative thinking (r = 0.549, p < 0.01). Likewise, perceived stress was significantly and positively correlated with 
ruminative thinking (r = 0.550, p < 0.01).

The Mediation Effect Test
In this study, physical exercise served as the independent variable, sleep quality as the dependent variable, and 
perceived stress and ruminative thinking as mediating variables. Demographic variables such as gender, age, and 
degree were controlled to minimize confounding effects and enhance the explanatory power of the model. Using SPSS 
26.0 and the PROCESS 4.1 plugin, the chain mediation effects of perceived stress and ruminative thinking in the 
relationship between physical exercise and sleep quality were tested. Model 6 was chosen, and bootstrapping was 
performed 5000 times while calculating the 95% confidence interval. The results are shown in Table 2: Physical 
exercise significantly negatively influenced college students’ sleep quality (β = −0.357, p < 0.001), indicating that the 
higher the level of physical exercise, the better the sleep quality (since a higher total score on the sleep quality index 
represents poorer sleep quality). Physical exercise also significantly negatively affected perceived stress (β = −0.392, 

Table 1 Descriptive Statistics and Correlation Analysis of 
Variables

Variable M SD PE SQ PS RT

PE 25.37 24.692 1

SQ 6.43 4.043 −0.361** 1
PS 37.46 13.277 −0.393** 0.477** 1

RT 48.75 18.303 −0.503** 0.549** 0.550** 1

Notes: *P<0.05, **P<0.01, ***P<0.001. 
Abbreviations: PE, physical exercise; SQ, sleep quality; PS, perceived stress; RT, 
ruminative thinking.

Table 2 Mediated Effects of Perceived Stress and Ruminative Thinking Regression Models

Variable SQ PS RT SQ

β t β t β t β t

Gender −0.186 −3.065** −0.148 −2.472* 0.101 1.976* −0.169 −3.180**

Age 0.007 0.496*** 0.010 0.681 0.018 1.509 −0.004 −0.282

Degree −0.128 −4.402 −0.131 −4.557*** −0.028 −1.134 −0.068 −2.649**
PE −0.357 −11.772*** −0.392 −13.098*** −0.352 −12.726*** −0.074 −2.367*

PS 0.416 15.078*** 0.218 6.826***

RT 0.385 11.426***

R 0.395 0.422 0.637 0.601

R2 0.156 0.178 0.405 0.362

F 44.011*** 51.395*** 129.317*** 89.452***

Notes: *P<0.05, **P<0.01, ***P<0.001. 
Abbreviations: PE, physical exercise; SQ, sleep quality; PS, perceived stress; RT, ruminative thinking.
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p < 0.001) and ruminative thinking (β = −0.352, p < 0.001). Perceived stress had a significant positive impact on 
ruminative thinking (β = 0.416, p < 0.001) and sleep quality (β = 0.218, p < 0.001); similarly, ruminative thinking had 
a significant positive impact on sleep quality (β = 0.385, p < 0.001).

Based on the content shown in Table 3, the direct effect of physical exercise on sleep quality among college 
students is −0.074, with a relative mediating effect ratio of 20.59%. The Bootstrap 95% confidence interval does not 
include zero (LLCL = −0.134, ULCL = −0.013), indicating that appropriate physical exercise can significantly improve 
sleep quality among college students. Subsequently, the mediating roles of perceived stress and ruminative thinking 
were separately tested in the relationship between physical exercise and sleep quality among college students.

Perceived stress has an indirect effect of −0.085 in the impact of physical exercise on sleep quality among 
college students. Its Bootstrap 95% confidence interval ranges from LLCL = −0.113 to ULCL = −0.057, which 
does not contain zero, with a relative mediating effect ratio of 23.89%. This suggests that perceived stress plays 
a significant mediating role in the impact of physical exercise on sleep quality among college students, and that 
college students can reduce their level of perceived stress and thus improve their sleep quality through appropriate 
physical exercise.

Ruminative thinking has an indirect effect of −0.135 in the influence of physical exercise on sleep quality among 
college students. Its Bootstrap 95% confidence interval ranges from LLCL = −0.165 to ULCL = −0.109, which does 
not contain zero, with a relative mediating effect ratio of 37.93%. This indicates that ruminative thinking has an 
independent mediating effect in the process of physical exercise influencing sleep quality among college students, 
and that this effect is significant. College students can reduce the degree of ruminative thinking and thus improve 
sleep quality through appropriate physical exercise.

Finally, the chain mediation effect of perceived stress and ruminative thinking in the impact of physical 
exercise on sleep quality among college students was tested. The indirect effect of the serial mediation path 
(physical exercise → perceived stress → ruminative thinking → sleep quality among college students) is −0.063, 
with a relative mediating effect ratio of 17.59%. Its Bootstrap 95% confidence interval ranges from LLCL = 
−0.082 to ULCL = −0.046, which does not contain zero, suggesting that perceived stress and ruminative thinking 
play a chain mediation role in the impact of physical exercise on sleep quality among college students. Based on 
the above analysis results, a serial mediation model diagram for the impact of physical exercise on sleep quality 
among college students (Figure 2) was constructed.

Table 3 Mediating Effects of Perceived Stress and Ruminative Thinking

Path Effect Boot SE Boot 95% 
CI Lower Limit

Boot 95% 
CI Upper Limit

Relative  
Mediation Effect

PE→PS→SQ (Ind1) −0.085 0.014 −0.113 −0.057 23.89%

PE→RT→SQ (Ind2) −0.135 0.015 −0.165 −0.109 37.93%
PE→PS→RT→SQ (Ind3) −0.063 0.009 −0.082 −0.046 17.59%

Total indirect effect −0.284 0.020 −0.032 −0.246 79.41%

Direct effect −0.074 0.031 −0.134 −0.013 20.59%
Total effect −0.357 0.030 −0.417 −0.297 100.00%

C1 (Ind1-Ind2) 0.050 0.022 0.007 0.094 14.03%

C2 (Ind1-Ind3) −0.023 0.019 −0.058 0.016 6.30%
C3 (Ind2-Ind3) −0.073 0.016 −0.103 −0.042 20.36%

Abbreviations: PE, physical exercise; SQ, sleep quality; PS, perceived stress; RT, ruminative thinking.
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Discussion
The scales used in this study are retrospective tools designed to reflect participants’ recent states. For example, the PARS- 
3 scale asks participants to recall their physical exercise habits over the past month, while the PSQI scale measures sleep 
quality during the previous month. Furthermore, the scales used in this study have been widely employed in other short- 
term studies and have demonstrated reliable results.7,45,46,49,51 Therefore, the time frame of the current study is capable of 
capturing the immediate effects of physical exercise on sleep quality, as well as the mediating role of psychological 
factors.

Impact of Physical Exercise on Sleep Quality Among College Students
The study controlled for demographic variables such as gender, age, and degree, examined the influence of physical 
exercise on sleep quality and analyzed the serial mediating effects of perceived stress and ruminative thinking. It was 
found that physical exercise and sleep quality exhibit a significant negative correlation. However, it should be noted that 
the scoring criteria of the PSQI used in this study indicate that higher scores represent poorer sleep quality, while lower 
scores actually reflect better sleep conditions. Thus, the inverse association observed between physical exercise and sleep 
quality is, in fact, indicative of a positive impact. Hence, Hypothesis H1 is supported.

Regular and moderate physical exercise not only enhances physical health but also optimizes sleep quality effectively. 
Kong Haijun’s meta-analysis revealed that physical exercise has a positive and significant therapeutic effect on sleep 
disorders among college students. Practices such as fitness Qigong, aerobics, Tai Chi, aerobic exercises, and yoga have 
been proven to significantly decrease the total score of the PSQI, thereby improving sleep quality among college 
students.52 Part of this effect is attributed to the positive impact of physical exercise on melatonin secretion patterns. 
Melatonin, an important hormone in the human body, is regulated by light exposure and circadian rhythms. Regular and 
moderate physical activities, particularly those conducted during the day, can promote melatonin secretion at night, 
enhancing nocturnal sleepiness and facilitating the onset of sleep. Long-term adherence to physical exercise can 
significantly improve the regularity and stability of melatonin secretion, contributing to the establishment and main-
tenance of a healthy and stable sleep-wake cycle.53

Mediating Role of Perceived Stress
The study findings indicate that physical exercise can affect sleep quality among college students through the mediating 
effect of perceived stress. Therefore, Hypothesis H2: Perceived stress mediates the effect of physical exercise on sleep 
quality among college students, is confirmed.

Physical exercise, as a positive lifestyle intervention, has been widely studied and recognized for its beneficial impact 
on mental health and sleep quality. Its mechanisms are complex and multifaceted, encompassing physiological, 
psychological, and sociological domains. Physical exercise triggers the release of various neurotransmitters with 

Figure 2 Path Analysis of the Chain Mediation Model. 
Notes: This figure displays the results of the path analysis testing the chain mediation model. ***indicates statistical significance at p < 0.001.
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psychological regulatory functions, including endorphins, serotonin, and dopamine.54 The endorphin hypothesis proposes 
that when exercise intensity reaches a certain threshold, it increases endorphin levels in the body.55 Endorphins, natural 
painkillers, significantly enhance feelings of happiness and relaxation; serotonin plays a crucial role in mood stabilization 
and sleep regulation; and dopamine, known as the “happiness hormone” is vital for the generation of pleasure and 
maintenance of motivation.54 The synergistic action of these neurotransmitters not only effectively alleviates stress and 
anxiety but also contributes to improved sleep quality. Engaging in physical exercise temporarily removes individuals 
from daily stressors, providing a positive and energy-consuming activity. By expending energy and focusing attention on 
physical activity, it effectively reduces excessive focus on stressful events and promotes the reallocation of psychological 
resources.56 Team sports or group fitness activities offer opportunities for social interaction. Under the drive of shared 
goals, supportive networks are established among participants, which positively impacts stress reduction and sleep 
improvement.55

Mediating Role of Ruminative Thinking
The study results demonstrate that physical exercise can influence sleep quality among college students through the 
mediating effect of ruminative thinking. Therefore, Hypothesis H3: ruminative thinking mediates the effect of physical 
exercise on sleep quality among college students, is confirmed.

Research has revealed the efficacy of mind-body training (Mental and physical training, MAP), which combines 
relaxation techniques like meditation with regular aerobic exercise, in regulating ruminative thinking and positively 
impacting mental health.57 Participation in physical exercise effectively diminishes persistent negative emotions, 
significantly reducing the degree of ruminative thinking, which is critical for mental health enhancement. For college 
students, who often face multiple pressures from academics and social interactions, leading to overthinking and anxiety, 
which in turn affects sleep quality, regular physical activities such as running, swimming, or team sports help balance 
hormonal levels within the body. Specifically, they lower cortisol concentrations (a stress hormone) and increase levels of 
serotonin and dopamine, the “happiness hormone”.54 These changes alleviate symptoms of anxiety and depression, 
helping individuals detach from negative emotions and ceaseless self-reflection, fundamentally alleviating sleep disorders 
caused by high levels of ruminative thinking. This not only boosts daytime energy and academic efficiency among 
college students but also enhances overall mental health and quality of life.

The Chain Mediation Path of Perceived Stress and Ruminative Thinking
The study finds that physical exercise influences sleep quality among college students through the serial mediating effects 
of perceived stress and ruminative thinking. Therefore, Hypothesis H4: Perceived stress and ruminative thinking serially 
mediate the effect of physical exercise on sleep quality among college students, is supported.

In exploring the biological mechanisms underlying depression, dysregulation of the hypothalamic-pituitary-adrenal 
(HPA) axis is considered a central pathology closely associated with the development of depression. Both perceived 
stress and ruminative thinking are seen as potential factors in the onset and exacerbation of depression.25 Adopting an 
active lifestyle involving physical exercise has been shown to mitigate the HPA axis’ exaggerated response to acute stress 
and enhance its recovery capacity, potentially interrupting or alleviating depression triggered by perceived stress and 
ruminative thinking.58,59 When individuals encounter stressful events, they often fall into a state of ruminative thinking, 
and if this occurs close to bedtime, it delays the onset of sleep and degrades sleep quality.7 Relevant studies point out that 
ruminative thinking induced by stress keeps individuals in a state of heightened cognitive alertness, which not only fails 
to assist them in effectively coping with stressors but also triggers a series of negative emotions, such as anxiety and 
panic. These negative emotions, in turn, exacerbate sleep disorders, forming a vicious cycle.31,60 Physical exercise 
reduces perceived stress, thereby inhibiting ruminative thinking and ultimately improving sleep quality. LaRocque and 
Harkness, through a randomized controlled trial, demonstrated that both aerobic exercise and various styles of yoga 
significantly decrease perceived stress and ruminative thinking, even rivaling the effectiveness of medication alone.61

This study includes gender, age, and degree as control variables. However, previous research has suggested that males 
and females may differ in emotional responses, stress management, or sleep patterns. These differences may influence 
sleep quality or perceived stress through physiological, psychological, or socio-cultural factors.62,63 For example, females 
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may be more prone to perceiving higher levels of stress or are more likely to experience anxiety and depression, factors 
that could impact their sleep quality.64,65 With increasing age and academic progression, individuals may face greater 
academic pressure and societal expectations,66,67 which could intensify the frequency of ruminative thinking and 
negatively affect sleep quality. Future research will refine the experimental procedures, increase and diversify the sample 
size, and employ stratified analysis or interaction effect analysis to further explore how these variables interact and 
influence the relationship between physical exercise, perceived stress, ruminative thinking, and sleep quality.

Practical Implications
Physical exercise can reduce perceived stress, alleviate ruminative thinking, and thereby improve sleep quality. 
Therefore, college students should be encouraged to actively engage in physical exercise as an essential part of 
a healthy lifestyle. This requires collaborative efforts from the government, schools, and individuals.

The government should develop relevant policies and plans based on research findings to promote the establishment 
of a comprehensive physical exercise system and mental health support system in colleges. Policies could be introduced 
to require colleges to increase the proportion of physical education courses, ensuring students receive regular physical 
exercise. Additionally, the government should encourage colleges to establish counseling centers to provide more mental 
health support, such as regular mental health screenings and counseling services. The government could also support 
colleges in organizing diverse stress-relief activities, including Mental Health Awareness Months, meditation and yoga 
courses, and relaxation workshops, to help students reduce academic pressure and anxiety.

Colleges and educational institutions should inspire student participation by offering a variety of physical activities 
and well-equipped sports facilities. Schools can organize campus sports events, club sports competitions, or fitness 
classes, such as aerobics, badminton, and football, to raise awareness about the importance of physical exercise. At the 
same time, the availability and flexibility of sports facilities should be ensured, allowing students to exercise at their 
convenience.

For individual college students, recognizing the importance of physical exercise in relieving stress, reducing 
ruminative thinking, and improving sleep quality can motivate them to participate in physical activities and adopt 
positive psychological adjustment strategies. Students can reduce academic and life stress by engaging in regular running 
or participating in group sports. Additionally, by attending counseling courses, meditation, or yoga, they can cultivate 
good psychological regulation abilities, further enhancing their self-management skills. This not only improves their 
overall health but also helps them develop positive lifestyle habits and a healthy way of living, laying a solid foundation 
for their future health.

Limitations of the Study
However, this study has certain limitations. First, the use of questionnaires to measure sleep quality may introduce 
potential biases and limitations in objectivity. To more comprehensively capture sleep patterns, future research could 
consider incorporating objective physiological measurement tools, such as polysomnography and electroencephalogra-
phy, to provide more reliable physiological evidence, thereby enhancing the accuracy and reliability of the findings.

Second, due to the cross-sectional design of this study, which aimed to assess the relationships between physical 
exercise, perceived stress, ruminative thinking, and sleep quality at a specific point in time, it is difficult to explore the 
causal mechanisms between physical activity and sleep quality in depth. Additionally, this study analyzed the relationship 
between physical exercise and sleep quality through retrospective questionnaires, but this design cannot capture the long- 
term cumulative effects of physical exercise. Future research could adopt a longitudinal design or intervention studies to 
track changes in individuals’ physical activity levels and sleep quality over time, in order to more fully elucidate the 
causal relationship and underlying mechanisms.

Third, this study only examined the mediating roles of perceived stress and ruminative thinking in the relationship 
between physical exercise and sleep quality among college students. Other variables, such as social support, psycholo-
gical resilience, and mindfulness, may also play a significant role. Future research should incorporate more relevant 
psychological and social factors for a comprehensive analysis. In this study, demographic variables such as gender, age, 
and degree were included as control variables, but their effects were not explored in depth. Future studies will further 
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optimize the experimental design, expand and diversify the sample size, and employ stratified or interaction effect 
analysis to explore the potential moderating or mediating roles of gender, age, and degree in the relationship between 
physical exercise, perceived stress, ruminative thinking, and sleep quality, thus providing more comprehensive support 
for the research conclusions.

Conclusion
This study found that, first, there are significant correlations among physical exercise, perceived stress, ruminative 
thinking, and sleep quality. Second, physical exercise significantly negatively predicts sleep quality in college students. 
Finally, perceived stress and ruminative thinking not only serve as simple mediators in the relationship between physical 
exercise and sleep quality, but also exert a chain-mediated effect on sleep quality through perceived stress and ruminative 
thinking, meaning that improving sleep quality can be achieved by reducing perceived stress and controlling ruminative 
thinking. This research finding also provides a scientific basis for the design of mental health education and intervention 
strategies in colleges. Colleges should encourage students to actively engage in physical exercise by offering a variety of 
sports activities (such as sports events and fitness classes) and providing well-equipped sports facilities. College students, 
in turn, should recognize the important role of physical exercise in improving sleep, actively participate in exercise, and 
learn psychological adjustment techniques (such as meditation and yoga) to alleviate stress, reduce ruminative thinking, 
and thereby improve sleep quality.
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