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become a sleep disorder if sleep issues are not treated 
for an extended period. This can result in mental health 
issues, like depressive and anxious disorders [3] as well as 
an increased risk of suicidal thoughts [4]. In the United 
States, more than two-thirds of adolescents sleep less 
than eight hours per night [5]. According to a Jorda-
nian survey, two-thirds of university students reported 
that their sleep was either very poor or fairly poor [6]. 
A lot of Chinese university students have trouble sleep-
ing [7]. In Guangdong Province, China, research on stu-
dents’ sleep quality discovered that 48.18% (1217/2526) 
of 2,526 university students had varying degrees of sleep 
disorders [8]. More than 50% of people worldwide suf-
fer from sleep disturbances. 33% of adults say they have 
had insomnia symptoms, which include difficulty falling 
or staying asleep, waking up early, poor sleep quality, and 
the inability to regain energy [9]. Although the frequency 

Introduction
A thorough assessment of the length and effectiveness 
of sleep onset and the quantity of deep sleep is known 
as sleep quality [1]. Good sleep quality is crucial to nor-
mal physiological and psychological functioning. For 
university students, long-term sleep deprivation can 
affect their academic life and cause their academic per-
formance to decline [2]. Endocrine disruption may 
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Abstract
Background  Colleges and universities are currently facing the major public health issue of poor sleep quality. Sleep 
quality must be taken seriously to maintain the students’ emotional and physical well-being. Thus, this study sought 
to determine how university students’ levels of physical activity related to the quality of their sleep, as well as to 
explore the mechanisms via which physical activity affects sleep and provide suggestions for improving it.

Methods  A total of 883 university students from Ganzhou City, Jiangxi Province, China participated in the study. Their 
physical activity, sleep quality, ruminative thinking levels, and depression were assessed using various questionnaires.

Results  Through the mediating effects of rumination and depression as well as the chain-mediated effects of these 
two factors, physical exercise changed the quality of sleep.

Conclusion  University students’ sleep quality can be improved by increasing their physical activity and decreasing 
ruminative thinking and depression levels.
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of sleep disorders differs internationally and locally, there 
is a global increase in public and healthcare environ-
ments [10–12]. Therefore, this study aimed to identify 
the potential mechanisms that affect sleep quality by 
integrating psychological and physiological factors and to 
offer theoretical information and practical data to univer-
sity students to enhance their sleep quality.

There is a negative correlation between poor sleep 
quality among university students and the degree of 
physical activity within a given range; this is an impor-
tant driver of sleep quality [13]. A three-year Chinese 
survey of 827 university students revealed a link between 
sleep and physical activity [14]. According to a systematic 
review on how exercise affects the quality of sleep con-
ducted in Hungary, moderate physical activity benefited 
young people’s sleep quality [15]. A global poll of uni-
versity students revealed that the majority of those with 
inadequate sleep also lacked exercise [16]. Additionally, 
various studies have demonstrated that regular exercise 
is essential for enhancing sleep quality [17, 18]. Conse-
quently, we propose the following hypothesis:

H1: There is a negative correlation between the degree 
of poor sleep quality among university students and the 
degree of physical activity within a given range.

Studies that consider numerous factors simultaneously 
are scarce, despite the abundance of research on the asso-
ciation link quality of sleep and physical activity.

Rumination may be one such significant factor in the 
relationship among exercise and the quality of sleep. 
The concept of rumination was first proposed by Nolen-
Hoesksema, who described it as passive, repeated, and 
prolonged contemplation of the reasons and detrimen-
tal consequences of unpleasant feelings in the face of 
a stressful event without actively solving the problem 
[19]. A Danish study examined the relationship between 
rumination and the quality of sleep. among 126 young 
adults found that rumination was remarkably and posi-
tively connected with overall Pittsburgh Sleep Quality 
Index scores, underlining the independent contribution 
of rumination to sleep quality [20]. Randomized con-
trolled trials in Germany and a study in Australia showed 
that rumination caused individuals difficulty in enter-
ing or maintaining sleep, which in turn affected sleep 
quality [21, 22]. Therefore, ruminative thinking may 
be a significant indicator of sleep caliber. Furthermore, 
physical exercise was discovered to be an adverse indi-
cator of rumination. in a study of depression and physi-
cal activity among university students from China [23]. 
Increased physical exercise may reduce rumination in 
people, thus tangentially improving sleep quality. Physi-
cal exercise is an environmental factor that promotes 
neuroplasticity. Studies show that physical activity pro-
motes changes in brain structure and function [24]. 
Physiologically, physical activity stimulates the brain to 

secrete neurotransmitters such as dopamine and endor-
phins. Dopamine creates a sense of pleasure and endor-
phins have a similar effect to natural painkillers. They 
help improve the mood, thus reducing the likelihood of 
experiencing negative emotions and rumination. Psycho-
logically, physical exercise can be a form of distraction. 
During exercise, people focus their attention on specific 
things, such as body movements and the exercise envi-
ronment. Consequently, the brain has no time to think on 
negative emotions and events, thus reducing rumination. 
Moreover, long-term adherence to physical exercise can 
enhance a sense of self-efficacy, leading to more positiv-
ity and confidence in the face of problems. This reduces 
negative emotions and inhibits rumination. Therefore, 
their biological and psychological benefits cannot be 
ignored. Based on these studies, we put out the following 
hypothesis:

H2: Physical exercise negatively anticipates rumina-
tive thinking, Ruminative thinking and sleep quality are 
positively connected, and physical exercise predicts the 
quality of sleep by way of ruminative thought’s mediating 
function.

Exercise, depression, and sleep quality may all be sig-
nificantly correlated. Prior studies have demonstrated 
that depression is a strong predictor of sleep issues and 
lowers the quality of sleep. According to a Chinese study 
regarding the link between depression and sleep qual-
ity, sickness, and general features, depression can result 
in different degrees of insomnia, wakefulness during 
the night, and other sleep disturbances [25]. Accord-
ing to an Australian sample of 741 teenagers, depressive 
symptoms strongly influenced the associations between 
age, short sleep duration, and sleep quality [26]. Several 
studies have demonstrated that people who have rela-
tives that are affected by anxiety and depression are more 
inclined to suffer from inadequate sleep [27, 28]. As a 
result, depression may significantly predict low-quality 
sleep. Exercise has been found to enhance sleep quality 
and reduce anxiety and depressive symptoms [29, 30] 
Physical activity may attenuate depressive mood and 
thereby improve sleep quality. Therefore, hypothesis H3 
is proposed.

H3: Depression and sleep quality are positively 
connected, exercise has a negative correlation with 
depression. and depression acts as a moderator in the 
relationship between university students’ sleep quality 
and physical exercise.

Studies have reported a correlation between rumi-
nation level and depressed mood. The response style 
theory of rumination states that one significant risk fac-
tor for depression is ruminating. which is triggered by 
repeated thoughts about negative events that result in a 
rise in unpleasant emotional experiences [31, 32]. A sur-
vey of 127 adolescents found that negative cognition and 
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self-schemas resulting from rumination interacted with 
stressful life events, which in turn exacerbated depression 
[33]. We propose the following hypothesis in light of this:

H4: Depression and ruminative thinking operate as 
mediators between physical exercise and sleep quality.

There are also multiple theories within the sport psy-
chology and health science body of theory that support 
this study. For example, the stress-recovery theory of 
physical activity suggests that moderate activity disrupts 
homeostasis and the body initiates self-repair, which 
involves neuroendocrine regulation and is related to 
sleep regulation, supporting the effect of physical activ-
ity on sleep quality [34]. Cognitive-emotional processing 
theory suggests that individuals have cognitive experi-
ences during physical activity and that rumination is a 
deep cognitive process that triggers more rumination 
when faced with difficult challenges [35]. According to 
the cognitive susceptibility model of affective disorders, 
prolonged excessive rumination increases the susceptibil-
ity to negative emotions, which may lead to depression, 
and it may interfere with neurotransmitter balance, alter 
the perception of psychological stress, and affect sleep 
quality [36]. These theories lead to the research question 
of the effect of physical activity on sleep quality and the 
chain-mediated role of rumination and depression levels 
in college students, which needs to be explored in depth 
to find out the complex relationship and the underlying 
mechanisms.

There is a lot of curiosity in how exercise, both direct 
and indirect, affects the quality of sleep. However, no 
study has demonstrated how rumination and depres-
sion mediate this association. Thus, the purpose of this 
research was to investigate the nature of the connection 
between physical exercise and sleep quality, as well as 
whether depression and rumination operate as associa-
tive mediators in this relationship. The four aforemen-
tioned hypotheses were investigated (Fig. 1).

Materials and methods
Procedure and participants
Convenience sampling was used to conduct a cross-sec-
tional study of Jiangxi Province’s Chinese university stu-
dents. The survey included basic personal information, 
the Ruminative Thinking Scale (RRS-CV), Self-Rating 
Depression Scale (SDS), Physical Activity Rating Scale 
(PARS-3), and Pittsburgh Sleep Quality Index (PSQI). 
Every participant provided their informed consent to 
participate in the study, and the sample size was deter-
mined using a sample-to-variable ratio, suggested by 
a minimum observation-to-variable ratio of 5:1 [37]. 
Participants completed the questionnaires in class and 
returned them on the spot. Each questionnaire took 
5–15 min to complete.

Measures and instruments
Physical activity rating scale (PARS-3)
The Physical Activity Rating Scale (PARS-3) was used to 
measure physical exercise levels [38]. The three dimen-
sions of exercise that this scale assesses are the intensity, 
duration, and volume of exercise. Total workout volume 
is equal to intensity times time and frequency. There 
is a maximum of 100 points and a minimum of 0, with 
intensity and frequency graded from 1 to 5, with 1 to 5 
points, and time graded from 1 to 5, with 0 to 4 points, 
respectively. The following points are used to determine 
the amount of exercise: ≤19 for small, 20–42 for medium, 
and > 43 for large. In this study, the Cronbach’s alpha 
coefficient for this scale was 0.721.

Ruminative response scale (RRS)
The rumination level was assessed using the Rumina-
tion Response Scale (RRS) [39]. The scale consists of 22 
items across three dimensions: symptomatic rumina-
tion, obsessive thinking, and introspective deep thinking. 
Higher scores indicate a stronger tendency to rumi-
nate. The measure is graded on a 4-point Likert scale: 
1 = never; 4 = constantly. In this study, the Cronbach’s 
alpha coefficient for this scale was 0.936.

Self-rating depression scale (SDS)
Depression was evaluated using the Depression Self-Rat-
ing Scale [40]. Twenty items on the scale are graded using 
a Likert scale with 4 points: “1” means not at all or never, 
“2” means sometimes, “3” means frequently, and “4” 
means mostly or always. Each item’s score was totaled up 
to get an approximate total score, which was then multi-
plied by 1.25 using the Chinese norm. The total number 
was taken as the final standardized score, and the sever-
ity of the symptoms increased with a higher standardized 
score. When assessing depression, a score of 53 or below 
was considered normal, a score of 53 to 62 indicated 
mild depression, a score of 63 to 72 indicated moderate 

Fig. 1  Hypothetical modelling of the path of physical activity’s effect on 
sleep quality
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depression, and a score of 72 or higher indicated severe 
depression. In this study, the Cronbach’s alpha coefficient 
for this scale in this study was 0.813.

Pittsburgh sleep quality index (PSQI)
The Pittsburgh Sleep Quality Index (PSQI) was used to 
assess the quality of sleep, an 18-item self-assessment 
scale with scores ranging from 0 to 21. The scale evalu-
ates an individual’s sleep over a period of one month [41]. 
Higher scores correspond to lower sleep quality. In this 
study, the Cronbach’s alpha coefficient for this scale was 
0.825.

Statistical analysis
First, the EpiData 3.1 software was used for double entry 
into the computer, and valid data were obtained after 
deleting missing questionnaires. For statistical analysis, 
the SPSS software (version 26.0) was utilized, which was 
performed for demographic variables using descriptive 
statistics. A test for common method bias was run on the 
gathered information. Pearson correlation analyses were 
performed on the main study variables and t-tests were 
performed for between-group comparisons of the vari-
ables. The PROCESS plug-in’s Model 6 was used to inves-
tigate how physical exercise affects sleep quality through 
a chain reaction.

Results
Common method bias test
Harman’s one-factor test was used to examine the sample 
for common method bias in order to ascertain the con-
sistency of the results. The first component accounted 
for 20.63% of the variance, which is less than the cru-
cial criterion of 40%. There was no discernible common 
approach bias in the data, according to the results, which 
showed that 14 factors had eigenvalues larger than one.

Descriptive statistics
Basic information on survey respondents
A total of 958 questionnaires were circulated and 883 
valid questionnaires (92.17% of the total) were received 
after qualifying and reviewing the responses. The sample 

comprised 439 males (49.7%) and 444 women (50.3%). 
The age range of the participants was 16 to 24 years.

Depression, sleep quality, and physical activity
Of the 883 university students surveyed, physical exer-
cise was low intensity for 666 (75.4%), medium intensity 
for 151 (17.1%), and high intensity for 66 (7.5%). Sleep 
quality was very good (0 ≤ PSQI ≤ 5) for 457 (51.8%) and 
okay (6 ≤ PSQI ≤ 10) for 364 (41.2%) students, while oth-
ers accounted for the remaining 10%. Furthermore, 568 
(64.3%) participants had no depression, 261 (29.6%) 
had mild depression, and 6.1% had moderate-to-severe 
depression.

Correlation analysis
Physical activity, ruminative thinking, depression, and 
sleep quality showed statistically significant correla-
tions, as shown in Table 1. According to correlation stud-
ies, exercise has a negative correlation with rumination, 
depressive mood, and sleep quality (p < 0.05, p < 0.01, and 
p < 0.05, respectively). Physical activity differed across 
genders (p < 0.01), while age was not correlated with any 
of the indicators, except for sleep quality. Further t-tests 
were conducted on students of different genders. Table 2 
shows that female students had significantly lower physi-
cal activity, higher rumination, higher depression, and 
poorer sleep quality than male students (p < 0.05).

Table 1  Variable means, standard deviations, and correlations(N = 883)
M SD Sex Age Physical exercise Ruminant thinking Depression Sleep quality

Sex 1.50 0.500 1
Age 18.7 1.105 -0.097** 1
Physical exercise 14.8 15.228 -0.158** 0.040 1
Ruminant thinking 42.3 11.867 0.080* -0.046 -0.072* 1
Depression 48.8 9.670 0.067* 0.005 -0.095** 0.173** 1
Sleep quality 5.88 3.635 0.213** 0.105** -0.084* 0.191** 0.358** 1
SD = Standard Deviation
*P < 0.05, **P < 0.01

Table 2  Analysis of differences in variables by gender
Gender N M ± SD t p

Physical exercise Male 439 17.26 ± 17.16 4.734 < 0.001
Female 444 12.46 ± 12.61

Ruminant thinking Male 439 41.30 ± 12.17 -2.379 0.018*

Female 444 43.19 ± 11.50
Depression Male 439 48.17 ± 9.93 -1.983 0.048*

Female 444 49.46 ± 9.37
Sleep quality Male 439 5.10 ± 3.05 -6.494 < 0.001

Female 444 6.65 ± 3.99
SD = Standard Deviation
*P < 0.05, **P < 0.01, ***P < 0.001
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A test of the mediating effect between physical activity 
and sleep quality
To identify the mediating effects, the Hayes’ Process 
Model 6 macro program for SPSS was utilized. Table  3 
presents the study outcomes. Initially, we explored how 
exercise directly affects the quality of sleep. The results 
demonstrated that there was a direct link between physi-
cal activity and sleep quality before the mediating vari-
able was included (β = -0.0841, t = -2.5057, p < 0.05); 
therefore, Hypothesis 1 was valid. After adding the 
mediating variable, physical activity did not signifi-
cantly impact the quality of sleep directly; however, the 
remaining direct pathways attained importance and had 
the potential to influence the quality of sleep via three 
indirect pathways: (1) Physical exercise → ruminative 
thinking → sleep quality; (2) Physical exercise → depres-
sive mood → sleep quality; and (3) Physical exercise → 
ruminative thinking → depressive mood → sleep qual-
ity. Following the testing of Hypotheses 2 and 3, physical 
activity was found to have a major direct impact on rumi-
native thinking (β = -0.0718, t = -2.1376, p < 0.05) and 
ruminative thinking affect the quality of sleep (β = 0.1306, 
t = 4.1241, p < 0.001). Additionally, exercise had a direct 
impact with depression (β = -0.0832, t = -2.5098, p < 0.05), 
depressive mood on sleep quality (β = 0.3309, t = 10.4260, 
p < 0.001), and ruminative thinking on depressed mood 
(β = 0.1669, t = 5.0317, p < 0.001). These results suggest a 
chain-mediating variable between ruminative thinking 
and depressed mood, supporting Hypothesis 4.

Using the bias-corrected percentile Bootstrap approach 
(5,000 repeated samples), Table 4 presents the confidence 
interval for the 95% Bootstrap results of the mediating 
effect. The confidence interval for physical exercise → 
rumination → sleep quality was (-0.0050, -0.0003), and 
the mediating effect size was − 0.0022. The confidence 

interval for physical exercise → depressive mood → sleep 
quality was (-0.0122, -0.0011), and the mediating effect 
size was − 0.0066. The confidence interval for physi-
cal exercise → ruminative thinking → depressive mood 
→ sleep quality was (-0.0020, -0.0001), with a mediation 
effect size of -0.0009. Additionally, a significant media-
tion effect was shown by the fact that the confidence 
intervals did not contain 0. The moderating effects of 
rumination and depression on physical activity and sleep 
quality are shown in Fig. 2.

Discussion
Relationship between physical activity and sleep quality
There was a negative correlation between the degree of 
poor sleep quality among university students and the 
degree of physical activity within a given range; the more 
physically active students were, the lower their sleep 
quality score was. This validates hypothesis 1 and is in 
line with the findings of another research.

Numerous prior research studies have indicated that 
university students’ sleep quality is greatly impacted by 

Table 3  Analysis of regression relationships between variables
Effect Item Effect SE t p LLCI ULCI
Direct effect PE→SQ -0.0432 0.0075 -1.3788 0.1683 -0.0250 0.0044
Indirect effect PE→RT -0.0718 0.0262 -2.1376 0.0328 -0.1074 -0.0046

PE→DP -0.0832 0.0211 -2.5098 0.0123 -0.0942 -0.0115
RT→DP 0.1669 0.0270 5.0317 < 0.001 0.0829 0.1890
RT→SQ 0.1306 0.0097 4.1241 < 0.001 0.0210 0.0591
DP→SQ 0.3309 0.0119 10.4260 < 0.001 0.1010 0.1478

Total effect PE→SQ -0.0841 -0.008 -2.5057 0.0124 -0.0358 -0.0044
PE, Physical Exercise; SQ, Sleep Quality: RT, Ruminant Thinking: DP, Depression

Table 4  Analysis of the mediating effect of physical activity and sleep quality
Path Effect The proportion of mediations in the total effect BootSE 95% Confidence interval

Lower limit Upper limit
PE→RT→SQ -0.0022 11% 0.0012 -0.0050 -0.0003
PE→DP→SQ -0.0066 33% 0.0029 -0.0122 -0.0011
PE→RT→DP→SQ -0.0009 4% 0.0005 -0.0020 -0.0001
PE, Physical Exercise; SQ, Sleep Quality: RT, Ruminant Thinking: DP, Depression

Fig. 2  A chain-mediated model of physical activity and sleep quality. 
*P < 0.05, **P < 0.01, ***P < 0.001
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physical exercise. According to a German study, exercise 
increased sleep efficiency and decreased sleep latency, 
which enhanced the quality of sleep [42]. Moderate exer-
cise training enhanced the quality of sleep, resulting in 
deeper sleep, longer sleep duration, and reduced latency, 
according to a comprehensive meta-analysis of 66 Ameri-
can studies [43]. Aerobic training and aerobic combined 
with resistance training have been demonstrated to be 
effective in reducing negative emotions like tension and 
anxiety, which in turn enhances the quality of sleep [44]. 
Numerous research studies have additionally exhib-
ited the beneficial impacts of diverse exercise modali-
ties (e.g., physical and mental exercises and strenuous 
strength exercises) [45, 46] and intensities on the quality 
of sleep. A related study carried out in China discovered 
that teens’ levels of physical activity directly and strongly 
correlated with the quality of their sleep [47]. These stud-
ies demonstrate that physical activity can improve sleep 
quality to some extent. The thermoregulatory hypothesis 
provides the most plausible theoretical foundation for the 
beneficial effects of exercise on sleep [48]. Physical activ-
ity is the primary way of thermoregulatory control, which 
is why sleep is based on the thermoregulatory process. It 
initiates the first sleep cycle and, via the suprachiasmatic 
nucleus (SCN), regulates the circadian rhythm, keeping 
the body temperature at a generally constant level. The 
results of this study, in which male students scored higher 
on physical activity and female students had poorer sleep 
quality than male students, also suggest that insufficient 
levels of exercise among female students may be a signifi-
cant contributor to poorer sleep quality. In other words, 
lack of physical activity reduces sleep quality. Thus, 
increasing physical activity will help enhance sleep qual-
ity by lowering sleep-related issues.

The independent mediating role of ruminative thinking
The current study’s results support Hypothesis 2 by dem-
onstrating that ruminative thinking acts as a mediator in 
the association between physical exercise and sleep qual-
ity. This is in line with other relevant research.in which 
physical activity significantly negatively predicted rumi-
native thinking [23]and ruminative thinking significantly 
positively predicted sleep quality [20].

A study including 1,103 university students investigated 
the detrimental impact of rumination on sleep quality, 
which was mediated by negative emotions and bedtime 
procrastination [49]. In line with the cognitive sleep 
model, negative rumination, a common form of intrusive 
thinking, negatively affects an individual’s ability to enter 
and maintain sleep, which in turn affects sleep quality 
[21, 22]. Importantly, physical exercise negatively pre-
dicts ruminative thinking, can attenuate persistent bad 
feelings, and lowers the degree of ruminative thought, 
which, to some extent, can reduce university students’ 

sleep problems due to higher levels of ruminative think-
ing [50]. Hypothalamic–pituitary–adrenal (HPA) axis 
responses are a type of physiological stress response that 
ruminative thinking tends to amplify and prolong. How-
ever, people who engage in regular physical activity can 
mitigate the impacts of ruminative thinking on HPA axis 
responsiveness and recuperation from severe stress [51].

The study’s conclusions showed that male students 
performed better than female students in terms of physi-
cal activity and that female students also exhibited sig-
nificantly higher levels of ruminative thinking and lower 
sleep quality. These findings point to the significant role 
of ruminative thinking in female students’ low exercise 
levels, which in turn contributes to their lower sleep qual-
ity. Furthermore, ruminative thinking is associated with 
poor mental health outcomes among university students 
who do not exercise, and tends to impair sleep quality. 
By contrast, physical activity can help release physical 
tension, improve mood and self-perception, reduce the 
mobilization of ruminative thought patterns, and reduce 
negative self-doubt. Individuals who do not experience 
high levels of rumination before going to sleep experi-
ence a reduced impact on sleep quality. Consequently, 
rumination is a major contributing factor to poor sleep 
quality and lack of physical activity among university 
students.

Independent mediators of depressed mood
Additionally, the current study verified Hypothesis 3 by 
demonstrating that depressed mood mediates the link 
between quality of sleep and physical activity. This is 
consistent with findings from related research indicat-
ing exercise has a negative correlation with depression, 
which further predicts sleep quality.

Among university students, there was a robust and 
positive correlation between mood depression and sleep 
quality. In a Chinese study examining the relationship 
between depression and general characteristics, illness, 
and sleep quality, depression was associated with vari-
ous degrees of sleep disturbances, including difficulty 
falling asleep, insomnia, and sleep arousal [25]. Shorter 
rapid eye movement latency and forward shift in the first 
REM period following sleep initiation were observed on 
polysomnography among individuals with major depres-
sive disorders, which resulted in a higher proportion of 
REM sleep and shorter duration of slow-wave sleep [52–
54]. According to the antidepressant theory of physical 
activity and cognitive behavioral theory, physical activity 
negatively predicts depression. Physical activity is a form 
of distraction and catharsis that stimulates neuroplas-
ticity, increases hippocampal volume and white matter 
integrity, strengthens the frontal cortex and other brain 
structures involved in the “emotion and reward network” 
[55, 56], and activates cortical areas associated with the 
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evaluation of emotional stimuli [57], resulting in a plea-
surable effect after exercise [58].

The findings demonstrated that while female students 
had significantly higher levels of depression and worse 
sleep quality than male students, male students scored 
higher on physical activity, suggesting that high levels 
of ruminative depression among females may also be an 
important mechanism for their insufficient levels of exer-
cise, causing lower quality sleep compared to male stu-
dents. In the presence of insufficient exercise and high 
levels of depression, individuals exhibit long sleep onset 
times, inefficient sleep, easy awakening from sleep, and 
excessive nocturnal dreams.

Chain-mediated effects of ruminative thinking and levels 
of depression
To investigate how physical activity affects university stu-
dents’ sleep quality, we identified a chain mediator con-
sisting of rumination, a poor cognitive style that affects 
the onset, severity, and duration of depression. Previ-
ous research has indicated that negative cognition and 
self-schemas from rumination interact with stressful life 
events, which can exacerbate depression [33]. Results 
from a study involving 1057 teenagers in the United 
States revealed that girls exhibited more depressed symp-
toms and rumination than boys did, and that rumination 
significantly increased depression [59]. For university stu-
dents, rumination may be the preferred way to cope with 
challenges and changing circumstances, especially among 
those who have difficulty tolerating uncertainty, perse-
vering, and reassessing important life goals. The feeling 
of exemption from responsibility that arises after assess-
ing a situation as hopeless may reinforce rumination as a 
coping strategy. This may exacerbate pessimistic thinking 
and depression while inhibiting positive problem solving 
[60]. The results of this study, which showed that women 
think more ruminatively than men, may be the reason 
why female students have far higher rates of depression 
and poorer sleep quality than male students. Physical 
exercise can help relieve physical tension, improve mood 
and self-perception, reduce the mobilization of high 
ruminative thinking patterns, reduce negative self-doubt, 
and lower depression, thereby reducing sleep problems 
and improving sleep quality. Consequently, university 
students who engage in physical activity tend to think 
less ruminatively and experience depression at lower lev-
els, thereby reducing sleep disorders.

Practical significance
This study investigated how exercise affected the quality 
of sleep to provide a reference for improving sleep quality. 
Exercise is not only an important indicator of the caliber 
of sleep but also of ruminative thinking and depression. 
This research expands our corpus of knowledge in the 

areas of physical activity and sleep quality, which is useful 
for helping university students achieve better sleep. Cur-
rently, university students experience increasing sleep 
problems. Physical exercise can be used as a supplement 
to non-pharmacological methods of enhancing sleep 
quality. Educators at universities and colleges should 
focus on the importance of physical exercise, organize 
appropriate opportunities for physical activity on cam-
pus, and encourage students to engage in physical activ-
ity on a regular basis. Also, in order to effectively increase 
the quality of their sleep, students’ depression and rumi-
native thinking should be kept within a normal range.

Strengths and limitations
In this research, several strengths are worth noting. 
Firstly, unlike most previous studies that focused only on 
the single association between physical activity and sleep 
quality, this study constructed a chain mediation model 
between physical activity, rumination, depression level 
and sleep quality. This design provides a new perspective 
to comprehensively understand the pathways of physi-
cal activity’s influence on college students’ sleep quality, 
and helps to fill the gaps in the exploration of mecha-
nisms in related areas of research. Secondly, the present 
study used a variety of well-established scales with good 
reliability and validity to measure physical activity, rumi-
nation, depression level and sleep quality, which can cap-
ture the characteristics of each variable and its changes 
in a more comprehensive way than some previous studies 
that relied on only a single or a limited number of assess-
ment indexes, thus enhancing the reliability and validity 
of the results of the study, and providing useful references 
for subsequent studies in terms of the methods of vari-
able measurement. In addition, this study focuses on the 
college student population, considering that college stu-
dents are at a special stage in their lives, facing academic 
pressure, social changes, and self-cognitive development, 
among other factors, and that their physical activity, 
psychological state, and sleep patterns are unique. The 
results of this study can reflect the specific patterns and 
intrinsic links of the effects of physical activity on the 
sleep quality of college students, which is more relevant 
and practical guidance than a broad population-based 
study, and can provide an empirical basis for health pro-
motion activities in colleges and universities. Ultimately, 
it can provide a more solid theoretical foundation and 
practical guidance for improving the physical and mental 
health of college students.

Despite offering theoretical and practical assistance, 
there are certain restrictions on the study’s findings. First, 
this was a status quo study that could not elucidate causal 
connections between the variables under investigation. 
In the future, cohort or experimental studies should be 
included in systematic analyses. Second, because the 
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questionnaires were lengthy and multiple in number, 
many students did not actively complete the question-
naires when they were distributed, which biased the 
authenticity of the data. During our investigations, the 
following measures were considered to minimize bias in 
this regard: (1) Incentives: appropriate rewards, such as 
small gifts and opportunities for lucky draws, were pro-
vided to increase participants’ motivation. (2) Advance 
communication: before distributing the questionnaires, 
we explained their importance, significance, and the 
time needed to fill them out so that participants could be 
psychologically prepared. (3) Completion in stages: we 
divided the questionnaire into several parts so that par-
ticipants could complete it in stages to reduce fatigue. 
Third, each response variable has a wide range of impact-
ing factors, and the mediating variables derived in this 
study are ruminative thinking and depression, which are 
not unique; in fact, more mediating variables and media-
tion models might exist. The conclusions of this study 
highlight the small proportion of the influence on sleep 
quality, and examining a wide range of other mediating 
variables would be worthwhile.

Conclusion
The physical and mental health of university students 
has always been an important topic of concern. Among 
many influencing factors, the relationship between 
physical activity, rumination, depression level, and sleep 
quality are of particular interest. Among university stu-
dents, there were notable gender differences in rumina-
tion, depression, exercise, and quality of sleep. Physical 
exercise affected the quality of sleep of university stu-
dents through the chain and independent mediation of 
depression and rumination. The results of this study pro-
vide new perspectives and bases for an in-depth under-
standing of the physical and mental health of university 
students. Moreover, it reminds us to consider gender dif-
ferences and the complex interactions between different 
psychological factors when focusing on the university 
student population. This will encourage more targeted 
measures to promote the healthy growth of university 
students.
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