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Objective

This study aims to explore the correlation between physical exercise, rumination, and depressive symptoms in college students, as well as to investigate the potential pathways through which physical exercise may impact depressive symptoms. This exploration offers valuable insights for the development of clinical exercise interventions.





Methods

A cross-sectional study design was employed, with 2,902 participants recruited via convenience sampling. Structural equation modeling was utilized to explore the relationship between physical exercise and depressive symptoms in college students.





Results

1) Statistically significant differences were observed between depressed and non-depressed college students in terms of rumination, symptom rumination, reflective pondering, and compulsive meditation (all P < 0.05); 2) Physical exercise was found to negatively predict symptom rumination (B=-0.083, P<0.001), compulsive thinking (B=0.034, P>0.05), reflective pondering (B=-0.038, P<0.01), and BDI-II scores (B=-0.103, P<0.001). Symptom rumination positively predicted BDI-II scores (B=0.648, P<0.001), while compulsive thinking and reflective pondering were found to predict BDI-II scores positively (B=0.028, P>0.05) and negatively (B=-0.041, P>0.05), respectively. 3) Physical exercise exerted a direct effect of 59.09% on BDI-II scores (B: -0.065, 95% CI -0.104, -0.028), indicating that higher levels of physical exercise were associated with lower BDI-II scores. The coefficients for duration, intensity, and frequency were statistically significant (all P < 0.05), with intensity and frequency exhibiting higher path coefficients. Rumination, as a latent variable, mediated 40.91% of the indirect effect (B: -0.045, 95% CI -0.077, -0.015), with symptom rumination emerging as a statistically significant pathway (P < 0.05).





Conclusion

Rumination may mediate the relationship between physical exercise and depressive symptoms, with varying mediating effects across different dimensions of rumination. The intensity and duration of physical exercise exert a stronger influence.
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1 Introduction

Depression is a common mood disorder among college students, often characterized by prolonged periods of persistent sadness, which may even lead to suicidal thoughts (1). College students are a unique group in society, at a specific developmental milestone that connects the critical transition from adolescence to adulthood (2). They face numerous challenges, such as sustained academic pressure (3)、changes in living arrangements and lifestyle (4)、as well as financial or employment pressures (5). In recent years, the detection rate of depression among college students has steadily increased, with a meta-analysis revealing an overall prevalence rate of depression among college students at 28.4% (6). Depression symptoms in college students not only affect their social functioning and academic performance but may also have an impact on their physical health (7, 8).

Rumination is a coping mechanism that focuses on negative emotions, characterized by self-reflection and repetitive, passive attention to negative feelings (9). It is considered a more harmful emotion regulation strategy compared to others, such as acceptance, problem-solving, reappraisal, or suppression. Failure to effectively manage emotions over time can lead to diagnosable depression or anxiety (10). Research shows that rumination affects other mental disorders, such as post-traumatic stress disorder, eating disorders, and sleep disturbances (11, 12). Rumination can contribute to depression in various ways. A study on adolescents with internalizing disorders found that rumination is a predictor of depression risk. Persistent focus on negative events can lead to behavioral and emotional abnormalities, resulting in depression (13). Previous studies have shown that long-term exercise programs can reduce rumination (14). For individuals who do not exercise regularly, acute exercise can boost positive mood effects, but regular exercise may be needed to reduce rumination and negative memory biases. Over time, this may alleviate depressive symptoms (15). Therefore, whether rumination is a mechanism of change in exercise-based treatments for depression requires further investigation.

Physical exercise has been used as an effective method for alleviating depressive symptoms (16). Exercise improves mood by releasing dopamine and endorphins (17), reduces cortisol to alleviate stress and depressive symptoms (18), and promotes metabolism and energy expenditure (19), thus having an antidepressant effect. However, not all studies have confirmed the positive effects of exercise on improving depressive symptoms in children and adolescents. Previous meta-analyses have shown that most studies support the positive impact of exercise on depressive symptoms in college students (20, 21). Additionally, the mediating role of rumination in the relationship between exercise and depressive symptoms is still unclear.

Through a comprehensive review of existing literature, we have identified several critical issues that warrant further investigation: Is there a significant difference in rumination and physical exercise between college students experiencing depressive symptoms and their non-depressed counterparts? Is there a correlation among physical exercise, rumination, and depressive symptoms in college students? If a correlation is established, can rumination serve as a mediator in the relationship between physical exercise and depressive symptoms? Among the three subdimensions—symptom rumination, compulsive thinking, and reflective pondering—which of these dimensions can mediate this relationship? Consequently, this study employs a cross-sectional design to analyze the correlations among physical exercise, rumination, and depressive symptoms in college students, while exploring the potential pathways through which physical exercise influences depressive symptoms The findings of this study will provide valuable insights for the development of clinical exercise programs.




2 Participants and methods



2.1 Study participants

A convenience sampling method was used to select non-sports students enrolled at a university in Songjiang District, Shanghai, in April 2023. Inclusion criteria: ① Aged 18–25, enrolled university students; ② normal or corrected binocular vision, with no color blindness or color weakness, right-handed, and native Mandarin speakers; ③ voluntary participation in this experimental study. Exclusion criteria: ① dependence on alcohol or drugs, presence of chronic neurological disorders, or history of traumatic brain injury; ② recent use of antidepressant medications such as estazolam, diazepam, or phenobarbital; and ③ physical discomfort or recent sports injuries preventing participation in physical exercise.




2.2 Sample size estimation

Based on the Monte Carlo power analysis method for mediation effects, sample size estimation was conducted using the pwrSEM software (available at yilinandrewang.shinyapps.io/pwrSEM/). This process involved defining the model, visualization, setting parameter values, and estimating statistical power. Effect size was determined according to previous literature (22, 23), with the significance level (α) set at 0.05 and 5,000 simulations performed. With a sample size of 2,000, statistical power for detecting mediation effects exceeded 0.8. Considering a 10% attrition rate, an initial sample size of 2,200 was targeted. However, 2,902 participants were ultimately included in the study.




2.3 Testing procedure

The tests were conducted between 13:30 and 16:30.

Questionnaires were distributed to participants. Before filling them out, the principal investigator read the instructions, explained the items, clarified that the data collected would only be used for scientific research, and emphasized truthful, independent, and voluntary responses. During the process, participants were reminded to answer carefully as required. Upon completion, invalid questionnaires—those with trap questions answered incorrectly, consecutively skipped items, or regularity in responses—were excluded by the investigators, as well as questionnaires with total physical activity levels beyond three standard deviations. All participants were informed about the testing procedure and the informed consent form. The study received ethical approval, and informed consent was obtained in accordance with the Helsinki Declaration. The study was reviewed and registered by the Ethics Committee of Shanghai University of Sport, under registration number 102772023RT075.




2.4 Testing instruments



2.4.1 Physical Activity Rank Scale-3 (PARS-3)

The measurement of physical exercise was conducted using the Physical Activity Rank Scale revised by Liang Deqing (1994). It examines the amount of exercise from three aspects: intensity, duration, and frequency of participation in physical exercise. The total score = exercise intensity × (exercise duration - 1) × exercise frequency, with higher scores indicating greater exercise volume. In this study, the Cronbach’s α for this scale is 0.82 (24).




2.4.2 Ruminative Responses Scale (Nolen-Hoeksema Ruminative Responses Scale, RRS)

The measurement of rumination was conducted using the Ruminative Responses Scale developed by Nolen-Hoeksema (1991). The scale includes three dimensions: symptom rumination, reflective pondering, and compulsive meditation, with a total of 22 items. A 4-point scale is used, with higher scores indicating a higher tendency to ruminate. In this study, the Cronbach’s α for this scale is 0.961 (25).




2.4.3 Beck DePression Inventory, BDI-II

Used to assess the severity of depressive symptoms over the past two weeks. It contains 21 items, rated on a 4-point scale, with total scores ranging from 0 to 63. The scale can be used for clinical diagnosis, with higher scores indicating more severe depression. This study uses a BDI score of >13 as the cutoff for distinguishing depression. In this study, the Cronbach’s α for this scale is 0.913 (26).





2.5 Mathematical statistics

Data analysis was conducted using SPSS 29.0 and Amos 24.0. Normally or approximately normally distributed quantitative data were described as M ± SD, and group comparisons were performed using one-way ANOVA. Quantitative data with significant skewness were described as medians (lower quartile, upper quartile), and group comparisons were conducted using the Kruskal-Wallis test. Linear regression analysis or Pearson correlation analysis was used to explore the relationships between physical exercise, rumination, and depressive symptoms. All statistical inferences were performed using two-tailed tests, with a significance level (α) of 0.05. The Harman single-factor test was used to check for common method bias, and a structural equation model was constructed to examine the role of rumination factors in the relationship between college students’ physical exercise levels and depressive symptoms. All variables were standardized before modeling. The model evaluation indices used were the root mean square error of approximation (RMSEA), goodness of fit index (GFI), normed fit index (NFI), and comparative fit index (CFI). Path analysis parameter estimation was performed using the non-parametric percentile Bootstrap method (which does not impose strict requirements on variable distributions), with 5000 resamples. A mediated effect was considered statistically significant if the bias-corrected 95% confidence interval for the product of the mediated path did not include 0.





3 Results



3.1 Differences in basic information and physical activity levels of college students with varying levels of depressive symptoms

A total of 2902 participants were included, with an average age of 19.40 ± 1.62 years, an average height of 169.24 ± 8.16 cm, and an average weight of 62.16 ± 13.32 kg. Among them, 46.14% were male, 46.62% were only children, 59.44% had urban household registration. The total physical exercise score was 15.34 ± 16.97. The overall depression score was 47.401 ± 10.562, with 533 participants (18.27%) showing signs of depression. Among them, 270 participants (9.30%) had mild depression, 205 participants (7.06%) had moderate depression, and 58 participants (1.99%) had severe depression. College students with depressive symptoms (533 participants) and those with non-depressed (2369 participants) showed significant differences in physical exercise (P < 0.05), and there were significant differences in being only children (P < 0.05). These findings suggest that special attention should be paid to college students’ only child status, and the impact of physical exercise on depressive symptoms. No significant differences were found for other demographic variables (all P > 0.05). Specific differences in demographic variables are shown in Table 1.


Table 1 | Demographic variable differences among college students with different levels of depressive symptoms.






3.2 Differences in physical exercise and rumination between depressed and non-depressed college students

Based on BDI-II scores, the participants were divided into depressed and non-depressed college students. The study found statistically significant differences in rumination, symptom rumination, reflective pondering, and compulsive meditation between depressed and normal college students (all P < 0.05). This indicates that college students with depressive symptoms had higher rumination scores and engaged in less physical exercise compared to their non-depressed peers. See Table 2 for details.


Table 2 | Differences in physical exercise and rumination between depressed and non-depressed college students.






3.3 Analysis of differences in rumination and depressive symptoms among college students with different levels of physical exercise

One-way ANOVA revealed significant differences in rumination, its sub-factors, and depressive symptoms among college students with different levels of physical exercise. Students with low levels of physical exercise had higher rumination scores and its sub-factors compared to those with high levels of exercise. Additionally, students with low levels of physical exercise had higher BDI-II scores compared to those with moderate and high levels of exercise. This indicates that the higher the level of physical exercise, the lower the rumination and depressive symptoms among college students. See Table 3 for details.


Table 3 | Analysis of differences in rumination and depressive symptoms among college students with different levels of physical exercise.






3.4 Relationship between physical exercise, rumination, and depressive symptoms

Depressive symptoms were significantly negatively correlated with physical exercise (r=-0.092, P<0.001) and significantly positively correlated with symptom rumination (r=0.644, P<0.001), compulsive meditation (r=0.534, P<0.001), and reflective pondering (r=0.491, P<0.001). Physical exercise was significantly negatively correlated with symptom rumination (r=-0.076, P<0.001) and negatively correlated with compulsive thinking (r=-0.030, P=0.107) and reflective pondering (r=-0.033, P=0.076), though these were not statistically significant. See Figure 1.




Figure 1 | Correlations between variables. (A) Depressive symptoms are significantly negatively correlated with physical exercise. (B) Depressive symptoms are significantly positively correlated with symptom rumination. (C) Depressive symptoms are significantly positively correlated with compulsive meditation. (D) Depressive symptoms are significantly positively correlated with reflective pondering. (E) Physical exercise is significantly negatively correlated with symptom rumination. (F) Physical exercise is positively correlated with compulsive thinking, but not significantly. (G) Physical exercise is positively correlated with reflective pondering, but not significantly.






3.5 Common method variance bias test

The Harman single-factor test was used to measure the degree of common method variance (27). The results showed that there were six factors with eigenvalues greater than 1, and the first factor explained 32.50% of the variance, which is below the critical threshold of 40%. Therefore, there is no common method bias issue, and the results are acceptable.




3.6 Construction and validation of the structural relationship model

Based on the relationship between physical exercise, rumination, and depressive symptoms, the physical exercise score was used as the independent variable and the BDI-II score as the dependent variable. Model 4 in PROCESS was used to analyze the mediating effects of symptom rumination, compulsive thinking, and reflective pondering. The results showed that physical exercise negatively predicted symptom rumination (B=-0.083, P<0.001), compulsive thinking (B=0.034, P>0.05), reflective pondering (B=-0.038, P<0.01), and BDI-II scores (B=-0.103, P<0.001). Symptom rumination positively predicted BDI-II scores (B=0.648, P<0.001), compulsive thinking positively predicted BDI-II scores (B=0.028, P>0.05), and reflective pondering negatively predicted BDI-II scores (B=-0.041, P>0.05). See Figure 2 for details.




Figure 2 | Structural relationship model of physical exercise, symptom rumination, compulsive thinking, reflective pondering, and depressive symptoms (N=2902). Path values are standardized coefficients.



Based on the relationship between physical exercise, rumination, and depressive symptoms, a structural equation model was established with physical exercise as the independent variable, BDI-II score as the dependent variable, and the factors of rumination as mediators. The model showed good fit (χ2/df=2.689, RMSEA=0.024, GFI=0.993, NFI=0.997, CFI=0.998). Path analysis is shown in the figure, and the mediation test results are shown in the table. Physical exercise had a direct effect of 59.09% on BDI-II scores (B: -0.065, 95% CI -0.104, -0.028), indicating that the higher the level of physical exercise, the lower the BDI-II scores. The coefficients of the duration, intensity, and frequency paths were all statistically significant (all P < 0.05), with intensity and frequency having higher path coefficients. Rumination, as a latent variable, mediated 40.91% of the mediation effect (B: -0.045, 95% CI -0.077, -0.015), with the symptom rumination path having statistical significance (P < 0.05). This result suggests that rumination may mediate the relationship between physical exercise and depressive symptoms, acting as a partial mediator, with intensity and frequency playing stronger roles. See Table 4 for details.


Table 4 | Bootstrap analysis of the significance test for mediation effects (N=2902).







4 Discussion

The findings of this study reveal a significant association between depressive symptoms, rumination, and physical exercise among college students. Higher levels of physical exercise are associated with reduced rumination and lower depressive symptomatology. This finding further substantiates the positive impact of physical exercise in mitigating rumination and alleviating depressive symptoms. Rumination and depressive symptoms demonstrated a positive correlation, with symptom rumination, compulsive thinking, and reflective pondering exhibiting moderate correlations (0.644, 0.534, 0.491, all P<0.001). Rumination likely mediates the relationship between physical exercise and depressive symptoms, with the mediating effects of physical exercise differing across various rumination factors.

This study found that rumination can mediate the relationship between physical exercise and depressive symptoms. Among higher education students, physical exercise plays an important role in both physical and mental health (28), and students who exercise experience less academic stress compared to those who do not (29), and students who exercise experience less academic stress compared to those who do not (30). However, the effect of physical exercise on depressive symptoms is not direct; it requires mediation through rumination. Previous research has shown that lower habitual rumination and higher coping self-efficacy can partially mediate the impact of exercise habits on emotional symptoms and stress (31). Physical exercise directly influences the activity of the prefrontal cortex (32), which is a brain region associated with higher-order cognition, including rumination (33). This provides a physiological pathway for the effects of physical exercise on rumination. Bernstein and McNally demonstrated that even acute exercise performed before a stressor can buffer against emotion regulation dysfunction (including rumination), thereby mitigating negative emotional effects. They suggest that exercise reduces rumination symptoms, which would otherwise prolong negative emotional impacts (34, 35). Habitual ruminators may focus more on negative material and may reinforce negative memory biases. These individuals may require prolonged exercise programs to sustainably increase prefrontal downregulation of the limbic system. Rumination may serve as both a mechanism of exercise’s clinically relevant effects and as a moderating factor.

This study additionally identified that the intensity and frequency of physical exercise, along with the symptom rumination factor, serve as mediating pathways in this relationship. On one hand, the intensity and frequency of physical exercise may represent crucial factors influencing the mediating pathways. A randomized controlled trial revealed that college students exhibit a preference for high-intensity interval training (HIIT), potentially due to their inclination towards high-intensity yet shorter-duration exercise. Repeated sprints are particularly well-suited for young college students. This study effectively demonstrated the feasibility of HIIT in alleviating anxiety and depression among college students in the university context (36). A cross-sectional study published in The Lancet indicated a U-shaped relationship between exercise frequency and the mental health burden. Individuals engaging in exercise 3 to 5 times per week experienced a lower mental health burden compared to those exercising either less than 3 times or more than 5 times per week (37). Therefore, exercise at specific intensities and frequencies may serve as a more effective clinical target for mitigating mental health burdens. Conversely, symptom rumination may represent a significant mediating factor. Patients exhibiting depressive symptoms who engage in excessive rumination activate distributed neural circuits within the hippocampus and prefrontal cortex, thereby impairing their ability to form new associative memories. Physical exercise facilitates participants’ focus and attention, allowing them to acquire new cognitive skills, which subsequently reduces interference from negatively biased memories (23, 38). However, in this study, neither compulsive meditation nor reflective pondering demonstrated a correlation with physical exercise, potentially attributable to the exercise habits of college students. This observation warrants further investigation in future research. Notably, symptom rumination exhibited a significant correlation with depressive symptoms, providing robust evidence for the influence of rumination on depressive symptoms and offering a potential pathway for physical exercise to alleviate such symptoms in college students.

What we already know about this topic and what the current study adds to the existing body of knowledge. Previous research has shown that physical exercise is a significant negative predictor of depression among college students. However, related psychological factors appear to vary. Some studies indicate that student engagement in exercise and heightened sensitivity to behavioral activation strategies and reward information may play crucial roles in preventing and alleviating depressive symptoms (39). Additionally, studies have demonstrated that self-esteem and positive psychological capital serve as mediators, exerting a cascading influence on depressive symptoms in college students (40). Moreover, self-concept and social support also act as mediators in the relationship between physical exercise and depression among college students (41, 42). However, some studies suggest that the direct effect of physical exercise on depression in college students is not significant, though the indirect effect is substantial. Through independent mediating effects of mindfulness and meaning in life, physical exercise can significantly predict depressive symptoms in college students (43). These studies have all examined improvements in psychological factors.

We reviewed recent studies, and although Olson, Ryan L (22). proposed an aerobic exercise improvement plan in 2016 consisting of three 45-minute sessions per week, the exercise elements in this plan were not derived from rigorous experimental comparisons. In other words, only the effectiveness of aerobic exercise was assessed, which does not imply that all forms of exercise can be referenced. Alderman, B. L (23). also demonstrated the benefits of physical exercise. However, cognitive changes—such as the impact on different dimensions of rumination—and the exercise variables of type, frequency, duration, intensity, and time have yet to be further explored. The latest meta-analysis shows that, for alleviating depressive symptoms, exercise interventions lasting 30 to 60 minutes are the most effective. However, no clear conclusions have been made regarding exercise intensity (44). This raises further questions for us about which specific exercise elements contribute to improvements in depressive symptoms and which specific factors in rumination affect depressive symptoms.

Additionally, implementing a rigorous exercise regimen can be challenging for college students with depressive symptoms, as many students experience episodic depressive states. For most college students, managing exercise elements in their daily routine is more practical than following a strict exercise regimen. For example, college students who already engage in regular physical activity may find it easier to adjust exercise intensity or increase the duration of single sessions rather than adhere to a strict exercise schedule.

Limitations and future trends of the study: We have to admit that although we have controlled more influential factors and included as many samples as possible, there are still some problems that need to be paid attention to. At present, the diagnosis of the population is carried out by the self-rating scale of BDI-II. This may lack a clear diagnosis from a health care provider, so we can’t draw conclusions about depression. At the same time, due to the defects of the cross-sectional study design, we cannot draw the conclusion of causality, and the current view can only infer the hypothesis. In future studies, further cohort studies are needed to verify the views proposed in this study. Finally, in the future research direction, the model proposed in this study will be further verified through longitudinal studies to provide references for the formulation of clinical exercise programs, such as the formulation of exercise programs based on the intensity and duration of physical exercise.




5 Conclusion

In conclusion, rumination thinking and depression symptoms of college students are positively changed with physical exercise. Physical exercise can influence depression symptoms through the mediating effect of rumination thinking. The intensity, duration and symptom rumination of physical exercise are important ways to realize this, which provides a reference for the formulation of clinical exercise prescriptions.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee of Shanghai Institute of Physical Education. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

BZ: Investigation, Methodology, Supervision, Writing – original draft, Writing – review & editing. QL: Methodology, Supervision, Writing – original draft, Writing – review & editing. SJ: Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. XW: Funding acquisition, Project administration, Resources, Writing – original draft, Writing – review & editing. QM: Resources, Supervision, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Supported by Shanghai Key Laboratory of Human Movement Ability Development and Support (11DZ2261100).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Rogers ML, Ringer FB, Joiner TE. The association between suicidal ideation and lifetime suicide attempts is strongest at low levels of depression. Psychiatry Res. (2018) 270:324–8. doi: 10.1016/j.psychres.2018.09.061

2. McCurdy BH, Scozzafava MD, Bradley T, Matlow R, Weems CF, Carrion VG. Impact of anxiety and depression on academic achievement among underserved school children: evidence of suppressor effects. Curr Psychol (New Brunswick NJ). (2022), 1–9.

3. Compton WM, Conway KP, Stinson FS, Grant BF. Changes in the prevalence of major depression and comorbid substance use disorders in the United States between 1991-1992 and 2001-2002. Am J Psychiatry. (2006) 163:2141–7. doi: 10.1176/ajp.2006.163.12.2141

4. Mojs E, Warchoł-Biedermann K, Głowacka MD, Strzelecki W, Ziemska B, Marcinkowski JT. Are students prone to depression and suicidal thoughts? Assessment of the risk of depression in university students from rural and urban areas. Ann Agric Environ medicine: AAEM. (2012) 19:770–4.

5. Elani HW, Allison PJ, Kumar RA, Mancini L, Lambrou A, Bedos C. A systematic review of stress in dental students. J Dental Educ. (2014) 78:226–42. doi: 10.1002/j.0022-0337.2014.78.2.tb05673.x

6. Ahmed G, Negash A, Kerebih H, Alemu D, Tesfaye Y. Prevalence and associated factors of depression among Jimma University students. A cross-sectional study. Int J Ment Health Syst. (2020) 14:52. doi: 10.1186/s13033-020-00384-5

7. Wannarit K, Wongpraparut C, Chularojanamontri L, Silpa-Archa N, Tayeh N, Prachgosin P, et al. Prevalence of Depressive Symptoms and Their Impact on Perceived Stress and Quality of Life Among Patients with Psoriasis. Alpha Psychiatry. (2023) 24:239–43. doi: 10.5152/alphapsychiatry.2023.21723

8. Martín-Fernández J, del Nido-Varo LP, Vázquez-de-la-Torre-Escalera P, Candela-Ramírez R, Ariza-Cardiel G, García-Pérez L, et al. Health Related Quality of Life in Major Depressive Disorder: evolution in time and factors associated. Actas espanolas psiquiatria. (2022) 50:15–26.

9. Nolen-Hoeksema S, Wisco BE, Lyubomirsky S. Rethinking Rumination. Perspect psychol Sci. (2008) 3:400–24. doi: 10.1111/j.1745-6924.2008.00088.x

10. Zhang Q, Wang Z, Wang X, Liu L, Zhang J, Zhou R. The Effects of Different Stages of Mindfulness Meditation Training on Emotion Regulation. Front Hum Neurosci. (2019) 13:208. doi: 10.3389/fnhum.2019.00208

11. Cox RC, Olatunji BO. Linking attentional control and PTSD symptom severity: the role of rumination. Cogn Behav Ther. (2017) 46:421–31. doi: 10.1080/16506073.2017.1286517

12. Smith KE, Mason TB, Lavender JM. Rumination and eating disorder psychopathology: A meta-analysis. Clin Psychol Rev. (2018) 61:9–23. doi: 10.1016/j.cpr.2018.03.004

13. Jandrić S, Filaković P, Kurtović A, Kovač V, Benić D, Rogulja S, et al. The role of cognitive control and rumination in predicting depression among adolescents with internalizing disorders. Psychiatria Danubina. (2021) 33(2):165–72.

14. Craft LL. Exercise and clinical depression: examining two psychological mechanisms. Psychol Sport Exercise. (2005) 6(2):151–71.

15. Schmitter M, Vanderhasselt M-A, Spijker J, Smits JAJ, Vrijsen JN. Working it out: can an acute exercise bout alleviate memory bias, rumination and negative mood? Cogn Behav Ther. (2023) 52(3):232–45.

16. Goldfield GS, Kenny GP, Alberga AS, Prud'homme D, Hadjiyannakis S, Gougeon R, et al. Effects of aerobic training, resistance training, or both on psychological health in adolescents with obesity: The HEARTY randomized controlled trial. J consulting Clin Psychol. (2015) 83:1123–35. doi: 10.1037/ccp0000038

17. Luo L, Song N, Yang H, Huang J, Zhou L, Zhang L. Intervention Effect of Long-Term Aerobic Training on Anxiety, Depression, and Sleep Quality of Middle School Students With Depression After COVID-19. Front Psychiatry. (2021) 12:720833. doi: 10.3389/fpsyt.2021.720833

18. Kwok JYY, Kwan JCY, Auyeung M, Mok VCT, Lau CKY, Choi KC, et al. Effects of Mindfulness Yoga vs Stretching and Resistance Training Exercises on Anxiety and Depression for People With Parkinson Disease: A Randomized Clinical Trial. JAMA Neurol. (2019) 76:755–63. doi: 10.1001/jamaneurol.2019.0534

19. Bennie JA, Teychenne MJ, de Cocker K, Biddle SJH. Associations between aerobic and muscle-strengthening exercise with depressive symptom severity among 17,839 U.S. adults. Prev Med. (2019) 121:121–7. doi: 10.1016/j.ypmed.2019.02.022

20. Heissel A, Heinen D, Brokmeier LL, Skarabis N, Kangas M, Vancampfort D, et al. Exercise as medicine for depressive symptoms? A systematic review and meta-analysis with meta-regression. Br J sports Med. (2023) 57:1049–57. doi: 10.1136/bjsports-2022-106282

21. Recchia F, Bernal JDK, Fong DY, Wong SHS, Chung PK, Chan DKC, et al. Physical Activity Interventions to Alleviate Depressive Symptoms in Children and Adolescents: A Systematic Review and Meta-analysis. JAMA Pediatr. (2023) 177:132–40. doi: 10.1001/jamapediatrics.2022.5090

22. Olson RL, Brush CJ, Ehmann PJ, Alderman BL. Effects of an 8-Week Aerobic Exercise Intervention on Ruminative Thought Patterns in Major Depressive Disorder. Med Sci Sports Exercise. (2016) 48:316–7. doi: 10.1249/01.mss.0000485955.90025.cb

23. Alderman BL, Olson RL, Brush CJ, Shors TJ. MAP training: combining meditation and aerobic exercise reduces depression and rumination while enhancing synchronized brain activity. Trans Psychiatry. (2016) 6:e726–e. doi: 10.1038/tp.2015.225

24. Liang DJCJMH. Stress levels and their relationship with physical activity among university students. (1994) 1:5–6.

25. Han X, Yang HJCJoCP. A Trial of the Nolen-Hoeksema Rumination Thinking Scale in China. (2009) 17(5):550–1.

26. Tsai F-J, Huang Y-H, Liu H-C, Huang K-Y, Huang Y-H, Liu S-IJP. Patient health questionnaire for school-based depression screening among Chinese adolescents. (2014) 133(2):e402–e9. doi: 10.1542/peds.2013-0204

27. Hao Z, Lirong LJPPS. Statistical testing and control methods for common method bias. (2004) 12(6):942.

28. Dong XX, Li DL, Miao YF, Zhang T, Wu Y, Pan CW. Prevalence of depressive symptoms and associated factors during the COVID-19 pandemic: A national-based study. J Affect Disord. (2023) 333:1–9. doi: 10.1016/j.jad.2023.04.034

29. Murphy MH, Carlin A, Woods C, Nevill A, MacDonncha C, Ferguson K, et al. Active Students Are Healthier and Happier Than Their Inactive Peers: The Results of a Large Representative Cross-Sectional Study of University Students in Ireland. J Phys activity Health. (2018) 15:737–46. doi: 10.1123/jpah.2017-0432

30. Gasiūnienė L, Miežienė B. The Relationship Between Students’ Physical Activity and Academic Stress. Baltic J Sport Health Sci. (2022) 4:4–12.

31. Bernstein EE, McNally RJ. Exercise as a buffer against difficulties with emotion regulation: A pathway to emotional wellbeing. Behav Res Ther. (2018) 109:29–36. doi: 10.1016/j.brat.2018.07.010

32. Yanagisawa H, Dan I, Tsuzuki D, Kato M, Okamoto M, Kyutoku Y, et al. Acute moderate exercise elicits increased dorsolateral prefrontal activation and improves cognitive performance with Stroop test. Neuroimage. (2010) 50:1702–10. doi: 10.1016/j.neuroimage.2009.12.023

33. Cooney RE, Joormann J, Eugène F, Dennis EL, Gotlib IH. Neural correlates of rumination in depression. Cognitive Affect Behav Neurosci. (2010) 10:470–8. doi: 10.3758/CABN.10.4.470

34. Bernstein EE, McNally RJ. Acute aerobic exercise hastens emotional recovery from a subsequent stressor. Health Psychol. (2017) 36:560–7. doi: 10.1037/hea0000482

35. Bernstein EE, McNally RJ. Acute aerobic exercise helps overcome emotion regulation deficits. Cogn Emotion. (2017) 31:834–43. doi: 10.1080/02699931.2016.1168284

36. Eather N, Riley N, Miller A, Smith V, Poole A, Vincze L, et al. Efficacy and feasibility of HIIT training for university students: The Uni-HIIT RCT. J Sci Med sport. (2019) 22:596–601. doi: 10.1016/j.jsams.2018.11.016

37. Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, Krystal JH, et al. Association between physical exercise and mental health in 1·2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry. (2018) 5:739–46. doi: 10.1016/S2215-0366(18)30227-X

38. Brosse AL, Sheets ES, Lett HS, Blumenthal JA. Exercise and the treatment of clinical depression in adults: recent findings and future directions. Sports Med (Auckland NZ). (2002) 32:741–60. doi: 10.2165/00007256-200232120-00001

39. Li S, Wang X, Wang P, Qiu S, Xin X, Wang J, et al. Correlation of exercise participation, behavioral inhibition and activation systems, and depressive symptoms in college students. Sci Rep. (2023) 13:16460. doi: 10.1038/s41598-023-43765-9

40. Wei X, Lai Z, Tan Z, Ou Z, Feng X, Xu G, et al. The effect of physical activity on depression in university students: the mediating role of self-esteem and positive psychological capital. Front Psychol. (2024) 15. doi: 10.3389/fpsyg.2024.1485641

41. Zhang J, Zheng S, Hu Z. The Effect of Physical Exercise on Depression in College Students: The Chain Mediating Role of Self-Concept and Social Support. Front Psychol. (2022) 13. doi: 10.3389/fpsyg.2022.841160

42. Miao YF, Dong XX, Li DL, Zhang T, Wu Y, Pan CW. Chronic conditions and depressive symptoms in middle-aged and older Chinese adults: Roles of perceived social support and area of residence. J Affect Disord. (2023) 340:290–8. doi: 10.1016/j.jad.2023.08.045

43. Zhao H, Zhang B, Liu W, Jiang Y. The relationship between physical activity and depression in college students: the chain mediating role of mindfulness and meaning in life. Curr Psychol. (2024) 43:22797–807. doi: 10.1007/s12144-024-05751-w

44. Zhang H, Bin Hashim S, Huang D, Zhang B. The effect of physical exercise on depression among college students: a systematic review and meta-analysis. Peerj. (2024) 12. doi: 10.7717/peerj.18111




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Zhu, Liu, Jia, Wang and Man. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-15-1501996-g002.jpg
@0 © ®

0.14 0.16 0.25
symptom compulsive reflective
rumination meditation pondering

0.90 0.91 0.96

0.26 .
duration
0.86
ot D @
0.39 0.63 :
physical exercise
-0.060 symptoms

0.28
= -
@ frequency





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        The relationship between physical exercise and depressive symptoms in college students: the mediating role of rumination

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Participants and methods

        

          		

            2.1 Study participants

          



          		

            2.2 Sample size estimation

          



          		

            2.3 Testing procedure

          



          		

            2.4 Testing instruments

          

            		

              2.4.1 Physical Activity Rank Scale-3 (PARS-3)

            



            		

              2.4.2 Ruminative Responses Scale (Nolen-Hoeksema Ruminative Responses Scale, RRS)

            



            		

              2.4.3 Beck DePression Inventory, BDI-II

            



          



          



          		

            2.5 Mathematical statistics

          



        



        



        		

          3 Results

        

          		

            3.1 Differences in basic information and physical activity levels of college students with varying levels of depressive symptoms

          



          		

            3.2 Differences in physical exercise and rumination between depressed and non-depressed college students

          



          		

            3.3 Analysis of differences in rumination and depressive symptoms among college students with different levels of physical exercise

          



          		

            3.4 Relationship between physical exercise, rumination, and depressive symptoms

          



          		

            3.5 Common method variance bias test

          



          		

            3.6 Construction and validation of the structural relationship model

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-15-1501996-g001.jpg
depressive symptoms

0 50 100 150
physical activity level

b =N
— —

depressive symptoms
N
=)

0 S 10 15 20 25
reflection and deep

physical activity level

0 5 10 15 20 25
reflection and deep

depressive symptoms

=2
=)

=
—

N
=

0 20 40 60

symptomatic rumination

physical activity level

symptomatic rumination

depressive symptoms

0 5 10 15 20 25
forced meditation

physical activity level

forced meditation





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable

Physical Exercise 15.34 + 16.97
Symptom Rumination 40.14 + 12.99
Reflective Pondering 2082 +7.17

Compulsive Meditation 9.39 + 3.30

Depressive Symptoms 992 + 337

Non-Depressed

13.03 £ 16.38 15.86 + 17.06
53.79 + 12.95 37.07 £ 10.84
2878 £ 7.14 19.03 +5.83
12.08 + 3.28 8.78 £2.99
12.92 + 3.46 9.25 +2.96

369)

Difference Test

.489, P=0.010
t=30.97, P<0.001
t=33.34, P<0.001
t=22.59, P=0.004

t=25.05, P<0.001





OEBPS/Images/table4.jpg
Effect Type B Bias-Corrected 95% CI P-value N3 Proportion of Effect (%

Total Effect -0.110 (-0.161, -0.063) <0.001 0.025 100
Direct Effect -0.065 (-0.104, -0.028) 0.005 0.016 59.09
Indirect Effect -0.045 (-0.077, -0.015) 0.005 0.124 4091

B, Mediation Effect Coefficient; CI, Confidence Interval; SE, Standard Error.





OEBPS/Images/table3.jpg
Physical Exercise Level

Post-hoc Multiple Comparisons

Rumination
Symptom Rumination
Reflective Pondering

Compulsive Meditation

Depressive Symptoms

*, %%, *** represent P<0.05, P<0.01, and P<0.001, respectively; in the multiple comparisons, 1 represents low physical exercise levels, 2 represents moderate physical exercise levels, and 3 represents

high physical exercise levels.

Low Medium
n=2124 n=522
40.59 + 12.82 3842 + 1271
2112+ 711 19.71 £ 7.93
946 + 3.24 9.09 + 3.35
9.99 + 3.32 9.60 + 3.34
7.57 £ 8.20 592 + 6.63

39.90 + 14.58 5.914*

20.53 £ 793 8.357
939 + 3.64
9.96 + 3.81

623 +7.76 11.008***

1>2

1>2

1>2

1>2

1>2, 1>3





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt.2024.1501996_cover.jpg
& frontiers | Frontiers in Psychiatry

The relationship between physical exercise
and depressive symptoms in college
students: the mediating role of rumination





OEBPS/Images/table1.jpg
epressed

n-Depressed

369)

Difference Test

Age (years) 19.40 + 1.62 19.60 + 2.18 19.35 + 1.46 t=-3.203, P=0.078
Height (cm) 169.23 + 8.16 168.71 + 8.15 169.36 + 8.17 t=1.655, P=0.098
Weight (kg) 62.15 + 13.32 61.99 + 13.91 62.19 + 13.19 t=0.318, P=0.751
BMI(kg-m'l) 21.59 + 3.79 21.58 +3.74 21.67 + 4.02 t=-0.490, P=0.624
Gender (male/%) 46.14 43.34 46.77 %2 = 2.061, P=0.082
Without siblings (Yes/%) 46.62 4221 47.62 %2 = 5.100, P=0.024
Household Location (Urban/%) 59.44 5591 60.24 ®~ = 3.378, P=0.071





