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Introduction: Mental health issues among university students are increasingly prominent, and effective interventions are urgently needed. Physical exercise has shown potential in improving mental health, but the underlying mechanisms remain unclear. Based on the Conservation of Resources (COR) theory and the Dual - Factor Model of Mental Health, this study aims to explore the dual impact of physical exercise on university students’ mental health and the chain - mediating effects of mindfulness and psychological resilience.

Methods: A cross-sectional survey was carried out on 720 students from Chinese universities. Validated instruments were used to measure physical exercise, mindfulness, resilience, and mental health outcomes. SPSS 27.0 and Mplus 8.3 were employed for data analysis, including descriptive statistics, correlation analysis, confirmatory factor analysis, and mediation effect testing.

Results: The findings show that physical exercise is a proactive resource investment behavior. It significantly enhances students’ mindfulness and resilience. These psychological resources promote positive mental health indicators such as life satisfaction and positive affect, and at the same time, reduce negative factors like psychological distress. The chain mediation analysis indicates that mindfulness and resilience act as interconnected resources, which is in line with the “gain spiral” and “resource caravan” effects in the COR theory.

Discussion: This study provides novel insights by demonstrating how mindfulness and resilience sequentially amplify the psychological benefits of physical exercise. It offers a more detailed understanding of the mechanisms behind the improvement of university students’ mental health. The results have significant theoretical and practical implications, advocating for the integration of exercise, mindfulness, and resilience-building strategies in mental health interventions for university populations.
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1 Introduction

University years represent a pivotal developmental stage, transitioning individuals from late adolescence to early adulthood (Cuijpers et al., 2019). During this period, students’ mental health significantly influences not only academic performance but also long-term social adaptability and career success (Liu et al., 2019). A World Health Organization survey reported that 20.3% of university students experienced DSM-IV/CIDI disorders1 in the past year, with anxiety and mood disorders being most prevalent (Auerbach et al., 2016). Recent findings reveal that the COVID-19 pandemic exacerbated these issues, raising the prevalence of depression and anxiety among students to 39 and 36%, respectively (Li Y. et al., 2021). These trends highlight the urgent need for effective mental health interventions tailored for university students.

Physical exercise, as a non-pharmacological intervention, has gained increasing attention for its multidimensional benefits. Research demonstrates its effectiveness in improving physiological health and mental states, including reducing anxiety, stress, and depression through mechanisms such as endorphin release and neurotransmitter regulation (Mikkelsen et al., 2017). Furthermore, physical activity enhances life satisfaction and well-being, which is especially vital for students navigating this transitional life phase (Herbert, 2022). However, while numerous studies have explored the physiological and psychological pathways linking exercise to mental health (Doré et al., 2020; Mahindru et al., 2023), the interaction remains complex, requiring further exploration of multidimensional mechanisms (Xu, 2020).

To further elucidate the complex mechanisms through which physical exercise influences mental health, the Conservation of Resources (COR) theory provides an ideal theoretical framework. Proposed by Hobfoll (1989), this theory posits that individuals strive to acquire, retain, and protect valuable resources to cope with stress. These resources encompass various domains of life, including personal resources (e.g., interpersonal relationships), psychological resources (e.g., self-efficacy), and material resources (e.g., financial assets) (Hobfoll, 1989; Siddiquei et al., 2025). The theory emphasizes that when individuals successfully obtain and conserve resources, these resources generate a gain effect, forming a “gain spiral” (Hobfoll, 2001). This positive resource feedback enhances individuals’ coping abilities, mitigates stress, and improves mental health. Additionally, Hobfoll (2011) further introduced the concept of “resource caravans,” suggesting that different types of resources are interconnected, interdependent, and function collectively.

From the perspective of the COR theory, the stressors faced by university students—such as academic competition, social adaptation, and the impact of the COVID-19 pandemic—essentially constitute a persistent threat to personal resources. Such threats may lead to resource depletion, which, in turn, triggers mental health issues. However, physical exercise serves as an effective resource investment behavior, not only improving physiological well-being but also facilitating the acquisition and accumulation of key psychological resources. This process buffers the negative effects of stress and enhancing overall well-being (Kettunen et al., 2015). The COR theory has been widely used to explain how individuals’ mental health is influenced by resource loss or gain when facing stress and challenges (Kettunen et al., 2015; Egozi Farkash et al., 2022; Mubarak et al., 2022), yet few studies have applied it to explore the mechanisms by which exercise affects university students’ mental health.

Additionally, according to COR theory, mindfulness and psychological resilience are two critical psychological resources that can enhance an individual’s ability to cope with environmental stressors and mitigate the detrimental effects of psychological distress (Hobfoll, 2011; Mubarak et al., 2022). Mindfulness helps individuals effectively manage negative emotions and stressors, reducing resource depletion and enhancing the preservation and regulation of psychological resources (Mubarak et al., 2022). Psychological resilience, as a core resource for coping with adversity and stress, enables individuals to effectively mobilize internal and external resources to cope with various life pressures and challenges (Zhu et al., 2019). Furthermore, studies have shown that mindfulness-based interventions can enhance resilience and help students manage the various stressors of modern society (Bajaj and Pande, 2016; Arpaci and Gundogan, 2020). Therefore, mindfulness and psychological resilience may exhibit a sequential relationship.

Mindfulness and psychological resilience have emerged as critical research variables in recent years, demonstrating significant effects on promoting mental health (Hu et al., 2015; Tran et al., 2022). However, empirical studies on how physical exercise affects university students’ mental health through these psychological resources remain limited. This study employs the COR theory to investigate the mediating effects of mindfulness and psychological resilience in the relationship between physical exercise and mental health among university students, aiming to advance our understanding of the mechanistic pathways through which physical exercise influences mental health.


1.1 Physical exercise in relation to mindfulness and psychological resilience

Within the framework of the COR theory, physical exercise is not only a proactive resource investment behavior but also an effective means of accumulating psychological resources. Mindfulness, defined as “the awareness that emerges through paying attention on purpose, in the present moment, and nonjudgmentally to the unfolding of experience moment by moment” (Kabat-Zinn, 2003), enables individuals to manage distressing thoughts and emotions effectively (Brown et al., 2007). Modern psychology posits that “present-focused attention” and “non-judgmental attitude” toward the object of attention are two essential psychological factors of mindfulness (Peng and Ju, 2013). During physical exercise, an individual’s awareness of internal bodily sensations and attention to the exercise context, along with an objective self-assessment, acceptance of others, and a composed response to competition outcomes, exhibit high similarity to the mindfulness factors of “present-focused attention” and “non-judgmental attitude.” This similarity suggests a strong theoretical alignment between the psychological structure of physical exercise and that of mindfulness. Empirical research also supports this perspective. Studies by Xu (2021) and Caldwell et al. (2010) have found that active participation in physical exercise significantly enhances mindfulness levels among university students.

Furthermore, psychological resilience is defined as “the process of adapting well in the face of adversity, trauma, tragedy, threats or even significant sources of stress” (Southwick et al., 2014). The COR theory emphasizes that when individuals face stress, they must mobilize and protect their resources (Hobfoll, 1989). Psychological resilience, as a key personal resource, enhances an individual’s ability to effectively utilize internal and external resources, enabling them to adapt more efficiently to adversity (Mubarak et al., 2022; Siddiquei et al., 2025). The unique characteristics of physical exercise environments—such as enjoyment, openness, and competitiveness—create favorable conditions for fostering psychological resilience in university students. Physical activities involve rapid and intense shifts in space, time, and exercise intensity, requiring students to adapt quickly to dynamic, unpredictable changes, thereby training their responsiveness and information-processing abilities (Li, 2017). Such training enhances students’ ability to mobilize internal and external resources, thereby strengthening their resilience to stress and adversity. Research further indicates that increased exercise volume (Román-Mata et al., 2020) and intensity (Dunston et al., 2020) significantly boost psychological resilience levels among university students. Moreover, neuroscience research confirms that levels of brain-derived neurotrophic factor significantly increase during physical exercise, which protects neurons in the striatum and hippocampus under stress, thus positively influencing psychological resilience (Russell et al., 2014). These findings suggest that physical exercise not only directly facilitates the development of psychological resilience but also constructs a solid psychological defense for individuals through mechanisms of resource accumulation and regeneration.



1.2 Mindfulness and psychological resilience in relation to mental health

Within the framework of COR theory, mindfulness, as a key personal psychological resource, helps individuals identify and regulate emotions in stressful situations, thereby reducing resource depletion and enhancing resource preservation mechanisms (Mubarak et al., 2022). Evidence shows that high levels of mindfulness help university students reduce loneliness and cope with stress, anxiety, and depression (Dvořáková et al., 2017; Jin et al., 2020; González-Martín et al., 2023). For instance, randomized controlled trials demonstrate that mindfulness training significantly enhances life satisfaction and reduces psychological distress (Dvořáková et al., 2017). Additionally, the systematic review and meta-analysis conducted by González-Martín et al. (2023) further validated the significant effects of mindfulness interventions in improving mental health among university students. Therefore, cultivating mindfulness helps to prevent psychological resource depletion, enabling individuals to better maintain mental well-being when facing stress.

Furthermore, within the framework of COR theory, psychological resilience is also regarded as a key personal psychological resource, which plays a crucial role in protecting and regenerating resources when individuals face external resource threats (Egozi Farkash et al., 2022; Mubarak et al., 2022; Zhu et al., 2019). A growing body of empirical research suggests that university students with higher levels of psychological resilience tend to exhibit better mental health, greater overall well-being, and significantly lower levels of depression and anxiety when coping with academic stress and life challenges (Davydov et al., 2010; Hu et al., 2015; Antonini Philippe et al., 2021). These findings indicate that in stressful contexts, psychological resilience can effectively protect and enhance individuals’ psychological resources, ultimately exerting a positive impact on mental health.



1.3 Mindfulness in relation to psychological resilience

As a positive psychological resource, mindfulness not only helps individuals regulate emotions when facing stress but also supports resource conservation, thus promoting the cultivation of psychological resilience. Research indicates that mindfulness significantly enhances psychological resilience, particularly in helping university students manage academic and life pressures. For instance, Bajaj and Pande (2016) found that undergraduate students with higher mindfulness levels exhibited greater resilience. Similarly, Arpaci and Gundogan (2020) demonstrated that psychological resilience mediates the relationship between mindfulness and nomophobia, suggesting that mindfulness-based interventions could bolster resilience to help students cope with various stressors in modern society. Moreover, mindfulness reduces maladaptive coping mechanisms, such as avoidance and rumination, which prevents the onset of depressive thinking and enhancing resilience (Thompson et al., 2011). In educational contexts, Zenner et al. (2014) systematically reviewed school-based mindfulness interventions, finding significant improvements in cognitive performance and stress resilience among youth. These findings support the potential application of mindfulness interventions in university settings. Collectively, these findings highlight a sequential relationship between mindfulness and psychological resilience, emphasizing its broad applicability in improving mental health outcomes in university students.



1.4 The dual-factor model of mental health

This study employs the Dual-Factor Model of Mental Health (DFM) to comprehensively examine the role of mindfulness and psychological resilience in the mechanisms through which physical exercise influences university students’ mental health. Unlike traditional models, which view happiness and psychopathology as opposite ends of a single continuum (Suldo and Shaffer, 2008), the DFM, developed within the framework of positive psychology, considers distress and well-being as distinct yet interrelated constructs (Keyes, 2002; Suldo and Shaffer, 2008; Antaramian et al., 2010). This model underscores that mental health encompasses not only the absence of psychopathological symptoms but also the presence of positive psychological states, such as subjective well-being and life satisfaction (Keyes, 2005; Suldo and Shaffer, 2008; Westerhof and Keyes, 2010). This dual perspective is particularly pertinent for university students, whose mental health often reflects a coexistence of distress and well-being. For example, they may maintain optimism about the future while navigating academic pressures or experience personal growth and satisfaction despite life challenges. Thus, evaluating university students’ mental health requires a holistic approach that considers both positive and negative factors to provide a more comprehensive understanding (Greenspoon and Saklofske, 2001; Hu et al., 2015).

Although the DFM has been widely applied in mental health research (Antaramian, 2015; Zhang et al., 2021), current studies on the effects of physical exercise, mindfulness, and resilience on mental health often focus on a single dimension (Li X. N. et al., 2021; Wang et al., 2022), overlooking the comprehensive impact of both positive and negative dimensions. Given the complex relationship between physical exercise and university students’ mental health, this study integrates the COR theory and the DFM to comprehensively explore the mechanisms through which physical exercise influences mental health through mindfulness and psychological resilience, and further reveals their chain mediation effects.

Based on the above analysis, we developed a conceptual model (as shown in Figure 1).
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FIGURE 1
 Conceptual framework.





2 Materials and methods


2.1 Participants

The study randomly selected five universities in Liaoning Province, China, as the sampling source between June 15 and June 23, 2024. Two classes from each grade were randomly selected at each university, resulting in a total of 40 classes as the study sample. Data were collected using the online survey platform “Wenjuanxing,” where electronic questionnaires were distributed to participants. A total of 834 questionnaires were received. After excluding invalid responses—such as patterned answers, duplicate submissions from the same IP address, and responses completed in less than 5 min—720 valid questionnaires were retained, yielding an effective response rate of 86.33%.

Among the valid respondents, 336 participants (46.67%) were male, and 384 (53.33%) were female. The grade distribution included 186 freshmen (25.83%), 197 sophomores (27.36%), 181 juniors (25.14%), and 156 seniors (21.67%). Regarding birthplace, 283 participants (39.31%) were from urban areas, while 437 (60.69%) were from rural areas. In terms of only-child status, 292 participants (40.56%) were only children, while 428 (59.44%) had siblings. Participants ranged in age from 17 to 24 years, with 43.19% aged 17–19, 54.86% aged 20–22, and 1.94% aged 23–24. The average age was 19.77 years (SD = 1.31), and the average body mass index (BMI) was 23.30 (SD = 6.76). For a complete overview of demographic characteristics, see Table 1.



TABLE 1 Demographic characteristics of participants.
[image: Table1]



2.2 Procedure

This study employed a cross-sectional survey design, with data collected via the online platform Wenjuanxing. Members of the research team explained the study’s purpose and requirements to class advisors, who subsequently assisted in distributing the survey link to students. Participants completed the survey on-site using their mobile phones. The entire survey process was supervised by the research team to ensure the authenticity of the responses and the accuracy of the data. After the survey, data were exported to SPSS for cleaning and analysis, and invalid responses were excluded to ensure data validity and reliability. Before participation, all students were informed about the purpose and content of the study and participated voluntarily after signing an informed consent form in accordance with the Declaration of Helsinki. Participant anonymity was ensured throughout the data collection process, and the study strictly adhered to ethical guidelines for psychological research.



2.3 Measures


2.3.1 Physical exercise scale for university students

This study employed the Chinese College Students’ Physical Exercise Scale revised by Wu (2016). The instrument has been widely applied among Chinese university students and has demonstrated high reliability and validity within this population (Jiang et al., 2018; Li X. N. et al., 2021). The scale consists of eight items, divided into two dimensions: exercise adherence (four items) and exercise commitment (four items). Responses are rated on a 5-point Likert scale, where 1 represents “strongly disagree” and 5 represents “strongly agree.”

Confirmatory factor analysis (CFA) revealed that one item’s factor loading in the exercise commitment dimension was below 0.7, leading to its removal. The adjusted CFA results indicated good model fit: x2/df = 6.38, CFI = 0.98, TLI = 0.97, RMSEA = 0.09, SRMR = 0.02. CFI and TLI values greater than 0.95 indicate good model fit, and the RMSEA value, close to the threshold of 0.08, is within the acceptable range (Jackson et al., 2009). In this study, the Cronbach’s α for the overall scale was 0.92, with values of 0.88 and 0.89 for the exercise adherence and exercise commitment subscales, respectively.



2.3.2 General health questionnaire-12 (GHQ-12)

This study employed the GHQ-12 to assess the negative aspects of university students’ mental health. The GHQ-12 is widely used to screen for psychological distress and common mental health issues, as well as to identify potential cases of mental disorders (Makowska and Merecz, 2000; Romppel et al., 2013). The version utilized in this study is the Chinese adaptation revised by Zhang et al. (2008), which has been extensively applied to evaluate the mental health of Chinese university students (Shu et al., 2021; Tang et al., 2021).

The GHQ-12 comprises 12 items, requiring participants to reflect on their experiences over the past 4 weeks. Each item is rated on a 4-point Likert scale ranging from 1 (“never”) to 4 (“almost always”). Six items are positively worded and reverse-scored, while the other six are negatively worded and scored normally. The total GHQ-12 score ranges from 12 to 48, with higher scores indicating greater psychological distress. In this study, the Cronbach’s α for the GHQ-12 was 0.87, demonstrating good internal consistency.



2.3.3 Subjective well-being

Subjective well-being, a positive indicator of mental health, consists of both cognitive and emotional components (Antaramian, 2015). In this study, the cognitive component of subjective well-being was measured using the Satisfaction with Life Scale (SWLS) (Diener et al., 1985). The SWLS is a widely utilized instrument for evaluating an individual’s overall life satisfaction and includes of five items, each rated on a 7-point Likert scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). The total SWLS score ranges from 5 to 35, with higher scores indicating greater life satisfaction. Studies by Jiang et al. (2023) and Bieda et al. (2019) have demonstrated the cultural validity and applicability of the SWLS among Chinese university students. In this study, the Cronbach’s α for the SWLS was 0.88, indicating good internal consistency.

The emotional component of subjective well-being was assessed using the Positive and Negative Affect Schedule (PANAS). The PANAS, developed by Watson et al. (1988), was adapted for Chinese university students by Qiu et al. (2008). The revised scale comprises of 18 emotion-related words, with nine representing positive affect (PA) and nine representing negative affect (NA). Participants rated their emotional experiences over the past week on a 5-point Likert scale, ranging from 1 (“not at all”) to 5 (“extremely”). Higher scores reflect more frequent emotional experiences. In this study, the Cronbach’s α for the PA and NA scales was 0.96 and 0.93, respectively, indicating excellent internal consistency.

Following previous studies (Antaramian et al., 2010; Thrash et al., 2010; Ye et al., 2019), the composite score for subjective well-being in this study was calculated by adding the standardized SWLS score to the standardized PA score and subtracting the standardized NA score. This approach enables a comprehensive evaluation of both the cognitive and emotional components of subjective well-being, providing a more holistic assessment of university students’ mental health status.



2.3.4 Mindful attention awareness scale (MAAS)

This study employed the MAAS to evaluate the mindfulness levels of university students. The MAAS was developed by Brown and Ryan to measure an individual’s awareness of the present moment during daily activities, reflecting their level of mindfulness (Brown and Ryan, 2003). The MAAS is a unidimensional scale encompassing various aspects of mindfulness, including cognitive, emotional, and physiological experiences in daily life.

The Chinese version of the MAAS used in this study was revised by Chen et al. (2012) and has been extensively applied in mindfulness research within the Chinese cultural context, demonstrating high reliability and validity. The scale comprises 15 items, each rated on a 6-point Likert scale ranging from “always” (1 point) to “never” (6 points), capturing the degree of awareness individuals have of their daily experiences. The total mindfulness score is calculated by summing the scores of all items, with higher scores reflecting greater mindfulness, indicated by more frequent awareness and attention to present experiences. In this study, the Cronbach’s α for the MAAS was 0.91, indicating excellent internal consistency.



2.3.5 Brief resilience scale (BRS)

This study utilized the BRS to evaluate the psychological resilience levels of university students. Developed by Smith et al. (2008), the BRS is designed to directly measure resilience by focusing on individuals’ ability to recover from stress and adversity rather than emphasizing coping strategies or available resources. Compared to other resilience scales, the BRS highlights the core of resilience—the capacity to bounce back from stress and setbacks. Previous research shows strong correlations between the BRS and other widely used resilience scales, such as the Connor-Davidson Resilience Scale (CD-RISC). Additionally, the BRS has demonstrated high reliability and validity in various studies (Smith et al., 2008; Chen et al., 2020).

In this study, the Chinese version of the BRS adapted by Chen et al. (2020) was employed. This version has been extensively used among Chinese university students and has demonstrated good reliability and validity (Chen et al., 2020; Fung, 2020). The BRS comprises six items, each rated on a 5-point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). Three items are positively scored, while the other three are reverse-scored. The total resilience score is calculated by summing all six items. Higher scores reflect greater resilience, meaning a stronger ability to recover from stress and adversity. In this study, the Cronbach’s α for the BRS was 0.72, reflecting acceptable internal consistency.




2.4 Data analysis

Data analysis was conducted using SPSS 27.0 and Mplus 8.3. SPSS 27.0 was utilized for descriptive statistics, correlation analysis, and normalization of the data through z-scores. Mplus 8.3 was employed to perform CFA to examine model fit and mediation effects. The bias-corrected bootstrap method was adopted to test mediation effects. Compared to the traditional Sobel test, the bias-corrected bootstrap method provides higher statistical power when estimating indirect effects (Taylor et al., 2007; Fang and Zhang, 2012). In this study, the bootstrap method was based on 5,000 resamples, and a 95% confidence interval (CI) was used for significance testing. Mediation effects were considered significant if the CI did not include zero. The significance level was set at 0.05.




3 Results


3.1 Common method bias test and control

This study relied on self-reported data, which may introduce common method bias (CMB). To mitigate the potential impact of CMB on the results, several control measures were implemented during the research process, following the guidelines of Zhou and Long (2004). These measures included ensuring participant anonymity, clarifying that the data would be used exclusively for scientific research, and reverse-scoring certain items.

To further enhance the rigor of the study, Harman’s single-factor test was performed prior to data analysis to assess common method bias (Podsakoff et al., 2003). Specifically, an unrotated principal component factor analysis was conducted on all measurement items. The results revealed multiple factors, with the first factor accounting for 26.67% of the variance, which is well below the critical threshold of 40% (Tang and Wen, 2020). These findings suggest that common method bias is not a significant concern in this study.



3.2 Descriptive statistics and correlation analysis

Table 2 presents the means, standard deviations, and Pearson correlation matrix for the study variables. Correlation analysis revealed significant relationships among exercise adherence, exercise commitment, mindfulness, psychological resilience, negative mental health factors, life satisfaction, positive affect, and negative affect, which align with theoretical expectations. These results provide preliminary support for the subsequent mediation analysis. Additionally, demographic variables such as gender, birthplace, and only-child status showed significant correlations with certain key variables, highlighting their potential role as confounding factors. As a result, these variables were included as control variables in the mediation analysis. Furthermore, previous research indicates that BMI is significantly associated with both physical exercise and mental health outcomes (Eddolls et al., 2018; Herhaus et al., 2020). Consequently, BMI was incorporated into the model to ensure the validity of the findings.



TABLE 2 Descriptive statistics and Pearson’s correlations between the study variables.
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3.3 Structural model construction and testing

Mplus 8.3 was employed to evaluate the fit between the measurement model and the observed data. The results indicated that the model met the ideal fit criteria: x2/df = 1.62, RMSEA = 0.03, CFI = 0.99, TLI = 0.99, and SRMR = 0.02, supporting further structural model testing. To address potential multicollinearity among the independent variables, the variance inflation factor (VIF) was calculated using the formula VIFj = 1/(1-Rj2), where Rj2 represents the coefficient of determination for the regression of one independent variable on the others. All VIF values for the predictor variables were below 5, indicating that multicollinearity was not a concern (Wen et al., 2018).



3.4 Mediation effect testing

Mediation analysis of the constructed model was conducted with gender, birthplace, only-child status, and BMI as control variables. All paths between the main variables were significant and consistent with theoretical predictions. Among the control variables, gender was significantly positively associated with physical exercise (β = 0.24, p < 0.01) and negatively associated with mindfulness (β = −0.20, p < 0.01). Birthplace was significantly positively associated with resilience (β = 0.08, p < 0.05) and subjective well-being (β = 0.06, p < 0.05). The final model with standardized path estimates is shown in Figure 2. All standardized and unstandardized regression coefficients for the direct and indirect effects of the model are listed in Tables 3, 4.

[image: Figure 2]

FIGURE 2
 Statistical model with standardized path coefficients. Control variables and their significant paths are displayed in gray; non-significant paths of the control variables are not displayed. * p < 0.05 ** p < 0.01.




TABLE 3 Direct effects of the path model.
[image: Table3]



TABLE 4 Indirect effects of the path model.
[image: Table4]

As shown in Table 3, the direct effect analysis indicated that, after controlling for the influence of control variables, physical exercise (β = 0.22, p < 0.01), mindfulness (β = 0.29, p < 0.01), and psychological resilience (β = 0.37, p < 0.01) exerted significant positive effects on positive mental health factors, collectively explaining 43.7% of the variance. In contrast, physical exercise (β = −0.17, p < 0.01), mindfulness (β = −0.28, p < 0.01), and psychological resilience (β = −0.41, p < 0.01) exhibited significant negative effects on negative mental health factors, accounting for 43.6% of the variance. These findings highlight the pivotal roles of physical exercise, mindfulness, and psychological resilience in shaping both positive and negative dimensions of mental health.

As shown in Table 4, mindfulness and psychological resilience significantly mediated the effects of physical exercise on both positive and negative mental health factors. For positive mental health factors (Y1), physical exercise exhibited a total effect of β = 0.43 (p < 0.01, 95% CI: [0.35, 0.50]). Of this total effect, 48.84% was mediated through mindfulness (β = 0.10, p < 0.01), psychological resilience (β = 0.08, p < 0.01), and their chain mediation (β = 0.04, p < 0.01). For negative mental health factors (Y2), physical exercise demonstrated a total effect of β = −0.39 (p < 0.01, 95% CI: [−0.47, −0.31]), with 56.41% mediated through mindfulness (β = −0.09, p < 0.01), psychological resilience (β = −0.09, p < 0.01), and their chain mediation (β = −0.04, p < 0.01).

Despite the relatively low absolute values of path coefficients and mediation effects in our model (β < 0.4, mediation β < 0.1), all effects were statistically significant (p < 0.01), and the overall model explained approximately 43% of the variance, suggesting that the relationships between variables are stable and practically meaningful (MacKinnon et al., 2002; Preacher and Hayes, 2008).




4 Discussion

Given the severity of mental health issues among university students, this study developed a model based on the COR theory and the DFM to further elucidate the mechanisms underlying the impact of physical exercise on mental health. Specifically, the mediating roles of mindfulness and psychological resilience in the relationship between physical exercise and mental health were examined. Our findings provide valuable insights into the complex relationships among physical exercise, mindfulness, psychological resilience, and mental health.


4.1 The relationship between physical exercise and mental health

This study demonstrates that physical exercise has a significant positive impact on enhancing positive mental health factors among university students while playing a critical role in mitigating negative mental health factors. This finding aligns closely with the fundamental assumptions of the COR theory. COR theory posits that individuals acquire, maintain, and protect valuable resources (e.g., psychological resources) to better cope with life stressors and challenges (Hobfoll, 1989; Hobfoll, 2001). University students undergoing a transitional stage of life often face academic pressure, interpersonal challenges, and career uncertainty, which can result in the continuous depletion of psychological resources (Wu et al., 2020). As an active and effective resource investment behavior, physical exercise helps students accumulate both physiological and psychological resources in the process of coping with stress. Specifically, engaging in physical exercise can directly enhance positive emotional experiences and reduce negative emotional states (e.g., anxiety and depression) (Mahindru et al., 2023). This not only helps prevent resource depletion but also fosters a gain spiral. Therefore, from the perspective of COR theory, the findings of this study highlight the critical role of physical exercise as a proactive resource investment behavior in safeguarding university students’ mental health.



4.2 The mediating role of mindfulness and psychological resilience

This study underscores the critical mediating roles of mindfulness and psychological resilience in the relationship between physical exercise and mental health among university students. Specifically, physical exercise significantly enhances students’ mindfulness and resilience levels, which, in turn, improve positive mental health factors while reducing negative ones.


4.2.1 Mindfulness as a mediator

This study provides new insights by emphasizing the role of mindfulness as a key mediating variable in the relationship between physical exercise and university students’ mental health. Although prior studies have highlighted the benefits of physical exercise in reducing anxiety and depression and enhancing well-being among university students (Herbert, 2022; Huang et al., 2024), limited attention has been given to the mediating role of mindfulness in this process. This study provides robust evidence that mindfulness not only a psychological resource cultivated through physical exercise but also a key mediating mechanism linking exercise to the improvement of university students’ mental health. According to COR theory, mindfulness is a critical personal psychological resource that enhances individuals’ present-moment awareness and nonjudgmental attention, enabling them to manage emotions and thoughts more effectively in stressful situations while reducing resource loss (Kabat-Zinn, 2003; Brown et al., 2007), thereby improving mental health. The process of physical exercise often involves heightened bodily awareness and attention to the present moment, particularly in practices like Tai Chi and Pilates (Caldwell et al., 2010). Therefore, consistent engagement in physical exercise can significantly enhance university students’ mindfulness levels, fostering the development and reinforcement of this essential internal resource. These findings broaden existing theoretical frameworks on the link between physical exercise and mindfulness, offering a theoretical basis for understanding how physical exercise supports the development of internal psychological resources and mental health.



4.2.2 Resilience as a mediator

This study found that psychological resilience emerges as a significant mediator in the relationship between physical exercise and university students’ mental health, aligning with findings from latest meta-analytic structural equation modeling studies (Lin et al., 2024). Psychological resilience is a key psychological resource that facilitates individuals’ adaptation and recovery from adversity (Southwick et al., 2014). According to the COR theory, psychological resilience effectively protects existing resources and promotes resource accumulation, enabling individuals to better cope with environmental challenges, manage stress more efficiently, regulate emotions, and maintain mental well-being (Mubarak et al., 2022; Siddiquei et al., 2025). Furthermore, the competitive, open, and dynamic nature of physical exercise exposes individuals to moderate psychological challenges, allowing them to develop adaptive coping strategies and regain physiological and psychological stability following stress exposure (Li, 2017). This repeated stress-recovery cycle serves as a training ground for resource accumulation, progressively strengthening psychological resilience and enhancing individuals’ ability to protect and mobilize resources to navigate future challenges. Thus, psychological resilience serves as a critical mediator between physical exercise and mental health, not only transforming the positive effects of physical exercise into psychological resource accumulation but also fostering long-term psychological adaptation and overall mental well-being.




4.3 The chain mediation role of mindfulness and resilience

One significant contribution of this study is the identification of mindfulness and resilience as sequential mediation mechanism, forming a resource chain that links physical exercise to the improvement of university students’ mental health. This provides new insights into the overall process through which physical exercise promotes mental well-being. According to the COR theory, psychological resources do not exist in isolation but are interconnected, forming resource caravans that collectively function as an integrated system (Hobfoll, 2011). The sequential mediation effect identified in this study reflects this resource caravan effect, highlighting the systematic accumulation and interactive nature of psychological resources.

To begin with, physical exercise facilitates the development of mindfulness as a psychological resource, enhancing individuals’ awareness and regulation of their emotions and stress. The accumulation of this resource helps individuals more effectively manage stress and regulate their emotional responses. It not only mitigates automatic and maladaptive reactions to current frustrations and stressors (Arpaci and Gundogan, 2020) but also prevents the development of rumination and depressive thinking, thereby enhancing individuals’ resilience (Thompson et al., 2011; Bajaj and Pande, 2016).

Building upon this foundation, enhanced psychological resilience further strengthens individuals’ capacity to recover from adversity and their ability to mobilize and utilize resources effectively. This sequential process exemplifies the resource gain spiral described in COR theory, wherein the accumulation of specific psychological resources (e.g., increased mindfulness) facilitates the development of additional resources (e.g., psychological resilience), enhancing individuals’ adaptive capacity in stressful situations. This mechanism enables university students to navigate academic, social, and career-related challenges more efficiently, ultimately contributing to improved overall mental health (Hobfoll, 2011).

Thus, this study reveals the synergistic mediating role of mindfulness and psychological resilience in the relationship between physical exercise and mental health, elucidating the hierarchical accumulation of psychological resources within the resource gain spiral and expanding the mechanistic understanding of how physical exercise fosters mental well-being.



4.4 Theoretical implications

The theoretical contributions of this study are mainly reflected in the following three aspects:

Firstly, it deepens the theoretical application of the DFM of mental health. Traditional studies have often focused on the impact of physical exercise on a single dimension of mental health, such as reducing negative symptoms or enhancing well-being. However, by incorporating the DFM, this study considers both positive and negative aspects of mental health, demonstrating the comprehensive influence of physical exercise on mental health through the enhancement of mindfulness and resilience. The findings not only support the applicability of the DFM in the university student population but also provide a new theoretical perspective for exploring the complex mechanisms of mental health in future research.

Secondly, it reveals the multidimensional chain mechanism between physical exercise and mental health. Based on COR theory, this study elucidates how physical exercise enhances university students’ mental health through the sequential pathway of mindfulness and psychological resilience. This provides a brand-new theoretical perspective in the field of exercise psychology. This contributes to the theoretical foundation for developing multidimensional interventions, underscoring the importance of integrating mindfulness and resilience training into exercise-based mental health programs.

Finally, this study expands the applicability and theoretical scope of the COR theory in mental health research. For the first time, it systematically applies COR theory to explain the complex multivariable interactions among physical exercise, mindfulness, psychological resilience, and mental health. This study enriches the theoretical perspective of COR theory regarding resource accumulation, conservation, and the gain spiral effect. Furthermore, it proposes that mindfulness and psychological resilience, as key psychological resources, not only independently mitigate resource depletion caused by stress but also function synergistically. This highlights the integrative nature and explanatory power of COR theory, providing a foundation for further theoretical advancements and empirical exploration.



4.5 Practical implications

From a practical perspective, this study provides valuable insights and actionable strategies for improving mental health interventions among university students. First, physical exercise, as a simple yet effective intervention, has been shown to significantly enhance mental health through both direct effects and mediating mechanisms, such as mindfulness and resilience. Promoting physical exercise as part of routine mental health management in settings such as universities and workplaces could effectively alleviate stress, reduce negative emotions, and enhance well-being.

Second, this study highlights the critical roles of mindfulness and resilience in mental health, providing a theoretical foundation for interventions that integrate mindfulness and resilience training. In recent years, Mindfulness-Based Stress Reduction (MBSR) has been widely applied to reduce stress and improve mental health (Khoury et al., 2015). Our findings further demonstrate that mindfulness not only directly benefits mental health but also indirectly enhances it by strengthening resilience. Therefore, combining mindfulness training with resilience-enhancing activities, such as Cognitive Behavioral Therapy (CBT) or stress management courses, could create more comprehensive and systematic mental health intervention programs.

Finally, the discovery of the chain mediating effect suggests that mindfulness and resilience synergistically amplify the positive impact of physical exercise on mental health. Based on this finding, designing multidimensional intervention programs that integrate physical exercise, mindfulness training, and resilience enhancement can maximize improvements in mental health outcomes. This holistic, multidimensional approach is not only applicable to university students but can also be extended to other populations, such as workplace employees and older adults. It offers an effective pathway for managing life stressors and promoting overall mental well-being.



4.6 Limitations and future directions

The limitations of this study are as follows. First, the cross-sectional design restricts the ability to establish causal relationships among physical exercise, mindfulness, resilience, and mental health. While the findings highlight significant associations and mediation effects, the temporal sequence of these variables remains unclear. Future research should consider longitudinal or experimental designs to clarify causality and capture dynamic interactions over time, thereby enhancing the robustness of these conclusions.

Second, the reliance on self-reported data introduces the potential for social desirability bias, which may lead to overestimation or underestimation of the observed effects. Incorporating physiological measures or third-party assessments in future studies could improve the objectivity and reliability of the data.

Finally, the sample was limited to Chinese university students, which may constrain the generalizability of the findings. Expanding the sample to include students from diverse cultural and regional backgrounds in future research would enhance the applicability and cross-cultural validity of the results.




5 Conclusion

This study highlights the critical roles of physical exercise, mindfulness, and psychological resilience in promoting mental health among university students. Grounded in the COR theory and the DFM, our findings systematically demonstrate that physical exercise, as a proactive resource investment behavior, has significant effects on both positive and negative dimensions of mental health, with mindfulness and resilience serving as key mediators in this relationship. Importantly, the sequential mediating effect of mindfulness and resilience reveals the resource gain spiral and resource caravan effect described in COR theory. This contributes to a more comprehensive understanding of the mechanisms through which physical exercise enhances mental health. These insights provide theoretical and practical implications for developing comprehensive mental health interventions.
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