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Abstract

:

Background: Regular physical activity is an effective means to enhance university students’ subjective well-being. However, current research needs to understand how physical activity enhances the subjective well-being of Chinese university students. Therefore, the study investigated the mechanism of physical activity’s impact on university students’ subjective well-being and the mediating roles of cognitive reappraisal and resilience in this mechanism. Methods: The physical activity scale, subjective well-being scale, cognitive reappraisal scale and resilience scale were used to investigate 1350 university students, and the relationship between physical activity, cognitive reappraisal, resilience and university students’ subjective well-being was verified through correlation analysis, regression analysis and a Bootstrap method. Results: (1) There is a significant positive correlation between physical activity, cognitive reappraisal, resilience and university students’ subjective well-being (p < 0.01); (2) physical activity, cognitive reappraisal and resilience all have a significant positive effects on university students’ subjective well-being (p < 0.01); (3) cognitive reappraisal and resilience have significant mediating roles in the process of physical activity affecting university students’ well-being, with mediating-effect values of 0.052 and 0.285; (4) the chain-mediating role of cognitive reappraisal and resilience in the process of physical activity affecting university students’ well-being is significant, with the chain-mediating effect value of 0.062. Conclusion: Promoting university students’ participation in physical activity not only directly enhances university students’ subjective well-being but also indirectly improves university students’ subjective well-being through cognitive reappraisal and resilience.
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1. Introduction


University students are a particular social group in the critical stage of transition from adolescence to adulthood, carrying the double pressure of academic learning and social practice, and are more prone to mental health problems such as anxiety, insomnia, and depression [1,2]. According to the 2015 American University Health Assessment, 56.9% of university students were highly anxious, and 34.5% tended toward depression. Levels of mental health problems among university students have continued to rise compared to in 2008 and 2011 [3]. With the development of positive psychology, many scholars have realised that improving subjective well-being is a crucial way to promote people’s mental health [4]. Subjective well-being (SWB) refers to people’s overall emotional and cognitive evaluation of their quality of life, usually including emotional experience and cognitive evaluation [5,6]. Subjective well-being refers to the overall affective and cognitive evaluation of people’s quality of life. In a sense, it is not what happens that determines whether people are happy, but rather what kind of emotional and cognitive interpretations and processing they make of what happens. Studies have shown that subjective well-being positively impacts university students’ physical and mental health, which can help them relieve psychological stress, improve life satisfaction, stimulate positive emotions, and reduce depression, anxiety, and other adverse events [7,8]. However, the low subjective well-being among Chinese university students has caused many problems for their healthy growth and psychological health [9]. Although some scholars have demonstrated the relationship between physical activity and subjective well-being among university students, there is a lack of empirical research on the subjective well-being of Chinese university students, as most studies are qualitative. Considering the unique background of China’s cultural and social environment and the urgency of the problem, it is necessary to further test the influence mechanism of physical activity on Chinese university students’ subjective well-being based on previous studies to provide specific theoretical support for the enhancement of Chinese university students’ subjective well-being.



Physical activity (PA) is an activity in which there is an increase in the body’s energy expenditure due to the contraction of skeletal muscles [10]. Physical activity can bring many benefits, such as improving cardiovascular function, accelerating bone and muscle growth, reducing the prevalence of various diseases, and helping people to maintain a healthy body [11]. At the same time, physical activity can also help people release psychological stress, relieve anxiety and enhance life satisfaction and happiness, which is conducive to the development of psychological health [12]. Among them, enhancing subjective well-being is one of the essential benefits of physical activity. Research has shown a close relationship between physical activity and people’s subjective well-being, and physical activity significantly positively affects people’s subjective well-being [13,14,15]. Appropriate physical activity can help university students stimulate positive psychology and emotions, enhance life pleasure and satisfaction, and improve university students’ emotional experience and cognitive evaluation of their quality of life, thus enhancing people’s subjective well-being [4]. In addition, physical activity can also help people release internal pressure, relieve anxiety, and reduce the emergence of depression, which also helps to enhance people’s perceived subjective well-being [16]. However, some scholars have found that the effects of different exercise intensities on people’s subjective well-being vary, and in particular, moderate-intensity physical activity has the best effect on people’s subjective well-being [17]. Moreover, evidence that physical activity affects people’s subjective well-being can be inferred from genetic and cognitive neuroscience studies, but the physiological mechanisms need to be further clarified [18]. In summary, Hypothesis 1 is proposed: physical activity positively affects university students’ subjective well-being.



Cognitive reappraisal (CR) is a positive conditioning strategy to change emotional experiences by reinterpreting the meaning of the stimulus environment or stressful situation [19,20]. In other words, by re-selecting the focus of attention on the current stimulus, the brain perceives and interprets the event differently. Physical activity can provide a diverse range of emotional stimulus scenarios, including the frustration of losing a game, the gruelling nature of athletic training, and the joy of success in a game; these emotional events can help people improve their emotional regulation inertia, which can in turn influence individuals’ appraisals of the state and quality of their life [21]. Research has shown that regular physical activity can effectively reduce the incidence of depression and anxiety among university students, continuously optimise and optimise their emotional experience, and promote a more effective cognitive reappraisal of adverse emotional events [22,23,24]. For example, university students’ participation in physical activity can release inner pressure, relieve anxiety, and promote mental health, which to a certain extent can alleviate internalised problems such as depression, anxiety and irritability and help university students to correctly understand adverse events and emotions and choose more positive cognitive reappraisals. In addition, cognitive reappraisal can promote a more positive attitude towards the events that happened and then promote higher subjective well-being [25]. According to Gross et al. (2003), cognitive reappraisal early in the emotional process reduces the perception of emotional events and negative emotions and has a “defensive” effect during this process, thus contributing to higher subjective well-being [20]. Meanwhile, individuals who use cognitive reappraisal strategies tend to be more satisfied with their lives, have more positive interpersonal relationships, have more explicit life goals, and show fewer symptoms of depression [26]. St-Louis et al. (2020) examined the effects of five emotion-regulation strategies on subjective well-being and found that only cognitive reappraisal was positively related to subjective well-being [27]. Cognitive reappraisal may mediate between university students’ physical activity and subjective well-being. However, there needs to be more direct evidence. Accordingly, Hypothesis 2 is proposed: cognitive reappraisal mediates the relationship between physical activity and university students’ subjective well-being.



Resilience is an individual’s effective adaptation to stressful situations such as misfortune, adversity or frustration, which allows people to maintain normal psychological and physiological functioning even in stressful situations [28]. Research has shown a close relationship between physical activity and university students’ resilience [29,30]. Physical activity has the characteristics of groups, education and openness, which can create a good space and conditions for developing university students’ resilience. For example, university students need to face some pressure and adversity in the process of participating in physical activity, which can help to increase the ability of university students to cope with difficulties and pressure physically and mentally, improve the physiological and psychological state, and improve the adaptability of destructive emotions, and ultimately help university students to improve their resilience [31]. In addition, resilience as an essential psychological resource also produces positive psychological benefits, such as subjective well-being and life satisfaction. Studies have shown that university students’ resilience is closely related to subjective well-being and has a positive impact on university students’ subjective well-being [32,33]. Generally speaking, university students with better resilience will actively cope with and solve the problems and measures encountered in sports, maintain a good psychological state and positive emotions, and ultimately show higher subjective well-being [34]. Resilience has been discussed as a mediating variable in many psychological factor studies. Also, it plays a mediating role in the relationship between physical activity, mental health and subjective well-being [35,36]. The study concluded that university students’ regular participation in physical activity can improve their resilience and keep them psychologically stable in stressful and frustrating situations. Therefore, they will make more positive evaluations of their life status and also be able to maintain a positive emotional experience. Accordingly, Hypothesis 3 is proposed: resilience mediates the relationship between physical activity and university students’ subjective well-being.



In addition, research has shown a strong relationship between cognitive reappraisal and resilience, and cognitive reappraisal positively impacts resilience [37,38]. Verdolini et al. (2021) suggested that cognitive reappraisal is an essential factor influencing resilience, that the use of cognitive reappraisal strategies can change an individual’s appraisal of a stressor, which in turn attenuates negative emotions, and that this adaptive emotional response process offers the possibility of increased psychological resilience [39]. Cognitive reappraisal training is a meaningful way to enhance psychological resilience, effectively improving an individual’s adaptation to adverse situations and maintaining normal physiological and psychological states [40]. Although there is no direct evidence of the relationship between physical activity, cognitive reappraisal, resilience and subjective well-being among Chinese university students, related studies have shown that cognitive reappraisal and resilience may have a chain-mediated effect in the process of physical activity, affecting subjective well-being. Therefore, the study suggests that there may be a chain-mediation path of “physical activity → cognitive reappraisal → resilience → subjective well-being”, and that the intrinsic mechanism by which physical activity enhances university students’ subjective well-being may be as follows: physical activity can promote the development of university students’ cognitive reappraisal ability so that university students can effectively cope with and adapt to the pressure or stressful events in life and study, and maintain a stable state of mind, and then have a more positive evaluation of their quality of life, and ultimately maintain a higher sense of subjective well-being. Accordingly, Hypothesis 4 is proposed: cognitive reappraisal and resilience mediate the relationship between physical activity and university students’ subjective well-being.



In summary, there is a close relationship between physical activity, cognitive reappraisal, mental toughness and university students’ subjective well-being. Although related studies have revealed correlations among the four core variables, it is rare to find studies that actually construct chain-mediation models around the four core variables. By constructing a chain mediation model of the subjective well-being of university students, we can not only further reveal the complex mechanism of physical activity affecting university students’ subjective well-being, but also provide a more theoretical basis for the promotion of university students’ physical activity.




2. Methods


2.1. Procedure and Participants


A scale survey was conducted from September 2023 to November 2023 using a stratified whole cluster random sampling method among university students from six universities in five regions, including Beijing, Shanghai, Jiangsu, Zhejiang and Anhui. This study was conducted strictly with the 1964 Declaration of Helsinki and its subsequent amendments, while the Ethics Committee approved all methods used in this study. In addition, informed consent was obtained from all subjects before the start of the study. The scales were explained clearly to the subjects about the purpose, content and confidentiality before distribution and were completed independently with the subjects’ consent. The scales were distributed online and offline, and 1496 scales were collected. Based on the exclusion criteria, such as regularity of filling in, consecutive omission, and timeout, 146 scales were excluded and 1350 valid scales were retained, with an effective recovery rate of 90.24%. Among the valid samples, there were 743 males and 607 females, with an average age of 20.43 years old, 1019 undergraduates and 331 postgraduates, mainly from the five regions of Beijing, Shanghai, Jiangsu, Zhejiang and Anhui, covering a variety of sports, such as basketball, football and badminton. Details of the participating university students are shown in Table 1.




2.2. Measurement Tools


2.2.1. Physical Activity Rating Scale


The Physical Activity Rating Scale measures an individual’s level of physical activity in terms of intensity, duration and frequency of exercise [41]. The scale is based on the following three dimensions. Exercise volume = intensity × time × frequency, and intensity and frequency are divided into five grades, each scoring 1–5 points, and time is scored 0–4 points from grades 1–5, with total scores ranging from 0–100. Total exercise was scored as follows: ≤19 as low exercise level, 20–42 as moderate, and ≥43 as high. After processing according to the calculation formula, the low exercise level was set as “1”, the medium exercise level as “2”, and the high exercise level as “3” for statistical analyses. In this study, the scale Cronbach’s coefficient = 0.912, measurement model fit: χ2/df = 2.81, CFI = 0.905, TLI = 0.927, RMSEA = 0.066 and SRMR = 0.037, and the scale had good construct validity.




2.2.2. Subjective Well-Being Scale


We used a revision of the subjective well-being scale developed by Emmons et al. (1985), adapted for the Chinese physical activity scenario, including three dimensions of psychological emotions, satisfaction with the exercise effect, and satisfaction with the exercise relationship, with a total of 17 topics [42]. A 7-point Likert scale ranged from “Strongly Disagree” to “Strongly Agree”, with higher total scores representing higher subjective well-being. This study used the scale Cronbach’s coefficient = 0.905, measurement model fit: χ2/def. = 2.97, CFI = 0.975, TLI = 0.955, RMSEA = 0.036, SRMR = 0.045, and the scale had good construct validity.




2.2.3. Cognitive Reappraisal Scale


We used the cognitive reappraisal scale from the Emotion Regulation Scale [20]. The scale consists of 6 items, which were modified accordingly, considering university students’ language acceptance and comprehension ability; when I want to feel less destructive emotions, I will try to change my thoughts. Using the Likert 5-point scale from “not at all (1)” to “completely (5)”, the total score indicates the level of university students’ use of cognitive reappraisal to regulate their emotions. In this study, the scale Cronbach’s coefficient = 0.908, measurement model fit: χ2/df = 3.13, CFI = 0.935, TLI = 0.915, RMSEA = 0.056, SRMR = 0.035, and the scale had good structural validity.




2.2.4. Resilience Scale


A revision of the sport resilience scale was developed by Sheard et al. (2009) [43]. The scale consists of three dimensions: confidence, assertiveness and control, with four items for each dimension and twelve items. The revised Chinese version of the scale has good reliability and operability, and the scale is scored using a five-point Likert scale, with scores ranging from “1” to “5”, representing “not at all” to “not at all”. A higher total score on the scale indicates a higher level of resilience of the individual in sports. In this study, the scale had a Cronbach’s coefficient α of 0.880, a measurement model fit: χ2/df = 2.92, CFI = 0.973, TLI = 0.949, RMSEA = 0.064, and SRMR = 0.026, which gave good construct validity to the scale.





2.3. Statistical Methods


Using SPSS 25.0 and AMOS 25.0 software, the parameter estimates were calculated using the maximum likelihood method, and the following operations were carried out sequentially: (1) the reliability and validity of the scale were tested through the Cronbach coefficients and the fitted model indicators; (2) the data were standardised by using the Z standardisation method using the SPSS.25 software, and the difference between the value of each variable and its mean was divided by the variable’s standard deviation. The mean value of each variable is 0, and the standard deviation is one after dimensionless quantification, thus eliminating the influence of the scale and order of magnitude. Then, correlation analysis and regression analysis were sequentially conducted to explore the relationship between physical activity, cognitive reappraisal, resilience, and a subjective well-being; (3) bias-corrected non-parametric percentage Bootstrap 95% confidence-interval estimation method was used to explore the mediating effects of cognitive reappraisal and resilience.





3. Results


3.1. Common Method Bias


As the data obtained were mainly obtained through self-administered scales, the issue of common methodological bias may exist. For this reason, procedural control and Harman’s one-way test were used to examine possible common methodological biases in administering the test. In terms of procedural control, (1) a well-established scale with good reliability and operability was chosen as the measurement tool; (2) a reverse question was added to each subscale to facilitate the screening of valid scales; (3) the scale was labelled as “for research use only” to emphasise the confidentiality and anonymity of the scale; and (4) on-site instruction and limited distribution were used to collect the data. For Harman’s one-way test, all items in the scale were subjected to one-way unrotated exploratory factor analysis. A total of 35 factors with eigenvalues >1 were extracted, and the variance of factor 1 was 30.384% (<40%), which indicated that the standard method bias of the measurement was acceptable.




3.2. Descriptive Analyses, Correlation Analyses and Analyses of Variance for Core Variables


Descriptive and correlation analyses show (see Table 2) that the mean values of the scores of physical activity, cognitive reappraisal, resilience and subjective well-being are more significant than the median value, which indicates that the investigated group of university students has a better level of physical activity, cognitive reappraisal, resilience and subjective well-being; physical activity, cognitive reappraisal, resilience and subjective well-being have significant positive correlations (p < 0.01), with correlation coefficients r between 0.310–0.620, which provides some support for further hypothesis-model testing as well as mediation analysis.



In order to examine the possible differential impact of demographic factors (gender, age, education and region) on the subjective well-being of university students, we conducted an independent samples t-test or ANOVA on the valid data (see Table 3). We found some differences in subjective well-being among university student groups of different genders, ages, educations and regions. Specifically, there is no significant difference between university student groups in terms of gender and region (p > 0.05), indicating that different genders and regions do not have a differential impact on university students’ subjective well-being; there is a significant difference between university student groups in terms of age, qualifications and activity level (p < 0.05), indicating that different ages’ qualifications and activity levels will have a differential impact on university students’ subjective well-being, which provides a theoretical basis for subsequent statistical analysis.




3.3. Hypothetical Model Testing


In this study, we used the Process plug-in of the SPSS macro program prepared by Hayes, selected mode 6, and, after controlling for gender, age, education and region, we used physical activity as the independent variable, subjective well-being as the dependent variable and cognitive reappraisal and resilience as the mediator variables to test the effects of cognitive reappraisal and resilience in the process of physical activity in the process of affecting university students’ subjective well-being as well as the chain-mediation effect. According to the results of regression analyses (see Table 4 and Figure 1), firstly, physical activity significantly and positively predicted subjective well-being (β = 0.502, p < 0.01) and cognitive reappraisal (β = 0.748, p < 0.01); secondly, physical activity (β = 0.574, p < 0.01) and cognitive reappraisal (β = 0.167, p < 0.01) significantly and positively predicted resilience; and finally, when physical activity, cognitive reappraisal and resilience were entered into the regression equation simultaneously, physical activity (β = 0.104, p < 0.01), cognitive reappraisal (β = 0.069, p < 0.01) and resilience (β = 0.496, p < 0.01) all significantly and positively predicted university students’ subjective well-being. These results suggest that cognitive reappraisal and resilience have a significant mediating role and a chain-mediating role in the physical activity process influencing university students’ subjective well-being.



To further understand the chained mediation effects of cognitive reappraisal and resilience, the constructed mediation model continued to be tested using the percentile Bootstrap method, the most widely used method for directly testing the product of coefficients, which belongs to a replicated sampling method. In contrast, the Bootstrap method can be applied to medium and small samples and various mediation-effect models, and various statistical software commonly used today can carry out Bootstrap calculations. In addition, the Bootstrap method is superior to the product-distribution method, which is superior to the Sobel test, in which the bias-corrected percentile Bootstrap method provides the most accurate estimate of confidence intervals and has the highest statistical efficacy [44]. Specifically, the Bootstrap method obtains Bootstrap confidence interval estimates for ab by continuously drawing Bootstrap samples and calculating estimates of a and b. If the interval estimate does not include zero, the mediation effect is significant; if the interval estimate includes zero, the mediation effect does not exist [45]. The results of the mediated effects showed (see Table 5) that the Bootstrap 95% confidence intervals for the total indirect effects arising from physical activity and subjective well-being did not include a value of 0 (BootLLCI = 0.426, BootULCI = 0.578), suggesting that cognitive reappraisal and resilience mediated significant effects between physical activity and subjective well-being, with a total indirect effect size of 0.398, accounting for 79.28% of the total effect; further analysis shows that this total indirect effect includes three mediating effects: indirect effect 1: physical activity → cognitive reappraisal → subjective well-being, with confidence intervals that do not include a value of 0 (BootLLCI = 0.028, BootULCI = 0.080), indicating a significant indirect effect of this pathway, with a mediation-effect size of 0.052, accounting for 10.36% of the total effect; indirect effect 2: physical activity → resilience → SUBJECTIVE SENSE OF HAPPINESS, with a confidence interval that does not contain 0 (BootLLCI = 0.231, BootULCI = 0.345), suggesting that this pathway is significant in terms of its indirect effect with a mediation-effect size of 0.285, accounting for 56.77% of the total effect; indirect effect 3: physical activity → cognitive reappraisal → resilience → subjective well-being, with a confidence interval that does not contain 0 (BootLLCI = 0.046, BootULCI = 0.083), suggesting that this pathway has a significant indirect effect, with a mediation-effect size of 0.062, accounting for 12.35% of the total effect. In summary, the chain-mediation effect of cognitive reappraisal and resilience in physical activity affecting university students’ subjective well-being is significant. Therefore, this study’s Hypotheses 1, 2, 3 and 4 were verified.





4. Discussion


4.1. Differences in the Subjective Well-Being of Different Groups of University Students


Subjective well-being is a special subjective feeling of people closely related to individuals’ specific situations. The study results show that the subjective well-being of different groups of university students varies. Specifically, there is no significant difference in the perceived subjective well-being of university students by gender and region, which suggests that gender and region do not have a differential impact on the subjective well-being of university students. The non-significant gender difference differs from existing related studies [17]. The reason for the non-significant gender difference may be that this study analyses total subjective well-being, and men and women are relatively close to each other in total subjective well-being, which does not result in a significant difference. The insignificant regional differences may be because the surveyed regions and universities may have similar environments, and similar environmental influences between different regions are not enough to cause differences in the subjective well-being of university students. There are significant differences between the university student groups regarding age, education, and sports level, indicating that different ages, education, and sports levels can have differential effects on university students’ subjective well-being. The reason for the significant difference in subjective well-being among university students of different ages and educational levels is easy to understand, because university students with higher ages and educational levels have better life experience, rich knowledge reserves and are more likely to feel warmth and goodwill from the outside world, and are also able to satisfy themselves quickly, which helps them to obtain higher subjective well-being. There are significant differences among university students with different exercise levels, possibly due to the exercise benefits brought by different exercise levels and the differences in exercise intensity, frequency, and time at different exercise levels [46]. Compared to the lack of benefits at low levels of exercise and the over-commitment at high levels of exercise, moderate levels of exercise brought the best subjective well-being to university students, which is consistent with the results of the previous study [47]. The perceived subjective well-being of different groups of university students varies, which reminds us that we need to take targeted measures according to the age, education, and sports level of university students to improve their subjective well-being effectively.




4.2. The Influence of Physical Activity on the Subjective Well-Being of University Students


Physical activity is a kind of activity that improves physical and mental health through certain intensities, frequencies and durations. The study results showed that physical activity has a significant positive effect on the subjective well-being of university students, and research Hypothesis 1 was verified, which is consistent with the results of existing studies [48]. Regular physical activity can encourage individuals to produce more positive emotions and states of mind. It has reached a certain degree of consensus in the field of physical education, and this kind of promotion has a certain relationship with the individual’s gender, age, race and other factors and even has a certain relationship with previous experiences of physical activity. However, it is essential to note that different intensities and durations of physical activity can produce different effects. In contrast, moderate-intensity physical activity is the most effective in enhancing university students’ subjective well-being, while high-intensity physical activity does not achieve the effect of facilitation but may inhibit and resist the positive emotions of university students [5,49]. In addition, from a cognitive–neurological point of view, positive physical activity can also promote the production and release of endorphins, reduce adrenaline and cortisol activities and significantly reduce negative emotions such as depression, sadness and dissatisfaction, which can effectively enhance the subjective well-being of university students [50]. Of course, there are many other ways for physical activity to enhance the subjective well-being of university students, such as collective physical activity by improving peer relationships, deepening friendship among peers, improving individual social relationships and social adaptability, and then making university students physically and mentally satisfied and happy. Physical activity also creates a natural social platform for university students, enabling them to integrate into the group and form a good social network, generating a sense of belonging to the school, promoting positive emotions, and improving school-life satisfaction. In conclusion, scientific and practical physical activity can enhance university students’ subjective well-being in many ways.




4.3. The Mediating Role of Cognitive Reappraisal


The study results show a significant positive correlation between physical activity, cognitive reappraisal and university students’ subjective well-being, and cognitive reappraisal has a mediating role in the mechanism of physical activity affecting university students’ subjective well-being, and research Hypothesis 2 has been verified. Cognitive reappraisal can mediate the relationship between physical activity and subjective well-being, which is consistent with previous studies’ main findings [40]. Appropriate physical activity can help university students alleviate anxiety, release stress, and enjoy themselves physically and mentally. However, physical activity itself is also a special kind of stressful event, mainly medium- and high-intensity exercise, which can cause an increase in an individual’s cortisol response, so in the process of physical activity, individuals need to constantly fight against instinctive reactions and their instinctive responses and find a balance between avoidance and perseverance by re-evaluating the health beliefs and other autonomous motivations [22]. Because of this, university students who regularly engage in physical activity are more likely to use cognitive reappraisal strategies to cope with stressful events in their lives and studies. Cognitive reappraisal, as an essential emotion-regulation strategy, alters an individual’s understanding of an emotional event, reducing the individual’s emotional induction. Thus, cognitive reappraisal often predicts the possibility of more positive emotions and states of mind. In addition, the ability of physical activity to influence university students’ subjective well-being is also inextricably linked to its ability to optimise emotion regulation. Cognitive reappraisal effectively reduces negative emotional experiences, physiological responses, sympathetic nervous system activation and activation levels in the amygdala and medial orbitofrontal cortex [51]. When university students are accustomed to using cognitive reappraisal strategies to cope with emotional events, it means that the positive emotional experience increases and the positive emotional experience can expand the attention and cognition of university students, promoting university students to effectively cope with problems and construct various resources, which is essential for the maintenance of high levels of subjective well-being for university students.




4.4. The Mediating Role of Resilience


The study showed a significant positive correlation between physical activity, resilience and subjective well-being among university students and that resilience has a mediating role in the mechanism by which physical activity affects university students’ subjective well-being. Study Hypothesis 3 has been verified, which is also consistent with the main findings of the existing related studies [52]. The developmental model of psychological resilience suggests that stress of appropriate intensity is a psychological challenge to the individual, but stress can also enhance psychological resilience when overcome. Positive physical activity can provide the appropriate space and conditions for the development of resilience in university students, which can positively affect their resilience [53]. For example, in participating in physical activity and competitions, university students may encounter the pressure of sports training, the challenge of athletic competition, and the frustration of losing the competition, which may temporarily impact the positive mental state and emotions of university students. However, after actively coping with and overcoming these difficulties, university students can form a more stress-resistant and resilient state of mind, which can help them to effectively cope with and adapt to adverse stress events when facing similar situations again in the future and maintain a more positive attitude towards life and their emotional states. In addition, university students with higher psychological resilience can use multiple problem-solving strategies to alleviate the adverse effects of stressful events in physical activity, maintain their psychological health, and have less anxiety and depression when facing problems [54]. In general, students with higher resilience are less likely to experience anxiety and depression. In general, university students with higher resilience have an optimistic and enthusiastic attitude toward life, are curious and open to new experiences, and can cope with current challenges in physical activity with abundant energy and highly positive emotions, thereby gaining a subjective sense of well-being. Therefore, resilience, whether under adversity or less stressful conditions, enables university students to be optimistic, cheerful and energetic in physical activity and maintains and enhances subjective well-being.




4.5. Chain-Intermediation-Modelling Analysis


The Bootstrap method verified the chain-mediating role of cognitive reappraisal and resilience in the positive effect of physical activity on subjective well-being, and research Hypothesis 4 was validated. The construction of the chain-mediation model provides a new perspective to advance further and understand the relationship between physical activity and subjective well-being among university students. On the one hand, physical activity can promote cognitive development by strengthening the body and mind, using physical experience to enhance university students’ subjective well-being. Cognitive reappraisal is a vital emotion-regulation strategy. However, it belongs to prerequisite-focused emotion regulation, re-processing the causes of emotions. It mobilises more of one’s cognitive processing system to reappraise the explanations of the causes of emotions and changes one’s understanding of emotional events [54]. When there are more positive than negative emotions in daily life, it can lead to a more positive evaluation of one’s quality of life and, thus, provide a greater sense of perceived well-being. Physical health and mental well-being are the foundations of a happy life. From an embodied perspective, physical activity is essential for promoting physical health and mental fitness. In addition, an important protective factor of psychological resilience is rational cognition, and university students use cognitive-reappraisal strategies to reconstruct their situation and state of mind, which is conducive to the development of psychological resilience and improves the ability to adapt to stress, which in turn can lead to the perception of more happiness. On the other hand, positive physical activity can build up psychological energy and enhance resistance to frustration and stress, affecting university students’ subjective well-being. Sampedro-Piquero et al. (2021) explained that physical activity can regulate the gene FKBP5, a potent inhibitor of the glucocorticoid receptor and an essential regulator of the stress response [55]. University students with higher levels of resilience can successfully cope with adversity and stress in their lives and have fewer stress reactions, making them more likely to perceive subjective well-being.





5. Conclusions


This study explored the influence mechanism of physical activity on university students’ subjective well-being and the mediating roles of cognitive reappraisal and resilience through the chain-mediation model, and the following conclusions can be obtained: (1) physical activity, cognitive reappraisal and resilience can all enhance university students’ subjective well-being; and (2) physical activity can directly affect university students’ subjective well-being and can indirectly affect university students’ subjective well-being through the mediating role of cognitive reappraisal and resilience. There are four specific paths, including the direct role: physical activity → subjective well-being; intermediary role 1: physical activity → cognitive reappraisal → subjective well-being; intermediary role 2: physical activity → resilience → subjective well-being; chain-intermediary role: physical activity → cognitive reappraisal → resilience → subjective well-being. → cognitive reappraisal → resilience → subjective well-being. To sum up, positive physical activity enhances the internal mechanism of the subjective well-being of university students: regular physical activity can promote the cognitive development of university students, accumulate psychological energy, and then enable university students to effectively cope with and adapt to various frustrations and pressures in their lives and studies, maintain a stable state of mind, and ultimately help university students to perceive more happiness.




6. Research Limitations and Future Research Directions


Although the study has considered many interfering factors and avoided some limitations as much as possible, there are still some shortcomings and limitations. Firstly, due to time constraints, limited research funds and other objective factors, this study mainly collected data through self-administered scales, which may be relatively singlular and have certain limitations in research methodology, and semi-structured interviews and case studies can be added in the future to further improve the scientific nature of the research results. Secondly, this study mainly explores the effects of physical activity on university students’ subjective well-being from an overall perspective. It does not separately explore the effects of exercise intensity, time and frequency on university students’ subjective well-being, which can be further increased to increase the impact of exercise intensity, time and frequency on their subjective well-being. Finally, this study mainly reveals the effect of physical activity on university students’ subjective well-being on a theoretical level. In the future, it can be demonstrated that physical activity positively affects university students’ subjective well-being from the perspective of events through intervention experiments.







Author Contributions


Conceptualization, M.Y.; methodology, J.W.; software, M.Y. and J.W.; validation, M.Y. and J.W.; formal analysis, M.Y.; investigation, M.Y., X.L. and Y.W.; resources, Y.W.; data curation, J.W.; writing—original draft preparation, M.Y.; writing—review and editing, Y.W.; project administration, J.W.; funding acquisition, Y.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Social Science Fund of China (grant number 19ATY007) and by the Shanghai Pujiang Program (grant number 21PJC098).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Chi Zhou University (Date: 10 October 2023).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Hicdurmaz, D.; Inci, F.; Karahan, S. Predictors of Mental Health Symptoms, Automatic Thoughts, and Self-Esteem Among University Students. Psychol. Rep. 2017, 120, 650–669. [Google Scholar] [CrossRef]

	



Duffy, A.; Saunders, K.E.; Malhi, G.S.; Patten, S.; Cipriani, A.; McNevin, S.H.; MacDonald, E.; Geddes, J. Mental health care for university students: A way forward? Lancet Psychiatry 2019, 6, 885–887. [Google Scholar] [CrossRef]

	



Zhang, Z.H.; ZChen, W. The relationship between physical activity intensity and subjective well-being in university students. J. Am. Coll. Health 2022, 70, 1241–1246. [Google Scholar] [CrossRef]

	



Wren-Lewis, S.; Alexandrova, A. Mental Health without Well-being. J. Med. Philos. 2021, 46, 684–703. [Google Scholar] [CrossRef]

	



Panza, G.A.; Taylor, B.A.; Thompson, P.D.; White, C.M.; Pescatello, L.S. Physical activity intensity and subjective well-being in healthy adults. J. Health Psychol. 2019, 24, 1257–1267. [Google Scholar] [CrossRef]

	



Suh, E.; Diener, E.; Oishi, S.; Triandis, H.C. The Shifting Basis of Life Satisfaction Judgments across Cultures: Emotions Versus Norms. J. Personal. Soc. Psychol. 1988, 74, 482–493. [Google Scholar] [CrossRef]

	



Ridner, S.L.; Newton, K.S.; Staten, R.R.; Crawford, T.N.; Hall, L.A. Predictors of well-being among university students. J. Am. Univ. Health 2015, 64, 116–124. [Google Scholar] [CrossRef]

	



Lew, B.; Huen, J.; Yu, P.; Yuan, L.; Wang, D.F.; Ping, F.; Abu Talib, M.; Lester, D.; Jia, C.X. Associations between depression, anxiety, stress, hopelessness, subjective well-being, coping styles and suicide in Chinese university students. PLoS ONE 2019, 14, e0217372. [Google Scholar] [CrossRef] [PubMed]

	



Shang, Y.; Xie, H.D.; Yang, S.Y. The Relationship Between Physical Exercise and Subjective Well-Being in university Students: The Mediating Effect of Body Image and Self-Esteem. Front. Psychol. 2021, 12, 658935. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Guidelines for Physical Activity and Sedentary Behaviour; World Health Organization: Geneva, Switzerland, 2020. [Google Scholar]

	



Haseler, T.; Haseler, C. Lack of physical activity is a global problem. BMJ 2022, 376, o348. [Google Scholar] [CrossRef] [PubMed]

	



Stubbs, B.V.; Smith, L.D.; Rosenbaum, S.; Schuch, F.; Firth, J. Physical activity and mental health. Lancet Psychiatry 2018, 5, 873. [Google Scholar] [CrossRef]

	



Schoeps, K.; de la Barrera, U.; Montoya-Castilla, I. Impact of emotional development intervention program on subjective well-being of university students. High. Educ. 2019, 79, 711–729. [Google Scholar] [CrossRef]

	



ReReyes-Molina, D.; Alonso-Cabrera, J.; Nazar, G.; Parra-Rizo, M.A.; Zapata-Lamana, R.; Sanhueza-Campos, C.; Cigarroa, I. Association between the Physical Activity Behavioral Profile and Sedentary Time with Subjective Well-Being and Mental Health in Chilean University Students during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2022, 19, 2107. [Google Scholar] [CrossRef] [PubMed]

	



Iwon, K.; Skibinska, J.; Jasielska, D.; Kalwarczyk, S. Elevating Subjective Well-Being Through Physical Exercises: An Intervention Study. Front. Psychol. 2021, 12, 702678. [Google Scholar] [CrossRef] [PubMed]

	



White, R.L.; Babic, M.J.; Parker, P.D.; Lubans, D.R.; Astell-Burt, T.; Lonsdale, C. Domain-Specific Physical Activity and Mental Health: A Meta-analysis. Am. J. Prev. Med. 2017, 52, 653–666. [Google Scholar] [CrossRef] [PubMed]

	



Shennar-Golan, V.W.O. Physical Activity Intensity Among Adolescents and Association with Parent-Adolescent Relationship and Well-Being. Am. J. Men’s Health 2018, 12, 1530–1540. [Google Scholar] [CrossRef]

	



Zhang, W.; Paul, S.E.; Winkler, A.; Bogdan, R.; Bijsterbosch, J.D. Shared brain and genetic architectures between mental health and physical activity. Transl. Psychiatry 2022, 12, 428. [Google Scholar] [CrossRef]

	



Clark, D.A. Cognitive Reappraisal. Cogn. Behav. Pract. 2022, 29, 564–566. [Google Scholar] [CrossRef]

	



Gross, J.J.; John, O.P. Individual differences in two emotion regulation processes: Implications for affect, relationships, and well-being. J. Pers. Soc. Psychol. 2003, 85, 348–362. [Google Scholar] [CrossRef]

	



Wang, Y.X.; Yin, B. A new understanding of the cognitive reappraisal technique: An extension based on the schema theory. Front. Behav. Neurosci. 2023, 17, 1174585. [Google Scholar] [CrossRef]

	



Giles, G.E.; Cantelon, J.A.; Eddy, M.D.; Brunyé, T.T.; Urry, H.L.; Mahoney, C.R.; Kanarek, R.B. Habitual exercise is associated with cognitive control and cognitive reappraisal success. Exp. Brain Res. 2017, 235, 3785–3797. [Google Scholar] [CrossRef]

	



Gross, J.J. Emotion regulation: Affective, cognitive, and social consequences. Psychophysiology 2002, 39, 281–291. [Google Scholar] [CrossRef]

	



Bernstein, E.E.; McNally, R.J. Acute aerobic exercise helps overcome emotion regulation deficits. Cogn. Emot. 2017, 31, 834–843. [Google Scholar] [CrossRef]

	



King, R.B.; dela Rosa, E.D. Are your emotions under your control or not? Implicit theories of emotion predict well-being via cognitive reappraisal. Pers. Individ. Differ. 2019, 138, 177–182. [Google Scholar] [CrossRef]

	



Gross, J.J. The Extended Process Model of Emotion Regulation: Elaborations, Applications, and Future Directions. Psychol. Inq. 2015, 26, 130–137. [Google Scholar] [CrossRef]

	



St-Louis, A.C.; Rapaport, M.; Chénard Poirier, L.; Vallerand, R.J.; Dandeneau, S. On Emotion Regulation Strategies and Well-Being: The Role of Passion. J. Happiness Stud. 2020, 22, 1791–1818. [Google Scholar] [CrossRef]

	



Davydov, D.M.; Stewart, R.; Ritchie, K.; Chaudieu, I. Resilience and mental health. Clin. Psychol. Rev. 2010, 30, 479–495. [Google Scholar] [CrossRef]

	



Dunston, E.R.; Messina, E.S.; Coelho, A.J.; Chriest, S.N.; Waldrip, M.P.; Vahk, A.; Taylor, K. Physical activity is associated with grit and resilience in university students: Is intensity the key to success? J. Am. Coll. Health 2022, 70, 216–222. [Google Scholar] [CrossRef]

	



Xu, S.; Liu, Z.; Tian, S.; Ma, Z.; Jia, C.; Sun, G. Physical Activity and Resilience among university Students: The Mediating Effects of Basic Psychological Needs. Int. J. Environ. Res. Public Health 2021, 18, 3722. [Google Scholar] [CrossRef] [PubMed]

	



Belcher, B.R.; Zink, J.; Azad, A.; Campbell, C.E.; Chakravartti, S.P.; Herting, M.M. The Roles of Physical Activity, Exercise, and Fitness in Promoting Resilience During Adolescence: Effects on Mental Well-Being and Brain Development. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2021, 6, 225–237. [Google Scholar] [CrossRef] [PubMed]

	



Yubero, S.; de las Heras, M.; Navarro, R.; Larrañaga, E. Relations among chronic bullying victimization, subjective well-being and resilience in university students: A preliminary study. Curr. Psychol. 2021, 42, 855–866. [Google Scholar] [CrossRef]

	



Bharti, T.; Mishra, N.; Ojha, S.C. Mindfulness and Subjective Well-Being of Indian University Students: Role of Resilience during COVID-19 Pandemic. Behav. Sci. 2023, 13, 353. [Google Scholar] [CrossRef]

	



Andreou, E.; Roussi-Vergou, C.; Didaskalou, E.; Skrzypiec, G. School bullying, subjective well-being, and resilience. Psychol. Sch. 2020, 57, 1193–1207. [Google Scholar] [CrossRef]

	



Yıldırım, M.; Arslan, G. Exploring the associations between resilience, dispositional hope, preventive behaviours, subjective well-being, and psychological health among adults during early stage of COVID-19. Curr. Psychol. 2022, 41, 5712–5722. [Google Scholar] [CrossRef]

	



Hatami, S.; Shekarchizadeh, H. Relationship between spiritual health, resilience, and happiness among a group of dental students: A cross-sectional study with structural equation modeling method. BMC Med. Educ. 2022, 22, 184. [Google Scholar] [CrossRef]

	



Zarotti, N.; Povah, C.; Simpson, J. Mindfulness mediates the relationship between cognitive reappraisal and resilience in higher education students. Personal. Individ. Differ. 2020, 156. [Google Scholar] [CrossRef]

	



Kuhlman, K.R.; Straka, K.; Mousavi, Z.; Tran, M.L.; Rodgers, E. Predictors of Adolescent Resilience During the COVID-19 Pandemic: Cognitive Reappraisal and Humor. J. Adolesc. Health 2021, 69, 729–736. [Google Scholar] [CrossRef]

	



Verdolini, N.; Amoretti, S.; Montejo, L.; García-Rizo, C.; Hogg, B.; Mezquida, G.; Rabelo-da-Ponte, F.D.; Vallespir, C.; Radua, J.; Martinez-Aran, A.; et al. Resilience and mental health during the COVID-19 pandemic. J. Affect. Disord. 2021, 283, 156–164. [Google Scholar] [CrossRef] [PubMed]

	



Perchtold-Stefan, C.M.; Fink, A.; Rominger, C.; Weiss, E.M.; Papousek, I. More habitual physical activity is linked to the use of specific, more adaptive cognitive reappraisal strategies in dealing with stressful events. Stress Health 2020, 36, 274–286. [Google Scholar] [CrossRef] [PubMed]

	



Liang, D.Q. Stress level and its relation with physical activity in higher education. Chin. J. Ment. Health 1994, 8, 5–6. [Google Scholar]

	



Emmons, R.A.; Diener, E. Personality Correlates of Subjective Well-Being. Personal. Soc. Psychol. Bull. 1985, 11, 89–97. [Google Scholar] [CrossRef]

	



Sheard, M.; Golby, J.; van Wersch, A. Progress Toward Construct Validation of the Sports Mental Toughness Questionnaire (SMTQ). Eur. J. Psychol. Assess. 2009, 25, 186–193. [Google Scholar] [CrossRef]

	



MacKinnon, D.P.; Lockwood, C.M.; Williams, J. Confidence limits for the indirect effect: Distribution of the product and resampling methods. Multivar. Behav. Res. 2004, 39, 99–128. [Google Scholar] [CrossRef]

	



Fritz, M.S.; MacKinnon, D.P. Required Sample Size to Detect the Mediated Effect. Psychol. Sci. 2007, 18, 233–239. [Google Scholar] [CrossRef]

	



Rosa, D.; Sabiston, C.M.; Kuzmocha-Wilks, D.; Cairney, J.; Darnell, S.C. Group differences and associations among stress, emotional well-being, and physical activity in international and domestic university students. J. Am. Coll. Health 2023, 71, 235–241. [Google Scholar] [CrossRef]

	



Costigan, S.A.; Lubans, D.R.; Lonsdale, C.; Sanders, T.; Del Pozo Cruz, B. Associations between physical activity intensity and well-being in adolescents. Prev. Med. 2019, 125, 55–61. [Google Scholar] [CrossRef]

	



Herbert, C. Enhancing Mental Health, Well-Being and Active Lifestyles of University Students by Means of Physical Activity and Exercise Research Programs. Front. Public Health 2022, 10, 849093. [Google Scholar] [CrossRef]

	



Ugwueze, F.C.; Agbaje, O.S.; Umoke, P.C.I.; Ozoemena, E.L. Relationship Between Physical Activity Levels and Psychological Well-Being Among Male University Students in South East, Nigeria: A Cross-Sectional Study. Am. J. Men’s Health 2021, 15, 15579883211008337. [Google Scholar] [CrossRef] [PubMed]

	



Buecker, S.; Simacek, T.; Ingwersen, B.; Terwiel, S.; Simonsmeier, B.A. Physical activity and subjective well-being in healthy individuals: A meta-analytic review. Health Psychol. Rev. 2021, 15, 574–592. [Google Scholar] [CrossRef] [PubMed]

	



Wu, J.; Zhu, L.; Dong, X.; Sun, Z.; Cai, K.; Shi, Y.; Chen, A. Relationship between Physical Activity and Emotional Regulation Strategies in Early Adulthood: Mediating Effects of Cortical Thickness. Brain Sci. 2022, 12, 1210. [Google Scholar] [CrossRef] [PubMed]

	



Baretta, D.; Koch, S.; Cobo, I.; Castaño-Vinyals, G.; de Cid, R.; Carreras, A.; Buekers, J.; Garcia-Aymerich, J.; Inauen, J.; Chevance, G. Resilience characterized quantified from physical activity data: A tutorial in R. Psychol. Sport Exerc. 2023, 65, 102361. [Google Scholar] [CrossRef] [PubMed]

	



Friedman, K.; Marenus, M.W.; Murray, A.; Cahuas, A.; Ottensoser, H.; Sanowski, J.; Chen, W. Enhancing Physical Activity and Psychological Well-Being in university Students during COVID-19 through WeActive and WeMindful Interventions. Int. J. Environ. Res. Public Health 2022, 19, 4144. [Google Scholar] [CrossRef]

	



Wang, Z.; Jiang, B.; Wang, X.; Li, Z.; Wang, D.; Xue, H.; Wang, D. Relationship between physical activity and individual mental health after traumatic events: A systematic review. Eur. J. Psychotraumatol. 2023, 14, 2205667. [Google Scholar] [CrossRef]

	



Sampedro-Piquero, P.; Moreno-Fernández, R.D. Building Resilience with Aerobic Exercise: Role of FKBP5. Curr. Neuropharmacol. 2021, 19, 1156–1160. [Google Scholar] [CrossRef]








[image: Behavsci 14 00164 g001] 





Figure 1. Chain-mediated-effects model for cognitive reappraisal and resilience. Note: ** (p < 0.01). 
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Table 1. Specifics of the valid sample.
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	Projects
	Categories
	Cases
	Percentage
	Projects
	Categories
	Cases
	Percentage





	Gender
	Male
	743
	55.0%
	sports
	basketball
	225
	16.7%



	
	Female
	607
	45.0%
	
	a football
	178
	13.2%



	Qualifications
	Undergraduate
	1019
	75.5%
	
	badminton
	106
	7.9%



	
	Postgraduate
	331
	24.5%
	
	shuttlecock
	232
	17.2%



	District
	Beijing
	341
	25.3%
	
	ping-pong
	110
	8.1%



	
	Shanghai
	269
	19.9%
	
	squash
	54
	4.0%



	
	Jiangsu
	261
	19.3%
	
	run
	197
	14.6%



	
	Zhejiang
	165
	12.2%
	
	choreography
	213
	15.8%



	
	Anhui
	314
	23.3%
	
	kung fu
	35
	2.6%










 





Table 2. Correlation analysis between core variables.
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	M
	SD
	Physical Activity
	Cognitive Reappraisal
	Resilience
	Subjective Well-Being





	Physical activity
	2.00
	0.70
	1
	
	
	



	Cognitive reappraisal
	4.67
	1.53
	0.347 **
	1
	
	



	Resilience
	4.72
	1.19
	0.414 **
	0.334 **
	1
	



	Subjective well-being
	4.49
	1.06
	0.334 **
	0.310 **
	0.620 **
	1







Note: ** (p < 0.01).













 





Table 3. Differential test of subjective well-being of different groups of university students.






Table 3. Differential test of subjective well-being of different groups of university students.





	
Test Variable

	
Categorical Variable

	
Form

	
Quantities

	
Percentage

	
M

	
SD

	
F

	
p






	
subjective well-being

	
gender

	
male

	
743

	
55.0%

	
4.49

	
1.00

	
0.064

	
0.800




	
female

	
607

	
45.0%

	
4.48

	
1.13




	
age

	
17.00

	
30

	
2.2%

	
4.45

	
1.25

	
2.638

	
0.005




	
18.00

	
161

	
11.9%

	
4.52

	
1.09




	
19.00

	
321

	
23.8%

	
4.57

	
0.97




	
20.00

	
212

	
15.7%

	
4.39

	
1.08




	
21.00

	
226

	
16.7%

	
4.58

	
1.07




	
22.00

	
247

	
18.3%

	
4.36

	
1.11




	
23.00

	
68

	
5.0%

	
4.60

	
0.91




	
24.00

	
45

	
3.3%

	
4.67

	
1.03




	
25.00

	
31

	
2.3%

	
4.48

	
1.17




	
26.00

	
9

	
0.7%

	
3.24

	
0.92




	
qualifications

	
undergraduate

	
1019

	
75.5%

	
4.44

	
1.08

	
10.740

	
0.001




	
postgraduates

	
331

	
24.5%

	
4.66

	
1.00




	
district

	
Beijing

	
341

	
25.3%

	
4.48

	
1.06

	
0.348

	
0.846




	
Shanghai

	
269

	
19.9%

	
4.55

	
1.01




	
Jiangsu

	
261

	
19.3%

	
4.49

	
1.10




	
Zhejiang

	
165

	
12.2%

	
4.43

	
1.10




	
Anhui

	
314

	
23.3%

	
4.49

	
1.06




	

	
activity level

	
low level

	
333

	
24.7%

	
3.69

	
1.20

	
153.51

	
0.000




	
medium level

	
684

	
50.7%

	
4.78

	
0.80

	

	




	
high level

	
333

	
24.7%

	
4.70

	
0.99

	

	











 





Table 4. Regression analyses of chained mediation effects for cognitive reappraisal and resilience.
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Regression Equation

	
Overall Fit Index

	
Significance of Regression Coefficients




	
Outcome Variable

	
Predictor Variable

	
R

	
R2

	
F

	
β

	
SE

	
t






	
Subjective well-being

	
Physical activity

	
0.348

	
0.121

	
37.012

	
0.502

	
0.038

	
12.958 **




	
Cognitive reappraisal

	
Physical activity

	
0.352

	
0.124

	
37.937

	
0.748

	
0.056

	
13.400 **




	
Resilience

	
Physical activity

	
0.463

	
0.214

	
61.024

	
0.574

	
0.044

	
13.149 **




	
-

	
Cognitive reappraisal

	
-

	
-

	
-

	
0.167

	
0.020

	
8.345 **




	
Subjective well-being

	
Physical activity

	
0.636

	
0.405

	
130.381

	
0.104

	
0.036

	
2.876 **




	
-

	
Cognitive reappraisal

	
-

	
-

	
-

	
0.069

	
0.016

	
4.331 **




	
-

	
Resilience

	
-

	
-

	
-

	
0.496

	
0.021

	
23.337 **








Note: ** (p < 0.01).













 





Table 5. Bootstrap analysis for mediation-effect test.
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	Impact Pathways
	Effect
	SE
	BootLLCI
	BootULCL
	Efficiency Ratio





	aggregate effect
	0.502
	0.039
	0.426
	0.578
	100%



	direct effect
	0.104
	0.036
	0.041
	0.033
	20.72%



	total indirect effect
	0.398
	0.028
	0.348
	0.455
	79.28%



	physical activity → cognitive reappraisal → subjective well-being
	0.052
	0.013
	0.028
	0.080
	10.36%



	physical activity → resilience → subjective well-being
	0.285
	0.029
	0.231
	0.345
	56.77%



	physical activity → cognitive reappraisal → resilience → subjective well-being
	0.062
	0.009
	0.046
	0.083
	12.35%







Note: BootLLCI refers to the lower limit of the Bootstrap-sampling 95 per cent interval, and BootULCI refers to the upper limit of the Bootstrap-sampling 95 per cent interval.
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