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Introduction: Recent studies have highlighted physical exercise’s potential impact on college students’ psychological wellbeing. This study aims to explore this relationship further by examining physical fitness’s mediating role.

Methods: A comprehensive questionnaire was distributed to 386 college students, and the collected data were analyzed using advanced statistical techniques to ensure high reliability (α = 0.982) and validity (KMO = 0.947).

Results: The results indicated that exercise habits were significantly influenced by the student’s gender and academic major. Furthermore, a notable correlation was observed between physical fitness and psychological wellbeing, with physical fitness also serving as a partial mediator in this relationship.

Discussion: These findings underscore the importance of promoting physical activity within educational institutions to enhance mental and physical health. The mediating role of physical fitness suggests that improvements in physical condition may be essential for realizing the full psychological benefits of exercise. It supports integrating tailored fitness programs into college wellness initiatives to foster overall student wellbeing.
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Introduction

Psychological wellbeing, an important indicator of individuals’ mental health, has been increasingly attracting attention from scholars and the public (Camp et al., 2022; Li and Liang, 2022; Dalky et al., 2022). Psychological wellbeing relates to individuals’ emotional states and directly influences their learning efficiency and social functioning (Xiong et al., 2023). Enhancing psychological wellbeing has become an important research direction in psychology and education (Herbert, 2022; Teede et al., 2023; Lochbaum et al., 2022). In modern society, college students face multiple psychological pressures from academics, job competition, interpersonal relationships, and future planning (Liu et al., 2022). These pressures often impact students’ mental health and quality of life (Lanjekar et al., 2022; Zheng, 2022). However, despite the frequent psychological issues among student populations, many individuals often lack effective coping mechanisms when facing stress (Herbert, 2022; Barbayannis et al., 2022; Saulle et al., 2022). Among numerous possible intervention measures, physical exercise is considered an effective way to enhance mental health due to its low cost and ease of implementation.

Numerous studies have confirmed that physical exercise can significantly improve individuals’ psychological wellbeing and overall health status (Herbert, 2022; Alesi et al., 2022; Verhoeven et al., 2023). Through physical activities, individuals can improve their physical health, alleviate stress, and reduce symptoms of anxiety and depression to some extent (Herbert, 2022; Alesi et al., 2022; Verhoeven et al., 2023). For example, research shows that regular physical exercise can enhance college students’ self-efficacy and social skills, thereby enhancing their psychological wellbeing (Han et al., 2022; Ren et al., 2021). Physical exercise is also seen as an effective stress-coping strategy, as it can enhance mental states by promoting the balance of neurotransmitters such as serotonin and endorphins (Marti-Prats et al., 2023; Boero et al., 2023). The university period is a crucial stage in an individual’s life and a key phase for physical and mental development and stability. Existing research indicates that the depression rate among Chinese college students is 23.8% (National Health Commission of the People’s Republic of China, 2022), highlighting the importance of universities placing a high priority on students’ mental health. Although numerous studies have widely confirmed the positive association between physical exercise and psychological wellbeing, the specific mechanisms of action remain unclear, particularly regarding the mediating role of fitness in the college student population, which has been insufficiently studied.

Researchers have recently focused on various factors influencing psychological wellbeing, with physical fitness being considered an important mediating variable. Improving physical fitness is directly related to better physical health status and may also indirectly enhance psychological wellbeing through enhancing self-worth and a sense of control (Verhoeven et al., 2023; Alarcón-Gómez et al., 2021; Carneiro-Barrera et al., 2022). Furthermore, research has found that gender and the field of study significantly impact psychological wellbeing (Bradley et al., 2000). Students of different genders and majors exhibit variations in their exercise habits and psychological responses. For instance, males generally engage in physical exercise with higher frequency and intensity, while females may excel in dimensions of psychological wellbeing such as self-acceptance and positive interpersonal relationships. These differences may stem from socio-cultural factors, varying individual expectations, or disparities in anticipated salaries after graduation. However, the specific mechanisms by which these gender and major factors interact with physical exercise to influence psychological wellbeing remain to be explored in depth. Therefore, this study will focus on the college student population to investigate the relationships between gender and major differences in the context of physical exercise and psychological wellbeing, analyzing the mediating role of fitness to fill this gap in the existing literature.

This study used a questionnaire survey method to comprehensively collect data from 386 college students to examine how physical exercise enhances their psychological wellbeing through its impact on physical fitness. The questionnaire underwent rigorous reliability and validity testing to ensure the data’s reliability and the analysis’s effectiveness. In the data processing phase, this study employed statistical methods such as independent sample T-tests, variance analysis, Pearson correlation analysis, and structural equation modeling (SEM) analysis using SPSS software. These methodological applications aim to ensure the scientific rigor and accuracy of the research results. At the same time, this study utilizes the Ryff model, which defines students’ psychological wellbeing through six dimensions: autonomy, environmental mastery, personal growth, positive relationships, purpose in life, and self-acceptance (Kishida et al., 2004). This multidimensional framework effectively captures the various aspects of psychological wellbeing and provides a theoretical basis for the analysis in this study. Through these methods, we can explore the direct and indirect relationships between physical exercise, physical fitness, psychological wellbeing, and other potential moderator variables.

The main objective of this study is to investigate how physical exercise influences college students’ psychological wellbeing through improving physical fitness and its underlying mechanisms. By gaining a deeper understanding of the specific impact pathways of physical exercise on psychological wellbeing, this study aims to provide a scientific basis for developing effective mental health intervention strategies. The scientific and clinical significance of the research lies in its contribution to enhancing the understanding and promotion of the importance of physical exercise by higher education institutions and fostering broader support for college students’ physical activities within families and society to enhance their psychological wellbeing and overall health. Additionally, by revealing the influence of gender and major on physical exercise behavior, this study also holds the potential to tailor personalized physical exercise plans for different groups. Ultimately, these research findings can provide theoretical and practical support for enhancing college students’ Psychological Wellbeing, creating a healthier and more positive campus environment.



Materials and methods


Research subjects

The study targets college students, and due to the accessibility of the student population at Guangdong University of Petrochemical Technology, we employed a convenience sampling method. First, we determined the survey’s schools, colleges, majors, and classes through convenience sampling. The researchers randomly selected participants from different colleges and majors to ensure diversity. Next, all surveyors received standardized training to ensure consistent survey instructions. Finally, we adopted a method of centralized filling and on-site distribution and collection, distributing a total of 400 questionnaires. All 400 questionnaires were collected, with 14 invalid questionnaires (blank questionnaires deemed not useful) excluded. We utilized a list-wise deletion method to handle missing data, as the number of missing values was small and not expected to significantly impact the reliability of the research results. Additionally, we conducted a missing data analysis and confirmed that the data were missing completely at random (MCAR). Ultimately, there were 386 valid questionnaires, resulting in a response rate of 96.5%.



Physical exercise behavior questionnaire

Physical Exercise behavior refers to a series of physical activities conducted autonomously by individuals to improve physical fitness, mastering certain sports skills, releasing emotions, and relaxing the body and mind. It includes exercise time, exercise intensity, exercise frequency, as well as exercise programs and forms. The measurement of physical exercise behavior in this study is based on Liang (1994) Physical Activity Classification Scale, which requires students to assess the intensity, duration, and frequency of their participation in physical activities over the past month. A four-point scoring method is used: 1 = never, 2 = rarely, 3 = sometimes, 4 = always, with higher total scores indicating a higher level of engagement in physical exercise behavior.



Psychological wellbeing questionnaire

The measurement tool for psychological wellbeing used in this study is the version of the “Psychological Wellbeing Questionnaire” designed by Ryff, which consists of 84 items. The questionnaire was translated and back-translated by Professor Wang Xin in collaboration with students who studied in the United States to ensure that each item not only conforms to the language habits of Chinese individuals but also does not change the meaning of the questions. The translated version was provided. The questionnaire has six dimensions and utilizes a six-point scoring method: 1 = strongly disagree, 2 = disagree, 3 = somewhat disagree, 4 = somewhat agree, 5 = agree, 6 = strongly agree. Participants must make a six-level selection based on their own experiences, with higher total scores indicating a higher level of psychological wellbeing (Wu et al., 2019).



Physical fitness questionnaire

Physical fitness refers to the physical abilities such as strength, speed, endurance, agility, and flexibility that individuals exhibit during physical activities. It is an external manifestation of an individual’s physical strength and weakness, often implicitly reflected in people’s daily lives, studies, and work, as well as in their physical exercise. Measurement of physical fitness in this study involves utilizing a survey questionnaire from the book “Alzheimers-prevention-program-brain-healthy for the Rest of Your Life” by Small and Vorgan (2012). The questionnaire includes three dimensions and requires students to rate their physical fitness (aerobic exercise, strength training, balance, and coordination) over the past 3 months. A three-point scoring method is used: 1 = rarely, 2 = sometimes, 3 = often, with higher total scores indicating a higher level of physical fitness.



Statistical methods

After excluding disqualified questionnaires, the numbered questionnaires were imported into SPSS 22.0. missing and outlier data were handled by taking the mean. Independent sample t-tests were used to compare differences in gender and academic majors, and analysis of variance was used to compare differences in grades. Additionally, we employed SEM to verify the mediating effects. Specifically, we applied the SEM technique within path analysis to assess the direct and indirect impacts of physical exercise and fitness on mental health.



Control and verification of common method bias

To control for common method bias, in addition to conducting confirmatory factor analysis and reliability tests on the measurement tools, the Harman single-factor method recommended by Podsakoff was used to test for common method bias. The results indicated that the common method bias in the questionnaire was less than 40%, meeting statistical requirements.




Results


The questionnaire demonstrates high reliability and validity

Through reliability analysis, the survey questionnaire designed in this study exhibited good internal consistency and reliability. The questionnaire comprised 114 items divided into four modules: personal information, physical exercise, physical fitness, and psychological wellbeing. The standardized Cronbach’s alpha coefficient for the total score was 0.982, and the internal consistency reliability for each dimension ranged between 0.982 and 0.983. The reliability coefficients of the research data were higher than 0.9, indicating high data reliability quality suitable for further analysis.

Validity analysis was conducted to examine the rationality and meaningfulness of the survey items using factor analysis. Validation was confirmed through indicators such as Kaiser-Meyer-Olkin (KMO) value, communality, variance explained, and factor loading coefficients. The KMO value assesses the suitability of information extraction; commonality helps to eliminate unreasonable research items; variance explained indicates the level of information extraction, and factor loading coefficients measure the relationship between factors (dimensions) and items. The analysis results showed that all research items had communality values higher than 0.4, indicating effective extraction of information from the research items. Additionally, the KMO value was 0.947, exceeding 0.6, suggesting effective information extraction from the research items, which can be utilized for further analysis.

Figure 1 shows that according to independent sample T-tests, significant differences were observed in the frequency of physical exercise based on gender (male: 7.99 ± 2.05, female: 7.06 ± 1.75; p = 0.000), indicating that males are more active in physical exercise. Additionally, females scored slightly higher than males in psychological wellbeing (female: 27.56 ± 5.83, male: 26.24 ± 6.75; p = 0.040), while there was no significant statistical difference between the genders in physical fitness (male: 4.73 ± 1.36, female: 4.84 ± 1.23; p = 0.384). The result indicates that gender differences are not a key factor in determining the relationship between physical exercise and wellbeing. Regarding academic background, students in STEM majors scored significantly higher in physical exercise than students in humanities majors (STEM: 7.99 ± 2.03; humanities: 7.11 ± 1.79; p = 0.000), indicating that STEM students engage more frequently in physical activities. However, there was no statistically significant difference in psychological wellbeing between the two disciplines (humanities: 27.41 ± 5.95, STEM: 26.32 ± 6.70; p = 0.091). Similarly, there was no significant difference in physical fitness between humanities (4.82 ± 1.26) and STEM (4.75 ± 1.33) students (p = 0.592).

[image: Figure 1]

FIGURE 1
 Differentiated analysis of demographic variables. * p < 0.05, ** p < 0.01, ns, no significance.


Figure 2 comprehensively analyzes gender and academic differences in the sub-dimensions of physical exercise, psychological wellbeing, and physical fitness among college students. The results indicate significant differences in all sub-dimensions of physical exercise (including duration, frequency, and intensity) based on gender and academic major. Males and STEM students generally scored higher in these dimensions than females and humanities students. Specifically, males scored higher than females in the sub-dimensions of duration, frequency, and intensity (2.70 ± 0.73, 2.71 ± 0.80, 2.59 ± 0.74 vs. 2.50 ± 0.64, 2.35 ± 0.73, 2.20 ± 0.62). Similarly, STEM students scored higher than humanities students in these dimensions (2.71 ± 0.70, 2.68 ± 0.81, 2.60 ± 0.76 vs. 2.50 ± 0.67, 2.40 ± 0.73, 2.21 ± 0.61).

[image: Figure 2]

FIGURE 2
 Differentiated analysis of the subdimensions of demographic variables. *p < 0.05, **p < 0.01, ns, no significance.


In the various sub-dimensions of psychological wellbeing (autonomy, environmental mastery, personal growth, positive relationships, purpose in life, and self-acceptance), gender differences were observed in autonomy, environmental mastery, and positive relationships, with females scoring higher than males. Specifically, females scored significantly higher than males in environmental mastery and positive relationships, with scores of 4.66 ± 1.04 and 4.66 ± 1.06, respectively, compared to males with scores of 4.37 ± 1.23 and 4.40 ± 1.25. Furthermore, the dimension of personal growth showed significant differences among different academic majors, with humanities students (4.72 ± 1.17) scoring higher than STEM students (4.46 ± 1.29).

No significant gender or academic major differences were observed in the three sub-dimensions (aerobic regulation, strength, balance, and stability) for physical fitness. This indicates that while there are gender and academic differences in specific behavioral aspects of physical exercise, these differences do not significantly affect overall performance.



Gender and academic major influence physical exercise and psychological wellbeing

Figure 3 provides a detailed analysis of the differences in physical exercise and physical fitness among college students in different academic years while examining how these differences manifest in psychological wellbeing. Through analysis of variance, the research results revealed significant differences in the various sub-dimensions of physical exercise (duration, frequency, intensity, and overall physical exercise score) among different academic years. For example, in terms of the overall physical exercise score, first-year students had the highest average score (7.97 ± 2.09), followed by fourth-year students (7.76 ± 1.94), while third-year students had the lowest score (6.88 ± 1.87). It indicates that as students progress in their academic years, their physical exercise behavior may fluctuate, with higher activity levels in the freshman year potentially decreasing in the middle years and increasing again towards graduation. Similarly, for physical fitness, second-year students had the highest score (5.07 ± 1.27), reflecting that in the mid-years of college, students’ physical fitness may peak. However, this difference was mainly evident in the balance and stability sub-dimension, as there were no significant differences in scores in other sub-dimensions, such as aerobic regulation and strength, indicating that students across different academic years performed relatively uniformly in these aspects of physical fitness.

[image: Figure 3]

FIGURE 3
 Variance analysis for various subdimensions across four academic years: freshman, sophomore, junior, and senior. *p < 0.05, **p < 0.01, ns, no significance.


Although there were significant differences in physical exercise and physical fitness across academic years, the analysis of psychological wellbeing did not show significant differences between the different academic years. This result indicates that while there may be a certain grade-related correlation between physical exercise, physical fitness, and academic years, the direct impact of these variables on psychological wellbeing may be limited, or other factors, such as social support and academic pressure, may have a more significant influence on psychological wellbeing.



Physical exercise and physical fitness positively predict psychological wellbeing

Through Pearson correlation analysis, Figure 4 explores the relationships between physical exercise, physical fitness, psychological wellbeing, and their respective sub-dimensions. The analysis results indicate significant positive correlations between physical exercise, physical fitness, and psychological wellbeing, as higher levels of physical exercise are associated with better physical fitness and psychological wellbeing. The correlation coefficient between physical exercise and physical fitness is 0.211, indicating a close relationship between increased physical exercise and improved physical fitness. Furthermore, the correlation coefficient between physical exercise and psychological wellbeing is 0.165, further confirming that physical exercise benefits physical health and positively influences mental health. Additionally, the correlation coefficient between physical fitness and psychological wellbeing is 0.064, indicating a weak but relevant association between physical fitness and psychological wellbeing.

[image: Figure 4]

FIGURE 4
 This heatmap illustrates the Pearson correlation coefficients among various variables. *p < 0.05, **p < 0.01, ns, no significance.


Physical exercise shows varying degrees of positive correlations with the various sub-dimensions of psychological wellbeing, including autonomy, environmental mastery, personal growth, positive relationships, purpose in life, and self-acceptance. The correlation coefficients for these dimensions range from 0.068 to 0.212, indicating that physical exercise may promote psychological wellbeing through multiple pathways. Among these dimensions, the strongest correlation is observed between physical exercise and self-acceptance (0.212), suggesting that physical activities may help individuals better understand and accept themselves.



Physical exercise partially mediates the effect of physical fitness on psychological wellbeing

Before conducting SEM validation, it is essential to establish the independent, dependent, and mediating variables as per Baron and Kenny’s research. Therefore, in this study, physical exercise was set as the independent variable, psychological wellbeing as the dependent variable, and physical fitness as the mediating variable, constructing the hypothetical model (Figure 5). Subsequently, SEM validation was performed using SPSSAU analysis software. The results of the SEM analysis are provided in Table 1 to evaluate the interactions and influence pathways between physical exercise, physical fitness, and psychological wellbeing. The model aims to quantify how physical exercise influences psychological wellbeing through the mediating role of physical fitness via path analysis and their respective direct and indirect effects.

[image: Figure 5]

FIGURE 5
 The mediating model of physical fitness between physical exercise and psychological wellbeing of college students.




TABLE 1 Estimated parameters table for the structural equation model of physical exercise, physical fitness, and psychological wellbeing.
[image: Table1]

In this model, the direct effect of physical exercise on physical fitness showed a significant positive impact, with a non-standardized parameter estimate of 0.162, a standardized estimate of 0.252, and a high level of significance (p < 0.01). It indicates that physical exercise significantly enhances physical fitness, reinforcing the theoretical positive impact of physical exercise on physical health. Furthermore, the direct effect of physical exercise on psychological wellbeing was also significant, with a non-standardized parameter estimate of 0.267, a standardized estimate of 0.179, and high significance (p < 0.01). This outcome highlights the direct positive contribution of physical exercise to psychological wellbeing, supporting the importance of physical exercise in promoting mental health. However, the direct effect of physical fitness on psychological wellbeing was not significant (standardized β value of 0.015, p > 0.05), suggesting that while physical fitness is enhanced by physical exercise, its direct contribution to psychological wellbeing is minimal. Nevertheless, the indirect impact of physical fitness (through physical exercise) is positive, indicating that physical exercise indirectly enhances psychological wellbeing by improving physical fitness.

To evaluate the overall model fit, we analyzed the key model fit indices. As shown in Table 1, the χ2/df = 6.077 indicates that the model is relatively complex; the Root Mean Square Error of Approximation (RMSEA) = 0.716 exceeds the conventional standard (< 0.08), suggesting that the model paths may contain some errors and need further optimization. However, the Tucker-Lewis Index (TLI) = 0.908, the Incremental Fit Index (IFI) = 0.979, and the Normed Fit Index (NFI) = 0.917 demonstrate good performance in terms of model parsimony and incremental fit. The Comparative Fit Index (CFI) = 0.13, however, did not meet the recommended threshold of 0.90, indicating that some path relationships within the model may require further refinement. As we could not directly obtain the TLI (Tucker-Lewis Index) during the analysis, we used the IFI and NFI results for supplemental evaluation. These indices indicate that the model exhibits reasonable fit in explaining the relationships between the variables. However, the RMSEA and CFI results suggest that there is still room for improvement in the model structure. Future research should further optimize the model and ensure that all relevant fit indices, including the TLI, are reported to enhance the robustness and credibility of the results. Although we employed the SEM analysis model, we specifically utilized the SEM technique within path analysis to assess the direct and indirect effects of physical exercise and fitness on mental health. We did not conduct gender-based subgroup analyses; however, we plan to explore this in future research.




Discussion

College students, as a large population, are at a critical age for the onset of mental health issues and should be a focus of concern. With the fast-paced nature of society and the increasingly severe employment situation, college students face pressures from various aspects. Research has found that over one-fifth of college students in China experience varying degrees of psychological distress (Huayang and Xinxin, 2023), leading to a prevalence of mental disorders ranging from 10 to 30%. In an era where mental health issues among college students are prominent, effectively choosing pathways to promote the development of mental health literacy and enhance the overall mental health literacy level of students is essential to achieving the goal of “universal improvement of mental health literacy by 2030″ (Gong and Furnham, 2014).

Self-Determination Theory (SDT) explains how physical activity satisfies basic psychological needs such as autonomy, competence, and relatedness, enhancing mental health. The social significance of SDT is particularly pronounced in the current context of higher education. With societal development and changes in the education system, issues related to students’ motivation and autonomy have become increasingly prominent, directly affecting their academic achievements and mental health (Intrinsic Motivation and Self-Determination in Exercise and Sport).

A systematic review has shown that regular physical activity significantly reduces symptoms of depression and anxiety while enhancing individual psychological wellbeing (Geschlossen oder offen? Ergebnisse operativ versorgter Kalkaneusfrakturen, 2019). This effect may partly result from exercise improving neurophysiological functions, such as increasing serotonin levels in the brain, a key “happiness” neurotransmitter that helps regulate mood and sleep (Shen et al., 2020). Additionally, physical exercise can enhance individuals’ self-efficacy and self-esteem, which are important components of psychological wellbeing (Wang et al., 2019). These physiological and psychological improvements work together, leading individuals engaged in physical exercise to experience higher psychological satisfaction and happiness.

This study reveals the impact of physical exercise on college students’ psychological wellbeing through physical fitness, demonstrating that physical exercise not only directly promotes psychological wellbeing but also indirectly enhances psychological happiness by improving physical fitness. The significance of these findings lies in uncovering the composite benefits of physical exercise on mental health, involving both direct and indirect pathways. The direct positive impact of physical exercise on psychological wellbeing is well-supported by extensive research. This finding is in line with previous research regarding the pathway where physical exercise indirectly enhances psychological wellbeing through physical fitness. Studies suggest that improved physical health indicators, such as higher cardiovascular fitness and lower perception of chronic pain, are positively associated with higher psychological wellbeing (Li et al., 2019). Physical fitness enhancement may increase individuals’ daily functional capabilities, improving social engagement and quality of life, and elevating psychological wellbeing (Faden et al., 2019). It underscores the importance of physical health as a support for mental health, with physical exercise serving as an effective means to achieve this. However, it is worth noting that the direct impact of physical fitness on psychological wellbeing was insignificant in this study, indicating that the influence of improved physical fitness on psychological wellbeing may be more indirect or require additional conditions. For instance, the benefits of physical health may need to be translated into an improvement in psychological wellbeing through improved lifestyle, increased social activities, or higher life satisfaction (Song et al., 2019). It highlights the need for future research to explore additional potential mediator variables, such as social participation and life satisfaction, to comprehensively understand how physical exercise impacts psychological wellbeing through various pathways.

In this study, we explored how physical exercise indirectly affects the psychological wellbeing of college students by improving physical fitness while directly promoting mental health. These findings are generally consistent with previous research but provide new insights at key points. An important study utilized a randomized controlled trial to examine in detail the impact of regular physical exercise on the mental health of adults (Davarpasand, 2019). The study found that individuals engaging in regular physical exercise showed significant improvements in anxiety, depressive symptoms, and overall life satisfaction compared to the control group. It aligns with our findings, indicating that physical exercise can enhance psychological wellbeing. However, our study further revealed the role of physical fitness as a potential mediating variable between physical exercise and psychological wellbeing, offering a deeper understanding of this relationship. Another study explored the physiological mechanisms underlying the relationship between physical exercise and psychological wellbeing, particularly neurobiochemical changes in the brain (Shang et al., 2019). The research indicated that physical exercise directly influences mental state by increasing serotonin levels in the brain and improving overall neural health. These biochemical changes provide a physiological basis for how physical exercise affects psychological wellbeing, which aligns with our study results that state that physical exercise directly impacts mental health.

Additionally, our study considers the social-psychological dimension of this mechanism, suggesting that improving physical fitness can indirectly promote psychological wellbeing, possibly involving broader social activities and self-awareness improvements in individuals. A cross-sectional study involving different populations examined the correlation between the frequency of physical exercise and mental wellbeing (Li et al., 2019). The study found a positive correlation between more frequent physical exercise and higher levels of mental wellbeing, further supporting our finding that physical exercise positively impacts psychological wellbeing.

Based on our research findings, we recommend appropriately increasing the quantity and frequency of physical exercise in intervention programs, advocating for a frequency of three to four sessions per week. This frequency can significantly enhance fitness and improve mental health by increasing physical fitness. Moreover, we believe that interventions should focus on increasing the frequency and duration of exercise and pay special attention to how to effectively enhance physical fitness as a key mediating variable. Designing exercise programs tailored to individuals’ varying fitness levels is particularly important. For example, for those with a lower fitness baseline, starting with low-intensity exercises can gradually build their fitness and increase their motivation to participate. Conversely, increasing the intensity and frequency of exercise should be prioritized for individuals with higher fitness levels to further enhance mental health. Such personalized design can help improve the effectiveness of interventions and ensure long-term participation from individuals.

However, this study did not delve into the specific pathways through which physical exercise affects mental wellbeing, which is an aspect that our research supplements. By introducing physical fitness as a mediating variable, our study not only reveals the direct connection between physical exercise and mental wellbeing but also elucidates how physical exercise indirectly influences mental state through its impact on physical fitness.

In this study, we observed a particular result: although physical exercise significantly improved physical fitness and directly impacted psychological wellbeing, the direct influence of physical fitness on psychological wellbeing did not reach statistical significance. This finding may seem contrary to common belief, as it is generally expected that better physical health should be directly associated with higher psychological wellbeing. However, this specific result may be since psychological wellbeing is influenced by multiple factors, including individual lifestyles, social relationships, psychological coping mechanisms, etc., which may overshadow or diminish the direct impact of physical fitness. For example, even if a person has good physical fitness, negative factors such as insufficient social support or poor coping strategies may offset the positive effects of good physical fitness. Additionally, improving physical fitness may take longer to significantly impact mental states, especially in young college student populations whose psychological changes may be more influenced by immediate psychological and environmental factors (Penedo and Dahn, 2005).

The measurement of physical fitness may not accurately capture the health dimensions closely related to psychological wellbeing. For example, common physical fitness indicators such as strength and endurance may not be as directly related to psychological wellbeing as other health indicators like sleep quality or pain relief. Therefore, future research may need to consider a broader range of physical health indicators to comprehensively assess the impact of physical health on mental states.

Based on these observations and analyses, it can be reasonably inferred that although physical fitness is an important component of psychological wellbeing, its impact on psychological wellbeing may be achieved through other indirect pathways, such as by improving individuals’ physical capacity and social participation, thereby indirectly enhancing psychological wellbeing. Furthermore, this suggests that future health promotion plans should consider adopting multifaceted strategies, focusing on improving physical health and strengthening psychological and social intervention measures to ensure support for psychological wellbeing at multiple levels. Additionally, considering the distinctiveness and diversity of the college student population, future research should further explore the effects of different health dimensions on psychological wellbeing and consider individual differences, such as gender, age, socioeconomic status, etc., to develop more precise and effective health promotion strategies. These measures can help us better understand and utilize physical exercise to enhance psychological wellbeing.

This study explored the mediating effects of physical fitness on college students’ psychological wellbeing through physical exercise, revealing some interesting interactions but also encountering several significant limitations that point toward future research directions. Firstly, one limitation of this study is its cross-sectional design, which cannot establish causality. Although we observed significant correlations between physical exercise, physical fitness, and psychological wellbeing, we cannot determine the causal direction among these variables. For instance, while theoretically, physical exercise may lead to improvements in psychological wellbeing, it is also possible that individuals with better mental states are more likely to engage in physical exercise. Additionally, the study relied on self-reported data, which may be influenced by social desirability bias and memory errors. Self-reported frequency and intensity of physical exercise and quantification of psychological wellbeing may not be as precise as objective measurements, possibly impacting our understanding of the relationships between these variables. In future research, we plan to incorporate objective measures such as fitness testing and psychological health assessments to enhance the accuracy and reliability of our findings.

Secondly, the study sample was limited to college students from a specific region, which may restrict the generalizability of the study results. College students from different regions and cultural backgrounds may vary in their exercise habits, available resources, and the impact of physical exercise on psychological wellbeing. Therefore, the research findings may not easily generalize to other populations or regions. Moreover, although the study attempted to explain the relationship between physical exercise and psychological wellbeing through the mediating effect of physical fitness, it did not explore other potential mediating variables, such as mental resilience, social participation, or stress levels, which could play crucial roles in the relationship between physical exercise and psychological wellbeing. The study is primarily observational and does not incorporate any interventions to assess the impact of specific exercise programs or fitness interventions on mental health. We plan to design future research that includes experimental interventions to further explore these relationships.

Future research should employ longitudinal designs to more accurately investigate the causal relationships between physical exercise, physical fitness, and psychological wellbeing to address these limitations. A more effective analysis of the dynamic relationships and long-term effects between these variables can be conducted by tracking changes in college students’ exercise behaviors and mental states. Additionally, using objective measurement methods (such as activity monitors or psychophysiological measurement techniques) to assess the frequency and intensity of physical exercise and quantify psychological wellbeing through mental assessment tools can help improve the accuracy of data and the reliability of the study. Furthermore, future studies should broaden the sample scope to include college students from different regions and diverse cultural backgrounds, and different age and occupational groups should be considered to explore the universality and cultural specificity of the impact of physical exercise on psychological wellbeing. The research should also consider multiple potential mediating variables to understand how physical exercise influences psychological wellbeing through various pathways.

In conclusion, this study highlighted the significant role of physical exercise in promoting mental health by revealing how it directly and indirectly influences college students’ psychological wellbeing through physical fitness. Despite some limitations, these findings provide valuable insights into the positive impact of physical activity on psychological wellbeing and indicate several directions for future research.



Conclusion

This study clarified the positive relationship between physical exercise and college students’ psychological wellbeing and identified that physical fitness partially mediates this relationship (Figure 6). Specifically, physical exercise can directly predict the improvement of psychological wellbeing and indirectly influence psychological wellbeing through improving physical fitness. Additionally, gender and academic major have been confirmed as significant factors influencing physical exercise behavior. It suggests that for college students, physical exercise is not only directly associated with mental health but may also enhance their psychological wellbeing by improving physical fitness.

[image: Figure 6]

FIGURE 6
 Visual analysis of the mediating role of physical fitness from physical exercise to psychological wellbeing.


The scientific value of this study lies in providing a new perspective on how physical exercise influences mental health by emphasizing physical fitness as an important mediating variable. In terms of clinical significance, the research findings can be used to guide schools and health promotion agencies in developing more effective health intervention strategies to promote the psychological wellbeing of young individuals. For example, more personalized physical exercise plans could be developed based on gender and academic major differences.

This study’s limitations include its cross-sectional design, which does not allow for the determination of causality. Additionally, the data was obtained from self-reported questionnaire surveys, which may introduce reporting biases. The study sample was limited to college students, so the generalizability of the results needs further validation.

Future research should employ longitudinal designs to investigate the causal relationships between physical exercise, physical fitness, and psychological wellbeing and consider using objective measurement tools to assess physical exercise and physical fitness. Expanding the sample size to include individuals of different age groups and cultural backgrounds would help further understand the universality of these relationships. Finally, research should explore individual differences, such as personality traits and social support, to understand how they regulate the relationship between physical exercise and psychological wellbeing.
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