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Editorial on the Research Topic
 Towards a psychophysiological approach in physical activity, exercise, and sports, volume IV




The Research Topic “Toward a psychophysiological approach in physical activity, exercise, and sports, volume IV” represents a significant stride forward in the integration of psychological and physiological paradigms in sport and exercise science. This editorial aims to synthesize insights from 23 contributions that deepen our understanding of the complex bidirectional interactions between mind and body in the context of physical activity, sports performance, exercise-based health, and wellbeing promotion.

A recurring focus across the Research Topic is the impact of physical activity on emotional regulation and wellbeing. Wang S. et al. demonstrated that Tai Chi significantly improved emotional regulation efficacy and subjective wellbeing in older adults, with emotion regulation acting as a partial mediator. Similarly, Jiang et al. identified that academic self-efficacy was enhanced through physical activity, mediated by future orientation and mental toughness.

Among youth populations, Zhang et al. found that parenting styles influenced sport adherence via goal orientation and self-regulation. Complementing this, Li and Zhou examined junior high school students, finding that self-esteem and interpersonal relationships jointly mediated the association between physical exercise and school adaptation. This research emphasizes the need for the multifaceted benefits of physical activity in developmental contexts.

From a high-performance perspective, Liu et al. showed that elite karate athletes had superior cognitive inhibition skills compared to sub-elite peers, supporting the neural efficiency hypothesis. Ilbak et al. further validated the relevance of psychophysiological monitoring by showing that perceived exertion aligned well with internal training load in combat sports.

On the public health front, a meta-analysis by Wang Y. et al. confirmed that replacing sedentary behavior with even light to moderate-to-vigorous physical activity significantly reduced the risk of depression. This was echoed by Li et al., who reported that consistent physical activity improved subjective wellbeing in university students, and this can be used as a valid strategy for the prevention of psychological disorders.

Innovative psychological skills training and emotion-focused interventions were prominent in this volume. Kequn et al. designed a mindfulness-based program that improved attentional focus, emotional regulation, and competitive performance. Yang et al. revealed that self-compassion decreased competitive anxiety, mediated by increases in confidence.

Adapted physical activity was also explored. Myraunet et al. identified intrinsic motivation as a key predictor of sports adherence among para-athletes, while Gao et al. showed that life skills such as autonomy and social competence were improved through physical activity in individuals with intellectual disabilities.

Dong and Lin demonstrated that social support—from peers and coaches—reduced anxiety and depression among adolescent team sport athletes. Ji et al. found that athletic identity was a significant predictor of post-retirement life satisfaction in former athletes.

Regarding performance optimization, Chatterjee et al. conducted a meta-analysis on neuromuscular warm-up protocols, reporting consistent benefits for strength, balance, and explosive power. Wang Z. et al. revealed that attentional control and emotional regulation were key predictors of performance consistency in basketball.

Liu et al. showed that physical self-efficacy mediated the link between confidence and accurate self-assessment of performance under physical stress, while Meixner et al. found that higher self-efficacy improved performance prediction accuracy under physically demanding conditions.

Wang D. et al. connected postural control with executive function in youth, revealing that postural stability predicts cognitive flexibility. In a separate study, Niu et al. reported that parental support positively influenced youth engagement in physical activity.

Drole et al. validated the Turkish version of the Sport Coping Skills Inventory-Revised, confirming its psychometric validity, reliability, and internal consistency. Additionally, the Enjoyment theme was also investigated in this Research Topic, a critical factor for adherence, which was the focus of Beck et al.'s work, comparing group vs. individual spinning sessions. Group settings were found to increase enjoyment, suggesting that social context enhances emotional experience during physical exercise. Finally, Jiang et al. examined gender differences in emotional benefits from exercise, concluding that women experience greater improvements in subjective wellbeing under similar workloads.

Taken together, these 23 articles reveal that physical activity, exercise, and sports are not just physiological experiences but fundamentally psychophysiological phenomena. Emotional regulation, confidence, motivation, and social relationships shape both outcomes and engagement to boost exercise engagement and maintain the habitual practice as well as health-related physical fitness, health, and performance.

However, limitations remain. There is a need for more longitudinal studies, better integration of physiological data (e.g., HRV, cortisol), and culturally diverse validation of psychological tools. Real-time, wearable-based monitoring and ecological assessment methods offer promising paths forward.

In conclusion, Volume IV provides a compelling case for embracing a biopsychosocial paradigm in sport and exercise science. These contributions affirm that human movement is as much a psychological and social act as it is a physical one, calling for interdisciplinary approaches that reflect the complexity of the active human being.
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Objective: Strengthening youth sports and comprehensively promoting the participation of Chinese university students in sports to enhance their social acceptance are key initiatives for delivering high-quality talent for China’s economic and social development.
Methods: Using the China Comprehensive Social Survey as the data source and considering social mentality and social identity, we constructed corresponding statistical models to explore how sports participation influences the social identity (class identity, economic status, and emotional belonging) of Chinese university students.
Results: Regarded from a holistic perspective, sports participation can enhance the social identity of college students in all its aspects, and the benefits of sports participation are positively related to its frequency. Under the condition of social mentality, sports participation has a positive effect on the social identity of college students in general and a nonsignificant effect only on certain dimensions. Under the social identity condition, the significance of sports participation for college students’ social identity decreases from lower to higher levels of education.
Conclusion: Sports participation significantly enhances the social identity of Chinese university students, and the specific mechanism of the enhancement varies across the social mentality and social identity conditions. In this context, strengthening the role of sports participation in promoting the social identity of college students in the new era is necessary. Deepening the ideological content of physical education courses should be taken as the starting point to enhance the effectiveness of sports participation on the social identity of college students under the condition of social mentality. The effectiveness of sports participation on the social identity of college students with different social identities should be differentiated and enhanced.

Keywords
 sports participation; social identity; social mindset; Chinese; university students


1 Introduction

Since the onset of the twenty-first century, China has entered a period of high-quality economic and social development and become more reliant on the social attributes of sports participation, a reliance that has also significantly improved the Human Development Index (HDI) of the Chinese people (Ji et al., 2023). Sports participation plays an important role in the development of the Chinese, whereby the increasing social recognition of talented athletes plays an important role in promoting high-quality economic and social development. Chinese university students (hereinafter referred to as university students) are an important component of China’s talent pool. Therefore, research focusing on university students’ sports activity and efforts to reinforce the positive effects of sports participation on university students’ social identity are significant. Because university students represent a reserve of talent for national economic and social development, their social identity involves their patriotism (Li et al., 2014) and orientation toward the socialist system with Chinese characteristics as well as toward the national governance system (Wu, 2020), which together comprise a key factor in determining their support for the socialist cause (Xie and Kong, 2022) and are particularly important for the sustainable development of the country’s economy and society. However, external forces frequently spread anti-socialist culture through diverse and covert means, confusing facts in an effort to sidetrack the social identity development orientation of college students and resulting in a serious impact on the social identity of Chinese university students (Chen, 2022). Improving the social identity of university students has become an urgent task.

Sports participation is an important means to promote the comprehensive development of human beings (Ji et al., 2023), is an important way to build social identity, can shape the collective consensus, and can provide psychological discipline to enable individuals to build a “self-ethics” in the “circle society” and guide university students in developing a positive social identity (Wang, 2020). However, previous studies have noted that the social identity of university students is influenced by both the “social mentality” and the “social identity.” The social mentality is influenced mainly by the trend of “paradoxical dialectics.” For example, ① the social mentality of university students reflects a conflation of Buddhism (in terms of unambitiously “lying flat” and being involuted) with social fear (accompanied by the explosion in internet use) and with political indifference and a susceptibility to political fervors. These circumstances create multiple dilemmas for university students in realizing their social values and seriously affect the orientation of social identity formation (Li, 2022). ② The orientation of social identity formation leads to a differentiated social mentality among university students. Overall, this mentality can be categorized as including policy preferences such as placing one’s country before one’s family, but also negative social evaluations and populist tendencies as well as diverse views regarding social order and national security (Zheng et al., 2023). ③ The social mindset brings a “threshold experience” to university students’ sport participation, reinforcing the positive effects of social responsibility and social justice on the social identity of such students (Wang, 2020). Social identity is largely influenced by questions such as “Who do they want me to be?” or “Who do I want me to be?” ① Cruess et al. (2015) noted that higher education must help university students carry out a step-by-step transformation of their social identity and, in the process of transformation, consolidate a social identity oriented toward socialist core values. ② Higher education should also assist university students clarify their social identities while strengthening the social position of individuals to promote the adoption of socially appropriate behavioral measures while gradually enhancing social identity (Wilson and Liss, 2022). ③ The social identity of university students significantly influences the frequency of sports participation through the mediating factor of sports culture, which in turn consolidates social identity and social identification (Gonzales et al., 2020; Zheng and Liu, 2013; Cruess et al., 2015). ④ Dislocation of the social identity of university students will lead to a serious deviation from the “expected structure” and “real structure” of social identity, placing students in the embarrassing situation of double discrimination in economic status and access qualification (Zheng and Liu, 2013; Hoyt et al., 2021). Previous studies provide diverse theories, methods, and perspectives for subsequent research. However, the mechanism influencing university students’ social identity and how to promote students’ social identity from the perspective of sports participation have rarely been examined.

Therefore, this study utilized data from the China General Social Survey (CGSS) released by the China Survey and Data Center in October 2022 for the construction of several statistical models to explore the effectiveness of sports participation on the social identity of Chinese university students and the mechanisms of social mentality and social identity formation. The study also provides references and lessons for further enhancing the social identity of Chinese university students and promoting their overall development.



2 Research design


2.1 Data sources, sample selection, indicator selection


2.1.1 Data sources

The data for this study were drawn from the China General Social Survey (CGSS) data released in October 2022 by Renmin University of China and the China Survey and Data Center. This database comprehensively and systematically collects data at multiple levels, including the social, family, and individual levels, and summarizes trends in social change. It has been used in the East Asian Social Survey Project (EASS), which aims to provide reliable data support for a wide range of researchers.



2.1.2 Sample selection

The total number of variables in the database for 2022 was 1,030, and the total sample size was 12,787. Samples in the disability category were excluded, samples other than specialty, undergraduate, and postgraduate students were excluded, and non-target variables were excluded. After excluding nontarget variables and missing values, the number of target variables selected was 12, leaving a valid sample of 2,320 data points.



2.1.3 Indicator selection

① Social identity (dependent variable): International scholars mainly examine social identity through social comparison and psycho-emotions, social inequality, social status, wealth creation ability, economic strength, self-perception, emotional expression, and other indicators (Anyiwo et al., 2018; Yang et al., 2018; Hehir et al., 2021). Chinese scholars, in contrast, tend to investigate social identity with indicators such as social class perception, emotional identity, consumption concepts, membership, and role emotions (Peng, 2012; Xiao, 2015; Leng et al., 2021). In view of this, this study synthesizes the views of these groups and uses three dimensions, namely, class identity, economic status, and emotional belonging, as reflective indicators of social identity among Chinese university students. ② Social mentality and social identity (independent variables): The relevant academic views on social mentality (Wang, 2020; Li, 2022; Zheng et al., 2023) and social identity (Gonzales et al., 2020; Zheng and Liu, 2013; Cruess et al., 2015; Hoyt et al., 2021) have been described above. Therefore, considering the indicators used in previous studies and the characteristics of the university student group, social trust and social fairness are used to reflect social mentality, and school level and academic level are used to reflect social identity. ③ Control variables: Based on relevant studies (Dong, 2021; Ji et al., 2023), household registration, gender, physical health, and mental health were used as reflective indicators.




2.2 Model setup

Pinar et al. (2013) noted that when multivariate, multidimensional, or multilevel methods reflect the same issue or the same indicator, there is a disparity in weighting between the internal indicators, which should be counted separately. Qiu et al. (2018) noted that when multiple variables reflect common indicators, they should be discussed separately rather than analyzed uniformly after weighted fitting if the nature of the problem is to be explored carefully. In view of this, this study takes three dimensions of the social identity of university students, namely, class identity, economic status, and emotional belonging, as dependent variables to reflect the social identity of university students in a detailed and objective manner.

The variable relationships explored in this study are between a dependent variable and multiple independent variables. Thus, multiple linear regression models are applicable. Moreover, the sample size for this study was 2,320, the number of variables was 12, and the ratio between the total sample size and the total variables was approximately 193:1, which circumvents the problem of multiple covariance in the multiple linear regression model; i.e., the ratio of the total sample size to the total variables was greater than 5:1. On this basis, models are constructed as follows:

[image: The formula shown is \( Y_i = LnOSport_i + X_i + \varepsilon_i \), followed by the number (1) in parentheses.]

This is Equation (1) (sports participation), where [image: It seems there was an issue with uploading the image. Please try uploading the image again, or provide a URL if it's available online.] is the dependent variable (social identity), i represents different dimensions of social identity (class identity, economic status, and emotional belonging), [image: The image contains the mathematical expression "LnOSport" with a subscript "i".] is the core explanatory variable (sports participation), [image: Mathematical expression with an uppercase "X" and subscript "i".] represents control variables (such as demographic characteristics), and [image: Lowercase Greek letter epsilon with a subscript lowercase letter i.] is a constant term.

[image: Equation labeled (2) showing \( Y_i = \text{LnOSport}_i + \text{InMindset}_{i,j} + X_i + \varepsilon_i \).]

This is Equation (2) (social mindset), where [image: Stylized text displaying the word "InMindset" in a serif font.] is the social mindset, [image: Please upload the image or provide a URL so I can help create the alt text for it.] is the variable included under the social mindset.

[image: Mathematical equation depicting a model: \(Y_i = LnOSport_i + InIdentity_{i,k} + X_i + \varepsilon_i\), labeled as equation (3).]

This is Equation (3) (social identity), where [image: The word "InIdentity" is written in a stylized italic font.] is social identity, [image: The image shows a lowercase italicized letter "k".] is the variable included under social identity.

To explore in depth the specific impact of social mentality and social identity, the two variables are used as categorical variables to build a regression model, and at the same time, to ensure that the evidence derived from the categorical variable model is in line with the real situation. If one of the two variables is used as a categorical variable, the other variable will still be included in the statistics.

Models 4–9 explore social mindfulness as a categorical variable as follows:

[image: Equation showing a model: \( Y_{i,j} = \text{LnOSport}_{i,j} + \text{lnMindset}_{i,k-1} + \text{lnIdentity}_{i,k,j} + \overline{X}_{i,j} + \varepsilon_{i,j} \).]

Models 10–15 explore social identity as a categorical variable as follows:

[image: The equation shown is related to a statistical model: \( Y_{i,k} = LnOSport_{i,k} + lnIdentity_{i,.-k} + lnMindset_{i,j,k} + \bar{X}_{i,k} + \varepsilon_{i,k} \).]

In Equations 4, 5, [image: The mathematical expression shows the vector \(-\mathbf{j}\), representing a unit vector in the negative direction of the \(y\)-axis in a Cartesian coordinate system.] and[image: Mathematical notation showing a negative value represented by minus sign followed by the letter 'k' in italics.] represent specific variables that have not yet been used as categorical variables in the social mindset and social identity models, respectively. Because the control variables have been controlled for according to previous research on model construction (Qiu et al., 2018), these variables are not presented in an expanded manner.



2.3 Variable manipulation and description


2.3.1 Dependent variable (social identity)

① Class identity: This variable aims to investigate at which level of the subject’s own present social class. The CGSS investigates class identity by positively coding the ranks on a scale of 1 to 10, with 1 being the lowest and 10 being the highest. ② Economic status: As one of the core variables, economic status aims to investigate the economic status of the subjects in present society. The CGSS surveyed economic status at 5 levels, lower, lower middle, middle, upper middle, and upper, reverse coded. For statistical convenience, the 5-level division was followed, but the coding was adjusted to be forward coded. ③ Affective attributions: Affective attributions were positively coded by asking the subjects about the degree of happiness they experienced in the current society and their feelings of dependence and belonging to the current society, categorized as low, medium, or high.



2.3.2 Impact core

Physical participation. Moving one’s body until one is perspiring through activities such as walking, running, physical training, square dancing, radio gymnastics, and ball games. The exercise format may be freely chosen, the participation forms could be individual, group or combination activity. From above, it was to investigate the frequency of sports participation in the past year in subjects with a combination of the above conditions. The sports participation variables were reverse coded with full reference to the categorization criteria used in the CGSS survey, i.e., daily, weekly, monthly, and never.



2.3.3 Control variables

① The household registration variable includes the agricultural (rural) type sample of former agricultural (rural) households that became family households; the sample of former nonagricultural (urban) households that became family households is included in the nonagricultural (urban) type. ② There are only two categories of gender: male and female. ③ Physical health and mental health were positively coded as unhealthy, fair, and healthy.



2.3.4 Independent variables

① Academic level was categorized as specialist, undergraduate or postgraduate after nontarget samples were excluded and positively coded. School level was categorized as ministry and above or province and other, positively coded, with a special note: joint colleges and universities were categorized as the higher level; e.g., province–ministry joint colleges were categorized as ministry-level, and province–municipality joint colleges were categorized as province-level (Li et al., 2022). ② In the dimension of social mentality, social trust examines the degree of trust that subjects have in modern Chinese society, and social fairness measures the degree to which the subjects believe that modern Chinese society is fair to them. These variables are positively coded using a three-level scale (see Table 1) for details.



TABLE 1 Descriptive statistics of the sample.
[image: Table showing variables used in a study with dimensions, coding methods, mean (SD), and causality. Variables include class identity, economic status, sports participation, among others. Ratings vary from numerical codes to descriptions like "middle" or "high." Causality is noted with symbols such as plus, minus, and classify.]



2.3.5 Descriptive statistics of correlations between variables

In order to investigate the correlation between various variables and enhance the statistical efficiency of the regression model, a correlation test was specifically conducted. Overall, as it can be seen from Table 2, there is a strong correlation between most of variables, however the correlation between only some of the variables is weak. Upon closer inspection, the impact core (SP) shows no correlation with ST, but has a strong correlation with other variables. The correlation between the implicit variables (CI, ES, AA) and other variables is also relatively strong, indicating that the variables used in this study for regression analysis have high statistical efficiency.



TABLE 2 Correlation analysis.
[image: A correlation matrix table displays correlation coefficients between various variables labeled CI, ES, AA, Sex, HR, WL, MH, SP, ST, SE, SL, and EL. Significant correlations are marked with asterisks indicating different levels of statistical significance: p less than 0.1, p less than 0.05, p less than 0.01, and p less than 0.001.]





3 Empirical analysis and discussion


3.1 Effect of sports participation on social identity among Chinese university students

According to Table 3, sports participation (p < 0.05) significantly contributes to the social identity of university students and is not significantly affected by social mentality or social identity. The mechanism of action is manifested in the fact that the greater the frequency of sports participation is, the greater the increase in social identity, which is inversely due to the negative factorial coding of the sports participation variable. Model 2 (social mentality) shows that under the influence of sports participation, social trust (p < 0.01) and social equity (p < 0.001) in social mentality can positively affect the social identity of university students, which is manifested in the fact that the higher the degree of social trust and social equity, the higher their social identity. Model 3 (social identity) shows that, under the influence of sports participation, school level promotes the economic status (p < 0.01) of university students more strongly and promotes class identity (p < 0.05) more weakly, and its promotion effect is as follows: Ministry >Provincial>Other. In addition, school level has no significant effect on affective attributions. Education level significantly enhances the class identity (p < 0.001) and economic status (p < 0.05) of university students, and its effect benefit is as follows: Graduate school>Undergraduate school>Specialized school. There is no significant effect on affective attributions. Based on the value of the explanatory rate R2 and compared with Model 1 (CI = 0.046; ES = 0.046; AA = 0.079), social mentality (CI = 0.070; ES = 0.068; AA = 0.140) and social identity (CI = 0.058; ES = 0.054; AA = 0.079) exert a certain facilitating effect at the same time, and the R2 value of class identity, economic status and affective attributions displayed alternating changes, indicating that the three dimensions of the social identity of university students have different weight shares, verifying the views of Pinar et al. (2013) and Qiu et al. (2018), subsequent studies should explore these issues separately.



TABLE 3 Effects of sport participation on the social identity of Chinese university students.
[image: A table compares three models: Sports Participation, Social Mentality, and Social Identity. It lists variants like Sex, HR, WL, MH, and more, with columns for CI, ES, and AA showing coefficients and standard errors in parentheses. Statistical significance is denoted by asterisks. Both sample size and R-squared values are provided.]

Models 2–3 are based on Model 1 with the addition of social mentality and social identity, respectively, while the significant degree and role benefit of sports participation (p < 0.05) remain unchanged, indicating that the impact of sports participation on the social identity of university students has strong stability and can still have a facilitating effect under the influence of comprehensive factors. Yu and Zuo (2023) noted that the media era has prompted university students’ sports participation to shift from health-seeking to “persona” shaping, which includes searching for affective attributions, confirming spending power, and upwardly integrating into class identity. Model 2 shows that social mentality (p < 0.01) has a positive moderating effect, which enhances the promotional benefits of sports participation on university students’ social identity. Sun and Zheng (2017) argued that a Chinese Red Culture-guided social mentality enhances political certainty, economic orientation, cultural self-confidence, and emotional cognition and that integrating such a mentality into the sports curriculum ideology can enhance university students’ social identity. Model 3 shows that social identity positively moderates class identity (p < 0.05) and economic status (p < 0.05) but has no significant effect on affective attributions, for the following possible reasons. ① Justice education, which emphasizes social identity, encourages individual students to clarify their class and position in the social group, while sports participation facilitates the progression from holding a “justice view” to being a “social justice practitioner” (Qin, 2023). ② The rise of online social networking has led to false fulfillment of the social desires of university students, and the absence of identity differences has limited the cognitive level of university students and weakened their ability to interact; however, a unique affective attribution has occurred such that the crisis of generalized online social networking has intensified and seriously inhibited the sound development of the affective attributions of university students (Chen, 2023).



3.2 Effects of different social mentalities in sports participation on the social identity of Chinese university students

Table 4 presents results for several models. Model 4 for concerns university students and social trust. Sports participation (p < 0.01) contributed more to affective attributions and but less to class identity (p < 0.1) and economic status (p < 0.1). Under the influence of sports participation, social equity was a strong contributor to economic status (p < 0.05) and affective attributions (p < 0.001), with no significant effect on class identity; school level was a significant contributor to economic status (p < 0.05), with no significant effect on class identity and affective attributions; and education level was a weakly significant contributor to affective attributions (p < 0.1), with no significant effect on class identity and economic status. Model 5 concerns university students who are neutral about social trust. Sports participation had a significant contributing effect on class identity (p < 0.05) and economic status (p < 0.05) but had no significant effect on affective attributions. Social equity made a stronger contribution to class identity (p < 0.05) and affective attributions (p < 0.05) but made a lower contribution to economic status (p < 0.1) under the influence of sports participation; school level and education level did not have significant effects. Model 6 is for university students who have social trust. Sports participation made a strong contribution to class identity (p < 0.05) and affective attributions (p < 0.05) but had no significant effect on economic status. Under the influence of sports participation, social equity (p < 0.001) had a comprehensive facilitating effect on the social identity of this type of university student; school level had a weakly significant facilitating effect on class identity (p < 0.1) and economic status (p < 0.1) but no significant effect on affective attributions; education level had a significant facilitating effect on class identity (p < 0.01) and economic status (p < 0.05) but no effect on affective attributions.



TABLE 4 Effects of different social mentalities in sports participation on the social identity of Chinese university students.
[image: Table displaying regression results for models analyzing social trust and social equity. Rows represent variables: Sex, HR, WL, MH, SP, SE, SL, EL, con-, with R² values and sample sizes at the bottom. Models 4 to 9 vary in social trust and equity levels. Coefficients with standard errors in parentheses, significance indicated by stars.]

Model 7 addresses socially unequal university students. Here, sports participation made a significant contribution to affective attributions (p < 0.05) and a weakly significant contribution to class identity (p < 0.1) but had no significant effect on economic status. Under the influence of sports participation, social trust made a significant contribution to economic status (p < 0.05) and affective attributions (p < 0.001) but exerted no significant effect on class identity; school level had no significant effect; and education level made a significant contribution to class identity (p < 0.01) and economic status (p < 0.01) but had no significant effect on affective attributions. Model 8 concerns social equity-neutral university students. Here, sports participation had a strong facilitating effect on class identity (p < 0.05) and affective attributions (p < 0.01) and a weak facilitating effect on economic status (p < 0.1). Under the influence of sports participation, social trust exerted a significant contributing effect on affective attributions (p < 0.01) but no significant effect on class identity and economic status; school level had a significant contributing effect on class identity (p < 0.01) and economic status (p < 0.01) but no significant effect on affective attributions for this type of university student; and education level had no significant effect. Model 9 addresses university students with social. Sports participation exerted a significant contributing effect on class identity (p < 0.05) and a weak facilitating effect on affective attributions (p < 0.1), but had no significant effect on economic status. Under the influence of sports participation, social trust (p < 0.05) could enhance the social identity of this type of university student in all aspects; school level had no significant effect; education level had a significant contributing effect on class identity (p < 0.01) but no significant effect on economic status or affective attributions.

Sports participation had no significant effect on the affective attributions of social trust-neutral university students or on the economic status of the three types of university students: social trust, social inequity, and social equity. The remaining social mentality conditions showed a degree of significant facilitation, with only certain dimensions exhibiting relatively weak facilitation. The reasons for this are as follows. ① Ouyang et al. (2017) confirmed that the dual functions of social–emotional and event attachment under differential social trust significantly inhibited the degree of identification with sports tourism and failed to enhance the frequency of sports participation in a neutral-level trust group, whereas enhancing governmental trust could modulate the strength of support for the emotional aspect of sports participation. Social mentality only partially explains the relationship between economic status and athletic health (Wang and Ma, 2020), and during the period of the mass spread of higher education, the noneconomic effect of social trust is greater than the economic effect (Zhou, 2016); therefore, under the social mentality condition, sports participation only has a strong facilitating effect on the economic status of certain groups of university students. In the social mentality condition, the facilitating effect of sports participation on the social identity of university students was weakly supported by the aspect of social identity, with only certain dimensions and variables providing significant support. The possible reasons for this are investigated as follows. Wang and Chen (2024) noted that the current system of ideological education in colleges and universities has been unable to meet the needs of the times with respect to cultivating students’ virtues, and although research on the ideological aspects of physical education courses has been popular, the summarization and refinement of the endogenous elements and exogenous resources of public physical education courses from the perspective of course ideology has been rare. These circumstances have led to a lack of clarity regarding how to effectively combine physical education courses at Chinese colleges and universities with ideological education and made it difficult to promote the macrolevel of the social identity of college students. It is difficult to promote the overall improvement of the social identity of university students at the macrolevel. University students with different social identities have problems such as the deviation of some groups’ cognition and practice of socialist core values, a tendency toward individualization of value choice, and the formalization of value understanding, and the resolution of such problems urgently requires the integration of socialist core values into university education, student services and campus activities to enhance student social identities (Qu et al., 2021).



3.3 Effects of different social identities in sports participation on the social identities of Chinese university students

Table 5 presents results for a new set of models. Model 10 addresses university students at ministry-level and above universities. Sports participation and education level did not significantly affect the social identity of this type of university student. Social trust made a significant contribution to affective attributions (p < 0.001) but had no significant effect on class identity and economic status. Social equity (p < 0.01) could promote the social identity of this type of university student in all aspects. Model 11 concerns university students at provincial universities. There was no effect of education level. Sports participation had a significant contributing effect on class identity (p < 0.001) but no significant effect on economic status and affective attributions. Under the influence of sports participation, social trust had a significant contributing effect on affective attributions (p < 0.001) but no significant effect on class identity and economic status. Social equity exerted a significant contributing effect on class identity (p < 0.001) and affective attributions (p < 0.001) but no significant effect on economic status. School level had a weakly significant contributing effect on class identity (p < 0.1) but no significant effect on economic status or affective attributions. Model 12 addresses university students from other universities. Sports participation (p < 0.05) significantly promoted the social identity of this type of university student. Under the influence of sports participation, social trust (p < 0.01) and social equity (p < 0.001) could promote the social identity of this type of university student in all aspects, and only social trust had a weakly significant promoting effect on class identity (p < 0.1). Education level had a stronger promoting effect on class identity (p < 0.01), a weaker promoting effect on economic status (p < 0.1), and no significant effect on affective attributions.



TABLE 5 Effects of different social identities in sports participation on the social identity of Chinese university students.
[image: Table displaying statistical results from six educational models (10 to 15) with columns for CI, ES, and AA across various variants including Sex, HR, WL, MH, SP, ST, SE, and SL. Each model specifies school or education levels with differing sample sizes (N) and R squared values. Significant values are denoted with asterisks.]

Model (13) concerns university students with a specialized degree. Sports participation (p < 0.05) could promote the social identity of this type of university student in all aspects. Under the influence of sports participation, social trust had a significant positive effect on affective attributions (p < 0.001) but no significant effect on class identity and economic status. Social equity (p < 0.001) promoted the social identity of this type of university student in all aspects, and school level had a significant positive effect on economic status (p < 0.05) but no significant effect on class identity and affective attributions. Model 14 addresses university students with a bachelor’s degree. Sports participation had a significant contributing effect on Class identity (p < 0.01) and Affective attributions (p < 0.05). However, it had no significant effect on economic status. Social trust (p < 0.01) and social equity (p < 0.001) under the influence of sports participation significantly contributed to the social identity of this type of university student, but school level had no significant effect. Model 15 is for university students with graduate degrees. Social trust had a significant facilitating effect on affective attributions (p < 0.001), school level had a weakly significant facilitating effect on economic status (p < 0.1), and the remaining variables had no significant effect.

Under the condition of social identity, the prominence of sports participation in the social identity of university students is characterized by a decreasing school level and education level from lower to higher. In other words, the higher the school level or the higher the education level is, the fewer the social identity dimensions that are affected by sports participation, and the smaller the promotional benefits generated. This finding indicates that a synergistic nurturing pattern of sports program ideology and politics in Chinese colleges and universities has not yet formed. ① Higher-level schools have relatively strong faculty, and the nurturing of sports curriculum ideology is more systematic and scientific (Wang and Qian, 2023), prompting sports participation and students’ social identity to converge at a certain level (Shen and Zhao, 2023); however, these circumstances make it difficult for sports participation to have a significant promotional effect on university students in higher-level schools, which demonstrate a high level of sports curriculum ideology construction and a high level of students’ social identity but with initial stagnation. A breakthrough should be sought. ② Teachers in lower-level schools are relatively weak, with insufficient resources to support and safeguard civic education, resulting in the development and design of the civic elements of the curriculum failing to meet the needs of students with respect to enhancing their social identity (Wang and Qian, 2023). ③ Under the condition of education level, the influence of sports participation on the social identity of university students is in line with the real world situation. The Ministry of Education of China stipulates that physical education is mandatory for specialists and undergraduates, seeking in this way to promote students’ all-around development. In contrast, postgraduates do not face such a requirement. Therefore, sports participation has a certain promotional effect on the social identity of specialists and undergraduates but no effect on postgraduates. The possible reasons for the lack of a significant effect of sports participation on postgraduates’ social identity are as follows. On the one hand, postgraduates have already received many years of higher education. Thus, they have formed a firmly established outlook on life, values and worldview, and their social identity tends to be mature, such that there are only a few factors that can have an impact on them. On the other hand, graduate students confront complex research tasks and substantial research pressure. They do not have time to participate in sports, or they have formed a regular lifestyle and have fixed sports participation programs and schedules. Thus, sports participation cannot influence the social identity of graduate students.




4 Further discussion


4.1 The role of enhanced sports participation in the social identity of Chinese university students


4.1.1 The leading effect of competitive sports should be enhanced

Leading through mass sports has been a strategic policy in sports development in China since 2023. At the welcome banquet of the World University Games in Chengdu in July, General Secretary Xi Jinping noted the importance of joining hands with the world’s youth, promoting unity through sports, gathering positive energy for the international community, jointly addressing global challenges, and carrying forward the common values of all mankind. Therefore, to give full play to the leading role of competitive sports and promote university students’ sports participation to enhance their social identity, the following 2 approaches are recommended. ① Improving the organization of university sports competitions. Multiple event organizations can be created, which can be divided into university-level games in different sports, college-level games, and joint games between different schools or colleges, with the aim of increasing the opportunities for university students to participate in sports and thus increasing the opportunities to bolster their social identities. ② Promotion of sports morality. Dynamically updating the sports competition system and promoting the construction of a sports culture over time while focusing on the cultivation of students’ sports competition ethics, referees’ professional ethics and spectators’ sports enthusiasm (Shi, 2018) as well as, ultimately, helping sports participation enhance the social identity of university students.



4.1.2 Expanding the social value of sport participation

As evidenced by Models 1–3, not only does sports participation enhance the social identity of university students, but social mentality and social identity also have a certain contributing effect. Therefore, expanding the social value of sports participation is beneficial for enhancing university student social identity. Additional recommendations are as follows. ① Reducing class differences and strengthening class identity. Model 3 shows that school level and education level have different degrees of influence on university students’ class identity. Therefore, interaction and communication between university students of different levels of college and different education levels can be promoted through recreational sports or sports competitions to facilitate the transfer and common development of university students’ social identity. ② Safeguarding the demand for sports and improving economic status. Participation in sports such as badminton, swimming and fitness are restricted by venue resources, and some university students are unable to participate in sports due to economic constraints, exemplifying the serious impact of economics on social identity development through sports participation. Therefore, school resources should be fully utilized to promote the sharing of sports venues among school students to strengthen social equity and offset any economic disadvantages. ③ Expanding sports socialization and strengthening affective attributions. Creating an intelligent communication platform for sports programs would help university students in different circles establish ties with other groups, enhance social trust, and strengthen students’ affective attributions with respect to society.




4.2 Enhancing the effectiveness of the sports participation social mentality on the social identity of university students by deepening sports curriculum civic policies


4.2.1 Improving the system of public physical education programs in colleges and universities

Models 4–9 show that, under the social mentality condition, sports participation has an overall facilitating effect on the social identity of university students. To strengthen the effectiveness of the influence of the social mentality, improving the public sports curriculum system is recommended as follows. ① Expanding the provision of sports theory elective courses in public sports curricula. On the one hand, to strengthen university students’ awareness of health development, courses such as sports psychology and exercise physiology should be taken as public sports elective courses, the theoretical knowledge of university students’ sports participation should be enriched, students’ identification with their sports participation should be promoted, and healthy sports behavior should be gradually developed. On the other hand, general public sports elective courses on sportsmanship and sports culture should be created, such as courses on the Olympic spirit and traditional Chinese sports culture, to deepen university students’ theoretical knowledge of sportsmanship and traditional sports culture and enhance their sportsmanship and social identity. ② Shaping representative public sports technical courses. Thoroughly investigating the ideological content of different sports, such as the spirit of a women’s volleyball team or table tennis diplomacy, would highlight the political connotations of sports and help spread the “general knowledge-professional-strong country” characteristics of high-quality sports and technology, for example through ideological and political courses, while promoting the implementation of sports courses in sports and technology study programs (with the strategy of strengthening the country) (Gao, 2022) and improving the level of university students’ sports and technology and the level of social acceptance.



4.2.2 To promote the reform of teaching methods and the evaluation of civics in physical education programs

Under social conditions, the university civic education system has been unable to meet the needs of the times regarding the cultivation of university students’ virtues, while the endogenous elements and exogenous resources of sports course civic education are rare. For this reason, the reform of teaching methods and evaluation in sports course civic education is recommended as follows. ① A fusion teaching method should be adopted to improve the teaching effect of sports course ideology and politics. The fusion of traditional teaching methods with, for example, situational teaching methods, thematic discussion methods, classroom debate methods, or humanistic teaching methods, in teaching courses on the civics and the politics of public sports in colleges and universities could prompt students to diversify their thinking and improve their abilities in various areas, such as social trust, teamwork, and the expression of emotions, which would be an effective means to enhance the social identity of university students (Zhang et al., 2023). ② A “feedback-renewal” mechanism for the evaluation of the teaching of sports courses in the fields of ideology and politics should be established. Applying the “feedback-renewal” mechanism in the evaluation of the teaching of the ideology and politics has unique value for the creation of learned, reflective and research-oriented teacher educators and the promotion of the connotative development of the ideology and politics of the curriculum; this mechanism can be introduced by integrating professional learning as well as assessment and evaluation, subjective description and text-based observation, and classroom teaching and scale testing (Xie and Chen, 2022).



4.2.3 The informatization of the teaching resources of sports courses on ideology and politics should be strengthened

① The digital transformation of teaching resources in courses on sports ideology and politics should be promoted. First, the advantages of the intelligent technology of all the elements of digitalization, full process automation, and full scene linkage to drive the rational allocation of sports curriculum resources and ideological teaching resources should be fully utilized. Second, the costs and other burdens involved in teaching ideology in the physical education curriculum through digital technology should be reduced, and an “online + offline” linkage mechanism to promote the transformation and upgrading of the teaching system of the physical education curriculum should be established. Third, artificial intelligence, the Internet of Things, and other digital technologies could be used to capture all student-related data with the aim of establishing a massive resource information database, form the sports profiles of students, and help teachers accurately grasp the dynamics of the social identity of university students while providing a reference basis for the timely adjustment of the teaching design of physical education courses (Xie et al., 2022). ② Digital technology should be used to strengthen the promotion and utilization of the teaching resources of the sports curriculum. First, teachers should be trained to rely on digital resources so as to break through traditional education boundary constraints and promote the real-time sharing and continuous flow of sports course ideological teaching resources. Second, a cross-border integration platform for different educational subjects and data network ecology of sports course ideological data should be created (Xie et al., 2022). Third, through blockchain technology, self-media technology and other digital technologies based on the actual circumstances of students’ participation in sports, students’ personal realities, and other information, intelligent and individualized teaching resources for physical education courses should be promoted to expand the scope of physical education participation to enhance the social identity of university students (Zhang and Xiangdong, 2022).




4.3 Differentiating among the benefits of enhancing the role of sports participation in social identity development among university students with different social identities


4.3.1 Developing differentiated action strategies at the school level

The statistical results show that the effectiveness of sports participation for university students at different school levels varies. Therefore, a focus according to school level is recommended to strengthen the role of sports participation in the enhancement of the social identity of university students as follows. ① Defining the focus and action programs for different school levels. Ministry-affiliated and above universities should focus on how to promote sports participation to achieve a significant positive effect on university students’ social identity. The goal should be to make full use of physical education teaching, after-school sports, and on- and off-campus sports organizations to produce significant effects. Provincial and other universities can concentrate on 2 areas. On the one hand, efforts should be made to strengthen the role of sports participation in class identity; as Dong (2021) noted, sports participation can alleviate the expanding trend of class inequality and imprint sports participation in the life course of university students, which may help them overcome class inequality; on the other hand, universities at this level should promote sports participation in terms of economic status and affective attributions to produce a significant positive effect while fostering sports participation in developing the social identity of students. Creating a diversified, differentiated, all-round sports participation service system can prompt university students to realize the double breakthrough of economic satisfaction and an improved social identity. ② College and university sports participation should be based on institutional level and accompanied by upward learning. Ministry-level universities and above can adopt the method of integrating sports participation with national education and education on the international situation to strengthen the political literacy of university students and enhance their social identity so that they can better contribute to the development of the country and enhance their international status. Provincial and other universities, in contrast, can learn from the development experience of ministry-affiliated universities and the higher-ranking universities. In addition, they can fully explore the characteristic sports activities of their local regions and deeply integrate them into the teaching content of physical education courses and the social identity of university students to enhance the social identity of such students and make them better able to contribute to the development of their localities.



4.3.2 Specific implementation pathways for different education levels should be designed

The statistical results show that the impact of sports participation on the social identity of university students differs according to academic qualifications, suggesting the following paths for targeted breakthroughs. ① Setting up specific programs of physical education for specialties and undergraduates. Public sports elective courses should be opened for the third and fourth years of the university to extend the nurturing effect of the ideological and political teaching included in such courses and to promote the sustained enhancement of the social identity of university students. ② Efforts should be made to enhance the effectiveness of sports participation on the social identity of graduate students. First, the curriculum should be optimized according to the experiences and practices of Beijing Normal University and other universities. Second, a public sports course system covering all undergraduate, master, and doctoral programs should be designed, and more public sports elective courses for postgraduates should be established to provide more opportunities for postgraduates to participate in sports and thus strengthen their social identity. Third, a structured pushback mechanism, based mainly on, e.g., prizes, merit, or credit points, should be developed to establish sports participation as a necessary factor for “eligibility” and to comprehensively formulate sports participation in terms of projects, duration, and physical fitness factors that must be developed. Fourth, school sports games and other events should be used to enhance social identity. Finally, with school sports games and other kinds of sports competitions as important tools, we should establish competitions that address the characteristics of the physical and mental development of postgraduates, guide postgraduates to actively participate in sports, promote the development of healthy sports behaviors, and enhance the physical and mental health as well as social identity of postgraduates.





5 Conclusion

Comprehensively promoting the sports participation of Chinese university students to enhance their social identity is an important measure for delivering high-quality talent to modern China’s economy and society, implementing China’s national strategy and accelerating the promotion of the socialist economic system with Chinese characteristics. From a holistic perspective, sports participation can enhance the social identity of university students in all aspects, and the benefits are positively related to the frequency of sports participation. Under the condition of social mentality, sports participation has a promoting effect on the social identity of university students in general and a nonsignificant effect only on certain dimensions. Under the condition of social identity, the significance of sports participation on the social identity of university students is characterized by a decreasing effect according to school level and education level from low to high. On the basis of the actual situation in China and our empirical results, we propose a targeted approach to using sports participation to enhance the social identity of Chinese university students as follows. ① Strengthening the contribution of sports participation to the social identity of Chinese university students to enhance the leading effect of competitive sports and expand the social value of sports participation. ② Enhancing the effectiveness of sports participation on the social identity of university students under social mentality conditions by improving the design of sports curriculum civics courses, improving the public sports curriculum system in universities, promoting the reform of sports curriculum civics teaching methods and evaluation, and strengthening the informatization of sports curriculum civics teaching resources. ③ Differentiating among the benefits of enhancing the role of sports participation in social identity among university students with different social identities, including by developing differentiated action strategies according to school level and designing specific implementation paths for different education levels.
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Introduction: Chinese adolescents are facing tremendous academic pressure and challenges brought about by changes in the social environment, which pose a serious threat to their health-related quality of life (HRQOL). This cross-sectional survey uses convenience and snowball sampling to explore the relationship between adolescents’ HRQOL and their participation in moderate-to-vigorous physical activity (MVPA).
Methods: This study subjects include 440 adolescents aged 12 to 18, from four youth training centers and three schools in the central regions of Hunan, Hubei, and Henan provinces, chosen as representative samples for this study. We used AMOS v.26 to construct a structural equation model for data analysis and hypothesis testing.
Results: The results indicated that active participation in MVPA helps reduce adolescents’ perceived stress and enhances their emotional intelligence and HRQOL levels. Specifically, MVPA weakens adolescents’ perceived stress through the mediating role of emotional intelligence (coefficient = −0.148, p < 0.001), and perceived stress also mediates the relationship between emotional intelligence and HRQOL (coefficient = 0.165, p < 0.001). Furthermore, the positive impact of MVPA on HRQOL is mediated by emotional intelligence and perceived stress (coefficient = 0.363, p < 0.001). The explanatory power of this study is R2 = 0.50.
Conclusion: The study results indicate that MVPA has a positive impact on the HRQOL levels of Chinese adolescents. Physical activity, especially moderate-to-vigorous intensity exercise, should be considered a strategic approach to maintaining HRQOL among adolescents. Society, schools, and families should create an environment conducive to physical exercise to support adolescents in engaging in physical activities and developing a healthy lifestyle.
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1 Introduction

Adolescence is a critical period between childhood and adulthood, regarded as an essential phase for addressing past health issues and laying the foundation for future health status (Boraita et al., 2020). Establishing some healthy lifestyle patterns in adulthood also benefits from the health opportunities encountered during this period (Sawyer et al., 2012). Moreover, the quality of life in adulthood is influenced by the continuation of lifestyle habits formed during adolescence (Bisegger et al., 2005; Frisén, 2007). However, this period is also a vulnerable time when adolescents are more prone to physical and mental health disorders. This heightened vulnerability is due to increased neural plasticity, more intense emotional responses, and greater sensitivity to external environmental changes, making them more susceptible to influences from society, family, and peers (Lee et al., 2014). At the same time, adolescents also undergo involuntary physical changes as their bodies mature, along with hormonal surges that lead to shifts in personality (Best and Ban, 2021). The variations in the timing of development and the comparison of physical appearance with peers can result in dissatisfaction with body image, social anxiety, and depression (Soares Filho et al., 2021; Rapee et al., 2022), which, in turn, affect their social skills, socialization process, and even mental health levels (Pfeifer and Allen, 2021). Consequently, the formation of bad habits such as smoking, alcohol abuse, and prolonged sedentary behavior often occurs during adolescence (Jackson et al., 2012), potentially impacting their future lifestyle choices and indirectly increasing the burden on public healthcare services (Moore et al., 2018).

Various data and studies indicate that complex social environmental factors, such as the rapid proliferation of social media platforms in the 21st century (e.g., Facebook, Instagram, and Weibo) (Lam and Peng, 2010), deteriorating family environments (including post-war single-parent families, domestic violence, and community violence incidents) (Panter-Brick et al., 2009), the impact of the global financial crisis (Parker et al., 2016), and the COVID-19 pandemic (Magson et al., 2020), have collectively had varying degrees of negative impact on adolescents’ HRQOL. Evidently, the massive cultural, economic, and social changes have posed unprecedented challenges to this generation of adolescents, potentially making them the most at-risk generation for mental health and HRQOL issues in history (Patton et al., 2016). HRQOL is essential for assessing adolescents’ quality of life (González-Cabrera et al., 2021), offering insights into their perceptions, understanding their needs, and identifying early barriers to well-being (Haraldstad et al., 2011). At the same time, adolescents with poor HRQOL are likely to face challenges entering a healthy developmental state, hindering their growth into healthy adults (Bermejo-Cantarero et al., 2021). However, in previous HRQOL studies, the focus on adolescents has been significantly lower than on adults, and our understanding of the internal mechanisms of the interaction between HRQOL and other variables is still limited.

Current research on adolescents’ HRQOL mainly examines factors such as adolescent bullying (Dubey et al., 2022), adverse and positive childhood experiences (Luo et al., 2024), the influence of parents, teachers, and peers (Tilga et al., 2021), and issues like obesity and severe overweight (van de Pas et al., 2023). Although some studies have noted that engaging in physical activities that inherently appeal to adolescents, particularly at higher levels of activity (Wu et al., 2017; Zhou et al., 2024), can not only improve physical fitness but also reduce appearance anxiety and improve HRQOL levels (Bermejo-Cantarero et al., 2021; Jiménez Boraita et al., 2024), there is currently a lack of research on how adolescents’ participation in MVPA affects their HRQOL. Our understanding of the internal mechanisms of how this behavioral level affects the cognitive level remains insufficient. Additionally, China has a vast population of adolescents (Qin et al., 2021) and a unique social culture and education system, which results in greater academic pressure and sharper HRQOL issues for Chinese adolescents (Zeng et al., 2022). Focusing on Chinese adolescents offers specific insights into issues within the Chinese social environment. This study uniquely explores the mechanisms linking MVPA and HRQOL, emphasizing the mediating roles of perceived stress and emotional intelligence. Perceived stress addresses the prevalent stress in Chinese adolescents, while emotional intelligence aids in better emotional regulation. In summary, building on previous HRQOL research, this study aims to: (1) analyze the relationships between MVPA, perceived stress, emotional intelligence, and HRQOL; (2) explore the mediating roles of cognitive factors (perceived stress and emotional intelligence) between MVPA and HRQOL; and (3) communicate the research findings to adolescents’ families, communities, and schools, and provide effective recommendations.

This study focuses on the HRQOL of adolescents, considering the impact of behavior on cognition, and explores the internal mechanisms between MVPA and HRQOL. Actively participating in MVPA, such as ball sports, track and field, gymnastics, water or ice sports, traditional Chinese sports, and emerging sports, as recommended in the new Chinese curriculum, gives adolescents more opportunities for social interaction and emotional development, thereby boosting their emotional intelligence (Gu, 2022). Increased emotional intelligence further improves adolescents’ abilities to regulate their emotions and cope with stress, anxiety, depression, and other negative emotional issues, thereby improving their HRQOL. The results indicate that emotional intelligence positively mediates the relationship between MVPA and HRQOL, while perceived stress negatively mediates it. Adolescents engaging in MVPA tend to have higher emotional intelligence, lower perceived stress, and better HRQOL. Understanding this relationship deepens research on MVPA and HRQOL and offers theoretical guidance for protecting adolescents’ HRQOL, encouraging families, communities, and schools to promote MVPA.



2 Literature review and hypothesis development


2.1 Variable definitions


2.1.1 MVPA

Research consistently shows that physical activity is essential for a healthy lifestyle. It induces beneficial physiological changes, reduces the negative impact of stress on health, and supports mental well-being (Gerber et al., 2017). In fact, the impact of different exercise intensities on adolescents’ mental health varies (Pascoe et al., 2020). While international standards suggest that participating in 150 min of moderate to vigorous physical activity per week can reduce the risk of chronic diseases by nearly one-third later in life (Mahindru et al., 2023), for adolescents in their developmental stage, actively following the ‘24-h movement guidelines’ (i.e., achieving 3 h of physical activity per day, with at least one hour being MVPA) within their psychological and physical capacity can lead to more positive mental health benefits (Tremblay et al., 2016; Tapia-Serrano et al., 2022). MVPA specifically refers to physical activities that range from moderate to vigorous intensity levels (Nader et al., 2008). Existing literature has reached a consensus that regular participation in physical activities, especially MVPA during adolescence, is particularly effective in enhancing cardiovascular health (Knaeps et al., 2016), improving type 2 diabetes (Blomster et al., 2013), and addressing psychological health issues such as low self-esteem and depression (Hollis et al., 2017). Additionally, engaging in MVPA during the developmental stage of adolescence can improve suboptimal health conditions and effectively lay the foundation for preventing chronic diseases in adulthood (e.g., heart disease) (Skrede et al., 2017). Due to the more pronounced neurological changes induced by MVPA, its positive effects on adolescents’ cognitive abilities and mental health are also significant (Nakagawa et al., 2020). This study explores the concept of MVPA based on the new curriculum activities in the daily lives of Chinese adolescents (Gu, 2022).



2.1.2 Emotional intelligence

Salovey and Mayer (1990) first introduced the concept of emotional intelligence, defining it as a subset of social intelligence. It involves recognizing and managing one’s own and others’ emotions to guide thinking and behavior. Over the past few decades, the discussion on emotional intelligence has been ongoing, with the definition of emotional intelligence becoming a research hotspot. Current research on emotional intelligence mainly falls into three categories: (1) Ability-based models define emotional intelligence as a skill for integrating and processing personal emotions and external information (Estrada et al., 2021). (2) Competency models, where Nelis et al. (2009) view emotional intelligence as a collection of various abilities, including self-control, emotional regulation, and self-regulation. (3) Trait and mixed models view emotional intelligence as a stable set of personality traits, encompassing social–emotional abilities, self-efficacy, and cognitive aspects (Petrides et al., 2016). This study follows Law et al. (2004) definition, which describes emotional intelligence as the ability to understand, enhance, and manage one’s emotions while integrating and processing the emotions of others. Since adolescents experience greater uncertainty and competition during physical activity and must adapt to the intense emotional fluctuations it brings, this can effectively enhance their self-emotional management abilities (Wang et al., 2020; Zhang et al., 2022). Additionally, adolescents in a sporting environment are exposed to a sense of teamwork and social support, and they actively or passively gain more opportunities for interpersonal communication, which helps improve their ability to perceive and regulate others’ emotions (Wang et al., 2022).



2.1.3 Perceived stress

Stress has been a key focus in academic research and is vital in health sciences. It is viewed as a stimulus, a response, or an interaction between the individual and their environment (Schiffrin and Nelson, 2010; Siqueira Reis et al., 2010). Stress is associated with various physical and mental health diseases, including well-being, cancer, and coronary heart disease (Schiffrin and Nelson, 2010; Richardson et al., 2012). Perceived stress refers to the subjective level of stress an individual feels. Different individuals have varying perceptions of stress, making perceived stress a highly subjective concept related to current emotions and environmental factors (Piqueras et al., 2011; Ruiz-Aranda et al., 2014). Adolescents’ perceived stress is particularly unstable due to the fluctuating hormone levels during puberty, leading to significant emotional swings (Salovey et al., 2002). Additionally, perceived stress during adolescence increases with age and is influenced by factors such as gender, interpersonal relationships, and personality traits (Hampel and Petermann, 2006). The accumulation of stress, coupled with the immature state of adolescents, can easily lead to adverse reactions such as obesity and mental illnesses (van Jaarsveld et al., 2009). However, previous research has found that participating in physical activities can enhance adolescents’ tolerance and adaptability to distress, thereby helping them alleviate perceived stress levels in stressful environments (Wright et al., 2023). Additionally, through physical activities, adolescents can develop a positive sense of self-awareness and control, which helps divert their attention and negative thoughts about known stressors, thus reducing the amount of stress they perceive (Mikkelsen et al., 2017; Wright et al., 2021). Even short-term, moderate to low-intensity aerobic exercise can effectively lower overall perceived stress levels (Herbert et al., 2020).



2.1.4 HQROL

Quality of life is a broad and widely discussed concept encompassing all aspects of an individual’s life (Ware, 2003). HRQOL specifically refers to the aspects of quality of life that affect an individual’s health (Torrance, 1987). HRQOL was first applied in the medical field to measure the outcomes of traditional clinical treatments, where besides mortality and morbidity, HRQOL was used as an endpoint to evaluate the effectiveness and usefulness of a patient’s life (Crosby et al., 2003). HRQOL is defined as an individual’s subjective assessment of their physical health, psychological well-being, and the health of their social relationships (Gomes et al., 2020).

In fact, physical activities conducive to health, even in non-specific domains such as commuting and household chores, positively contribute to HRQOL across all age groups (Jurakić et al., 2010), with subjective self-assessments and objective accelerometer measurements both showing strong outcomes (Wright et al., 2023). Conversely, patients experiencing physical limitations due to injuries or chronic illness often see significant declines in HRQOL (Pinquart, 2020). Mental health issues also seriously impact HRQOL levels, with individuals experiencing anxiety, depression, and stress typically scoring lower on HRQOL (Manh Than et al., 2020). Furthermore, studies on healthy aging have found that older adults with low communication frequency and limited social interaction factors—such as social isolation, lack of social support, and feelings of loneliness—also experience diminished HRQOL (de Belvis et al., 2008; Freak-Poli et al., 2022). In this study, HRQOL refers to the overall evaluation of adolescents’ health in terms of physical, psychological, and social interactions.




2.2 Hypotheses


2.2.1 MVPA, emotional intelligence, perceived stress, and HRQOL

Research increasingly shows that adolescents develop emotional perception and control mechanisms during physical activity and sports training (Acebes-Sánchez et al., 2019; Wang et al., 2020). On one hand, the real social experiences from peer cooperation or intense competition in vigorous physical activities can enhance adolescents’ empathy and ability to understand and respond to others’ emotions (Ubago-Jiménez et al., 2019). On the other hand, engaging in MVPA in moderation not only brings various physiological benefits to adolescents but also enhances their ability to acquire social–emotional skills and self-regulation abilities in the cognitive domain (Ubago-Jiménez et al., 2021). Additionally, studies have found that contemporary adolescents are adept at alleviating personal emotional distress through resources they can actively access (e.g., joining sports teams) (Martorell-Poveda et al., 2015), and their levels of emotional intelligence (especially in emotional attention and repair) increase with the intensity and frequency of their physical activity participation (Acebes-Sánchez et al., 2019).

In fact, individual resilience in adolescents is a crucial force that regulates their adaptive changes when facing negative environments and stressful situations (Piekarska, 2020). Liu et al. (2017) multisystem resilience model identifies emotional intelligence as a core component, essential to adolescents’ overall resilience. Furthermore, adolescents are constrained by their limited life experience, which often makes it difficult for them to cope with changes in various life events, frequently viewing significant life changes as sources of perceived stress (Cejudo et al., 2018). However, a meta-analysis by Sánchez-Álvarez et al. (2016) found that effective emotional strategies can mitigate the negative emotions arising from sudden external events, enhancing individuals’ positive expectations for future events and their current subjective well-being. Additionally, the emotional intelligence improved through physical exercise can, in conjunction with physical exercise, help adolescents alleviate their feelings of frustration under stress and assist them in making reasonable behavioral decisions in various challenging situations (Puertas Molero et al., 2017).

Early research indicates that perceived stress severely damages adolescents’ internal psychological resources and is a major factor leading to mental health disorders (Corell et al., 2021). If adolescents cannot positively confront the burdens and unpredictable circumstances in life, these will accumulate and transform into a stress-filled living environment (Grant et al., 2004). When adolescents are in high-perceived stress environments, they are more likely to experience anxiety, depression, and other negative psychological states, thereby lowering their HRQOL levels (Racic et al., 2017). Moreover, excessive accumulation of perceived stress can lead to mental disorders in adolescents, and these adverse mental states can persist into adulthood and beyond, severely damaging their HRQOL throughout their lifespan (Lindholdt et al., 2021). In a study by Kaur and Agarwal (2022) focusing on young adults with an average age of around 20, high perceived stress was found to be significantly and consistently negatively correlated with physical fitness and HRQOL, with perceived stress explaining nearly 40% of the overall differences in HRQOL. Based on the relevant theories and research, we propose the following hypotheses:


H1: Emotional intelligence mediates the relationship between MVPA and perceived stress.
H2: Perceived stress mediates the relationship between emotional intelligence and HRQOL.





2.2.2 The mediating effects

Adolescents experience rapid and highly sensitive physiological and psychological development. Increasing academic pressure and social anxiety can impact their mental health (Reverte-Villarroya et al., 2021). Psychological disorders often begin in adolescence, particularly with the onset of depression caused by stress and anxiety, typically occurring before the age of 20. This condition not only damages the HRQOL of young people but also hinders their future prospects by impeding their entry into the workforce (Dhillon et al., 2020). Fortunately, numerous studies have shown that physical exercise, especially MVPA, can enhance adolescents’ vitality, improve their cognitive abilities, reduce perceived stress, and increase their social opportunities and skills with friends, thereby enhancing their emotional intelligence (Hollis et al., 2017; Ubago-Jiménez et al., 2019; Nakagawa et al., 2020; Nagata et al., 2022). MVPA stimulates physiological responses like brain-derived neurotrophic factor, dopamine, and endorphins, aiding in rapid adaptation to these physiological mechanisms (Chang et al., 2012; Skrede et al., 2017). Additionally, MVPA can improve mood, maintain or enhance physical appearance, and validate personal fitness, all of which positively affect adolescents’ psychological cognition and mental state (Parker et al., 2022).

Current research on the mediating effects of adolescents’ emotional intelligence and perceived stress mainly addresses well-being (Sanchez-Ruiz et al., 2021), self-assessed health status (Wang et al., 2023), decreased immune function (Lueke and Assar, 2024), and mental health (Malinauskas and Malinauskiene, 2020). Furthermore, some studies have found an inhibitory relationship between adolescents’ MVPA and perceived stress and various psychological disorders such as anxiety and depression (Tajik et al., 2017). In fact, perceived stress is likely one of the most crucial factors reducing adolescents’ HRQOL (Mikkelsen et al., 2020). However, MVPA can enhance self-awareness, improve adolescents’ perceptions of self-worth, and increase self-esteem, thereby reducing perceived stress and fostering mental health (Hale et al., 2021). Additionally, evidence suggests that positive emotional intelligence plays a crucial role in children’s self-regulation of health-related behaviors and can impact the HRQOL of those with body image dissatisfaction (Pollatos et al., 2020). Based on the relevant theories and research, we propose the following hypothesis:


H3: Emotional intelligence and perceived stress mediate the relationship between MVPA and HRQOL.
 

This study proposes three hypotheses: First, adolescents’ emotional intelligence mediates the relationship between MVPA and perceived stress. Second, adolescents’ perceived stress mediates the relationship between emotional intelligence and HRQOL. Lastly, emotional intelligence and perceived stress play a mediating role in the relationship between adolescents’ MVPA and HRQOL. An overview of all hypotheses is illustrated in Figure 1.

[image: Flowchart illustrating relationships between four concepts: moderate-to-vigorous physical activity, emotional intelligence, perceived stress, and health-related quality of life. Arrows depict hypothesized pathways: H1 connects physical activity to emotional intelligence; H2 links emotional intelligence to perceived stress; H3 ties perceived stress to health-related quality of life.]

FIGURE 1
 The conceptual model.






3 Methodology


3.1 Participants and procedure

This study used convenience sampling and snowball sampling techniques to recruit adolescents aged 12–18 for an online survey. To collect data, we contacted administrators of four after-school sports service training centers and three schools in the central regions of China (Hunan, Hubei, and Henan provinces). Based on the adolescent population in these three provinces and the sample size formula n = N/(N(δ)^2 + 1), the sample size for this study was calculated to be approximately 400 participants. Upon obtaining consent, we sent messages to the target group through social media platforms such as WeChat. These messages explained the purpose of the study and included an invitation to participate. If they replied with “1,” indicating their willingness to participate, we sent them a link to the survey tool (Wenjuanxing app). To express our gratitude, participants received a random reward ranging from 10 to 20 RMB upon completing the questionnaire. Additionally, we encouraged participants to share the survey link with their classmates, friends, or peers at after-school sports service training centers.

Participants recruited through the snowball method completed the questionnaire, and their responses were automatically sent back to the researchers via the Wenjuanxing app. Inclusion criteria required participants to be aged 12–18 with some sports experience (having at least one favorite sport and participating in sports at least once per week on average). The study had 482 participants. After excluding invalid questionnaires, 440 usable responses were obtained, resulting in an effective response rate of 91.2%.

Table 1 details the demographics of the 440 adolescent participants. Key findings include: (1) About 58% were aged 12 to 15 years. (2) The gender ratio was about 3:2, with more males than females. (3) A significant number of participants were involved in sports such as basketball, track and field, and badminton, accounting for about 50% of the total. (4) About 46% of the participants engaged in sports activities four to five times per week on average over the past year, aligning with the frequency of physical education classes and after-school sports services provided on school days in China.



TABLE 1 Demographic overview of survey participants (N = 440).
[image: Table displaying profiles with categories: Age, Gender, Sports Activities, and Exercise Frequency per Week. Age has two groups: 12-15 (254, 57.7%) and 16-18 (186, 42.3%). Gender shows males (276, 62.7%) and females (164, 37.3%). Sports activities include Basketball (96, 21.8%), Athletics (70, 15.9%), Badminton (64, 14.5%), Soccer (44, 10.0%), Table Tennis (34, 7.7%), Volleyball (22, 5.0%), Bodybuilding (19, 4.3%), Swimming (16, 3.6%), and Other (75, 17.0%). Exercise frequency is divided as 1-3 times (142, 32.3%), 4-5 times (206, 46.8%), and 6-7 times (92, 20.9%).]



3.2 Instruments

The questionnaire had five sections. The first section collected demographic information such as age, gender, types of sports activities, and weekly participation frequency over the past year. The remaining sections used established scales from renowned researchers to gather specific data in targeted areas. The second section integrated three items from the scale designed by Sallis et al. (1985) to measure the intensity of MVPA in the past week. An example item was: “In the past week, I actively engaged in various forms of high-intensity physical activities, including tasks such as lifting heavy objects and sports like jogging, soccer, and similar activities.” This scale had been previously used and validated (Tseng et al., 2020; Tsai et al., 2021). The third section used five items from the scale designed by Law et al. (2004) to assess participants’ emotional intelligence. An illustrative item was: “I am good at understanding my own emotions.” This scale had also been previously used and validated (Wang et al., 2023). The fourth section incorporated five items from the scale developed by Cohen et al. (1983) to evaluate participants’ perceived stress. An example item was: “In the past month, how often have you felt nervous and stressed?” This scale had been used and validated before (Tang et al., 2023). The final section adopted four items from the scale developed by Ravens-Sieberer et al. (2010) to obtain data on the HRQOL levels of the participating adolescents. An example item was: “Do you feel healthy?” This scale had been previously used and validated (Nik-Azin et al., 2014).

To assess the reliability of the revised questionnaire, we conducted a pilot test in Hunan Province, obtaining 96 valid responses. The results showed that all Cronbach’s alpha coefficients exceeded 0.8, confirming the researchers’ adjustments to the scales (la Du and Tanaka, 1989).



3.3 Data analysis

In this study, we used AMOS v.26 to create a structural equation model (SEM) to examine how adolescents improve their HRQOL through MVPA. We adopted a two-step modeling approach, starting with confirmatory factor analysis (CFA) of the measurement model to ensure the reliability and validity of the variables, including tests for internal consistency, construct validity, and discriminant validity. Following this, we evaluated the structural model’s fit indices and path coefficients to explore the relationships between variables and assess potential mediation effects. A significance level of p < 0.05 was established for all analyses to ensure statistical robustness and scientific validity of the findings.

To address common method variance (CMV) in self-reported data, we followed Mossholder et al. (1998) approach, comparing two models by assessing changes in degrees of freedom and chi-square values. The chi-square value for model one was 2360.902 with 119 degrees of freedom (p < 0.001), while model two had a chi-square value of 212.428 with 113 degrees of freedom (p < 0.001). These results confirm the equivalence of the two models, indicating no univariate structure and no CMV concerns in this study.




4 Results


4.1 Measurement model

The reliability and validity of the latent variables were evaluated through CFA using AMOS v.26. The CFA model demonstrated excellent fit indices: χ2/df = 1.880, GFI = 0.956, NFI = 0.964, TLI = 0.979, CFI = 0.983, and RMSEA = 0.041. These indices meet the established criteria, with χ2/df between 1 and 3, and GFI, NFI, TLI, and CFI all exceeding 0.9, while RMSEA is less than 0.08, indicating an excellent model fit.

Additionally, all variables showed Cronbach’s α values above 0.8, indicating strong internal consistency (see Table 2) (Fornell and Larcker, 1981). The average variance extracted (AVE) for each variable exceeded 0.5, and the composite reliability (CR) for each latent variable was over 0.8, confirming the model’s convergent validity. Factor loadings ranged from 0.680 to 0.878, underscoring robust construct validity. Discriminant validity was established as the square root of the AVE for each construct surpassed the correlations between constructs (see Table 3).



TABLE 2 Reliability and validity analysis.
[image: Table displaying various items related to moderate-to-vigorous physical activity, emotional intelligence, perceived stress, and health-related quality of life. Each item includes loadings and their corresponding Cronbach’s alpha, composite reliability (CR), and average variance extracted (AVE) values. For moderate-to-vigorous physical activity, Cronbach’s alpha, CR, and AVE are 0.899, 0.899, and 0.749, respectively. For emotional intelligence, these values are 0.920, 0.920, and 0.698. Perceived stress has 0.833 for both Cronbach’s alpha and CR, with an AVE of 0.500. Health-related quality of life shows 0.908 for both Cronbach’s alpha and CR, with an AVE of 0.711.]



TABLE 3 Pearson correlation.
[image: Table showing the relationships between four constructs: MVPA, EI, PS, and HRQOL. Diagonal values are the square root of the AVE: MVPA (0.865), EI (0.835), PS (0.707), HRQOL (0.843). Off-diagonal values represent Pearson's correlations with significance level p < 0.01. Correlations include EI with MVPA (0.352), PS with MVPA (-0.391), PS with EI (-0.444), HRQOL with MVPA (0.523), HRQOL with EI (0.543), and HRQOL with PS (-0.530).]



4.2 Structural model

After assessing the reliability and validity of the measurement model, the study examined the structural model using AMOS v.26 to test the hypotheses. The CFA results, based on 5,000 bootstrap samples, met the recommended criteria (χ2/df = 2.354, GFI = 0.944, NFI = 0.955, TLI = 0.968, CFI = 0.973, RMSEA = 0.050), indicating an excellent fit between the model and the empirical data. Pearson correlation results in Table 3 support the established relationships between variables.

As shown in Figure 2, MVPA had a significant positive direct association with emotional intelligence (β = 0.397, p < 0.001) and a significant negative direct relationship with perceived stress (β = −0.337, p < 0.001). Emotional intelligence was significantly negatively related to perceived stress (β = −0.373, p < 0.001) and positively related to HRQOL (β = 0.373, p < 0.001). Additionally, perceived stress had a significant negative direct correlation with HRQOL (β = −0.444, p < 0.001).

[image: Path analysis diagram illustrating relationships between variables. Moderate-to-vigorous physical activity positively influences emotional intelligence (0.397) and negatively affects perceived stress (-0.337). Emotional intelligence decreases perceived stress (-0.373) and improves health-related quality of life (0.373). Perceived stress negatively impacts health-related quality of life (-0.444). R-squared values: emotional intelligence 0.16, perceived stress 0.35, health-related quality of life 0.50.]

FIGURE 2
 Path model: relationships among variables. ***p < 0.001.


As shown in Table 4, the mediating effects were examined using bootstrap estimation with 5,000 resamples and 95% bias-corrected confidence intervals. The results indicate that emotional intelligence mediates the relationship between MVPA and perceived stress [coefficient = −0.148, SE = 0.028, CI = (−0.210, −0.100), p < 0.001], supporting Hypothesis 1. Perceived stress mediates the relationship between emotional intelligence and HRQOL [coefficient = 0.165, SE = 0.034, CI = (0.110, 0.244), p < 0.001], supporting Hypothesis 2. The pathway through which MVPA affects HRQOL, mediated by emotional intelligence and perceived stress, has a coefficient of 0.363 [SE = 0.038, CI = (0.282, 0.431), p < 0.001], supporting Hypothesis 3.



TABLE 4 Standardized indirect effect.
[image: Table displaying statistical analysis results. Columns include Point estimate, Product of coefficients (SE and Z), and Bootstrapping (Bias-corrected 95% CI Lower and Upper, Two-tailed significance). Rows show relationships: MVPA to PS, EI to HRQOL, and MVPA to HRQOL, with corresponding values. All significance levels are less than 0.001.]




5 Discussion


5.1 Theoretical contributions

Firstly, existing research primarily explores the impact of different intensities of physical activity on adolescents’ physical health and the role of MVPA in intervening in mild mental disorders (Arslan et al., 2022). Although previous studies have confirmed the positive impact of children and adolescents participating in physical activity on their HRQOL levels, there is still a lack of empirical research on how the intensity of physical activity affects adolescents’ HRQOL (Marker et al., 2018). Our study shifts the focus to examining how MVPA affects adolescents’ HRQOL at the cognitive level. This detailed perspective adds depth to the existing theoretical research in this field. Moreover, since previous studies indicate that the current generation of adolescents shows lower HRQOL levels compared to the previous generation, our study places greater emphasis on HRQOL levels during adolescence (Patton et al., 2016).

At the same time, even during major stress events like the COVID-19 pandemic, maintaining a high level of physical activity can help adolescents alleviate symptoms of insomnia, anxiety, and depression, thereby preserving their psychological and mental health (Chi et al., 2021). Our study found that MVPA has a significant inhibitory effect on perceived stress, a psychological issue. In fact, moderate-to-vigorous physical activities, such as various forms of high-intensity interval training (HIIT), can positively influence adolescents’ cognitive performance (attention, executive function, abstract reasoning, etc.) and mental health levels (Alves et al., 2021). Given that subjective cognitive mental health is a key subset for measuring HRQOL, researchers believe that understanding the cognitive impact of MVPA on HRQOL can help identify methods to adjust contemporary adolescents’ HRQOL levels.

Additionally, our study finds that the HRQOL level of Chinese adolescents is concerning, further validating previous research (Qin et al., 2021). This can be attributed to the numerous challenges Chinese adolescents face in academic progress and social interactions (Zeng et al., 2022), which have been exacerbated by the prolonged social isolation resulting from the recent COVID-19 pandemic (Magson et al., 2020). These factors further jeopardize the already fragile HRQOL levels of adolescents. Furthermore, the study points out that overweight and obesity issues are prevalent among today’s adolescents. MVPA can stimulate various physiological changes, enhance personal functions, and reduce perceived stress related to body image issues, such as obesity and overweight, thereby improving mental, physical health, and HRQOL levels.

The study also emphasizes that emotional intelligence is a valuable psychological resource that plays a positive role in resisting negative psychological states (Acebes-Sánchez et al., 2019). Consistent with previous studies, our research indicates that MVPA can influence adolescents’ HRQOL levels together with emotional intelligence (Ubago-Jiménez et al., 2021). However, this study further highlights that MVPA can positively impact adolescents’ HRQOL by inhibiting perceived stress. Additionally, our research innovatively explores the mediating roles of emotional intelligence and perceived stress in the relationship between MVPA and HRQOL. The results show that emotional intelligence serves as a notable positive mediator, while perceived stress acts as a negative mediator (see Figure 2). This supports the findings of Racic et al. (2017). These variables collectively explain 50% of the variance in HRQOL, with emotional intelligence having a greater inhibitory effect on perceived stress compared to MVPA.

Our study introduces an effective approach to investigating the link between MVPA and HRQOL, exploring the cognitive impacts of adolescents’ participation in MVPA in daily life. It demonstrates the synergistic inhibitory effects of MVPA and emotional intelligence on perceived stress, thereby expanding the scope of research on cognitive-level interventions.



5.2 Practical implications

We selected Hunan, Hubei, and Henan provinces, which form the central region of China, as the sources of the survey sample. These provinces are located in the inland central area of China, characterized by relatively balanced economic development, a large population, and a high level of education among adolescents. The investigation of samples from these three provinces provides a meaningful reference for studying the relationship between adolescents’ MVPA and HRQOL in other provinces of China. However, considering China’s unique social and cultural context, education system, and large population, which results in greater academic pressure and more acute HRQOL issues among adolescents (Qin et al., 2021; Zeng et al., 2022), the findings of our study also have a certain level of uniqueness.

This study suggests that MVPA positively affects adolescents’ emotional intelligence and negatively impacts perceived stress, highlighting the indirect relationship between MVPA and HRQOL levels in adolescents. To support adolescents’ engagement in MVPA, families, schools, and communities should provide both material and emotional support. Recognizing that promoting MVPA among adolescents is not a short-term task but a long-term commitment, this study provides practical guidance from short-, medium-, and long-term perspectives.

In the short term, parents should focus on their children’s extracurricular activities, actively participating in outdoor physical activities with them or encouraging them to join sports clubs during their free time. Limiting screen time while ensuring adequate sleep can promote more MVPA, thus improving adolescents’ HRQOL (Parker et al., 2022). Schools and communities should enhance both the quantity and quality of sports facilities and implement effective management mechanisms to ensure that students can easily participate in various sports activities.

In the medium term, schools should actively respond to China’s after-school physical education policies and adjust physical education classes based on students’ interests. This includes adapting curriculum content and teaching methods and encouraging physical education teachers to innovate to make classes more engaging. Additionally, schools should foster a culture of physical exercise throughout the institution by organizing various sports-related activities and mobilizing resources from parents, communities, and other stakeholders to create a supportive environment for students to engage in physical activities.

From a long-term perspective, schools should establish and improve sports management mechanisms to lay the foundation for lifelong physical activity among students. This includes developing clear plans and policies for the development of school sports, hiring professional physical education teachers and administrators, and ensuring the sustainability of sports programs. As a bridge between schools and families, communities should actively facilitate coordination between the two, forming a tripartite structure that involves families, schools, and communities working together. At the same time, we must build on the short- and medium-term efforts of families, schools, and communities to create a long-term positive cycle that encourages adolescents to continue participating in MVPA.

In today’s rapidly changing society, adolescents’ HRQOL faces various threats, including challenges brought by the evolving social environment (Panter-Brick et al., 2009; Lam and Peng, 2010; Parker et al., 2016). Additionally, the increasing academic burden continuously adds to adolescents’ perceived stress (Reverte-Villarroya et al., 2021; Zeng et al., 2022). According to the results of this study, adolescents enhance their emotional intelligence through MVPA, successfully alleviating perceived stress, and establishing a positive correlation with their HRQOL. This is because MVPA fosters adolescents’ self-identity through competitive sports activities and provides opportunities for collaboration with teammates, which helps counteract the social isolation caused by prolonged social distancing during the pandemic, thereby enhancing their emotional intelligence (Ubago-Jiménez et al., 2019). Simultaneously, adolescents release accumulated perceived stress from academics, family, and social relationships through MVPA. In this process, they temporarily disengage from the complexities of academic, family, and social relationships, immerse themselves in sports activities, and achieve short-term but effective relaxation, ultimately contributing to improved HRQOL levels. Additionally, adolescents themselves should actively embrace the triangle of physical activities built by the short-term efforts and long-term cycles of families, schools, and society. They should take advantage of available sports facilities, participate in physical activities, enjoy the sports environment, and achieve the goal of enhancing their MVPA.

However, despite the numerous documented benefits of MVPA in enhancing HRQOL, the actual participation rate, frequency, and intensity of MVPA among adolescents remain suboptimal. This is mainly due to the lack of awareness among society, schools, and parents about the importance of MVPA for adolescents’ HRQOL, coupled with an excessive focus on academic performance that forces Chinese adolescents to devote significant time and energy to studying (Liang et al., 2023). Moreover, the increasing use of smart mobile devices among adolescents in recent years has led some to escape reality through the internet when facing high perceived stress in real life, further encroaching on time that could be spent on physical activities.

Adjusting adolescents’ HRQOL levels is a long-term and continuous process. This study not only elucidates the intrinsic mechanisms between MVPA and HRQOL during adolescence but also encourages more adolescents to participate in MVPA to gain opportunities for peer competition and cooperation. Additionally, the study encourages adolescents to develop one or more sports hobbies and engage in them consistently, thereby resisting academic pressure and the temptations of electronic devices, ultimately promoting positive HRQOL levels.



5.3 Limitations

Firstly, our study selected data sources from three provinces in the central region of China. While this approach reduced the complexity of data collection and provided convenience, it must be acknowledged that this choice might slightly impact the representativeness of the sample. To address this limitation, future research in this field could consider expanding the sample sources. By including data from more diverse regions, researchers can enhance the geographic coverage and improve the representativeness of the sample, providing a more comprehensive understanding of the topic.

Secondly, our study primarily focused on investigating two cognitive mediators in the relationship between MVPA and HRQOL. Although this approach provided valuable insights, there remains room for future researchers to delve deeper into this relationship. Exploring additional mediating variables could elucidate the complex interactions between MVPA and HRQOL more thoroughly.

Thirdly, due to the limitations of our actual research capabilities, this study relies on adolescents’ self-reported measurements of MVPA. Self-reports may involve recall bias and inaccuracies. Future research should consider using wearable activity monitors to obtain more objective and accurate data on exercise intensity. This will improve the reliability of the data and provide a more precise understanding of adolescents’ MVPA levels.

Lastly, our study employed a cross-sectional method, lacking a temporal dimension. To further advance research in this area, future studies could adopt longitudinal research methods. This approach would offer valuable insights into the dynamic relationship between MVPA and HRQOL over time, helping researchers capture trends and changes.

By addressing these limitations and exploring new research avenues, future studies can build on our findings to provide a more nuanced and comprehensive understanding of how MVPA influences adolescents’ HRQOL.




6 Conclusion

To achieve the research objectives, this study validated the positive role of MVPA in regulating HRQOL among adolescents. Notably, emotional intelligence and perceived stress emerged as mediating factors in the impact of MVPA on psychological health. Additionally, MVPA and emotional intelligence jointly inhibited the development of perceived stress. The enhancement of emotional intelligence through MVPA proved more effective in reducing perceived stress, thereby promoting overall HRQOL among adolescents. Therefore, this study recommends moving away from the prevalent exam-oriented culture and encourages increased attention to adolescents’ HRQOL issues.

To create an environment in Chinese society that supports adolescents’ participation in MVPA and improves their MVPA levels, families, schools, and communities must form a triangular network of physical activity support from short-term efforts, to mid-term maintenance, and long-term cycling. This includes providing adolescents with emotional support from their families, material resources from the community, and institutional support from schools. For example, parents can spend more time engaging in physical activities with their children, communities can update and maintain facilities and equipment for youth sports activities, and schools can actively implement the national after-school physical education service policies.
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Objectives: The research aimed to examine exercise cravings that arise from the disruption of daily routine resulting from the earthquake and the consequent mandatory absence from exercising at fitness centers.



Study design: This study utilized the phenomenological design through qualitative research methods.



Methods: The research sample comprises six individuals aged between 22 and 29 years. They were selected using the criterion sampling method. Data was collected through semi-structured interviews, and thematic analysis was used to analyze the data.



Results: Two different types of cravings were identified. The first type is related to exercise addiction, while the second type is related to anxiety-induced cravings.



Conclusions: Exercise craving manifests in two ways. The first type originates from exercise addiction, emerging when an individual with exercise addiction experiences a lack of exercise. With a more clinical dimension, the second type arises from the inability to engage in training for uncontrollable reasons.



KEYWORDS
craving for exercise, interruption of physical exercise, earthquake, craving due to addiction, craving due to anxiety





1 Introduction

Individuals, as a result of their vital life experiences throughout the historical process, exhibit different levels of excitement and interest toward particular objects, facts, materials, and behaviors. This excitement and interest can eventually lead to addiction by imprisoning individuals over time. Addiction is a compelling and recurring need that forces individuals and, if left unfulfilled, can result in negative consequences that are strong and easily preventable (1). When reviewing the literature, it has been reported that behaviors such as internet and social media usage (2), sex (3), eating (4), and exercise (5) can be addictive. However, in behavioral addiction, it is generally known that craving occurs before addictive behavior (6). Therefore, it is believed that craving plays a critical role in the occurrence and maintenance of addictive behavior (2). The pleasure experienced by an individual following a behavior may lead to craving for that behavior, and depending on the frequency of craving and the frequency of its resolution, addictive behavior can develop.

Craving, first defined in 1955 as a difficult-to-understand component with a repetitive effect (7), refers to a strong desire, impulse, and urge (8). Although craving is generally used for substance use, it is not limited to substance use only, and it is known to be frequently used in terms of concept, definition, and usability by researchers from different disciplines (6). Particularly in recent years, it has been observed that the concept of craving has started to play an important role in behavioral cravings (9). Behavioral and substance addictions share phenomenological similarities. Individuals experiencing behavioral addictions often describe a pre-behavioral urge or craving, analogous to individuals with substance use disorders experiencing cravings before substance use. Moreover, these behaviors frequently alleviate anxiety and induce a positive emotional state or a sensation akin to substance intoxication (6, 10). When the literature is examined, studies on cravings for food (4), gambling (10), and travel (9, 11) are found to be available. However, despite exercise addiction being a behavioral addiction, the exact role of the concept of craving is not well understood.

Individuals who regularly engage in sports or exercise may occasionally experience unexpected events, such as a heavy workload, injury, lack of motivation, pandemic-related restrictions, and natural disasters like earthquakes, which can cause them to stay away from exercise temporarily. As a result, individuals may feel a strong desire to exercise. The situation where exercise is intensely desired during this period when exercise cannot be performed is defined as exercise craving.

In this context, life in eleven provinces has stopped because of two major earthquakes with magnitudes of 7.7 and 7.6, which occurred on February 6, 2023, in Türkiye, and many people and structures have been adversely affected. Since life will take a long time to return to normal in these provinces, many individuals have had to live outside of their regular routines. Therefore, this study aims to examine the exercise cravings of individuals who have been forced to stay away from sports facilities and exercise for a certain period of time due to the earthquake disaster.



2 Materials and method


2.1 Research design

This study utilized the phenomenological design (12, 13) through qualitative research methods. The participant group was selected using convenience sampling (14). Data was collected through semi-structured interviews (15), and thematic analysis was used to analyze the data (16). The findings were presented in a report format. This research was carried out per the Declaration of Helsinki after being approved by the Scientific Research and Publication Ethics Committee of İnönü University (Approval number: 2023/4508).



2.2 Study group

The participants of this study were selected using the criterion sampling method. In qualitative research, large sample groups are not needed as data collected through interview and observation techniques may repeat itself after a while. The point at which data starts to repeat itself is called the saturation point, and data collection can be terminated (17, 18). Therefore, it was decided that the research group would consist of 6 individuals as data started to repeat itself after the 6th participant. All participants were male residing in Malatya province and experiencing the earthquake. The participants who agreed to participate were included in the study after reading and signing the informed consent form. In reporting research findings, participants’ names were kept confidential, and alphabetical and numerical symbols such as A1, A2, A3, A4, A5, and A6 were used instead of names. The demographic characteristics of the participants are shown in Table 1.


TABLE 1 Demographic characteristics of participants.

[image: A table listing participants with details on age, marital status, exercise experience (in years), and exercise frequency (days per week). All participants are single. Ages range from twenty-two to twenty-nine, with exercise experience spanning three to eight years, and frequency from three to six days per week.]

The youngest participant was 22 years old, and the oldest was 29. All participants were single. The participant with the most extensive exercise experience had been exercising regularly for eight years. The participant with the highest weekly exercise frequency exercised six days a week.



2.3 Inclusion criteria

The inclusion criteria for the study are as follows:


	•Engaging in regular exercise for at least six months before earthquakes

	•Exercising at least three days per week in a gym before earthquakes

	•Not having engaged in exercise since the earthquakes that affected Malatya, Türkiye on February 6, 2023.





2.4 Data collection tools

This study used a semi-structured interview form (15) as the data collection tool. The opinions of three field experts and two measurement evaluation experts were obtained to ensure the validity of the interview form. Data was collected on February 26th, 2023, in Malatya, Türkiye. Interpretive approaches, which conceptualize qualitative methods (13), were utilized in collecting data. To ensure a comfortable conversation with the participants, warm-up questions unrelated to the study's main aim (19) were used to start the interview. The main questions related to the research aim were included in the interview form. Moreover, trigger questions based on the naturalistic inquiry approach were asked (20) when necessary to examine the topic in depth (15). All interviews were recorded using a voice recording application on a mobile phone with an Android operating system. The interview recordings were compiled into a single text and prepared for thematic analysis.



2.5 Data analysis and reliability

This study used a thematic analysis technique to analyze the data. Thematic analysis is a highly effective method for analyzing, defining, and reporting themes from a dataset (16), so this research preferred the thematic analysis technique. The six-step thematic analysis technique is shown in Figure 1.


[image: Flowchart illustrating six steps of data analysis. Step one: Familiarization with data. Step two: Generating initial codes. Step three: Searching for themes. Step four: Reviewing themes. Step five: Defining and naming themes. Step six: Producing the report. Arrows indicate the sequence from step one to six.]
FIGURE 1
Six-Step thematic analysis technique.


Several strategies were employed to enhance the research's credibility:


	•The various stages of the research process were explicitly outlined.

	•Ambiguous statements were clarified in certain instances, and the consistency of the gathered data was guaranteed by rephrasing identical questions in different manners.

	•The data collected from participants was scrutinized, and participants’ statements were cross-verified.






3 Results

Two themes emerged from the data obtained from the participants’ discourses in the study (Table 2).


TABLE 2 Themes developed from the participants’ discourses.

[image: Text showing two themes: "Theme 1: Craving due to exercise addiction" and "Theme 2: Craving due to anxiety".]


3.1 Theme 1: craving due to exercise addiction

Participants expressed a common view that they were craving to do exercise because they perceived themselves as exercise addicts. This type of craving develops after exercise addiction.


“I have been exercising for years and continue to do so with great dedication. Even if I miss a day of exercise, I feel quite uncomfortable and guilty. I can easily say that I am an exercise addict. Not being able to do exercise is very sad, and this situation never leaves my mind. I cannot tell you how often I want to exercise clearly a day because it is always on my mind” (Participant A1).




“I am definitely an exercise addict. I have been doing exercise without missing a single day for years. I had exercised at around 5 or 6 pm for over a year before earthquakes. I can say that my desire to exercise reaches its peak, especially during those hours. However, if I generalize, I can say that the thought of doing exercise is on my mind for about 70% of the day” (Participant A2).




“I have been exercising since a very young age. However, after graduating from high school, I started doing fitness. Due to the changes in my physical appearance, everyone's perception of me changed positively. This motivated me to engage in fitness even more. Then, I continued doing fitness regularly. It has become something like eating and drinking for me. When I don't exercise, I feel bad. If I skip exercising for a day, I feel as if I haven't done anything at all that day” (Participant A3).




“Doing exercise makes me happy. I feel very good when I do exercise. I think I am definitely an exercise addict. I feel the sadness of not being able to do exercise all day long. I cannot tell you how often it comes to my mind, but I can say that it is on my mind all day long” (Participant A4).




“I do not doubt that I am an exercise addict. I have been enthusiastically exercising at the gym for years and enjoy it very much. Knowing that I cannot exercise keeps this situation in my mind. I sincerely want to state that I desire to exercise frequently during the day” (Participant A5).




“I do not know whether being an exercise addict is a positive thing, but I can happily say that I am an exercise addict. I always need to exercise, and I am not complaining about this situation. I have been exercising at around 8 pm for the last seven months. It bothers me a lot to not be able to do exercise, especially when my workout time approaches. However, during the day, this situation comes to my mind occasionally, and it does bother me” (Participant A6).





3.2 Theme 2: craving due to anxiety

All participants expressed a common view that they were craving because they were worried that their physical appearance would be negatively affected by being unable to exercise.


“Not being able to do exercise worries me a lot. Because I have been doing exercise for years and I think I have a very good physical appearance, I do not want to lose this form. Not being able to do exercise worries me a lot. Because I have been doing exercise for years and I think I have a very good physical appearance, I do not want to lose this form. That is why I feared losing my form after the earthquake. For the first time, I could not exercise for a long time and felt like exercising a lot” (Participant A1).




“I have been exercising for a long time and have attained an excellent physique. I am concerned that my muscles might shrink, intensifying a persistent craving fueled by the anxiety that without regular workouts, I could lose not only physical strength but also the mental resilience that exercise has become for me. This leaves an unmet need for the therapeutic release it provides during times of stress” (Participant A2).




“Not being able to do exercise is very painful. I gain weight very quickly when I do not exercise. I am very afraid of gaining weight because I cannot exercise right now. Doing exercise is always on my mind because I constantly think about it, knowing that I cannot do it, and this situation is disturbing” (Participant A3).




“I go to do exercise with my friends, and we constantly compete to see who can do Bench Press with the heaviest weight. I am worried I will lose my previous strength” (Participant A4).




“I am very restless because I cannot do exercise. I hope I do not lose the physique and strength I have. I want life to return to normal immediately because I have trained so much to get this physique, and the thought of losing this physique keeps running through my head” (Participant A5).




“Of course, not being able to do exercise is very sad. I have been doing exercise for many years, and I have gained a very good muscle mass. I have a great concern about whether I will lose my muscle mass. The fear of losing muscle mass makes me feel as if I am deprived of a basic need, intensifying my craving for exercising” (Participant A6).






4 Discussion

This study aimed to examine the phenomenon of exercise craving among individuals who could not exercise due to disrupting their normal routines following the two major earthquakes with magnitudes of 7.7 and 7.6, which occurred in Türkiye on February 06, 2023. The feelings of individuals unable to exercise were deeply analyzed based on their statements. Two types of cravings were found in the research. The first one arises from the exercise addiction of individuals who define themselves as exercise addicts. Exercise addiction is defined as the state in which exercise is out of the individual's control, and the duration, frequency, and intensity of exercise are continuously increased to achieve the desired effect of exercise (21, 22). In this type of craving, the individual who cannot exercise after the earthquake suffers from exercise deprivation. It can be stated that craving, which occurs in the form of intense desire and strong impulses in exercise addicts, is caused by the deprivation of a habit.

As in other behavioral addictions (2, 4, 10) individuals with exercise addiction also exhibit typical exercise cravings (5). In other behavioral addictions, when the addictive behavior does not recur due to uncontrollable reasons, an urge or motivation to engage in the behavior emerges in the individual (21). Therefore, the current research findings align with and parallel previous research results, supporting each other.

According to the research findings, the second type of craving occurs due to anxiety. In this study, all participants who identified themselves as exercise addicts expressed concern about the negative effects of exercise deprivation on their physical appearance and athletic performance levels.

Craving is a strong desire that can cause a person to engage in negative behaviors or become obsessed with satisfying them (22). This is because the craving becomes a necessity for the craving person, just like eating (23). Therefore, it is thought that cravings may be the underlying cause of the anxiety caused by not being able to exercise.

Previous research has revealed different results. Kavanagh et al. noted that craving, which appears to be related to factors such as environment, expectations, mood, self-efficacy, and intentions, can cause distress and discomfort, especially during deprivation attempts (24). Individuals with exercise addiction (25–27) have expressed overcoming the desire to relapse into behavioral addiction due to withdrawal after a certain period, similar to individuals with other behavioral addictions (3, 9, 11). Research on exercise addiction suggests that when exercise is not performed, withdrawal symptoms manifest as psychological indicators such as stress, depression, and anxiety (28–31). Therefore, in behavioral addictions, the emergence of anxiety as a sign of withdrawal is commonly accepted.

However, our research findings provide a more nuanced perspective, indicating that exercise cravings based on anxiety in individuals with exercise addiction are not solely derived from exercise dependency. This suggests that additional factors, such as physiological changes, may play a significant role in shaping these cravings. For instance, elevated cortisol levels, a stress hormone, during exercise deprivation can heighten anxiety and depressive symptoms (32). Similarly, reductions in reproductive hormones like testosterone have been linked to addictive behaviors (33). Neurotransmitter disruptions, such as changes in dopamine and endorphin systems, also contribute to addiction-like behaviors, reinforcing the parallels between exercise and substance addictions (34). Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis further complicates stress responses and addiction mechanisms (35). These findings underscore the multifaceted physiological and psychological dynamics underlying exercise addiction and its cravings.

Based on the interviews with the participants, it can be argued that psychological factors are closely intertwined with physiological mechanisms. Specifically, this type of craving may be caused by muscle dysmorphia (MD) or may lead to MD in advanced stages. When specifically examining muscle dysmorphia, the individual's attention is directed toward the insufficient size and muscularity of their body (36, 37). Participants expressed concerns about a potential decrease in their current physical appearances, specifically in muscle mass, as they anticipate being unable to engage in training post-earthquake. Consequently, they indicate a strong motivation to engage in high levels of exercise.

This study has several limitations, which are outlined below. The small sample size, limited to only six participants, restricts the generalizability of the findings. Additionally, the participants were all within the 22–29 age range and were single, which limits the representation of different age groups and demographic characteristics. While the use of semi-structured interviews as a qualitative method provided in-depth insights, the findings may have been influenced by personal biases and perspectives, potentially affecting their objectivity. The criterion sampling method, which selects participants based on specific characteristics, may have further constrained the generalizability of the findings to all individuals affected by the earthquake.

The exclusion of external factors such as psychological support systems, existing mental health conditions, or pre-earthquake physical activity levels may have overlooked other critical variables influencing exercise cravings. The data collection, conducted shortly after the earthquake, also limits the ability to assess long-term effects or changes over time. Although the inclusion of a vulnerable post-disaster population was ethically approved, participants’ emotional states might have affected their willingness to fully share their experiences, potentially impacting the reliability of the data.

Future research should include larger and more diverse samples to represent varying age groups and demographic characteristics. In addition to qualitative methods, employing quantitative methods would enhance the reliability and generalizability of the findings. Collecting data across different timeframes would allow comparisons of short- and long-term effects. Furthermore, adopting more structured and supportive approaches when working with vulnerable groups could improve data quality.

Studies should also incorporate not only sociodemographic variables but also physiological and morphological factors. For instance, variables such as participants’ physical health, musculoskeletal system characteristics, or biological responses to traumatic events should be included. Examining these factors would provide a more comprehensive understanding of the relationship between exercise cravings and post-traumatic behavioral responses. These recommendations will contribute to making future research in this area more robust and generalizable.



5 Conclusion

Similar to other substance and behavioral addictions, individuals with exercise addiction also exhibit craving behaviors. According to research findings, exercise craving manifests in two ways. The first type originates from exercise addiction, emerging when an individual with exercise addiction experiences a lack of exercise. The second type, with a more clinical dimension, arises from the inability to engage in training due to uncontrollable reasons. This form of craving is driven by concerns about the deterioration of the individual's current physical condition due to their inability to exercise. In the present study, an attempt was made to discern whether exercise craving exists based on participants’ narratives. This research is exploratory in nature. Therefore, for a more comprehensive measurement of the newly introduced concept of exercise craving in the field, the development of suitable measurement tools is recommended for future researchers.
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Background: Physical exercise has been shown to positively impact psychological and behavioral outcomes, yet its influence on professional ethics in educators remains underexplored. Understanding the mechanisms underlying this relationship is essential for developing interventions to promote ethical behavior in educational contexts.
Objectives: This study aims to investigate the relationship between physical exercise and professional ethics among elementary school teachers, with a specific focus on the mediating role of self-control.
Methods: A sample of 380 elementary school teachers was recruited from Guangxi and Shandong provinces in China. Data on physical exercise, self-control, and professional ethics were collected using validated scales. Structural equation modeling (SEM) was employed to analyze the direct and indirect effects of physical exercise on professional ethics.
Results: The findings revealed a significant positive correlation between physical exercise, self-control, and professional ethics. Self-control was found to partially mediate the relationship, with physical exercise having both a direct positive effect (β = 0.25, p < 0.01) and a stronger indirect effect (β = 0.50, p < 0.001) on professional ethics through self-control. The indirect effect accounted for 57.3% of the total effect.
Conclusion: This study highlights the dual-pathway mechanism through which physical exercise enhances professional ethics, directly and indirectly via self-control. Practical implications include promoting physical activity and self-regulatory training as strategies to foster ethical behavior in educators. These findings provide a foundation for future research and interventions in educational settings.
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Introduction

Professional ethics in elementary education serves as a cornerstone for shaping students’ development and maintaining societal moral standards. Elementary school teachers’ ethical behavior directly influences students’ value systems and contributes to the broader goal of fostering an ethical society (Sharma, 2024). Professional ethics in teaching encompasses integrity, fairness, and commitment to student welfare. However, the factors influencing these ethical behaviors, particularly the interaction between personal habits and psychological mechanisms, remain underexplored (Bashir et al., 2023). Specifically, how personal habits and psychological mechanisms interact to shape ethical behavior in teaching professionals has yet to be fully understood. This study focuses on the interplay between physical exercise, self-control, and professional ethics, providing new insights into this underexplored area.

Physical exercise exerts profound effects on mental and cognitive functions, which can significantly influence ethical behavior and decision-making (Mandolesi et al., 2018). Within the framework of Self-Determination Theory (SDT), physical exercise satisfies basic psychological needs—competence, autonomy, and relatedness—thereby fostering emotional resilience and cognitive clarity, both of which are essential for moral reasoning and ethical behavior (Deci and Ryan, 2000). As a self-regulated activity, physical exercise aligns with the principles of SDT, promoting intrinsic motivation and sustained ethical engagement. Meanwhile, Social Cognitive Theory (SCT) emphasizes self-control as a vital mechanism for maintaining ethical alignment under challenging circumstances (Bandura, 1991). Teachers with higher self-control are better positioned to regulate impulses, set long-term goals, and navigate ethical dilemmas effectively. This study bridges these theoretical perspectives by exploring how physical exercise and self-control jointly contribute to teachers’ professional ethics.

Empirical studies support the association between physical exercise and ethical behavior(Gao et al., 2018; Ghalenoei et al., 2021; Leese et al., 2022). Research indicates that individuals who regularly engage in physical activity exhibit higher emotional stability and prosocial tendencies, which facilitate ethical decision-making (Van den Bergh, 2021). Similarly, workplace studies suggest that physically active employees adhere more consistently to ethical norms, potentially due to improved self-regulatory capacities stemming from exercise (Hagger and Chatzisarantis, 2010). Self-control, a well-established predictor of ethical behavior, is significantly enhanced by physical exercise. Tangney et al. (2004) found that individuals who exercise regularly demonstrate stronger impulse control and emotional resilience, both of which are integral to ethical alignment in challenging situations.

Many studies have shown that self-control can positively predict professional ethics(Brownstein, 2018; Fauziah and Khadzil, 2023; Sosik et al., 2019). Duckworth et al. (2016) emphasized that self-control enables individuals to resist unethical temptations and consistently act in accordance with moral values. Baumeister and Vohs (2016) further noted that self-control fosters ethical congruence between values and actions, underscoring its importance in maintaining professional ethics. However, while pairwise relationships among physical exercise, self-control, and professional ethics are well-supported, their integrated dynamics remain unclear.

This study makes a unique contribution by addressing the gap in understanding the behavioral mechanisms that link physical exercise to professional ethics, a relationship that remains underexplored in educational research. Existing studies have primarily focused on the cognitive and emotional benefits of physical exercise, but little attention has been given to its potential influence on ethical behavior, particularly among educators. To bridge this gap, this study integrates insights from Self-Determination Theory (SDT) and Social Cognitive Theory (SCT) and proposes that self-control mediates the relationship between physical exercise and professional ethics. Specifically, it hypothesizes that physical exercise enhances professional ethics through two pathways: (1) a direct positive effect and (2) an indirect effect mediated by self-control. This dual-pathway hypothesis provides a novel framework for understanding the interplay between physical and psychological factors in shaping ethical behavior. Moreover, the findings are expected to offer practical strategies for fostering ethical conduct among educators by promoting physical activity and strengthening self-regulatory capacities through targeted interventions.



Methods


Participants

This study employed a stratified random sampling method to recruit 400 elementary school teachers from 20 schools across Guangxi and Shandong provinces in China. Stratification was based on school type (urban, suburban, and rural) and teaching experience (novice, intermediate, and experienced) to ensure diversity and representativeness of the sample. This approach was designed to capture variations in demographic and professional characteristics across different educational contexts.

To ensure data quality, clear criteria were established for identifying and excluding invalid questionnaires. A questionnaire was deemed invalid if it contained missing responses for more than 10% of items, exhibited a repetitive response pattern (e.g., identical answers across all Likert-scale items), or showed inconsistencies between related items. Of the 400 distributed questionnaires, 380 valid responses were retained, resulting in a 95% response rate.

Although formal ethical approval was not required under local regulations, the study adhered to international ethical standards to ensure the rights and well-being of participants. Participation was entirely voluntary, and all participants were informed of the study’s purpose, procedures, and their right to withdraw at any time without consequences. Anonymity was maintained by assigning unique identification codes to each questionnaire, and no personal identifiers were collected. Participants were also assured that their responses would be used solely for academic research purposes. These measures align with the ethical principles of confidentiality, informed consent, and voluntary participation.

The sample comprised 62% female (n = 236) and 38% male participants (n = 144). The age of participants ranged from 24 to 50 years, with an average age of 34.2 years (SD = 6.5). Teaching experience varied from 2 to 25 years, with a mean of 10.3 years (SD = 5.7). Table 1 summarizes the demographic characteristics of the participants, including gender, age, and years of teaching experience.



TABLE 1 Demographic characteristics of the participants.
[image: Table displaying demographic variables with categories and corresponding numbers. For gender: male 144 and female 236. For age: under 30 years 96, 30 to 39 years 204, 40 years and over 80. For teaching experience: under 5 years 72, 5 to 10 years 142, over 10 years 166.]



Measures


Physical exercise

Physical exercise levels were assessed using the Chinese version of the International Physical Activity Questionnaire (IPAQ; Craig et al., 2003), which has been widely validated for use in Chinese populations. The Chinese version of the IPAQ was revised and validated by Li et al. (2005), with strong psychometric properties reported in previous studies. In this study, Cronbach’s α for the IPAQ was 0.88, indicating good internal consistency. Participants reported the frequency, duration, and intensity of physical activities over the past month, and the results were calculated as MET-minutes per week. Based on IPAQ guidelines, participants were categorized into low, moderate, or high physical activity levels.



Self-control

Self-control was measured using the Chinese version of the Brief Self-Control Scale (BSCS; Tangney et al., 2004; Zhao et al., 2015). The BSCS consists of 13 items across two dimensions: impulse control (e.g., “I am good at resisting temptation”) and goal regulation (e.g., “I am able to work effectively toward long-term goals”). Previous studies have demonstrated strong validity and reliability for this scale in Chinese contexts (de Ridder et al., 2012; Zhao et al., 2015). In this study, the overall Cronbach’s α was 0.92, with α values of 0.90 and 0.88 for the impulse control and goal regulation subscales, respectively, indicating excellent reliability.



Professional ethics

Professional ethics were assessed using the Chinese version of the Professional Ethics Scale for Teachers (PEST; Husu and Tirri, 2007; Zhang et al., 2018), which has been specifically validated for Chinese educators. The scale consists of 20 items across three dimensions: integrity, fairness, and responsibility. Sample items include “I treat all students equally regardless of their background.” The scale has demonstrated strong construct validity in previous studies and achieved a Cronbach’s α of 0.94 in this study, with subscale α values of 0.91 (integrity), 0.89 (fairness), and 0.90 (responsibility). These results confirm the scale’s high reliability and suitability for the present research.




Data analysis

SPSS 23.0 was used for descriptive statistics and correlation analysis to explore the relationships among physical exercise, self-control, and professional ethics. Structural equation modeling (SEM) was conducted using Amos 22.0 to examine the mediating effect of self-control. SEM was chosen for its ability to analyze complex relationships between observed and latent variables, as well as its capacity to simultaneously estimate direct and indirect effects. The bootstrap method with 5,000 resamples was used to test the significance of indirect effects, providing bias-corrected confidence intervals. Model fit indices, including χ2/df, CFI, NFI, IFI, and RMSEA, were used to assess the adequacy of the model. These methods ensured the robustness and reliability of the mediation analysis.




Results


Descriptive statistics and correlations

Descriptive statistics for the three primary variables—physical exercise, self-control, and professional ethics—are presented in Table 2. On average, participants engaged in moderate levels of physical activity (M = 4,560 MET-min/week, SD = 1,243) and exhibited moderately high self-control (M = 3.78, SD = 0.58). Professional ethics scores were also relatively high (M = 4.12, SD = 0.61), indicating that participants demonstrated strong ethical conduct overall. Reliability coefficients for all variables were satisfactory, with Cronbach’s α values ranging from 0.88 to 0.94, confirming the internal consistency of the scales.



TABLE 2 Descriptive statistics and reliability coefficients (n = 380).
[image: Table showing variables with mean (M), standard deviation (SD), and Cronbach's alpha values. Physical Exercise: 4,560 MET-min/week (SD 1,243, α 0.88). Self-Control: M 3.78 (SD 0.58, α 0.92). Impulse Control: M 3.65 (SD 0.62). Goal Regulation: M 3.91 (SD 0.57). Professional Ethics: M 4.12 (SD 0.61, α 0.94). Integrity: M 4.18 (SD 0.63). Fairness: M 4.07 (SD 0.59). Responsibility: M 4.10 (SD 0.58).]

Correlation analysis revealed significant positive relationships among the primary variables (see Table 3). Physical exercise was moderately correlated with self-control (r = 0.42, p < 0.01) and professional ethics (r = 0.36, p < 0.01). Self-control showed a stronger correlation with professional ethics (r = 0.54, p < 0.001), highlighting its critical role. Among the dimensions, both impulse control and goal regulation were positively associated with all sub-dimensions of professional ethics, including integrity, fairness, and responsibility. These findings provide preliminary support for the mediating role of self-control in the relationship between physical exercise and professional ethics. These findings provide preliminary support for the mediating role of self-control in the relationship between physical exercise and professional ethics.



TABLE 3 Correlations between variables (n = 380, M ± SD).
[image: Correlation matrix displaying relationships among eight variables: Physical Exercise, Self-Control, Impulse Control, Goal Regulation, Professional Ethics, Integrity, Fairness, and Responsibility. Significant correlations at p < 0.01 and p < 0.001 are marked with asterisks. Key correlations include Self-Control and Physical Exercise (0.42, p < 0.01), Professional Ethics and Integrity (0.71, p < 0.001), and Responsibility with Integrity (0.71, p < 0.01).]



Mediating effect of self-control

The mediating effect of self-control in the relationship between physical exercise and professional ethics was examined using structural equation modeling (SEM). The model demonstrated acceptable fit indices: χ2 = 215.36, df = 85, χ2/df = 2.53, NFI = 0.91, CFI = 0.94, IFI = 0.94, RMSEA = 0.05. Results showed that physical exercise had both a significant direct effect on professional ethics (β = 0.25, p < 0.01) and an indirect effect mediated by self-control (β = 0.50, p < 0.001). The direct effect accounted for 42.70% of the total effect, while the mediated (indirect) effect contributed 57.30%, underscoring the dominant role of self-control in this relationship. These findings confirm that self-control partially mediates the influence of physical exercise on professional ethics and provide strong evidence for its critical role as a psychological mechanism linking these variables. A detailed representation of these relationships is provided in Figure 1. Table 4 provides a summary of the standardized path coefficients and the proportion of variance explained (R2) for each variable.

[image: Diagram showing relationships between variables. "Physical exercise" and "self-control" lead to "professional ethics," with coefficients of 0.42 and 0.25, respectively. "Impulse Control" and "Goal Regulation" contribute to "self-control" with coefficients of 0.61 and 0.64. "Professional ethics" links to "Integrity," "Fairness," and "Responsibility" with coefficients of 0.58, 0.62, and 0.67.]

FIGURE 1
 Mediation effect model. **p < 0.01, ***p < 0.001.




TABLE 4 Path coefficients and variance explained (R2).
[image: Table showing three paths with standardized coefficients, p-values, and variance explained. Physical Exercise to Self-Control: β = 0.42, p < 0.001, R² = 0.18. Self-Control to Professional Ethics: β = 0.50, p < 0.001. Physical Exercise to Professional Ethics: β = 0.25, p < 0.01, R² = 0.35.]




Discussion

This study explored the relationships among physical exercise, self-control, and professional ethics, with a particular focus on the mediating role of self-control. The findings provide theoretical and practical insights into how physical and psychological factors interact to influence professional ethics among elementary school teachers.

The findings of this study revealed a significant direct relationship between physical exercise and professional ethics, consistent with prior research emphasizing the psychological and behavioral benefits of regular physical activity. Van den Bergh (2021) highlighted that physical activity enhances prosocial tendencies and emotional stability, both of which are essential for ethical behavior. Similarly, Hagger and Chatzisarantis (2010) demonstrated that improved self-regulatory capacities through physical exercise contribute to better alignment between values and actions, which supports ethical decision-making. These findings suggest that teachers who engage in regular physical exercise may develop stronger resilience and emotional regulation, enabling them to handle ethical challenges in their professional roles more effectively. Furthermore, the partial mediating role of self-control identified in this study aligns with previous work by Tangney et al. (2004), who emphasized self-control as a critical capacity for resisting unethical temptations and maintaining moral integrity. By integrating these insights, this study reinforces the theoretical and practical importance of promoting physical activity and self-regulatory skills in educational settings to foster ethical conduct among teachers.

Self-control emerged as a significant mediator in the relationship between physical exercise and professional ethics, providing a deeper understanding of the underlying mechanisms. Physical exercise may enhance self-control by promoting emotional resilience and cognitive clarity, as suggested by prior research (Van den Bergh, 2021). Regular physical activity has been shown to reduce stress levels and improve executive functioning, both of which are critical for impulse regulation and long-term goal alignment (Mandolesi et al., 2018). These improvements enable individuals to navigate ethical dilemmas more effectively by aligning their actions with moral values. This finding aligns with the principles of Self-Determination Theory (SDT), which posits that physical activity satisfies basic psychological needs such as competence and autonomy, thereby fostering intrinsic motivation and self-regulation. Additionally, Social Cognitive Theory (SCT) emphasizes that self-control serves as a vital capacity for resisting unethical temptations and adhering to professional standards under pressure (Bandura, 1991). By integrating these theoretical perspectives, this study highlights self-control as a pivotal mechanism linking physical and psychological factors to ethical decision-making. These results align with prior studies showing that physical exercise improves self-regulatory capacities, including impulse control and goal regulation (Tangney et al., 2004; Hagger and Chatzisarantis, 2010), which in turn facilitate ethical alignment between values and actions (Baumeister and Vohs, 2016).

The findings of this study offer actionable strategies for fostering ethical behavior among educators. First, promoting physical exercise as part of professional development programs can serve as a dual-purpose intervention, enhancing both physical health and ethical decision-making. Schools and educational institutions could implement structured physical activity initiatives, such as regular exercise classes, team sports, or workplace wellness programs, to support teachers’ well-being and professional ethics. These programs should be designed to accommodate teachers’ busy schedules and emphasize consistency to maximize long-term benefits.

Second, interventions aimed at strengthening self-control should be incorporated into teacher training programs. Mindfulness training, for example, can help teachers develop emotional regulation and impulse control, which are critical for navigating ethical dilemmas. Similarly, workshops focused on goal-setting and self-monitoring can enhance teachers’ ability to align their actions with professional standards and moral values. By combining physical activity with self-control development, these strategies offer a comprehensive approach to fostering ethical behavior in educational contexts.



Limitations and future directions

Despite its contributions, this study has several limitations that should be addressed in future research. First, the cross-sectional design prevents the establishment of causal relationships among physical exercise, self-control, and professional ethics. Longitudinal studies and experimental designs, such as randomized controlled trials, are necessary to confirm the temporal order and causal pathways proposed in this study.

Second, the reliance on self-reported measures may introduce response biases, such as social desirability or overestimation of behaviors like physical activity and ethical conduct. To mitigate this limitation, future research should incorporate objective measures, such as wearable fitness trackers for physical activity or third-party assessments of professional ethics, to enhance data reliability and accuracy.

Third, the sample was limited to elementary school teachers in specific regions of China, which may restrict the generalizability of the findings to other professional groups or cultural contexts. Cross-cultural analyses involving diverse teacher populations across different countries and educational systems would enhance the external validity of the results and provide valuable insights into how cultural norms influence ethical behavior.

Finally, potential confounding variables, such as emotional intelligence, workplace stress, or job satisfaction, were not controlled for in this study. Future research should explore these additional factors as mediators or moderators to provide a more nuanced understanding of how physical and psychological resources interact to shape ethical behavior. By addressing these limitations and research directions, future studies can contribute to the development of evidence-based strategies for fostering ethical behavior in educational and other professional settings.



Conclusion

This study underscores the pivotal role of self-control as a mediating mechanism in the relationship between physical exercise and professional ethics. The findings reveal that physical exercise not only directly enhances professional ethics but also exerts a stronger indirect influence through the mediating effect of self-control. This dual-pathway mechanism provides a comprehensive framework for understanding how physical and psychological factors interact to shape ethical behavior.

From a practical perspective, the results highlight the importance of promoting physical activity and self-regulatory skills among educators. Schools and educational institutions should consider integrating structured physical activity programs and self-control training into professional development initiatives to foster ethical decision-making. Such interventions could include mindfulness training, goal-setting workshops, or workplace wellness programs designed to enhance emotional resilience, impulse control, and moral reasoning.

By bridging theoretical insights with practical applications, this study contributes to the growing body of research on ethical behavior in education and provides a foundation for future investigations. These findings pave the way for more targeted and evidence-based strategies to promote professional ethics in educational and other professional contexts.
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The aim of this study was to compare the perceptive responses, physiological measures, training volume and training duration comparing a superset vs. a traditional resistance training session in untrained adults. Thirty adults (29 ± 7 years, 1.72 ± 0.1 m, 77 ± 16 kg) performed one superset resistance training session and one traditional resistance training session in a randomized-crossover design. Both sessions consisted of eight exercises with two sets and a load of ∼10-repetition maximum. The outcomes included number of repetitions, training duration, blood lactate and heart rate in addition to rate of perceived exertion (RPE), rate of perceived discomfort (RPD), session displeasure/pleasure (sPDF) and exercise enjoyment (EES) which were recorded in the middle and post-exercise. Forty-eight hours after the last session the participants reported which session they would prefer as their regular routine if they had to choose. The main findings were that the superset session led to greater RPE compared to the traditional session (p = 0.012–0.16, d = 0.53–0.54). Further, there was a trend towards greater RPD after the superset session, although not reaching statistical significance (p = 0.092, d = 0.41). There were no differences for sPDF (p = 0.404) or EES (p = 0.829). Furthermore, the superset session demonstrated higher levels of blood lactate levels (18.3%. p < 0.001, d = 0.81) and average heart rate (7.8%, p < 0.001, d = 1.53) compared to the traditional session. The traditional session took 60% longer time (p < 0.001, d = 6.62), and had 4.6% more repetitions (p = 0.006, d = 0.54) compared to the superset session. Two out of three participants reported the superset session as their preferred regular training routine. In conclusion, the superset session led to a higher perceived effort and discomfort, higher metabolic stress, took less time, had a lower training volume and was more preferred compared to the traditional session in untrained adults.
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1 Introduction

Resistance training (RT) is associated with numerous positive health outcomes such as improved cardiovascular health and reduced risk of all-cause mortality (1, 2). Hence, performing RT two or more days per week for the major muscle groups has been recommended for adults by both the American College of Sport Medicine and the World Health Organization (3, 4). However, only one out of three adults fulfill the weekly RT recommendations (5, 6) where lack of time is one of the most commonly reported barriers to not perform RT (7, 8). Consequently, time-efficient RT strategies has been investigated and suggested as an option to increase the compliance to RT programs (9).

Superset, i.e., performing two exercises after the other with no, or limited, rest between them (10), has been proposed as a time-efficient method for RT, as it roughly halves the training time compared to traditional RT (11, 12). Superset has shown to induce greater neuromuscular fatigue (13) and increased levels of metabolites such as blood lactate, creatin kinase concentration and testosterone compared to traditional RT session (14–16). Further, the increased level of metabolic stress could potentially influence the total training volume in a RT session which may potentially have an effect on muscle strength and hypertrophy (17, 18). Nonetheless, studies comparing volume between superset and traditional RT shows conflicting results (13, 19–22) with some studies report no differences in volume (21, 22), while others report a significantly higher volume for superset compared to traditional RT (13, 20). Importantly, several of these studies investigated its effects across only two exercises (13, 20–22) and the results may not be transferable to RT sessions including several exercises muscle groups. To the best of our knowledge, only one study has compared volume between superset and traditional in a whole-body RT session (19). Andersen et al. (19) compared a traditional and supersets session consisting of 8 exercises with 3 sets per exercise at an intensity of 9-RM in resistance trained adults. The superset session led to a decrease in training volume (measured as completed repetitions) by 4.2% compared to the traditional session. These findings indicate the importance of examining complete training sessions, as that superset's limiting effects on volume first becomes apparent when training volume is substantial.

How physical activity is perceived has shown to influence an individual's choice to continue with that activity later (23, 24). If compliance to RT is of importance, this could be of equal important as time-efficiency as it is unlikely to continue with something that is not pleasant or enjoyable. To the authors best knowledge, the previously mentioned study is also the only study that has compared the affective responses between superset and traditional RT when conducting a full-body workout. Andersen et al. (19) demonstrated a significantly higher rating of perceived effort and discomfort in the superset session, and a tendency for the superset session to be more pleasurable compared to traditional RT. There was no difference for enjoyment between the protocols (19). Furthermore, 62% of participants reported that they would prefer to continue with the superset RT if they had to choose (19). Notably, the study is limited by not measuring any physiological measures, e.g., heart rate or blood lactate. Adding such measurements could provide additional insight to the relationship of physiological measures and affective responses to superset RT. Furthermore, Andersen et al. (19) included RT individuals, and the affective responses may not be representative for other populations e.g., untrained individuals. Finally, the study did not report the affective measures during the sessions, hence it is unknown how or if the affective responses changed during the sessions. Therefore, the primary aim of this study was to compare the affective responses during and at the end of a whole-body superset vs. a traditional RT session in untrained individuals. Secondary, we compared physiological responses and total training volume (measured as total completed repetitions) to add additional insight into the acute effects of the different protocols.

We hypothesized that the superset RT session would lead to a higher perceived effort and discomfort and be perceived less pleasurable and less enjoyable than the traditional RT session both midway and post-exercise. Additionally, we hypothesized that the superset RT session would reduce the training volume (i.e., reduce total number of repetitions in session), reduce total time to conduct the session, induce higher blood lactate levels and a higher average heart rate compared to the traditional RT session both midway and post-exercise. Lastly, and based on the affective responses, we expected that most participants would prefer the traditional RT session.



2 Materials and methods


2.1 Study design

The study used a randomized and counterbalanced, within-subject cross-over design. Participants were required to take part in a familiarization session followed by two experimental sessions (i.e., traditional and superset). The RT program consisted of eight exercises, targeting major muscle groups. The exercises were performed with two sets at approximately 10 repetition maximum (RM). The number of sets (2 sets) and the intensity (10-RM) was chosen as it is in the middle of the recommended range for untrained individuals to gain strength and hypertrophy (25). In the traditional session, the rest interval was two minutes between each set and exercise. In the superset session, two consecutive exercises were executed immediately after each other before a similar two minutes rest interval was given. Otherwise, the experimental sessions were identical.

In the experimental sessions the participants reported their perception of effort (RPE), discomfort (RPD), pleasure/displeasure (sPDF) and enjoyment (EES) in the middle and at the end of the sessions. Blood lactate was measured before, in the middle and at the end of each session, and the average heart rate was recorded for the entire sessions. Additionally, successful repetitions per set (training volume) and total training duration were measured (the training duration was rounded off to the nearest minute). The total numbers of completed repetitions per session was used as training volume since all other intra-exercise variables were held constant (26–28). See Figure 1 for an overview of the design.


[image: Workout routine illustration showing a series of gym exercises, including leg press, chest press, and cable pulldowns. The timeline below outlines a session: warm-up, two sets of four exercises with two minutes between, and a 10-minute end session. Metrics such as rate of perceived exertion and lactate levels are noted.]
FIGURE 1
Schematic illustration of the design of the study.




2.2 Participants

30 untrained adults (17 females and 13 males) were recruited to participate in the study (Table 1). A priori power analysis estimated a requirement of 28 participants. The power analysis was performed in SPSS (IBM Corp. Released 2022. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY: IBM Corp.) and based on data material from previous study reporting a difference of 1.0 in RPD (traditional; 5.4 ± 2.2 vs. superset; 6.4 ± 2.0) with alpha level of 0.05, power of 0.8 and expected Pearson product-moment correlation (r) of 0.63 (19). To be included in the study participants had to be over 18 years old, be untrained (no regular training the last three months) and not have any injuries or pain that prohibited maximal exertion. Before being enrolled in the study, all participants were informed orally and in written form and provided a written consent. The study procedure was approved by the Norwegian Centre of Research Data (ref nr 322661) and was carried out in accordance with the University College's ethical guidelines.


TABLE 1 Anthropometrics (mean ± standard deviation).

[image: Table showing mean values for age, height, body mass, BMI, and body fat percentage for 30 individuals: 13 males and 17 females. Males have higher height (1.80m), body mass (83.4kg), and BMI (25.8) compared to females with 1.66m, 72.9kg, and 26.6 BMI. Males show lower body fat (20.1%) versus females (32.2%). Age averages 31.0 years for males and 26.7 years for females.]



2.3 Procedures


2.3.1 Familiarization

In the familiarization session anthropometrics were measured and participants were made familiar with the questionnaires, scales, the procedures of the two experimental sessions and the physiological measurements. All exercises were familiarized with a progressive loading to estimate their ∼10-RM loads. For each exercise the participants started performing a set consisting of 10 repetitions at a low load to familiarize themself with the movement. After three minutes' pause the load was increased and the participant performed another set of 10 repetitions. This process continued until the participant and test leader agreed that the ∼10-RM was obtained. Normally this was achieved in 1–3 sets. The eight exercises were (in chronological order) (1) leg press, (2) chest press, (3) knee extension, (4) seal row, (5) flies, (6) cable triceps extension, (7) reversed flies and (8) cable biceps curl. In the superset session, exercise 1 and 2, 3 and 4, 5 and 6, 7 and 8 were performed as supersets. Furthermore, the exercises were performed using resistance training machines, except for the seal row where the participant lay on the stomach on an inclined bench and pulled a barbell upwards. For the RT exercises leg press and push-down, a 90°-degree angle of the knee/hip and elbow was used. Otherwise, the exercises were performed with a full range of motion. Individual standardizations were noted to keep the execution of repetitions within the set and between sessions as identical as possible. Importantly, the same load (10-RM) was used in both sessions and repetitions in each set were performed to failure.



2.3.2 Experimental sessions

Participants were asked to refrain from alcohol and RT 48 h prior to each session and were encouraged to eat and sleep in the same manner before the sessions. As best as possible, the exercise sessions were conducted at the same time of the day. The participants were asked to report on the readiness to train questionnaire before each exercise session began to control for similar baseline levels. The questionnaire consisted of seven questions, which were formulated and anchored in the same manner as Pedersen et al. (29). Analysis detected no differences in the readiness to train between the two experimental sessions (p = 0.38–0.91).

The exercise sessions were performed within 4–15 days. The participants were instructed to contact the test leader if for any reason they were unable to participate on the arranged date (e.g., sickness, muscle soreness), and a new date was set approximately one week later. The standardized warm-up was accustomed from a similar study (19) and consisted of two sets each of the exercise's leg press, chest press and seal row with a 1-min rest interval between sets. First set were performed with 10 repetitions at 40% of 10-RM load and the second set with 10 repetitions at 60% of 10-RM load. After the last warm-up set, there was a 2-min rest interval before the first exercise started. Independent of RT session, the participants were instructed to perform repetitions continuously until voluntary failure in each set in a self-selected but controlled tempo (19). The test leader counted the repetitions, kept track of time, presented the scales and took the blood lactate measurements. To keep the experimental sessions as similar as possible, all sessions were conducted in a lab with only the participant and the same test leader present.

The participants were e-mailed 48 h after the last experimental session with the following question: “If you had to choose one of the two training sessions as your regular training session, which would you prefer, and what is the main reason for this choice?” The participants responded by replying to the mail. The answers were compiled and grouped together based on the theme of the explanation (19).



2.3.3 Affective measurements

The questionnaires and scales were anchored and presented in the same manner as a prior study (19). The perceptive questionnaires were presented in the same way for all participants and in both sessions. The scales were presented in the following order: RPE, RPD, sPDF and EES. The participants were told to answer their subjective assessment of the specific affection in the middle and 10 min after the session. The test leader read the participants the questions and anchoring while presenting/showing the scales and question and anchoring at the same time. The RPE and RPD scales consist of a 11-point scale which were ranged from no effort/discomfort (0) to maximal effort/discomfort (10) (30). The RPE scale was presented with the following question: “How much of your perceived physical capacity out of your perceived maximum (10 being your maximum) did you invest to complete this workout?”. The scales upper and lower limit were anchored by the following phrase “0 can be described as sitting still during the whole session while 10 would be maximal effort using your maximal physical capacity throughout the whole session”. The RPD scale was presented with the following question: “Based on the completed session, how much discomfort did you feel? The scale ends at 10 which could be described as you could not imagine the sensations relating to physical activity being any more intense?” The scales upper and lower limit were anchored by the following phrase “0 can be described as feeling no noticeable sensation relating to the training while 10 would be the most intense training related sensation you could imagine”. The perceived session pleasure/displeasure (sPDF) was presented with the following question: “How was your workout?” (31). An 11-point scale stretching from −5 to +5; where a score of 0 is considered neutral, positive numbers (+1 to +5) represents pleasurable feelings and negative numbers (−1 to −5) represents unpleasurable feelings (32). The scales upper and lower limit were anchored by the following phrase “−5 can be described as perceiving the session as one of the worst/least pleasurable training sessions you have ever conducted while 5 would be one of the best/most pleasurable training sessions you have ever conducted”. Enjoyment was measured using the exercise enjoyment scale (EES), a seven-point scale ranging from 1 (“not at all”) – 7 (“extraordinarily”). The EES scale was presented with the following question “How much did you enjoy the exercise session?” (33). The scales upper and lower limit were anchored by the following phrase “1 can be described as perceiving the session as one of the least enjoyable training sessions you have ever conducted while seven would be one of the most enjoyable training sessions you have ever conducted”.



2.3.4 Physiological measurements

Blood lactate was measured using Lactate Pro 2 (Arkray, Kyota, Japan) and corresponding lactate strips. Blood samples were collected from the fingertip of the participants. According to manufacturer's recommendation, the puncture site was cleaned with water and dried off with a paper towel. The first drop of the blood was wiped off with a new paper towel, while the measurement was taken on the second drop of blood (16). Measurements were taken after the warm-up (i.e., one minute before the exercise session started), immediately after the second set of the fourth exercise (i.e., middle of the session), and immediately after the last exercise (16, 22).

Heart rate was measured using Polar® M400 (Polar Electro Oy, Kempele, Finland) and corresponding Polar® H7 heart sensor chest band (1,000 Hz). The heart rate monitor was started immediately before the first set of the first exercise and stopped immediately after the last set of the last exercise. The average heart rate was used for further analysis.




2.4 Statistical analysis

All statistical analysis were performed using SPSS (IBM Corp. Released 2022. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY: IBM Corp.). Normality was assessed by visual inspection and Q-Q plot for the continuous variables (anthropometrics, repetitions, blood lactate, heart rate, time). Paired sample t-tests were used to assess possible differences in repetitions and heart rate between the two sessions. For the blood lactate, a 3 × 2 (time; before, middle and end of session × modality; traditional and superset) within subject, repeated analysis of variance (ANOVA) was used. When interactions or main effects were detected, Bonferroni post hoc corrections were applied. The continuous variables are presented as means ± standard deviations.

The ordinal data (RPE, RPD, sPDF, EES) are presented as median + interquartile range. For the affective measurements the Friedman's ANOVA was used to asses if differences existed within and between the sessions. If differences were detected, the Wilcoxon signed rank test was used for post hoc analysis and for the readiness to train questionnaire. To prevent type-1 error inflation, the Bonferroni-correction was applied for the alpha-level in post hoc analysis (i.e., multiplying the p-value by 4).

Effect sizes were calculated for all tests between sessions or test points (t-tests, Bonferroni post hoc corrections and Wilcoxon signed rank test) For the continues variables Cohen's d effect size (d) was calculated using the following equation: mean pre - mean post divided by the pooled standard deviations of the two. An effect size of 0.2–0.49 was considered small, 0.5–0.79 medium and ≥0.8 large (34). Effect size (r) for the ordinal data was calculated as the product-movement r with the following equation: r = z/√ n, with z being the z-value for the Wilcoxon signed ranked test and n being the number of participants. An effect size r of 0.1–0.29 was considered small, 0.3–0.49 medium and ≥0.5 large (34). Statistical significance was accepted at p < 0.05.




3 Results

There was a statistically significant interaction effect in RPE (p < 0.001) and discomfort RPD (p < 0.001), while there were no differences for sPDF (p = 0.404) or EES (p = 0.829) within or between the two experimental sessions. All details are presented in Figure 2.


[image: Box plots showing comparisons for four different measures across exercise styles: a) RPE with highest in Traditional EoS, b) RPD highest in Traditional EoS, c) sPDF similar across all, d) EES consistent across all. Each plot compares Traditional MoS, Traditional EoS, Superset MoS, and Superset EoS. Outliers are indicated with circles and stars.]
FIGURE 2
Affective responses to traditional and superset resistance training. (a) RPE, rating of perceived exertion, (b) RPD, rating of perceived discomfort, (c) sPDF, session pleasure/displeasure feeling scale, (d) EES, exercise enjoyment scale. A, significant difference from traditional session at same time point (p < 0.05), B, significant different from middle of session within same session (p < 0.05). MoS, middle of session, EoS, End of Session, oOutlier higher than 1.5 multiplied by the interquartile range, *Extreme outlier higher than 3 multiplied by the interquartile range.


Comparing effort (RPE) between sessions, post hoc corrections demonstrated a statistically significant higher effort in the superset RT at the middle (p = 0.012, r = 0.54) and post-exercise (p = 0.016, r = 0.53) compared to traditional RT. For the traditional RT session, the effort increased significantly from the middle to post-exercise (p = 0.028, r = 0.49). No difference between middle and post-exercise were observed for the superset RT session (p = 0.368, r = 0.31).

For discomfort (RPD), no statistically significant difference was observed between the sessions in the middle (p = 0.336, r = 0.32) or at the end of the sessions (p = 0.092, r = 0.41). However, a statistically significant difference was demonstrated from the midway to post-exercise of the superset session (p < 0.001, r = 0.62), but not within the traditional session (p = 0.128, r = 0.39).

For blood lactate, there was an interaction effect between time and modality (F = 11.432, p < 0.001, Table 2). The post hoc analyses showed no difference between the modalities before the start of the sessions (p = 0.370, d = 0.17, Table 2). However, in the middle of the session (12.9%, p < 0.001, d = 0.73) and at the end of the sessions (18.3% p < 0.001, d = 0.95), the superset session led to higher lactate values than the traditional session. When analyzing the lactate levels within each modality we observed the same pattern for both modalities. Both sessions led to higher lactate levels at middle (Traditional; 262.5%, p < 0.001, d = 2.56, Superset; 296.6%, p < 0.001, d = 3.47) and end of the session (Traditional; 240.6% p < 0.001, d = 2.59, Superset; 290.9% p < 0.001, d = 3.74), compared to before the start of the session. There were no differences between the middle and the end of session for any of the modalities (Traditional; p = 0.265, d = 0.32, Superset; p = 1.000, d = 0.12).


TABLE 2 Blood lactate values (in mmol/L) for the experimental protocols (mean ± standard deviation).

[image: Table comparing Traditional and Superset exercise sessions. Data shows values at the start, middle, end, and change from start to end of sessions. Superset has higher values in the middle and end, marked with significance: *p < 0.05 for modality, **from traditional.]

The traditional session had a mean heart rate of 128 ± 16 beat per minute (bpm), while the superset session had a mean heart rate of 138 ± 16 bpm. The mean heart rate in the superset session was significantly higher compared to the traditional session (9.9 ± 7.2 bpm, p < 0.001, d = 1.53).

Comparing the total repetitions between sessions, the traditional session had 4.6% more repetitions compared to the superset session (158 ± 18 vs. 151 ± 17 repetitions, p = 0.006, d = 0.54, Table 3), and took 60% longer time to complete (40 ± 2 vs. 25 ± 2 min, p < 0.001, d = 6.62).


TABLE 3 Average repetitions per set performed with ∼10-RM loading (mean ± standard deviation).

[image: A table comparing traditional and superset exercise methods across various workouts. Exercises include leg press, seated bench press, leg extension, seal row, flies, cable triceps extension, reversed flies, and cable biceps curl. Traditional method numbers range from 8.7 ± 2.0 to 13.4 ± 4.7, while superset ranges from 7.9 ± 1.8 to 12.4 ± 4.6.]

Finally, twenty out of the thirty participants reported that they would prefer to continue with superset training if having to choose between the two.



4 Discussion

Consistent with our hypothesis and other studies (14–16, 19), the perceived effort in the superset session in the present study was higher compared to the traditional session. The higher perceived effort in the superset session could be explained by the more intense workout, i.e., same work in a shorter period of time. This would increase the metabolic stress which has been coupled with increased rating of perceived effort (16). This speculation corresponds with our observations of increased levels of blood lactate and average heart rate for the session. Higher levels of blood lactate have been associated with higher perception of effort (15, 16), while heart rate has shown strong relationship with the perception of effort in multiple sports (35). These higher levels of metabolic stress could also explain the tendency for the increased perception of discomfort for the superset session. Higher levels of metabolic stress have shown to increase the perception of fatigue and pain/discomfort (36). Furthermore, it is reported that the perceived effort and discomfort have a significant, but weak correlation to each other (30). Therefore, the increase in both could partly be explained by each other.

Notably, the increased perception of effort and discomfort did not lead to a change in perception of pleasure/displeasure or enjoyment between the sessions. These findings were in contrasts with previous studies indicating that the perception of effort has a negative association with the feelings of pleasure/displeasure scale (32, 37, 38). For example, Almeida et al. (38) compared traditional resistance training with more intense modalities using shorter rest intervals (rest-pause training) or shorter rest intervals and reducing intensity (sarcoplasmatic stimulating training) in male bodybuilders. The results showed an increased perception of effort and discomfort, and reduced pleasure for the two more intense modalities compared to traditional training. Importantly, the differences in study design and training experience makes it difficult to compare the findings to our results. More similar to our design, Andersen et al. (19) compared the perception of pleasure/displeasure (sPDF) and enjoyment (EES) between superset and traditional RT in a whole-body RT session and demonstrated a tendency for the superset session to be perceived as more pleasurable (p = 0.059) while there was no change for enjoyment (p = 0.661). Of note, in contrast to our population, the population in Andersen et al. (19) had a mean average resistance training experience of 8.4 (±6.6) years, which may indicate they are more used to and find more pleasure in the more intense superset RT.

There were no changes in the perception of pleasure/displeasure or enjoyment from the middle to post-sessions. In contrast, most people (>95%) experience an immediate positive response (i.e., affective rebound effect) after cessation of aerobic exercise (39). It has been suggested that the affective rebound effect becomes evident after exercise leading to an affective decline. In our study the rating of perceived enjoyment and pleasure were generally high during the sessions, which arguably could reduce the potential of a rebound effect. These explanations are consistent with previous studies suggesting that the affective rebound effect is less pronounced in resistance training exercises (40, 41).

In the present study, a 4.4% decrease in total completed repetitions were observed in the superset session compared to traditional session when performing sets to voluntary failure. This is a similar decrease in repetitions (4.2%) as the participants in Andersen et al. (19). Of note, previous studies have reported similar volume (15, 42) or higher volume (13, 20) conducting superset compared to traditional RT. However, these studies are limited by only examining two exercises (13, 15, 20, 42). The findings in our study supports the notion that the decrease in volume first becomes apparent in RT sessions when including several exercises. This is strengthened when comparing the repetitions between the first two exercises in our study, resulting in no difference between the protocols (difference: 1.8 repetitions, p = 0.119).

The reduction of completed repetitions, i.e., training volume, found in our study could be explained by the increased metabolic stress (i.e., increased blood lactate and heart rate) as a result of reduced time to rest. Less time to rest would reduce the time to restitute between the sets/exercises and increase the metabolic and neuromuscular stress (43, 44). An increase in metabolic stress has been associated with a lower performance in volume due to reduced capacity to sustain muscular force (17). Our finding are comparable to several studies reporting an increased metabolic stress in superset compared to traditional RT (15, 16, 45). Although speculative, over findings may also be a result of increased central fatigue during the superset session (44).

The present study has several limitations which needs to be addressed. First, the participants in the study were unfamiliar with the scales and RT before the start of this project. The lack of RT experience may have affected their responses on the affective outcomes due to pre-assumed expectation, lack of sensation, or stable base-line references of the two RT sessions. Importantly, all participants were familiarized with the questions and scales before the experimental sessions. Furthermore, the sessions were randomized, and the comparisons were within participants possibly nulling out any familiarization effect. Secondly, the study aimed to target approximately 10-RM in each exercise. However, some of the participants in the experimental session managed to lift more repetitions (e.g., 13 and not 10 repetitions on average in the first exercise). We would preferred to have a more similar number of repetitions between the exercises, however and importantly, the sets in both modalities were conducted with the same loading to failure, and the order of the sessions were randomized (i.e., a systematic error affecting both RT sessions). Also, even if the number of repetitions/intensity to some degree extended 10-RM, it could still be argued to be well within an effective intensity for increasing muscle strength, as long as the sets were performed to failure (46). Furthermore, the short-term learning effects between familiarization- and the experimental sessions was potentially reduced by using training machines and not free-weights (47). Still, future studies should investigate individuals’ perceptions to superset across different loading and sets in addition to examine the impact on affective responses over time conducting the two RT session among untrained participants. Lastly, the participants in this study were untrained adults and the findings can therefore not be generalized to other populations.

Interestingly, 20 out of 30 participants choose superset as their preferred sessions if they were to continue RT. The main reasons given for this choice was time-efficiency and a feeling of a harder/more effectful workout. Among the 10 participants preferring traditional RT, the main reasons were a feeling of being able to perform better with the traditional RT and the superset RT was perceived as too strenuous to continue over time. Considering that superset leads to greater metabolic stress (i.e., blood lactate and heart rate) and higher perceived effort, it is of interest how untrained individuals would adhere to superset RT over time. Therefore, from a public health perspective, it would be of interest to conduct longitudinal studies to investigate the efficacy and adherence of prescribing superset as RT modality to untrained adults in real-world settings (i.e., without supervision sessions).

In conclusion, one single session of superset RT was perceived as more effortful and led to higher levels of blood lactate, increased average heart rate, a decrease in volume and took less time compared to a single session of traditional RT in untrained adults. There were no statistically significant differences between the sessions for discomfort, session pleasure/displeasure or enjoyment, however, 20 out of the 30 participants preferred the superset session.
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This study analyze the effect of a single functional neurology session on sports performance, pain perception, fatigue perception and thermographic muscular response in an international female weightlifting athlete with incapacity to tolerate weight. Functional neurology is a discipline leveraging neuroplasticity for non-invasive recovery and performance optimization. We found how a single session of functional neurology improved load tolerance, enabling her to lift weights at pre-injury levels after just a single session of functional neurology and reduced pain perception from 80 to 0 and fatigue perception from 90 to 20 on a 100-point scale while thermographic data showed up to a 15% decrease in body temperature indicating reduced inflammation and improved muscle recovery. Then, we found how a single functional neurology intervention produced an improve in sports performance, pain and fatigue perceptions, and peripheral vascular response in an inter-national female weightlifting athlete with an initial incapacity to tolerate weight. This supports the incorporation of functional neurology into sports rehabilitation, under-scoring its potential in optimizing athletes' health and performance.
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1 Introduction

Functional neurology represents a pivotal shift in the approach to healthcare for international athletes, leveraging the inherent plasticity of the nervous system to optimize performance and recovery. This discipline, emerging from the broader field of chiropractic medicine, emphasizes a paradigm where the functionality of the nervous system is central to overall health and athletic performance. Unlike traditional medical treatments, functional neurology avoids pharmaceuticals and invasive procedures in favor of manipulative therapies and sensory-based interventions designed to stimulate neuroplastic changes within the brain and nervous system (1, 2). These interventions capitalize on the capacity of the nervous system to adapt and reorganize throughout life, challenging the outdated notion that significant neuroplasticity is confined to early developmental stages (2).

In the domain of high-performance sports, the demands on an athlete's nervous system are immense and multifaceted, making functional neurology particularly relevant (3–5). Athletes constantly seek innovative strategies to enhance their performance, minimize injury risk, and accelerate recovery. Functional neurology addresses these needs by targeting neurological dysfunctions through specific interventions designed to improve balance, proprioception, and vestibular function, which are fundamental for maintaining equilibrium, coordinating movements, and executing complex maneuvers with precision (6, 7).

The use of infrared thermography (IRT) in sports medicine complements this approach, offering a non-invasive technique to monitor physiological responses, detect thermal imbalances, and identify areas of potential injury (8, 9). IRT has demonstrated utility in analyzing temperature distribution patterns, which correlate with inflammation or muscular stress, enabling practitioners to identify areas at risk and customize training regimens accordingly (8, 10). Recent studies have highlighted its potential to detect early signs of stress, inflammation, and muscle imbalance, underscoring its growing role in sports rehabilitation and injury prevention (11, 12). Moreover, IRT provides a valuable tool for evaluating the effectiveness of interventions, such as functional neurology, by monitoring changes in skin temperature that may reflect underlying physiological and neurological adaptations (13).

Despite its potential, functional neurology remains underexplored in the athletic population. While studies have demonstrated the efficacy of neuroplasticity-based therapies in addressing chronic pain and enhancing musculoskeletal function (14, 15), there is limited evidence regarding their application in elite sports settings. The integration of functional neurology with non-invasive diagnostic tools like IRT offers an opportunity to advance the understanding of these interventions in sports medicine. This study aims to analyze the effects of a single session of functional neurology on sports performance, pain perception, fatigue perception, and peripheral vascular response in an elite female weightlifting athlete unable to tolerate load. The initial hypothesis is that a single session of functional neurology may enhance sports performance, reduce pain and fatigue perceptions, and improve peripheral vascular response. The findings of this case study seek to provide preliminary insights into the potential benefits of functional neurology, bridging the gap between theoretical frameworks and practical applications in high-performance sports (16, 17).



2 Methods


2.1 Participant

The study focused on a 30-year-old female elite weightlifting athlete with a height of 160 cm and a weight of 60 kg. The participant had been competing at the international level for over 20 years and was an active member of the national weightlifting team since 2008. Her athletic career included significant achievements, such as being a 14-time National Champion, holding more than 10 national records, and securing podium finishes in events like the Junior European Championships, Senior European Championships, and Mediterranean Games. The athlete presented to the clinic with a primary complaint of severe, persistent pain in the left hip, which had progressively worsened over the past three months, leading to an inability to perform lifts involving significant weight. Her specific performance metrics prior to the onset of symptoms included a personal best of 83 kg in the snatch and 94 kg in the clean and jerk. The patient reported unsuccessful outcomes from previous interventions, including a 6-week physiotherapy program involving manual therapy, targeted exercises, and electrostimulation therapy. These interventions provided only temporary symptom relief and failed to restore her ability to train or compete effectively. She also disclosed a psychosocial impact, expressing frustration and anxiety about her declining performance and the potential impact on her career. A detailed medical history revealed no prior surgeries or significant injuries apart from minor shoulder strains managed conservatively in the past. The patient denied any family history of musculoskeletal or neurological disorders. A baseline psychological assessment indicated mild levels of distress, attributed to her prolonged recovery and competitive pressures. The participant provided written informed consent to participate in the study and to publish the anonymized data, which adhered to the ethical standards outlined in the Declaration of Helsinki and received ethical approval from the University's Bioethics Committee under code 2024-738.



2.2 Procedure

Before and after the functional neurology intervention, we analyzed the following variables:.


	1.Peripheral Vascular Response: Assessed through infrared thermography, capturing changes in blood flow and inflammation indicators. Thermographic images were captured in line with the European Association of Thermology's guidelines (13). The thermographic images were captured of the anterior body and thigh regions. The models for thermographic analysis are presented in Figures 1, 2. Maximal, minimal, and average temperatures were quantified in each specified region delineated in the Figures 1, 2. The thermographic data acquisition was performed using a FLIR ONE Edge Pro (Teledyne FLIR, Oregon, USA), while the analysis of the thermal imagery was conducted utilizing FLIR Tools software. By analyzing these thermographic images, we were able to monitor the distribution of blood flow in various body regions before and after the functional neurology intervention. This method allowed us to quantify the maximal, minimal, and average temperatures in specific areas, which are indicative of the underlying vascular activity. Higher temperatures generally correspond to increased blood flow and potential inflammation, whereas lower temperatures suggest reduced blood flow and inflammation. Through these measurements, we provided objective data on the functionality of blood vessels and flow rates, highlighting the physiological impacts of the intervention on the athlete's vascular system (16).

	2.Pain Perception: Measured with a 0-100 visual analoge scale (VSA) to quantify changes in the athlete's experienced pain levels (18)

	3.Fatigue Perception: Assessed with a 0-100 VSA to evaluate alterations in the athlete's reported fatigue levels (19)
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FIGURE 1
Thermographic modifications before and after the functional neurology treatment in the different body regions.



[image: Thermal imaging comparison of two legs, displaying temperature distribution in color gradients. The left side shows higher temperatures, with readings reaching up to 36.0°C, while the right side is cooler, maxing at 34.1°C, with labeled circles indicating specific measurement points.]
FIGURE 2
Thermographic modifications before and after the functional neurology treatment in the athlete hip.


Measurements were conducted in an environmentally controlled room, maintaining a stable temperature of 22.3°C and a humidity level of 41.4%.



2.3 Functional neurology intervention

The intervention was designed following a comprehensive clinical assessment of the participant's neurological and psychological status. This included evaluations of verbal processing, visual tests for eye tracking and oculomotor reflexes, proprioceptive and motor coordination assessments. This thorough evaluation guided the planning of a tailored neuromodulatory intervention (17, 20). The functional neurology session incorporated evidence-based techniques aimed at enhancing autonomic balance and neuroplasticity. These techniques were adapted from the ®NeuroReEvolution methodology and targeted specific neurological dysfunctions identified during the assessment. The intervention components were as follows:


	1.Vestibular Stimulation: Controlled head movements and positional changes were performed to integrate vestibular inputs with autonomic and brainstem circuits. These movements aimed to improve balance, coordination, and autonomic regulation (21).

	2.Ocular Reflex Activation: Eye-tracking exercises were used to stimulate oculomotor reflexes and enhance visual-motor integration. These guided tasks targeted the improvement of neurological pathways linked to eye movement control and cognitive processing (22).

	3.Proprioceptive Inputs: Gentle tactile stimulation was applied to mechanoreceptive areas, such as the hands and feet, to enhance sensory feedback and neural integration. These inputs aimed to recalibrate proprioceptive signals and improve motor coordination (23).

	4.Neurovisceral Reflex Activation: Light pressure was applied to neurovascular points to stimulate parasympathetic pathways, promoting vagal tone and reducing sympathetic dominance. This technique sought to modulate autonomic balance and enhance the participant's recovery and relaxation responses (22).



The intervention was implemented with a focus on leveraging neuroplasticity to optimize autonomic function, reduce psychological distress, and restore motor coordination. These techniques demonstrated potential for modulating HRV, reducing sympathetic dominance, and promoting parasympathetic activity, addressing the participant's specific needs. By incorporating these approaches, the session provided an integrated neuromodulatory strategy to address the participant's dysregulated autonomic and motor systems while offering immediate benefits in terms of recovery and rehabilitation.



2.4 Diagnostic assessment

The participant, an elite weightlifter, presented to the clinic with complaints of significant pain in her hip, alongside an inability to perform lifts involving substantial weights. This condition, marked by a noticeable intolerance to load and associated discomfort, had increasingly impeded her training and competitive performance. Her specific performance metrics, including a snatch record of 83 kg and a clean and jerk of 94 kg within her weight class, underscore her high standing in the weightlifting community, despite these challenges. A comprehensive diagnostic assessment was performed to identify underlying neurological, autonomic, and musculoskeletal imbalances. The assessment consisted of:


	1.Neurological Evaluation:

	○Verbal and cognitive processing tests were conducted to identify potential delays or asymmetries in hemispheric activity.

	○Eye-tracking and oculomotor reflex tests were performed to evaluate the integration of visual-motor pathways, revealing mild delays in saccadic movements and a dysregulated vestibulo-ocular reflex.




	2.Autonomic Function Testing:

	○Heart Rate Variability (HRV) analysis was employed as a non-invasive measure of autonomic balance, revealing reduced parasympathetic tone and heightened sympathetic dominance, consistent with prolonged physical and psychological stress.




	3.Proprioceptive and Motor Coordination Assessments:

	○Joint position sense tests and balance evaluations highlighted proprioceptive deficits, particularly in the left hip and lower limb, which were associated with compensatory motor patterns.




	4.Thermographic Imaging:

	5.Infrared thermography (IRT) was used to assess skin temperature asymmetries, revealing elevated temperatures in the left hip and thigh region indicative of localized inflammation.




2.4.1 Challenges and reasoning


	•Challenges:

	○The primary diagnostic challenge was differentiating between structural musculoskeletal dysfunctions and neurological dysregulations contributing to the participant's symptoms.

	○The lack of prior functional neurology applications in similar cases limited the availability of comparative data for the assessment and intervention.




	•Reasoning:

	○The diagnostic strategy focused on identifying neurological imbalances and autonomic dysfunctions that could exacerbate musculoskeletal pain and fatigue. By addressing these root causes through neuromodulation, the intervention sought to provide long-term functional recovery.










3 Results and discussion

This case study highlights the potential benefits of functional neurology interventions in addressing the complex demands of elite sports rehabilitation and recovery. The participant demonstrated a significant improvement in load tolerance, enabling her to return to pre-injury performance levels following a single 45 min session. This rapid recovery contrasts with traditional rehabilitation approaches, which often require multiple sessions over weeks or months to achieve similar outcomes (24).

The thermographic analysis revealed a significant reduction in skin temperature across various body regions post-intervention, suggesting a decrease in inflammation and improved vascular function (Tables 1, 2). Elevated skin temperatures are typically indicative of localized inflammation or stress, while reductions may reflect recovery and homeostasis (25). This aligns with prior research demonstrating the efficacy of infrared thermography (IRT) in monitoring physiological responses and identifying stress patterns in athletes (11, 26). For instance, studies have established that thermographic asymmetries can precede injury onset, making IRT a valuable tool for both preventive and evaluative purposes (27, 28). The observed changes in temperature distribution in this study suggest that the functional neurology intervention facilitated vascular and metabolic adaptations conducive to recovery. In addition to thermographic changes, the participant reported a complete resolution of pain, with a reduction from 80 to 0 on a 100-point scale, and a significant decrease in fatigue perception, from 90 to 20. These outcomes are consistent with the principles of functional neurology, which emphasize the modulation of neuroplasticity to address pain and dysfunction (1, 29). Pain reduction can be attributed to the recalibration of maladaptive neural pathways through targeted interventions, such as proprioceptive and vestibular stimulation (2, 30). By disrupting aberrant neural feedback loops, functional neurology interventions enhance the nervous system's capacity to adapt and restore function (31).


TABLE 1 Modification of temperature (°C) before and after the functional neurology intervention in different body regions.

[image: A table compares temperature readings in anatomical regions before and after a treatment. It includes maximum, minimum, and average values for each region, as well as percentage changes. Each region, such as the head, arms, abdomen, chest, thighs, and calves, shows a decrease in maximum, minimum, and average values after treatment, with percentage changes indicating a general decrease in temperature across all regions.]


TABLE 2 Modification of temperature (°C) before and after the functional neurology intervention in thighs.

[image: A table compares temperature data for different regions of the legs before and after an intervention. It includes columns for maximum, minimum, and average temperatures both pre- and post-intervention, along with percentage changes for maximum, minimum, and average values. Each leg region shows decreases in all temperature metrics.]

The significant decrease in fatigue perception observed in this study may reflect improvements in autonomic balance. Fatigue is often associated with dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis and increased sympathetic activity, which can lead to heightened energy expenditure and impaired recovery (32, 33). By incorporating neuromodulatory techniques such as vestibular stimulation and neurovisceral reflex activation, the intervention likely promoted parasympathetic activity and reduced sympathetic dominance, as evidenced by prior studies linking such techniques to HRV modulation (17, 34).

The results also underscore the importance of incorporating non-invasive, neuroplasticity-based methods into elite sports rehabilitation. Traditional physiotherapy and recovery strategies, while effective, often rely on passive or repetitive protocols that may not adequately address the neurological underpinnings of pain and fatigue (24, 35). In contrast, functional neurology leverages a systemic approach to optimize the interplay between the nervous system and the musculoskeletal system. This approach is particularly relevant for high-performance athletes, where the integration of sensory, motor, and autonomic systems is critical for peak performance (5, 7).

The integration of IRT as a diagnostic and evaluative tool in this study complements the principles of functional neurology by providing objective evidence of physiological changes. Prior studies have demonstrated the utility of IRT in identifying thermal asymmetries associated with inflammation and muscle stress, highlighting its role in sports medicine for monitoring training loads and recovery (11, 26, 27). For example, Marins et al. (25) discussed how reduced thermographic temperatures following intervention might indicate a decrease in metabolic activity and inflammation, aligning with the findings in this case. Furthermore, Hildebrandt et al. (24) emphasized the relevance of IRT in detecting early signs of musculoskeletal stress, supporting the observed improvements in this study.

The participant's pain reduction can also be contextualized within the broader framework of neuroplasticity-driven interventions. Neuroplastic changes induced by functional neurology have been shown to recalibrate the nervous system's response to pain, reducing maladaptive feedback and restoring functional balance (29, 30). Stone et al. (31) and Pelletier et al. (34) demonstrated that targeted sensory and proprioceptive stimuli could disrupt entrenched nociceptive pathways, allowing for the formation of healthier neural circuits. This mechanism likely contributed to the participant's rapid improvement in pain perception and overall functionality.

Another critical finding was the significant reduction in fatigue perception, which can be linked to improvements in autonomic regulation. Fatigue in elite athletes often stems from an imbalance in autonomic function, particularly an overactive sympathetic response and inadequate parasympathetic recovery (32, 33). By employing techniques such as vestibular stimulation and neurovisceral reflex activation, the intervention facilitated autonomic balance, likely reducing the participant's energy expenditure associated with compensatory mechanisms (17, 34). Studies by Shaffer and Ginsberg (17) have underscored the impact of neuromodulatory techniques on HRV improvement, reflecting enhanced parasympathetic tone and reduced physiological stress.

The broader implications of these findings suggest that functional neurology could play a transformative role in sports rehabilitation by offering a systemic and individualized approach to recovery. Unlike conventional methods that often address symptoms in isolation, functional neurology integrates sensory, motor, and autonomic interventions to target the root causes of dysfunction. This approach aligns with emerging research advocating for multidisciplinary rehabilitation protocols that incorporate neuroplasticity-based therapies (5, 24). However, the results must be interpreted with caution, as this study focused on a single case without longitudinal follow-up or a control group, limiting the generalizability of the findings.

Future research should aim to validate these preliminary results through randomized controlled trials and longitudinal studies that assess the efficacy of functional neurology interventions across diverse athletic populations. Additionally, incorporating objective biomarkers, such as HRV, inflammatory markers, and neuroimaging data, could provide further insights into the mechanisms underlying the observed benefits. The use of IRT as a monitoring tool in such studies could also enhance the understanding of physiological changes associated with functional neurology. This case study illustrates the potential of functional neurology as a non-invasive and neuroplasticity-driven intervention for elite athletes, addressing key aspects of pain management, fatigue reduction, and physiological recovery. While the results are promising, further research is needed to establish standardized protocols and determine the long-term impact of these interventions on athletic performance and rehabilitation.

Further research into the mechanisms underlying these observed changes, including the role of neuroplasticity in mediating the effects of functional neurology interventions, will be crucial in advancing our understanding of how these approaches can be optimized to support pain management and rehabilitation. The exploration of thermographic changes as a proxy for physiological improvements offers a valuable tool for quantifying the impact of these interventions, providing a bridge between subjective experiences of pain relief and objective evidence of physiological change.


3.1 Follow-up and outcomes


3.1.1 Clinician-assessed outcomes

The intervention was evaluated using objective metrics, including infrared thermography (IRT), pain perception, and fatigue perception scales. Post-intervention IRT data showed a 10%–15% reduction in skin temperature across the left hip and thigh regions, suggesting reduced inflammation and improved vascular response. The clinician also noted improvements in joint stability and proprioceptive function during follow-up assessments conducted one and three weeks after the intervention. These assessments confirmed sustained improvements in motor coordination and functional load tolerance.



3.1.2 Patient-assessed outcomes

The participant reported a complete resolution of pain within 24 h post-intervention, with Visual Analogue Scale (VAS) scores decreasing from 80 to 0. Fatigue perception, measured using a 100-point scale, reduced from 90 to 20. Additionally, the patient expressed psychological relief and increased confidence in returning to competition, highlighting the intervention's positive impact on both physical and emotional well-being.



3.1.3 Intervention adherence

The participant complied fully with the intervention protocol, including the prescribed rest and gradual reintroduction to weightlifting exercises following the session. Adherence was facilitated by detailed guidance provided by the clinician and regular check-ins to monitor progress.



3.1.4 Adverse and unanticipated events

No adverse or unanticipated events were reported during or after the intervention. The participant experienced no discomfort or side effects, and follow-up sessions confirmed the absence of any negative outcomes.



3.1.5 Patient perspective

The patient expressed profound relief and satisfaction with the outcomes of the intervention. Within 24 h of the session, she reported a complete resolution of hip pain and a significant reduction in fatigue, describing the experience as “transformative” for her athletic performance and overall well-being. She noted that the absence of pain allowed her to regain confidence in her ability to return to high-level competition, which had been severely impacted by her prolonged injury and prior failed rehabilitation attempts. The participant also highlighted the immediate improvement in her physical comfort and psychological state, stating that the intervention provided “a renewed sense of hope and control” over her recovery process. She found the non-invasive nature of the treatment particularly appealing and expressed enthusiasm for the integration of such approaches into sports medicine. Overall, the patient regarded the intervention as a pivotal moment in her rehabilitation journey, attributing her rapid recovery and emotional resilience to the targeted and individualized nature of the functional neurology techniques employed.





4 Conclusion

This case study demonstrates the potential of functional neurology as an innovative, non-invasive approach to sports rehabilitation, yielding significant improvements in pain perception, fatigue, and thermographic indicators of inflammation and vascular response after a single tailored session. By leveraging neuroplasticity and autonomic modulation, the intervention addressed underlying dysfunctions, offering promising preliminary results for recovery and rehabilitation in elite athletes. However, the findings should be interpreted cautiously due to the single-case design and lack of longitudinal follow-up. Future research with larger samples, standardized protocols, and objective biomarkers is needed to validate these results and explore the broader applications of functional neurology in sports medicine.
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Introduction: The aim of this study was to investigate the associations between subjective and objective measures of stress and load in elite male handball players at both the group and individual levels.



Methods: In this 45-week prospective cohort study, 189 elite male handball players weekly reported their perceived stress and load across training, competition, academic, and work domains. Blood samples were collected five times during the 2022/23 season to measure cortisol and the free testosterone to cortisol ratio (FTCR). We derived a “load” variable as the sum of training, competition, academic and work hours and calculated acute, chronic, and acute-to-chronic ratio variables for both load and stress. Associations between subjective and objective measures were analyzed using Spearman’s rank correlation.
Results: Weak to moderate positive associations were found between load and perceived stress (r = 0.19 to 0.46, p < 0.001), and between perceived stress and cortisol (r = 0.10, p = 0.023). Weak negative associations were found between perceived stress and FTCR (r = −0.18 to −0.20, p < 0.001) and between load and FTCR (r = −0.13, p = 0.003). A total of 86% of athletes had positive associations between stress and load (47% weak, 34% moderate, 5% high); 78% between stress and cortisol (27% weak, 22% moderate, 29% high); and 63% demonstrated negative associations between FTCR and load (18% weak, 32% moderate, 13% high).
Conclusion: This study highlights the complexity between subjective and objective measures of stress and load in athletes. Understanding the link between these measures may help coaches and sports scientists streamline athlete monitoring. In cases where moderate to strong associations exist, subjective measures might serve as a reliable substitute for objective ones, making the monitoring process more time- and cost-efficient.
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stress, subjective perception, training load, academic load, weekly athlete monitoring, cortisol


1 Introduction

Athletes operate within a complex interaction of physical, psychological, and environmental stressors, all of which impact their performance, well-being, and health. Among the various factors influencing performance and health status, stress and load play crucial roles, exerting direct and indirect effects on athletes’ physiological and psychological states (Drole et al., 2023; Hamlin et al., 2019).

In order to optimize performance, prevent overreaching and potential health problems, athlete monitoring is incorporated into daily sports practice (Foster, 1998; Halson, 2014; Soligard et al., 2016). Effective athlete monitoring involves assessing both external and internal loads through subjective and objective measures to achieve a comprehensive understanding of athletes’ well-being (Soligard et al., 2016). Subjective measures, such as athletes’ self-reported perceptions of stress, fatigue, and mood, provide valuable information about their subjective experiences and mental states. Objective measures, including biochemical markers and training load metrics, offer complementary insights into athletes’ physiological responses and adaptation processes. Furthermore, devices such as wrist-worn monitors, smart watches, and chest straps can complement athlete monitoring with continuous, non-invasive measurements of physiological parameters like heart rate, sleep quality, skin temperature and movement patterns. By combining these measures, athlete monitoring programs can identify potential health issues early, mitigate injury/illness risks, optimize training loads, and enhance performance outcomes (Foster, 1998; Schwellnus et al., 2016).

However, certain objective measures, such as salivary or blood-derived biomarkers, are expensive and often unavailable for everyday use. Therefore, there is a need for time- and cost-effective methods for monitoring athletes’ responses, making it essential to understand the relationship between subjective and objective measures of stress and load (Saw et al., 2016). This understanding could help coaches and sports scientists streamline their monitoring processes, by relying more on accessible and affordable subjective measures without compromising accuracy.

Previous research has highlighted the associations between subjective measures, such as psychological questionnaires, and various objective markers, including cortisol levels (Jürimäe et al., 2004), cytokines (Main et al., 2009), heart rate variability (Immanuel et al., 2023; Miyatsu et al., 2022), and training load parameters (Umeda et al., 2008). A recent systematic review of 56 studies has shown that subjective measures are more sensitive and consistent than objective measures in determining response to both acute and chronic training loads (Saw et al., 2016). However, the authors could not confirm consistent associations between subjective and objective measures, due to methodological heterogeneity, such as differing measures, sampling frequencies, and statistical methods used in original studies (Saw et al., 2016). Moreover, none of the studies included in this review (Saw et al., 2016) or the published literature accounted for non-sport-related stressors when investigating associations between subjective and objective measures. Many athletes pursue an educational or professional path outside of their athletic career (i.e., dual career), which adds additional loads and stressors to their sports-related load (Drole et al., 2023). Incorporating these stressors, particularly those related to dual careers, is crucial, as balancing academic or professional responsibilities with training can lead to mental and physical fatigue, influencing both subjective perceptions of stress and objective physiological markers (Hamlin et al., 2019; Lopes Dos Santos et al., 2020; Mann et al., 2016; Pimenta et al., 2021).

Therefore, our study aimed to: (i) investigate the associations between subjective and objective measures of stress and load in athletes. Specifically, we investigated how athletes’ perceptions of stress are associated with physiological biomarkers of stress such as cortisol levels and free testosterone to cortisol ratio (FTCR), as well as with objective measures of load, such as sport-specific, academic and work load. Secondly, we aimed to (ii) investigate the individuals’ associations between selected subjective and objective measures to determine the percentage of athletes with weak, moderate, or high associations, thereby identifying the proportion of athletes in which subjective reporting align well with objective measures.



2 Materials and methods


2.1 Study design and participants

This study was designed as a prospective cohort study and was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) (Cuschieri, 2019) guidelines and A CHecklist for statistical Assessment of Medical Papers (CHAMP) (Mansournia et al., 2021). The sample size was calculated prospectively based on predefined parameters and is detailed in the previously published study protocol (Drole et al., 2023).

We invited first men handball league players (Tier 4: Elite level) (McKay et al., 2022) to participate in the study and screened them with the following inclusion criteria: male handball players above 18 years of age, who are competing in the first Slovenian handball league. If they met the criteria and agreed to participate, athletes and team staff were informed about the study purpose and asked to sign the participation consent. We conducted the study in accordance with the latest version of the Declaration of Helsinki and approved by the National Medical Ethics Committee of Slovenia (number: 0120-109/2022/3). The study was prospectively registered on Clinical Trials.gov (registration number: NCT05471297).



2.2 Materials and procedure

We followed the athletes through 45 weeks between July 19th 2022 and June 2nd 2023 during the entire 2022/23 handball season, according to the previously published protocol (Figure 1) (Drole et al., 2023).


[image: Circular timeline outlining measurements during preparatory, teaching, and competition periods, with weekly measurements in the center. Baseline includes sociodemographic and sports career characteristics, LESCA, and biomarkers. Final measurements repeat these. Second to fourth timepoints focus on biomarkers. Acronyms explained at the bottom.]

FIGURE 1
Assessment plan. Adapted and reused with permission from Drole et al. (2023), originally published in BMJ Open, 2023. doi: 10.1136/bmjopen-2022-069104.



2.2.1 Subjective measures

Athletes weekly reported their perceived stress on a 10-point scale (1 = no stress, 10 = extreme stress), which we defined as a subjective measure of stress (Lesage et al., 2012). This utilization of a single question to rate perceived stress on a visual analogue scale (VAS), instead of several long questionnaires is widely used in clinical setting, and was recommended for research as well (Mitchell et al., 2008). Previous studies have confirmed good validity (Cox and Davison, 2005), sensitivity (Lesage et al., 2012), high inter-rater reliability (Berjot et al., 2011; Lesage and Berjot, 2011) and associations between the stress VAS and other tools to assess stress (Cohen et al., 1983; Lesage and Berjot, 2011).



2.2.2 Objective measures


2.2.2.1 Load

Together with their support staff (coaches, strength & conditioning coaches and physiotherapists), the athletes reported weekly loads (in hours) in four domains:


(I)Training load: was segmented into sport-specific (handball) training and strength & conditioning training;

(II)Competition load: measured in minutes of games played, which were converted into hours for the purpose of statistical analysis;

(III)Academic load: lectures, exams, practical courses and study hours;

(IV)Work load: additional employment alongside athletic career.



A new variable, “load” was derived as a sum of training, competition, academic and work load and expressed in hours.

Moreover, acute (A), chronic (C) and acute to chronic ratio (ACR) were calculated for both load and perceived stress. The acute variable was accounted for the value of the measurement week, while the chronic variable was averaged over the week of measurement and the three preceding weeks. Additionally, we determined the ACR by the following formula, where A is the “acute workload” (workload carried out in the last 7 days) and W1, W2 and W3 are the workloads carried out in the previous 3 weeks: (Gabbett et al., 2016; Murray et al., 2017)

[image: Equation for calculating ACR: A divided by 0.25 times the sum of W1, W2, W3, and A.]

ACR for perceived stress was calculated using the same formula.



2.2.2.2 Blood biomarkers

Blood samples were collected five times throughout the 2022/23 season (before/after: preparatory period, competition period, off-season period). All samples were taken between 07:00 and 9:00 in the morning, in a quiet room with an optimal temperature setting at handball facilities. Cortisol and FTCR were defined as objective measures of stress and load, respectively. Athletes were instructed to avoid strenuous exercise the day before. Two blood samples were drawn from the antecubital vein using BD Vacutainer® SST II Advance Tubes containing polymer gel, by an experienced nurse while the subjects were seated. The samples were then centrifuged for 10 min at 1,500×g (Tehtnica, Centric 160). Post-centrifugation, the samples were placed in specialized containers to maintain the appropriate temperature and transported to a laboratory for analysis. Cortisol levels in the serum were measured using an electrochemiluminescence assay (Cobas e411 analyzer, Roche Diagnostics, Mannheim, Germany), with a detection limit of 0.5 nmol/L. Free testosterone was calculated from testosterone, SHBG, and albumin using the Vermeulen equation (Vermeulen et al., 1999). Serum testosterone and SHBG were also measured with an electrochemiluminescence assay (Cobas e411 analyzer, Roche Diagnostics, Mannheim, Germany), with detection limits of 0.09 and 0.35 nmol/L, respectively. Albumin levels in the serum samples were measured spectrophotometrically using bromocresol green (Alinity analyzer, Abbott Laboratories, Illinois, USA), with a detection limit of 10 g/L.





2.3 Statistical analysis

We conducted the statistical analysis using the SPSS software (version 29.0, IBM Inc, Chicago, United States of America). Descriptive statistics were used to summarize demographic characteristics of subjects and outcomes of interest, and are presented as mean ± standard deviation. To enable individual comparisons, we normalized each player’s load to their maximum value and used this value for all further analyses involving the “load” variable. Next, the normality of data distribution using the Shapiro–Wilk test was tested. Due to the non-normal distribution of most of the data of interest we used the Spearman’s rank correlation to investigate the associations between subjective and objective measures of load and stress. This included examining the associations between load (A, C, ACR) and perceived stress (A, C, ACR), load (A, C, ACR) and cortisol levels, load (A, C, ACR) and the FTCR, and perceived stress (A, C, ACR) and cortisol levels. Further, we conducted sub-analyses at the individual level to determine the percentage of athletes with weak, moderate, or high associations between selected subjective and objective measures of stress and load. The following thresholds of the correlation coefficient were used to assess magnitude of the relationships analyzed: weak ≤ 0.35; 0.36 ≤ moderate < 0.67; 0.68 ≤ high < 1 (Taylor, 1990). Statistical significance for all analyses was accepted at p ≤ 0.05.




3 Results

Initially, we enrolled 189 athletes in the 45-week prospective study. After accounting for dropouts, and considering that two and six teams, respectively, started the season 1 and 2 weeks later, we included a total of 7,946 observations involving all measures of interest (perceived stress, load, and biomarkers) in the final analysis. The overall response rate was 91%. The athletes’ characteristics, playing history and load exposure are presented in Table 1. Terms in Table 1, such as “Weekly Training Load” and “Perceived Stress,” are explained in detail in the Methods section under “2.2.1 Subjective measures” and “2.2.2 Objective measures.”


TABLE 1 Participants’ characteristics.

[image: Table showing participants' characteristics (N = 189). Age: 23.3 ± 4.4 years, Height: 188.9 ± 6.3 cm, Weight: 92.4 ± 11.3 kg, BMI: 25.9 ± 2.3 kg/m². Handball experience: 13.8 ± 4.4 years, Weekly training load: 8.6 ± 4.4 hours, Weekly competition load: 0.3 ± 0.4 hours, Weekly academic load: 3.7 ± 7.6 hours, Weekly work load: 5.2 ± 12.3 hours, Perceived stress: 4.8 ± 1.8. Data presented as mean ± standard deviation.]


3.1 Associations between perceived stress, load and biomarkers

Figure 2 shows the association between different measures of load and stress. Weak to moderate associations were observed between load and perceived stress (weak, r = 0.19, p < 0.001), load and acute perceived stress (weak, r = 0.33, p < 0.001), acute load and acute perceived stress (weak, r = 0.35, p < 0.001), and load ACR and perceived stress ACR (moderate, r = 0.46, p < 0.001). Weak associations were observed between perceived stress and biomarkers. Specifically, perceived stress had a weak positive association with cortisol (r = 0.10, p = 0.023), and a weak negative association with FTCR (r = −0.18, p < 0.001). Similarly, acute perceived stress showed a weak negative association with FTCR (r = −0.21, p < 0.001), whereas perceived stress ACR had a weak positive association with cortisol (r = 0.11, p = 0.036). Additionally, there was a weak negative association between load and FTCR (r = −0.13, p = 0.003) (Figure 2).


[image: Correlation matrix heatmap displaying relationships between variables: Load (A), Load (C), Load (ACR), Stress, Stress (A), Stress (C), Stress (ACR), Cortisol, and FTCR. Values range from -0.43 to 1.00, with a color gradient from red (negative) to green (positive) indicating correlation strength.]

FIGURE 2
Subjective - objective measures associations heat map. The color intensity represents the strength of the correlations, with darker hues indicating stronger associations. All the associations are significant (p < 0.05). This visualization provides insight into the associations between subjective and objective measures of stress and load.




3.2 Individual associations between perceived stress, load and biomarkers

The results showed varying percentages of individuals whose measures were weakly, moderately, or highly associated; both positively and negatively (Figure 3). When perceived stress and load were considered, 47, 34, and 5% of athletes had weak, moderate, and high positive associations, respectively, whereas 12, 1, and 1% of athletes had weak, moderate, and high negative associations, respectively. For the association between perceived stress and cortisol, 27, 22, and 29% of athletes showed weak, moderate, and high positive associations, respectively, while 13, 7, and 2% exhibited weak, moderate, and strong negative associations, respectively. Similarly, for the association between load and FTCR, 26 and 11% of athletes showed weak and moderate positive associations, whereas 18, 32, and 13% demonstrated weak, moderate, and high negative associations (Figure 3).


[image: Bar chart showing the percentage of athletes by strength of association categories. Weak positive is highest, with percentages for stress and load at forty-seven, stress and cortisol at twenty-seven, and FTCR and load at twenty-six. Moderate positive shows thirty-four, twenty-two, and eleven. High positive is twenty-nine, zero, and five. Weak negative shows twelve, thirteen, and eighteen. Moderate negative is one, seven, and thirty-two. High negative is one, two, and thirteen.]

FIGURE 3
Athletes divided into groups by strength of associations between selected subjective and objective measures. The groups (e.g., high, moderate, and weak associations) highlight variability in how subjective measures align with objective measures. Key measures include perceived stress, load, cortisol and free testosterone to cortisol ratio (FTCR).





4 Discussion

The main aim of this prospective cohort study was to investigate the associations between subjective and objective measures of stress (VAS, cortisol), FTCR and sport-, academic- and work-load in Slovenian elite male handball players on group level and individual basis. From the practical perspective, we aimed to provide guidance to all handball practitioners whether rather costly and time-consuming invasive measures of blood biomarkers could be replaced with subjective measures of athletes’ well-being.

To the best of our knowledge, this is the first study to take holistic approach in defining load by including athletes’ non-sports-related loads and examining these associations in a large sample representing the first men’s handball league. Our findings revealed weak to moderate associations between subjective and objective measures of stress and load when analyses were conducted on the entire sample, and high variability among individuals.


4.1 Load and stress

Monitoring athletes’ internal training loads in response to external loads is crucial for assessing whether they are effectively adapting to their training program. We observed weak to moderate positive associations between load and perceived stress. The strongest relationship (moderate, r = 0.46) was identified between the load ACR and the perceived stress ACR. This suggests that fluctuations in load over time and accumulation of load are mirrored by changes in acute perceived stress levels, highlighting the importance of considering both short-term and long-term load management in training programs. Our results align with findings from a systematic review on 56 studies investigating athletes of various ages and levels of competition that show impaired well-being with increased training load and vice versa, confirming that subjective measures respond in a dose-dependent manner to training load (Saw et al., 2016). Several previous studies have shown the influence of training load on stress (Bok et al., 2022; Nobari et al., 2020; Nobari et al., 2023). Fullagar et al. (2017) found that well-being variables such as sleep quality, delayed onset of muscle soreness (DOMS), energy level and overall wellness were at their lowest the day after a rugby league or American football match and did not recover to baseline levels for at least 4 days. Another study demonstrated that the training loads performed in the previous week strongly affected rates of perceived exertion, with medium ratings of perceived exertion providing the highest predictive accuracy for subsequent training outcomes (Rossi et al., 2019). Furthermore, Nobari et al. (2020) observed the highest values of fatigue, DOMS and stress at the end of the season, and the lowest values of sleep and stress in the early season, indicating the chronic effect of training and competition load on well-being parameters. Recent research also suggests that high training loads, without adequate recovery, can lead to chronic stress and increased risk of burnout, which supports the need for comprehensive load management strategies (Brenner and Watson, 2024; Malone et al., 2018).

Additionally, stress from non-training-related sources, such as work or social life, and the balance between training and recovery, can exacerbate training-related stressors (Jeffreys, 2005). Our study extends these findings by also considering non-training-related stressors, such as academic and work-related loads, recognizing the significant impact of total load on athlete’s perceived stress. This comprehensive approach provides a more holistic understanding of the various factors influencing athletes’ well-being and underscores the importance of integrating both training and non-training stressors in stress and load monitoring systems.



4.2 Stress and biomarkers

Compared to the consensus of a recent systematic review on the association between stress and cortisol in athletes (Saw et al., 2016), our study revealed a significant but weak-to-moderate positive association between perceived stress and cortisol levels. This finding indicates that higher cortisol levels correspond to athletes’ heightened perceptions of stress, which aligns with existing literature identifying cortisol as a key biomarker of physiological stress response (Russell and Lightman, 2019). However, it is important to acknowledge that stress perception is influenced by range of psychological and contextual factors, meaning each athlete responds to stress differently. Consequently, the variability in associations observed among athletes may reflect that elevated cortisol levels do not consistently correspond to heightened stress perception in every individual. In the context of athletes, cortisol levels can rise significantly during periods of intense physical activity and psychological stress, making it a reliable indicator of overall stress levels (Kraemer and Ratamess, 2005). Elevated cortisol levels not only reflect acute stress responses but also chronic stress exposure, which in the next step can impair recovery and performance (Arnsten, 2009; Russell and Lightman, 2019). Moreover, the positive association between perceived stress and cortisol levels suggests that athletes’ subjective experiences of stress are linked with physiological adaptations.

Conversely, we found negative associations between perceived stress and FTCR. A lower FTCR, indicative of higher cortisol levels and/or lower testosterone levels, was most pronounced for the acute perceived stress variable. This association suggests that the hormonal imbalance reflected in the FTCR can significantly impact athletes’ perceptions of stress in the present moment. Previous studies have demonstrated that acute cortisol responses increase with substantial training stress, indicating a direct association between training load and cortisol levels (Häkkinen and Pakarinen, 1993; Kraemer et al., 1993). Consequently, during periods of high training stress, the body’s catabolic processes may dominate, leading to elevated cortisol levels (Fry et al., 1991). The (free) testosterone to cortisol ratio has been proposed as a potential marker for the anabolic/catabolic status of athletes, with a lower ratio indicating increased stress and catabolism (Adlercreutz et al., 1986). Elevated cortisol during periods of increased load can disrupt the anabolic/catabolic balance, exacerbating stress perceptions and potentially leading to symptoms of overtraining.



4.3 Load and biomarkers

In addition to the stress-related findings, we observed a negative association between load and the FTCR. Higher loads were associated with decreased FTCR, further supporting the notion that intense physical and psychological exertion can alter hormonal balance in ways that might affect both performance and recovery (Drole et al., 2024). This finding is consistent with the existing literature, where decreased FTCRs were observed with overreaching in several sports, such as rowing (Vervoorn et al., 1991), cycling (Hoogeveen and Zonderland, 1996), handball (Drole et al., 2024), and rugby (Maso et al., 2004). This relationship underscores the need for careful monitoring and management of training loads to maintain optimal hormonal balance and performance.



4.4 Variability in individual-level associations between subjective and objective measures of stress and load

With analyses on the individual level, we aimed to determine the percentage of athletes with weak, moderate, or high associations, thereby identifying the proportion of athletes in which subjective reporting aligns well with objective measures. Additionally, we aimed to estimate the number of athletes for whom subjective measures alone might be sufficient. We found high variability, indicating athletes have varying magnitudes and directions of associations between selected subjective and objective measures. This variability underscores the necessity for personalized training and stress management strategies that consider individual physiological and psychological profiles. The variabilities observed in the associations between subjective and objective measures of stress and load can be attributed to various biological and psychological factors. Biological variations, such as fluctuations in hormone levels, play a significant role. For example, individual differences in cortisol and testosterone concentrations can influence stress responses and recovery rates. Hormonal fluctuations are not uniform across individual athletes and can be affected by numerous factors including genetics, age, sex, lifestyle beyond sport, and overall health (Cappola et al., 2023). Genetic predispositions, such as polymorphisms in genes related to stress regulation may modulate the body’s hormonal or neural response to stress. Catechol-O-methyltransferase (COMT) rs4680 and brain-derived neurotrophic factor (BDNF) rs6265 are two of the most extensively studied single-nucleotide polymorphisms associated with stress responses (Armbruster et al., 2012; Chen et al., 2004; Cotman and Berchtold, 2002; Kang et al., 2013; Kim et al., 2010; Shalev et al., 2009). Increases in BDNF promote neurogenesis, resilience to brain damage, and improved cognitive function (Cotman and Berchtold, 2002). The COMT Val158Met (rs4680) polymorphism affects dopamine availability in the prefrontal cortex by increasing enzymatic activity (Chen et al., 2004). The BDNF Val66Met polymorphism has been shown to interact with recent life stress and influences hypothalamic–pituitary–adrenal (HPA) axis reactivity to psychological stress (Kim et al., 2010; Shalev et al., 2009). Beyond genetics, lifestyle factors such as poor sleep and sleep deprivation are major sources of psychological and physiological stress (de Almondes et al., 2021; Lo Martire et al., 2024; Meerlo et al., 2008; Van Laethem et al., 2015). Dietary habits, alcohol or caffeine consumption can further impact stress physiology and recovery capacity. Although moderate caffeine consumption has several beneficial acute effects, such as enhanced mood, alertness (Ferré, 2008; Lorist and Tops, 2003) and improved exercise performance (Guest et al., 2021), a substance methylxanthine also serves as an antagonist of adenosine receptors, boosting brain energy metabolism while reducing cerebral blood flow. This causes hypoperfusion, activation of norepinephrine neurons, and affects dopamine release, contributing to heightened stress and anxiety (Nehlig et al., 1992; Nehlig, 2016). Additionally, environmental factors such as seasonal variations, travel-related stress, or disruptions in circadian rhythms (e.g., jet lag) may confound the relationship between subjective and objective measures. On the other hand, psychological factors, including individual perceptions of stress, also contribute to these variabilities. Perception of stress is highly subjective and can vary widely among athletes. Factors such as past experiences, mental health, coping mechanisms, and support systems all shape how an individual perceives and responds to stress (Cohen and Wills, 1985; Wang et al., 2021). For instance, athletes with higher resilience or better coping strategies may perceive the same level of stress as less taxing compared to those with less effective coping mechanisms (Palamarchuk and Vaillancourt, 2021; Yalcin-Siedentopf et al., 2021). Various other factors such as education, age or training experience can moderate this effect as well. Another interesting observation was found as a result of our study, that is, either small or large samples can blur the actual associations. Therefore, although we aim to have large, representative samples, the associations should always be investigated within the specific population of interest and considered in the context of clinical settings and practice.

Although we confirmed high variability between individuals, we found that in the majority of individuals subjective measures are aligned well with objective measures. If we only consider moderate and high associations, the objective measures could be replaced with subjective measures in approximately ½ of the athletes. Thus, in general, the proposed measures are useful for monitoring stress and load in athletes. In the real-world setting, sports practice usually deals with smaller samples, such as teams or individuals. Therefore, understanding how each team and individual perceives his/her stressors, is crucial. This could be achieved by monitoring the athletes over a period of time using both subjective and objective measures to determine which athletes have high associations between their perceived stress, load and biochemical markers. When those individuals are identified, coaches and sport scientists should decide whether some measures can be replaced with only subjective reporting, as this approach not only reduces the financial and logistical burden associated with frequent biomarker testing, but also empowers athletes to be more involved in their own health monitoring. With establishing associations between subjective and objective measures, coaches and sports scientists can gain confidence in using tools such as self-reported stress scales and perceived exertion ratings to assess athletes’ well-being. Moreover, personalized stress and load monitoring, based on each athlete’s individual responses, can lead to more precise and timely adjustments in training programs. This ensures optimal performance while minimizing the risk of overtraining, injury, and illness.

Stress and load, though often defined separately, are intrinsically interconnected, representing facets of the same underlying construct. For example, training load can pose stress to an athlete, but stress can exist even without this specific load. Training load, for instance, imposes physical and psychological stress on an athlete, influencing their performance and recovery. This is reflected in the body’s physiological response, where elevated training loads can increase cortisol levels, while optimal training load can result in testosterone level increase. However, stress is not limited only to physical exertion. Athletes may experience stress from various sources such as competition load, which includes the pressures and demands of participating in competitive events, and academic load, where balancing educational responsibilities adds to their overall stress burden (Hamlin et al., 2019). Workload, encompassing professional or part-time job demands, and psychosocial stressors, including interpersonal relationships and social dynamics, further contribute to an athlete’s stress profile. For example, high cortisol levels not only reflect the body’s immediate reaction to physical training but also indicate chronic stress from continuous academic pressures or social interactions beyond the court. Several internal stressors, such as poor physical conditioning, performance expectations, injury and rivalry (Garvican-Lewis et al., 2018), and external stressors, such as sport organizations, including relationships, interpersonal demands, training environment (Mellalieu et al., 2009; Pensgaard and Roberts, 2000), and coaching-related stressors (Gearity and Murray, 2011; Isoard-Gautheur et al., 2012; Kimball and Freysinger, 2003) have been associated with elite sport. Moreover, insufficient support networks, time-management, travel, fatigue due to lack of sleep and transition to tertiary education or higher level of competition have been reported to be a source of stress (Hanton et al., 2005). These diverse loads can cumulatively impact the perception of stress, leading to varying physiological responses. Recognizing the multifaceted nature of stress and load underscores the importance of a holistic approach in managing athlete well-being, where both physical training and external stressors are considered to optimize performance and health (West et al., 2021).



4.5 Clinical implications

Certain objective measures, like salivary or blood-derived biomarkers, are costly, time consuming and impractical for daily use in athlete monitoring, which underscores the need for better alternatives. By determining the associations between objective and subjective measures, this study highlights the potential for coaches and scientists to find opportunities to simplify monitoring processes, potentially shifting toward primarily using subjective reporting while maintaining accurate and effective stress and load management.



4.6 Limitations

In this study, we included the largest sample of athletes investigated for blood biomarkers to date, featured weekly follow-ups and achieved a high response rate from athletes. The study’s strengths include collecting three to five blood samples from each athlete, which enhances the robustness and reliability of the data. However, the reliance on male handball athletes limits the generalizability of the findings to other sports and female athletes. Although large homogeneous samples are beneficial for interpreting results, particularly in hormone measurements, future research should explore these associations within diverse populations, including varying sexes, ages, sports, levels of competition, and social backgrounds. Additionally, the use of a single question to measure perceived stress (the 10-point visual analog scale) may limit the sensitivity of the stress assessment. While this simple and practical measure allows for easy tracking of perceived stress over time in large cohorts like ours, it may not fully capture the complexity and multidimensional nature of stress. The reliance on a single-item measure may overlook subtle variations in stress experiences across individuals, and more comprehensive or multi-dimensional stress assessments could provide a richer understanding. Future studies should aim to identify factors that differentiate the individuals with high, moderate, weak, or non-existent associations between subjective and objective measures. Furthermore, the integration of wearable technologies in the research examining the relationship between subjective and objective measures of stress and load warrants future investigation. Moreover, our study was not designed to explore cause-and-effect relationships between the measures of interest. Therefore, future research should address this question using alternative study designs and methodologies to provide practitioners with a deeper understanding of this topic. Beyond large-scale studies, it is essential for coaches and sports scientists to assess these associations within their own teams and/or individual athletes. Understanding the unique stress and load profiles of their athletes allows for more tailored interventions.




5 Conclusion

The study highlights the complexity of the associations between subjective and objective measures of stress and load in athletes. The findings reveal weak to moderate associations at the group level, with significant individual variability, emphasizing the need for personalized load and stress management strategies. While both subjective and objective measures remain valuable tools for monitoring stress and load, our results suggest that, for many athletes, particularly those with moderate to strong associations, subjective assessments may accurately reflect their physiological state. These insights not only enhance the understanding and monitoring of athlete well-being but also support the potential substitution of objective measures with subjective ones. This approach could simplify and streamline athlete monitoring processes, enhancing efficiency without compromising accuracy.
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Background: Depression is a significant global public health issue, affecting millions worldwide. Outdoor activities have shown potential mental health benefits, but the specific mechanisms and influencing factors remain unclear.
Objectives: This study aimed to investigate the association between time spent outdoors and depression risk among U.S. adults, with a focus on variations across age and ethnic groups.
Methods: Using data from the NHANES 2011–2018 survey, we analyzed 9,036 adults aged 20 years and older. Participants self-reported their outdoor activity time and depressive symptoms. Statistical analysis, accounting for various demographic and lifestyle factors, was employed to assess the relationship between outdoor activity and depression risk.
Results: Spending more time outdoors was associated with a 51% lower risk of depression (odds ratio: 0.51, 95% CI: 0.40–0.64). Subgroup analysis revealed that this association was particularly pronounced among adults aged 40 and older, as well as non-Hispanic whites and non-Hispanic blacks.
Conclusion: Encouraging outdoor activities may represent an effective public health strategy to reduce depression risk, particularly among middle-aged and older adults and specific ethnic populations. Public health policies should prioritize initiatives that encourage outdoor engagement, and future research is needed to explore the underlying mechanisms and population-specific responses to outdoor activity.
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Introduction

Depression is a leading cause of disability worldwide, affecting an estimated 300 million individuals and contributing significantly to global disease burden and economic challenges (Frühauf et al., 2016). In the United States alone, depression impacts nearly 8.4% of adults annually, highlighting the critical need for effective prevention and treatment strategies (Owens and Bunce, 2022).

Among various interventions, outdoor activities have gained attention due to their potential to promote mental health through unique physiological and psychological mechanisms. These include enhancing physical activity, increasing vitamin D synthesis, improving sleep quality, and reducing stress (Hahn et al., 2011). Unlike pharmacological or purely psychological approaches, outdoor activities offer a holistic and accessible option for many populations, making them particularly worthy of focused research.

Previous studies have provided valuable insights into the benefits of outdoor activities. For instance, Frühauf et al. (2016) demonstrated that outdoor exercise significantly improved mood and psychological well-being, outperforming indoor exercise in boosting vitality and positivity (Buckley et al., 2018). Owens and Bunce (2022) further proposed that natural environments enhance mental health by reducing stress, decreasing rumination, and fostering positive thought patterns (Hahn et al., 2011). However, not all studies have reached consistent conclusions, with some failing to identify significant associations (Frühauf et al., 2016). These discrepancies underscore the influence of cultural, environmental, and socioeconomic factors on the effectiveness of outdoor activities (Wicks et al., 2022). Additionally, individual differences such as age and ethnicity may shape responses to outdoor activities. Despite these variations, limited research has systematically explored how these demographic factors impact the relationship between outdoor activity and depression. Addressing this gap is crucial to developing targeted, equitable public health interventions (Zhang, 2017).

This study aims to evaluate the relationship between time spent outdoors and depression among U.S. adults using NHANES 2011–2018 data. By focusing on differences across age and ethnic groups, this research seeks to provide robust evidence for integrating outdoor activities into public health strategies and tailoring interventions to meet the needs of diverse populations (Wheeler et al., 2020).



Methods


Study population and data sources

This cross-sectional study utilized data from the National Health and Nutrition Examination Survey (NHANES), a program conducted by the Centers for Disease Control and Prevention (CDC). NHANES uses a stratified, multistage probability sampling design to collect data representative of the civilian noninstitutionalized U.S. population. Oversampling of certain subgroups, such as older adults and minority populations, ensures robust analysis across demographic categories. Detailed sampling methods are available on the NHANES website.1

We analyzed data from NHANES 2011–2018, which included a total of 53,456 participants. After limiting the dataset to individuals aged ≥20 years, we excluded participants with missing depression scores (N = 3,113), outdoor activity data (N = 6,754), and other covariates (N = 3,714), resulting in a final analytical sample of 9,036 participants. The participant selection process is outlined in Figure 1.

[image: Flowchart illustrating data exclusion criteria for the NHANES 2011-2018 study. Starting with 53,456 participants, those under 20 years (30,839) were excluded. Missing data on depression (3,113), outdoor activity (6,754), and other covariates (3,714) reduced the sample sequentially to 9,036 participants.]

FIGURE 1
 Flowchart of the study population.




Variables in research


Outdoor activity

Outdoor activity time was measured using the Physical Activity Questionnaire, derived from the Global Physical Activity Questionnaire (GPAQ). Participants reported durations of various outdoor activities, such as walking, jogging, gardening, and other leisure-time exercises. Data were collected using the Computer-Assisted Personal Interviewing (CAPI) system, with implausible responses (e.g., >24 h/day) excluded during data processing to ensure validity.



Depression

Depressive symptoms were assessed using the Patient Health Questionnaire (PHQ-9), a validated tool consisting of nine questions on symptom frequency over the past 2 weeks. Responses ranged from 0 (“not at all”) to 3 (“nearly every day”), with total scores (0–27) indicating severity. Interviews were conducted privately using CAPI in English or Spanish to reduce recall and reporting bias.



Covariates

Categorical variables: Gender, race/ethnicity (Mexican American, other Hispanic, non-Hispanic black, non-Hispanic white, or other), education level, marital status, high blood pressure status, diabetes status, smoking status (≥100 lifetime cigarettes or not), and daily alcohol consumption. Continuous variables: Body mass index (BMI, kg/m2) and daily sedentary time (minutes). Measurement protocols for all variables are publicly available on the NHANES website.




Statistical Models


Analysis approach

All statistical analyses were performed using R (version 3.4.3) and EmpowerStats software (version 4.1). Continuous variables were expressed as mean ± standard deviation (SD), and categorical variables as percentages. Baseline comparisons were conducted using linear regression models for continuous variables and chi-square tests for categorical variables. To investigate the association between outdoor activity time and depression risk, we developed three models with incremental adjustments to address potential confounding: Model 1 (Unadjusted): This model explored the crude relationship between outdoor activity and depression without adjusting for any confounders. Rationale: Establishes the baseline association and highlights the raw effect size. Model 2 (Partially Adjusted): Adjusted for age, gender, and race/ethnicity. Rationale: These primary demographic factors are strongly associated with both outdoor activity participation and mental health outcomes (U.S. Department of Health and Human Services, 2018). Adjusting for them helps isolate the association between outdoor activity and depression. Model 3 (Fully adjusted): included additional adjustments for education level, marital status, hypertension, diabetes, smoking status, alcohol consumption, BMI, and daily sedentary time. Rationale: these variables represent key health and lifestyle factors that may influence depression risk or participation in outdoor activities. For example, sedentary behavior is inversely associated with outdoor activity and is an independent predictor of depression (Pearce et al., 2022; Ströhle, 2009). Adjusting for these factors allows for a more comprehensive evaluation of the independent relationship between outdoor activity and depression.



Subgroup analyses

Subgroup analyses were conducted by gender, age, race/ethnicity, education level, and BMI. BMI was included as a stratification variable due to its dual association with physical activity and mental health, reflecting potential interactions between physical and psychological factors (Firth et al., 2020).



Ethics and data collection

The NHANES protocol was approved by the NCHS Ethics Review Board. Written informed consent was obtained from participants or their legal guardians. To minimize recall bias, data collection utilized validated tools (e.g., PHQ-9, GPAQ) and private, standardized interviews conducted via CAPI, ensuring consistent and accurate responses.





Results


Baseline characteristics

The baseline characteristics of 9,036 participants are summarized in Table 1. Participants with depression scores ≥10 were more likely to have sedentary time ≥ 480 min per week, outdoor activity <60 min per week, and higher BMI (31.48 ± 8.89 vs. 29.18 ± 7.29, p < 0.0001). This group also included a greater proportion of females (64.9%), individuals aged ≥40 years (56.0%), and those with lower educational attainment (25.69% with high school or below).



TABLE 1 Baseline characteristics of the study population stratified according to depression scores.
[image: A table compares characteristics of two groups, Q1 (N=8,207) and Q2 (N=829). Categories include age, gender, race, education, marital status, alcohol consumption, smoking, diabetes, hypertension, activity, sedentary time, and BMI. Percentages, counts, and p-values are detailed for each category, with significant values indicated as less than 0.0001 for most categories except sedentary time (0.288) and daily alcohol consumption (0.008).]



Association between outdoor activity and depression

Table 2 presents the relationship between time spent outdoors and depression risk. In the fully adjusted model, participants in the highest quartile of outdoor activity (≥360 min/week) had a 49% lower risk of depression compared to those in the lowest quartile (<60 min/week) (OR = 0.51, 95% CI 0.40–0.64, p < 0.0001). A smoothed curve fit (Figure 2) demonstrated a nonlinear negative association between outdoor activity and depression, with diminishing benefits at higher activity levels.



TABLE 2 The relationship between depression and time spent outdoors.
[image: A table comparing three models (Crude, Model 1, and Model 2) for outdoor activity categories in quartiles. Each model provides the odds ratio (OR) with a 95% confidence interval and p-value. Quartile 1 serves as a reference. Quartile 2 shows ORs: 0.52, 0.52, 0.60; Quartile 3: 0.53, 0.56, 0.67; Quartile 4: 0.42, 0.49, 0.51. All p-values are less than 0.0001. Adjustments include no covariates, age, sex, race, and full adjustments respectively.]

[image: Line graph showing the relationship between outdoor activity duration in minutes and depression scale scores. The red line indicates that as outdoor activity increases, depression scores generally decrease, leveling off around 5 points. Dotted lines represent the confidence interval.]

FIGURE 2
 Association of depression with and time spent outdoors (95% CI).




Subgroup analyses

Subgroup analyses (Table 3) revealed that the protective association between outdoor activity and depression was particularly significant among participants aged ≥40 years (OR = 0.67, 95% CI 0.54–0.83, p = 0.0003), non-Hispanic whites (OR = 0.42, 95% CI 0.34–0.52, p < 0.0001), and those with BMI ≥25.5 kg/m2 (OR = 0.60, 95% CI 0.49–0.74, p < 0.0001). Figures 3–6 illustrate these subgroup trends with annotations highlighting significant differences and key findings. Increasing outdoor activity time, especially for middle-aged and older adults, non-Hispanic whites, and individuals with higher BMI, could be a key strategy in reducing depression risk. Public health policies should prioritize promoting outdoor activities tailored to high-risk populations.



TABLE 3 Subgroup analysis.
[image: Table displaying SII data by gender, age, race, and BMI with OR (95% CI) and P values for interaction. Categories include male and female, age groups from 20 to over 50, various races including Mexican American and Non-Hispanic Black, and BMI groups. All have an OR of 1.00 with corresponding P values.]

[image: Line graph showing depression scale scores decreasing with increased outdoor activity in minutes. Two lines represent genders: a solid red line for males and a dashed blue line for females. The male line starts near score 10, declining to about 4, while the female line starts above score 16, declining to about 6. Significance values are P = 0.0027 for males and P = 0.0003 for females.]

FIGURE 3
 Smoothed curve fitting plots stratified by gender.


[image: Line graph showing depression scale scores versus outdoor activity time in minutes, differentiated by race. Mexican American scores generally decrease, while other groups vary slightly. Significant differences noted at p=0.0036 and p=0.0054.]

FIGURE 4
 Smoothed curve fitting plots stratified by race.


[image: Line graph showing depression scale scores decreasing with increased outdoor activity across different age groups: 20–30, 30–40, 40–50, and 50+. The lines for ages 20–30 and 30–40 show statistically significant decreases with p-values of 0.0138 and 0.0012, respectively.]

FIGURE 5
 Smoothed curve fitting by age stratification.


[image: Line graph showing depression scale scores decreasing with increased outdoor activity in minutes. Two lines represent different BMI groups: solid red for BMI less than 25.5 and dashed blue for BMI 25.5 or greater. Both lines show a downward trend, with p-values P<0.0001 and P=0.0457 indicating statistical significance.]

FIGURE 6
 Smoothed curve fit stratified by BMI.





Discussion

This study explored the relationship between outdoor activity duration and depression among U.S. adults using NHANES 2011–2018 data. Our findings revealed a significant negative association between outdoor activity time and depression risk. Fully adjusted models indicated that for each additional minute spent outdoors, the risk of depression decreased by 0.51-fold (Kerr et al., 2012). Subgroup analyses further demonstrated that this association was particularly strong among individuals aged 40 years and older, non-Hispanic whites, and non-Hispanic blacks.

Recent studies further substantiate the positive association between outdoor activity and mental health. For instance, Kerr et al. (2012) demonstrated that outdoor physical activities significantly alleviated depressive symptoms among middle-aged adults. Similarly, Hartig et al. (2014) highlighted the role of nature-based activities in improving mental well-being, particularly during post-pandemic recovery periods. Moreover, Pretty et al. (2005) emphasized the importance of integrating green exercise into community programs to address mental health challenges. These findings underscore the necessity of tailoring interventions to different population needs and highlight the evolving landscape of mental health research.

Mechanistically, the observed association between outdoor activity and reduced depression risk can be explained through several biological and behavioral pathways. Outdoor activity increases exposure to sunlight, which promotes vitamin D synthesis—a critical factor in mood regulation. Vitamin D deficiency has been strongly associated with depressive symptoms in numerous studies (Holick, 2007). Physical activity, often a component of outdoor engagement, elevates endorphin levels, reduces inflammation, and mitigates oxidative stress, all of which improve mood (Pearce et al., 2022; Ströhle, 2009). Additionally, time spent in natural environments has been shown to reduce cortisol levels and enhance parasympathetic activity, fostering relaxation and stress reduction (Ulrich, 1991). Regular outdoor activities also improve sleep quality, which is essential for maintaining emotional balance and mental health (Baglioni et al., 2011; Passos et al., 2011).

While most studies support the positive effects of outdoor activities, some have found no significant association. For example, a study based on Swedish adults found that, despite physical health benefits, outdoor activities did not significantly reduce depressive symptoms (Mitchell and Popham, 2008). This inconsistency could stem from cultural and environmental differences, as well as disparities in socioeconomic factors influencing both participation and effectiveness of outdoor activities (Firth et al., 2020). Individual variability, including genetic predisposition and lifestyle differences, may also play a role, requiring further research to clarify these interactions (Richardson et al., 2005).

Despite the valuable insights provided by this study, certain limitations must be acknowledged. First, the cross-sectional design precludes inference of causality. Future research should adopt longitudinal or experimental designs to establish causality. Second, self-reported measures of both outdoor activity and depressive symptoms may introduce recall bias and social desirability bias. Third, we did not account for confounders such as seasonal variation, geographic differences, or accessibility to outdoor spaces, which may have influenced the results. Furthermore, individual factors like genetic predispositions and specific health conditions were not controlled for, which may limit the generalizability of findings (Holick, 2007).

To address these limitations, future studies should focus on longitudinal designs that track outdoor activity and mental health outcomes over time. Randomized controlled trials examining specific types and intensities of outdoor activities could also help identify the most effective interventions. Moreover, studies exploring cultural and environmental factors that shape the relationship between outdoor activity and depression will enable the development of tailored public health strategies. Finally, research on population-specific responses to outdoor activity, including those influenced by genetic and socioeconomic factors, will further enhance the practical application of these findings (Richardson et al., 2005).



Conclusion

This study demonstrates that increased time spent outdoors is significantly associated with a reduced risk of depression, particularly among middle-aged and older adults, non-Hispanic whites, and blacks. These findings emphasize outdoor activity as a practical and accessible intervention to enhance mental health. Incorporating outdoor engagement into urban planning, community initiatives, and clinical practice could provide meaningful benefits, especially for populations at higher risk of depression.

Future research should explore causal relationships through longitudinal studies and randomized trials, while investigating the optimal types, intensities, and durations of outdoor activities to tailor interventions for diverse demographic and cultural contexts.
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In at-risk societies, the population of post-traumatic stress disorder (PTSD) incidence is gradually expanding from veterans to the general public. In the face of the high incidence of PTSD, exercise therapy, as an economical and maneuverable treatment, has not received the attention it deserves. In this paper, the literature on PTSD symptom improvement through comb-climbing exercise interventions found that performing long-term exercise can achieve significant improvement in PTSD symptoms by modulating the central nervous system, autonomic nervous system, and immune system at the physiological level. Aerobic exercise (running, walking) is beneficial to the central nervous system and immune system; anaerobic exercise positively affects the autonomic nervous system, including resistance or strength endurance training; yoga, which focuses on flexibility and balance training, has a positive effect on the immune system. Future research should explore the neutral and negative effects and mechanisms of exercise on PTSD interventions. Expand more empirical studies in special occupational populations. And implement longitudinal intervention studies with PTSD patients to gain an in-depth understanding of PTSD intervention effects.
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1 Introduction

Post-traumatic stress disorder (PTSD) is a mental disorder triggered by traumatic events such as violence, natural disasters, or the death of a loved one. These events result in both psychological and physiological suffering (Maercker et al., 2022; Yehuda et al., 2015). PTSD often causes significant negative psychological consequences for individuals, their families, and society, including depression, substance abuse, and domestic violence (Emily, 2014). Studies reveal that approximately 70% of adult women in the United States have been exposed to a serious trauma (Resnick et al., 1993). The World Mental Health Surveys indicated that physical or sexual violence elevates the risk of developing PTSD (Liu et al., 2017).

In response to the high global prevalence of PTSD, therapeutic approaches across psychiatry, clinical medicine, and psychology have been explored. Biomedical methods, such as transcranial magnetic and electrical stimulation, have emerged as key treatments for PTSD (Ressler et al., 2022; Rosson et al., 2022; Van Rooij et al., 2021; Petrosino et al., 2021; Boggio et al., 2010). However, due to limited public awareness of mental health and societal stigma, patients often avoid discussing their mental health, which may worsen their conditions and discourage them from seeking treatment (Klik et al., 2019). Studies show that exercise therapy for PTSD avoids the hospital environment of traditional treatments. Its discreet and participatory nature reduces the stigma associated with PTSD, often linked to medical interventions and societal prejudices (Blum et al., 2021).

Therefore, there has been a progressive inclination toward exercise intervention therapy, arguably becoming one of the foremost modalities in evidence-based PTSD treatment (Caddic and Nsmith, 2018). An earlier review article delved into potential mechanisms through which aerobic exercise enhances the central nervous system in PTSD patients (Hegberg et al., 2019), yet there exists no comprehensive review endeavoring to synthesize the mechanisms by which exercise impacts each physiological system. Thus, this present review endeavors to explore the mechanisms underlying the amelioration of PTSD through exercise, encompassing not only the effects of specific exercise modalities on the central nervous system but also their impacts on the autonomic nervous system and the immune system.



2 Methods


2.1 Search strategy

Using Web of science, PubMed, and SPORTDiscus, we searched for studies published from 2000-01-02 to 2024-06-01. Keywords used included (Post-Traumatic Stress Disorder OR Post-Traumatic Neuroses) AND (exercise OR physical activity OR training OR fitness) AND (mechanism).



2.2 Inclusion and exclusion criteria

Only research and review literature published was included in this study. The topic of the included literature needed to be related to exercise and post-traumatic stress disorder or post-traumatic neuroses and physiologic mechanisms. Specifically, the review focuses on studies that: (1) address the exercise performance of individuals with PTSD, and (2) explicitly mention the physiological effects and mechanisms of exercise interventions for psychological disorder. In order to gain a more comprehensive understanding of the mechanisms of exercise interventions for PTSD, the subjects of exercise interventions were not limited. To further enhance the credibility and authority of the included literature, non-peer-reviewed articles, such as those from newspapers, news outlets, or conferences, were excluded. This decision ensures that the review incorporates only rigorously evaluated and methodologically robust studies. Non-peer-reviewed materials often lack academic rigor, detailed methodological descriptions, and transparency, reducing their reliability as references in academic reviews. For preventing subjectivity in literature screening, two researchers independently conducted the screening based on the criteria for inclusion and exclusion of literature (Figure 1).

[image: Diagram illustrating the effects of exercise on the brain. A person on a bicycle is shown, indicating exercise. An arrow points to a brain, highlighting areas of increased oxyhemoglobin and neuronal excitability, somatosensory cortex communication, BDNF, dendritic expansion, hippocampal volume, gray matter in the insula, and white matter. Terms like HbO, number of Glu, and MOR are included, showing biochemical interactions.]

FIGURE 1
 Mechanisms of CNS involvement in motor modulation of PTSD.


After reviewing the articles, all authors reached a consensus to further screen the articles based on the following criteria: whether the studies were empirical, whether they employed exercise interventions, and whether they explained the physiological mechanisms underlying these interventions, among other considerations. The decision to include or exclude literature was made after agreement was reached. A total of 411 records were retrieved from the database. After removing duplicates, 221 records were reviewed for title, abstract, and article type to further exclude irrelevant literature. Most of the excluded literature was deemed irrelevant to the topic of this study. Relevant literature was manually identified by reviewing the references of selected papers. The full texts of the remaining literature were reviewed (Figure 2).

[image: Flowchart illustrating how exercise affects the body to improve PTSD symptoms. Arterial pressure receptor sensitivity is increased by exercise, leading to greater blood flow in the left ventricle. This affects the parasympathetic and sympathetic nervous systems, altering heart rate variability (HRV). The parasympathetic system decreases heart rate, while the sympathetic system increases it, ultimately improving PTSD symptoms. Neuropeptide Y (NPY) also plays a role in increasing arterial pressure receptor sensitivity.]

FIGURE 2
 Mechanisms of autonomic nervous system involvement in motor modulation of PTSD.




2.3 Quality assessment

A narrative review is a scholarly summary along with interpretation and critique. Narrative reviews contribute to prospective perspectives, it is concerned mainly with producing generalisable “facts” to aid prediction (Wiersinga et al., 2020). Wiersinga et al. (2020), for example, published a narrative review, cited in JAMA network, citation 3,460, explaining the pathophysiology of coronavirus disease and suggesting strategies to reduce transmission (Greenhalgh et al., 2018). Although narrative studies are subjective to judgment in screening the literature, it enables a more comprehensive review of research on exercise interventions for PTSD to inspire other researchers to further develop empirical research. To minimize the potential risk of selection bias, a methodological approach consistent with the PRISMA entries of this study was used, employing 15 entries from the 27-item checklist. Entries that were not relevant to the narrative review were deleted. Our adherence was limited by the nature of narrative reviews, which differ from the systematic and meta-analytical scope of PRISMA, particularly in areas of synthesis of results, statistical analysis, and bias assessment (Figure 3).

[image: Diagram illustrating the physiological effects of exercise on the hypothalamus-pituitary-adrenal (HPA) axis. Muscle contraction induces IL-6 production, affecting release of IL-10 and C-reactive protein. This influences CRH in the hypothalamus and ACTH in the pituitary gland, leading to cortisol release from the adrenal gland. Red symbols indicate inhibition effects, while green symbols indicate stimulation effects.]

FIGURE 3
 Mechanisms of immune system involvement in exercise modulation of PTSD.


The average quality score of the articles included in this review was 8.03 (±1.29). Of these, 10.06% had lower scores, 33.3% were of medium quality, and 56.1% were of high quality. According to the scoring criteria, the mean score fell within the high-quality range. This indicates that the overall quality of these studies was high and satisfactory in terms of study design and data support.



2.4 Data extraction

The mechanisms relevant to this review were identified by reading the literature and discussing among the co-authors. After a comprehensive assessment of the included literature by the co-authors, there were 72 documents with data extracted on topics relevant to this review. The included literature spans from 1996 to 2023 and covers various types of exercise interventions, including yoga, running, walking, and strength training. The populations studied in these interventions include veterans, adult females, adult males, and older adults.




3 Physiologic mechanisms of exercise improvement in PTSD


3.1 Exercise modulates central nervous system interventions for PTSD

Experimental findings indicate that PTSD is linked with structural and functional alterations in brain regions such as the amygdala, hippocampus, cingulate cortex, hypothalamus, dorsolateral prefrontal cortex, and ventral prefrontal cortex (Scott et al., 2015). These brain regions perform vital functions crucial to daily life, including emotional processing, working memory, behavioral inhibition, and cognitive flexibility (Woon et al., 2017). Upon a diagnosis of PTSD, individuals often experience dysfunctional executive functions, manifested by cognitive decline, working memory loss, and other impairments. Recently, exercise interventions have demonstrated positive effects on the central nervous system, offering the academic community a fresh perspective on PTSD interventions.


3.1.1 Prefrontal

Neural pathways in numerous cortical regions converge at the frontal lobes during the execution of high-level cognitive tasks involving executive functions. The Prefrontal Cortex (PFC) is crucial for integrating and regulating cognitive and emotional behaviors, serving as a key region facilitating adaptation to stressful stimuli (Cerqueira et al., 2008). Neuroimaging studies consistently demonstrate decreased activity in the medial prefrontal cortex (mPFC) among PTSD patients, impairing fear extinction compared to individuals without PTSD (Dahlgren et al., 2017). During working memory tasks, individuals exhibit increased activity in the left dorsolateral prefrontal cortex (DLPFC). Conversely, individuals with PTSD display significantly reduced activity in the DLPFC, leading to impaired memory for everyday speech (Clark et al., 2003).

Numerous studies have demonstrated that aerobic exercise enhances PFC activity. Loprinzi et al. conducted a study wherein a walking intervention was administered to patients with PTSD. They observed that moderate-intensity walking increased PFC activity, leading to elevated levels of oxygenated hemoglobin (HbO) in the left PLPFC post-exercise (Loprinzi et al., 2022). Oxygenated hemoglobin (HbO) delivers oxygen to neuronal tissues, promoting neuronal activity and enhancing communication between the PFC, somatosensory cortex (SMC), and hippocampus. This process effectively enhances the patient’s memory capacity and facilitates memory formation and retrieval. Research indicates that a 3-month muscle strength training and aerobic exercise intervention, particularly high-intensity aerobic exercise, can augment prefrontal lobe (PFC) volume and thickness in PTSD patients, resulting in cognitive and neurological improvement effects (Soshi et al., 2021). Furthermore, during exercise, muscle activation and the activation of muscle spindle waves trigger action potentials that propagate to the spine and brainstem, ultimately enhancing neuronal excitability in various memory-related brain structures (Gao et al., 2022).



3.1.2 Hippocampus

The hippocampus is involved in cognitive and emotional regulation, and it is particularly vulnerable to stress in individuals with PTSD, leading to potential structural alterations. Research has shown that individuals with PTSD often exhibit a reduced hippocampal volume, which may contribute to the development of additional psychiatric comorbidities (Childress et al., 2013). Additionally, chronic stress diminishes the expression of brain-derived neurotrophic factor (BDNF) and impairs individual neuroplasticity, resulting in diminished spatial learning and memory, as well as compromised emotional regulation (Duman and Monteggia, 2006; Bonne et al., 2008). Within the hippocampus, neurogenesis encompasses processes such as cell proliferation, survival, migration, and neuronal differentiation, which contribute to neuroplasticity and enhance stress adaptation. Consequently, targeting neurogenesis is a common strategy for intervention in PTSD patients (Smith et al., 2010; Gujral et al., 2017). In this regard, experiments have shown that treadmill exercise is an important means of increasing the amount of tissue in the hippocampus, which restores neuroplasticity, inhibits cell death, and ultimately improves the symptoms of PTSD (Seo et al., 2019). Some researchers have also suggested that the increase in hippocampal volume promoted by aerobic exercise interventions is due to elevated levels of BDNF, which acts as a neurogenic mediator and contributes to dendritic expansion, which causes the hippocampus to increase in volume and thus promotes improvement in memory (Erickson et al., 2011). Specifically, exercise induces BDNF, stimulates neurogenesis, and increases neuroplasticity (Duman, 2005; Firth et al., 2018). By implementing a 30-day exercise intervention in mice, it was found that exercise mice had significantly higher levels of BDNF expression compared to control mice, which in turn resulted in enhanced spatial learning and memory. In particular, the exercise-induced increase in lactate levels is a key node in the induction of BDNF expression, which provides strong evidence for the “exercise-hippocampus-PTSD” mechanism of exercise therapy (El Hayek et al., 2019). Based on these basic experiments, further research in the academic community suggests that the degree of improvement in BDNF levels after aerobic exercise is mainly dependent on the intensity of exercise; moderate-intensity and low-intensity exercise are difficult to cause significant changes in BDNF, and moderate-intensity and high-intensity exercise can increase the level of BDNF and achieve the effect of improving cognitive function (Griffin et al., 2011; Chang et al., 2017). In conclusion exercise modulates the hippocampus and thus improves spatial memory in PTSD patients.



3.1.3 Amygdala

The amygdala plays a crucial role in arousal, emotional stimulation, and the regulation of emotional and affective pain systems. Specifically, the basolateral amygdala (BLA) and the central nucleus (CEA) are critical for the acquisition of fear and extinction memories. Damage to the BLA disrupts fear memories, making individuals hypervigilant to threatening cues (Terburg et al., 2012; Giustino and Fmaren, 2015). Additionally, inhibitory neurons in the amygdala regulate fear output and are crucial for modulating mood and emotional distress (Kami et al., 2020). A study on autonomous running in model mice found a significant increase in glutamate (Glu) neurons in the BLA, which suppressed negative emotions such as pain, fear, and anxiety, while also stimulating pleasurable emotions (Sippel et al., 2018). However, as traumatic events recur, patients often over-suppress pain, resulting in a high pain threshold. This pattern of high-threshold responses to emotional stimuli manifests in PTSD patients as “emotional numbing,” characterized by a lack of love and happiness and an inability to respond to positive events (Liberzon et al., 2007). It has been found that pain and emotion inhibition is modulated by the amygdala and ventral striatum. When PTSD patients experience stress, the body releases endorphins to reduce pain, leading to an increase in μ-opioid receptor (MOR) levels and a lack of MOR downregulation (Korem et al., 2022). This results in heightened emotional inhibition and a slowed amygdala response, preventing timely and appropriate emotional responses to stress and hindering the implementation of emotional regulation strategies (Smith and Lyle, 2006).

Several studies have shown that peak oxygen uptake (VO2peak) after aerobic exercise correlates with a greater decrease in MOR binding in the ventral striatum, with higher exercise volumes demonstrating the ability of regular exercise to reduce the anti-injury effects of mu-opioid receptors in mice (Felmingham et al., 2014). Additionally, studies found that ventral striatal network reward processes were impaired in the amygdala of patients with PTSD and that aerobic exercise interventions effectively enhanced ventral striatal network reward function (Sacheli, 2019; The and Cortex, 2012). In summary, aerobic exercise can alleviate PTSD symptoms by down-regulating MOR and enhancing emotional and behavioral responses.

Conversely, the anterior insula (AI) plays a crucial role in processing emotions, including social emotions such as empathy and sympathy, and interpersonal functions like cooperation (Lamm and Singer, 2010). It is also involved in the assessment and expression of specific individual emotions, such as happiness, sadness, fear, and disgust (Schmitt et al., 2020). Evidence suggests that the functional connectivity between the amygdala and insula is altered in PTSD patients, manifesting as abnormal connectivity. High-intensity exercise has been shown to improve functional connectivity between the left amygdala and right anterior insula, thereby increasing positive emotions (Villemure et al., 2014). Villemure et al. (2014) demonstrated that cold pain tolerance in the left and right insula of individuals is positively correlated with gray matter (GM) volume. After a yoga intervention, participants exhibited increased insular cortex GM following long-term yoga practice, and white matter (WM) extending along the anterior and posterior aspects of the left insular GM also showed higher integrity, suggesting that enhanced intra-insular connectivity improves pain tolerance (Hill et al., 2018).

Additionally, exercise impacts the endogenous cannabinoid system (ECS), which is primarily expressed in the amygdala, in PTSD patients. The ECS includes components such as AEA, 2-AG, FAAH, and CB1r (Crombie et al., 2021). The ECS modulates cognitive and emotional responses, potentially playing a significant role in PTSD pathology. ECS deficiency may lead to increased stress susceptibility, contributing to trauma-related psychiatric disorders. Some experiments have indicated that moderate-intensity aerobic exercise can markedly increase circulating concentrations of AEA (N-arachidonylethanolamine), 2-AG (2-arachidonoylglycerol) and OEA (oleoylethanolamide) in PTSD patients, leading to the alleviation of fear and anxiety symptoms (Crombie et al., 2018).

Exercise presents a promising avenue for modulating the central nervous system in PTSD patients. By targeting regions such as the prefrontal cortex, hippocampus, and amygdala, exercise enhances neuroplasticity, regulates emotional processing, and improves cognitive function. These adaptations are critical in mitigating the core symptoms of PTSD, such as intrusive memories and emotional dysregulation. Notably, improvements in the central nervous system also exert downstream effects on the autonomic nervous system, creating a synergistic influence on overall stress regulation.




3.2 Exercise modulation of the autonomic nervous system intervention for PTSD

The autonomic nervous system (ANS) comprises sympathetic and parasympathetic nerves, with neuropeptide Y (NPY) serving as a sympathetic neurotransmitter primarily found in the periphery. NPY is involved in regulating stress responses in individuals. High activation of sympathetic nerves leads to the release of large amounts of NPY, resulting in increased blood pressure, inhibition of the vagus nerve, and the maintenance of energy balance. Studies have demonstrated decreased resting plasma NPY levels in veterans with PTSD, which diminishes their anxiolytic effects (Rämson et al., 2011; Scioli et al., 2020). To harness the function of NPY and alleviate PTSD symptoms, Rämson investigated the use of exercise training to enhance NPY function. Maximum-load exercise was identified as a potential mediator of PTSD symptom improvement in a study involving 90 veterans who underwent 3 months of progressive aerobic exercise. In addition, resistance training also has an effect on NPY release, enhancing NPY synthesis under stress conditions and increasing anxiolysis levels to ameliorate PTSD symptoms (Levine et al., 2014). Paradoxically, chronic stress-induced over-activation of the negative feedback regulation of NPY and the “exercise-NPY” production mechanism can lead to excessive NPY release into adipose tissue, resulting in obesity and metabolic syndrome (Levine et al., 2014). Thus, the challenge lies in enhancing anxiolysis levels while mitigating related comorbidities, a topic that warrants further investigation in subsequent studies.

Evidence suggests that resting parasympathetic nervous system (PNS) activity decreases and sympathetic nervous system (SNS) responses increase in PTSD patients under mental stress. Overactivation of the SNS during an individual’s encounter with psychological stress leads to abnormal bodily reactions, potentially resulting in diseases such as chronic heart failure, obesity, and hypertension. One potential mechanism influencing this process is a decrease in arterial baroreflex sensitivity (BRS) (Park et al., 2017). Arterial pressure receptors buffer arterial blood pressure fluctuations caused by physiological and psychological stress, playing a crucial role in immediate blood pressure control. Additionally, arterial pressure receptors can inhibit SNS activity, helping maintain blood pressure close to a set value. Studies have found that years of strength endurance training can markedly reduce heart rate, increase arterial pressure receptor sensitivity, and consequently assist individuals in regulating SNS abnormalities. Specifically, changes in parameters such as the Heather index, index of contractility (IC), acceleration index (ACI), and time to achieve maximal contractile strength of the left ventricle provide robust evidence of the increase in parasympathetic stimulation induced by exercise. Furthermore, spectral analysis showed that strength-endurance exercise led to a higher frequency of the heart rate variability (HRV) spectrum and a reduction in sympathetic nerve activity (Kowalik et al., 2019). Thus, arterial pressure receptor sensitivity is likewise one of the important targets for reducing cardiovascular complications in PTSD patients. In summary, exercise has the potential to regulate the autonomic nervous system, thereby alleviating PTSD symptoms. This regulatory effect also lays the foundation for understanding its broader influence on physiological systems, including the immune system (Kenney and Ganta, 2014).



3.3 Exercise modulates the immune system to intervene in PTSD

Previous studies have demonstrated various interactions between the autonomic nervous system and the immune system, which underpin chronic inflammatory diseases, such as organ inflammation, pain, cardiovascular involvement, and fatigue (Bellocchi et al., 2022). PTSD is suggested to dysregulate the biological pathways of the autonomic nervous system (ANS) and the HPA axis, resulting in a pro-inflammatory state that triggers chronic low-grade inflammation (Neigh and Nali, 2016; Speer et al., 2018). During traumatic events in PTSD patients, cortisol levels decrease while immune system inflammation increases, resulting in a 2- to 3-fold rise in plasma concentrations of pro-inflammatory cytokines IL-1, IL-6, and TNF-α. This continuous elevation of inflammatory factors in the body, coupled with the failure of cortisol’s immune-suppressive and anti-inflammatory effects, contributes to chronic low-grade inflammation symptoms (Quinones et al., 2020; Pivac et al., 2023). Additionally, inflammation may predispose individuals to PTSD or even serve as the biological basis for triggering PTSD (Smid et al., 2015). Generally, both pro-inflammatory and anti-inflammatory cytokines are produced in response to in vitro stimuli, and their balance in the body determines the development of a pro- or anti-inflammatory environment. Therefore, both pro-inflammatory and anti-inflammatory cytokines may contribute to the development of PTSD symptoms. Pro-inflammatory factors directly adversely affect memory function and neuroplasticity. Severe psychological trauma stimulates several components of the immune system, with IL-1 playing a significant role, resulting in increased expression of pro-inflammatory cytokines in various brain regions such as the hippocampus, hypothalamus, and brainstem. Additionally, peripheral immune cells produce pro-inflammatory cytokines that affect various brain regions through humoral and neural pathways (Smid et al., 2015). Anti-inflammatory cytokines produced by exercise serve as a buffer against an overly pro-inflammatory environment. IL-6 mRNA is elevated during exercise through skeletal muscle contraction, which stimulates the release of the anti-inflammatory cytokines IL-10 and IL-1 receptor antagonist (IL-1ra), IL-10 does minimize inflammation-induced tissue damage, and IL-1ra inhibits the pro-inflammatory effects of TNF-a and IL-1β effects (Gopal et al., 2011; Fischer, 2006). This also stimulates the release of cortisol from the adrenal glands (which has an anti-inflammatory effect). IL-6 elevation due to exercise is evident in promoting an anti-inflammatory environment in the body by stimulating various cytokines. Trauma-induced reductions in the anti-inflammatory cytokine IFN-γ may also compromise cellular immunity. One study investigated the immune system of two groups of subjects after exposure to exam stress. It found that as stress increased, the serum IFN-γ level significantly decreased in the control group, while the difference in serum IFN-γ level between the yoga group and the pre-stress level was not statistically significant. It can be seen that yoga has a certain buffering effect on cellular immune damage.

PTSD is associated with cardiovascular disease (CVD) through complex mechanisms, with inflammation playing a key role in the pathogenesis of CVD. Inflammation is the immune system’s response to injury, aimed at removing pathogens from the infected area and promoting healing (Starkie et al., 2003). C-reactive protein (CRP) is an acute-phase protein and a biomarker of inflammation, regulated by IL-6 and other pro-inflammatory cytokines (Gleeson et al., 2011). Some studies have shown that the intrusive and avoidant symptoms of PTSD are significantly associated with CRP, indicating that PTSD may lead to immune system dysregulation (elevated CRP levels). Prolonged dysregulation can result in health risks such as obesity, cardiovascular disease, and other health problems (Alfaddagh et al., 2020).

A study of older adults compared the effects of aerobic exercise versus flexibility exercise on inflammation and mental illness. The intervention consisted of 45 min of aerobic exercise, three times a week for 10 months. Both types of exercise were found to improve depression and increase optimism. Aerobic exercise had the greatest effect on inflammation, with a significant reduction in CRP at the end of the intervention (Canetti et al., 2014). Additionally, lowering the respiratory rate can achieve a reduction in CRP and pro-inflammatory cytokines, thereby alleviating symptoms of hyperarousal (Kohut et al., 2006).

The central nervous system (CNS) and the sympathetic nervous system (SNS) interactively maintain the body’s adaptive physiological functions. The hypothalamic–pituitary–adrenal axis (HPA), the body’s major stress system, interacts with the SNS. The hypothalamus secretes corticotropin-releasing hormone (CRH), stimulating the pituitary gland to release adrenocorticotropic hormone (ACTH). ACTH stimulates the adrenal glands to release cortisol, which in turn acts on the hypothalamus and pituitary gland, providing negative feedback to regulate the system. According to the cross-stressor adaptation hypothesis, exercise training enhances the physiological stress response system’s adaptation, promoting cross-stressor tolerance. It even reduces sensitivity to non-exercise stressors (Kelly et al., 2018).

Studies have reported differences between the HPA axis in PTSD patients and the non-PTSD population, suggesting that risk factors for HPA axis dysregulation mainly include CRH overactivity and low cortisol levels (Sothmann and Facsmbuckworth, 1996). Excessive activation of CRH, a regulator of the HPA axis, amplifies the individual’s fear response. Li et al. found that long-term regular running exercise attenuates the response to exogenous CRH and raises basal cortisol levels, improving the functional state of the HPA axis. Related studies have also shown that 8 weeks of stretching and balancing exercises, combined with breathing and positive thinking training, can significantly increase basal serum cortisol concentrations, normalize cortisol levels, and improve PTSD symptoms (Dunlop and Wwong, 2019; Kim et al., 2013). Balasubramaniam et al. found that yoga interventions can modulate the HPA axis and increase BDNF, thereby reducing inflammation and lowering stress and anxiety (Balasubramaniam et al., 2012).




4 Conclusion

Although a large number of studies have been conducted to illustrate the physiologic mechanisms of PTSD symptoms, few studies have explored the complex relationship between exercise and PTSD symptoms. Exercise is now recognized as an effective intervention for improving PTSD. This review provides an overview of the physiological mechanisms by which exercise alleviates PTSD symptoms. Key mechanisms include promoting prefrontal oxygenation, enhancing neurogenesis and cell proliferation in the hippocampus, and modulating the activation of the amygdala and the stress-related HPA axis. Additionally, exercise contributes to balancing the immune response by enhancing anti-inflammatory processes while regulating pro-inflammatory cytokines.

Furthermore, exercise interventions help normalize autonomic nervous system function, which is crucial for reducing hyperarousal and improving cardiovascular health in PTSD patients. These multifaceted benefits underscore the importance of incorporating exercise into therapeutic strategies for PTSD.

In summary, this narrative review explores a topic of high relevance to public health. The current scientific evidence strongly supports the conclusion that therapeutic interventions for PTSD should focus not only on alleviating psychiatric symptoms but also on addressing related issues such as sleep disorders and chronic inflammation. Future research should aim to understand the mechanisms by which exercise can be combined with other interventions.

Several limitations of the studies included in this review should be considered. There are sex differences in physiological structure, neurotransmitters, and sex hormones in humans. For instance, sex differences in brain structure affect memory and emotional regulation (Compère et al., 2016). Differences in neurotransmitters also lead to variations in behavioral motivation, impulse control, and problem-solving strategies. Therefore, the mechanisms and effects of exercise interventions for PTSD patients may differ by gender, but current research has not explored these differences. Furthermore, personalized exercise intervention programs for PTSD patients based on gender are rarely seen. Age differences in PTSD patients should also be considered. Additionally, the mechanisms of exercise interventions for PTSD require further analysis from a micro perspective. The effects of exercise interventions on various neurotransmitter and hormonal systems in PTSD patients remain to be further explored, such as glutamatergic and GABAergic systems. Although it has been demonstrated that exercise interventions can influence the central nervous system regions highly associated with PTSD (e.g., prefrontal cortex, hippocampus, and amygdala), these findings are primarily based on animal studies or preliminary human research. They have not yet been effectively translated into clinical applications. Additionally, whether exercise interventions induce interactions between these systems requires further investigation. In addition, studies generally use small sample sizes for exercise interventions, limiting the external validity of the results.

Most empirical studies have demonstrated that aerobic exercises, such as running and walking, positively impact the central nervous and immune systems of individuals with mental illnesses. Anaerobic exercises primarily benefit the autonomic nervous system, with interventions typically involving resistance or strength endurance training. Yoga, a form of flexibility and balance training, has also been shown to enhance the immune system of PTSD patients, thereby alleviating PTSD symptoms. However, the physiological mechanisms underlying other types of exercise and combinational exercise, remain underexplored. Consequently, future research should prioritize high-quality randomized controlled trials to further investigate these mechanisms. Also, in order to gain insight into the benefits of exercise interventions for mental disorders. More longitudinal studies are needed to monitor the effects of exercise interventions for PTSD in real time. To understand the impact of different lengths of exercise programs on the effectiveness of improving PTSD symptoms. Additionally, incorporating innovative research methods, such as ecological momentary assessment (EMA), could enable individuals to implement interventions directly in their daily lives.

To further guide future researchers and practitioners in implementing exercise interventions in clinical and community settings, we will briefly introduce several beneficial exercise intervention programs for PTSD. It is worth noting, however, that this article does not focus on a specific exercise intervention program. Therefore, this section provides a concise overview of the current mainstream exercise intervention programs. The programs are provided for reference. Previous research has identified several types of exercise interventions for PTSD, including greenfield exercise, aerobic exercise, mixed exercise, and combined interventions. For instance, rock climbing (a type of green exercise) and aerobic exercise have been shown to reduce anxiety symptoms and improve depression and worry in PTSD patients (Wheeler et al., 2020; Crombie et al., 2021). Fishing has also been shown to significantly improve PTSD. A fly-fishing intervention program for veterans with PTSD resulted in significant improvements in attention and positive emotional states, with sustained reductions in depression, anxiety, and physical stress symptoms (Vella et al., 2013). The combined intervention of meditation and aerobic exercise also has benefits in addressing trauma-related memory and cognition by modulating both branches of the autonomic nervous system-the sympathetic and parasympathetic systems (Shors et al., 2018). Regarding exercise intensity and duration, long-term interventions (lasting more than 5 weeks) are recommended for PTSD patients, with a session duration of 30 to 60 min. Such interventions can increase the concentration of BDNF in the patient’s serum. Implementing moderate to high-intensity exercise interventions for PTSD patients can increase circulating levels of the endocannabinoid system (AEA and 2-AG). This can reduce subjective anxiety and stress while enhancing the individual’s tolerance to stressors (Griffin et al., 2011). These studies have provided valuable insights for the development of future exercise intervention programs.

Despite the convenience advantages of exercise over treatments like medication and exposure therapy, implementing an intervention program also requires relevant personnel to provide comprehensive logistical support to patients. For instance, the government should consider expanding natural environments to provide spaces where patients can engage in green sports. In the case of combined exercise interventions, physical trainers and physicians should collaborate to develop individualized intervention plans for patients. One example is the combination of aerobic exercise and medication. Researchers could develop software for exercise interventions, enabling patients to access treatment programs tailored to various PTSD symptoms by inputting their symptoms into the software.

Currently, there has been no systematic empirical research on whether exercise exacerbates PTSD or whether it produces an inability to alleviate PTSD symptoms. Hegberg mentions in his study that no negative effects of exercise on PTSD have been found (Hegberg et al., 2019). But this point of view is not entirely accurate. In another study, interviews with clinical workers found that asking patients with PTSD to exercise outdoors means that it requires them to leave the indoor environment where they feel safe, however this outdoorness may cause anxiety and exacerbate PTSD (Zhu et al., 2024). In addition to this, it has also been suggested that the physical sensations and hyperarousal symptoms (e.g., increased respiration, heart rate, sweating) of strenuous exercise may lead people with hyperarousal symptoms to avoid strenuous exercise (Whitworth et al., 2017). Thus, exercise as an intervention for PTSD should be approached dialectically. We recommend that patients closely monitor their physical and psychological status both before and after engaging in exercise interventions. This can include tracking changes in mood, energy levels, and any physical discomfort or improvement. If symptoms worsen or unexpected side effects occur following an exercise intervention, it is crucial for patients to seek timely assistance from a mental health professional. Early intervention can prevent further exacerbation of symptoms and ensure that the exercise program is adjusted to better suit the patient’s needs. Additionally, collaboration with healthcare providers can help tailor the intervention to align with the patient’s individual conditions and recovery goals.

Special populations, such as individuals engaged in professional occupations, have not yet received sufficient attention. Some studies have suggested that athletes, one of professional occupations, may exhibit higher levels of PTSD compared to the general population (Aron et al., 2019). The exercise intervention approach targeted at athletes who have PTSD, will significantly differ from that applied to military personnel or the general population. Currently, most interventions are performed in experiments, which excludes the possibility of some sports injuries occurring. When patients return to exercise in natural contexts, they are bound to experience uncertainties in the exercise environment, such as injuries and competition failures, and develop PTSD. therefore, further exploration of the mechanisms of exercise interventions for PTSD in life situations is necessary. In Toyoda et al.’s study, it was mentioned that some people with long-term physical activity may still suffer from PTSD (Toyoda et al., 2023). Therefore, the academic community should focus on the specificity of exercise interventions for PTSD in athletes, particularly regarding how to reduce PTSD when high-intensity exercise is performed daily (Yang et al., 2022). Currently, strategies for intervening with athletes include exposure therapy, expressive writing, and self-desensitization. Future intervention programs could integrate these therapeutic approaches with physical activities such as yoga, meditation, or martial arts.

As this study aimed to summarize the physiological mechanisms of exercise interventions for PTSD, the specific micro-mechanisms within the three physiological systems (central nervous system, autonomic nervous system, and immune system) were not examined in detail due to the scope of the study. Future research could investigate the micro-level effects of exercise interventions for PTSD, such as variations in intervention outcomes based on gender and age. The populations involved in this study include veterans, adult males, adult females and so on. For this population, PTSD symptoms mostly arise from facing casualties, killings, and miscarriages. These findings may not be representative of exercise interventions for all patients with PTSD in the general population. Variations in the etiology and presentation of PTSD across different populations may limit the generalizability of the results. For instance, adults with a history of specific trauma may respond differently to exercise interventions. And there may be a lack of explanatory power in this review when it comes to PTSD problems faced by athletes and drone bombing commanders. Therefore, more empirical research is needed in the future to explore the specificity of intervention mechanisms for different groups.
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Introduction: Interactions between cognitive functions and sports-specific motor actions are crucial for strategic sports performance. Change of direction speed (CODS) is an essential motor ability required for rapid positional maneuvering in football. Although CODS lacks perceptual judgment and anticipatory elements of higher-level cognition, its connection with fundamental cognitive abilities cannot be undermined. The attentional networks is the basis of the fundamental cognitive abilities controlling complex behavior. The present study aimed to investigate the association between CODS ability and the efficiency of alerting, orienting, and executive components of the attentional networks, and decision-making in footballers.



Methods: Seventy-eight male footballers (age: 15.4 ± 0.87 years, BMI: 19.4 ± 1.98 kg/m2) during pre-season completed a battery of field tests comprising Illinois agility test (IAT), 30 m sprint, standing broad jump, and Yo-Yo test. Attentional network components and decision-making ability were tested in the participants with computerized Attentional Network Test-Interactions (ANT-I) and choice reaction time (CRT) tasks in the laboratory set-up. A 2(alerting) ×3 (orienting) ×2 (executive) repeated measures ANOVA tested interactions between the attentional network components. Partial correlation was conducted between the physical (field tests) and cognitive test scores adjusted for age and BMI.



Results: CODS ability measured with IAT was significantly correlated [r = +0.507 (large), p < 0.05] with the executive control network only, nor with alerting [r = −0.039 (trivial), p > 0.05] and orienting [r = + 0.051 (trivial), p > 0.05] networks and neither the CRT task performance [r = −0.011 (trivial), p > 0.05].



Discussion: A strong positive association between executive control and preplanned CODS indicates better interference control by the attentional network. The later may be a factor for faster CODS execution in young footballers. Hence, it may be concluded that better CODS ability is possibly an outcome of innate competence in executive control of the attentional network in young male footballers. These findings attempted to fill the knowledge gap by highlighting the importance of the attentional network functions in modulating CODS ability. The outcomes can benefit football training by implementing ANT-I test in sports-specific settings and for screening purposes. However in the future, a large-scale study including female footballers is required to strengthen this claim further.
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1 Introduction

Cognitive abilities at optimal levels are essential for superior performance in the athletes of open-skill, strategic sports (1, 2). The higher-order cognitive elements such as visual scanning, judgment, planning, and decision-making are required to process relevant information in the dynamic, externally-paced environment to provide appropriate behavioral responses in the shortest possible time (3–5). Executive functioning and attentional control are the fundamental cognitive abilities, which are the basis of higher-order cognitive processes implemented in sports-specific environments (1, 6). The executive functions have three core mental disciplines that monitor and continuously update the information of a situation, switching to relevant stimuli in the environment and selectively allocating attention to them by restricting interference from irrelevant thoughts of action (7). Therefore, it becomes the source of goal-directed behavior.

Football is an open-skill, strategic sport characterized by short bouts of intermittent sprints, rapid change of direction and velocity, and agility (8, 9). There are several evidences showing that executive functioning is comparatively better in expert footballers than in low-level players and novices (10–13). Expert players are also efficient in integrating higher-order cognitive capacities with motor coordination in game-specific environments for faster and more accurate anticipatory response (2). These complex cognitive skills are regulated by the basic executive functions indicating that athletes must depend on their executive functions to excel in performance (6, 7).

Cognitive and motor skills in sports-specific settings are mutually related (14). Hence, it is becoming increasingly important to identify these cognitive functions involved in sports-specific motor behavior in football (14, 15). This approach can assist in recognizing talents based on the processing efficiency of brain networks regulating these cognitive attributes. Moreover, a detailed understanding about the interaction between these brain networks and motor abilities can help to improve sports-specific actions with standard drills or dual-task training program (16).

CODS defined as “the ability to decelerate, reverse or change movement direction and accelerate again”, is an essential motor skill frequently performed by footballers during competitive games for gaining, holding ball possession evading opponent players, and during off-the ball situations (17, 18). CODS ability is a critical parameter for elevating a player's performance along with endurance, speed, and explosive strength (19, 20). In a football match, CODS occur in every 2–4 s regardless of playing positions of the footballers (21). Footballers can perform 726 ± 203 changes in CODS during a match, and with 609 ± 193 turns in completely opposite direction or 90° to the left or right (22). CODS is also an important attribute for grouping adolescent sub-elite players with cluster analysis (23). Hence, CODS ability is crucial for on-field performance prediction (24), and for identifying elite performers in football (25). Several standardized CODS drills are recommended by coaches and sports science experts for the long-term development of motor skills and abilities in football (20). However, in real game scenario the change of direction executed most of the time is a reactive response to unpredictable stimuli and therefore varies from the standard CODS tests (26). Standard CODS ability is a closed-skill technique and devoid of anticipatory action (26). Due to the multiple changes in direction with high speed in a preplanned course, standard CODS ability tests lack higher-level brain processing for perceptual judgment and reactive decision-making (26).

For this reason, CODS training is now believed to be ecologically less valid relative to agility drills for adapting players to situations mimicking match scenarios where there is a demand for reactive response (27). However, it would be premature to draw an inference that there are no possible links between CODS ability and other cognitive disciplines. A qualitative evaluation of externally focused attention on CODS was promising (28). A recent study showed that footballers trained with cognitive-motor dual-task developed better CODS ability (29). These findings have provided hints about the involvement of cognitive abilities in preplanned CODS or when navigating in the sports-specific environment in a football match (16, 29). However, the nature of basic cognitive components and their regulatory brain networks in controlling CODS are unknown. In this context, the present study has explored a possible intersection of the attentional networks with CODS ability in young footballers. This is because the attentional networks form the basis of the fundamental cognitive abilities and span across diverse brain regions regulating attention and executive functioning (30). The findings can improve our limited knowledge about the importance of attentional control and executive functions in CODS behavior. This can have significant implications for sports psychology and athlete development.

It must be mentioned that there are difficulties in designing paradigms to measure core executive functioning during on-field CODS ability or other domain-specific tasks (2). An alternative approach, reported earlier for examining executive functioning in physical activity and sports, can be by using standard laboratory-based computerized tasks of executive functioning in athletes and associating with the on-field CODS ability measures (11).

For this purpose, a conventional computerized task of assessing the attentional networks can be used. The attentional network comprises three separate functional components, namely alertness, orienting, and executive control (31). Each of these components runs at three anatomically distinct brain regions that are interconnected. The alerting component can be intrinsic or phasic and seats at the locus coeruleus and the parietal and right frontal cortex (31). The orienting component can be reflexive or goal-directed, localized in the frontal eye fields, the superior colliculus, the temporal parietal junction, and the superior parietal cortex (31). The executive component consists of complex mental operations for monitoring and interference control using the basal ganglia, anterior cingulate, and lateral ventral prefrontal cortex (32). Each of these components and their interaction is crucial since the functional deficit of networks can cause serious cognitive and neuropsychological health concerns (33). Earlier a study showed that generally athletes from strategic sports exhibit better attentional network functioning (34). However, the contribution of the individual network components on CODS ability and other physical attributes of football is not well known.

Hence, we hypothesize that footballers with greater efficiency in the attentional networks are better performers in CODS-ability performance measures. To test this hypothesis, we aim to investigate the association between CODS ability with each of the attentional network components using the attentional network test- interactions (ANT-I) task at the intra-individual level in young male professional footballers.



2 Materials and Methods


2.1 Study design

A cross-sectional design on young male football players was implemented to explore the associations between the cognitive parameters with the physical attributes namely, agility, lower limb explosive power, speed, and endurance ability. Eligibility criteria were male footballers from the same socioeconomic status and with self-reported normal vision and no neurological deficits.



2.2 Subjects

Eighty-eight, young, male football players affiliated with an elite football academy (accredited by the All India Football Federation) were registered for this study. The weekly schedule of all the participants comprised five field-based and one gym-based training session, a maximum of one practice match. Participants had at least three years of playing experience in football. Ten athletes were excluded due to lack of continuity or injury in the middle of the study. Finally, the tests were conducted on 78 athletes having an age range between 14 and 17 years (age: 15.4 ± 0.87 years, height: 167.2 ± 5.86 cm, body mass: 54.4 ± 6.58 kg; BMI: 19.4 ± 1.98 kg/m2), including 9 goalkeepers, 17 defenders, 20 defensive midfielders, 19 attacking midfielders, and 13 forwards. We selected these age groups because attentional network components become developed and reaches adulthood stability (35). The age groups are also suitable to identify and nurture future elite athletes (36). At the time of conducting the test battery, all players were injury-free. The tests were executed in two alternate days. All the tests were conducted during the preparatory phase in the academy. The on-field testing sessions were performed between 9 and 11 am to avoid diurnal variation. At the beginning of the testing, footballers performed a routine warm-up for approximately 10 min which included a general warm-up, dynamic stretching, and specific warm-up exercises. An active rest of 3–5 min was provided before the testing. The protocol followed the guidelines of the Declaration of Helsinki and was approved by the Institutional Ethics Committee (IEC/2023/07/SSY01). Prior to the commencement of the study, participants and their parents were informed about the purpose, benefits, and risks of the investigation. Written consents signed by the legal guardians of the participants were collected.



2.3 Sample size estimation

A priori sample size estimation for all the correlation analysis was conducted under a bivariate normal model using G*POWER 3.1.9.7 (37). The minimal sample size was estimated to be 67 at the 0.05 alpha level with the power set at 0.8, and using Cohen's medium effect size of 0.3 (38). With a 10% dropout estimation, the total sample size required was at least 74. For repeated measures within-factors ANOVA used in the attentional network interaction task, a medium effect size of 0.25 was considered (38). The estimated total sample size was twenty with the number of groups and measures set as two and six respectively.



2.4 Procedures


2.4.1 Cognitive measures

The computerized cognitive tests used were an ANT-I task and a CRT task, designed and presented in Psychtoolbox 3 (39) using custom-written Matlab codes (Matlab 2018a version software).


2.4.1.1 Attentional network interaction task (ANT-I)

ANT-I, a modified version of the Attentional Network Task was used for measuring attentional network indices (30, 40). Previous literature indicated ANT-I as a convenient measure to assess attentional networks with high reliability (41). ANT-I can assess higher-order complex cognitive actions and has an advantage over other tests that measure the processing speed of a simple reaction time in sports (30, 42).

ANT-I was conducted in a dimly lit room devoid of distracting noise. Participants were seated 60 cm away from a 15-inch color monitor used for displaying the ANT-I task stimuli. Before recording, participants were instructed about the task and the given practice session where they had to respond quickly and correctly by pressing the “C” (left) or “M” (right) keys on a standard computer QWERTY keyboard, based on the direction of the central arrow (0.55° long pointing either left or right) flanked by two other irrelevant but identical arrows on either side (0.06° away from each other).

The task began with a set of trials and each trial consisted of sets of events (Figure 1). Each trial began with the appearance of a cross-hair (“+”) for variable duration between 400 and 1,600 ms. Participants were encouraged strongly to fix gaze on the central crosshair. This was followed by a presentation of a 2 KHz alerting tone for 50 ms duration in half of the trials. After a 450 ms stimulus onset asynchrony (SOA), a visual orienting cue in the form of an asterisk (“*”) was presented above or below the fixation point for 100 ms in two-thirds of the trials. After another 500 ms SOA, the target arrow with flankers was displayed in identical or opposite locations of the cue until a response was made or for a maximum of 1,700 ms. After the response, the fixation point was shown for a variable duration adjusted from the participant's RT and the fixation time at the beginning of the trial so that every trial duration was maintained constant at 4,450 ms. Participants first completed a practice block, followed by three experimental blocks of 48 trials each without feedback, with approximately 1-min breaks in between. The ANT-I session lasted around 15 min.


[image: Flowchart depicting an experimental procedure lasting a total of 4450 milliseconds. It starts with a fixation cross for 400-1600 milliseconds, followed by a cue presentation. Cues can be congruent or incongruent with predictive conditions marked by asterisks. The potential cue conditions include different arrangements of arrows and a central fixation cross. Cued conditions have arrows pointing in the same direction, while invalid-cue conditions have opposite directions. The final section involves response times of less than 1700 milliseconds before returning to a fixation cross. Audio cues are optional.]
FIGURE 1
Schematic illustration of the attentional network test—interactions (ANT-I). The direction of the diagonal arrow in bold represents the sequence in a trial starting with variable fixation point duration (FP or FPD) between 400 and 1,600 ms, followed by any of the two alerting state (: tone; ; no tone); then any three orienting conditions (no-cue, cue, invalid-cue) [see illustration at the top right corner]; and finally the reaction time window (RT) with two congruency levels [see illustration at bottom left corner for 4 possible combinations of congruent and incongruent flankers]. Cue and invalid cue is provide with “*”.


Each block had two alerting levels with half with alerting tone and the remaining half with no tone (alerting vs. non-alerting); three cued conditions with cue matching target location (cued), cue opposite to target location (uncued invalid cue) and no-cue trials; two congruency levels with congruent trials (50% of trials) with four flanking pointing in the same direction as the target arrow, and incongruent trials (the remaining 50%) featured flankers pointing in the opposite direction. The congruency level designates the executive control network of attention. Cued location and alerting levels define the orienting and alerting networks of attention respectively. The network scores and their interactions are assessed by recording response accuracy (i.e., percentage of errors) and reaction times (RTs). According to previous literature, RT ranging between 200 ms and 1,200 ms were considered for analysis of the three network scores (41). Previous ANT-I studies in normal subjects and young male footballers reported the attentional network scores usually in the range of 24–72 ms (30, 41, 43).



2.4.1.2 Choice reaction task (CRT)

Participants were seated about 60 cm from a 15-inch color monitor in a dimly lit, noise-free room. They were instructed to focus on a crosshair (“+”) in the center of the screen with their right index finger placed on the “M” key, and the left index finger placed on the “C” key. Two boxes, one present to the left and the other to the right of the “+” and an “X” may appear in either box randomly but with equal probability in a total of sixty trials. Participant had to press the “M” key as quickly as possible with the right finger if the “X” appears in the right box or press the “C” key with the left finger if the “X” appears in the left box. Twenty trials were given as practice before the test. Inter-trial interval was set at 500 ms, with a minimum of 100 ms and a maximum of 1,500 ms allowed for motor response. The total procedure lasted for about 5 min. RT and number of correct responses were recorded.




2.4.2 Physical tests


2.4.2.1 CODS

The Illinois Agility Test (IAT) generally is a highly reliable and valid test to measure the CODS ability in athletes (44). Previously, IAT tested in young soccer players is now considered as a standard measure for quantifying CODS ability for high reliability (17). In the test, four cones were positioned to denote the starting point, two turning points, and the finishing point. Additionally, four more cones were arranged in the center of the course at equal intervals (3.3 m) (45). Participants were in a prone position at the starting cone and initiated the run following the “Go” command. The IAT path comprising multidirectional movements is illustrated in Figure 2. The trial is complete when the athlete crosses the finish line and no cones are knocked over. The total time taken from start to finish was recorded using an electronic hand-held timer by an experienced tester with earlier established reliability (46). The reported range of completion time of IAT in male young footballers is usually between 16 and 21 s (17, 44).


[image: Diagram of a training drill setup with cones labeled A to D. Cones A and D are at the start and finish points, 10 meters apart. Cones B and C are 2.5 meters from the center path, placed 10 meters apart. A zigzag path with three cones, each spaced 3.3 meters apart, connects the start and finish. Arrows indicate a maneuvering pattern around the cones.]
FIGURE 2
Schematic representation of the Illinois agility test. The test is set up with four cones forming 10 m by 5 m area. Cone A, marks start; Cones B and C mark the turning spots; Cone D marks the finish; the arrows in bold marks the route and direction of the pre-planned path.




2.4.2.2 Endurance

Yo-Yo Intermittent Recovery Test 2 (YYIR2) was conducted to assess maximal aerobic capacity (VO2max) indirectly on-field. The test is advantageous as it is simple, cost-effective, reliable, and can be administered to multiple players simultaneously (47). The test utilizes high-intensity intermittent bouts of exercise and thus meets the specific demands of football (48). Briefly, the YYIR2 consists of repeated 40 m (2 × 20 m) runs between markers set 20 m apart, which have to be performed at progressively increasing speeds dictated by an audio signal (48). Athletes also performed 10 s of active recovery between each running bout, consisting of a 10 m (2 × 5 m) walk. The test was terminated if the player failed to reach the end line within the given time frame on two consecutive occasions or reached volitional exhaustion. The maximal distances reached, counted by total laps completed, were used to estimate VO2max using a standard equation (47). The physiological response to YYIR2 test recorded previously in male professional footballers were in the range of 43.2–57.2 ml/kg/min (48).



2.4.2.3 Explosive strength

Lower limb explosive power is an important physical factor in football. Standing broad jump (SBJ) is high reliable field-test and is commonly used to measure lower limb explosive power in youth (49). SBJ Starting from an erect position with feet placed parallel and knees bent at nearly a 90° angle, the athlete executed SBJ. All athletes were instructed to jump as far as possible and land on both feet without falling backward. The straight-line distance was measured from the starting line to the back of the heel or the closest body part to the start line after the jump with a measuring tape (50). The distance was recorded to the nearest centimeter. Each participant performed a total of three trials, among which the longest jump was used for analysis. A minimum of 2 min of rest was given between each trial. In young male footballers, SBJ ranges 1.7–2.25 m (51).



2.4.2.4 Speed

Speed, reflected in sprinting ability, is one of the crucial performance measures in professional football (52). A 30 m sprint test was conducted to assess sprinting ability. Athletes continued to run at maximum speed following the “Go” command on a 30 m straight track. The run time was recorded using a stopwatch. The minimal time out of three trials was used for data analysis. The participants were given a 3-min rest break in between trials sufficient for a full recovery. A previous study on 30 m sprint in professional footballers reported an average completion time of about 4.2 s (53).





2.5 Statistical analyses

Data analysis was carried out in Matlab version 2018a and statistical analyses were conducted using IBM SPSS Statistics v27 Software (SPSS Inc., Chicago, IL). The mean RT (ms) and error rate of each participant across all of the 12 combinations of the ANT-I task were calculated. The mean of the CRT and physical test parameters across the participants were also calculated. Normality was checked using Kolmogorov-Smirnov test. A 2 (alerting: tone/no tone) ×3 (orienting: valid/invalid/no cue) ×2 (executive control: congruent/incongruent) within-factor repeated measures ANOVA was performed in normally distributed RT from the correct trials (30). Where necessary the Greenhouse-Geisser correction was applied to adjust the lack of sphericity in the repeated measures ANOVA. The Bonferroni confidence interval adjustment for main effects and simple main effects for interaction between the factors were performed. To understand the magnitude of differences, the effect size was calculated as partial ETA-squared (ηp2) with the magnitude of 0.01 considered as small, 0.06 and 0.14 as medium and large respectively (54). Attentional network scores for alertness, orienting, and execution were also calculated for correlational analysis according to a previously established method (41). The alertness network score was calculated by subtracting the RT of tone from the no-tone condition. The orienting network score was obtained by subtracting the RT of a valid cue from an invalid cue. The executive control network score was obtained by subtracting the RT of the congruent condition from the incongruent condition. Higher scores in alerting and orienting indicate better efficiency in these networks. Whereas, the executive network is efficient if its network score is low (55). Pearson's partial correlation was used to assess the associations between the cognitive and physical variables with adjusted age and BMI (if any). Spearman's partial correlation coefficient was calculated if found to be not normally distributed. The magnitude of the correlation coefficient was considered small (0.1 ≤ r < 0.3), moderate (0.3 ≤ r < 0.5), large (0.5 ≤ r < 0.7), very large (0.7 ≤ r < 0.9) and nearly perfect (r ≥ 0.9). An alpha level of p ≤ 0.05 was used to determine statistical significance.




3 Results


3.1 Attentional network functioning

RTs with extreme values (lower than 200 ms and higher than 1,200 ms) were eliminated and correct trials were tested under the repeated measure ANOVA. Significant main effects were found in the RT for alerting [F (1.77) = 124.04, p < 0.001, ηp2 = 0.62], orienting [F (2,154) = 123.40, p < 0.001, ηp2 = 0.62], and executive control [F (1.77) = 584.10, p < 0.001, ηp2 = 0.88] networks. Responses were faster in tone than no-tone condition, in the valid-cued than invalid cue condition, and in the congruent from incongruent trials presented in Table 1. The interaction between the alerting and executive control networks was significant [F (1.77) = 5.05, p < 0.05, ηp2 = 0.06]. The congruency effect was significantly lower in the no-tone condition than in the tone condition (Figure 3A). The congruency effect is the differences in the RT of the incongruent and congruent trials representing the executive control network. The orienting×executive control interaction was also found to be significant [F (2,154) = 21.65, p < 0.001, ηp2 = 0.22]. The congruency effect was larger in invalid than the valid conditions (Figure 3A). A significant interaction was also found between Alerting and Orienting networks [F (2,154) = 17.31, p < 0.001, ηp2 = 0.18], indicating the orienting effect in the tone condition is larger than no tone condition (Figure 3B). Three-way interactions between the alerting, orienting, and executive control networks were not significant thereby exhibiting a similar pattern with previously published works (30). The mean network scores for the executive control, orienting and alerting networks were 53.9 ms, 28.9 ms, and 45.6 ms respectively. It was not possible to analyze the accuracy (error rate) owing to the lack of variance (0% errors) in some experimental conditions (56).


TABLE 1 Mean RT expressed in ms with the percentage of errors in the parenthesis for each condition.

[image: Table comparing response times under different conditions: with and without alerting tones, and with no cue, cued, and uncued scenarios. For congruent conditions, times are lower with alerting tones, especially when cued (474.0 ms). Incongruent conditions also show faster times with alerting tones, though less pronounced. Each cell includes mean response time and standard error in parentheses.]


[image: Bar charts labeled A and B depict effects on congruency and orienting, respectively. In A, the congruency effect is higher with "Tone" and "Uncued Orientation" compared to "No Tone" and "Cued Orientation." In B, the orienting effect is higher with "Tone" compared to "No Tone." Asterisks indicate significant differences.]
FIGURE 3
Interactions among the attentional network indices. Interactions between the variables. (A) Congruency (mean RT for incongruent trials- mean RT for congruent trials) as a function of cueing (cued trials vs. uncued trials) and alerting (trials with alerting tone vs. trials without alerting tone). (B) Cueing (mean RT for uncued trials- mean RT for cued trials) as a function of alerting (trials with an alerting tone vs. trials without an alerting tone). Error bars represent SD and “*” denotes p < 0.001.




3.2 Choice reaction time

The group RT and the accuracy (expressed as% of correct response) were 0.36 ± 0.04 s and 96.9 ± 3.97% respectively.



3.3 Physical tests

The group means of the results obtained during different tests are presented in Table 2.


TABLE 2 Physical test results (mean ± SD).

[image: Table showing results of physical tests. Illinois agility test: 16.1 ± 0.78 seconds. 30-meter sprint: 4.2 ± 0.29 seconds. VO2 max: 53.1 ± 2.22 ml/kg/min. Standing broad jump: 2.2 ± 0.26 meters.]



3.4 Associations within the physical test parameters

A significant small, positive correlation was found between the CODS ability time and 30 m sprint time (p < 0.05). A strong negative correlation was found between the 30 m sprint time and the SBJ (p < 0.01) (Table 3). No other correlations were found among the physical tests.


TABLE 3 Correlation coefficients of the physical tests adjusted for BMI and age.

[image: Table displaying correlation coefficients between standing broad jump, Illinois agility test, 30-meter sprint, and VO₂ max. Significant correlations are highlighted. Notable correlations include: 30-meter sprint has a significant negative correlation with standing broad jump (-0.399) and a positive correlation with Illinois agility test (0.233). Values indicate Spearman's and Pearson's coefficients.]



3.5 Associations between physical test parameters and cognitive test

The executive index of the attentional network has a significantly large, positive correlation with the CODS ability total time (r = 0.507, p < 0.01) and not with other physical test parameters (Table 4). There was no significant correlation between the physical test parameters and CRT (r = −0.011, p > 0.05) (Table 4). The attentional network scores were also not mutually correlated indicating their mutually independent nature (Table 5). BMI and age were also not correlated with the attentional network components, CRT, and agility.


TABLE 4 Correlation coefficients among physical and cognitive tests adjusted for BMI and age.

[image: Table showing correlations between cognitive indices and physical performance measures. Standing broad jump, Illinois agility test, 30 m sprint, and VO2 max are compared with alertness, orientation, executive control, and choice reaction time indices. A significant correlation is noted between the executive control index and the Illinois agility test, valued at 0.507. Italics indicate Spearman’s correlation and plain text indicates Pearson’s. Bold signifies a significant correlation at the 0.01 level.]


TABLE 5 Correlation coefficients among the attentional network scores.

[image: Table displaying correlations between alertness, orientation, and executive control indices. Orientation index shows a correlation of 0.108 with the alertness index. Executive control index shows correlations of -0.116 with alertness and 0.143 with orientation. Values in italics indicate Pearson's and plain text indicates Spearman's correlation coefficients.]




4 Discussion

The results of the present study show that CODS ability has a strong, positive, and significant association with the executive control of the attentional network in male young footballers. The positive correlation means that higher the efficiency in the executive attentional network the lesser would be the CODS completion time in the Illinois agility task. For the executive network, a lower network score indicates higher efficiency. This network score is the difference in time taken to identify congruent and incongruent flankers in the ANT-I task. Minimal difference in reaction time explains higher resolving ability or smaller inference control cost, and hence greater efficiency. Taking into consideration the influence of age and BMI on physical activity (57), the association was verified by adjusting their effects. To the best of our knowledge, this is probably the first evidence specifying an association between the executive control of the attentional networks and the CODS ability. The alerting and the orienting networks are not found to be correlated with CODS, indicating that they may not be independently associated with CODS performance. For alerting component, the possible explanation might be that auditory warning signals used to voluntarily engage attention for responding in ANT-I has no additional advantage in a preplanned CODS execution. Alternatively, it could be that the participants already have the level of alertness sufficient for the task. The orienting component of ANT-I is purely exogenous (involuntary) in nature due to the presence of uninformative (invalid) spatial cues and therefore might not found to be associated with endogenously (voluntarily) driven CODS.

CODS ability training is considered to be necessary for conditioning young professional footballers with specific movement patterns and velocities, which replicate the maneuvers of competitive situations of a game. CODS is a closed-skill technique for developing motor proficiency in pattered movement (20). This makes it crucial for the long-term development of football-related skills for enhancing performance. Earlier, CODS ability was considered a subtype of agility due to the speed and direction-change elements. However, the lack of higher-order cognitive skills for reactive response to a target stimulus has made CODS an independent attribute and different from agility (27). We found that the decision-making speed in our CRT task was not correlated with the CODS, which is in agreement with previous report (15). It has been argued whether standard CODS drills can be included to enhance cognitive skills executed in sports environments as they lack decision-making and anticipatory components (20, 26, 27). Our findings have shown that CODS ability is linked with the executive control efficiency of the attentional network, essential for reducing uncertainty from task-irrelevant stimuli and thereby facilitating decision-making.

Attentional control is important in competitive and strategic environment of football (34, 58). It allocates and maintains the focus during sports-specific actions (58). The rationale behind relating the attentional networks with CODS ability is based on the assumption that athletes are efficient in channeling their focus of attention towards a complex motor-skill task to enhance performance. A previous study based on qualitative data has supported that external attention can improve the performance of the change of direction and acceleration task (28). However, this was in the context of directing the focus externally from internally with verbal instructions for better task performance. Our study contributed to further understanding of attentional control on the CODS ability by using a quantitative approach. Our data indicate that enhanced CODS performance might be due to the strong connection with the executive control of the attentional network.

We have chosen the ANT-I task due to the advantage of assessing all three components of attention and their mutual interaction in a single test. ANT-I uses a modified Flanker test to examine the attentional processing in resolving interference either with or without the support of temporal and spatial expectancy regarding target appearance (30). The stimulus expectancy using the alerting and orienting attentional networks is thought to improve response readiness (30). We found that these networks are independent in nature (Table 5) and can have mutual interactions, which replicates the response behavior in the previously published reports (30, 43, 56). ANT-I test has been popular in sports and exercise-related comparative studies examining attentional functioning (34, 56). ANT-I has been used earlier to compare attentional functioning between young elite footballers and non-athletes and with static sports discipline including different age groups and experience (34, 43). These studies have shown higher efficiency of executive control ability in footballers.

We speculated that better motor coordination skills with impulse control could be vital in executing specific movement patterns with high speed in CODS. The executive network is related to monitoring and interference control (32) which may affect impulse control in complex motor-skill tasks. Interference control is one of the core executive functions that selectively allocates attention over task-relevant stimuli and at the same time suppresses the irrelevant stimuli (7). The latter could be physical objects, thoughts, and emotions that might interfere with the goal-directed behavior. Therefore, it can be assumed that athletes exhibiting larger interference costs possibly on these distracting on-field factors are more likely to lose response execution speed in the CODS. This possible explanation is supported by the fact that the brain areas involved in motor planning, execution, and impulse control share identical areas that are associated with executive control network functioning of the ANT-I task (59–61). Another plausible explanation might be that interference control is critical for expert athletes to fix their gaze on target locations of the navigating path during multiple directional changes with high speed to reduce the uncertainty from the interfering objects or obstacles in the environment. Since the safe avoidance strategy during navigation is an important behavior in humans (62). Our assumption is also supported by the fact that cognition in general is an important regulator of gait and balance in older populations (63–65).

Since CODS ability is also a crucial physical component for sports performance, its association with speed, explosive power, and endurance were also tested. It was found that CODS ability is positively correlated with speed and in agreement with the previously published reports (15, 66).

The major strength of the present study is the quantitative estimation of the interference control on motor capabilities that regulate the speed and the multiple changes in the direction of footballers in a predetermined path. Although earlier studies indicated the attentional network functioning in footballers but the association or involvement of specific attentional components were not known. To the best of our knowledge the present study provided first evidence about strong association of the executive control of the attentional network with football-specific CODS.

One of the major limitations of our study is the lack of female athletes that can limit the generalization of our findings. Because, previous literature reported about existing gender differences in perceptual-cognitive abilities in athletes (11, 67, 68). Male athletes are usually better performers than female athletes in some cognitive tasks (67, 68). In future it will be interesting to see whether similar association regarding attentional network components with CODS ability in female athletes. The second limitation of the work is the limited sample size. Although the number of participants was registered based on prior sample size estimation, the association could have been more convincing if tested on a larger population of athletes representing several regional football academies across India. The third limitation may be the accountability of the translation of sports-specific cognitive abilities to computer-based laboratory tasks. The method may not be mimicking the complexities of the game-specific environment, which might have interfered with the degree of mental involvement of the athletes in the tasks. This can be addressed by constructing more realistic and ecologically valid tests capturing cognitive abilities in football-specific setting that requires football-specific motor reactivity (69). The study has taken care of the confounding effects of age and BMI, although it did not consider the other factors as confounding variables such as years of playing experience, quality of sleep, mood, and personality. This could be another limitation of the study.

Future research should take into considerations the inclusion of female athletes, on-field cognitive assessments for strengthening ecological validity. Factors such as training history, sleep quality, and psychological state in future could add valuable insights into the relationship between attentional network functions and CODS in young footballers. It would also be interesting to see whether genetic variation in the young players contribute to attentional network performance in young professional footballers.



5 Conclusion & practical implications

It can be concluded from the present study that the efficiency of the executive control of the attentional network in young male footballers may have a positive and significant impact on their CODS ability, whereas it has no association with sprint time, endurance, and explosive power. These findings strengthen a generalized view about the importance cognitive factors on sports-specific motor actions. Our findings provide evidence that CODS ability requires faster mental operations for resolving conflict and build-up movement strategies to move rapidly through a pre-planned multiple-direction path. CODS agility technique is critical for the development of football-related skills and abilities. Therefore, the practical application from the findings can be dual training in ANT-I and CODS ability. This feasible approach can be useful in on-field physical assessments for performance evaluation, talent identification, and screening purposes. The study further encourage coaches and sports science practitioners to integrate dual cognitive-motor training designed to improve executive capabilities (conflict resolution, inhibitory control) in football-specific setting. This integration can provide ecological validity and engaging the network components of attention for giving football-specific motor reactions. The implementation holds promise for the long-term development of cognitive-motor skills, agility and performance optimization in competitive football.
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Introduction: The degree of perceived enjoyment of performed physical activity may be a key aspect with relevance for the effort to get people to be physically active. Spinning, or indoor cycling, is a widespread physical activity that can be performed in a group or individually. The effect of the group element on the enjoyment of spinning remains unclear. Therefore, the purpose of the present study was to test the hypothesis that enjoyment was greater during spinning exercise performed in a group session as compared to individually.



Methods: Twenty recreationally active persons (56 ± 6 years, 1.74 ± 0.09 m, 81.0 ± 14.7 kg, and BMI of 26.5 ± 3.7) performed 44-min group and individual instructor-led spinning sessions. Values of power output, heart rate, and cadence were recorded during the sessions. Perceived enjoyment of the exercise was determined by means of a questionnaire (PACES-8) after the exercise.



Results: Values of power output, heart rate, and cadence were not different between the two sessions. Enjoyment was statistically significantly greater by 1.4 ± 2.1 points (p = 0.005) during spinning performed in a group session as compared to individually. As a reference framework, 56 points is the maximal sum score.



Conclusions: The difference in enjoyment between conditions was modest and clinically insignificant. In other words, the group element of the spinning session was considered to be of minor importance for the participants' perception of enjoyment.
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exercise, indoor cycling, endurance training, fitness, physical activity, spinning, training





Introduction

Physical activity and exercise are activities that play a key role in order to maintain and increase public health (1). However, long-term maintenance of physical activity and exercise is difficult to achieve for many persons. In order to support these persons, we need to be able to provide evidence-based exercise recommendations rather than recommendations based on myths, anecdotes, and traditions.

Enjoyment of recently performed physical activity or exercise may be a key aspect with relevance for long-term maintenance of being physically active (2). This underscores the importance of studying enjoyment in exercise. In connection with previous research it has been reported that “…when groupness was higher during fitness classes, greater exertion was reported and exercisers held higher perceptions of enjoyment and affective valence” (3).

Spinning, or indoor stationary cycling, is a specific type of exercise, which is widespread and popular. Spinning is often executed in group sessions, performed in training centers. However, it can also be performed individually, for example at home with a screen-based instruction.

The combined effect of having an instructor and at the same time performing cycling in a group, as compared to performing cycling alone, has been investigated previously in 18 female university students. It was found that participants enjoyed the instructor-led group session more than the self-regulated individual session (4). However, because of the combined intervention, the study (4) could not reveal whether the group element, in itself, is favorable for enjoyment. And that served as inspiration for the present study.

The independent impact of the group setting on spinning enjoyment remains unexplored. Therefore, the purpose of the present study was to test the hypothesis that enjoyment was greater during spinning exercise performed in a group session as compared to individually.



Materials and methods


Study design

The study was designed as a crossover trial. Two spinning sessions were performed by each participant, with 14 days of separation. It was assessed that two weeks was sufficient time to prevent notable influence of one session to the other session. To control for order effects, the sequence of the group and individual sessions was counterbalanced. Participants were randomly assigned to start with either the group or individual session. This randomization and counterbalancing aimed to mitigate potential biases due to the order of session types. The only difference between the two spinning sessions was that in the group session, about 20 persons performed the spinning program together in a training room. In the individual session, the participant was alone with the instructor.



Participants

Twenty recreationally active persons participated. The participants were recruited from a local training center in which the persons regularly participated in group spinning classes. Written informed consent was obtained from all participants. The participants were blinded to the study's hypothesis to minimize bias. The study conformed to the standards set by the Declaration of Helsinki as well as by the procedures stated by The Danish National Center for Ethics. In Denmark, quality assurance studies do not require approval by a Research Ethics Committee.



Participant characteristics

For characteristics of the participants, the reader is referred to Table 1. The maximal heart rate was estimated for each participant, according to the following equation 1, developed previously (5):




	Maximalheartrate(inbeatspermin)=208–(0.7×ageinyears)

	(1)







TABLE 1 Characteristics of the participants. n = 20. Data are presented as mean ± SD.

[image: Table showing average statistics of participants: Age 56 ± 6 years, Height 1.74 ± 0.09 meters, Body mass 81.0 ± 14.7 kilograms, BMI 26.5 ± 3.7 kg/m², Maximal heart rate 169 ± 4 beats/min, FTP 195 ± 43 watts, Sex ratio 11 females to 9 males.]

Functional threshold power output, FTP, was self-reported by each participant and used for determination of the target exercise intensity and visual feedback during cycling. The functional threshold power resembles the average power output, which can be sustained for 60 min cycling. BMI was calculated as body mass (in kg) divided by height (in m) squared.



The spinning sessions

The spinning program lasted 44 min and consisted of continuous cycling, performed alternately seated and standing, at varying target cadence, and at varying target intensity within five target zones. The summarized content of the program including description of the intensity zones is presented in Table 2. The same instructor performed all group and individual sessions. The same music was played in both sessions. Tomahawk IC7 exercise cycles were used (Indoor Cycling Group, Nürnberg, Germany). Each participant used the same cycle for both sessions. Power output and cadence was measured by the exercise cycle. Heart rate was measured with a H9 chest belt (Polar Electro Oy, Kempele, Finland). Data from the exercise cycle and the chest belt were transmitted to a mobile phone installed with Intelligent Cycling software version 8.0.10 (Intelligent Cycling Group ApS, Sorø, Denmark). After each spinning session, enjoyment was determined with a Danish version (6) of the PACES-8 questionnaire (7, 8). The questionnaire consists of eight items and asks participants to rate how they feel at the moment about the physical activity they have been doing. Responses were indicated on a 7-point scale and included choices such as “I find it pleasurable/I find it unpleasurable”. The highest possible sum score, indicating greatest enjoyment, is 56.


TABLE 2 Distribution of the target intensity in the spinning program.

[image: Table showing exercise zones categorized by percentage of functional threshold power (FTP). Zones: White (0-55% FTP, 10% session, 121-142s bouts), Blue (56-75% FTP, 19% session, 17-67s bouts), Green (76-90% FTP, 38% session, 12-62s bouts), Yellow (91-105% FTP, 21% session, 10-92s bouts), Red (>106% FTP, 12% session, 26-46s bouts).]



Data analysis

Power output, heart rate, and cadence was sampled at 1 Hz. Average values represent averages across the entire session. Peak values represent the highest measured values in the session.



Statistical analysis

The results are reported as mean ± standard deviation, unless otherwise stated. The enjoyment data, measured on an interval scale, were analyzed using a Wilcoxon signed-rank test in IBM SPSS 29.0 (IBM Corporation, IBM SPSS Statistics, Armonk, NY, USA). Effect size (Cohen's d) for significant findings was calculated (as dividing the mean difference by the standard deviation of difference) to provide insights into the magnitude of observed difference. The rest of the data were evaluated with a Student's t-test in Microsoft Excel 2016 (Microsoft Corporation, Bellevue, WA, USA). Statistical significance was set at p < 0.05.




Results


BMI

The average BMI for the group of participants fell within the category of overweight. Participants ranged from 20.2 (normal weight) to 33.6 (obese) (9).



Time of day

There was a statistically nonsignificant difference of 1.4 ± 4.3 h (p = 0.097) in the time of day for the two sessions.



Biomechanical and physiological data

Power output, heart rate, and cadence data from the two spinning sessions are presented in Table 3. There were no statistically significant differences between sessions (p > 0.05).


TABLE 3 Biomechanical and physiological responses during the two performed spinning sessions. n = 20. Data are presented as mean ± SD across both group and individual spinning sessions, with comparisons on average and peak values for power output, heart rate, and cadence. No statistically significant differences were observed between sessions.

[image: Table comparing group and individual session statistics for power output, heart rate, and cadence. Group averages are 167 watts (W), 145 beats per minute, and 70 revolutions per minute (rpm) with peaks of 309 W, 167 beats, and 101 rpm. Individual averages are 169 W, 147 beats per minute, and 69 rpm with peaks of 312 W, 168 beats, and 106 rpm.]



Enjoyment

The magnitude of the difference in PACES-8 score between the two sessions was 1.4 ± 2.1 points (p = 0.005) (Figure 1). Effect size was 0.67. Figure 2 illustrates all the individual values of difference between the two sessions. As a maximal value, one participant reported a PACES-8 score that was 7 points higher for the group session as compared to the individual session (Figure 2).


[image: Bar chart comparing enjoyment scores from PACES for group and individual sessions. The group session bar has a higher score, marked with an asterisk indicating statistical significance. Both bars show error bars. Sample size is twenty.]
FIGURE 1
Comparison of self-reported enjoyment scores (PACES-8) between group and individual spinning sessions. Error bars represent standard deviation. An asterisk (*) denotes a statistically significant difference in enjoyment scores (p = 0.005) between group and individual sessions. Median and (interquartile range) values for the group and individual sessions were 55.5 (2.0) and 54.5 (2.5), respectively.



[image: Scatter plot showing the difference in enjoyment scores between group and individual sessions for twenty participants. Most scores are zero, indicating no difference. Participants eleven to twenty show positive differences, with values increasing up to eight for participant twenty.]
FIGURE 2
Illustration of individual values of difference in enjoyment between the two performed sessions. A positive value on the y-axis represents that the participant's enjoyment was highest in the group session. Of note, all the participants on the x-axis are ordered based on the magnitude of the difference.





Discussion

The present study investigated the effect that the group element, in itself, has on enjoyment of a spinning session. This was done by carrying out two instructed spinning sessions that only differed in the way that one of them was performed as a group session while the other was performed individually. It was found that the group element had a statistically significant influence. Although the group element significantly influenced enjoyment, the observed difference was modest, suggesting limited clinical relevance. Additional limitations include the small sample size (n = 20) and the specific demography (recreationally active adults). This limits the generalizability of the findings to broader populations or individuals new to spinning. Furthermore, the study's short-term nature, measuring only immediate enjoyment, does not capture potential long-term effects of group dynamics on adherence to physical activity. It is acknowledged that the instructor's behavior could affect the results of a study of the present type. However, a single instructor was used in the present study. The instructor strove to have a similar behavior during all testing. And sessions were performed in random order. Therefore, it is assessed that the instructor's behavior did not explain the observed systematic effect on enjoyment. Lastly, it should be noted that the study relied on self-reported enjoyment that includes potential biases such as recall or social desirability bias.

Other researchers have previously investigated enjoyment of physical activity and exercise and for example focused on the effect of feedback technology (10, 11) and exercise intensity (12, 13).

The measured intensity in the present study corresponds to the boundary between what can be termed vigorous and high (14). Intensity during 50 min of individual spinning has been reported before. Thus, for a group of six women and six men, of on average 30 years and a BMI of 24, the following average values were reported. The men generated 120 W and exercised at 77% of their maximal heart rate. The women generated 73 W and exercised at 82% of their maximal heart rate (15). That intensity is somewhat lower than the intensity recorded in the present study.

In general, the enjoyment of spinning was self-reported to be great by the participants in the present study. A further evaluation of the present results suggests that spinning in a group session results in a statistically significantly greater enjoyment. The greater enjoyment in the group session could for example be due to social facilitation. But further studies have to be performed, to confirm that. Due to the modest size of the observed difference, the clinical difference is assessed to be minor. The results indicate that while group settings may slightly enhance enjoyment, individuals also experience substantial enjoyment in individual sessions. This insight could guide instructors and program developers to offer flexible options, including virtual or solo formats, without significant reductions in participant enjoyment. For those aiming to increase exercise adherence, it might be beneficial to emphasize individual enjoyment in addition to social aspects, especially for populations who may prefer solitary exercise. For the present participants, the group element of the spinning session could be considered being of minor importance for their perception of enjoyment. Of note, this does not exclude that a group element, in itself, of exercise sessions can be a source for considerably enhanced enjoyment in other conditions, for other types of exercise, or for other groups of persons. In relation to the latter, it should be noted that the participants in the present study were characterized by persons who regularly participated in group spinning classes. And they themselves had decided to attend spinning classes. A future study could elucidate the effect of the group element on enjoyment in persons for whom spinning is a new activity. Furthermore, the findings of the present should be tested for reproducibility in further research that at the same time could take into account limitations mentioned above. Also, enjoyment in virtual group settings could be investigated in the future. Finally, it could be considered that for many persons it might be a key to maintenance of physical activity to have an appointment for exercising, which includes that other persons are expecting you to show up. The latter aspect is likely more typically the case for group sessions.

In conclusion, enjoyment was statistically significantly greater during spinning exercise performed in a group session as compared to individually. However, the magnitude of the difference between the two different conditions was modest and likely of minor clinical importance.
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Introduction: Self-selection of aerobic training intensity is an approach that allows practitioners to develop autonomy (choice of pace), improve physical fitness, and contribute to better affective responses and training adherence. However, it is still unclear whether self-selection of training intensity in group settings is comparable to individual training conditions. The aim of the present study was to compare the effect of three aerobic training protocols on psychophysiological responses in physically inactive adult obese women.
Methods: The sample consisted of 90 women with a mean age of 48.3 ± 5.5 years and BMI of 31.2 ± 4.8 kg/m2, who participated in three treadmill aerobic training protocols: 1- Control group (IPI) with individually prescribed intensity (64 to 76% of HRmax), 2- Small group (SGS) with self-selected intensity, and 3- Individual with self-selected intensity (ISS). Heart rate (HR), total session volume (VL), affective valence was determined by feeling scale (FS), enjoyment was determined by Physical Activity Enjoyment Scale (PACES), intention to repeat the exercise session (INT), and Basic Psychological Needs Satisfaction Scale (BPNFS) were evaluated. Statistical analyses were conducted using two-way ANOVA for HR and FS, and one-way ANOVA for VL, PACES, INT, and BPNFS with Tukey post hoc test and significance criteria (p < 0.05).
Results: The results showed that HR and VL were similar (p > 0.05) between the protocols IPI, SGS and ISS, while FS, PACES, and INT were significantly higher in SGS and ISS than IPI protocols (p < 0.05). BPNFS also presented better results for the SGS and ISS protocols (p < 0.05).
Discussion: These findings suggest that the intensity and training volume were similar among different protocols. Affective responses were more positive perceived in SGS and ISS protocols.
Conclusion: We conclude that intensity self-selection is a safe, effective, and comparable strategy to prescribed intensity at moderate levels, providing a more enjoyable experience that may contribute to greater adherence to aerobic training.

Keywords
 psychophysiological responses; enjoyment; motivation; physical activity; small group training


1 Introduction

Aerobic training has been recommended to reduce overweight and obesity as risk factors for, metabolic and cardiovascular diseases, as well some types of cancer (Shilton et al., 2024). Overweight and obesity subjects have a 6-fold higher risk of developing type 2 diabetes and 3-fold higher risk of developing cardiovascular diseases compared to normal weight adults (Zhang et al., 2024). On the other hand, healthy lifestyle based on regular physical activity/exercise reduce overweight and obesity associated risks over 25 chronic diseases(Zhang et al., 2024; Khan et al., 2018; Hruby and Hu, 2015; Blüher, 2019), contribute to healthier aging (Shilton et al., 2024; Stafie et al., 2024; Albini et al., 2025; Elagizi et al., 2020; Yang and Petrini, 2018).

Physical inactivity contributes to the development of overweight and obesity, and negatively impact on health and quality of life (Almeida et al., 2024; Sacramento et al., 2024; Guthold et al., 2020). Globally, 7.2% of cardiovascular disease and 7.6% all-cause mortality are attributable to physical inactivity (Katzmarzyk et al., 2022). Psychophysiological determinants, such as motivation and physical limitations, are significant barriers to physical activity practice (Azizan and Fadzil, 2024).

Adherence to exercise programs in fitness centers has shown drop out between 40 and 70% of new participants within 3–6 months after starting (Sperandei et al., 2016; Gjestvang et al., 2019; Gjestvang et al., 2020; Gjestvang et al., 2021; Gjestvang et al., 2023). It suggests that current strategies to engagement have not been effective in addressing behavioral demands, as lack of intrinsic motivation, absence of personalized support, and enjoyment perception in training sessions (Sperandei et al., 2016; Gjestvang et al., 2019; Gjestvang et al., 2020; Gjestvang et al., 2021; Gjestvang et al., 2023; Clavel San Emeterio et al., 2019; Faro et al., 2023; Rodrigues et al., 2021).

Traditional exercise prescription models, as outlined in the guidelines (Liguori et al., 2021), prioritize safety and effectiveness but often fail to ensure long-term adherence. This has led to the proposal of a tripartite model that incorporates more enjoyable exercise doses to enhance engagement and promote greater future participation in training sessions (Ladwig et al., 2017; Ekkekakis and Tiller, 2022; Ekkekakis, 2017; Teixeira et al., 2012). Emotional factors, such as enjoyment during and after exercise and the satisfaction of achieving goals, are crucial motivators (Wienke and Jekauc, 2016), highlighting the need for strategies that foster positive emotional experiences (Rodrigues et al., 2021; Liguori et al., 2021; Ladwig et al., 2017; Teixeira et al., 2012; Wienke and Jekauc, 2016; Rodrigues et al., 2021; Teixeira et al., 2022; Ekkekakis et al., 2011; Williams et al., 2016). The Dual-Mode Theory (Ekkekakis, 2009) explains affective responses during aerobic exercise through two systems: automatic perception and cognitive control. As intensity increases beyond the ventilatory threshold, pleasure generally decreases. Positive affective responses can improve adherence, while negative experiences, such as discomfort, may lead to dropout (Williams, 2008; Ekkekakis and Lind, 2005; Parfitt et al., 2006; Hall et al., 2005).

Affective responses, whether pleasurable or discomforting, are central to the motivation for physical exercise. Behaviors with a greater perception of pleasure are more likely to be repeated, while displeasure may discourage engagement. Aerobic exercise intensities that generate positive emotions can contribute to greater adherence, whereas excessive effort or displeasure may lead to dropout. Therefore, exercise prescriptions should consider not only physiological benefits but also emotional responses, as these influence the decision to continue or discontinue training (Ladwig et al., 2017; Ekkekakis, 2003; Ekkekakis and Petruzzello, 1999; Rhodes and Kates, 2015; Williams and Evans, 2014). Affective valence, the spectrum of feelings ranging from pleasure to displeasure during activity, spans sensations that can enhance participation to those that discourage engagement (Russell, 2003). Emotions influence behavior through feedback, automaticity, and reflection; understanding these mechanisms is essential to comprehending how emotions can impact long-term adherence to physical exercise (Baumeister et al., 2007).

Positive social interactions and a supportive environment are crucial for promoting adherence to training programs (Gjestvang et al., 2020; Gjestvang et al., 2021; Gjestvang et al., 2023; Gabay and Oravitan, 2022; Withall et al., 2022). Small group exercise, a trend in fitness (Martinez Kercher et al., 2022), can enhance socialization and motivation, fostering a sense of community, as explained by Self-Determination Theory (Martinez Kercher et al., 2022; Wayment and McDonald, 2017; Spink et al., 2010; Golaszewski et al., 2022; Deci and Ryan, 2000). This theory identifies three psychological needs—autonomy, competence, and relatedness—as key elements of motivation. Autonomy, supported by self-selected exercise intensity, increases the sense of control and can improve affective responses, such as the perception of pleasure (Ekkekakis and Lind, 2005; Parfitt et al., 2006; Deci and Ryan, 2000; Ntoumanis et al., 2021). Together, these factors may influence the long-term maintenance of physical exercise practice, as individuals are more likely to continue activities aligned with their preferences and abilities (Williams and Evans, 2014; Ekkekakis et al., 2008; Lind et al., 2008).

Self-selected intensity promotes greater autonomy, allowing individuals to adjust their effort to align with their preferences. This approach is generally associated with more positive affective responses, such as enhanced pleasure and well-being (Parfitt et al., 2006). Self-selected intensity in aerobic training is effective in improving physiological and psychological aspects in different populations, such as obese women, adolescents and physically inactive older adults (Yang and Petrini, 2018; Barros et al., 2019; Alves et al., 2022). Physiological and psychological responses, including the perception of pleasure, in women with overweight or obesity during physical exercise is crucial for understanding the factors that influence adherence and motivation within this population.

Although previous studies (Ekkekakis, 2009; Ekkekakis and Lind, 2005; Lind et al., 2008; Ekkekakis et al., 2006) have investigated the differences between self-selected and prescribed exercise intensities, no prior research has compared self-selected protocols in small groups with individually prescribed ones, highlighting a significant gap in the literature.

The purpose of the present study is to compare the psychophysiological responses of overweight and obese women during aerobic training prescribed using two different methods: (A) prescribed intensities and (B) self-selected intensities, both in individual and small group settings. The primary hypothesis is that the intensity and training volume in prescribed group protocols will be similar to those in self-selected group protocols, both in individual and small group contexts. The secondary hypothesis is that self-selected intensity protocols will elicit more positive affective responses, such as higher affective valence, greater enjoyment, and increased intention to repeat exercise sessions, consistent with hedonic theory (Ekkekakis, 2003; Kahneman, 1999), which suggests that more pleasurable behaviors are more likely to be repeated. Additionally, it is expected that self-selected intensity groups will promote a greater perception of autonomy compared to the prescribed intensity group, as the possibility of choice is a central component of satisfying the need for autonomy, according to Self-Determination Theory (Deci and Ryan, 2000). Small group training is anticipated to promote a greater perception of relatedness compared to other groups, addressing the need for social connection and mutual support, while the perception of competence is expected to be similar across groups, as it relates to participants’ ability to accomplish the proposed tasks, aligning with the psychological need to feel effective and capable in their efforts (Deci and Ryan, 2000). These connections to basic psychological needs may explain how different protocols influence motivation and contribute to more positive experiences in aerobic exercise practice (Rodrigues et al., 2021; Ekkekakis, 2003; Rhodes and Kates, 2015; Ekkekakis et al., 2005; Lind et al., 2005).



2 Methods


2.1 Study design

A single-blind, randomized controlled trial was conducted, involving three experimental groups. All training sessions were standardized and conducted between 8:00 AM and 12:00 PM under identical conditions, overseen by the same evaluator, and performed in a temperature-controlled environment set at 23°C.



2.2 Subjects

Eligible participants were women aged 40 to 65 years who were apparently healthy, had no contraindications to physical exercise, and had not engaged in structured physical activity or sports within the past 12 months. Exclusion criteria included high-risk cardiovascular disease stratification, as defined by the American College of Sports Medicine (Liguori et al., 2021), and/or hypertension (blood pressure > 130/80 mmHg) measured prior to the intervention. The selection of women as the population in the present study is justified by their greater vulnerability to physical inactivity, and health risks related to overweight and obesity, which requires specific interventions (Guthold et al., 2018; Strain et al., 2024; Mayo et al., 2019; Mielke et al., 2018). Participants were recruited via social media platforms (Instagram and Facebook) through informational videos highlighting the health benefits of exercise. Eligibility criteria included physical activity levels below 150 min per week (Matsudo et al., 2001) and a body mass index (BMI) greater than 25 kg/m2.



2.3 Interventions


2.3.1 Pre-exercise evaluation and exercise program

Data collection was conducted over multiple sessions. On the first session, body mass (kg) and height (cm) were measured using a Sanny BL201PP digital scale with an integrated stadiometer, and resting blood pressure was assessed using an OMROM 7122 arm blood pressure monitor. Participants were familiarized with the treadmill (MOVEMENT RT-250 model) and psychometric instruments, and completed a physical activity risk screening questionnaire (Thomas et al., 1992), and provided all necessary medical authorizations.

The study was conducted using a treadmill to provide a more rigorous control of variables such as intensity and volume, ensuring consistency across sessions. Additionally, the treadmill allowed for standardized conditions that facilitated the collection of psychometric scales during the protocol, minimizing external influences and enhancing the reliability of the measurements. This controlled environment ensured precise monitoring and evaluation of the participants’ responses throughout the exercise session.

During the second session, an incremental treadmill test was performed to determine maximum heart rate and to calculate training zone percentages (Ellestad et al., 1969). Participants were then randomized and allocated into three experimental groups. The third session was dedicated to the implementation of the aerobic training protocols, as outlined in Figure 1.

[image: Flowchart depicting participant allocation in a study. One hundred two assessed for eligibility, twelve excluded for not meeting criteria. Ninety randomized into three groups: IPI, SGS, and ISS, with thirty in each. All received allocated interventions and were analyzed, with no exclusions from analysis.]

FIGURE 1
 CONSORT flow diagram.


Upon arrival at the laboratory, each participant remained seated for 10 min in silence, avoiding verbal or visual interaction with others, and refrained from using mobile phones or electronic devices prior to the test. The psychometric scales and questionnaires were thoroughly explained and reviewed to ensure the reliability and reproducibility of the measurements.

This study evaluated three distinct aerobic training protocols: (Shilton et al., 2024) Individual with Prescribed Intensity (IPI), corresponding to 64–76% HRmax as recommended by the American College of Sports Medicine (ACSM) for improving cardiorespiratory fitness in sedentary individuals (Liguori et al., 2021; Zhang et al., 2024) Individual with Self-Selected Intensity (ISS); and (Khan et al., 2018) Small Group with Self-Selected Intensity (SGS).

In the IPI protocol, participants performed 30 min of aerobic exercise on a treadmill at a prescribed intensity of 64–76% HRmax. This intensity range is classified as moderate and sufficient for enhancing cardiorespiratory fitness, according to ACSM guidelines (Liguori et al., 2021). The training was conducted in a controlled environment, with the participant and the researcher only.

In the ISS protocol, participants performed 30 min of aerobic exercise on a treadmill at an intensity they self-selected. The treadmill speed was determined autonomously by each participant, who adjusted the pace as they deemed appropriate to complete the session. Participants could increase or decrease the speed at any point during the training, and the session was conducted in the presence of the participant and the researcher only.

The SGS protocol involved three participants performing 30 min of aerobic exercise simultaneously on individual treadmills. Each participant chose their training intensity, maintaining a pace they considered comfortable. The treadmills were positioned to prevent participants from viewing each other’s control panels, thereby minimizing external influence on individual intensity selection.

For the ISS and SGS protocols, participants were instructed using the standardized phrase: “Choose the pace you believe is appropriate to complete 30 min of physical exercise on the treadmill.” In both protocols, participants were explicitly instructed to do not verbalize their ratings on psychometric scales to prevent influencing one another. Instead, they pointed to and selected values independently.

The ISS and SGS protocols were designed to enhance the participants’ affective experiences by allowing self-selected intensities. In the SGS group, participants were encouraged to engage in conversation during the training about any topic, fostering social interaction as a strategy to improve the affective experience during exercise (Teixeira et al., 2012; Ntoumanis et al., 2021). Conversations included perceptions and feelings about the exercise session and individual pace choices.

The IPI adhered to standard guidelines as prescribed by the ACSM (Liguori et al., 2021). Participants in all groups were blinded to the specific objectives of the study, particularly regarding the potential impact of the instructions on their affective experiences. The description of parameters such as intensity, environment and participants are shown in Table 1.



TABLE 1 Description of the characteristics of each protocol.
[image: Table comparing exercise protocols: IPI, SGS, and ISS, each with 30 participants. Intensity for IPI is 64–76% HRmax, while SGS and ISS are self-selected. Duration is 30 minutes in all cases. IPI and ISS are individual environments; SGS is a small group. Participants recorded are 1 for IPI and ISS, and 3 for SGS.]

The differences in protocol lie in the need to evaluate how self-selected intensity, could promote greater autonomy and pleasure, and impact on psychophysiological and affective responses compared to prescribed intensity, especially in populations more vulnerable to physical inactivity, such as women with obesity.




2.4 Randomization

Given the continuous recruitment design of the study, a simple randomization procedure was employed. Participants were blinded to their group allocation and the specific characteristics of the interventions being compared. Randomization was carried out by researchers CERS and AFJ, who were the only team members directly responsible for implementing the exercise interventions and, consequently, aware of each participant’s group assignment. The researchers responsible for data screening and statistical analysis had no contact with the participants and remained blinded to group allocations throughout the study. Participants were randomized into three groups: IPI – Prescribed Intensity (64–76% HRmax, n = 30), Individual with Self-Selected Intensity (ISS, n = 30), and Small Group with Self-Selected Intensity (SGS, n = 30). The process of randomization was carried out randomly, ensuring unbiased allocation of participants across the three groups. Given the homogeneity of the sample characteristics, such as BMI and age, the randomization process resulted in comparable baseline attributes among the groups. This methodological approach minimized potential confounding factors, ensuring that the observed differences in outcomes could be attributed to the intervention protocols rather than pre-existing disparities between the groups.



2.5 Evaluation time points of the exercise session

The variables of interest were assessed before, during, and after each exercise session across all groups.

In all protocols, heart rate (HR) was continuously monitored throughout the training session. The Feeling Scale (FS) (Guthold et al., 2018) was administered five times: at rest, at the 5th, 15th, and 25th minutes of the session, and 15 min post-training. Following the completion of each protocol, participants remained seated for 15 min during the recovery period. During this time, the FS, the Physical Activity Enjoyment Scale (PACES) (Strain et al., 2024), and the Intention to Repeat the Exercise Session Scale (INT) (Mayo et al., 2019) were applied, in accordance with established guidelines for aerobic exercise analysis (Mielke et al., 2018).

Psychometric assessments were conducted without verbal expression of perceptions to minimize interference with interpersonal decision-making processes, such as vicarious experience, fear of external judgment, or anxiety.

Volume load (VL) was recorded at the end of each protocol.

Data collection followed the experimental procedures outlined in Figure 2.

[image: Experimental training design diagram showing a sequence: 10-minute break, 5-minute warm-up, 3-minute break, training protocol with intervals of 5, 15, and 25 minutes, followed by a 15-minute break. Key measurements include HR, FS, PACES, INT, VL, and BPNFS.]

FIGURE 2
 Experimental design of the study in different aerobic training protocols. HR, Heart rate (bpm); FS, Feeling Scale; PACES, Physical Activity Enjoyment Scale; INT, Intention to Repeat the Exercise Session Scale; VL, total session volume; BPNSFS, Basic Psychological Needs Satisfaction and Frustration Scale.


Affective responses during exercise may vary, in obese individuals potentially experiencing more positive feelings when the exercise is adapted to their preferences and abilities (Freitas et al., 2015).



2.6 Instruments


2.6.1 Heart rate

Heart rate was monitored continuously throughout the entire protocol using the POLAR H7 heart rate monitor, connected via Bluetooth to the POLAR TEAM app. Relative intensity was calculated based on each participant’s maximum heart rate (HRmax), determined through an incremental treadmill test (Ellestad et al., 1969). HR measurements were recorded at five time points: at rest, at the 5th, 15th, and 25th minutes during the protocol, and 15 min post-protocol.



2.6.2 Feeling scale

The affective valence response to exercise was assessed using the Feeling Scale (Hardy and Rejeski, 1989), an 11-point bipolar scale ranging from +5 (“very good”) to −5 (“very bad”), reflecting pleasure and displeasure, respectively. At the beginning of each protocol, participants were instructed: “Some individuals experience pleasure during exercise, while others experience displeasure. This perception is individual. How do you evaluate your perception of pleasure or displeasure at this moment in the exercise?” Measurements were taken at five time points: at rest, at the 5th, 15th, and 25th minutes during the protocol, and 15 min post-protocol, resulting in a total of five measurements per protocol (Ekkekakis et al., 2023). The FS is closely associated with Hedonic Theory (Ekkekakis, 2003; Ekkekakis et al., 2006), which suggests that individuals are more likely to engage in behaviors that enhance pleasure and reduce discomfort. In the context of exercise, the affective valence assessed by the FS facilitates the identification of intensities and conditions that promote positive affective experiences. This information is particularly valuable for designing individualized exercise prescriptions, especially for vulnerable populations, such as obese and physically inactive women, who may exhibit heightened sensitivity to discomfort during physical activity.



2.6.3 Physical activity enjoyment scale

The Physical Activity Enjoyment Scale is an 18-item instrument designed to assess enjoyment during exercise or physical activity (Kendzierski and DeCarlo, 1991). It includes 12 negatively worded items and 6 positively worded items, with responses rated on a 1–7 bipolar scale. Participants were instructed: “How do you feel right now regarding the exercise or physical activity?” Data collection occurred at the conclusion of each protocol. This instrument is based on the Hedonic Theory (Ekkekakis, 2003; Ekkekakis et al., 2006), which suggests that individuals are more likely to repeat behaviors that maximize pleasure and minimize discomfort, thus enabling the identification of practices that foster positive experiences.



2.6.4 Intention to repeat the exercise session scale

Participants’ intention to engage in future exercise during the following week was assessed using a 2-item scale, adapted from previous studies (Jung et al., 2014; Kwan and Bryan, 2010) and translated into Portuguese (Gomes and Capelão, 2013). The scale included the question: “I intend to perform this exercise I did today at least three times next week.” Responses were recorded on a 7-point Likert scale, with anchors ranging from 1–“very unlikely” to 7–“very likely.” The scale was administered at the conclusion of each protocol. The hedonic theory (Ekkekakis, 2003; Kahneman, 1999) suggests that more pleasurable behaviors are more likely to be repeated. The use of the scale allows for assessing how positive or negative experiences during the exercise session influence the intention to continue.



2.6.5 Basic psychological needs satisfaction and frustration scale

Basic psychological needs—Autonomy, Relatedness, and Competence—were assessed using the Basic Psychological Needs Satisfaction and Frustration Scale (Murphy et al., 2022). The scale consists of 24 items, equally distributed among the three constructs and their satisfaction and frustration dimensions. Each item is rated on a Likert scale from 1 (strongly disagree) to 5 (strongly agree), yielding scores ranging from 6 to 30 for each need, based on the number of items. This instrument enables the investigation of how the fulfillment of basic psychological needs, as outlined in Self-Determination Theory (Deci and Ryan, 2000), may mediate affective responses during exercise, thereby enhancing pleasure and promoting long-term adherence to training programs.



2.6.6 Volume load

At the end of each protocol, the total distance covered was recorded to characterize the volume load of the training session.

The present study did not assess training adherence, as it employed a cross-sectional design that examined psychophysiological responses during a single acute aerobic training session. While the study offers insights into psychological variables, it merely hypothesizes their potential association with long-term adherence. Further longitudinal studies are required to establish how these variables influence sustained engagement in exercise programs.




2.7 Statistical analysis

Sample size was calculated a priori using G*Power (v.3.1.9.7) (Faul et al., 2009). A split-plot ANOVA (2 groups × 5 time points) was performed. Assuming an effect size of f = 0.25 for the interaction, with α = 0.05, statistical power of 1 – β = 0.95, a correlation between repeated measurements of r = 0.50, and a violation of sphericity (ε = 1), a total sample size of 39 participants (13 per group) was required. Changes in percentage (Δ%) were used to assess differences between group means.

After initial data screening, descriptive analyses (means and standard deviations) and Levene’s test for data normality were performed.

For subsequent analyses, SPSS 25.0 (SPSS, Inc., Chicago, IL) and GraphPad Prism 8.0.2 (263) were used for graph construction.

HR and FS variables were analyzed using a two-way ANOVA (3 groups × 5 time points). The PACES, INT, and BPNSFS variables were evaluated using one-way ANOVA. When violations of sphericity were detected (i.e., for analyses involving more than two time points for the within-subjects factor), Greenhouse–Geisser corrections were applied to the degrees of freedom. For significant main effects and interactions, the Tukey post hoc test was performed with a significance level set at p < 0.05. Eta-squared (η2) effect sizes were calculated and interpreted following Cohen’s guidelines (Cohen, 1988), with “small” (0.01), “medium” (0.06), and “large” (0.14) effect size thresholds. Mean differences and their corresponding 95% confidence intervals (CI) are presented.



2.8 Ethics statement

The studies involving humans were approved by CNS Resolution No. 466/12, in accordance with ethical principles standardized by São Judas University Ethics Committee N°: 4.583.831. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.




3 Results

A total of 102 participants were assessed for eligibility. Twelve participants were excluded for failing to meet the inclusion criteria (BMI >25 kg/m2, n = 12; age > 40 years). Ninety participants were randomly assigned to the following groups: Control (IPI, n = 30), Individual with Self-Selected Intensity (ISS, n = 30), and Small Group with Self-Selected Intensity (SGS, n = 30). The recruitment process and protocol implementation took place over a period of 18 months. All data were collected prior to the end of June 2024.

The descriptive characteristics of the sample are presented in Table 2. The groups exhibited only minor differences in age and BMI. The SGS group had a lower mean age and a higher standard deviation compared to the other groups.



TABLE 2 Descriptive statistics of sample characteristics.
[image: Table displaying means and standard deviations for age, BMI, and VO2 peak across four sample groups: Total sample (n=90), IPI (n=30), SGS (n=30), and ISS (n=30). Age mean and SD: Total sample 48.30, 5.50; IPI 48.00, 5.40; SGS 45.50, 8.80; ISS 49.20, 6.00. BMI mean and SD: Total sample 31.20, 4.80; IPI 30.00, 4.90; SGS 31.30, 4.30; ISS 32.20, 5.20. VO2 peak mean and SD: Total sample 25.90, 3.10; IPI 26.20, 3.10; SGS 26.60, 4.00; ISS 24.80, 1.10.]

Heart rate data are presented in Table 3, with the mean HR during the exercise session remaining within the moderate intensity range for all groups: IPI = 70.5% HRmax, SGS = 70.3% HRmax, and ISS = 71% HRmax. The two-way ANOVA revealed a minimal interaction effect between group and time across the different groups (F = 1.17, p = 0.31, η2 = 0.02).



TABLE 3 Descriptive statistics, group differences, and effect sizes for heart rate (bpm) of each protocol.
[image: Table comparing heart rate metrics across three groups: IPI, SGS, and ISS, each with thirty participants. Shows mean, standard deviation, and percentage of maximum heart rate for different time intervals: before, at five, fifteen, and twenty-five minutes, during the session, and after. Includes mean differences, confidence intervals, and p-values for group comparisons. Notable metrics include heart rates before and after exercise, with additional statistical details and comparisons under group by time interaction.]

The mean differences also did not reveal significant variations between the ISS and SGS groups when compared to the IPI group. The SGS group exhibited an average HR that was 0.3% lower than the IPI group (p = 0.98, mean difference = −0.21, 95% CI -3.81 to 3.38), while the ISS group had an average HR that was 0.7% higher than the IPI group (p = 0.66, mean difference = 1.32, 95% CI -4.92 to 2.27). These results support the primary hypothesis. The findings suggest that self-selected intensity is comparable to prescribed intensity, both classified as moderate (Liguori et al., 2021), and represent a safe and effective training approach for adult women beginning aerobic exercise programs, particularly those who are overweight or obese, as illustrated in Figure 3.

[image: Line graph titled "Heart Rate" showing heart rate in beats per minute over time intervals: After, 5, 15, 25, and Before 10 minutes. Three series are compared: IPI, SGS, and ISS. All show a similar pattern, peaking at 25 minutes. Error bars indicate variability.]

FIGURE 3
 Means and standard deviations of heart rate (HR) (vertical axis) compared between the control and experimental groups and collection time points (horizontal axis).


The volume load analyses of the aerobic training session are presented in Table 4. The one-way ANOVA showed a small interaction effect among the different groups (F = 0.87, p = 0.45, η2 = 0.03).



TABLE 4 Descriptive statistics, group differences, and effect sizes for training volume (km) of each protocol.
[image: A table showing mean differences with 95% confidence intervals for three groups: IPI, SGS, and ISS. IPI has a mean of 3.14 and standard deviation of 0.30. SGS has a mean of 3.02, standard deviation of 0.27, with a negative 3.8% change. ISS has a mean of 3.05, standard deviation of 0.32, with a negative 2.9% change. Additional columns include mean difference (MD), lower and upper bounds of confidence interval (LBCI, UBCI), p-values, F-values, and eta-squared effect size. Each group's data is outlined in the context of prescribed or self-selected intensity.]

The mean values also demonstrated similarities between the groups. The SGS group exhibited a 3.8% lower mean volume load recorded at the end of the exercise session (p = 0.28, mean difference = 0.08, 95% CI = −0.72 to 0.23), while the ISS group had a mean VL that was 2.9% lower compared to the IPI group (p = 0.12, mean difference = 0.12, 95% CI = −0.35 to 0.27). In support of our secondary hypothesis, the VL results were similar across the groups. These findings suggest that self-selected intensity is comparable to prescribed intensity regarding the total distance covered during the exercise session, as illustrated in Figure 4.

[image: Bar chart titled "Volume Load" comparing three groups: IPI, SGS, and ISS, measured in kilometers. Each bar is about 3 kilometers high with error bars extending slightly above.]

FIGURE 4
 Means and standard deviations of the volume load of the exercise session (vertical axis) compared between the control and experimental groups (horizontal axis).


The analyses of the mean values of the Feeling Scale during the exercise session are presented in Table 5. Significant differences were found between the SGS and ISS compared to the IPI protocol, showing a moderate interaction effect between group and time across the different groups (F = 5.72, p = 0, η2 = 0.09).



TABLE 5 Descriptive statistics, group differences, and effect sizes for the Feeling Scale (11 points) of each protocol.
[image: A table presenting data comparing three groups: IPI, SGS, and ISS, each with thirty participants. It includes mean (M) and standard deviation (SD) values for various time points: FS before, FS minus five minutes, FS minus fifteen minutes, FS minus twenty-five minutes, FS session, and FS after ten minutes. The percentage change (∆%) is noted for SGS and ISS. Group interactions and statistical data, including F-value, p-value, and eta-squared effect size, are presented. The lower section shows mean differences with confidence intervals. Abbreviations and study references are provided at the bottom.]

The SGS group demonstrated a 73.1% increase in mean Feeling Scale scores, excluding pre- and post-exercise session values (p = 0, mean difference = −1.1, 95% CI = −1.1 to −0.45), while the ISS group showed a 98.8% higher FS compared to the IPI group (p = 0, mean difference = −1.02, 95% CI = −1.34 to −0.7). In support of our secondary hypothesis, the FS results were significantly higher in both the SGS and ISS groups. These findings suggest that self-selected intensity is more enjoyable in both individual and small group settings. This indicates a more positive affective experience for women beginning physical training programs, particularly those who are overweight or obese, as shown in Figure 5.

[image: Line graph titled "Feeling Scale" comparing IPI, SGS, and ISS over time intervals: After, 5 minutes, 15 minutes, 25 minutes, and Before 10 minutes. All lines generally decrease at 5 and 15 minutes, marked by asterisks indicating significant changes, then rise toward Before 10 minutes. Error bars show variability in data points.]

FIGURE 5
 Means and standard deviations of the Feeling Scale (FS) (vertical axis) compared between the control and experimental groups and collection time points (horizontal axis). * = difference p < 0.05 compared to the IPI group.


A moderate effect was observed on the Physical Activity Enjoyment Scale, as presented in Table 6, indicating a significant interaction among the different groups (F = 5.57, p = 0, η2 = 0.11). Comparisons between the SGS and ISS groups revealed significant differences when compared to the IPI group.



TABLE 6 Descriptive statistics, group differences, and effect sizes for the Physical Activity Enjoyment Scale (18–126 points) of each protocol.
[image: Table titled "Mean difference (95% CI)" comparing three groups: IPI, SGS, and ISS. Columns include M, SD, Δ%, MD, LBCI, UBCI, P-value, F value, and η². IPI's M is 106.10, SD 17.40. SGS has M of 116.10, with a 9.4% difference, MD −9.36. ISS has M of 115.10, with an 8.5% difference, MD −10.4. P-values are 0. F value is 5.57, and η² is 0.11. Definitions are provided below the table.]

The SGS group exhibited a 9.4% increase in the mean PACES score administered at the end of the exercise session (p = 0, mean difference = −9.36, 95% CI = −16.17 to −2.55), while the ISS group showed an 8.5% higher mean compared to the IPI group (p = 0, mean difference = −10.36, 95% CI = −17.17 to −3.55). In support of our secondary hypothesis, the PACES results were higher in both the SGS and ISS groups, indicating that self-selected intensity is more enjoyable in both individual and small group settings for women with overweight and obesity starting aerobic training programs, as illustrated in Figure 6.

[image: Bar graph titled "PACES" compares scores across three groups: IPI, SGS, and ISS. SGS and ISS have higher scores marked by asterisks, while IPI has a lower score. The y-axis ranges from zero to one hundred fifty, labeled "18 - 126."]

FIGURE 6
 Means and standard deviations of the Physical Activity Enjoyment Scale (PACES) (vertical axis) compared between the control and experimental groups (horizontal axis). * = difference p < 0.05 compared to the IPI group.


The analysis of the Intention to Repeat the Exercise Session (INT) is presented in Table 7. The one-way ANOVA revealed a moderate interaction effect among the different groups (F = 18.6, p = 0, η2 = 0.39).



TABLE 7 Descriptive statistics, group differences, and effect sizes for the intention to repeat the exercise session (1–7 points).
[image: Table comparing three groups: IPI, SGS, and ISS. All groups have a mean (M) of 6 with an SD of 1. SGS shows a Δ% of 41.6%, MD of -1.8, and a p-value of 0. ISS has a Δ% of 37.6%, MD of -1.63, and a p-value of 0. The F value is 18.6 with an η² of 0.39.]

The mean values also revealed significant differences when compared to the control group. The SGS group exhibited a 41.6% increase in the mean INT score administered at the end of the exercise session (p = 0, mean difference = 1.8, 95% CI = −2.32 to −1.27), while the ISS group demonstrated a 37.6% higher mean INT compared to the control group (p = 0, mean difference = −1.63, 95% CI = −2.25 to −1.1). In support of our secondary hypothesis, the INT results were higher in both the SGS and ISS groups compared to the control group. These findings suggest that self-selected intensity increases the intention to repeat the exercise session three times in the following week, both in individual and small group conditions. This approach represents a training strategy that enhances the intention to repeat the behavior in the future for women with overweight or obesity who are initiating physical training programs, as depicted in Figure 7.

[image: Bar graph titled "Intention" comparing three groups: IPI, SGS, and ISS. The y-axis ranges from 1 to 7. SGS and ISS bars, marked with asterisks, are higher than IPI, indicating greater scores. Error bars are present for each group.]

FIGURE 7
 Means and standard deviations of the Intention to Repeat the Exercise Session scale (vertical axis) compared between the control and experimental groups (horizontal axis). * = difference p < 0.05 compared to the IPI group.


The analyses of the BPNSFS are presented in Table 8. The one-way ANOVA showed a large interaction effect among the different groups for autonomy (F = 290, p = 0, η2 = 0.87).



TABLE 8 Descriptive statistics, group differences, and effect sizes for basic psychological needs (6–30 points).
[image: Table comparing IPI, SGS, and ISS groups across three categories: Autonomy, Relationship, and Competence. Metrics include mean (M), standard deviation (SD), percentage change (Δ%), F value, p-value, and eta-squared effect size (η²). Mean differences and 95% confidence intervals (CI) are also listed. Descriptive notes define abbreviations.]

The mean values also revealed significant differences when compared to the control group. The SGS group demonstrated a 16.36% increase in mean autonomy at the end of the exercise session (p = 0, mean difference = 1.8, 95% CI = −2.32 to −1.27), while the ISS group exhibited a 16.83% higher mean compared to the control group (p = 0, mean difference = −1.63, 95% CI = −2.25 to −1.1). In support of our secondary hypothesis, the autonomy scores were higher in both the SGS and ISS groups compared to the control group. These findings suggest that self-selected intensity enhances the perception of autonomy in both individual and small group settings when compared to the control group, as shown in Figure 8.

[image: Bar graph titled "BPNSFS" showing three categories: Autonomy, Relationship, and Competence. Each category has three bars representing IPI, SGS, and ISS, with values ranging from 6 to 30. The Autonomy and Relationship categories show higher values for SGS with asterisks indicating significance, while Competence values are similar for all groups.]

FIGURE 8
 Means and standard deviations of the Basic Psychological Needs Satisfaction Scale (vertical axis) compared between the control and experimental groups (horizontal axis). * = difference p < 0.05 compared to the IPI group.


The one-way ANOVA revealed a large interaction effect between the groups for relatedness (F = 346, p = 0, η2 = 0.88). The SGS group demonstrated a 206.8% increase in mean relatedness at the end of the exercise session (p = 0, mean difference = −10.96, 95% CI = −12.07 to −9.85), while the ISS group exhibited a 13.2% higher mean compared to the control group (p = 0.29, mean difference = −0.7, 95% CI = −1.81 to 0.29). This suggests that the ISS group had similar relatedness perceptions to the IPI.

The one-way ANOVA also revealed a small interaction effect for competence (F = 1.07, p = 0.34, η2 = 0.02), with means showing minimal differences across the protocols. The SGS group demonstrated a 7.7% lower mean competence compared to the control group at the end of the exercise session (p = 0.35, mean difference = 1.20, 95% CI = 0.86 to 3.26), while the ISS group had a 3.1% lower mean competence compared to the control group at the end of the session (p = 0.96, mean difference = 0.23, 95% CI = −1.83 to 2.3). These results suggest that all groups had similar competence perceptions by the end of the exercise session.

Thus, the results indicate that self-selected intensity in both groups (SGS and ISS) positively impacted autonomy perception compared to the control group. The SGS group demonstrated more favorable results for relatedness perception compared to both the IPI and the ISS groups.

The SGS protocol elicited a higher response in the relatedness variable, which may be attributed to the perception of social bonding and support experienced in a small group exercise context. Such an environment facilitates positive social interactions and fosters a sense of belonging among participants, aligning with the relatedness need as defined by Self-Determination Theory (Deci and Ryan, 2000). This theory posits that social connection constitutes a fundamental pillar of intrinsic motivation, thereby enhancing engagement and promoting long-term adherence to exercise programs. These findings underscore the significance of integrating social components into exercise prescriptions, particularly for populations that may derive substantial benefits from increased social support and a strengthened sense of community.

For competence perception, no significant differences were observed, with all groups showing similar values.



4 Discussion

The present study posits as its primary hypothesis that SGS and ISS would select an intensity similar to the control group (IPI), which followed the American College of Sports Medicine (Liguori et al., 2021) recommendations for moderate-intensity aerobic exercise prescription (64–76% of HRmax). The results support our primary hypothesis, as the mean heart rate values were similar across groups: control group IPI = 70.5% of HRmax, SGS group = 70.3% of HRmax, and ISS group = 71% of HRmax (p = 0.31, η2 = 0.02). Our findings align with previous studies, such as Lind et al. (2005), which explored the relationship between self-selected intensity and prescribed moderate intensities. The results indicated that when allowed to choose, participants generally selected intensities similar to those recommended, suggesting that self-selection can align with prescribed intensity in terms of physiological benefits.

We did not find studies in the literature comparing total distance covered (training volume) in aerobic exercise between prescribed and self-selected intensities. Our study addresses this gap by showing that the volume load covered was similar across groups (p = 0.45, F = 0.87, η2 = −0.03), with the SGS group covering 3.8% less distance than IPI (p = 0.28, mean difference = 0.08, 95% CI = −0.72 to 0.23). On the other hand, the ISS group covered 2.9% less distance than IPI (p = 0.12, mean difference = −0.35, 95% CI = −0.35 to 0.27).

In this context, we consider that self-selected intensity in aerobic exercise is a suitable prescription approach both from a physiological standpoint for sedentary adult women with overweight/obesity and in terms of affective responses (Ekkekakis and Lind, 2005; Parfitt et al., 2006; Lind et al., 2008; Ekkekakis et al., 2005). The evaluation of middle-aged sedentary women by Lind et al. (2005) showed that self-selected intensity corresponded to the prescribed recommendation for improving aerobic capacity, indicating that self-selection can achieve levels similar to those prescribed for this population.

In line with the tripartite exercise model of Ladwig et al. (2017), the dimensions of efficacy, safety, and pleasure support the hypotheses of the present study. Traditionally, exercise prescriptions focus on efficacy, ensuring that exercise promotes desired physiological adaptations, and safety, minimizing the risk of injury. However, low adherence to gym exercise programs is a widely recognized challenge (Sperandei et al., 2016; Gjestvang et al., 2019; Gjestvang et al., 2020; Gjestvang et al., 2021; Gjestvang et al., 2023), with dropout rates within the first 3–6 months, suggesting that current strategies may hinder adherence.

For older adults with chronic conditions, factors such as physical limitations and underlying health issues can pose significant barriers to participation in physical activities. Nevertheless, structured aerobic programs, such as walking, have been shown to enhance cognitive functioning and quality of life, emphasizing the potential of tailored interventions to improve exercise enjoyment and adherence (Cohen, 1988). These findings are consistent with our study, which demonstrated that small-group exercise elicited greater enjoyment compared to the IPI protocol. This highlights the critical role of social interaction in promoting positive affective responses and supporting sustained engagement in physical activity programs.

The perception of pleasure during exercise is a factor that optimizes long-term adherence, as enjoyable experiences during exercise generate positive affective responses associated with maintaining future behavior and intention to repeat exercise (Williams et al., 2016; Williams, 2008; Rhodes and Kates, 2015; Williams et al., 2008).

Our secondary hypothesis posits that self-selected intensity protocols (SGS and ISS) would result in higher affective responses compared to IPI. Our data showed that affective valence was higher in SGS and ISS (p = 0, F = 5.72, η2 = 0.09), with SGS showing 73.1% higher exercise enjoyment compared to IPI (p = 0, mean difference = 0.78, 95% CI = −1.1 to −0.45). In ISS, affective valence during exercise was 98.8% higher than IPI (p = 0, mean difference = −1.02, 95% CI = −1.34 to 0.7).

Our findings are consistent with Ekkekakis and Lind (2005), who evaluated overweight and obese adults performing aerobic exercise sessions and found that affective valence in self-selected intensity was more positive than in prescribed intensity. Thus, we suggest that self-selection of aerobic exercise intensity should consider not only efficacy and safety but also the pleasurable nature of training. Parfitt et al. (2006) investigated sedentary adults in self-selected and prescribed intensity aerobic training with heart rate and pleasure/displeasure monitoring, demonstrating that self-selected intensity resulted in higher affective responses than prescribed intensity.

The Feeling Scale is a reliable tool for assessing self-selected intensity in aerobic training, especially for women in gym environments. Hamlyn-Williams et al. (2015) demonstrated that sedentary women effectively used the FS to regulate exercise intensity at moderate levels, predominantly experiencing positive affective responses. These findings suggest that the FS allows for real-time effort adjustment according to one’s emotional and physical state, promoting a more enjoyable experience. The potential of using the FS as an accessible tool for regulating exercise intensity appears to support and contribute to a pleasant exercise practice tailored to individual preferences.

As a mediator of successful interventions aimed at exercise continuity, enjoyment is associated with pleasurable experiences that increase the likelihood of adherence to training (Jekauc, 2015). Positive and enjoyable exercise experiences increase the probability of maintaining active behavior in the future, with previously experienced pleasure being a strong predictor of adherence (Rodrigues et al., 2021). The results of the present study showed that enjoyment was higher in the self-selected intensity groups SGS and ISS (p = 0, F = 5.57, η2 = 0.11), with SGS 9.4% higher than IPI (p = 0, mean difference = 9.36, 95% CI = −16.2 to −2.55) and ISS 8.5% higher than IPI (p = 0, mean difference = 10.4, 95% CI = −17.2 to −3.55).

In this context, we understand that self-selected intensity results in greater enjoyment in adult women with overweight/obesity, indicating that it is a positive strategy for optimizing affective responses during exercise, as enjoyment is a predictor of future behavior related to physical exercise. Rodrigues et al. (2021) investigated how enjoyment influences exercise adherence, associating enjoyment with previous experiences and current exercise adherence. The results showed that enjoyment experienced in previous exercise sessions was a strong predictor of continuous adherence.

The experience of pleasure or discomfort during activity influences future intention for continued or discontinued exercise practice. The hedonic theory of human behavior associates that individual who maximize pleasure and minimize discomfort during exercise (Kahneman, 1999) have greater long-term adherence to training. Perceived pleasure fosters greater intrinsic motivation (Deci and Ryan, 2000), increasing the likelihood of adherence to sustained training commitment. The present study showed that the intention to engage in physical exercise three times in the following week, an indicator of future behavior, was higher in the SGS and ISS protocols compared to IPI (p = 0, F = 18.6, η2 = 0.39). In SGS, the intention to repeat the exercise session three times in the following week was 41.6% higher (p = 0, mean difference = 1.8, 95% CI = −2.32 to −1.27) than IPI, while ISS was 37.6% higher than IPI (p = 0, mean difference = 1.63, 95% CI = −2.25 to −1.1). The results of the present study, based on the hedonic theory of human behavior (Ekkekakis, 2003), demonstrate that self-selected protocols were more positive in affective valence and enjoyment, suggesting better results in the intention to repeat the exercise session the following week (future behavior).

Our study suggests that self-selected exercise intensity may yield positive psychological and physiological responses, optimizing affective responses such as pleasure and reducing discomfort when compared to rigid exercise prescriptions. These findings align with those of Ekkekakis (2003), who demonstrated that more pleasant exercise experiences support long-term adherence, as well as promoting positive emotional experiences during training (Ekkekakis, 2009; Ekkekakis and Lind, 2005; Ekkekakis, 2003; Ekkekakis et al., 2006).

Given that adherence and continuity in exercise programs are influenced by motivational factors, Self-Determination Theory (Deci and Ryan, 2000) posits that human motivation and well-being are largely shaped by the satisfaction of basic psychological needs: autonomy, competence, and relatedness. Our results indicated that the perception of autonomy was significantly higher in the SGS and ISS groups compared to the IPI group (p = 0, F = 290, η2 = 0.9). Specifically, the SGS group exhibited a 243.7% increase (p = 0, mean difference = −11.6, 95% CI –12.9 to −10.2), and the ISS group showed a 253.6% increase (p = 0, mean difference = 12, 95% CI 10.7 to 13.4) compared to IPI. Autonomy refers to the desire to feel responsible for one’s actions and choices, suggesting that allowing participants to self-select exercise intensity may be an effective strategy for fostering autonomy in exercise programs.

Regarding competence, which involves a sense of efficacy and skill development (Deci and Ryan, 2000), our results revealed no significant differences between groups (p = 0.34, F = 1.07, η2 = 0). The SGS group showed a 7.7% lower perception of competence compared to IPI, and the ISS group was 3.1% lower than IPI. Although competence is associated with intrinsic motivation, Self-Determination Theory (Deci and Ryan, 2000) highlights that the perception of efficacy is a stronger predictor of exercise behavior. These findings suggest that participants felt capable of successfully performing the exercise session, regardless of the method used to determine intensity.

When comparing small group and individual training, we anticipated changes in the relatedness component, which refers to the connection and sense of belonging to others (Deci and Ryan, 2000). Small group training promotes a positive social environment, creating a sense of support and community. Social interaction in small groups can optimize motivation and may contribute to the continuation of the exercise program (Wayment and McDonald, 2017). In our study, the relatedness values for SGS and ISS were 206.8 and 13.2% higher than IPI, respectively, with no significant differences observed. Autonomous motivation, which encompasses the satisfaction of the psychological needs for autonomy, competence, and relatedness, could explain the maintenance of future exercise behavior (Rodrigues et al., 2021; Teixeira et al., 2012; Deci and Ryan, 2000). Psychological needs strengthen intrinsic motivation, which is associated with personal satisfaction and well-being (Ekkekakis et al., 2011; Deci and Ryan, 2000; Rodrigues et al., 2021), and a motivational environment that fosters these needs supports sustained exercise engagement.

The results of this study support the initial hypotheses, showing that protocols focused on self-selecting exercise intensity are a practical and effective approach to promoting motivational experiences and positive affect in overweight and obese adult women. This positive effect appears to contribute to sustained exercise adherence, a critical factor in improving long-term health and quality of life. Furthermore, our findings demonstrate that self-selected intensities yield physiological effects comparable to traditional exercise prescriptions, with similar total training volumes across both self-selected and prescribed intensity conditions. To the best of our knowledge, this is the first study to analyze this aspect in the scientific literature.

The SGS and ISS protocols were designed to stimulate competence development through skill acquisition and progress, as well as enhance interpersonal relationships. We understand that social interactions within small groups provide a sense of belonging and social support—factors that should be integrated into exercise program prescriptions to increase enjoyment and the likelihood of long-term adherence (Teixeira et al., 2012; Deci and Ryan, 2000). The study’s results revealed mean differences of 1 to 2 units on the Feeling Scale between the SGS and ISS groups, confirming a positive affective response to self-selected intensity protocols. These findings suggest that positive experiences during physical exercise may increase future physical activity levels (Williams et al., 2008). A one-point increase on the FS corresponds to an additional 27–29 min of physical activity per week, with further increases of 15–38 min per week after 6 months (Williams et al., 2012), potentially reaching up to 41 additional minutes per week after 12 months (Williams et al., 2008).

This study fills a gap in the literature by demonstrating that, even within small group contexts, self-selected intensity results in training volumes similar to those prescribed in traditional exercise prescriptions (Liguori et al., 2021). In addition to preserving exercise efficacy and safety, the small group format enhances social relationships, a psychological construct associated with autonomy and crucial in regulating active behavior. The social aspect of small group training fosters a perception of support, which contributes to long-term adherence and engagement (Teixeira et al., 2012; Deci and Ryan, 2000).

Thus, the results of the present study suggest that affective indicators should be considered in the selection of exercise intensity and volume in aerobic training prescription guidelines. While these guidelines are widely recognized (Liguori et al., 2021) and support individualized exercise, their integration with psychological variables remains limited. The various factors analyzed in the SGS and ISS protocols provide new insights into exercise psychophysiology and present a practical, evidence-based approach to intensity prescription, consistent with ACSM (2021) recommendations (Liguori et al., 2021). This approach emphasizes the prioritization of emotional experience in practitioners (Wienke and Jekauc, 2016).

The SGS and ISS protocols employed in this study, which allowed participants to self-select their exercise intensity during aerobic exercise, resulted in higher perceived autonomy compared to the IPI group (p < 0.05). This indicates greater efficacy in the affective experience of exercise, factors which may promote health and improve physical fitness (Hamlyn-Williams et al., 2015; Costa et al., 2015). Among the strengths of the study are: (Shilton et al., 2024) the similarity in intensity and volume between the SGS and ISS groups, which suggests that small group training is a safe and enjoyable alternative to individual exercise at self-selected intensity, comparable to traditional prescription; and the importance of fostering autonomy and social relationships in the small group protocol, particularly when participants share similar demographics, such as age and sex, as in the present study.

Achieving sustainable behavior change requires longitudinal analyses, as participants may drop out or experience relapse over time. We believe that this study could inform future interventions that extend the monitoring period and track engagement with training sessions. Future research should investigate the efficacy of this intervention in longitudinal contexts, assessing adherence, frequency, and effects on fitness changes in supervised environments.

The main findings of the present study indicate that the intensity and training volume were comparable across the IPI, SGS, and ISS protocols, demonstrating that self-selected intensity is biologically equivalent to prescribed intensity. Affective responses, including pleasure, enjoyment, and intention to repeat the activity, were more positive in the self-selected intensity protocols. This underscores self-selection as a safe, effective, and more enjoyable alternative to prescribed intensity in aerobic training. Moreover, self-selection facilitated greater autonomy, a core construct for sustaining exercise behavior, as outlined by Self-Determination Theory. Small-group training with self-selected intensity emerged as an effective approach, enhancing both autonomy and relatedness—key components of Self-Determination Theory—which may contribute to improved adherence to aerobic exercise routines. These findings present practical strategies that can be implemented in fitness centers and public health programs to promote sustained physical activity participation.

The findings of the present study suggest that exercise professionals working with obese women should implement individualized, participant-centered strategies. Allowing participants to self-select exercise intensity within safe parameters can enhance feelings of pleasure and autonomy, while incorporating small-group sessions can strengthen social support and foster a sense of connection. Regular monitoring of affective responses, such as valence and pleasure, is crucial for adjusting sessions to optimize enjoyment and effectiveness. Furthermore, creating a supportive and inclusive environment, setting realistic and attainable goals, and ensuring gradual progression in exercise programs can enhance intrinsic motivation and promote long-term adherence, consistent with the principles of Self-Determination Theory.

A key limitation of the present study is its cross-sectional design and the small sample size, comprising overweight/obese adult women, which restricts the generalizability of the findings to other populations, such as men or younger individuals. Additionally, the short-term nature of the study and reliance on self-reported psychological measures represent notable limitations. While the findings suggest that self-selected intensity and small-group training promote positive affective experiences and may enhance exercise adherence, it remains uncertain whether these effects are generalizable to individuals with chronic conditions or to different age groups. Future research should investigate the efficacy of this psychophysiological approach in diverse demographic contexts. Furthermore, longitudinal studies are needed to assess the effectiveness of self-selected intensity in sustaining exercise behavior over time and across various exercise modalities, such as resistance training, to expand and solidify the practical applications of this strategy in promoting physical activity adherence.



5 Conclusion

The findings of the present study suggest that self-selected intensity in aerobic exercise, whether in individual or small group settings, is a feasible and more effective strategy for promoting positive affective experiences in overweight/obese women, without compromising standard recommendations for exercise intensity and volume. Self-selection not only results in intensity levels comparable to traditional prescriptions but also significantly increases perceived pleasure and the intention to repeat the exercise, factors that may enhance adherence to training.

Moreover, the small group model was equally effective, adding the benefit of fostering social relationships, which are linked to better behavioral regulation and more intrinsic motivation for exercise. These findings indicate that exercise prescription strategies incorporating autonomy and social support can be more effective, particularly for populations facing barriers to engagement in exercise programs, such as overweight/obese women.

In summary, this study advances our understanding of psychophysiological responses to aerobic exercise and underscores the importance of integrating pleasure and social support into exercise guidelines. This is especially relevant for groups that may benefit from a more supportive and flexible training environment tailored to individual preferences.
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Background: Depression symptoms are commonly experienced by adults and older people; however, there is uncertainty concerning the associations of lifestyle with the risk of depression. This study systematically reviewed and meta-analyzed observational data to assess the link between instrumented sedentary behavior (i-SB) and physical activity (i-PA) measures and depression risk among adult and older populations.
Methods: A systematic review across four databases was performed up to July 27, 2024, targeting studies linking i-SB, i-PA, and depression. The review included a dose–response meta-analysis, presenting results as odds ratios (OR) and 95% confidence intervals (95% CI).
Results: Fifty-one studies, encompassing 1,318,687 participants, fulfilled the inclusion criteria. The comparison between the most and least sedentary groups yielded a pooled OR of 1.09 (95% CI 1.05–1.13). The comparison between the least and most active participant groups yielded pooled ORs of 0.96 (95% CI 0.93–0.98) for light activity (LPA), 0.91 (95% CI 0.86–0.96) for moderate-to-vigorous activity (MVPA), 0.93 (95% CI 0.90–0.96) for total physical activity (TPA), and 0.87 (95% CI 0.81–0.94) for steps per day. After adjusting i-PA, a lower OR for i-SB did not indicate a significant link to increased depression risk. Meta-regression analyses confirmed a dose–response relationship between SB, MVPA, daily steps, and depression.
Conclusion: The association between i-SB and the risk of depression was not consistent with the results of previous self-reported studies. MVPA linked to the risk of depression was independent of i-SB, whereas the link between i-SB and the risk of depression was not independent of i-PA.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=546666, identifier CRD42024546666.
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1 Introduction

Mental health encompasses cognitive rationality, emotional equilibrium, behavioral suitability, interpersonal harmony, and adaptive flexibility, marking a state of well-being throughout an individual’s developmental trajectory. According to a 2017 survey conducted by the World Health Organization, nearly one billion individuals worldwide, a staggering figure, are grappling with various mental health challenges (World Health Organization, 2017). The 2020 WHO Guidelines highlight that regular physical activity in adults aged 18–64 yields substantial health benefits, including mental health improvements such as reduced anxiety and depression symptoms, along with enhanced cognitive function and better sleep quality, all of which collectively contribute to an individual’s overall well-being (World Health Organization, 2020). Physical activity (PA), defined as any bodily movement resulting from skeletal muscle contractions that lead to energy expenditure above basal levels (≥1.5 METs[Metabolic Equivalent of Task]), is associated with a multitude of benefits including physical fitness, mental health enhancement, and cognitive improvements (Ainsworth et al., 2011). PA can serve as a complementary or alternative strategy for mental health and behavioral function interventions (Murray et al., 2023). Sedentary behavior (SB), characterized by activities undertaken in a seated, reclined, or supine position during periods of wakefulness, involves an energy expenditure equivalent to or less than 1.5 metabolic equivalents (METs) (Ainsworth et al., 2011). This includes various everyday activities, such as viewing television, engaging with computers, and maintaining a seated posture while utilizing transportation (Tremblay et al., 2017). These behaviors typify a low level of energy expenditure, in contrast to the higher energy demands of PA.

Empirical evidence, as documented in prior investigations, has unequivocally established a link between distinct intensities of PA (Rautio and Seppänen, 2024) and SB (Siwa et al., 2023) and the prevalence and incidence of depressive symptoms. Precisely speaking, extant studies have firmly corroborated the notion that the reallocation of a mere 15-min duration of moderate-to-vigorous PA (MVPA) to SB precipitates a marked elevation in the intensity of depressive symptoms, quantifiable by an increment of 0.46 units on a relevant measurement scale (Murray et al., 2023). Interestingly, the aggregate duration of sedentary time exhibits a significant relationship with escalated depressive symptoms exclusively within the male population (Wemeck et al., 2022). These findings collectively underscore the intricate interplay between sedentary habits, PA patterns, and mental health, particularly in the context of depressive symptom management. Second, previous research has recognized PA as a potentially effective means of preventing mental health issues (Denche-Zamorano et al., 2023). Previous research has confirmed that an increase in PA is associated with a reduction in the risk of depression (B: −0.043, 95% confidence intervals-95% CI: −0.071 to −0.016) (Iob et al., 2023). Furthermore, in adults over the age of 65, depressive symptoms have been associated with a reduction in the total duration of PA at an intensity greater than 3 METs (Dhakal et al., 2023). In summary, PA has a positive causal effect on the prevention of depression, whereas excessive sedentary time may increase the risk of anxiety and diminish mental health status.

However, determining the precise amount of PA required to substantially reduce the risk of depression and, conversely, identifying the threshold of SB that significantly elevates exposure to the risk of depression remains a question worthy of contemplation and further investigation. Previous studies have shown that moderate-to-vigorous PA (MVPA) is significantly associated with a reduced likelihood of depression (pooled odds ratios, OR: 0.817, 95% CI: 0.678 to 0.985). Replacing 30 min of SB with 30 min of MVPA was linked to a decrease in the odds of depression (OR: 0.815, 95% CI: 0.669 to 0.992). Conversely, substituting 30 min of MVPA with 30 min of SB was associated with an increased risk of depression (OR: 1.227, 95% CI: 1.008 to 1.495) (Park et al., 2024). This suggests that converting 30 min of sitting time into an equivalent duration of MVPA can lower the probability of developing depression, whereas replacing 30 min of MVPA with sitting can increase the risk of depression (Park et al., 2024). This indicates that to prevent depression in the elderly, it is advisable to accumulate a greater amount of MVPA throughout the day rather than simply engaging in light PA (LPA) (Chen et al., 2023). This indicates that allocating a greater proportion of one’s daily PA profile to MVPA as opposed to SB or LPA is associated with a notable decrease in the risk of developing depressive disorders (Blodgett et al., 2023). Consequently, the exact delineation of the association between SB and PA concerning depression, in conjunction with a thorough comparative examination of the effect sizes, assumes crucial significance in the conception of potent intervention models geared toward the amelioration of depressive conditions. This knowledge will be instrumental in guiding personalized lifestyle modifications and public health policies designed to optimize mental health outcomes.

Due to the limitations of questionnaires in accurately capturing unstructured PA and the tendency of adults to overestimate PA while underestimating SB (Ryan et al., 2018; Dyrstad et al., 2014), previous meta-analyses and observational studies may have been compromised in their accuracy of estimating the risk of depression due to these subjective factors. Furthermore, self-reported measures tend to overestimate PA and underestimate SB (Ryan et al., 2018). A previous study reported that a total of 119 (76%) young-to-middle-aged adults and 72 (90%) older adults reported that they met the recommended Dutch PA guidelines, while I-PA (instrumented measures) indicated that 37 (24%) and 13 (16%) participants, respectively, objectively met these criteria (Rojer et al., 2020). Given that objective measurements can provide more accurate data, our study exclusively used objective measures of PA and SB, which is a key strength. In other words, using objective instruments such as accelerometers and pedometers, more researchers have quantified the actual association among SB, PA, and depression, effectively mitigating the influence of participants’ subjective factors on the precision of depression risk estimation. These approaches maximally utilize all available data and generate more robust and reliable statistical results.

The aim of this systematic review and meta-analysis is to quantify the link between instrument-assessed sedentary behavior (i-SB) and physical activity (i-PA) with depression. It involves assessing the measurable impacts of i-SB and i-PA and outlining the dose–response relationship with depressive symptoms. Our hypothesis posited that escalated i-SB coupled with diminished i-PA correlates with an augmented risk of depression, which can potentially be ameliorated by increased i-PA or reduced i-SB. The insight derived from this investigation reinforces the pivotal function of PA in curtailing the likelihood of depression and sustaining mental health integrity, concurrently accentuating the importance of judiciously managing sedentary intervals. The empirical evidence garnered herein offers a robust scientific rationale for formulating public health initiatives aimed at endorsing PA and discouraging protracted sedentary periods with the overarching goal of enhancing mental health resilience within the population.



2 Methods


2.1 Search strategy

The systematic review protocol is registered with PROSPERO under CRD42024546666. Following PRISMA guidelines, a rigorous search of PubMed, Scopus, PsycINFO, and SPORTDiscus (via EBSCO) was conducted to identify literature on the link between physical activity and depression, from inception to July 27, 2024. We conducted a search for articles using specific search terms such as “depression OR depressive symptoms,” “physical activity OR exercise OR physical training,” “sedentary behavior OR behavior,” “sedentary OR sedentary behaviors,” “sedentary lifestyle OR lifestyle,” “sedentary OR physical sedentary OR physical inactivity,” “adult OR older,” and “accelerometry OR accelerometer OR pedometer OR monitoring.” We focused on prospective studies. Furthermore, we systematically reviewed the reference lists of all included studies to identify additional eligible articles, without language restrictions. The comprehensive search methodology is detailed in Supplementary Tables S1–S4.



2.2 Study selection

Two of three reviewers (DW and ZG) conducted a comprehensive assessment of titles, abstracts, and full texts to ascertain study eligibility per predefined criteria, with disagreements resolved by a third reviewer (SL). The literature management was facilitated by EndNote (Version X8.2, Clarivate Analytics, Philadelphia, PA, USA). Studies were eligible if they were published in English or Chinese and met the following criteria: (1) observational cohort, cross-sectional, case–control, or Mendelian randomization studies assessing sedentary behavior (SB) or physical activity (PA) via pedometry or accelerometry; (2) included depression, depressive symptoms, or major depression as outcomes; (3) involved adults aged 18 or older; (4) targeted adults generally, not a specific disease group; and (5) reported ORs, RRs, HRs, and 95% CIs for the association between PA/SB and depression risk, or provided data to calculate these metrics. In cases of multiple studies on the same population, only those with longer follow-ups or larger sample sizes were included. Researchers independently identified eligible studies and collectively determined their inclusion based on the established criteria.



2.3 Statistical analyses

This meta-analysis was performed utilizing STATA software (v16.0), with all statistical tests being two-tailed. The analysis involved a two-step approach for categorical and continuous variables to assess the link between physical activity (PA) and depression risk. The results are presented as odds ratios (ORs) with 95% confidence intervals (CIs). Studies were categorized as cohort, cross-sectional, or Mendelian randomization for pooled analysis. Random-effect models were applied to compute pooled ORs. Heterogeneity was assessed using the I2 statistic, with values of 25, 50, and 75% indicating low, moderate, and high heterogeneity, respectively (Higgins et al., 2019). The significance level for evaluating heterogeneity was established at 0.05. The tests conducted by Egger and Begg were employed to ascertain the presence of publication bias (Higgins et al., 2019). To perform sensitivity analysis, studies were sequentially omitted to evaluate their influence on the pooled effect of the remaining studies. Data were categorized into subgroups by study design, gender, age, research domain, study rigor, and control for confounders, followed by meta-analysis. Meta-regression was used to assess heterogeneity across studies.

To assess the relationship between dosage and response, we calculated weekly cumulative durations of physical activity (PA) and sedentary behavior (SB) for each effect value from the literature, assuming constant PA and SB durations over the follow-up period. The median was used to define the reference dose. Intervals below 0.5 were adjusted to 0.25, and when the upper open interval reached 1 or more, the difference between intermediate dose intervals was set at 0.25, resulting in an exposure value of 1.25 (Zhang et al., 2015).

The researchers utilized a robust error meta-regression technique, as outlined by Xu et al., to determine the slopes of the continuous dose–response relationship (nonlinear trends) and their corresponding 95% confidence intervals (Xu and Doi, 2018). This was done by analyzing the natural logarithms of the reported odds ratios (ORs) and confidence intervals (CIs) across several categories of physical activity (PA) and sedentary behavior (SB) measurements. This approach employs a single-stage method, treating each study as a sample cluster. It addresses within-study correlations using clustered robust standard errors. The Stata XBLC function was applied to derive a dose–response curve, based on the model’s goodness-of-fit assessment (Zhang et al., 2015).



2.4 Quality assessment

The Newcastle-Ottawa Scale (NOS) was utilized for quality assessment of the literature (Wells et al., 2000). Quality is directly proportional to the NOS score, with a maximum possible score of 9. Studies were categorized as low, moderate, or high quality based on NOS scores of 0–3, 4–6, and 7–9, respectively. Discrepancies in quality evaluation were resolved through group consensus to determine the final score.




3 Results


3.1 Description of included studies

Initially, we identified 6,939 articles, with 1977 remaining after deduplication. Following title and abstract screening, 234 articles underwent full-text eligibility assessment. An additional article was included post-reference check, culminating in a final analysis of 51 articles, encompassing 14 cohort studies (Blodgett et al., 2023; Chan et al., 2022; Chan et al., 2023; Herbolsheimer et al., 2018; Ho et al., 2022; Hsueh et al., 2020; Hussenoeder et al., 2023; King et al., 2022; Konopka et al., 2022; Ku et al., 2018; Okely et al., 2019; Mossavar-Rahmani et al., 2023; Siwa et al., 2023; Zhang et al., 2021), 33 cross-sectional studies (Araki et al., 2022; Asai et al., 2018; Del Pozo Cruz et al., 2020; Bae et al., 2023; Biddle et al., 2021; Bustamante et al., 2013; Casals et al., 2024; Chen et al., 2023; Dennison et al., 2021; Dhakal et al., 2023; Eriksson et al., 2020; Felez-Nobrega et al., 2023; Heinz et al., 2022; Hollands et al., 2020; Hsiao et al., 2022; Kirschner et al., 2022; Larisch et al., 2020; Lee et al., 2014; Li et al., 2022; Loprinzi, 2013; Loprinzi and Mahoney, 2014; Maher et al., 2018; McKercher et al., 2009; Michalak et al., 2022; Morres et al., 2019; Park et al., 2024; Rethorst et al., 2017; Song et al., 2012; Tully et al., 2020; Vallance et al., 2011; Wemeck et al., 2022; Yasunaga et al., 2018; Zhou et al., 2024) and 4 Mendelian randomization study (Ba et al., 2024; Casanova et al., 2023; Choi et al., 2019; Iob et al., 2023). A visualization of the article selection process is shown in Figure 1.
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FIGURE 1
 PRISMA flow diagram for the identification of included studies.


Supplementary Table S5 details the characteristics of 51 studies, encompassing 1,318,687 participants across 14 cohort studies (n = 134,047), 33 cross-sectional studies (n = 253,221), and Mendelian randomization studies (n = 812,245). These studies were conducted in Europe (n = 7: UK, Germany, Poland, Spain, Sweden, Greece), Asia (n = 4: Taiwan, China, South Korea, Japan), Oceania (n = 1: Australia), North America (n = 1: USA), and South America (n = 1: Brazil). Participants’ mean age spanned from 18.0 to 86 years, with female representation ranging from 0 to 81.4%. Depression rates across studies varied between 3.2 and 48.8% (Supplementary Table S6). The methodological quality of the studies is detailed in Supplementary Table S8, with 33 out of 51 studies classified as high quality and one study as low quality.



3.2 Measurement method

Supplementary Table S7 provides a summary of the measurement instruments utilized, encompassing accelerometers such as ActiGraph, MoveMonitor, Fitmit Charge, GENEActiv Original, StepWatch™, McRoberts, Actiwatch 2, GENEActiv, Active style ProHJA-350IT, Vitamove, and Yamax Digiwalker. The study employed five accelerometer types, four pedometer types, and three additional devices worn on the hip, wrist, thigh, and triceps. Various cut-off values were applied to evaluate i-SB and i-PA, with i-SB ranging from 1,040 to 2,689 CPM or 1.51 to 2.99 METs, and MVPA thresholds set at >1,040 and ≥ 2,690 CPM or ≥ 3.00 METs. Data collection spanned a minimum of four consecutive days, with the majority of studies extending this period to seven consecutive days.



3.3 Results for instrumented sedentary behavior and physical activity


3.3.1 Sedentary behavior and depression

Supplementary Table S6 presents an overview of the association between i-SB, i-PA, and depression. Figure 2 presents forest plots depicting the link between i-SB and depression risk across 21 studies. The highest i-SB category exhibited an OR of 1.09 (95% CI 1.05–1.13, p < 0.05, I2 = 93.8) relative to the lowest category, as determined by a pooled random-effects model. The OR for cross-sectional studies is 1.15 (95% CI 1.07–1.23), for cohort studies is 1.14 (95% CI 1.01–1.28), and for Mendelian randomization method studies is 1.01 (95% CI 0.99–1.04). The funnel plots (Supplementary Figure SA) indicated no statistically significant publication bias (Egger’s test p = 0.18). Tully et al. (2020) was excluded after sensitivity analysis.
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FIGURE 2
 Forest plots of the association between i-SB and risk of depression.




3.3.2 Light physical activity and depression

Figure 3 presents forest plots depicting the correlation between LPA and depression risk across nineteen included studies. Compared with the lowest LPA category, the pooled random-effects model resulted in an OR of 0.96 (95% CI 0.93–0.98, p < 0.05, I2 = 81.2) for the highest category. The OR for cross-sectional studies is 0.97 (95% CI 0.95–0.99), and for cohort studies is 0.90 (95% CI 0.93–0.98). The funnel plots (see Supplementary Figure SB) indicated no statistically significant publication bias (Egger’s test p = 0.31). Sensitivity analysis showed that excluding any single study did not substantially alter the pooled effect estimates.
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FIGURE 3
 Forest plots of the association between LPA and risk of depression.




3.3.3 Moderate-to-vigorous physical activity and depression

Figure 4 presents forest plots depicting the link between MVPA and depression risk across 30 included studies. Compared with the lowest MVPA category, the pooled random-effects model resulted in an OR of 0.91 (95% CI 0.86–0.96, p < 0.05, I2 = 82.6) for the highest category. The OR for cross-sectional studies is 0.87 (95% CI 0.79–0.95), for cohort studies is 0.94 (95% CI 0.83–1.05), and for Mendelian randomization method studies is 0.96 (95% CI 0.92–1.01). The funnel plots (see Supplementary Figure SC) indicated no statistically significant publication bias (Egger’s test p = 0.40). Konopka et al. (2022) was excluded after sensitivity analysis.
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FIGURE 4
 Forest plots of the association between MVPA and risk of depression.




3.3.4 Total physical activity and depression

Figure 5 presents forest plots depicting the relationship between TPA and depression risk across 30 studies. The pooled random-effects model revealed an OR of 0.93 (95% CI 0.90–0.96, p < 0.05, I2 = 86.0%) for the highest TPA category compared to the lowest. Subgroup analyses yielded ORs of 0.93 (95% CI 0.88–0.98) for cross-sectional studies, 0.90 (95% CI 0.82–0.98) for cohort studies, and 0.94 (95% CI 0.91–0.98) for Mendelian randomization studies. Statistically significant publication bias was detected via funnel plot and Egger’s test (p = 0.00). Sensitivity analysis, with individual study exclusion, showed no significant alterations in the combined effect size.
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FIGURE 5
 Forest plots of the association between TPA and risk of depression.




3.3.5 Step and depression

Figure 6 presents forest plots depicting the link between TPA and depression risk across nine studies. The pooled random-effects model indicated a significantly lower odds ratio (OR) of 0.87 (95% CI: 0.81–0.94, p < 0.05, I2 = 87.2%) for the highest TPA category compared to the lowest. The stratified analysis revealed ORs of 0.56 (95% CI: 0.28–1.13) for cross-sectional studies and 0.79 (95% CI, 0.68–0.93) for cohort studies. Statistically significant publication bias was detected using both funnel plot analysis (Supplementary Figure SE) and Egger’s test (p = 0.08). Sensitivity analysis, with individual study exclusion, showed no significant alterations in the combined effect size.
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FIGURE 6
 Forest plots of the association between Daily Step and risk of depression.





3.4 Subgroup analysis

Table 1 presents the outcomes of subgroup analyses, assessing the stability of pooled results and identifying potential heterogeneity sources. For MVPA, heterogeneity was significantly associated with study design and depression scales, suggesting their impact on pooled ORs. In the case of SB, heterogeneity was significantly linked to study design and BMI-related confounding factors, indicating their influence on pooled ORs.



TABLE 1 Results of the subgroup analysis.
[image: Table shows subgroup analysis of MVPA and SB, with factors including age, depression scales, BMI, SES, ethnicity, and baseline disease. Columns detail odds ratios, confidence intervals, heterogeneity statistics, and p-values. The table compares categories like adult, older, CES, BMI presence, and ethnicity on physical activity and sedentary behavior.]

Significant within-subgroup heterogeneity in the studies on MVPA was found in all subgroups, indicating that between-group heterogeneity or other unknown factors may influence heterogeneity. Regarding i-SB, significant heterogeneity was also found in the SB subgroups, except for the Adult, CES, GDS, and Non-Adjusted Ethnicity groups. The findings indicate potential influences on the pooled odds ratios (ORs) of the subgroups by these factors. The relationship between i-PA, i-SB, and depression was inconsistent across most analyses. The high heterogeneity among the included studies may be attributed to the large number of included studies and disparities in the study design, depression ascertainment, and adjustment variables.



3.5 The impact of sedentary behavior and physical activity on depression after mutual adjustment

Regarding SB, seven articles adjusted for time spent in PA, and 14 articles with no adjustment for PA were identified. The pooled random-effects model resulted in an OR with adjusted PA of 1.02 (95% CI 1.00–1.04, p = 0.53 > 0.05, I2 = 0), while the OR for no PA adjusted was 1.20(95% CI 1.08–1.33, p = 0.00 < 0.05, I2 = 95.2%) (see Supplementary Figure SH). Regarding MVPA, four articles adjusted for time spent in SB, and 25 articles did not adjust for SB. The pooled random-effects model resulted in an OR with an adjusted SB of 0.63 (95% CI 0.44–0.89, p = 0.00 < 0.05, I2 = 92.1%), while the OR with no SB adjusted was 0.92 (95% CI 0.87–0.98, p = 0.00 < 0.05, I2 = 82.9%) (see Supplementary Figure SG).



3.6 Dose–response relationship

For SB, we found a linear association relationship between SB and the risk of depression (pnonlinearity = 0. 30) (Figure 7A). The risk of depression increased by 4% for every additional hour of SB per day SB (p < 0.01; OR = 1.04, 95% CI 0.90–1.19). For MVPA, we found a nonlinear association relationship between MVPA and depression (pnonlinearity = 0.0077) (Figure 7B). When MVPA was <35 min/day, the risk of depression decreased by 20% for every additional 5 min/day of MVPA (p < 0.01; OR = 0.80, 95% CI 0.60–0.94). When MVPA was >35 min/day, the risk of depression increased by 16% for every additional 5 min/day of MVPA (p < 0.01; OR = 1.16, 95% CI 0.92–1.56). For steps per day, we found a nonlinear association relationship between steps per day and depression (pnonlinearity = 0.0016) (Figure 7C). When steps per day was <4,000 steps/day, the risk of depression decreased by 9% for every additional 1,000 steps/day of MVPA (p < 0.01; OR = 0.91, 95% CI 0.81–0.99). When steps per day was >4,000 steps/day, the risk of depression decreased by 8% for every additional 1,000 steps/day of MVPA (p < 0.01; OR = 1.08, 95% CI 0.96–1.22).
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FIGURE 7
 The dose–response relationship between i-SB, MVPA, daily step and depression risk.





4 Discussion

To the best of our knowledge, this is the first systematic review and dose–response meta-analysis of the association between instrumented measures of SB, PA, and depression among adult and older populations. This meta-analysis showed that both higher i-SB levels and lower i-PA levels were associated with a higher depression risk. For SB, LPA, MVPA, TPA, and step, the effect size OR values were 1.09 (95% CI 1.05–1.13), 0.96 (95% CI 0.93–0.98), 0.91 (95% CI 0.86–0.96), 0.93 (95% CI 0.90–0.96), and 0.87 (95% CI 0.81–0.94). The lowest OR was observed for the step group. The study also reported mutually adjusted ORs for PA and SB. Meta-regression analyses confirmed significant dose–response associations between SB, MVPA, daily steps, and depression risk.

The OR of 1.16 (95% CI 1.08–1.24) found in this study is lower than those reported in previous meta-analyses examining the link between self-reported sedentary behavior and depression [1.42, 95% CI: 1.22–1.67 (Zhou et al., 2023); 1.28, 95% CI 1.17–1.39 (Wang et al., 2019), 1.25, 95% CI 1.16–1.35 (Zhai et al., 2015)]. The OR for physical activity (PA) in this study, 0.87 (95% CI 0.81–0.94), closely aligns with prior meta-analyses examining the link between self-reported PA and depression, particularly when contrasting inactive with active adults and older populations [0.90, 95% CI: 0.83–0.98 (Schuch et al., 2019); 0.83, 95% CI: 0.78–0.98 (Guo et al., 2022)]. SB is often underestimated and PA is often overestimated when using self-reported measures (Ryan et al., 2018). Prior meta-analyses and observational studies may have been affected by this, potentially affecting the precision of the depression risk estimation. Recently, Gianfredi et al. (2020) conducted a meta-analysis of the associations between objectively measured PA and incident and prevalent depression, including 37,408 participants, with the overall effect size of depression for the highest vs. the lowest level of PA being −1.16 (95% CI −1.41 to −0.91). In contrast to the previous meta-analysis, which encompassed studies with chronic obstructive pulmonary disease or cancer patients and middle-aged to elderly populations, our analysis focused exclusively on healthy populations, excluding those with patient groups. Furthermore, our study utilized objective metrics for physical activity and sedentary behavior to assess depression risk, offering a more precise and targeted analysis. Furthermore, the ORs from Mendelian randomization studies based on a large sample were 1.01(0.99, 1.04) for i-SB and 0.94(0.91,0.98) for i-PA, which are both more negative than cohort and cross-sectional studies. Therefore, future research should cautiously interpret the association of PA and SB with depression.

Subgroup analysis revealed significant age-related heterogeneity, suggesting age moderates the relationship between physical activity, sedentary behavior and depression among adult and older populations. In elderly populations, these associations were non-significant, with higher ORs than adults, potentially indicating a weakening relationship with age. These findings contrast with Dishman et al. (2021), who found no age difference among the adult population. Gender stratification was limited due to insufficient sex-disaggregated data, and findings from the included study on gender moderation were inconsistent. Hsueh et al. (2020) and others reported reduced depression risk with increased physical activity only in men (OR: 0.75, 95% CI: 0.62–0.91), while Song et al. (2012) found a higher risk only in women (OR: 1.47, 95% CI: 1.12–1.93). Several studies reported non-significant differences in results for sex subgroups, including Hussenoeder et al. (2023). Wemeck et al. (2022) noted potential gender differences, opposing prior findings of stronger associations in women. Further research is needed to clarify these discrepancies and explore underlying mechanisms.

Another main finding in this study was that after adjusting for PA, i-SB did not significantly correlate with an increased risk of depression (1.02:95% CI 1.00–1.04, p = 0.53 > 0.05). The study indicates that PA could reduce the depressive risk associated with SB. Even after accounting for SB, MVPA with a lower OR remained significantly linked to a decreased risk of depression (OR = 0.63; 95% CI, 0.44–0.89; p < 0.05), suggesting that SB does not affect PA’s protective role against depression. These findings are consistent with those of a previous observational study on the risk of depression among adolescents (De Faria et al., 2022) and a meta-analysis on all-cause mortality risk (Rojer et al., 2020). In brief, the link between PA and the risk of depression was independent of SB, and the link between SB and the risk of depression was not independent of PA. The potential mechanism may be that PA promotes health holistically from physiological, psychological, and social perspectives. SB primarily impacts healthy lifestyles in the physiological dimension. A previous study indicated that sufficient PA is significantly associated with lower odds of depressive symptoms across low, moderate, and high levels of SB, suggesting that PA may play a protective role against depressive symptoms in adults even with prolonged SB (Liao et al., 2015). It should also be considered that PA for older adults yields benefits that extend beyond depression, such as the maintenance of functional independence, which might in turn contribute to a reduced likelihood of depression (Du et al., 2015).

The current research primarily employed two objective measurement tools: accelerometers and pedometers, irrespective of the specific models or wear locations. The overall heterogeneity may be attributed to improper installation of measurement components and a lack of standardization among various measurement devices. This problem has also been noted in previous studies, including one conducted by Gianfredi et al. (2020). Montoye et al. (2016) conducted a study that contrasted the accuracy of accelerometers placed on the hips, thighs, and wrists. These results suggest that wrist-worn devices are more sensitive and specific than hip-worn devices for assessing SB and LPA. The device worn on the thigh demonstrated maximum specificity and sensitivity. Therefore, To enable rigorous comparison across studies, it is imperative to use standardized methods and ensure the calibration of devices for evaluating i-SB and i-PA. The comparison of different studies is complicated by the absence of a standardized definition for the assessment of SB and PA, leading to the utilization of varying cut-off values and devices, which are significant sources of heterogeneity. Therefore, to facilitate the comparison of various studies, it is imperative to adopt standardized methodologies and ensure the calibration of different devices when evaluating SB and PA in future research.

Although the exact mechanisms underlying the impact of SB on the adult and older population’s mental health are not fully understood, various possibilities have been suggested. SB, when experienced in isolation, can evoke a sense of loneliness and hence have a detrimental effect on mental well-being (Hoare et al., 2016). Furthermore, the media’s transmission of cultural signals can influence other behaviors associated with mental health, such as eating disorders and aggressive conduct (Primack et al., 2009). Media overexposure is a common occurrence throughout the day and night. Throughout the day, engaging in screen-based activities may replace participation in more beneficial and/or physically active activities, including PA and face-to-face conversation (Ohannessian, 2009). Given this lack of information, research specifically examining the neurological underpinnings of these individuals is particularly intriguing.

Our research holds substantial implications for public mental health. It is imperative to quantify the relationship between internet-based sedentary behavior (i-SB) and internet-based physical activity (i-PA) with depression and to compare the effect sizes for i-SB and i-PA in this meta-analysis to facilitate optimal risk management of physical activity in adults and older populations. It is crucial to clarify this association because international standards for PA (150 min of moderate-intensity PA or 75 min of vigorous-intensity PA) are increasingly emphasizing the need to reduce sedentary time and screen use (WHO, 2020). Our findings underscore the significance of mitigating SB and enhancing PA for mental health. The meta-analysis indicates a bidirectional link between depressive symptoms and both PA and SB, implying that mental health surveillance and support could foster healthier lifestyle decisions. Incorporating structured PA into therapeutic regimens may prove advantageous for individuals experiencing depressive symptoms. Ultimately, while advocating for PA and curbing SB is essential for a balanced lifestyle across all age groups, these measures alone may not suffice to prevent depression. It is advisable to adopt a comprehensive approach that includes early intervention, tactics tailored to each gender, and integration with broader mental health assistance.

Our meta-analysis has several strengths. Primarily, the use of exclusively objective measures of PA and SB represents a strength of this review, as questionnaires may not capture unstructured PA, and adults and older populations are susceptible to overreporting PA and underreporting SB (Ryan et al., 2018; Dyrstad et al., 2014). This study included a large number of participants, with a total of 1,318,687. A key merit of this study is the precise measurement of the relationship between SB, PA, and depression, utilizing objective tools such as accelerometers and pedometers. The analyses, which incorporated cohort studies with diverse follow-up periods, suggest a minimal likelihood of reverse causation. This study incorporated Mendelian randomization research methods to further elucidate the causal relationships between related variables. Furthermore, we performed a conventional binary and dose–response meta-analysis to investigate the impact of these two factors on depression in adults and older populations. This technique effectively utilizes all available data and yields robust statistical results.

The study’s findings should be interpreted with caution due to several limitations. Firstly, the meta-analysis exhibited significant heterogeneity, likely attributable to the diverse studies included. Secondly, the absence of a standardized approach for evaluating i-SB and i-PA across studies hinders direct comparison, as it involves disparate cut-off values, measurement devices, wearing positions, durations, and analytical methods. Lastly, the 33 cross-sectional studies do not permit the establishment of causal inferences, as the relationships cannot be definitively determined. These studies are not equipped to ascertain causal relationships. Consequently, these findings necessitate cautious interpretation. To explore the interplay between PA, SB, and depression risk in adults and older populations, further longitudinal and interventional research is imperative.



5 Conclusion

The association between i-SB and the risk of depression was not consistent with the results of previous self-reported studies. The link between MVPA and the risk of depression was independent of i-SB, whereas the link between i-SB and the risk of depression was not independent of i-PA. We found a linear relationship between SB and the risk of depression and a nonlinear relationship between MVPA or steps per day and depression. The study underscores the necessity of advocating physical activity and curtailing sedentary behavior in forthcoming healthy lifestyle recommendations for adult and older populations.
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Background: Existing literature indicates that physical activity has a significant positive impact on the positive emotions in older adults; however, the mechanism of the relationship between physical activity and positive emotions remains unclear. This study aims to explore the role of social capital in the relationship between physical activity and positive emotions among older adults.
Methods: First, the positive mood indicators of the elderly were constructed through the Euclidean distance method, and descriptive statistics and correlation analyses were performed on the relevant variables involved in this paper. Secondly, structural equation (SEM) was used to establish a parallel mediation model to analyze the mediating effect of social capital between physical activity and positive emotions of the elderly. Meanwhile, in order to test the potential influence of gender on the mediating path, this study used Multi-group SEM to divide the samples into two groups of males and females, and compared the path coefficients between groups through the Likelihood Ratio Test (LRT). Finally, the average treatment effect of ATT, i.e., the experimental group, was obtained through the propensity score matching test.
Result: The results show that: (1) Physical activity has a significant positive effect on the positive emotions of older adults. (2) Social capital (i.e., individual social capital and collective social capital) significantly positively influences the positive emotions of older adults. (3) Physical activity has a significant positive effect only on collective social capital, and the mediation analysis reveals that collective social capital plays a significant mediating role in the relationship between physical activity and positive emotions in older adults.
Conclusion: This study reveals that physical activity not only directly enhances the positive emotions of older adults, but also exerts an indirect effect by strengthening collective social capital. Therefore, it is recommended that the Chinese government promote the social connections and collective interactions of older adults by providing public spaces, organizing community activities, and strengthening social interaction platforms. These efforts could help improve the positive emotions of older adults and contribute to the achievement of healthy aging goals.
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1 Introduction

With the intensification of global population aging, the mental health issues of older adults have become a significant public health concern. This is particularly true for China, which is undergoing a rapid and intense process of societal aging. According to the “2022 Statistical Bulletin on the Development of Civil Affairs” released by the Ministry of Civil Affairs, the population of individuals aged 60 and above in China reached 280 million in 2022, accounting for 19.8% of the total population. As the aging process accelerates, the mental health issues of older adults in China are becoming increasingly prominent, with mood disorders, particularly depression, emerging as one of the most common psychological issues among Chinese seniors (Zhang et al., 2020). It seriously affects the late life of the elderly. And in order to reduce negative emotions in individual emotional states, academics have focused on positive emotions in older adults, i.e., subjective feeling emotional states that include pleasure, happiness, and contentment (Vanderlind et al., 2022; Sturm et al., 2022). Relevant studies have shown that the cultivation and maintenance of positive emotions are important for enhancing the quality of life of older adults, promoting social participation, and reducing the incidence of mental illness (Silton et al., 2020). It not only helps older adults to better cope with life challenges, but also has a profound impact on their physical health and social adaptability (Fingerman et al., 2021; Shiota et al., 2021). However, how to effectively enhance positive emotions in older adults remains a major challenge in current academic research and policy practice.

Positive emotions are not only a psychological experience but also a social phenomenon that. On the one hand, they are significantly influenced by an individual's social network, interpersonal relationships, and social capital. On the other hand, the positive emotions of older adults are also constrained by multiple factors such as living environment, lifestyle, and health conditions (Reynolds et al., 2022). The rise of emotion theories and positive psychology has provided a theoretical framework for understanding the sources and functions of positive emotions in older adults (Koydemir et al., 2021). In the study of positive emotions, Physical activity has gradually become a focal variable. It not only contributes to improving the physical health of older adults but also has a positive impact on their psychological well-being and social relationships (San Román-Mata et al., 2020; An et al., 2020). It has been shown that physical exercise can significantly improve the sense of well-being and life satisfaction of older adults and alleviate their psychological problems to a certain extent by enhancing physical function, improving cognitive function, and promoting social interaction (Stevens et al., 2020; Hou et al., 2024). Meanwhile, physical activity has a natural social interaction attribute and is an important field for social capital construction (Jia et al., 2023). Whether individuals participate in physical activity, or watch sports competitions, physical activity can provide more opportunities for interpersonal interactions and group connections, enhance social participation, and promote social trust (Son et al., 2021; Wei et al., 2022). Therefore, social capital may act as a critical bridge linking physical activity among older adults to the improvement of positive emotions.

Based on this, the present study focuses on the positive emotions of older adults and explores the relationships among physical activity, social capital, and positive emotions. This study addresses two key questions. First, does physical activity enhance positive emotions in older adults? Second, can social capital play a mediating role between physical activity and positive emotions in older adults? By addressing these challenges, this research will not only advance theoretical perspectives on physical activity and social capital, but also yield practical evidence and policy recommendations for promoting mental health in older adults.



2 Literature review and research hypotheses


2.1 Physical activity and positive emotions in older adults

An increasing body of research evidence supports the link between physical activity and positive emotions (Kruk et al., 2019; Al Sudani, 2015). Physical activity refers to the intentional and planned physical activities, such as sports, leisure, and recreation, that individuals engage in to enrich their lives, promote physical and mental development, and strengthen social interactions (Borbón-Castro et al., 2020). In general, physical activity can be divided into two forms: direct participation, such as engaging in exercise, and indirect participation, such as watching sports events or purchasing sports equipment (Thurm et al., 2024). Participating in physical activity is one of the most convenient and enjoyable means of promoting physical and mental development. Long-term participation in Physical activity helps individuals maintain an appropriate body shape, prevent chronic diseases, thereby enhancing health levels and boosting resistance to illness (Izquierdo et al., 2021; Jin and Jing, 2024). Moreover, Physical activity brings psychological pleasure, as it is a voluntarily chosen form of “play,” “leisure,” or “game,” which increases positive emotions such as happiness, joy, and pleasure, while reducing negative emotions like anxiety, depression, and stress (Harikkala-Laihinen et al., 2022). Particularly, engaging in group physical activities helps reduce feelings of loneliness (Mansourian, 2021). Based on the above analysis, we propose Hypothesis 1:

	H1: Physical activity has a significant positive effect on the positive emotions of older adults.



2.2 Social capital and positive emotions in older adults

Social capital is a complex concept in sociological research. Depending on the research perspective, studies on social capital can be categorized into three levels: micro, meso, and macro. At the micro level, the representative scholar Pierre Bourdieu defined social capital as “the aggregate of actual and potential resources owned by social members or groups” (Bourdieu, 2018). At the meso level, James Coleman described it as “the material that consists of certain aspects of social structures, which benefits specific actions of actors” (Coleman, 1988). At the macro level, Robert Putnam defined social capital as “certain characteristics of social organizations, such as trust, norms, and networks, which can enhance social efficiency by facilitating cooperative actions” (Putnam, 1993).

Previous scholars generally agree that social capital originates from social networks, and is a product of individuals' connections with the outside world. At the micro level, social capital focuses on the social network ties between individuals, thus micro-level social capital is regarded as individual social capital (Antheunis et al., 2015). Social capital at the meso and macro levels, however, emphasizes the connections between individuals and collectives or social organizations, and is thus considered as collective social capital (Claridge, 2020). Previous research on the measurement of individual social capital is relatively consistent, typically assessing it through inquiries about respondents' social network relationships. For example, Yan-Jie Bian used the “New Year's Visiting Network” to measure the social networks of urban residents in China, considering dimensions such as network size, network centrality, network heterogeneity, and network disparities. In terms of measuring collective social capital, previous studies have often relied on indicators such as trust, norms, and networks (Bian et al., 2024). For instance, Lin Nan measured social capital in American communities using multiple dimensions, including reciprocity, trust, ties (work ties, informal ties), and activities (volunteer work, charitable activities) (Lin and Dumin, 1986).

Numerous studies have shown that both individual-level and collective-level social capital are related to the emotions of older adults. Han found that social capital, including family support, trust, and reciprocity, has a significant association with the emotions of older adults (Han et al., 2018). Other scholars argue that both cognitive and structural social capital serve as protective factors for the positive emotions of urban older adults (Lu and Peng, 2019). English et al. also found that trust, reciprocity, and social networks are significantly associated with emotional changes in older adults, and that social capital can effectively suppress the increase in negative emotions among the elderly (English and Carstensen, 2014). The Health Production Theory posits that self-emotions are an investment good, influenced by factors such as genetic makeup, living environment, lifestyle, economic status, and social capital (Turner and Stets, 2006). Among these, social capital enables older adults to obtain social support through embedded social networks during their social participation, alleviating negative emotions such as loneliness, emptiness, and loss. It also provides emotional comfort, mental solace, and other forms of human care, enhancing their sense of gain, happiness, and pleasure. Therefore, the accumulation of social capital can improve mental health and directly reduce negative emotions. Based on this, we argue that social capital has an important impact on the positive emotions of older adults. Furthermore, we hypothesize that both individual social capital and collective social capital can influence the positive emotions of older adults. Based on the above analysis, we propose the following hypotheses:

	H 2: Individual social capital has a significant positive effect on the positive emotions of older adults.
	H 2a: Collective social capital has a significant positive effect on the positive emotions of older adults.



2.3 Physical activity, social capital, and positive emotions in older adults

Since the 1990s, Patnam has measured social capital in terms of the number of sports social groups and sports clubs and explored the role of participation in physical activity in fostering social capital, triggering a wide-ranging academic discussion on physical activity and social capital (Stern and Putnam, 1993). Numerous studies have shown that physical activity is an important way to broaden social networks and cultivate social capital. At the level of individual capital, individuals' participation in physical exercise helps to broaden the scope of interpersonal interactions and expand the size of social networks, thus enhancing individual social capital. For example, Woods found that when people with strong social ties exercise together, it generates “adhesion-type” social capital, and when people with weak social ties exercise together, it generates “bridging-type” social capital (Claridge, 2018). At the level of collective social capital, both the spontaneous formation of individual interest-oriented physical activity clubs and commercial, for-profit fitness venues provide the basis for fostering collective social capital (Kim et al., 2021). Putnam argues that “sports social group participation can promote social mutual trust through socialization, which in turn casts the level of trust of the residents and the society to go prosperous “(Putnam, 1997). Other scholars have found that urban residents choosing to participate in group exercise can promote the generation of collective social capital. In addition, achieving victory in a large sports group program relies on mutual cooperation and trust with participating members, and individuals who regularly participate in group programs rise to a much higher level of trust in others than those who do not participate in group programs (de Jeu and Stroet, 2021). Accordingly, we formulate Hypotheses 3 and 3a.

Hypothesis 3: Physical activity has a significant positive effect on individual social capital.

	Hypothesis 3a: Physical activity has a significant positive effect on collective social capital.

In the context of Chinese culture, different individuals form emotionally colored social bonds through their joint participation in Physical activity, which in turn constitute social capital. This social capital is characterized by strong connectivity, functional versatility, and frequent obligations. By fulfilling roles such as risk-sharing, emotional support, and identity recognition, it helps improve individuals' mental health, including the enhancement of positive emotions (Huang et al., 2021). First, at the individual social capital level, according to social capital theory, the larger an individual's social network, the broader the channels through which the individual can obtain information and access available social resources (Kong et al., 2022). Social networks can play an important role in helping individuals escape economic hardships, acquire job information, and increase personal income (Huang, 2021). Second, at the collective social capital level, reciprocity and social trust reflect the willingness of individuals to engage in social exchanges. In the Chinese context, influenced by Confucianism, interpersonal relationships emphasize the value of “love is worth a thousand in gold”. On the basis of mutual trust, individuals are highly motivated to offer favors to others, while also expecting reciprocal favors in return. This reinforces the emotional connections of reciprocity and mutual assistance. Trust relationships formed through long-term interactions, such as those based on kinship, can provide direct emotional support for both parties in the relationship (Marlier et al., 2015), and further promote the conversion of social capital into human capital. This helps individuals engage in more frequent interactions with other social members, thereby strengthening identity recognition, enhancing a sense of belonging, fostering a cooperative atmosphere, and promoting physical and mental health (Shiell et al., 2020). We believe that the Physical activity of older adults is influenced by social capital, and there is an intrinsic mechanism through which Physical activity enhances positive emotions in older adults, with social capital playing a mediating role. Based on this, we propose Hypothesis 4 and Hypothesis 4a. The research framework is shown in Figure 1.

	Hypothesis 4: Individual social capital plays a mediating role in the relationship between Physical activity and positive emotions in older adults.
	Hypothesis 4a: Collective social capital plays a mediating role in the relationship between Physical activity and positive emotions in older adults.


[image: Diagram illustrating relationships between physical activity and positive emotions, mediated by individual and collective social capital. Arrows represent paths: a1 and b1 map through individual social capital, a2 and b2 through collective social capital, with path c directly connecting physical activity and positive emotions.]
FIGURE 1
 The proposed hypothetical model.





3 Materials and methods


3.1 Participants

The data for this study comes from the China Family Panel Studies (CFPS) database. The CFPS database covers a total of 27,001 people in 25 provinces in China in terms of economy, demographics, education, and health. Currently, the latest publicly available data year of the CFPS database is 2022, so this paper selects 2022 data as the research sample. Given that this study focuses on the elderly, only valid samples of 3,007 people over the age of 65 were retained, 1,441 of them were female and 1,556 were male, accounting for 47.92% and 52.08%, respectively.



3.2 Measures

Dependent variable: This study focuses on the emotional effects of Physical activity on older adults, taking into account the emotional impact of individual participation in Physical activity in real life. Following the approach used in previous studies (Fingerman et al., 2021; Xu et al., 2019), we constructed the positive emotion indicator for older adults based on two dimensions: “I feel pleasant” and “I live a very happy life.” This individual positive emotion indicator system characterizes the emotional impact of Physical activity on older adults, providing a measurement tool for the development of targeted policies. Specifically, the CFPS survey uses two self-assessment items: “I feel pleasant” and “I live a very happy life.” The response scale for “I feel pleasant” is defined as follows: 1 = almost never, 2 = sometimes, 3 = often, 4 = very often. The response scale for “I live a very happy life” is defined as: 1 = almost never, 2 = sometimes, 3 = often, 4 = very often.

Based on the determination of the sub-dimension indicators, the steps for constructing the positive emotion indicator for older adults are as follows:

	Step 1: Normalize the sub-dimension indicators so that the mean of each indicator falls within the range [0, 1]. The specific formula is as follows:

[image: \( x_{\rho} = \frac{X - X_{\text{min}}}{X_{\text{max}} - X_{\text{min}}} \) equation number (1).]

	Where χ represents the classification into dimensional indicators and happy and pleasant, χmax represents the maximum value and χmin represents the minimum value of the indicator.
	Step 2: Confirm the weights. Enhancing positive emotions in older adults should focus on the collaborative development of various aspects, and equal weight should be assigned to each dimension. Therefore, the equal weight method is used to assign weights to the two dimensions of “feeling happy” and “feeling pleasant,” with the corresponding average weight for each dimension being 1/4.
	Step 3: Construct the positive emotion indicator for older adults using the average Euclidean distance method. Compared to principal component analysis, factor analysis, and coefficient of variation methods, the average Euclidean distance method calculates the distance between each sample's actual value and both the optimal and worst values. This makes the indicator system more intuitive and offers advantages that cannot be replaced by linear summation methods (Sethy, 2016). The calculation formula for the average Euclidean distance method is as follows:

[image: Positive emotions sub one equals the square root of open parenthesis Happy feeling squared plus Pleasure squared close parenthesis divided by the square root of four. Equation two.]

[image: Equation for positive emotions: the square root of the sum of (one minus Happy feeling squared) and (one minus Pleasure squared) divided by the square root of four.]

[image: Equation for calculating positive emotions: Positive emotions equals the sum of Positive emotions subscript one and Positive emotions subscript two, divided by two. Labelled as equation (4).]

It is important to note that after standardizing the dependent variable, it is entirely normal for the maximum and minimum values to be non-integer, as during the standardization process, the data is transformed into a continuous variable with a mean of 0 and a standard deviation of 1. The purpose of standardizing is to ensure that the variable meets the requirements of the linear analysis model, and non-integer values do not affect the analysis results.

Independent Variable: Physical activity. A binary dummy variable for Physical activity is constructed based on the number of times the respondent exercised in the past week. Specifically, “0 = did not engage in Physical activity, 1 = engaged in Physical activity”.

Mediator Variable: Social Capital. Specifically, it includes two dimensions: individual social capital and collective social capital. Drawing on previous CFPS research, both individual social capital and collective social capital were measured (Huang et al., 2019). In the CFPS survey, respondents were asked the question “How good are your interpersonal relationships?” and were scored on a scale from low to high, with a range of 0–10. The higher the score, the stronger the individual's social capital. Collective capital includes two items: reciprocity and trust. Based on the question “Are most people helpful or selfish?” a binary dummy variable for reciprocity was constructed. Those who answered “Most people are helpful” were coded as “1 = reciprocal,” and those who answered “Most people are selfish” were coded as “0 = non-reciprocal.” Based on the question “Do you trust others or are you skeptical?” a binary dummy variable for trust was constructed. Those who answered “Most people can be trusted” were coded as “1 = trustworthy,” and those who answered “It's better to be cautious” were coded as “0 = non-trustworthy.” The Cronbach's alpha coefficient for collective social capital is 0.83, which has a high reliability. Finally, both individual social capital and collective social capital were standardized.

Control Variables: These include gender “0 = female, 1 = male”, age as a continuous variable, household registration (“0 = rural household, 1 = urban household”), marital status “0 = single status (unmarried, divorced, or widowed), 1 = non-single status (married or cohabiting)”, health status “1 = poor, 2 = average, 3 = very healthy”, education level “0 = below primary school, 1 = primary school, 2 = middle school, 3 = high school, 4 = college or higher”, and income level “1 = low income, 2 = middle income, 3 = high income”.



3.3 Statistical analysis

First, the Euclidean distance method was used to construct the positive emotion indicator for older adults, and descriptive statistics and correlation analysis were conducted for the relevant variables involved in this study. Next, Structural Equation Modeling (SEM) was employed to establish a parallel mediation model to analyze the mediating effect of social capital in the relationship between Physical activity and positive emotions in older adults. The Bootstrap method (1,000 repetitions) was used for resampling the sample data to estimate the direct and indirect effects of the core variables and construct the confidence intervals for these effects. When the confidence interval does not include 0, the effect is considered significant. The model fit indices include the ratio of chi-square statistic to degrees of freedom (χ2/DOF, < 3), Comparative Fit Index (CFI, >0.90), Tucker-Lewis Index (TLI, >0.90), Root Mean Square Error of Approximation (RMSEA, < 0.08), and Standardized Root Mean Square Residual (SRMR, < 0.10). Meanwhile, in order to test the potential effect of gender on mediated paths, this study used Multi-group Structural Equation Modeling (Multi-group SEM) to divide the samples into two groups of males and females, and to compare the between-group differences in path coefficients by Likelihood Ratio Test (LRT). Finally, the average treatment effect of ATT, i.e., the experimental group, was obtained through the propensity score matching test. All statistical methods were performed using STATA 17.0 software.




4 Results


4.1 Descriptive statistical analysis

Table 1 presents the descriptive statistics of all variables. The results show that the mean value of elderly people's positive emotions is 0, with a standard deviation of 1. The minimum value is −1.137 and the maximum value is 2.296. The negative skewness of this indicator suggests that most elderly people have a high level of positive emotions. Among the total sample, 59.9% of elderly individuals engage in regular Physical activity. Additionally, 58.9% have a high level of individual social capital, and 47.9% have a high level of collective social capital. In terms of demographics, 52.1% of the sample are male, while 47.9% are female. The average age is 71.78 years, with ages ranging from 66 to 97. A greater proportion of elderly individuals live in urban areas (67.8%) compared to rural areas (32.2%). Regarding marital status, 81.7% of the elderly are married, while 18.3% are single, divorced, or widowed. The elderly individuals' physical health status is generally good, though their educational level is relatively low. The mean income level is 1.785, with a standard deviation of 0.803, indicating that most elderly people fall into the middle- to low-income group.


TABLE 1 Basic variable description statistics table.

[image: Statistical table listing variables with their sample size (N), mean, standard deviation, minimum, and maximum values. Variables include positive emotions, physical activity, social capital, gender, age, and others. Sample size is three thousand seven. Age has the highest mean at seventy-one point seven eight three.]



4.2 Correlation analysis

Table 2 presents the Pearson correlation analysis results between Physical activity, social capital, and positive emotions in elderly individuals. The analysis reveals that, excluding control variables, there are significant positive correlations between physical activity, individual social capital, collective social capital, and positive emotions, with statistically significant correlation coefficients. Specifically, physical activity is positively correlated with positive emotions in elderly individuals. Individual social capital is positively correlated with positive emotions but does not show a significant correlation with physical activity. Collective social capital is significantly positively correlated with positive emotions and physical activity. Overall, these results suggest that both physical activity and social capital have a certain impact on positive emotions in elderly individuals, but physical activity has a more significant effect on collective social capital.


TABLE 2 Correlation analysis results.

[image: Correlation matrix table showing relationships among four variables: positive emotions, physical activity, individual social capital, and collective social capital. Significant positive correlations, marked with three asterisks indicating p < 0.001, are found between physical activity and positive emotions (0.131), positive emotions and individual social capital (0.100), and collective social capital with positive emotions (0.064), physical activity (0.045), and individual social capital (0.092).]



4.3 Structural equation modeling (SEM) modeling

The SEM results show a reasonable and good fit with the data: χ2/DOF = 796.185/504 = 1.579, CFI = 0.976, TLI = 0.971, RMSEA = 0.089 (90% C.I. = 0.061–0.121), SRMR = 0.029. Table 3 shows the results of the standardized coefficients for the overall, direct and indirect effects of physical activity on positive emotions in older adults through social capital; Figure 2 shows the coefficients of the effects of each direct path.


TABLE 3 Path-coefficients of the mediating models.

[image: Table showing effects of physical exercise (PE) on positive affect (Pa). Total effect: UC(SE) 0.387(0.001), 95%CI [0.283,0.490], β 0.451(0.006), Cohen’s d 0.255. Direct effects: PE → Pa UC(SE) 0.373(0.001), 95%CI [0.269,0.477], β 0.435(0.004), Cohen’s d 0.235. Indirect effects: UC(SE) 0.014(0.006), 95%CI [0.004,0.017], β 0.016(0.003), Cohen’s d 0.182. PE → ISC → Pa UC(SE) 0.007(0.166), no Cohen’s d. PE → CSC → Pa UC(SE) 0.007(0.005), 95%CI [0.001,0.013], β 0.008(0.009), Cohen’s d 0.175. Definitions provided for abbreviations.]


[image: Diagram illustrating relationships between physical activity, individual and collective social capital, and positive emotions. Arrows indicate influences with numerical coefficients and significance levels. Direct and indirect paths show physical activity impacting positive emotions via social capital.]
FIGURE 2
 The impact of physical activity on individual social capital, collective social capital, and older adults' positive emotions. All estimates are standardized. Solid lines indicate significant effects, while dashed lines indicate non-significant effects. ***p < 0.001.


As shown in Table 3, the total effects analysis indicated that the total effect of physical activity on positive mood was significant and large (B = 0.387, SE = 0.001, β = 0.451,95% CI[0.283,0.490], Cohen's d = 0.255), suggesting that for every one standard deviation increase in the level of physical activity, the positive mood level correspondingly increased by 0.387 standard deviations.

As shown in Figure 2, both individual social capital and collective social capital have a significant positive impact on older adults' positive emotions (β = 0.1846, P < 0.001; β = 0.3453, P < 0.001). This suggests that the enhancement of social capital, whether at the individual or collective level, contributes to improving older adults' positive emotions, with the influence of collective social capital being more significant. Therefore, Hypothesis 2 and Hypothesis 2a are confirmed.

Figure 2 also shows that physical activity does not have a significant effect on individual social capital (β = 0.0199, P = 0.166), while it has a significant positive impact on collective social capital (β = 0.0357, P = 0.014). In other words, physical activity is more effective in promoting social connections and interactions at the collective level for older adults, rather than simply increasing social resources at the individual level. This result highlights the social nature of physical activity, suggesting that participation in physical activities is more likely to strengthen the bond between older adults and the collective through interaction and cooperation at the collective level. Therefore, Hypothesis 3 is not confirmed, while Hypothesis 3a is confirmed.

The total indirect effects and all specific indirect utilities of the two mediating variables are also presented in Table 3. In terms of indirect effects, collective social capital had a significant positive effect on positive emotions among older adults (B = 0.007, SE = 0.005, β = 0.008, 95% CI [0.001, 0.013], Cohen's d = 0.175), suggesting that collective social capital partially mediates the relationship between physical activity and positive emotions, possibly through enhanced group belonging or resource sharing. In contrast, the mediating effect of individual social capital did not reach statistical significance (B = 0.007, SE = 0.166, β = 0.008, 95% CI [−0.001, 0.015]), and the confidence intervals contained zero values, suggesting that the mediating role of individual social capital was unstable or interfered with by sample heterogeneity. These findings validate Hypothesis 4a but do not support Hypothesis 4. Overall, only one of the indirect paths through social capital is significant: i.e., physical activity → collective social capital → positive emotions in older adults, and therefore, we can conclude that collective social capital mediates the relationship between physical activity and positive emotions in older adults.



4.4 Heterogeneity analysis by gender

Given that social capital and positive emotions may vary by gender, they were analyzed by subgroups (males vs. females) to avoid gender-related bias (see Table 4). The subgroup results indicated significant gender differences in the pathways through which physical activity influences positive emotions through collective social capital (β = 0.009, P = 0.032 between groups): in the male group, the mediating effect of collective social capital was stronger (β = 0.012,95% CI [0.005, 0.019]), possibly reflecting the fact that males are more reliant on group-based physical activity to build social bonds, while the Individual social capital path coefficient was higher in the female group (β = 0.011 vs. 0.005), which, although did not reach a significant difference (P = 0.087), suggests that women's positive mood may be influenced by individual exercise.


TABLE 4 Comparison of standardized path coefficients by gender grouping.

[image: Table displaying the effects of physical exercise on positive affect. Direct effects show coefficients for males (0.428) and females (0.442), with a between-group difference of -0.014 and P-value of 0.012. Intermediary pathways include individual social capital (ISC) and collective social capital (CSC) impacts. ISC has coefficients of 0.005 for males, 0.011 for females, a difference of -0.006, and P-value of 0.087. CSC shows coefficients of 0.012 for males, 0.003 for females, a difference of 0.009, and P-value of 0.007.]



4.5 Propensity score matching test

In order to address the issue of further self-selective bias in physical activity among older adults, Propensity Score Matching (PSM) was performed by balancing the treatment group (physical activity participants) and the control group (non-participants). The results showed (Table 5) that participation in physical activity had a significant positive effect on individuals' positive emotions. In the unmatched sample, the positive mood scores of the treatment group (participants) were significantly higher than those of the control group (non-participants), with a mean treatment effect (ATT) of 0.346 (SE = 0.037, t = 9.44, p < 0.001). After 1:15 nearest neighbor matching was used to control for selection bias, the ATT decreased to 0.274 (SE = 0.058, t = 4.72, p < 0.001), but the treatment effect remained highly statistically significant. This further illustrates the robustness of the results of this study.


TABLE 5 Propensity score matched treatment effect estimates (ATT).

[image: Table comparing unmatched and matched samples. Unmatched sample shows treated mean 0.140, control mean -0.208, ATT 0.346, SE 0.037, t-value 9.44. Matched sample shows treated mean 0.139, control mean -0.135, ATT 0.274, SE 0.058, t-value 4.72. Statistical significance at p < 0.001. ATT denotes average treatment effect on the treated.]




5 Discussion

In the context of global aging, this study examines the impact of physical activity on older adults' positive emotions based on data from the China Family Panel Studies (CFPS). Although previous research has already established a relationship between physical activity and positive emotions in older adults, the underlying mechanisms of this process remain to be explored. Therefore, we proposed a parallel mediation model to test the role of social capital. Several important conclusions can be drawn from this study.

First, we found that physical activity has a significant positive impact on older adults' positive emotions, a conclusion that aligns with existing literature. Starting from self-determination theory, academics have argued that physical activity can satisfy human autonomy, sense of being alive, and sense of belonging, explaining the relationship between an individual's motivation and emotional experience during physical activity (Kirkland et al., 2011). Numerous studies have also shown that physical activity can influence positive emotions in multiple dimensions by improving physical health, enhancing self-efficacy, and boosting psychological resilience (Gubert and Hannan, 2021; Stillman et al., 2020). On the other hand, physical activity stimulates the release of neurotransmitters such as dopamine and endorphins, and these physiological changes are believed to be an important mechanism for enhancing mood states (Zheng, 2022). In addition, emotion regulation theory suggests that physical activity is a means of emotion regulation by altering the level of physiological arousal, thereby regulating emotions, and when people are in a negative emotional state, participation in physical activity can increase physiological arousal and, in combination with situational factors and individual cognitive interpretations, transform it into a positive emotion (Huang et al., 2020). Compared with previous studies on the general population, the present study focused on the elderly population, further validating the generalizability and importance of physical activity on positive emotions in older adults. Older adults are more likely to face loneliness and low mood due to physical decline and social role changes, and physical activity provides a way for them to improve their mood (Bar-Tur, 2021). Particularly among older adults, participation in moderate physical activity not only enhances physical fitness, but also provides a sense of accomplishment and meaning in life, thereby enhancing overall well-being. Notably, the results of this study support the key role of exercise frequency in mood improvement, suggesting the value of regular physical activity among older adults. This finding provides an empirical basis for health interventions, suggesting that when promoting physical activity in older populations, there is a need to focus not only on improvements in physical health, but also to emphasize its positive effects on mental health and mood regulation. Future studies can further explore the differential effects of different types and intensities of exercise on the emotional state of older adults, providing a scientific basis for the development of more precise exercise programs.

Secondly, this study found that both dimensions of social capital (i.e., individual social capital and collective social capital) have a significant positive impact on older adults' positive emotions. Specifically, both individual-level social capital and collective-level social capital can enhance older adults' positive emotions. On the one hand, individual social capital provides emotional and instrumental support through interpersonal relationships, helping older adults obtain psychological comfort when facing loneliness or life stress. For example, Helliwell and Barrington-Leigh (2012) pointed out that individuals with strong social connections are more likely to perceive higher life satisfaction (Helliwell and Barrington-Leigh, 2012). On the other hand, collective social capital promotes positive social interactions and mental health by enhancing older adults' sense of belonging and identification with their community or group. This collective interaction helps eliminate potential feelings of alienation and enhances their sense of value and belonging (Lambert et al., 2013). It is worth noting that the results of this study show that collective social capital has a more significant effect on older adults' positive emotions compared to individual social capital. This may be related to the intrinsic characteristics of physical activity and collective activities. Engaging in physical activity not only enhances physical health but also provides older adults with a platform for interaction and cooperation, promoting mutual support and trust through shared goals (Milligan et al., 2004). This finding also validates the core role of social capital in emotional regulation, as highlighted in previous studies, which suggests that social interactions and support systems strengthen emotional regulation capacity (Lakey and Orehek, 2011). Overall, this study reveals the importance of social capital in enhancing older adults' positive emotions, providing practical guidance for improving their emotional health. The findings suggest that future public health interventions should focus on promoting older adults' social participation and community integration to enhance their social capital, thereby improving their psychological well-being.

Finally, this study examined the mediating effects of social capital (i.e., individual social capital and collective social capital) in the relationship between physical activity and older adults' positive emotions. The results show that although both dimensions of social capital have a significant positive impact on older adults' positive emotions, we found that physical activity has a significant effect only on collective social capital, but not on individual social capital. Moreover, the mediation analysis revealed that only collective social capital plays a significant mediating role in this relationship. This finding highlights the collective nature of physical activity, as it enhances older adults' sense of community belonging and social support through participation in group activities and social interactions, thereby improving their positive emotional well-being. This aligns with the “bridging” theory of social capital, which posits that collective social capital primarily helps individuals obtain more external support resources by expanding social networks and fostering social connections (Frey and Eitzen, 1991). For example, older adults who engage in group activities such as square dancing or Tai Chi, through interaction with others, can experience emotional recognition and social support, which to some extent alleviates feelings of loneliness and negative emotions (Ouyang et al., 2024; Zhou et al., 2024). In contrast, the impact of physical activity on individual social capital is not significant, which may reflect the characteristics of older adults' life situations. Individual social capital often relies on deep emotional support and long-term relationships, which are more likely to come from family members or close relationships, rather than short-term social contacts formed through physical activities (Zimmer et al., 2023). This result may be due to the unique role of collective social capital in facilitating resource sharing and social cohesion, whereas individual social capital focuses more on aspects such as resource acquisition and utilization at the individual level. For example, it has been shown that certain characteristics of collective social capital in terms of structural and cognitive dimensions (e.g., mutual trust among members, shared values, etc.) allow it to play a mediating role in moderating the relationship between physical activity and positive emotions (Liang et al., 2020), whereas individual social capital is unable to achieve such a mediating effect due to its relative independence and decentralized nature (Chen et al., 2019).

Furthermore, the multi-group analysis in this study revealed gender heterogeneity in the mediating role of social capital between physical activity and positive affect. Significant negative effects were observed between male and female groups, with the mediating effect of collective social capital being significantly stronger in the male population. While individual social capital showed non-significant mediating effects in both genders, the path coefficient was higher among females. These findings align with the expectations of social role theory (Storr et al., 2022): men typically rely more on group-based activities (e.g., team sports, community organizations) to establish social connections, whereas women may prioritize dyadic interactions (e.g., exercising with friends) to obtain emotional support (Feil et al., 2022). Older female adults may be more inclined to perceive physical exercise as a means to improve physical health rather than a tool to foster group relationships, which also limits its role in enhancing collective social capital. In summary, these findings deepen our understanding of the social function of physical exercise and provide practical implications for improving positive affect in older adults. On one hand, interventions should focus on helping older adults build collective social capital to enhance mental health. Meanwhile, given the limited role of individual social capital, family-involved physical activities could be promoted to strengthen interactions within close-knit networks, compensating for the shortcomings of exercise in this dimension. On the other hand, as globalization accelerates, older adults' positive affect is influenced by multiple factors. Understanding the unique interplay between collective social capital and physical exercise among Chinese older adults not only aids in designing culturally tailored policies and interventions but also contributes a distinct Chinese perspective to global aging and health research.

Despite using the latest China Family Panel Studies (CFPS) data, there are still some limitations in our study. First, this study used cross-sectional data and estimated the relationships between variables using structural equation modeling (SEM), but there are limitations that do not allow for a clear inference of causality. Looking more deeply, the data collection process may have been somewhat biased. For example, there may be an association between individuals' levels of positive affect and physical activity and social engagement, whereby those with higher positive affect are more inclined to engage in physical activity and report higher levels of social engagement. This association may affect the accuracy of the data and generalizability of the findings. Therefore, we consider further validating the causality of these relationships in future studies through longitudinal designs or experimental methods. Future research could employ longitudinal designs or experimental methods to further validate the causality of these relationships. Second, our study primarily focuses on the two dimensions of social capital—individual and collective social capital—without fully covering other aspects of social capital, such as structural social capital or cognitive social capital. Third, the study only used “frequency of exercise” to measure physical activity, and future research could use more detailed indicators such as “hours of physical activity,” “mode of physical activity,” and “watching sports games” by distributing questionnaires. Future research could analyze this by distributing questionnaires using more detailed indicators such as “hours of physical activity,” “types of physical activity,” and “watching sports games.



6 Conclusion

Based on data from the China Family Tracking Survey (CFPS) database, this study incorporates physical activity, social capital, and positive emotions of older adults within the same framework and focuses on the mediating effects of different dimensions of social capital between physical activity and positive emotions of older adults. The study found that (1) physical activity has a significant positive effect on positive emotions of older adults; (2) two dimensions of social capital (individual social capital and collective social capital) have a significant positive effect on positive emotions of older adults; (3) physical activity only has a significant positive effect on collective social capital; and the mediating effect shows that only collective social capital plays a significant mediating effect between physical activity and positive emotions of older adults. In summary, given the significant impact of collective social capital on positive emotions among older persons, on the one hand, the Chinese Government should further promote the social ties and collective interactions of older persons with the help of physical exercise through the provision of public venues, the organization of community activities and the strengthening of social interaction platforms; on the other hand, the link between physical activity, collective social capital and positive emotions should be publicized to the elderly, so that they can understand that the formation of collective social capital through participation in physical activity can enhance their positive emotions. Increasing physical activity among older persons through these initiatives will allow the value of physical activity among older persons to be more deeply realized and will help to achieve the goal of active aging.
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Objective: This study aimed to investigate the effects of outdoor experiential training on the mental health of college students, specifically focusing on anxiety and fear, through the use of virtual reality (VR) technology.
Methods: A total of 104 undergraduate participants (20 males and 35 females in both experimental and control groups) were recruited from our university. Participants, aged 18 to 23, were randomly assigned to an experimental group (n = 52) that utilized VR technology for emotional regulation training and a control group (n = 52) that underwent traditional relaxation training. All participants had good mental health status and provided written informed consent. The training lasted for 6 months, with 60-min sessions twice a week. Emotional states were assessed using the SCL-90 scale at baseline, mid-intervention, and post-intervention to evaluate the differences between groups.
Results: Statistical analyses using SPSS 25.0 revealed significant reductions in anxiety and fear symptoms among participants in the experimental group compared to the control group. Specifically, anxiety scores decreased from an average rank of 5.36 to 4.59, and fear scores from 4.60 to 3.78 across the intervention phases. The total SCL-90 scores showed a significant improvement, decreasing from 6.39 to 5.41 (p < 0.05). These improvements were most pronounced during the second phase of the intervention, suggesting that repeated exposure to VR scenarios enhances emotional regulation and psychological resilience.
Conclusion: The findings strongly indicate that VR technology is effective in alleviating anxiety and fear among college students, suggesting its potential as a viable intervention tool for mental health improvement in educational settings. The immersive nature of VR provides a safe and controlled environment for students to confront and manage their fears, which can be particularly beneficial for those who are reluctant to seek face-to-face counseling.
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1 Introduction


1.1 Background

In recent years, the prevalence of anxiety and fear among university students has become a growing concern, with research indicating that over 30% of students report experiencing moderate to severe anxiety symptoms (Ahmed et al., 2023). These psychological issues not only impair academic performance and daily functioning but also pose long-term risks to students’ mental health, including increased susceptibility to depression and other psychiatric disorders (Zhang et al., 2020). The rising academic pressures, social challenges, and uncertainties about future career prospects have further exacerbated these emotional disturbances, making it imperative to develop effective interventions tailored to this population (Liu et al., 2022).

Traditional psychological interventions, such as cognitive behavioral therapy (CBT), have demonstrated efficacy in treating anxiety and fear (Olatunji et al., 2010; Reaven et al., 2012). However, their widespread adoption among university students is hindered by several barriers, including stigma, time constraints, and high costs (Aguirre Velasco et al., 2020). Many students are reluctant to seek professional help due to fears of being labeled as “mentally ill,” while others find it difficult to commit to the time-intensive nature of traditional therapies. These limitations highlight the need for alternative interventions that are more accessible, cost-effective, and less stigmatizing.

In virtual reality (VR), the virtual itself constitutes a genuine mode of reality, and “virtual reality” (Yoh, 2001) should be understood as “entities, agents, and events existing within cyberspace.” Virtual reality, hereinafter referred to as VR, as an emerging psychological intervention tool, offers new possibilities for addressing issues of anxiety and fear. Virtual reality (VR) has emerged as a promising tool in the field of psychological interventions, offering a novel approach to addressing anxiety and fear (Bell et al., 2024). Unlike traditional methods, VR creates immersive, controlled environments where individuals can safely confront and gradually overcome their fears (Scurati et al., 2021).



1.2 Research purpose

The primary objective of this study is to investigate the effectiveness of VR technology in reducing generalized anxiety and fear among university students, with a specific focus on high-altitude VR scenarios. By comparing pre-and post-intervention psychological health data, this research seeks to provide empirical evidence supporting the use of VR as a viable intervention tool in educational settings.

This study addresses a critical gap in the literature by exploring the potential of VR technology to alleviate generalized anxiety and fear among university students. While VRET has been well-documented for treating specific phobias, its application to broader psychological challenges faced by students remains underexplored (Cieślik et al., 2020). By focusing on high-altitude VR scenarios, this research contributes to both theoretical understanding and practical applications of VR in mental health interventions. Additionally, it highlights the importance of early intervention and the potential of VR to reduce stigma and improve accessibility to mental health support.



1.3 Research questions and hypotheses

To guide this study, the following research questions and hypotheses are proposed:


Research Question 1: Can VR-based gaming interventions effectively reduce anxiety levels among university students?
Hypothesis 1: Participants exposed to high-altitude VR gaming scenarios will exhibit a more significant reduction in anxiety scores compared to the control group, and the alleviation of anxiety symptoms will become more pronounced with increased intervention sessions.
Research Question 2: Can VR-based gaming interventions effectively reduce fear levels among university students?
Hypothesis 2: Participants exposed to high-altitude VR gaming scenarios will exhibit a more significant reduction in fear scores compared to the control group, and the alleviation of fear symptoms will become more pronounced with increased intervention sessions.
Research Question 3: What is the impact of VR-based gaming interventions on the overall mental health of university students?
Hypothesis 3: Repeated exposure to VR scenarios will lead to significant improvements in participants' overall mental health levels.



These research questions and hypotheses aim to systematically explore the effectiveness of VR-based gaming interventions in addressing anxiety, fear, and overall mental health among university students, providing a foundation for further empirical investigation and practical application.




2 Literature review


2.1 Psychological interventions for anxiety and fear

Traditional interventions for anxiety and fear include Cognitive Behavioral Therapy (CBT) (Hofmann et al., 2012) and exposure therapy (Neudeck and Wittchen, 2012). These approaches have achieved broad success by helping patients confront and gradually overcome their fears and anxieties (Rothbaum and Schwartz, 2002). However, research has also identified several limitations in these traditional methods, such as patient resistance, time constraints, and economic costs (DiMauro, 2014). Consequently, there is an urgent need to explore more flexible, cost-effective, and broadly applicable intervention methods.



2.2 Use of virtual reality technology

In recent years, virtual reality (VR) technology has emerged as an immersive tool for psychological interventions (Geraets et al., 2021). Virtual Reality Exposure Therapy (VRET) (Bush, 2008) utilizes simulated environments to allow individuals to gradually confront their sources of fear within a safe virtual context, thereby effectively alleviating symptoms of anxiety and specific phobias (Maples-Keller et al., 2017; Rothbaum et al., 2000). This technology addresses many limitations of traditional exposure therapy, such as the difficulty of replicating certain fear-inducing situations in real life (e.g., heights) (Flores et al., 2023).



2.3 The use of virtual reality technology in anxiety and fear

Research has demonstrated that virtual reality (VR) technology is highly effective in treating specific phobias, such as acrophobia, fear of flying, and social anxiety disorder. Virtual Reality Exposure Therapy (VRET) can safely and repeatedly recreate fear-inducing scenarios within a controlled laboratory environment, allowing patients to gradually acclimate to these fears within a secure virtual context (Wiederhold et al., 2014).

Rimer et al. demonstrated that Virtual Reality Exposure Therapy (VRET) is highly effective in treating acrophobia, with patients showing significant reductions in symptoms following multiple exposures to virtual high-altitude scenarios. These findings provide robust evidence for the efficacy of virtual reality technology in phobia interventions (Rimer et al., 2021).



2.4 Intervention of anxiety and fear in college students using virtual reality technology

In the university student population, anxiety and fear are prevalent due to academic pressure, social stress, and uncertainty about the future (Zhang et al., 2018). Surveys indicate that over 30% of university students report moderate to severe anxiety symptoms, which have a significant negative impact on their academic performance and daily life (Jia et al., 2023).

Among Chinese university students, anxiety and fear primarily arise from academic pressure (Zhang et al., 2020). This pressure is often manifested in concerns related to exam performance, academic workload, and future employment prospects. For instance, academic performance is closely tied to future job opportunities, leading students to place significant emphasis on their exam results.

Additionally, Chinese university students frequently experience anxiety due to concerns about exam results and course difficulty. This anxiety often stems from worries about an uncertain future and manifests as excessive worry, test-related nervousness, and difficulty concentrating on their studies (Wu et al., 2020).

These emotional disturbances are often temporary and typically associated with the end of a semester, exam periods, or specific academic tasks. When the sources of stress are removed, students’ anxiety and fear generally diminish or disappear. Although these emotions may impact students’ daily lives and academic performance, they usually do not reach the severity required for a clinical diagnosis. Such mild emotional disturbances typically do not necessitate professional psychological treatment from hospitals but may require universities to provide students with coping strategies and support.

Current research primarily focuses on anxiety or fear in specific patient populations, with relatively few comprehensive studies addressing the mild anxiety and fear experienced by the majority of university students.

Traditional psychological interventions in Chinese universities, such as psychological counseling and group therapy, although effective, are often challenging to implement widely within this population. Particularly under high academic pressure, Chinese university students frequently find it difficult to engage in ongoing psychological interventions. Therefore, identifying more appealing and applicable intervention methods is crucial for addressing this issue (Huang et al., 2018).




3 Methods


3.1 Participants

To investigate the impact of virtual reality (VR) games on reducing fear and anxiety among college students, we recruited undergraduate students from Guangxi University of Chinese Medicine. Participants were recruited through campus posters, the official WeChat account of Guangxi University of Chinese Medicine, and QQ groups of various undergraduate classes. The recruitment advertisement clearly stated the purpose of the study, the intervention content, and the rights and obligations of the participants. All participants were undergraduate students from Guangxi University of Chinese Medicine. Initially, a total of 110 participants enrolled, with an age range of 18 to 23 years (mean age = 19.33 ± 0.94 years). Each group consisted of 20 males and 35 females. Participants were from different grades and majors to ensure sample diversity.

The inclusion criteria for participants included: (1) good mental health confirmed by preliminary screening with the Symptom Checklist-90 (SCL-90); (2) no history of mental illness; (3) no physiological conditions that may pose a risk to VR training (such as asthma or heart disease). All participants signed a written informed consent after fully understanding the purpose, procedures, and potential risks of the study.

However, since participation was voluntary, there may be a self-selection bias, meaning that students who were more interested in or motivated to participate in mental health interventions were more likely to enroll. This bias may limit the generalizability of the study findings to other populations. Based on an anticipated attrition rate of 5.5%, a total of 104 participants completed the study (52 in the experimental group and 52 in the control group).

The following is a table of the demographic data of the participants:

Table 1 and Figure 1 present the demographic and academic characteristics of participants in the experimental and control groups. The sample consisted of 104 participants, evenly divided into two groups (n = 52 each). The mean age of participants was approximately 19.3 years in both groups, with a standard deviation of less than 1 year, indicating a homogeneous age distribution. Gender distribution was identical across groups, with 20 males and 35 females in each. In terms of academic year, the majority of participants were freshmen and sophomores, with fewer juniors and seniors. Regarding majors, medicine was the most common field of study, followed by engineering, humanities, and others. The data suggest that the two groups were well-balanced in terms of demographic and academic variables, which supports the validity of the comparative analysis.



TABLE 1 Demographic of participants in the experimental and control groups.
[image: Characteristics table comparing experimental and control groups, each with 52 participants. Both groups have a mean age around 19 years and a gender distribution of 20 males and 35 females. Academic year distribution shows freshmen (15, 14), sophomores (18, 19), juniors (12, 13), and seniors (7, 6). Major distribution includes medicine (25, 24), engineering (12, 13), humanities (10, 10), and others (5, 5).]

[image: Bar chart showing the average age of participants by academic year and major in experimental and control groups. Categories include freshman, sophomore, junior, senior, medicine, engineering, humanities, and others. Both groups have fifty-two participants with mean ages around nineteen. Medicine shows the highest bar, while other categories have similar distributions.]

FIGURE 1
 Demographic of participants in the experimental and control groups.




3.2 Experimental objectives

The primary objective of this study is to investigate the effectiveness of VR-based gaming interventions in reducing anxiety and fear among university students. Specifically, the study aims to:

	1. Evaluate the effectiveness of VR games in reducing participants’ fear symptoms, as measured by the SCL-90 scale.
	2. Evaluate the effectiveness of VR games in reducing participants’ fear symptoms, as measured by the SCL-90 scale.
	3. To evaluate the effectiveness of VR gaming in improving the overall health status of the participants, as measured by the SCL-90 scale.

By achieving these objectives, this study seeks to provide empirical evidence supporting the use of VR as a viable intervention tool for mental health improvement among university students.



3.3 Experimental tasks


3.3.1 VR training protocol

The experimental group participated in a 6-month VR training program, with two 60-min sessions per week. The VR training utilized the Oculus Quest 2 headset, preloaded with a high-altitude climbing game (The Climb 2). The game included five maps, each with three difficulty levels (beginner, intermediate, and advanced). Participants could choose between Practice Mode (offline, no time constraints) and Competition Mode (online, time-limited). The training focused on gradually exposing participants to fear-inducing scenarios (e.g., climbing mountains and skyscrapers) to help them manage anxiety and fear.



3.3.2 Justification for scenario selection

The selection of mountain climbing and skyscraper scenarios was based on their relevance to common fears experienced by university students, particularly those related to heights and spatial challenges. These scenarios were chosen because they provide a controlled yet immersive environment for participants to confront and gradually overcome their fears. Additionally, the high-altitude settings are universally recognized as fear-inducing, making them suitable for addressing generalized anxiety and fear, which are prevalent among students due to academic and social pressures. The gradual progression from beginner to advanced levels ensures that participants can build confidence and emotional resilience over time.



3.3.3 Control group protocol

Participants in the control group did not receive any VR intervention or additional psychological training. They were instructed to continue their normal daily routines and were assessed at the same time points as the experimental group.



3.3.4 Randomization

Participants were randomly assigned to the experimental or control group using Microsoft Excel. A random number generator was used to ensure unbiased allocation. The first 52 participants in the randomized list were assigned to the experimental group, and the remaining 52 were assigned to the control group.




3.4 Measurement tools

The Symptom Checklist-90 (SCL-90) is a widely used self-report instrument designed to evaluate a broad range of psychological problems and symptoms of psychopathology. It encompasses nine primary symptom dimensions: somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. Additionally, it includes a global severity index to provide an overall measure of distress. The SCL-90 is utilized in both clinical and research settings to assess the psychological status of individuals and to monitor changes over time or in response to treatment (Müller et al., 2010).

The primary outcome measurement tool employed in this study was the Symptom Checklist-90 (SCL-90), hereinafter referred to as SCL-90. We selected the SCL-90 due to its high reliability (Cronbach’s alpha = 0.967) and its extensive application in mental health research (Derogatis and Unger, 2010). Participants completed the SCL-90 at three time points: baseline (pre-intervention), mid-intervention (3 months), and post-intervention (6 months).


3.4.1 Secondary measures

To complement the SCL-90, physiological measures such as heart rate variability (HRV) were recorded during VR sessions to assess participants’ stress responses. However, these data were not included in the current analysis due to technical limitations.




3.5 Experimental procedures

We have developed a research schedule in Table 2. This study adopts a randomized controlled trial design. The experimental group receives VR-based emotion regulation training, and the control group maintains daily activities. The study will start in November 2023 and last until October 2024. It is divided into the preparation phase, equipment preparation, experimental process setting, three SCL-90 tests, two VR trainings, data collection and collation, data analysis and conclusion, and paper writing. The specific time schedule Table 2 is as follows.



TABLE 2 Research timeline.
[image: A timeline chart for a research project is shown. It outlines phases and activities from November 2023 to October 2024. Key activities include recruitment and equipment setup, experimental sessions, VR training phases, SCL-90 tests for mental health assessment, data collection and analysis, and paper writing. The experimental setup and assessments are conducted in specific months, detailing the research steps and progress over time.]

According to the research timeline in Table 2, we developed a flowchart of the steps of the research (including experiments), as follows.

Figure 2 illustrates the experimental design and workflow of the study, which aims to evaluate the effectiveness of virtual reality (VR) games in reducing anxiety, fear, and overall mental health issues among college students. The study employs a randomized controlled trial (RCT) design, with participants divided into an experimental group and a control group.

[image: Flowchart illustrating a study on virtual reality gaming to reduce fear and anxiety in university students. It starts with preparation and equipment setup, followed by the first SCL-90 test. Students are divided into experimental and control groups. The experimental group undergoes first and second VR training sessions, with the second SCL-90 test conducted in between. Both groups take the third SCL-90 test. The process concludes with data collection, analysis, conclusion, and paper writing.]

FIGURE 2
 Flowchart of the effectiveness of VR games in reducing anxiety, fear, and overall psychological health among college students.


The contents of each block in the flowchart are explained as follows:


3.5.1 First SCL-90 test

At the baseline, all participants completed the Symptom Checklist-90 (SCL-90) to assess their initial levels of anxiety, fear, and overall mental health. This step ensured that both groups were comparable before the intervention.



3.5.2 First VR training

Experimental Group: Participants in the experimental group engaged in the first stage of VR gaming using VR glasses. The VR game involved high-altitude climbing scenarios designed to simulate fear-inducing environments.


3.5.2.1 Control group

Participants in the control group underwent the first stage of meditation, a traditional relaxation technique, as a non-VR intervention.




3.5.3 Second SCL-90 test

After the first practice session, both groups completed the SCL-90 again to measure any immediate changes in anxiety, fear, and overall mental health.



3.5.4 Second VR training


3.5.4.1 Experimental group

Participants in the experimental group engaged in the second stage of VR gaming, which involved more challenging high-altitude scenarios to further test their emotional regulation abilities.



3.5.4.2 Control group

Participants in the control group underwent the second stage of meditation, continuing the traditional relaxation training.




3.5.5 Third SCL-90 test

After the second practice session, both groups completed the SCL-90 for the final time to assess the cumulative effects of the interventions.



3.5.6 Data collection and analysis

The data collected from the three SCL-90 assessments were analyzed to compare the changes in anxiety, fear, and overall mental health between the experimental and control groups. Statistical analyses included descriptive statistics, non-parametric tests (Friedman test), and effect size calculations.

The flowchart provides a clear and concise overview of the study’s methodology, highlighting the key steps and interventions used to evaluate the impact of VR technology on mental health outcomes. The use of both experimental and control groups, along with repeated measures of the SCL-90, ensures the robustness and validity of the findings.





4 Conclusion

Based on the data analysis, the results were obtained regarding the effectiveness of VR games in reducing anxiety and fear among college students. The findings were explained in the context of the research hypotheses and research questions.


4.1 Paper writing

Based on the data and conclusions obtained from this study, write the paper and prepare it for submission.



4.2 Statistical analysis

Descriptive statistics were used to summarize demographic data and baseline characteristics. Non-parametric tests (Friedman test) were employed to analyze changes in SCL-90 scores over time, as the data did not meet the assumptions of normality. Effect sizes and confidence intervals were calculated to assess the magnitude of the intervention’s impact.



4.3 Experimental tools and steps


4.3.1 VR glasses experimental procedures

Figure 3 illustrates the Meta Quest 2, a standalone VR headset that provides wireless, untethered VR experiences without external sensors.

[image: VR headset with a padded strap and two handheld controllers, each featuring a circular loop and buttons, designed for an immersive virtual reality experience.]

FIGURE 3
 Quest 2 VR glasses device.


The Quest 2 devices used in the experiment included a VR headset, a charging cable and power adapter, two Touch controllers with accompanying AA batteries, and a glasses spacer. Prior to the experiment, all devices were rigorously inspected, cleaned, and tested to ensure proper functionality. The devices were preloaded with a high-altitude climbing game relevant to the experimental procedures and equipped with 128GB of storage capacity, providing a stable operational environment for the study.

In the Oculus Quest 3 standalone virtual reality (VR) headset system, there is a game called The Climb 2. This game includes five maps, each representing a different difficulty level for participants to choose from. Each map is further divided into three difficulty levels. After selecting a difficulty level, participants can choose between Practice Mode and Competition Mode. Practice Mode can be completed offline, whereas Competition Mode requires an internet connection and is more challenging compared to Practice Mode.

During the climbing process, Practice Mode does not include a stamina bar, allowing participants to hold onto a point on the mountain indefinitely. In contrast, Competition Mode includes a stamina bar, limiting the time a participant can hold onto a spot. An energy ring on the wrist decreases over time; once depleted, the participant loses their grip and falls in the virtual environment. At that point, they may restart the game.

Each difficulty level contains three distinct maps, with increasing levels of challenge. Reaching a platform counts as the completion of a stage. In the first experimental session, participants were instructed to select the “Mountain Climbing” option in *High Altitude Climbing 2*. After completing the “Mountain Climbing” task in the first session, participants were guided to choose the more challenging “City Building Climbing” option in the second session.

By the end of the first experimental session, all participants completed the beginner level of “Mountain Climbing” in Practice Mode. The following image shows the route map for the “Mountain Climbing” game.

Figure 4 illustrates the experimental group’s participants using VR headset equipment in a laboratory setting. A dedicated room was arranged for VR headset training specifically for the experimental group. Participants scheduled their practice sessions in advance with research assistants and entered the training room at their designated times. During the training, research assistants and project instructors provided guidance to ensure proper use of the VR headset and associated programs. Participants were allowed to contact the research assistants or project instructors at any time to address issues or restart their VR training sessions if necessary.

[image: Two people wearing virtual reality headsets engage in a VR experience in a room with large windows. They hold controllers and appear focused, with several headset cases on a nearby table.]

FIGURE 4
 University students practicing with VR glasses.


Figure 5 illustrates the virtual interface during the first stage of the mountain climbing task for the experimental group. Participants began at the base of the mountain and progressively climbed toward the midsection. The virtual environment offered multiple climbing routes to choose from, requiring participants to locate handholds and use alternating hand grips to ascend, ultimately reaching the summit. The background, featuring mountainous and forest landscapes, created a realistic high-altitude environment for the experiment. During the early stages of practice, participants needed several attempts to adapt to the virtual climbing environment and master the operational techniques. The results indicate that most participants, after multiple failed attempts, were eventually able to complete the game objective of reaching the summit.

[image: A gloved hand reaching towards a rocky cliff under a blue sky with some clouds. The cliff is topped with greenery. The perspective suggests climbing or reaching an elevated position.]

FIGURE 5
 The interface seen by university students while alpine rock climbing in VR glasses.


Figure 6 illustrates the climbing routes taken by the experimental group participants during the mountain climbing task. Participants started at the base of the mountain and climbed progressively toward the midsection. Multiple routes were available, requiring participants to locate handhold points and use alternating hand grips to ascend along the designated points, ultimately reaching the summit. During the initial practice sessions, participants required several attempts to adapt to the virtual climbing environment and mechanics.

[image: A pyramid diagram with three stages labeled. Stage 1 at the bottom is labeled "Foot of the mountain" with an icon of a person. Stage 2 in the middle is labeled "Mountainside," also with a person icon. Stage 3 at the top is labeled "Mountaintop" with a person icon. Red arrows point upwards from each stage to the next, indicating progression.]

FIGURE 6
 Steps of alpine climbing in VR glasses.


Figure 7 depicts a segment of the virtual interface during the second stage of the high-altitude climbing task for the experimental group. Participants used virtual controllers to locate climbing points (e.g., ladders or protruding structures on skyscrapers) and simulated alternating hand grips to ascend. The background, featuring skyscrapers and urban landscapes, provided a highly realistic high-altitude environment, significantly enhancing the immersive experience. In the early stages of the game, participants required time to adapt to the virtual environment and gradually master proper climbing techniques.

[image: A gloved hand reaches for a metal ladder against a reflective skyscraper. The glove is blue with red accents and a digital watch displaying "05:23." In the background, a cityscape features tall buildings and a red construction crane under a blue sky.]

FIGURE 7
 The interface seen by college students while climbing a city building in VR glasses.


Figure 8 illustrates the climbing route in the second stage of the urban high-rise climbing task for the experimental group. In this task, participants start at the base of the first building and climb to the roof, then ascend to the roof of the second building, and finally reach the roof of the third building. The virtual environment offers multiple climbing paths, requiring participants to locate suitable handholds and use alternating hand grips to ascend. The design of the task enhances the challenge with multiple climbing stages, requiring participants to gradually adapt to different levels of climbing difficulty. During the early stages, experimental group members needed several attempts to adapt to the virtual high-rise environment and master the proper climbing techniques.

[image: Illustration of three buildings with ascending heights, each labeled with stages. Stage 1: Roof of the 1st building, Stage 2: Roof of the 2nd building, Stage 3: Roof of the 3rd building. Red arrows point between stages, indicating progression. Figures are on each roof.]

FIGURE 8
 Steps for climbing a city building in VR glasses.




4.3.2 The control group did not receive VR glasses intervention

In this study, participants in the control group will not receive any intervention. During the experiment, control group participants will maintain their usual daily activities, without engaging in any form of psychological intervention, meditation training, or other relaxation exercises. The main purpose of the control group is to serve as a baseline for comparison with the experimental group, which will receive virtual reality (VR) intervention. This design allows the study to evaluate the effectiveness and impact of VR intervention in reducing anxiety and fear among university students.




4.4 Measurement tool

The SCL-90 is a comprehensive self-report questionnaire used to assess a range of psychological symptoms and distress. The scale includes 90 items covering nine symptom dimensions: somatization, obsessive-compulsive symptoms, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. Participants rate each item on a 5-point Likert scale (0 = Not at all, 1 = A little, 2 = Moderately, 3 = Quite a bit, 4 = Extremely). The scores for each dimension are obtained by summing the ratings of all items, and a Global Severity Index is also calculated. Higher scores indicate more severe symptoms (Derogatis and Unger, 2010; Zhou et al., 2021).

This study uses the Symptom Checklist-90 (SCL-90) to assess participants’ emotional states and mental health levels before, during, and after the experiment. Data analysis will be conducted using the statistical software SPSS 25 to compare the differences in scale scores between the experimental group and the control group, in order to evaluate the effectiveness of virtual reality technology in emotion regulation training. Based on the data analysis results, the study will interpret and discuss the experimental findings and propose recommendations and directions for further research.



4.5 Experimental procedure

The overall research framework for the application study of using virtual reality technology for emotional regulation training in college students can be divided into the following steps:


4.5.1 Step 1: design the experimental and control groups

The experimental group (n = 50): Conduct emotional regulation training using virtual reality (VR) technology. Each session includes an immersive experience in a virtual high-altitude scenario, combined with breathing regulation and anxiety management techniques.

The control group (n = 50): Use traditional emotional regulation methods, such as breathing relaxation training, without the use of VR technology.

We provided four weekly time slots for experimental group participants to access the laboratory. Participants could select and schedule two practice sessions per week by filling out their availability online. Researchers collected this information and arranged the specific open times accordingly. The laboratory was a spacious area with minimal furnishings, featuring only desks and chairs placed along the walls and an air conditioning system, ensuring a distraction-free environment for the experiments.



4.5.2 Step 2: pre-experiment psychological scale assessment

Before the start of the experiment, all participants completed the Symptom Checklist-90 (SCL-90), to obtain baseline emotional state data.



4.5.3 Step 3: emotional regulation training in a virtual reality setting

The experimental period lasted for six months, divided into two phases, each lasting three months. Participants in the experimental group underwent VR-based training sessions twice a week, with each session lasting 60 min. The VR technology simulated high-altitude scenarios to facilitate emotion regulation practices. In contrast, the control group did not receive any VR intervention. A training interval of 2–3 days was maintained between sessions to ensure participants had sufficient time for emotional recovery and to avoid overexposure or fatigue.



4.5.4 Step 4: mid-experiment psychological scale assessment

At the mid-point of the experiment (after 3 months), the experimental and control groups will again complete the psychological health scales to assess changes in emotional state during the training period.



4.5.5 Step 5: psychological scale test at the end of the experiment

At the end of the experiment (at the 6-month mark), all participants will complete the SCL-90, SDS, and SAS scales again to assess the overall intervention effects of the training on emotional and mental health.



4.5.6 Step 6: data analysis

We used SPSS 25.0 software to analyze the data collected at three time points: pre-experiment, mid-experiment, and post-experiment. The analysis focused on evaluating the effects of virtual reality-based emotion regulation training and comparing differences between the experimental and control groups. Statistical methods included descriptive analysis, difference analysis, correlation analysis, and reliability and validity testing of the scales. Additionally, regression analysis was performed to assess changes in emotional states within and between the experimental and control groups before and after the intervention, providing a comprehensive evaluation of the effectiveness of the VR intervention.



4.5.7 Step 7: summarize research findings

Based on the data analysis results, discuss the impact of virtual reality technology on emotional regulation abilities and mental health. Additionally, propose directions for further research and improvement suggestions in light of the study’s findings.




4.6 Experimental tools

The experimental group will use virtual reality (VR glasses) for scenario simulation and emotional regulation training. Research assistants will guide participants in selecting the virtual climbing game and virtual public speaking game within the VR glasses for training. The virtual climbing game will include types of climbing scenarios, such as mountains and tall buildings. During the virtual climbing game, participants will see scenes through the VR glasses that resemble those encountered in real rock climbing, such as mountains, forests, rocks, etc. Participants will not encounter sudden appearances of giant animals or unexpected frightening images. The visual experience for participants is shown in the figure below:

The theoretical basis of this study is exposure therapy, a widely used psychological treatment method to improve emotional well-being, primarily for treating anxiety disorders, post-traumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD), and other conditions. It involves gradually exposing patients to scenarios or memories related to their fears, anxieties, or traumas in a safe environment to help them gradually reduce their fear and avoidance of these stimuli.

In exposure therapy, virtual reality technology can be used to simulate these fear or trauma-related scenarios, such as heights or public places. Participants can experience these simulations through virtual reality technology to gain a more realistic experience, thereby better managing their fears or avoidance.



4.7 Experimental training method

Training Method of This Project – Immersion in Virtual Fear Scenarios:

Fear virtual scenarios are tools used to help individuals overcome their fear symptoms. The following are the steps for setting up fear virtual scenarios:

	1. Identify the Fear Object: Heights (e.g., climbing).
	2. Create Virtual Scenes: Use virtual reality technology or computer simulation software to create a virtual scenario. Initially, design a virtual mountain for climbing, and then progress to a virtual high-rise building.
	3. Set Scene Details: Include environmental sounds, visual effects, and the appearance of fear objects to make the virtual scenario more realistic.
	4. Guide Users into the Virtual Scenario: Allow users to feel as though they are within the virtual environment.
	5. Adjust Scenario Intensity: Based on users’ reactions, gradually adjust the intensity of the scenario to make it increasingly similar to real-life situations.
	6. Apply Gradual Exposure: Use a progressive exposure method within the virtual scenario, gradually exposing users to more intense fear scenarios until they adapt to the fear object.

Through training in virtual scenarios, users can progressively confront and overcome their anxiety and fear, thereby improving their psychological well-being.



4.8 Criteria for termination of the study

This study will strictly adhere to ethical standards to ensure the safety and rights of participants. The following are the explicit criteria for terminating participation in this study:

1. Voluntary Withdrawal: Participants have the right to withdraw from the study at any time without providing a reason. Upon withdrawal, all data related to the participant will be destroyed and will no longer be used for research analysis.

2. Adverse Reactions: If participants experience severe dizziness, headaches, worsening anxiety, or other adverse reactions during virtual reality training, their participation will be immediately terminated. Appropriate measures will be taken as outlined below.

3. Non-compliance: If participants repeatedly fail to attend training sessions on time or do not complete measurements as required, researchers will communicate with the participant and may terminate their participation based on the situation.

4. Potential Harm: After a comprehensive assessment of participants’ performance and reactions, if researchers believe that continued participation may cause harm, the decision to terminate participation will be made, and the participant will be promptly notified.

	5. Inquiries: Participants may contact the research team at any time if they have questions or need further clarification.


4.8.1 Measures for adverse psychological states

If participants exhibit adverse psychological states during the study, the following measures will be taken to ensure their mental health and provide necessary support and assistance, avoiding any form of psychological harm:

	1. Initial Assessment: Participants displaying adverse psychological states will be assessed by a professional psychologist from the research team to determine the severity of the condition.
	2. Initial Support: In the event of initial adverse psychological states, the research team will immediately provide psychological support, including listening, comforting, and preliminary psychological intervention. If initial interventions are ineffective or the participant’s condition is severe, a one-on-one consultation with a professional psychologist will be arranged.
	3. Referral to Professional Care: If the psychological issues exceed the research team’s capability to handle, participation in the experiment will be terminated to ensure the participant is no longer involved in research activities. The participant will be referred to a professional hospital for comprehensive treatment. During the referral process, the research team will assist the participant and their family, providing necessary support and information.

During the experiment, research assistants will meticulously record all instances of adverse psychological states, the measures taken, and their effectiveness to ensure traceability. They will regularly report the occurrence of adverse psychological states and the outcomes of the interventions to the ethics committee to ensure transparency and accountability in the research process. During the recording and reporting process, participants’ privacy will be strictly protected, and no personally identifiable information will be disclosed.




4.9 Detailed methodology allowing for replicability

The methodology of this study was designed to ensure transparency and replicability, allowing other researchers to reproduce the experimental procedures and validate the findings. Detailed descriptions of participant recruitment, experimental design, intervention protocols, and measurement tools are provided to facilitate replication in future studies.




5 Data analysis


5.1 Descriptive statistics

We conducted descriptive statistics on the three datasets (pre-intervention, first intervention, and second intervention), calculating means, standard deviations, and other statistical parameters. The following tables and charts illustrate the trends in SCL-90 data over the three stages, clearly depicting the changes in fear, anxiety, and depression symptoms before, during, and after the interventions.

Table 3 presents a case processing summary, displaying the number of valid and missing cases under different experimental conditions. Each group of experiments consists of 52 valid cases, with 0 missing cases, indicating that the data from all participants were fully collected. The experiments are divided into two main aspects: anxiety and fear, with three trials conducted for each aspect. Each trial includes a control group and an experimental group, with all groups having consistent case numbers and percentages. This indicates that the research maintained consistency and completeness during data collection, facilitating subsequent data analysis and interpretation of results.



TABLE 3 Descriptive analysis of the experimental group and control group in three experiments.
[image: Table showing case processing summary for three experiments. Each experiment has a control and experimental group with 52 valid cases, 0 missing cases, and 100% validity. Total cases are 52 for each group.]

Many statistical tests and models (such as t-tests, ANOVA, and regression analysis) assume that the data follow a normal distribution. If the data do not meet the normality assumption, non-parametric methods may be required for analysis. Therefore, testing for normality is a crucial step in guiding researchers to select the appropriate statistical method. In this study, we conducted a normality test on the data, as shown in the figure below.

Table 4 shows the normality test results for the anxiety factor, fear factor, and overall average scores in the control and experimental groups across three experiments. The Kolmogorov–Smirnov and Shapiro–Wilk tests were used to check for normal distribution. A significance level (Sig.) below 0.05 indicates a deviation from normality.



TABLE 4 Normal distribution of experimental and control groups in three experiments.
[image: Table showing significance results for three experiment stages. Each stage lists factors like Anxiety, Fear, and Overall average, divided into Control and Experimental groups. Kolmogorov–Smirnov and Shapiro–Wilk tests return mostly 0.000, except one Experimental Overall average at stage two showing 0.001 Kolmogorov–Smirnov significance.]



5.2 Differential analysis

Due to the significant normality test result of 0.00 (p < 0.05), it indicates that the data distribution does not conform to a normal distribution, thus failing to meet the conditions for conducting a paired sample T-test. Therefore, we performed a non-parametric analysis using the Friedman test and obtained the ranks.

Table 5 and Figure 9 presents the rank mean values of Anxiety, Fear, and Overall Average factors across three experimental stages. The Anxiety factor shows a gradual decrease in rank mean values from 5.10 in the 1st experiment to 5.05 in the 2nd and 4.52 in the 3rd experiment, suggesting a possible reduction in anxiety levels due to the intervention. Similarly, the Fear factor’s rank mean values decrease from 4.48 in the 1st experiment to 3.93 in the 3rd, indicating a consistent downward trend. The Overall Average factor follows a similar pattern, decreasing from a rank mean of 6.21 in the 1st experiment to 5.47 in the 3rd. These trends suggest that, as the experiment progressed, participants experienced a potential reduction in anxiety and fear levels, as well as in overall symptoms, which may imply the effectiveness of the intervention and warrants further investigation.



TABLE 5 Rank mean values.
[image: Table showing rank mean values for factors during different experiment stages. Anxiety: 1st stage 5.10, 2nd 5.05, 3rd 4.52. Fear: 1st stage 4.48, 2nd 4.32, 3rd 3.93. Overall average: 1st stage 6.21, 2nd 5.93, 3rd 5.47.]

[image: Bar graph comparing scores of three factors: Overall Average, Fear, and Anxiety, across three tests. Overall Average scores are about six, five, and six. Fear scores are approximately four, five, and five. Anxiety scores are around four, five, and five. Each factor is represented by a different color.]

FIGURE 9
 Rank mean values.


The Table 6 presents the results of the Friedman test, which was used to determine whether there are significant differences in rank values across the three time points. N = 104 indicates that 104 samples were included in the test. The Chi-Square value of 72.196 represents the chi-square statistic obtained from the Friedman test. The df = 8 refers to the degrees of freedom, corresponding to the number of measured variables and time points involved in the experiment. The Asymp. Sig. = 0.000 shows the asymptotic significance (p-value), which, being below the 0.05 threshold, indicates statistically significant differences in rank values among the time points. Table 6 suggests that the intervention led to significant changes in factors such as anxiety and fear across the three stages of the experiment. This outcome supports the potential effectiveness of the intervention in improving emotional and mental health.



TABLE 6 Friedman test statistics.
[image: Friedman test statistics table showing values: N is 104, Chi-square is 72.196, degrees of freedom (df) is 8, and Asymptotic Significance (Asymp. Sig.) is 0.000.]



5.3 Correlation analysis

We conducted a correlation analysis of the anxiety, fear, and overall average scores from the SCL-90 data collected before the experiment, after the first session, and after the second session. The tables below show the correlations between Anxiety, Fear, and Overall Average across the three time points, analyzed using Kendall’s tau-b correlation coefficients.

Table 7 shows that anxiety and fear have a correlation coefficient of 0.616, anxiety and overall average have a correlation of 0.734, and fear and overall average have a correlation of 0.717. All correlations are statistically significant at the 0.01 level (p = 0.000).



TABLE 7 First test correlation between anxiety, fear and overall average.
[image: Table showing Kendall’s tau-b correlations between three variables: first anxiety, first fear, and first overall average. Correlation coefficients are all significant at the 0.01 level. First anxiety correlates with first fear at 0.616 and with first overall average at 0.734. First fear correlates with first overall average at 0.717. Sample size is 104 for all correlations.]

Table 8 shows that the correlation between Anxiety and Fear slightly decreases to 0.598, the correlation between Anxiety and Overall Average increases to 0.752, and the correlation between Fear and Overall Average decreases to 0.692. All correlations remain statistically significant at the 0.01 level.



TABLE 8 Second test correlation between anxiety, fear and overall average.
[image: Table showing Kendall’s tau_b correlations between second and first measures of anxiety, fear, and overall average. Significant correlations at 0.598, 0.752, and 0.717 are noted. Sample size is 104 for all measures. Significance is at the 0.01 level (2-tailed).]

Table 9 shows that the correlation between Anxiety and Fear increases to 0.635, the correlation between Anxiety and Overall Average strengthens to 0.776, and the correlation between Fear and Overall Average rises to 0.730. All correlations remain significant at the 0.01 level.



TABLE 9 Third test correlation between anxiety, fear and overall average.
[image: A table showing Kendall's tau-b correlations between 1st and 3rd measurements of anxiety, fear, and overall averages. Significant correlations are marked with asterisks, indicating significance at the 0.01 level (two-tailed). Sample sizes (N) are consistently 104 across all measures.]

Across the three time points, significant positive correlations are observed among Anxiety, Fear, and Overall Average, with slight variations over time. Specifically, the correlation between Anxiety and Overall Average gradually strengthens, while correlations involving Fear show some fluctuation. These results indicate dynamic changes in the relationship between emotional factors and overall mental health following the intervention, supporting the effectiveness of the intervention and providing insight for further analysis.



5.4 Reliability and validity analysis

In this study, the reliability analysis of the anxiety factor, fear factor, and total average scores across three measurements was conducted using Cronbach’s Alpha coefficient. The results indicated that the Cronbach’s Alpha value for the scale was 0.967, demonstrating a very high level of internal consistency (see Table 1). The Cronbach’s Alpha value based on standardized items was also 0.967, further validating the consistency across different measurement scales. Additionally, this analysis involved a total of 9 items.

According to Nunnally (1978) standards, a Cronbach’s Alpha value above 0.7 is considered indicative of good internal consistency. The Alpha value in this study significantly exceeds this threshold, indicating a high degree of correlation among the selected items. This suggests that the anxiety factor, fear factor, and total average score consistently and reliably measure the same psychological constructs, confirming the reliability of the scale’s application in this study.

This Table 10 provides the reliability statistics for the measurement scale used in the study. Cronbach’s alpha, a measure of internal consistency, was calculated for the scale. The Cronbach’s alpha value of 0.967 indicates excellent reliability, as it is well above the commonly accepted threshold of 0.70. Additionally, the Cronbach’s alpha based on standardized items is also 0.967, further confirming the high consistency of the scale. The scale consisted of 9 items, which collectively demonstrated strong reliability, suggesting that the items are highly correlated and measure the same underlying construct effectively. These results support the use of this scale for the study’s purposes.



TABLE 10 Reliability statistics.
[image: Table showing reliability statistics. It includes three columns: Cronbach's Alpha at 0.967, Cronbach's Alpha based on standardized items at 0.967, and number of items at 9.]

In this study, the suitability of the data for factor analysis was assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphere city. The KMO measure of sampling adequacy was 0.804, indicating that the data is suitable for factor analysis. According to Kaiser’s criteria, a KMO value above 0.8 is considered a high standard for conducting factor analysis (Kaiser, 1974).

Additionally, the results of Bartlett’s test of sphericity showed a chi-square statistic of 1541.823, with 36 degrees of freedom and a significance level of 0.000 (see Table 3), which significantly rejects the null hypothesis that the correlation matrix is an identity matrix. This indicates that there is a significant correlation among the variables, making the data suitable for factor analysis.

Therefore, both the KMO measure and the results of Bartlett’s test of sphericity indicate that the data in this study are appropriate for factor analysis, providing a statistical basis for the subsequent exploration of factor structures.



5.5 Regression analysis

This study employed multiple linear regression analysis to explore the effects of several socio-economic variables on the dependent variable trans1. The independent variables included:

Gender (0 = female, 1 = male), Family Structure (1 = intact family, 2 = restructured family, 3 = single-parent family), Place of Origin (1 = rural, 2 = town, 3 = urban), Experience of Left-behind Status (1 = yes, 0 = no), Family Economic Status (1 = poor, 2 = average), Family Atmosphere (1 = harmonious, 2 = average, 3 = poor, 4 = unknown), this approach allows for the assessment of how these socio-economic factors influence the outcomes measured by trans1.


5.5.1 Regression model

The summary of the regression model is as follows:

R-squared: 0.104, Adjusted R-squared: 0.098, Standard Error of the Estimate: 0.52243.

These results indicate that the selected independent variables have a low explanatory power regarding the dependent variable trans1 (Adjusted R-squared = 0.098). Even with the inclusion of multiple independent variables in the model, the extent to which the model explains the variance in the dependent variable remains limited.



5.5.2 Analysis of variance (ANOVA)

The results of the analysis of variance (ANOVA) for the model indicate the following:

Regression Sum of Squares: 29.275, Residual Sum of Squares: 253.552, F Value: 17.877, Significance: 0.000.

The ANOVA results demonstrate that the overall regression model is significant (p < 0.001), indicating that the independent variables have a significant effect on the dependent variable, trans1.

The regression coefficients table provides insights into the influence of each independent variable on the dependent variable, trans1:

Family Atmosphere (Harmonious, Average, Poor, Do not Know): β = 0.238, t = 8.135, significance p < 0.001. This indicates that family atmosphere has a significant positive impact on trans1.

Family Structure (Normal, Reorganized, Single-Parent): β = −0.032, t = −1.015, significance p = 0.311. This variable does not significantly affect trans1.

Family Economic Status (Poor, Average): β = 0.029, t = 0.776, significance p = 0.438. This variable does not significantly affect trans1.

Place of Origin (Rural, Town, City): β = 0.000, t = 0.006, significance p = 0.995. This variable does not significantly affect trans1.

Experience of Being Left Behind: β = 0.114, t = 2.986, significance p = 0.003. This variable has a significant positive impact on trans1.

Gender (Female, Male): β = −0.032, t = −0.844, significance p = 0.399. This variable does not significantly affect trans1.

Overall, the analysis suggests that family atmosphere and the experience of being left behind are significant predictors of trans1, while family structure, economic status, place of origin, and gender do not show a significant impact.

Specifically, the analysis reveals that family atmosphere and the experience of being left behind significantly affect the dependent variable, trans1.


5.5.2.1 Family atmosphere

The positive impact of family atmosphere indicates that a more harmonious family environment strengthens its positive influence on trans1. This suggests that individuals from supportive family backgrounds tend to score higher on trans1, reflecting better overall psychological well-being or adjustment.



5.5.2.2 Experience of being left behind

The positive effect of having been left behind indicates that individuals with such experiences have a significant impact on their trans1 scores. This may imply that these experiences shape their psychological responses and coping mechanisms in a way that influences their overall mental health.

Conversely, other independent variables, such as family structure, economic status, place of origin, and gender, do not show significant effects on trans1. This may suggest that these factors have a limited explanatory power regarding trans1 in the current model.

Although the model demonstrates significance in explaining the dependent variable, trans1, its explanatory power is relatively low. Future research could consider incorporating additional relevant independent variables or utilizing different methodologies to enhance the model’s explanatory capacity. Furthermore, conducting in-depth studies on the significant variables may provide greater insights into the factors influencing trans1.






6 Results


6.1 Percentage change calculation

Based on the rank mean values from Table 5, the percentage changes in anxiety, fear, and overall average scores were calculated as follows:

Based on Table 12, select the data area containing “Experiment Stage,” “Factor,” and “Percentage Change (%)” to generate Bar Chart Figure 10. Below is a descriptive explanation of Table 12 and Figure 10.



TABLE 11 KMO and Bartlett’s test.
[image: KMO and Bartlett's test table displaying a Kaiser-Meyer-Olkin measure of sampling adequacy as 0.804. Bartlett's test of sphericity shows an approximate chi-square value of 1541.823, degrees of freedom as 36, and significance as 0.000.]

The rank mean values for anxiety decreased progressively across the three intervention stages, from 5.1 in the pre-intervention stage to 4.52 in the post-second intervention stage. The percentage change indicates a reduction of 11.37% in anxiety scores by the end of the intervention. This suggests that the VR intervention had a significant impact on alleviating anxiety symptoms among participants (see Figure 10).

[image: Bar and line graph comparing mean scores and percentage changes across three categories: Anxiety, Fear, and Overall Average, each measured over three ranks. Blue bars represent rank mean values, while an orange line indicates percentage change. Scores range from zero to seven on the left axis, with percentage changes from zero to negative fourteen percent on the right axis.]

FIGURE 10
 Intervention impact on anxiety and fear: rank mean values and percentage change across stages.


Similarly, the rank mean values for fear decreased from 4.48 in the pre-intervention stage to 3.93 in the post-second intervention stage, with a percentage change of −12.28%. This indicates a substantial reduction in fear symptoms, further supporting the effectiveness of the VR intervention in addressing fear-related psychological issues.

The overall mental health scores also showed a consistent decline, with the rank mean values decreasing from 6.21 in the pre-intervention stage to 5.47 in the post-second intervention stage. The percentage change of −11.92% reflects a significant improvement in participants’ overall psychological well-being, highlighting the comprehensive benefits of the VR intervention.

The progressive reduction in rank mean values across all three factors (anxiety, fear, and overall mental health) demonstrates the cumulative effectiveness of the VR intervention over time.

The percentage changes indicate that the most significant improvements occurred between the first and second interventions, suggesting that repeated exposure to VR scenarios enhances emotional regulation and psychological resilience.



6.2 Comparison of age and gender results

Participants were categorized into four groups based on gender (male and female) and age (18–20 and 21–23 years). The anxiety, fear, and total SCL-90 scores were recorded at three time points: before the first VR intervention (VR1), after the second VR intervention (VR2), and after the third VR intervention (VR3). The percentage reduction in scores was calculated by comparing the pre-intervention (VR1) and post-intervention (VR3) values for each group.

Table 13 indicates that participants and younger students (aged 18–20) showed greater improvements in anxiety and fear scores compared to male participants and older students (aged 21–23). This suggests that demographic factors, such as gender and age, may influence the effectiveness of VR interventions. These findings highlight the importance of tailoring mental health interventions to specific population groups to maximize their impact (see Tables 12, 13).



TABLE 12 Rank mean values and percentage change across intervention stages.
[image: Table showing rank mean values and percentage change for anxiety and fear across three experiment stages. Anxiety values decrease from 5.1 to 4.52, with a final change of −11.37%. Fear values decrease from 4.48 to 3.93, with a final change of −12.28%. Overall average decreases from 6.21 to 5.47, with a final change of −11.92%.]



TABLE 13 Percentage reductions in anxiety, fear, and total scores by gender and age.
[image: Table showing reductions in anxiety, fear, and total scores by gender and age. Females have a 16.2% anxiety reduction, 19.5% fear reduction, and 15.3% total score reduction. Males show 12.5%, 15.8%, and 12.8% reductions, respectively. Ages 18-20 have a 16.2% anxiety reduction, 19.5% fear reduction, and 15.3% total score reduction. Ages 21-23 have 15.3%, 15.8%, and 14.8% reductions, respectively.]



6.3 Summary of key results

According to Table 6, the Asymp. Sig. = 0.000 indicates the asymptotic significance (p < 0.05). This demonstrates statistically significant differences in rank values across the three time points (pre-intervention, mid-intervention, and post-intervention). Therefore, the comparison of anxiety, fear, and overall mental health status at the pre-, mid-, and post-intervention stages is valid and meaningful.


6.3.1 Correlation with demographic characteristics

To further explore the impact of demographic factors, the results were analyzed by gender and age. Female participants showed a slightly greater reduction in anxiety scores (16.2%) compared to male participants (12.5%). Similarly, younger participants (aged 18–20) exhibited a more significant decrease in fear scores (19.5%) compared to older participants (aged 21–23, 15.8%). These variations suggest that demographic factors may influence the effectiveness of VR interventions, with younger females potentially benefiting the most from the training.



6.3.2 Significant relief of anxiety symptoms

Analysis of the anxiety factor revealed a progressive decrease in anxiety symptoms across the pre-intervention, post-first intervention, and post-second intervention data. The results of the Friedman test indicated that the mean rank for anxiety decreased from 5.36 after the first intervention to 5.02 after the second intervention, ultimately dropping to 4.59 after the second intervention. Statistically significant differences were observed among the three time points (p < 0.05). This demonstrates that the VR intervention has a significant effect on alleviating anxiety symptoms.



6.3.3 Significant relief of fear symptoms

Analysis of the fear factor similarly indicated a gradual reduction in fear symptoms among the participants. The mean rank for fear decreased from 4.60 after the first intervention to 4.07 after the second intervention, ultimately reaching 3.78 following the second intervention. These results suggest that the VR intervention plays a positive role in assisting participants in overcoming fear symptoms.



6.3.4 Improvement of overall mental health

The analysis of the overall mean scores indicated a significant improvement in the participants’ general psychological symptoms following the VR intervention. The mean rank for the overall score decreased from 6.39 after the first intervention to 5.79 after the second intervention, further dropping to 5.41 after the second intervention. This trend reaffirms the effectiveness of VR intervention in enhancing the overall mental health status of college students.





7 Discussion


7.1 Practical implications of VR as a low-cost intervention

The findings of this study highlight the potential of VR technology as a cost-effective intervention tool for addressing anxiety and fear among university students. Unlike traditional therapies, which often require significant time and financial resources, VR interventions can be implemented at a relatively low cost, especially with the increasing affordability of VR hardware and software through rental options. This makes VR a viable choice for educational institutions seeking to provide mental health support to students without overburdening their budgets.



7.2 Comparison with VR studies on specific phobias and depression

The results of this study are consistent with previous research demonstrating the efficacy of VR interventions for specific phobias, such as acrophobia and social anxiety (Witte et al., 2020). However, unlike studies focusing on specific phobias, this study addresses generalized anxiety and fear, which are more prevalent among university students. The findings suggest that VR technology can be adapted to treat a wider range of psychological issues, including those that are not strictly phobia-related.



7.3 Recommendations for testing VR in different settings

To further explore the potential of VR interventions, future studies should consider testing this technology in various settings, such as schools, workplaces, and community centers. For example, VR could be integrated into school counseling programs to help students manage academic stress or used in workplace wellness initiatives to reduce job-related anxiety. By expanding the contexts in which VR is applied, researchers can better understand its versatility and effectiveness across different populations and environments.



7.4 Limitations and future directions

While this study demonstrated the effectiveness of VR gaming in reducing anxiety and fear among university students, it is important to acknowledge the limitation of using a single type of VR scenario (high-altitude climbing). Although this scenario was chosen for its universal relevance to fear induction, future studies could explore a wider range of VR environments to address different types of psychological challenges. For example:

Virtual environments simulating social interactions, such as public speaking or group discussions, could help students overcome interpersonal anxieties.

Immersive natural environments, such as forests or beaches, could provide relaxation and stress relief, particularly for students experiencing academic burnout.

Scenarios involving problem-solving or time-sensitive tasks could help students develop coping mechanisms for stress and performance anxiety.

Additionally, future research could compare VR interventions with other emerging technologies in the mental health field, such as augmented reality (AR), biofeedback, and artificial intelligence (AI)-driven therapeutic tools. Each of these technologies offers unique advantages:

Unlike VR, which creates a fully immersive virtual environment, AR overlays digital elements onto the real world. This hybrid approach could be particularly useful for interventions that require interaction with real-world contexts, such as exposure therapy for social anxiety in public spaces.

By providing real-time physiological data (e.g., heart rate, skin conductance), biofeedback can help individuals become more aware of their stress responses and learn to regulate them. Combining biofeedback with VR could enhance the effectiveness of interventions by allowing participants to monitor their physiological reactions while engaging in virtual scenarios.

AI can personalize mental health interventions by analyzing individual psychological profiles and tailoring scenarios to specific needs. For example, AI could dynamically adjust the difficulty of VR tasks based on a participant’s progress, ensuring a more adaptive and effective therapeutic experience.

By integrating these technologies, future studies could develop more comprehensive and personalized mental health interventions, addressing a broader range of psychological issues and improving accessibility for diverse populations.



7.5 Practical implications for large-scale implementation in universities

The findings of this study highlight the potential of VR technology as a scalable and cost-effective intervention tool for universities. To implement VR on a large scale, institutions could consider the following strategies:

Universities could incorporate VR-based interventions into their existing mental health counseling programs. For example, VR scenarios could be used as part of group therapy sessions or individual counseling to help students practice coping strategies in a safe environment.

Establishing dedicated VR labs on campus would allow students to access VR interventions at their convenience. These labs could offer a variety of scenarios tailored to different psychological needs, such as anxiety management, stress relief, or social skills training.

Partnering with VR hardware and software providers could reduce costs and ensure access to the latest technological advancements. Universities could also explore rental or subscription models to make VR equipment more affordable.

To ensure effective implementation, university staff, including counselors and IT support teams, should receive training on how to use VR technology and integrate it into mental health programs.

Integrating biofeedback with VR could enhance interventions by providing real-time physiological data. For instance, students could use wearable devices to monitor their heart rate or stress levels while engaging in VR scenarios, allowing for more personalized and adaptive therapy.

AI-Driven Tools: AI could be used to analyze student data and tailor VR interventions to individual needs. For example, AI algorithms could adjust the difficulty of VR tasks based on a student’s progress, ensuring a more effective and engaging experience.




8 Limitations

While the results of this study are promising, several limitations should be acknowledged. First, the sample size of 104 participants, although sufficient for initial analysis, may limit the generalizability of the findings to broader populations. Specifically, the sample lacked diversity in terms of demographic characteristics such as age, ethnicity, and socioeconomic status, which restricts the applicability of the results to more heterogeneous groups. Future studies should prioritize recruiting larger and more diverse samples to ensure broader external validity and to explore potential variations in treatment response across different subgroups.

Second, the intervention duration of six months, while effective, may not capture the long-term effects of VR therapy. Additionally, the absence of follow-up data beyond the intervention period is a significant limitation, as it prevents us from assessing whether the observed improvements are sustained over time. Future research should incorporate extended follow-up periods to evaluate the durability of the therapeutic effects and to identify any potential late-emerging outcomes. Longitudinal studies with these considerations are essential to provide a more comprehensive understanding of the intervention’s impact.



9 Conclusion

The VR intervention significantly improved participants’ scores on anxiety and fear, with particularly pronounced effects observed during the second intervention. This indicates a promising application of VR technology in mental health interventions.

Results from the second intervention suggest that VR may possess a cumulative effect, where repeated interventions further enhance the alleviation of anxiety and fear. This finding highlights the potential benefits of sustained use of VR interventions.

By providing an immersive experience, VR technology creates a safe and controlled environment for university students to confront and manage their anxiety and fear. This underscores the substantial potential for VR applications in the field of mental health, particularly in areas such as mental health education, counseling, and intervention for college students.

Overall, this study provides empirical support for VR interventions as an innovative approach to mental health treatment, demonstrating their potential in improving anxiety and fear among university students. Future research could further explore the impact of different VR scenarios and intervention models on specific psychological issues to optimize intervention strategies and offer more options for mental health services.
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Introduction: Accurately estimating future performance is crucial for optimizing performance in sports and exercise. In our study, we aimed to explore the relationship between physical self-efficacy and the accuracy of performance estimation in various physical exercises.
Methods: Data were collected from N = 31 students (M = 23.5 years, n = 23 female, BMI 17–30, not engaged in any competitive sports). Measurements included questionnaires on physical activity and physical self-efficacy. Participants estimate their performance in five exercises, prior to performing them: (a) dumbbell hold, (b) plank, (c) vertical jump, (d) grip strength and (e) flamingo balance test.
Results: Independently of leisure-time physical activity, participants underestimated their performance in these exercises. Physical self-efficacy was neither associated with levels of intense, leisure-time physical activity (r = 0.243, p > 0.05), nor with objective performance (all p > 0.05). However, physical self-efficacy was significantly associated with greater accuracy in performance estimation across all exercises (p < 0.01). These relationships were not mediated by leisure-time physical activity.
Conclusion: Physical self-efficacy was positively associated with the congruency between estimation and objective performance, independent of leisure-time physical activity. These findings contribute to self-regulation research by emphasizing self-efficacy as a key factor in performance estimation accuracy, prioritizing cognitive mechanisms over behavioral engagement in self-assessment, and highlight its potential relevance in coaching and self-regulation.
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Introduction

Accurately forecasting one’s physical performance, i.e., estimating personal performance in a given task, is an essential factor in avoiding under- or overexertion in exercise, sports and competition. Performance estimation accuracy describes the congruency between an individual’s subjective performance capabilities and subsequent, actual performance outcomes. Understanding the factors contributing to this accuracy is crucial for optimizing self- and autoregulation processes in physical activities, e.g., pacing in endurance and strength endurance sports, selecting appropriate weights during resistance training, or, for example, conservation of energy in combat sports. Recent meta-analytical findings suggest that self-regulation is a critical component in sports psychology, influencing both cognitive and behavioral engagement (e.g., McAuley et al., 2005; Szczuka et al., 2021). These models highlight the interplay between self-efficacy, outcome expectations, and self-regulation, reinforcing the need to examine how self-efficacy contributes to performance estimation accuracy.

Previous research has investigated potential factors explaining interindividual differences in performance estimation. Halperin et al. (2022) found that, with notable heterogeneity, participants generally underpredicted their repetitions until task failure in the given exercise was reached (Steele et al., 2017). Factors influencing performance prediction have been hypothesized to be exercise modality, i.e., lower- vs. upper body exercises (Remmert et al., 2023), fatigue (Armes et al., 2020) and training experience (Steele et al., 2017). Additionally, cognitive and metacognitive processes, such as physical self-efficacy, are believed to contribute to these differences (Horcajo et al., 2022).

Physical self-efficacy is defined as an individual’s belief in their capacity to successfully execute specific tasks (Bandura, 1997, 2001). In extension, physical self-efficacy has proven to be a significant predictor of regular physical activity, improved motor performance, and enhanced overall well-being (Hagger et al., 2001; Higgins et al., 2014; Koeneman et al., 2011; McAuley et al., 2005), as increased physical self-efficacy or perceived physical competence increases the likelihood to engage in physical activity (Self-Determination Theory; Ryan and Deci, 2000). Recent meta-analyses further support this link—Szczuka et al. (2021) found that higher self-efficacy was associated with reduced sedentary behavior (r = −0.158), indicating its role in promoting an active lifestyle across age groups. These findings provide additional context for how self-efficacy influences engagement in physical activity. Beyond engagement in physical activity, recent studies have also examined strategies for effectively increasing self-efficacy. A systematic review by Tang et al. (2019) identified behavior change techniques (BCTs) that contribute to both immediate and sustained improvements in self-efficacy for physical activity. Their meta-analysis found small but significant effects (d = 0.26) for post-intervention self-efficacy, suggesting that self-efficacy is malleable and can be enhanced through targeted interventions.

Despite the well-established role of physical self-efficacy in self- and autoregulation in sports and exercise (Horcajo et al., 2022) and its potential contribution to physical activity planning (Szczuka et al., 2023) its impact on performance estimation accuracy, particularly in relation to physical activity levels, remains underexplored. Given that both planning physical activity and estimating performance possibly rely on predictive cognitive mechanisms, including self-referential thought, interoceptive awareness, and experience, it is plausible that self-efficacy not only shapes behavioral engagement but also influences an individual’s ability to accurately project their capabilities onto future physical tasks. Our study aims to evaluate the effects of physical self-efficacy and engagement in leisure-time physical activity on performance estimation accuracy across multiple exercise tasks.

Hypotheses for our study are based on previous research literature suggesting a strong relationship between physical self-efficacy and higher physical activity levels (e.g., Devereux-Fitzgerald et al., 2016; Hagger et al., 2001; Higgins et al., 2014; Koeneman et al., 2011; McAuley et al., 2005). While self-efficacy has been extensively studied as a predictor of physical activity engagement, its role in performance estimation accuracy, as well as the potential mediating effect of leisure-time physical activity on this relationship, remain underexplored—leaving a gap in understanding how habitual movement experiences shape self-assessment processes in physical performance.

Firstly, it is expected that individuals with higher levels of physical self-efficacy will engage more frequently in leisure-time physical activity, as self-efficacy has been frequently shown to be a predictor of behavioral engagement across multiple contexts (e.g., Devereux-Fitzgerald et al., 2016; Hagger et al., 2001; Higgins et al., 2014; Koeneman et al., 2011; McAuley et al., 2005).

 H1: Higher physical self-efficacy is associated with more frequent engagement in leisure-time physical activity.



Secondly, Individuals who frequently engage in physical activity, or who have greater self-efficacy in physical tasks, are more likely to exert effort when facing physical challenges.


H2: Higher physical self-efficacy and greater leisure-time physical activity are both associated with better physical performance outcomes.
 

Lastly, it is hypothesized that individuals with high self-efficacy may be better at assessing their actual physical capabilities due to heightened self-awareness and confidence in their abilities. Additionally, frequent engagement in physical activity may refine one’s ability to accurately estimate performance.


H3: Higher levels of self-efficacy lead to increased congruency between subjective performance estimates and objective performance measures, improving performance estimation accuracy.

H3a: This relationship is expected to be mediated by leisure-time physical activity.
 



Methods


Recruitment and participants

Participants were recruited at Macromedia University of Applied Sciences Stuttgart via posters and in-class announcements. Participants were eligible if they were at least 18 years old, had a BMI between 17 and 30, and did not suffer from any physical disabilities or chronic health conditions. To maintain a homogeneous sample, participants actively engaged in competitive, performance-oriented sports were excluded to prevent potential confounding effects of advanced training experience on performance estimation accuracy. The final sample consisted of 31 participants (M = 23.45 years, SD = 9.31, n = 23 female participants). Most participants (90.3%) were psychology students, with 3.2% in vocational training and 6.5% University employees. Participants were not engaged in competitive sports but reported intense leisure-time physical activity (e.g., working out) for M = 175 (SD = 235) minutes per week. All participants were informed about the goals of this study and provided written informed consent before participation. They were explicitly informed that participation was voluntary, that they could withdraw at any time without consequences, and that their data would be anonymized to ensure confidentiality. Compensation was provided in the form of course credit, following university guidelines. The study was conducted in accordance with the ethical standards of the Declaration of Helsinki. A formal ethics review was not required, as confirmed by our institutional review board, which determined that the study did not fall under categories necessitating a full ethics review.

Although the sample size in our study (N = 31) is relatively small due to feasibility constraints, it is comparable to sample sizes used in prior research on performance estimation accuracy. Several studies included in Halperin et al. (2022) review and meta-analysis on the accuracy of predicting repetitions to failure in resistance training featured similar or smaller participant numbers, demonstrating that meaningful effects can be detected within this range. A post hoc power analysis using G*Power for a linear regression model (one predictor, α = 0.05) indicated that N = 31 provides >80% power to detect a large effect size (f2 > 0.3).



Study design and measures

In a cross-sectional design, we collected quantitative data on self-efficacy, regular physical activity at work and in leisure time, performance estimations and lastly, objective performance parameters. Physical self-efficacy has been measured using a German version of the Physical Self-Efficacy Questionnaire (Ryckman et al., 1982; translated by the authors).

Physical activity levels were assessed using the Global Physical Activity Questionnaire (GPAQ; Armstrong and Bull, 2006). Participants reported the frequency and duration of moderate and intense physical activities in leisure time or during their commutes and homework performed in a typical week. For the subsequent analyses, we focused specifically on intense leisure-time physical activity, as it most closely aligns with the demands of the evaluated exercises.

Performance estimation accuracy was operationalized as the absolute difference between participants’ subjective performance estimates and objective performance outcomes. Exercises have been selected to ensure full-body utilization, simplicity, to include dynamic and static components, and have been loosely based on the EuroFit Test Battery, a standardized test battery for physical capabilities (Grgic, 2023; Tsigilis et al., 2002). This selection was intended to provide a balance between ecological validity and standardization, making the tasks accessible to all participants while maintaining structured measurement criteria. Participants estimated their performance in five exercises before performing each task. Objective measures were recorded by the experimenter to assess the accuracy of participants’ performance estimations.



Procedure

Upon arrival in the laboratory, participants completed the GPAQ and Physical Self-Efficacy Questionnaire via an online platform (Sosci Survey). After completing the questionnaires, participants were then asked to remove their shoes, and a short warm-up session was instructed by the experimenter. Participants were subsequently instructed on the procedure for the first exercise, after which the first exercise was estimated and immediately performed. Upon completion, participants were instructed on the procedure for the second exercise etc. Subjective estimates and objective measures were recorded for all exercises. Sequencing of the exercises has been randomized for each participant.

Before each exercise, participants were allowed a brief 3–5 s familiarization period and were instructed on proper technique until satisfactory and safe execution was achieved. They were asked to estimate their future performance in the given task, if they utilized maximum effort. This brief familiarization period was chosen to ensure task comprehension while minimizing potential learning effects that could influence performance predictions. Longer familiarization might have led to unintended adaptation, where participants refine their estimates based on real-time adjustments rather than relying on pre-existing self-assessment abilities.

The tasks included: (a) Dumbbell Hold, where participants held a 5 lbs. dumbbell straight out in front of them, in a straight line from shoulder to hand, thumb pointing upwards, shoulders kept down, with the corresponding trapezius muscle as relaxed as possible, (b) a Plank position on a padded surface, with only their feet, elbows, and hands touching the floor, elbows and shoulders in a vertical line, while maintaining a straight back, (c) a Vertical Jump from a standing position, where participants jumped straight up as high as possible, with a pen in one hand, the corresponding arm extended upwards to mark their jump height on a nearby wall poster, (d) a test of Grip Strength, where participants squeezed a hand dynamometer to get a feeling for their maximum grip strength. Regarding performance estimation, they were asked to estimate how long they could maintain 60% of that grip strength. This test ended when their grip strength fell below −10% of the latter value. The last exercise was (e) the Flamingo Balance test, where participants had to stand on one foot while holding the other foot in one hand and estimate how many times they would lose balance over a 60-s period.

For each task, participants provided time estimates for how long they could maintain the position/force output (dumbbell hold, plank, grip strength), their expected jump height (vertical jump), or anticipated balance losses (flamingo balance).



Data analysis

Data were analyzed using SPSS 29 and Jamovi. Descriptive statistics were computed to assess the distribution of demographic and psychometric variables. Performance estimation accuracy was calculated as the difference scores between estimated and actual performance. Aside from descriptive analyses of under- vs. overestimation, we focused on accuracy regardless of underestimation or overestimation. Therefore, only absolute differences have been used in subsequent analyses.

Correlational and linear regression analyses have been performed to test the relationships between physical self-efficacy (PSE), intense leisure-time physical activity, and the accuracy of performance estimation. Mediation analyses were performed to examine whether intense leisure-time physical activity mediated the relationship between self-efficacy and estimation accuracy. A 1000 sample bootstrap procedure has been applied to calculate the indirect, direct, and total effects.




Results

Descriptive analyses revealed that participants generally underestimated their performance across all physical tasks, with mean absolute differences between subjective estimates and objective outcomes significantly greater than zero (all p < 0.01). This indicates a general tendency toward underestimation among participants, which is in line with results from the literature (Halperin et al., 2022). This has been especially visible in the Flamingo Balance Task, where no participant lost balance during the required 60s. Due to this ceiling effect, this exercise has been excluded from further analyses.

Hypothesis 1, which proposed a positive relationship between physical self-efficacy (PSE) and leisure-time activity, was not supported. The relationship between PSE and levels of leisure-time physical activity has been positive, but non-significant (r = 0.24, p > 0.05, 95% CI [−0.12, 0.55]), indicating that self-efficacy did not predict engagement in leisure-time physical activity in our sample.

Moreover, Hypothesis 2 proposed the association of higher self-efficacy with increased, objective physical performance, i.e., increased physical capability. However, no significant relationship between PSE and performance outcomes could be shown in any of the four exercises a-d (all p > 0.05).

Lastly, our data supported Hypothesis 3, as higher PSE was associated with a greater congruence between subjective estimates and objective performance outcomes (all p < 0.01). Linear regression models confirmed that PSE significantly predicted estimation accuracy for all tasks (see Table 1 and Figure 1). Across all four exercises a-d, higher PSE was consistently associated with greater congruency (i.e., reduced estimation error) and explained 24.7–36.1% of the variance in performance estimation accuracy.



TABLE 1 Regression analyses predicting performance estimation accuracy across exercises from physical self-efficacy.
[image: Table summarizing results from linear regression analyses predicting performance estimation accuracy for exercises based on physical self-efficacy (PSE). Tasks include Dumbbell Hold, Plank Hold, Standing High Jump, and Grip Strength. Unstandardized coefficients (B), standard errors (SE), standardized weights (β), t-values (t), significance levels (p), confidence intervals (95% CI), and model fit (R²) are presented. Higher PSE correlates with reduced discrepancy in all tasks (p < 0.01).]
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FIGURE 1
 Flowchart illustrating the 30-min experimental procedure.


For the dumbbell hold exercise (Figure 2a), the regression model revealed a significant negative relationship between self-efficacy and estimation error (β = −0.586, p < 0.001). The model accounted for a moderate proportion of variance in estimation accuracy (R2 = 0.344). These results indicate that physical self-efficacy explains approximately 34.4% of the variance in estimation accuracy for this task.

[image: Scatter plots illustrating the absolute differences between estimated and actual performance against physical self-efficacy. Panel a: Max Dumbbell Hold shows a negative correlation. Panel b: Max Plank indicates a similar trend. Panel c: Max High Jump displays a downward slope. Panel d: Grip Strength at 60% of one-repetition maximum also shows a negative correlation. Each plot has a dotted trend line demonstrating the relationship.]

FIGURE 2
 Scatterplots of linear regression models showing the relationship between physical self-efficacy (PSE) and performance estimation accuracy across all exercises. Each panel corresponds to one exercise: dumbbell hold (a), plank hold (b), standing high jump (c), and grip strength (d). Higher PSE was significantly associated with greater estimation accuracy in all exercises (p < 0.01), indicating that individuals with higher self-efficacy exhibited a smaller discrepancy between estimated and actual performance. Regression statistics, including effect sizes and confidence intervals, are detailed in Table 1.


Similar findings emerged for the plank hold exercise (Figure 2b), where self-efficacy was also a significant negative predictor of estimation error (β = −0.590, p < 0.001). 34.8% of the variance could be explained by the model (R2 = 0.348). Assumptions of linearity, normal distribution of residuals, and homoscedasticity were met. However, two outliers were identified, which may have influenced the model fit.

The standing high jump exercise (Figure 2c) similarly demonstrated a significant negative relationship between self-efficacy and estimation error (β = −0.522, p = 0.003). The model explained 27.2% of the variance in estimation accuracy for this task (R2 = 0.272). While the linearity assumption was satisfied, the Durbin-Watson test for autocorrelation indicated some level of autocorrelation (1.43), albeit not significant (p > 0.05) and the residuals did not follow a normal distribution (p = 0.024). However, due to our sample size, it can be assumed that the given parameter estimates, and significance tests remain robust to these violations.

Finally, for the grip strength exercise (Figure 2d), self-efficacy significantly predicted estimation accuracy (β = −0.601, p < 0.001), and explained 36.1% of the variance (R2 = 0.361). Although the assumptions of linearity, homoscedasticity, and absence of outliers were met, the Durbin-Watson statistic (1.33) indicated a potential issue with autocorrelation, which may have affected the validity of the model. Therefore, the latter result needs to be interpreted accordingly. However, taken together, the findings confirm that higher self-efficacy is consistently associated with lower estimation error across tasks.

Next, mediation analyses using 1,000 bootstrap samples were conducted to analyze whether intense leisure-time physical activity mediated the relationship between PSE and performance estimation accuracy.

Results demonstrate that intense leisure-time physical activity did not significantly mediate this relationship in any of the exercises. Indirect effects were small and non-significant (a) Dumbbell Hold: 0.0936, 95% CI [−0.104, 0.225], p = 0.241 (10.0% mediated), (b) Plank: 0.139, 95% CI [−0.0961, 0.301], p = 0.156 (14.1% mediated), (c) Vertical Jump: −0.0156, 95% CI [−0.135, 0.0213], p = 0.695 (5.53% mediated) and (d) Grip Strength: −0.0807, 95% CI [−0.181, 0.0876], p = 0.226 (13.9% mediated). The mediation models also provided detailed path estimates for direct and indirect relationships:

Path a (PSE → Intense Leisure-Time Physical Activity): Across all tasks, self-efficacy was positively associated with intense physical activity, though these relationships were not statistically significant (all p > 0.05).

Path b (Intense Leisure-Time Physical Activity → Performance Estimation Accuracy): Intense physical activity showed small, occasionally significant effects on estimation accuracy for certain tasks, such as dumbbell hold (β = 0.00227, p = 0.037) and plank hold (β = 0.00338, p < 0.001).

Path c’ (Direct Effect of PSE → Performance Estimation Accuracy): The direct effects of self-efficacy on estimation accuracy were consistently strong and significant (all p < 0.001), highlighting its central role in reducing discrepancies between perceived and actual performance. These direct effects accounted for 85.9 to 94.5% of the total effect across tasks.



Discussion

While previous research has emphasized the relationship between self-efficacy and physical activity (e.g., Devereux-Fitzgerald et al., 2016; Hagger et al., 2001; Higgins et al., 2014; Koeneman et al., 2011; McAuley et al., 2005), our study suggests that self-efficacy’s impact on performance estimation accuracy seems to work independently of increased physical activity levels. Therefore, our results point toward performance estimation accuracy being more closely tied to the cognitive processes regarding physical self-efficacy.

The cognitive processes underlying self-efficacy have been widely discussed in the literature, emphasizing its role in cognitive appraisal, effort regulation, and behavioral persistence (Bandura, 1997; Horcajo et al., 2022; Szczuka et al., 2021, 2023). Our findings support this by demonstrating that individuals with higher self-efficacy tend to exhibit greater accuracy in self-assessment, regardless of their physical activity levels. This suggests that self-efficacy may enhance performance estimation through mechanisms such as improved attentional focus, better recognition of physical exertion cues, or refined predictive abilities regarding task difficulty.

Additionally, meta-analytical findings suggest that physical self-efficacy not only influences engagement in physical activity but also plays a role in the anticipation and planning of future physical activities, at least in a broader sense (cultivation hypothesis; Szczuka et al., 2021, 2023). Given that self-efficacy has been linked to reduced sedentary behavior and increased motivation for physical engagement, it is therefore likely that self-efficacy plays more than one role by (a) facilitating behavioral engagement, while also (b) simultaneously enhancing cognitive self-monitoring processes that could contribute to more accurate performance estimations.

Relating to this notion of multiple functions, leisure-time physical activity did not mediate the relationship between self-efficacy and estimation accuracy. To better understand this finding, it is important to first examine the direct association between self-efficacy and physical activity. While the observed correlation (r = 0.24) was consistent with previous findings (McAuley et al., 2005), it did not reach statistical significance, likely due to our limited sample size (N = 31). This raises the question of whether insufficient statistical power contributed to the non-significant mediation. As results from our mediation analysis indicate, indirect effects were small and non-significant across all tasks, with no trend toward mediation. The strong direct effects of self-efficacy on estimation accuracy (all p < 0.001) suggest that self-efficacy primarily influences cognitive self-monitoring and attentional control mechanisms, rather than influencing estimation accuracy through increased engagement in physical activity. This reinforces the idea that performance estimation accuracy is primarily shaped by cognitive rather than behavioral mechanisms, such as attentional focus (Meixner and Herbert, 2021, 2022) or metacognitive processes (Horcajo et al., 2022).

Another possible explanation for the non-significant correlation between PSE and physical activity lies in the measurement approach, as self-reported activity data have well-documented limitations in accurately capturing intensity, frequency and volume in a retrospective fashion. Additionally, our sample consisted primarily of students, many of whom engaged in only one type of leisure-time sport or none at all, which may have weakened the association between broad, task-unspecific self-efficacy measures and actual physical activity levels. Future studies should incorporate objective measures, such as accelerometers or wearable devices, and consider more domain-specific self-efficacy assessments to better evaluate the relationship between self-efficacy and physical activity.

Taken together, our findings suggest that novices cannot be expected to develop accurate performance estimation “on the go” simply by being more active. Rather than assuming self-assessment automatically improves by frequent training, our results rather point toward working on self-efficacy (see Tang et al., 2019) to improve estimation accuracy. Indirectly, as self-efficacy seems to be associated with the planning component of future physical activity (Szczuka et al., 2021, 2023), cognition-based and metacognition-based strategies (see also Horcajo et al., 2022), such as guided self-reflection on performance, mental rehearsal, and structured performance feedback, could also prove to be effective means in teaching young adults how to assess their physical capabilities. For example, mental rehearsal techniques could be incorporated into training regimes to improve the assessment of future tasks’ difficulty and demand more accurately, which is likely to be the foundation for performance estimation, and in turn, self-regulation or pacing. These approaches are especially relevant in sports requiring precise self-assessment for performance regulation, such as endurance sports or weightlifting, where misjudging one’s abilities can lead to overtraining, early burnout via suboptimal pacing or underperformance.

Furthermore, our findings also align with Wulf and Lewthwaite’s (2016) OPTIMAL Theory of Motor Learning, which highlights the role of motivational factors in enhancing motor learning. Specifically, enhanced expectations for success contribute to more efficient skill acquisition by strengthening goal-action coupling. Self-efficacy may be particularly relevant in this framework, as it is closely tied to expectancy-based motivation, reinforcing confidence in one’s ability to succeed in a task. This also underlines the importance of self-efficacy in coaching and training young athletes not only for optimal performance, but also for optimal skill acquisition.


Limitations

The major limitation of our study is the small, homogenous sample size, limiting the generalizability of the findings. For the most part, our participants were young, female, untrained individuals, making it difficult to draw conclusions that apply to, e.g., male, or trained individuals or older populations.

Another key limitation concerns the complexity of the exercises used in this study. The standing high jump, for example, involves multiple components, such as coordination, lower-body strength, and balance, making it inherently more challenging to estimate accurately compared to simpler, more static tasks such as a grip strength test using a hand dynamometer. Similarly, muscle endurance tasks, such as the dumbbell hold, while simple, are rarely performed in everyday life, potentially leading to greater uncertainty in performance estimation despite the short familiarization. A related methodological limitation is the brief familiarization period before task execution. While this prevented learning effects from influencing performance estimation, it may have increased variability in prediction accuracy, particularly for more complex or unfamiliar exercises. Participants with less prior experience may have been at a disadvantage in making accurate predictions, which could have influenced the strength of observed relationships.

Our regression analyses indicated potential issues with outliers and autocorrelation in some models. The plank and standing high jump models contained outliers, while the grip strength and standing high jump regressions showed some signs of autocorrelation. While no extreme outliers exceeded standard thresholds (±3 SD), their presence may have inflated variance estimates, potentially impacting the precision of regression coefficients. Similarly, autocorrelation could have affected the robustness of significance testing. However, given our study’s exploratory nature, we retained all data points to maximize statistical power.

As highlighted by Halperin et al. (2022), timing of predictions and additional task-specific factors besides complexity may also influence estimation accuracy, as predictions made closer to task failure or during later sets seem to be generally more accurate. However, in our study, the exercises were designed to be performed in single sets, after one submaximal warm-up set. Our exercises also included one-repetition tasks, such as the high jump, or time-based tasks, such as the plank hold or dumbbell hold, where participants managed to sustain the position for 60+ seconds. For these participants, our time-based tasks extended beyond the duration typically required to complete, e.g., 8–12 repetitions. This might have introduced additional challenges to performance estimation accuracy, which would be unrelated to physical fitness, but rather to numerical estimation biases (Halperin et al., 2022).

To address these limitations, future research should aim to increase sample diversity and examine whether experience, sex differences, or age influence the relationship between self-efficacy and performance estimation accuracy. Additionally, further investigation is needed to determine how movement complexity and familiarity shape estimation accuracy by systematically varying task difficulty, familiarization, and repetition structure. Extended familiarization or repeated exposure may improve self-assessment accuracy, particularly for complex or unfamiliar tasks. Also, incorporating objective physical activity measures, such as wearables and accelerometers, could refine data collection and minimize recall bias in future studies. Finally, future research projects should consider how different time frames and repetition ranges affect self-assessment, providing deeper insights into how self-efficacy influences performance estimation across different physical tasks.




Conclusion

Our study underlines the critical role of physical self-efficacy for performance estimation accuracy across multiple exercise domains. The results indicate that physical self-efficacy, rather than leisure-time physical activity, is the primary factor explaining the accuracy of performance estimates, i.e., the discrepancy between subjective estimation and objective performance. This provides a valuable addition to existing literature, underlining the importance of physical self-efficacy for self-regulation, and therefore effective training or competitive strategies.

Given the practical implications for coaching and teaching, our findings suggest that higher self-efficacy is associated with greater performance estimation accuracy. While our study does not establish causality, targeted self-efficacy interventions, such as performance feedback and metacognitive reflection strategies, could improve self-assessment accuracy and adaptive decision-making in physical performance.
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Background and aims: Sedentary behavior (SB) is a prevalent lifestyle factor and a risk factor for various health conditions, including depression (encompassing both clinically diagnosed depressive disorders and depressive symptoms). This study aimed to summarize the estimated impact of reallocating time spent in SB to light-intensity physical activity (LPA) or moderate-to-vigorous physical activity (MVPA) on the risk of depression from observational studies, as well as the impact of reallocating time spent in MVPA and LPA to SB.
Methods: Four databases [PubMed, Scopus, SPORTdiscus, and PsycINFO (via EBSCOhost platform)] were searched and analyzed for relevant studies published up to August 2024. Meta-analyses were performed on the estimated regression coefficients (b) and 95% confidence intervals (CIs) for depression symptom scores. All statistical analyses were performed using STATA 16.0.
Results: Twenty-seven studies involving 702,755 participants met the inclusion criteria. Reallocating SB to LPA and MVPA was significantly associated with reductions in depression risk (b = −0.04, 95% CI = −0.06 to −0.03, p < 0.001; b = −0.11, 95% CI = −0.19 to −0.03, p = 0.004). Subgroup analyses indicated that reallocating 30 and 60 min of SB to LPA or MVPA was significantly associated with reduced depression risk, with significant differences in PA intensity and age, but not for 10 and 15 min groups. Conversely, reallocating LPA and MVPA to SB was significantly associated with increased depression risk (b = 0.11, 95% CI = 0.01 to 0.21, p = 0.039; b = 0.17, 95% CI = 0.08 to 0.25, p < 0.001). Subgroup analyses indicated that reallocating 30 min of LPA or MVPA to SB was significantly associated with increased depression risk, with no difference in PA intensity.
Conclusions: Reallocating SB to PA was beneficial, whereas reallocating PA to SB was detrimental to the risk of depression. The results highlight the importance of considering PA intensity and duration in the development of behavioral guidelines aimed at reducing the risk of depression.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=546666, identifier: CRD42024546666.
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1 Introduction

Depression is the second leading contributor to the global disease burden, affecting ~350 million individuals worldwide and resulting in disability for over 44 million people (Vos et al., 2016). A 2017 World Health Organization (WHO) survey further revealed that nearly one billion individuals globally are grappling with various mental health challenges (World Health Organization, 2017). Given the profound societal and economic implications of depression, identifying effective intervention strategies to mitigate and prevent depressive disorders has become a critical area of public health policy.

The 2020 WHO Guidelines emphasize that regular physical activity (PA) among adults aged 18–64 confers substantial health benefits, including improvements in mental health such as reduced symptoms of anxiety and depression, enhanced cognitive function, and better sleep quality—all of which contribute significantly to overall wellbeing (World Health Organization, 2020). In recent years, the relationship between PA and depression risk has garnered considerable academic attention. However, findings regarding the antidepressant effects of PA remain inconsistent. On one hand, a growing body of evidence suggests that PA exerts moderate to significant antidepressant effects, alleviating depressive symptoms in clinical populations (Knapen et al., 2015; Rosenbaum et al., 2014) while also offering protective benefits for non-clinical individuals (Schuch et al., 2018). Even modest amounts of PA, such as walking for 150 min per week, have been associated with a preventive role against depression (Mammen and Faulkner, 2013). These benefits appear to be universal across diverse populations, including pregnant women (Poudevigne and O'Connor, 2006), individuals of different sexes (Chekroud et al., 2018), varying age groups, and residents of different countries (Schuch et al., 2018).

On the other hand, some studies report no significant antidepressant effect of PA, and in certain cases, suggest potential risks to mental health. For instance, a longitudinal study of adolescents found no significant protective effect of physical exercise against depression (Toseeb et al., 2014). Similarly, research on adults has shown no statistically significant association between PA levels and depressive symptoms after controlling for socioeconomic status and other confounding factors (Camacho et al., 1991), with randomized trials reporting analogous findings (Larun et al., 2006). These inconsistencies may stem from selection biases and heterogeneity in the antidepressant effects of PA. Selection bias arises when unmeasured confounders, such as socioeconomic or psychological factors, simultaneously influence both PA engagement and depression risk, potentially skewing estimates. Heterogeneity, meanwhile, reflects variations in PA's antidepressant efficacy across populations with differing demographic and socioeconomic characteristics, underscoring the need for more nuanced investigations into its mechanisms and applicability.

The adverse health consequences of sedentary behavior (time spent sitting) have more recently been identified with the risk of depression, controlling for the influence of moderate to vigorous PA (Zhou et al., 2023). Adverse health consequences of sedentary behavior have been shown for a range of physical and mental health outcomes (Tremblay et al., 2010). Some countries have expanded the scope of their PA guidelines, with joint recommendations on increasing PA and reducing sedentary time (Brown et al., 2013). Time spent standing or being physically active is the time that is not sedentary. Thus, the effect of spending more or less time being either physically active or sedentary will impact outcomes directly. However, those outcomes will also depend, at least in part, on the other activities being displaced. A recent meta-analysis pointed out that although reducing total sedentary time is feasible, in most intervention studies, it has not been clear which time component use the sedentary time has been reallocated (Shrestha et al., 2019). A recent review of isotemporal substitution (IS) studies has demonstrated that the majority of evidence relates to substituting sedentary behaviors (SB) with moderate-to-vigorous physical activity (MVPA), resulting in potential benefits to mortality, general health, mental health, adiposity, fitness, and cardiometabolic biomarkers (Grgic et al., 2018). Although individual studies have reported benefits of replacing sedentary time with physical activity (Rong et al., 2024; Hofman et al., 2022), no prior meta-analysis has quantitatively synthesized these findings to compare the effects of reallocating time to light- versus moderate-to-vigorous-intensity activities or to assess how these associations vary by duration or population characteristics. Our study addresses this gap by integrating evidence across diverse studies to provide generalized estimates.

The application of isotemporal substitution methodology in this systematic review and meta-analysis is grounded in its unique capacity to model the interdependent nature of 24-h time-use behaviors (Mekary et al., 2009; Dorothea et al., 2017). This analytical framework addresses two fundamental aspects of behavioral epidemiology: first, it accounts for the compositional constraints of daily time allocation, recognizing that increased duration in one activity necessarily requires proportional displacement of other activities within the finite 24-h cycle. Second, it provides mathematically robust estimates of health outcomes when examining theoretical time reallocations while maintaining temporal consistency—a critical requirement for developing evidence-based activity guidelines.

Unlike conventional regression approaches, isotemporal substitution analysis specifically examines the health effects of reallocating fixed durations between behavioral domains while holding total time constant. For instance, it can precisely quantify the change in depression risk when 30 min of sedentary behavior is replaced with an equivalent duration of physical activity, controlling for the compositional nature of remaining daily activities. This methodological approach is particularly valuable for investigating mental health outcomes, as it acknowledges both the intensity-dependent effects of substituted activities (Mekary et al., 2009) and the biological plausibility of time-use patterns. Our study employs this framework to elucidate the depressive risk associated with specific activity interchanges, thereby advancing understanding of how behavioral reallocations within constrained temporal resources may influence psychological wellbeing.

The selection of this analytical model was driven by its dual advantages: (a) appropriate handling of the collinear nature of time-use variables through compositional data analysis principles, and (b) generation of clinically interpretable effect estimates for practical behavioral recommendations. These characteristics make isotemporal substitution particularly suited for synthesizing extant research on activity-depression associations while avoiding the ecological fallacies inherent in non-compositional analytical approaches.



2 Methods

The systematic review and meta-analysis undertaken in this investigation were meticulously executed in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Page et al., 2021). The study protocol for this systematic review was registered in the PROSPERO International Prospective Register of Systematic Reviews (registration number CRD42024546666).


2.1 Data sources

Electronic database searches of PubMed, Scopus, SPORTdiscus, and PsycINFO (through the search engine EBSCO) were conducted in August 2024. The last search was performed in August 2024. No limits were imposed on the publication date. The following search terms and keywords were used: (sedentary lifestyle or light PA or sedentary behavior or sedentary time) and (isotemporal substitution or sedentary break or displace sedentary time or replacing or displacing or reallocating or substituting) and (Depression” or “Depressive Symptoms” or “Depressive Symptom” or “Symptom, Depressive” or “Emotional Depression” or “Depression, Emotional). The complete search strategy is shown in Supplementary Tables 1–5. In addition, reference lists were examined to identify studies potentially eligible for inclusion.



2.2 Eligibility criteria

The review encompassed studies that adhered to the following criteria: (1) they were designed as observational cohort, cross-sectional, or case-control studies; (2) they provided objective or self-reported measures of physical activity (PA) and sedentary behavior (SB); (3) they utilized isotemporal substitution models to report the impact of substituting SB with light-intensity physical activity (LIPA) or moderate-to-vigorous physical activity (MVPA) on depression symptoms or major depressive disorder as the primary outcomes of interest; (4) they targeted general populations without focusing on specific disease groups; and (5) they presented original research findings. The screening of titles, abstracts, and full texts was independently performed by two reviewers (YW and JS) using EndNote X9 for reference management and duplicate removal. Any discrepancies between reviewers were resolved through discussion or by consulting a third reviewer (SL) when consensus could not be reached. The study selection process, including the number of records excluded at each stage, is summarized in the PRISMA flow diagram (Figure 1). Eligibility for inclusion was confirmed before proceeding to a full-text review, after which data extraction was performed.
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FIGURE 1
 PRISMA diagram.




2.3 Data collection

The following information was extracted: the sample characteristics, objective or self-report measuring method of physical activity, quantity of inactive or screen or sedentary time being replaced, outcomes of interest, analytical approach, and main conclusions from each treatment are discussed. In addition, data that would assist in findings from the meta-analysis of the different studies (i.e., regression coefficient and 95% CI representing the effect of replacing SB with more active behavior on the outcome of interest) were extracted. To maximize the generalizability of the findings, the original authors were contacted when data were unavailable.



2.4 Risk of bias

The quality of each study was assessed using an adjusted version of Newcastle Ottawa (Wells et al., 2000). This scale contains eight items categorized into three domains (selection, comparability, and exposure). A star system is used to enable semi-quantitative assessment of study quality such that the highest-quality studies are awarded a maximum of one star per item, except for the comparability domain, which allows the allocation of two stars. Thus, the score ranges from zero to nine stars (minimum scores for cohort and cross-sectional studies were seven and five, respectively).



2.5 Data synthesis and analytical approach

A one-step, individual participant data meta-analysis was performed. All analyses were performed using STATA software (version 16.0). Estimated regression coefficients (b) and 95% CIs were combined and used in the meta-analysis to assess the risk of depression. The random effects model (Hunter-Schmidt approach) was used to summarize the pooled b values in all cases. In this case, the range of values was reported. The likelihood approach with random effects was used to better account for the imprecision in the estimate of between-study variance (Hardy and Thompson, 1996). When studies presented several statistical risk-adjustment models, only values associated with the statistical models containing the fewest additional covariates were considered to improve comparability across studies.

The percentage of total variation across the studies due to heterogeneity (Cochran's Q-statistic) was estimated using I2. Values I2 of < 25%, 25%, 50%, and >50% were considered small, medium, and large amounts of heterogeneity, respectively (Higgins and Thompson, 2002). Small-study effects bias was assessed using the extended Egger's test, funnel plots were used to investigate publication bias among studies graphically (Egger et al., 1997; Higgins et al., 2019), and a sensitivity analysis was conducted to assess the robustness of the summary estimates to determine whether a particular study accounted for the heterogeneity. Therefore, a series of analyses were conducted by sequentially omitting one study at each turn.




3 Results


3.1 Study selection

The search strategy initially identified 1,025 articles (Figure 1). Eighty-nine articles were retrieved after the initial screening. Of these, 62 were rejected (they did not use an isotemporal substitution model and had no study outcomes). Finally, 27 studies were included in this systematic review and meta-analysis. Exclusion criteria were: (a) clinical populations, (b) non-observational designs, (c) absence of isotemporal substitution analysis, and (d) no depression outcomes.



3.2 Study characteristics

Twenty-seven studies included a total of 702,755 participants. The sample size ranged from 139 individuals to 360,047 individuals. Sex was evenly distributed (women, 56.95%), and the mean age was 50.46 years. Eleven of the studies were cohort studies (Chiba et al., 2022; Monteagudo et al., 2023; Zhu et al., 2024; Rong et al., 2024; Hallgren et al., 2020; Hofman et al., 2022; Cao et al., 2022; Cabanas-Sánchez et al., 2021; Mekary et al., 2013; Sampasa-Kanyinga et al., 2021; Kandola et al., 2022), observational investigations, and 16 of the studies were cross-sectional studies (Araki et al., 2022; Curtis et al., 2023; Park et al., 2024; Nam et al., 2023; Dillon et al., 2018; Liu et al., 2023; Yasunaga et al., 2018; Gilchrist et al., 2021; Sadarangani et al., 2023; Rethorst et al., 2017; Meneguci et al., 2024; Wei et al., 2019; Tully et al., 2020; Zhou et al., 2024; de Faria et al., 2022; Tang et al., 2024). The characteristics of these studies are summarized in Supplementary Table S5. The methodological quality of the included studies is presented in Supplementary Table S6. In total, 24 of the 27 studies were of high quality. Only one study was reported to be of low quality.



3.3 Effects of reallocating sedentary time to physical activity

Reallocation of 10, 15, 30, 60 min and all sedentary time to LPA was predicted to be associated with reductions in depression (b = −0.05, 95% CI = −0.09, −0.02, p = 0.001; b = −0.14, 95% CI = −0.41, 0.14, p = 0.325; b = −0.04, 95% CI = −0.08, −0.01, p = 0.008; b = −0.04, 95% CI = −0.07, 0.02, p = 0.001; b = −0.04, 95% CI = −0.06, −0.03, p = 0.000; see Figure 2). One study (Cabanas-Sánchez et al., 2021) was excluded from the sensitivity analysis. There was a statistically significant publication bias in the funnel plot (see Supplementary Figure 1) and Egger's test (P = 0.002).
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FIGURE 2
 Pooled effect size of substituting SB by LPA on the risk of depression.


Reallocation of 10, 15, 30, 60 min and all sedentary time to MVPA was predicted to be associated with reductions in depression (b = −0.08, 95% CI = −0.19, 0.02, p = 0.118; b = −0.03, 95% CI = −0.20, 0.13, p = 0.692; b = −0.13, 95% CI = −0.22, −0.05, p = 0.003; b = −0.17, 95% CI = −0.31, 0.03, p = 0.021; b = −0.11, 95% CI = −0.19, −0.03, p = 0.004; see Figure 3). Two studies (Gilchrist et al., 2021; Liu et al., 2023) were excluded from sensitivity analysis. We found no statistically significant publication bias using a funnel plot (see Supplementary Figure 2) and Egger's test (P = 0.91).
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FIGURE 3
 Pooled effect size of substituting SB by MVPA on risk of depression.




3.4 Effects of reallocating physical activity to sedentary time

Reallocation of 10, 15, 30, 60 min and all LPA time to sedentary time was predicted to be associated with reductions or increases in risk of depression (b = −0.01, 95% CI = −0.08, 0.06, p = 0.787; b = 0.30, 95% CI = 0.13, 0.48, p = 0.001; b = 0.16, 95% CI = −0.01, 0.32, p = 0.058; b = −0.13, 95% CI = −0.45, 0.18, p = 0.402; b = 0.11, 95% CI = 0.01, 0.21, p = 0.039; see Figure 4). We found no statistically significant publication bias using funnel plot (see Supplementary Figure 3) and Egger's test (P = 0.38).


[image: Forest plot showing results from multiple studies on a common scale. Each study is represented with a square and a horizontal line, indicating the effect size and confidence interval. Subtotals for different time intervals (10 minutes, 15 minutes, 30 minutes, 60 minutes) are shown with diamonds, combining data from individual studies. The overall result at the bottom is summarized with its confidence interval. Weights of studies are indicated, showing variability in their contributions.]
FIGURE 4
 Pooled effect size of substituting LPA by SB on the risk of depression.


Reallocation of 10, 15, 30, 60 min and all MVPA time to sedentary time was predicted to be associated with increases in risk of depression (b = 0.08, 95% CI = −0.01, 0.17, p = 0.098; b = 0.01, 95% CI = −0.09, 0.12, p = 0.809; b = 0.28, 95% CI = 0.09, 0.47, p = 0.002; b = 0.06, 95% CI = −0.12, 0.24, p = 0.499; b = 0.17, 95% CI = 0.08, 0.25, p = 0.000; see Figure 5). One study (Hallgren et al., 2020) was excluded from sensitivity analysis. We found no statistically significant publication bias using a funnel plot (see Supplementary Figure 4) and Egger's test (P = 0.38).
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FIGURE 5
 Pooled effect size of substituting MVPA by SB on the risk of depression.




3.5 Subgroup analysis

Table 1 shows the results of the subgroup analyses that examined the pooled results' stability and explored the potential sources of heterogeneity. Regarding the source of heterogeneity in reallocating Sedentary Time to LPA, significant between-group heterogeneity was found for study design, age, and duration of sedentary time, indicating that these factors may affect the pooled ORs. Significant within-subgroup heterogeneity in the studies on MVPA was found in subgroups such as Cohort, Cross-sectional, Adult, and Instrumental measures of PA, 15, 60, indicating that the pooled ORs in these groups may influence overall heterogeneity. Regarding reallocating Sedentary Time to MVPA, significant between-group heterogeneity was found for age, depression scales, and PA measurements, indicating that these factors may affect the pooled ORs. Significant within-group heterogeneity was also found in most subgroups except for adolescents and adults, with 10 min and 15 min durations. Additionally, subgroup analyses of different intensities revealed significant differences in the effect sizes between replacing SB with LPA and MVPA at 15 min, 30 min, 60 min, and all times, but not for 10 min.


TABLE 1 Results of the subgroup analysis by meta-regression for replacing sedentary time with LPA, MVPA.
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As for the source of heterogeneity in reallocating Sedentary Time to LPA, Table 2 shows significant between-group heterogeneity for age and duration of sedentary time, indicating that these factors may affect the pooled ORs. Significant within-subgroup heterogeneity in the studies on MVPA was found in subgroups such as Cross-sectional, Adolescent, Adult, CES, Self-report, instrumental, 30 min, and 60 min, indicating that the pooled ORs in these groups may influence overall heterogeneity. Regarding the reallocation of Sedentary Time to MVPA, significant between-group heterogeneity was found for all subgroups, indicating that these factors may affect the pooled ORs. Significant within-group heterogeneity was also found in most subgroups, except for age, PHQ, and 60 min. In general, the pooled ORs for reallocating Sedentary Time and MVPA to each other were inconsistent in most analyses. The high heterogeneity among the included studies may be attributed to the large number of included studies and disparities in the study design, depression ascertainment, and duration of ST. Additionally, subgroup analyses of different intensities revealed significant differences in the effect sizes between replacing LPA and MVPA with SB only at 15 min.


TABLE 2 Results of the subgroup analysis by meta-regression for replacing LPA, MVPA with sedentary time.

[image: Table displaying subgroup analyses of studies comparing effects of replacing light physical activity (LPA) and moderate to vigorous physical activity (MVPA) with sedentary time. It includes odds ratios (OR) with confidence intervals, heterogeneity measures (\(I^2\)), and p-values (\(p^a\) and \(p^b\)) for various demographics, study designs, depression scales, physical activity measures, and time durations. Significant differences in effect sizes for some comparisons are noted.]




4 Discussion


4.1 Main finding

To the best of our knowledge, this is the first meta-analysis to quantitatively examine the association between substitutions of PA and SB with each other and depression risk. This meta-analysis included 27 observational studies with 702,755 participants and found that equal time exchange of SB with PA may lead to additional reductions in the risk of depression. In contrast, equal time exchange of PA with SB may lead to additional increases in the risk of depression. However, some results were inconsistent when a subgroup analysis was conducted. Meanwhile, we also found some sources of the overall heterogeneity through subgroup analysis and excluded four studies' data through sensitivity analysis. Funnel plot analysis also confirmed that some research results may be subject to publication bias.

The main findings of this meta-analysis showed that reallocating sedentary time and PA to each other may result in reductions or increases in the risk of depression. These findings suggest the potential benefits of replacing SB with PA. This might provide alternative intervention strategies, as it may be more feasible and less challenging than more strenuous activity (which is also more difficult than lighter activity to fit into daily life routines, especially in particular domains, such as work or education, where SB is particularly prevalent), to enhance mental health among the general population (Shrestha et al., 2019). In addition, LPA and MVPA could be feasible strategies to increase the total volume of PA among those considered already active and, therefore, could bring additional mental benefits (Kokkinos, 2012). However, the current evidence is not consistent for reallocating 15 min of SB to LPA based on a non-significant p-value. Possible reasons include an insufficient number of studies included in this time group, and another possible reason is that the protective effect against depression may be smaller for shorter substitution durations compared to longer durations. Additionally, this study found evidence of publication bias in the overall effect estimate when using LPA to replace SB, and these results should be interpreted with caution.



4.2 Comparison with existing evidence

The results of our study suggest that LPA and MVPA are both significantly associated with lower odds of depression. This finding aligns with previous meta-analyses employing non-isotemporal substitution models, demonstrating a consistent inverse association between PA and incident depression risk (Dishman et al., 2021; Schuch et al., 2018). However, the effect sizes differ significantly between replacing SB with LPA and MVPA at 15 min, 30 min, 60 min, and all times, but not for 10 min (as shown in Table 1). This dose-response relationship is consistent with previous findings from non-isotemporal substitution meta-analyses, demonstrating an inverse association between varying doses of PA and lower risk of incident depression (Pearce et al., 2022). Another recent dose-response meta-analysis also confirmed that the risk of incident depression was reduced by 3% (RR: 0.97, 95% CI: 0.95–0.98) for every 5 MET-h/week increase in LTPA < 25 MET-h/week (LTPA: leisure time PA; Guo et al., 2022). This reinforces the significance of the intensity and duration of PA, which has also been demonstrated in previous studies (Singh et al., 2023; Mekary et al., 2013). Specifically, Mekary et al. (2013) reported that a protective effect against depression was associated with substituting 60 min of television viewing with a brisk or very brisk walk, whereas an easy-paced walk did not exhibit the same association. A recent systematic review of the literature has further substantiated that MVPA is linked to more pronounced improvements in depressive symptoms relative to LPA (Singh et al., 2023). The observed disparity in association with the intensity of PA may be due to the inadequacy of LPA in inducing the essential hormonal changes essential for preventing depression (Goldfarb et al., 1998). In summary, we may assume that there is a dose-response relationship between reallocating sedentary time to PA and the risk of depression.

Although some studies have indicated that LPA mitigates the severity of depression, thereby highlighting its significance (Yasunaga et al., 2018; Dillon et al., 2018), these studies primarily focused on middle-aged and elderly populations. A cohort study encompassing individuals aged 18–74 years, which is analogous to the demographics of our subjects, did not identify a significant association between LPA and depressive symptoms (Rethorst et al., 2017). Cao et al. (2022) also observed that replacing SB or sleep with walking could lead to a reduction in anxiety symptoms, with the association potentially moderated by age-related factors. Our meta-analysis study separated MPA and LPA, finding that reallocating time from SB to MPA was associated with lower depression symptoms, while it was also observed with LPA. Based on these conflicting results, it is imperative to conduct additional research on various age groups and levels of PA intensity. MVPA has been shown to confer greater health benefits than LPA when displacing an equivalent amount of SB, resulting in an estimated 40% and 20% reduction in the risk of all-cause mortality, respectively—LPA may still present a more viable and pertinent alternative for physical engagement in scenarios where MVPA is not feasible. This includes office settings where MVPA might be impractical, individuals who are physically limited and unable to partake in MVPA, such as the elderly or those with frailty, and populations that could experience health benefits from increased PA, regardless of the intensity level.



4.3 Subgroup analysis

The findings of this study further elucidate the potential adverse effects associated with reallocating PA to SB. Despite many studies reporting non-significant outcomes, a general consensus has emerged regarding the effects of substituting SB for 30 min with either LPA or MVPA, demonstrating significant benefits. Subgroup analyses revealed significant heterogeneity across studies attributable to differences in methodologies, age groups, measurement techniques, and intervention durations. Notably, age emerged as a significant factor in all four substitution models. In addition, no significant differences were observed between the effects of MVPA and LPA replacement with SB. Between-group heterogeneity assessments indicated considerable variability within most subgroups of the four models examined in this study, likely because of the large number of literature sources and the many subgroup classifications applied. Heterogeneity may also stem from inter-group differences, as discussed in the subgroup heterogeneity tests, with age differences significantly affecting study outcomes. In summary, these heterogeneous findings, marked by considerable variability, require careful interpretation.

However, certain subgroups within this study, characterized by large sample sizes and low heterogeneity, were identified. For instance, within the PA substitution for the SB model, subgroups involving adolescents and adults, the CES Depression Scale, and the 10-min substitution subgroup showed non-significant heterogeneity. Similarly, within the SB substitution for the PA model, subgroups such as cohort studies and elderly populations exhibited a high number of studies with low heterogeneity. In brief, Replacing SB with PA has the strongest protective effect against depression in older adults, while adolescents show no significant impact, suggesting age-specific intervention strategies. Replacing MVPA with SB worsens depression risk more than replacing LPA, emphasizing the importance of preserving higher-intensity movement. Short sedentary breaks (< 30 min) show minimal harm, but prolonged sitting—especially displacing MVPA—has clearer negative effects, supporting frequent activity interruptions for mental health.

Another important finding in our meta-analysis related to the reallocation of time between SB and LPA is the asymmetry of the results. Replacing SB with LPA and MVPA significantly reduced the risk of depression in different time subgroups, with significant differences in intensity. However, replacing LPA and MVPA with SB significantly increased the risk of depression only in the 30-min alternate time subgroup, and no differences in intensity were observed. These asymmetry patterns were observed for all substitution subgroups between SB and LPA, independent of the time involved. These asymmetric relationships are consistent with previous studies on compositional isotemporal substitution (Chastin et al., 2015b; Biddle et al., 2018). de Faria et al. (2022) considered that the detrimental effects of time reduction in LPA are greater than the estimated beneficial results that occur from its increase. Another possible explanation for this fact relies on the time distribution among the movement behaviors within 24 h (Chastin et al., 2015a). Therefore, any reallocation from the LPA constitutes a substantial proportion of its time, which is not true for SB. Together, these results reinforce the need for interventions that at least promote the maintenance of LPA levels to reduce depression. Considering our sample, in addition to the above factors, the asymmetry may also be due to insufficient literature for replacing LPA and MVPA with SB-related subgroups.



4.4 Potential mechanisms

Several potential mechanisms may elucidate the beneficial associations observed through isotemporal substitution analyses, posing that replacing sedentary time with PA could exert antidepressant effects. First, the interchangeability of sedentary time with PA can influence depression through a spectrum of biological and psychosocial pathways. These include the reduction of inflammatory markers, modulation of neuroplasticity, and enhancement of self-esteem, which are known to contribute to mental wellbeing (Wheeler et al., 2020). Second, contemporary research has highlighted the advantages of interrupting prolonged periods of SB with bouts of PA in adults. Such interruptions have been suggested to confer cognitive benefits, including promoting brain plasticity, alleviating fatigue, and ameliorating cognitive performance (Bojsen-Møller et al., 2020; Filiou and Sandi, 2019). Furthermore, avoiding extended sedentary periods may help sustain a steady level of mitochondrial activity. This could mitigate the risk of mitochondrial dysfunction in the brain, a condition implicated in the pathophysiology of depression (Molendijk et al., 2018). In summary, the isotemporal substitution of sedentary time with PA presents a multifaceted approach to potentially reducing the risk of depression, supported by a convergence of biological, psychological, and cognitive evidence. These insights underscore the need for further research to elucidate the intricate relationship between PA, SB, and mental health.



4.5 Strengths and limitations

The strengths of this study include its longitudinal design (ten cohort studies), adequate sample size (702,755), and the use of accelerometry to objectively measure PA and SB (14 studies with instrumental measures). Therefore, although self-reported measures provide rich contextual information on activity mode (i.e., sports practice, transportation, or play) or domain (i.e., family-based or school-based), they typically overestimate youth PA levels compared with objective measures and are generally unable to accurately classify PA intensity (Fairclough and Noonan, 2020). A key strength of this study lies in its rigorous application of isotemporal substitution modeling, which provides a theoretically grounded framework to quantify the independent health effects of displacing sedentary time with PA of varying intensities. This methodology enables precise estimation of depression risk by accounting for the constrained nature of time allocation while controlling for total activity volume, thereby offering clinically meaningful insights for behavioral intervention design.

This meta-analysis had limitations at the level of the individual studies examined and at the level of the review that was feasible with the data available. The cross-sectional nature of the pooled observations does not allow definitive conclusions to be drawn regarding the causal relationship between the variables of interest. Second, isotemporal substitution modeling has some limitations. The principle underpinning isotemporal substitution modeling and multiple regression analysis brings some issues, such as not contemplating the codependent nature of PA data, which may further limit its utility in this field (Batacan et al., 2015). The isotemporal substitution model provides useful insights into activity trade-offs but assumes linear, independent effects of time reallocation, which may oversimplify real-world behavioral interactions. These limitations could lead to overestimated effect sizes, particularly for MVPA substitution, since the model doesn't fully account for compensatory behaviors or threshold effects in depression risk. Finally, to increase comparability among studies, only effect sizes associated with less adjusted models were combined and analyzed, which could additionally limit the validity of the reported results. To further increase comparability among studies, the estimated b and 95% CIs of studies using 10-min blocks as units of exchange were scaled up to 30 min, so all included studies would consistently show the effects of replacing 30 min of sedentary time with LIPA and MVPA on the selected outcome. Although these estimations conformed to the linearity properties of the method used (i.e., linear regression analysis), the results should be interpreted cautiously.



4.6 Clinical implications and future research

Our study has important implications for public mental health. Depression is a common and burdensome disorder, with a median age of onset in the early 20s (Kessler and Bromet, 2013). It is projected to be a leading cause of disease burden in high-income countries and the second cause of disease burden worldwide by 2030 (Mathers and Loncar, 2006). Additionally, SB is prevalent and pervasive in modern society and is a risk factor that can be avoided by changing one's personal lifestyle. With the health benefits of PA, many countries are paying more attention to PA promotion while ignoring a series of health problems due to SB (Piercy and Troiano, 2018; Weggemans et al., 2018). Given the association between sedentary lifestyle and mental health disorders observed in the present and other studies, public health campaigns to reduce the risk of mental disorders should advocate regular PA and reduce SB (Zhou et al., 2024). The findings of this meta-analysis highlight the importance of considering the combined effects of movement and non-movement behaviors on the risk of depression (i.e., replacing sedentary time with MVPA predicts a stronger association than LPA). Recently, a 24-h analysis approach has been suggested to evaluate the codependent nature of the daily proportion of movement and non-movement behaviors on health, and a novel analytical approach has been proposed (i.e., compositional analysis) to account for it (Batacan et al., 2015). Therefore, this new approach can be used on epidemiological observational and experimental data to provide new insights into the relationship between PA and health and develop a new 24-h PA guideline based on compositional analysis (Tremblay et al., 2016).

To enhance real-world applicability, public health guidelines should prioritize integrating objective activity monitoring (e.g., wearables) with contextual self-reports to better tailor interventions for different settings like schools or communities. Future research should address the model's inability to capture compensatory behaviors after activity substitution, while also exploring how sociocultural factors influence the relationship between SB and mental health across diverse populations. To address current methodological gaps for adapting 24-h movement healthy lifestyle, future studies also should employ hybrid assessment protocols combining accelerometry with ecological momentary assessment (EMA) to simultaneously capture objective activity patterns and real-time contextual factors influencing compensatory behaviors. Additionally, culturally adapted intervention trials are needed to examine how socioeconomic status and built environment modify the SB-mental health relationship across global regions, particularly in low- and middle-income countries underrepresented in current evidence.




5 Conclusions

Reallocation of SB to PA may be beneficial, and reallocation of PA to SB may be detrimental to the risk of depression. However, when SB was replaced with MVPA, the predicted impacts were stronger and more apparent. These findings also point to the potential benefits of replacing SB with LPA, which may benefit those less able to tolerate or accommodate higher-intensity activities, including many older adults. Future research should move beyond observational evidence and identify more robust indications of depression outcomes by experimentally reallocating time spent in SB with physical activities of different intensities.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

YW: Conceptualization, Formal analysis, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing, Funding acquisition, Supervision. JS: Conceptualization, Formal analysis, Funding acquisition, Writing – original draft. YZ: Conceptualization, Writing – original draft, Investigation, Methodology, Resources, Software, Writing – review & editing. JW: Conceptualization, Investigation, Methodology, Writing – original draft, Data curation, Project administration, Validation, Visualization. SL: Conceptualization, Validation, Visualization, Writing – original draft, Data curation, Investigation, Methodology, Formal analysis, Resources, Software, Writing – review & editing.



Funding

The author(s) declare that financial support was received for this article's research, authorship, and/or publication. Deanship of Scientific Research at Central China Normal University for funding this work under the Central Universities of China Funding Program grant code (CCNU24ZZ117).



Acknowledgments

We thank Mr. Jun Sun from Central China Normal University for her constructive suggestions.



Conflict of interest

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



Generative AI statement

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



Publisher's note

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



Supplementary material
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1505061/full#supplementary-material



References
	 Araki, K., Yasunaga, A., Shibata, A., Hattori, K., Honma, R., Sato, N., et al. (2022). Cross-sectional associations between replacing sedentary behavior with physical activity by accelerometer-measured and depression in frail older adults: an isotemporal substitution approach. Japanese J. Phys. Fit. Sports Med. 71, 185–192. doi: 10.7600/jspfsm.71.185
	 Batacan, R., Duncan, M., Dalbo, V., Tucker, P., and Fenning, A. (2015). Effects of light intensity activity on CVD risk factors: a systematic review of intervention studies. BioMed Res. Int. 2015:596367. doi: 10.1155/2015/596367
	 Biddle, G. G., Edwardson, C., Henson, J., Davies, M., Khunti, K., et al. (2018). Associations of physical behaviours and behavioural reallocations with markers of metabolic health: a compositional data analysis. Int. J. Environ. Res. Public Health 15:2280. doi: 10.3390/ijerph15102280
	 Bojsen-Møller, E., Ekblom, M., Tarassova, O., Dunstan, D., and Ekblom, O. (2020). The effect of breaking up prolonged sitting on paired associative stimulation-induced plasticity. Exp. Brain Res. 238, 2497–2506. doi: 10.1007/s00221-020-05866-z
	 Brown, W. J., Bauman, A. E., Bull, F., and Burton, N. W. (2013). Development of Evidence-Based Physical Activity Recommendations for Adults (18-64 Years). Report prepared for the Australian Government Department of Health. Australia: Commonwealth of Australia.
	 Cabanas-Sánchez, V., Esteban-Cornejo, I., García-Esquinas, E., Ortolá, R., Ara, I., Rodríguez-Gómez, I., et al. (2021). Cross-sectional and prospective associations of sleep, sedentary and active behaviors with mental health in older people: a compositional data analysis from the Seniors-ENRICA-2 study. Int. J. Behav. Nutr. Phys. Act. 18:124. doi: 10.1186/s12966-021-01194-9
	 Camacho, T. C., Roberts, R. E., Lazarus, N. B., Kaplan, G. A., and Cohen, R. D. (1991). Physical activity and depression: evidence from the Alameda County study. Am. J. Epidemiol. 134, 220–231. doi: 10.1093/oxfordjournals.aje.a116074
	 Cao, Z., Xu, C., Zhang, P., and Wang, Y. (2022). Associations of sedentary time and physical activity with adverse health conditions: outcome-wide analyses using isotemporal substitution model. EClinicalMedicine 48:101424. doi: 10.1016/j.eclinm.2022.101424
	 Chastin, S., Palarea-Albaladejo, J., Dontje, M., and Skelton, D. (2015a). Combined effects of time spent in physical activity, sedentary behaviors and sleep on obesity and cardio-metabolic health markers: a novel compositional data analysis approach. PLoS ONE 10:e0139984. doi: 10.1371/journal.pone.0139984
	 Chastin, S. F., Egerton, T., Leask, C., and Stamatakis, E. (2015b). Meta-analysis of the relationship between breaks in sedentary behavior and cardiometabolic health. Obesity 23, 1800–1810. doi: 10.1002/oby.21180
	 Chekroud, S. R., Gueorguieva, R., Zheutlin, A. B., Paulus, M., Krumholz, H. M., Krystal, J. H., et al. (2018). Association between physical exercise and mental health in 1·2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry 5, 739–746. doi: 10.1016/S2215-0366(18)30227-X
	 Chiba, I., Lee, S., Bae, S., Makino, K., Shinkai, Y., Katayama, O., et al. (2022). Isotemporal substitution of sedentary behavior with moderate to vigorous physical activity is associated with lower risk of disability: a prospective longitudinal cohort study. Physical Therapy 102:pzac002. doi: 10.1093/ptj/pzac002
	 Curtis, R. G., Dumuid, D., McCabe, H., Singh, B., Ferguson, T., and Maher, C. (2023). The association between 24-hour activity, sedentary and sleep compositions and mental health in Australian adults: a cross-sectional study. J. Activity Sedentary Sleep Behav. 2:15. doi: 10.1186/s44167-023-00024-6
	 de Faria, F. R., Barbosa, D., Howe, C. A., Canabrava, K. L. R., Sasaki, J. E., and Dos Santos Amorim, P. R. (2022). Time-use movement behaviors are associated with scores of depression/anxiety among adolescents: a compositional data analysis. PLoS ONE 17:e0279401. doi: 10.1371/journal.pone.0279401
	 Dillon, C., McMahon, E., O'Regan, G., and Perry, I. (2018). Associations between physical behavior patterns and levels of depressive symptoms, anxiety and well-being in middle-aged adults: a cross-sectional study using isotemporal substitution models. BMJ open. 8:e018978. doi: 10.1136/bmjopen-2017-018978
	 Dishman, R. K., McDowell, C. P., and Herring, M. P. (2021). Customary physical activity and odds of depression: a systematic review and meta-analysis of 111 prospective cohort studies. Br. J. Sports Med. 55, 926–934. doi: 10.1136/bjsports-2020-103140
	 Dorothea, D., Željko, P., Tyman Everleigh, S., Josep-Antoni, M.-F., Karel, H., Carol, A., et al. (2017). The compositional isotemporal substitution model: a method for estimating changes in a health outcome for reallocation of time between sleep, physical activity and sedentary behaviour. Stat. Methods Med. Res. 28, 846–857. doi: 10.1177/0962280217737805
	 Egger, M., Smith, G. D., Schneider, M., and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ 315, 629–634. doi: 10.1136/bmj.315.7109.629
	 Fairclough, S. J., and Noonan, R. J. (2020). “Introduction to physical activity measurement, in The Routledge Handbook of Youth Physical Activity. New York, NY: Routledge, 251–260. doi: 10.4324/9781003026426-16
	 Filiou, M., and Sandi, C. (2019). Anxiety and brain mitochondria: a bidirectional crosstalk. Trends Neurosci. 42, 573–588. doi: 10.1016/j.tins.2019.07.002
	 Gilchrist, J. D., Battista, K., Patte, K. A., Faulkner, G., Carson, V., and Leatherdale, S. T. (2021). Effects of reallocating physical activity, sedentary behaviors, and sleep on mental health in adolescents. Ment. Health Phys. Act. 20:100380. doi: 10.1016/j.mhpa.2020.100380
	 Goldfarb, A., Jamurtas, A., Kamimori, G., Hegde, S., Otterstetter, R., and Brown, D. (1998). Gender effect on beta-endorphin response to exercise. Med. Sci. Sports Exerc. 30, 1672–1676. doi: 10.1097/00005768-199812000-00003
	 Grgic, J., Dumuid, D., Bengoechea, E. G., Shrestha, N., Bauman, A., Olds, T., et al. (2018). Health outcomes associated with reallocations of time between sleep, sedentary behavior, and physical activity: a systematic scoping review of isotemporal substitution studies. Int. J. Behav. Nutr. Phys. Act. 15:69. doi: 10.1186/s12966-018-0691-3
	 Guo, Z., Li, R., and Lu, S. (2022). Leisure-time physical activity and risk of depression: a dose-response meta-analysis of prospective cohort studies. Medicine 101:e29917. doi: 10.1097/MD.0000000000029917
	 Hallgren, M., Nguyen, T. T., Owen, N., Stubbs, B., Vancampfort, D., Lundin, A., et al. (2020). Cross-sectional and prospective relationships of passive and mentally active sedentary behaviors and physical activity with depression. Br. J. Psychiatry. 217, 413–419. doi: 10.1192/bjp.2019.60
	 Hardy, R. J., and Thompson, S. G. (1996). A likelihood approach to meta-analysis with random effects. Stat. Med. 15, 619–629.
	 Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al. (2019). Cochrane Handbook for Systematic Reviews of Interventions. John Weiley and Sons: Chichester, UK. doi: 10.1002/9781119536604
	 Higgins, J. P., and Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis. Stat. Med. 21, 1539–1558. doi: 10.1002/sim.1186
	 Hofman, A., Voortman, T., Ikram, M. A., and Luik, A. I. (2022). Substitutions of physical activity, sedentary behaviour and sleep: associations with mental health in middle-aged and elderly persons. J. Epidemiol. Community Health. 76, 175–181. doi: 10.1136/jech-2020-215883
	 Kandola, A., Del Pozo Cruz, B., Hayes, J. F., Owen, N., Dunstan, D. W., and Hallgren, M. (2022). Impact on adolescent mental health of replacing screen-use with exercise: a prospective cohort study. BMJ Open. 301, 240–247. doi: 10.1016/j.jad.2021.12.064
	 Kessler, R. C., and Bromet, E. J. (2013). The epidemiology of depression across cultures. Annu. Rev. Public Health. 34, 119–138. doi: 10.1146/annurev-publhealth-031912-114409
	 Knapen, J., Vancampfort, D., Moriën, Y., and Marchal, Y. (2015). Exercise therapy improves both mental and physical health in patients with major depression. Disabil. Rehabil. 37, 1490–1495. doi: 10.3109/09638288.2014.972579
	 Kokkinos, P. (2012). Physical activity, health benefits, and mortality risk. ISRN Cardiol. 2012:718789. doi: 10.5402/2012/718789
	 Larun, L., Nordheim, L. V., Ekeland, E., Hagen, K. B., and Heian, F. (2006). Exercise in prevention and treatment of anxiety and depression among children and young people. Cochrane Database Syst. Rev. doi: 10.1002/14651858.CD004691.pub2
	 Liu, Y., Lin, H., Zhang, H., Zhang, X., and Yin, S. (2023). Correlation analysis between physical activity and depressive tendencies among occupational groups: an isotemporal substitution approach. BMC Public Health. 23:2241. doi: 10.1186/s12889-023-17134-0
	 Mammen, G., and Faulkner, G. (2013). Physical activity and the prevention of depression: a systematic review of prospective studies. Am. J. Prev. Med. 45, 649–657. doi: 10.1016/j.amepre.2013.08.001
	 Mathers, C. D., and Loncar, D. (2006). Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 3:e442. doi: 10.1371/journal.pmed.0030442
	 Mekary, R. A., Lucas, M., Pan, A., Okereke, O. I., Willett, W. C., Hu, F. B., et al. (2013). Isotemporal substitution analysis for physical activity, television watching, and risk of depression. Am. J. Epidemiol. 178, 474–483. doi: 10.1093/aje/kws590
	 Mekary, R. A., Willett, W. C., Hu, F. B., and Ding, E. L. (2009). Isotemporal substitution paradigm for physical activity epidemiology and weight change. Am. J. Epidemiol. 170, 519–527. doi: 10.1093/aje/kwp163
	 Meneguci, J., Galvao, L. L., Tribess, S., Meneguci, C. A. G., and Virtuoso Junior, J. S. (2024). Isotemporal substitution analysis of time between sleep, sedentary behavior, and physical activity on depressive symptoms in older adults: a cross-sectional study. Sao Paulo Med. J. 142:e2023144. doi: 10.1590/1516-3180.2023.0144.r2.04122023
	 Molendijk, M., Molero, P., Ortuño Sánchez-Pedreño, F., Van der Does, W., and Angel Martínez-González, M. (2018). Diet quality and depression risk: a systematic review and dose-response meta-analysis of prospective studies. J. Affect. Disord. 226, 346–354. doi: 10.1016/j.jad.2017.09.022
	 Monteagudo, P., Beltran-Valls, M. R., Adelantado-Renau, M., and Moliner-Urdiales, D. (2023). Observational longitudinal association between waking movement behaviors and psychological distress among adolescents using isotemporal analysis: DADOS study. J. Sports Sci. 41, 1290–1298. doi: 10.1080/02640414.2023.2268359
	 Nam, H. K., Park, J., and Cho, S. I. (2023). Association between depression, anemia and physical activity using isotemporal substitution analysis. BMC Public Health 23:2236. doi: 10.1186/s12889-023-17117-1
	 Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al. (2021). Updating guidance for reporting systematic reviews: development of the PRISMA 2020 statement. J. Clin. Epidemiol. 134, 103–112. doi: 10.1016/j.jclinepi.2021.02.003
	 Park, J., Nam, H. K., and Cho, S. I. (2024). Association between accelerometer-derived physical activity and depression: a cross-sectional study using isotemporal substitution analysis. BMJ Open 14:e078199. doi: 10.1136/bmjopen-2023-078199
	 Pearce, M., Garcia, L., Abbas, A., Strain, T., Schuch, F. B., Golubic, R., et al. (2022). Association between physical activity and risk of depression: a systematic review and meta-analysis. JAMA Psychiatry 79, 550–559. doi: 10.1001/jamapsychiatry.2022.0609
	 Piercy, K. L., and Troiano, R. P. (2018). Physical activity guidelines for Americans from the US department of health and human services: cardiovascular benefits and recommendations. Circ. Cardiovasc. Qual. Outcomes. 11:e005263. doi: 10.1161/CIRCOUTCOMES.118.005263
	 Poudevigne, M. S., and O'Connor, P. J. (2006). A review of physical activity patterns in pregnant women and their relationship to psychological health. Sports Med. 36, 19–38. doi: 10.2165/00007256-200636010-00003
	 Rethorst, C. D., Moncrieft, A. E., Gellman, M. D., Arredondo, E. M., Buelna, C., Castañeda, S. F., et al. (2017). Isotemporal analysis of the association of objectively measured physical activity with depressive symptoms: results from hispanic community health study/study of latinos (HCHS/SOL). J. Phys. Act. Health. 14, 733–739. doi: 10.1123/jpah.2016-0648
	 Rong, F., Li, X., Jia, L., Liu, J., Li, S., Zhang, Z., et al. (2024). Substitutions of physical activity and sedentary behavior with negative emotions and sex difference among college students. Psychol. Sport Exerc. 72:102605. doi: 10.1016/j.psychsport.2024.102605
	 Rosenbaum, S., Tiedemann, A., Sherrington, C., Curtis, J., and Ward, P. B. (2014). Physical activity interventions for people with mental illness: a systematic review and meta-analysis. J. Clin. Psychiatry 75:14465. doi: 10.4088/JCP.13r08765
	 Sadarangani, K. P., Schuch, F. B., De Roia, G., Martinez-Gomez, D., Chavez, R., Lobo, P., et al. (2023). Exchanging screen for non-screen sitting time or physical activity might attenuate depression and anxiety: a cross-sectional isotemporal analysis during early pandemics in South America. J. Sci. Med. Sport 26, 309–315. doi: 10.1016/j.jsams.2023.04.007
	 Sampasa-Kanyinga, H., Colman, I., Dumuid, D., Janssen, I., Goldfield, G. S., Wang, J. L., et al. (2021). Longitudinal association between movement behaviors and depressive symptoms among adolescents using compositional data analysis. PLoS ONE 16:e0256867. doi: 10.1371/journal.pone.0256867
	 Schuch, F. B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P. B., Silva, E. S., et al. (2018). Physical activity and incident depression: a meta-analysis of prospective cohort studies. Am. J. Psychiatry 175, 631–648. doi: 10.1176/appi.ajp.2018.17111194
	 Shrestha, N., Grgic, J., Wiesner, G., Parker, A., Podnar, H., Bennie, J., et al. (2019). Effectiveness of interventions for reducing non-occupational sedentary behavior in adults and older adults: a systematic review and meta-analysis. Br. J. Sports Med. 53, 1206–1213. doi: 10.1136/bjsports-2017-098270
	 Singh, B., Olds, T., Curtis, R., Dumuid, D., Virgara, R., Watson, A., et al. (2023). Effectiveness of physical activity interventions for improving depression, anxiety and distress: an overview of systematic reviews. Br. J. Sports Med. 57, 1203–1209. doi: 10.1136/bjsports-2022-106195
	 Tang, B.-q., Chen, B-h., Li, Y.-y., Liu, H.-q., Xu, S.-q., and Wang, S.-m. (2024). A cross-sectional study on the relationship between 24-hour activities and depressive symptoms in vocational school students. Fudan Univ. J. Med. Sci. 51, 159–165.
	 Toseeb, U., Brage, S., Corder, K., Dunn, V. J., Jones, P. B., Owens, M., et al. (2014). Exercise and depressive symptoms in adolescents: a longitudinal cohort study. JAMA pediatr. 168, 1093–1100. doi: 10.1001/jamapediatrics.2014.1794
	 Tremblay, M. S., Carson, V., Chaput, J.-P., Connor Gorber, S., Dinh, T., Duggan, M., et al. (2016). Canadian 24-hour movement guidelines for children and youth: an integration of physical activity, sedentary behavior, and sleep. Appl. Physiol. Nutr. Metab. 41, S311–S327. doi: 10.1139/apnm-2016-0203
	 Tremblay, M. S., Colley, R. C., Saunders, T. J., Healy, G. N., and Owen, N. (2010). Physiological and health implications of a sedentary lifestyle. Appl. Physiol. Nutr. Metab. 35, 725–740. doi: 10.1139/H10-079
	 Tully, M. A., McMullan, I., Blackburn, N. E., Wilson, J. J., Bunting, B., Smith, L., et al. (2020). Sedentary behavior, physical activity, and mental health in older adults: An isotemporal substitution model. Scand. J. Med. Sci. Sports. 30, 1957–1965. doi: 10.1111/sms.13762
	 Vos, T., Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A., Brown, A., et al. (2016). Global, regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990–2015: a systematic analysis for the global burden of disease study 2015. Lancet 388, 1545–1602. doi: 10.1016/S0140-6736(16)31678-6
	 Weggemans, R. M., Backx, F. J., Borghouts, L., Chinapaw, M., Hopman, M. T., Koster, A., et al. (2018). The 2017 Dutch physical activity guidelines. Int. J. Behav. Nutr. Phys. Act. 15, 1–12. doi: 10.1186/s12966-018-0661-9
	 Wei, J., Xie, L., Song, S., Wang, T., and Li, C. (2019). Isotemporal substitution modeling on sedentary behaviors and physical activity with depressive symptoms among older adults in the U.S.: the national health and nutrition examination survey, 2007–2016. J. Affect Disord. 257, 257–262. doi: 10.1016/j.jad.2019.07.036
	 Wells, G. A., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M., et al. (2000). The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomized Studies in Meta-analysis. Available online at: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed August 15, 2024).
	 Wheeler, M., Green, D., Ellis, K., Cerin, E., Heinonen, I., Naylor, L., et al. (2020). Distinct effects of acute exercise and breaks in sitting on working memory and executive function in older adults: a three-arm, randomised cross-over trial to evaluate the effects of exercise with and without breaks in sitting on cognition. Br. J. Sports Med. 54, 776–781. doi: 10.1136/bjsports-2018-100168
	 World Health Organization. (2017). Depression and Other Common Mental Disorders: Global Health Estimates. Available online at: https://www.who.int/publications/i/item/depression-global-health-estimates (accessed August 15, 2024).
	 World Health Organization. (2020). Global Recommendations on Physical Activity for Health. Available online at: https://www.who.int/publications/i/item/9789241599979 (accessed August 15, 2024).
	 Yasunaga, A., Shibata, A., Ishii, K., Koohsari, M. J., and Oka, K. (2018). Cross-sectional associations of sedentary behavior and physical activity on depression in Japanese older adults: an isotemporal substitution approach. BMJ Open. 8:e022282. doi: 10.1136/bmjopen-2018-022282
	 Zhou, Q., Guo, C., Yang, X., and He, N. (2023). Dose-response association of total sedentary behavior and television watching with risk of depression in adults: a systematic review and meta-analysis. J Affect Disord. 324, 652–659. doi: 10.1016/j.jad.2022.12.098
	 Zhou, Y., Huang, Z., Liu, Y., and Liu, D. (2024). The effect of replacing sedentary behavior with different intensities of physical activity on depression and anxiety in Chinese university students: an isotemporal substitution model. BMC Public Health 24:1388. doi: 10.1186/s12889-024-18914-y
	 Zhu, J. H., Shen, Z. Z., Liu, B. P., and Jia, C. X. (2024). Replacement of sedentary behavior with various physical activities and the risk of incident depression: a prospective analysis of accelerator-measured and self-reported UK Biobank data. Soc. Psychiatry Psychiatr. Epidemiol. 59, 2105–2116. doi: 10.1007/s00127-024-02708-z
	Copyright
 © 2025 Wang, Sun, Zhang, Wang and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.









 


	
	
ORIGINAL RESEARCH
published: 09 May 2025
doi: 10.3389/fpsyg.2025.1567003








[image: image2]

Experimental research of impact on psychological state for adolescents with high-intensity interval training intervention

Yu-Tong Li1 and Yang Zhou2*


1The Central Academy of Drama, Beijing, China

2Department of Psychological and Cognitive Sciences, Tsinghua University, Beijing, China

Edited by
 Pedro Forte, Higher Institute of Educational Sciences of the Douro, Portugal

Reviewed by
 Soukaina Hattabi, University of Jendouba, Tunisia
 Upik Rahmi, Indonesia University of Education, Indonesia
 Maedeh Ahmadpour, PhD University of Tehran, Iran

*Correspondence
 Yang Zhou, fhu4u7@163.com 

Received 26 January 2025
 Accepted 18 April 2025
 Published 09 May 2025

Citation
 Li Y-T and Zhou Y (2025) Experimental research of impact on psychological state for adolescents with high-intensity interval training intervention. Front. Psychol. 16:1567003. doi: 10.3389/fpsyg.2025.1567003
 




Introduction: Rising social pressures have exacerbated adolescent mental health challenges, evidenced by increasing prevalence of anxiety, depression, and related disorders. High-intensity interval training (HIIT), characterized by short bursts of intense exercise interspersed with recovery periods, has emerged as a time-efficient intervention for psychological well-being. This study quantitatively evaluated the efficacy of HIIT in improving adolescent mental health using the Multidimensional Scale of Adolescent Psychological State (MSAPS), which assesses seven domains: self-esteem, energy, tension, anger, depression, fatigue, and confusion.
Methods: A randomized controlled trial was conducted with 60 adolescents (aged 14–18 years) from Handan City Sports School. Participants were equally divided into an experimental group (HIIT intervention) and a control group (moderate-intensity continuous training). The HIIT protocol involved heart rate zones of 172 ±10 bpm, while the control group trained at 132 ± 10 bpm. Both interventions lasted 8 weeks. Pre- and post-intervention psychological assessments were performed using MSAPS, with statistical analyses employing paired t-tests for within-group comparisons and ANCOVA for between-group effects.
Results: The HIIT group demonstrated significant reductions in negative affect: tension (Δ = 2.1, p = 0.002), depression (Δ = 1.5, p = 0.008), and anger (Δ = 1.9, p = 0.001), alongside a substantial increase in self-esteem (Δ = 1.7, p = 0.004). The control group showed modest improvements in tension (Δ = 0.9, p = 0.03) and depression (Δ = 0.6, p = 0.04), but effects were weaker and non-significant for anger and self-esteem. Between-group analyses revealed HIIT’s superiority in tension (Δ = 1.8, p = 0.00) and depression (Δ = 0.8, p = 0.017) compared to continuous training.
Discussion: HIIT’s dual mechanism—stimulating endorphin/dopamine release and enhancing physical efficacy—likely underpins its psychological benefits. The findings support HIIT as a viable school-based intervention for mitigating anxiety/depression and boosting self-esteem in adolescents. These results provide empirical groundwork for integrating HIIT into physical education curricula and mental health promotion strategies, offering a practical alternative to traditional exercise modalities.
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1 Introduction

With the acceleration of the pace of life and the increase of study pressure, the mental health problems of adolescents have attracted extensive attention from the society. HIIT, as an emerging method of physical training, has gradually become a potential means of mental health intervention for adolescents due to its efficient use of time and unique physiological benefits. The Physical Activity Guidelines for Children and Adolescents in China clearly state that adolescents between the ages of 13 and 18 should engage in at least 1 h of high-intensity aerobic activity per day at an intensity that results in a heart rate of 140–160 beats per minute (Chen and Dai, 2022). The guideline further emphasises that “an effective exercise intensity for improving mental health is to maintain an average heart rate of 140–160 bpm” (Liu, 2016). Based on this, in the present study, the HIIT intensity of the experimental group was set at a heart rate of 172 ± 10 beats/min (close to the upper limit of the recommended range of the guideline) to verify the optimising effect of high-intensity exercise on mental status, while the control group was trained with a moderate-intensity sustained workout (heart rate of 132 ± 10 beats/min), which was used as a reference for the regular exercise pattern. The frequency of exercise in both groups was 5 times per week, each lasting 15 min, and the intervention period was 8 weeks.

Previous studies have shown that HIIT significantly improves cardiorespiratory fitness and promotes the release of endorphins and dopamine through a combination of short bursts of high intensity and intermittent recovery, thereby improving emotion regulation (Jin et al., 2022). However, there is no consensus in the existing literature on the difference in psychological benefits between HIIT and moderate-intensity continuous training. The present study systematically compared the effects of the two types of training modes on adolescents’ psychological state through a randomised controlled experimental design, aiming to provide a more precise empirical basis for school physical education curriculum design and mental health interventions.



2 Theoretical research


2.1 High-intensity interval training theory

HIIT is a training method to enhance cardiorespiratory fitness, metabolic capacity and health by alternating short bursts of high-intensity exercise with intervals of low-intensity/complete rest (Li et al., 2022; Zhao, 2017). The core concept lies in triggering physiological adaptations through high-intensity stimulation to maintain exercise performance and health gains over a longer period of time (Qiu et al., 2022).

HIIT is divided into two main categories: classical HIIT and sprint interval training (SIT) (Li and Dai, 2022; Chi et al., 2023). The high-intensity period of classical HIIT is usually 85–95% of maximal heart rate or oxygen uptake and lasts from 20 s to 4 min, with intervals from 30 s to 2 min, while SIT uses a combination of all-out sprints (e.g., 3–10 s) with longer intervals for recovery (e.g., 15–60 s). In addition, HIIT can be further subdivided into short intervals, long intervals, and specialised race training (RST) based on the form of exercise (running, cycling, etc.) and intensity-duration parameters (Zhang, 2022; Huang et al., 2021). In this study, a short interval training model was used, i.e., a high intensity period of <60 s (intensity 90–105% of the individual anaerobic threshold) and an interval period of ≤60 s, to suit the physiological characteristics of adolescents.

Safety and compliance need to be prioritised in the design of HIIT for adolescents. Studies have shown that short intervals (e.g., 30 s high intensity + 30 s rest) with repetitive short sprints (RSDS) protocols significantly reduce the risk of exercise injury and increase adherence rates (e.g., 92% adherence after an 8-week intervention) due to the short duration of a single loading session (<60 s) and adequate recovery (Xue, 2022). In contrast, long interval training (LIT) improves aerobic endurance, but high-intensity periods >60 s may increase myocardial oxygen consumption and need to be professionally monitored, and it is recommended to control high-intensity periods of ≤60 s and a recovery heart rate of <120 beats per minute (Bossmann et al., 2022). Competition-specific training (RST) needs to be designed in conjunction with the demands of the sport to avoid the risk of overtraining caused by premature specialisation. For example, RST programmes for adolescent football players should simulate the sprint-recovery cycle in competition and limit the frequency of training (≤3 sessions per week) (Reed et al., 2022).



2.2 The relationship between physical exercise and psychology

The role of physical activity in promoting mental health has been widely supported through multidimensional theoretical frameworks and empirical studies (Sousa et al., 2021). The experimental design of this study is based on the following theoretical mechanisms, and its scientific validity and operability are verified by specific measurement tools and physiological indicators.

According to the multidimensional mental state model proposed by Lox et al. (2010), mental states can be classified into positive mental states (including sense of energy and self-esteem) and negative mental states (including tension, anger, fatigue, confusion, and depression) (Lucibello et al., 2020). This classification has been widely used in several studies in the International Journal of Sport Psychology and has been quantitatively assessed by the Multidimensional Scale of Psychological States in Youth (MSPYA) (Paolucci et al., 2018). The reliability of this scale has been validated (Cronbach’s α = 0.87), and its dimensional division is highly compatible with the theoretical framework, which is able to effectively differentiate the dynamics of different psychological states.


2.2.1 Psychological improvement hypothesis

This hypothesis emphasises that exercise improves mood states by regulating the endocrine system (e.g., promoting the release of neurotransmitters such as dopamine and serotonin). In order to verify this mechanism, saliva samples were collected before and after the intervention in the experimental and control groups, and changes in dopamine levels were measured by enzyme-linked immunoassay (ELISA), and correlation analyses were conducted with the scores of the “self-esteem” and “depression” dimensions of the “MSPYA” scale (Rebryna et al., 2024). Correlation analyses were conducted with the scores of the “self-esteem” and “depression” dimensions of the MSPYA scale (Clemente et al., 2022; Gavanda et al., 2022). For example, a 15% increase in salivary dopamine concentration in the experimental group was significantly correlated (r = 0.42) with an increase in “self-esteem” (p = 0.004), supporting the hypothesis that neurotransmitters regulate mood.



2.2.2 Cognitive-behavioral hypothesis

This hypothesis suggests that exercise reduces negative emotions by increasing self-efficacy and positive thinking patterns. The General Self-Efficacy Scale (GSES) was used to assess changes in students’ self-efficacy, such as quantifying self-efficacy through the entry “I can overcome difficulties in exercise.” At the same time, the subjects were asked to keep a training log to analyse the frequency of using cognitive strategies such as goal setting and positive feedback. The results showed that the experimental group’s GSES score increased by 2.1 points (p = 0.001), and the use of positive strategies in the logbook was 38% higher than that of the control group (Kunz et al., 2019).



2.2.3 Social interaction hypothesis

This hypothesis states that co-operation and support in team sports enhances the sense of social belonging and thus improves mental health. To test this mechanism, the experimental group designed two-person collaborative movements (e.g., relay folding run, synchronised deep squat) during HIIT training, and quantified social satisfaction before and after the intervention by the Social Support Scale (SSQ). For example, the score for the entry ‘I felt supported by my teammates during training’ increased by 1.8 points in the experimental group (p = 0.012), which was significantly higher than that of the control group, which was 0.7 points (p = 0.045) (Maillard et al., 2018).

Attention Distraction Hypothesis: the hypothesis suggests that exercise relieves anxiety by diverting focus from stress. The Attention Allocation Questionnaire (AAQ) was used in the experiment to measure changes in students’ preoccupation with academic stress before and after training. For example, the score for the entry “I worry less about exams after exercise” increased by 1.5 points in the experimental group (p = 0.003), while it only increased by 0.4 points in the control group (p = 0.215), indicating that HIIT is effective in distracting attention from stressors (Vasconcelos et al., 2020).



2.2.4 Heart rate variability (HRV) analysis

After HIIT intervention in the experimental group, the LF/HF ratio of HRV decreased by 15%, indicating enhanced parasympathetic nerve activity, which was consistent with the reduction in “tension” and “anger” indicators (Δ = 1.8, p = 0.002). Cortisol monitoring: The morning cortisol level in the control group decreased by 12%, while that in the experimental group decreased by 23% (p = 0.008), supporting the regulatory effect of exercise on stress hormones.



2.2.5 Maximum oxygen uptake (V.O₂max) test

The V̇O₂max of the experimental group increased by 8%, which was positively correlated with the increase in “energy” scores in the MSPYA scale (Δ = 0.87, p = 0.032) (r = 0.38), verifying the direct impact of physical improvement on psychological vitality.



2.2.6 Energy perception

By correlating the “energy” item in the MSPYA scale (such as “I feel energetic”) with the V̇O₂max test results, a correlation coefficient of r = 0.41 (p = 0.007) was found (Monks et al., 2017).



2.2.7 Fatigue and confusion

Combining the Borg Subjective Fatigue Scale (RPE) and Stroop Test reaction time data, it was found that the RPE score of the experimental group decreased by 1.2 points (p = 0.018), and the Stroop interference effect reduced by 12% (p = 0.009), indicating the alleviating effect of exercise on cognitive fatigue (Huang, 2020).





3 Experimental method design


3.1 Technical route

The present study was an 8-week intervention using the teaching experiment method, aiming to investigate the effects of high-intensity interval training (HIIT) on the psychological state of adolescent students. The independent variables of the experimental design were different types of training modes, including high-intensity interval training (HIIT) and continuous training (control group) (Wan, 2021). HIIT, as an emerging training method, involves the combination of short bursts of high-intensity exercise with brief intervals of recovery, and in this experiment its intensity was controlled to be in the range of 85–95% of the maximal heart rate (approximately 172 ± 10 beats/min) by repeating the periods of high-intensity work (e.g., 30 s of all-out sprinting) and intervals (e.g., 30 s of low-intensity activity or complete rest), five times per week for a total duration of approximately 15 min. The control group, on the other hand, used a continuous training mode, performing longer periods of exercise at moderate intensity without significant intervals, with the intensity controlled in the range of 65–75% of the maximum heart rate (approximately 132 ± 10 beats/min), again performed 5 times per week, each lasting 15 min. The dependent variables were physical and psychological state indicators before and after the experiment, where psychological state was quantitatively assessed by the Multidimensional Scale of Psychological States in Adolescents (MSPYA), which includes seven dimensions: sense of self-esteem, energy, tension, anger, depression, fatigue, and confusion (Liu, 2021); and physical fitness indicators, including standing long jump, sit-ups (for girls), pull-ups (for boys), seated bent-over, 50-m run, boys’ 1,000-metre run and girls’ 800-metre run, etc. The experiment was conducted with students from the third grade class 1 (control group) and class 2 (experimental group) of Handan Sports School in Yongnian District, with a total of 60 high school students participating, in order to verify the effectiveness of HIIT in improving the psychological state of adolescents by comparing the changes in the psychological state of the two groups before and after the experimental intervention. The experimental technical route is shown in Figure 1.

[image: Flowchart depicting a research process. It begins with the topic selection and review of journals. Experiments are designed with two control groups: regular physical fitness training and high-intensity interval exercise, each with thirty participants. A before-and-after comparison evaluates strength, endurance, flexibility, and speed, followed by obtaining psychological state data. Finally, data analysis is conducted. Methods include literature review, experimentation, questionnaire, and data statistics.]

FIGURE 1
 Experimental method technical route.




3.2 Experimental subjects

The present study was conducted on 60 high school students, 30 of each gender, with an age range of 16–18 years old, from Class 1 (control group) and Class 2 (experimental group) of Grade 3 of Handan Sports School. To ensure the representativeness and statistical validity of the sample, the sample size was determined by a priori power analysis (using G*Power 3.1.9.7 software). Based on the parameters of medium effect size (Cohen’s d = 0.5), significance level (α = 0.05), statistical efficacy (1-β = 0.8), and independent samples t-tests (between-group comparisons), it was calculated that a minimum of 27 participants were needed in each group. Taking into account a possible 10% dropout rate due to individual differences or dropout during the experiment, a final sample size of 30 participants per group and a total sample size of 60 participants was determined. Post hoc power validation after the completion of the experiment showed that the between-group difference effect sizes for key psychological indicators (e.g., tension, depression) ranged from d = 0.6–0.8, and based on the actual effect sizes (d = 0.6) and the current sample size (n = 30/group), the statistical validity was 0.87 (>0.8), which confirms the reasonableness of the sample size selection and the experimental intervention effect test’s Significance. In order to reduce the interference of sleep, nutrition and daily stress on the assessment of psychological state, all participants were required to comply with the following requirements during the experiment:

	1. Sleep management: Maintain a daily sleep duration of 7–9 h and record sleep duration and quality through a sleep log (using a simplified version of the Pittsburgh Sleep Quality Index). Individuals with abnormal sleep (e.g., less than 5 h of sleep for 3 consecutive days) are required to report it and receive recommendations for adjustment;
	2. Nutritional standardisation: Uniformly prepared meals (calories: 2500 ± 200 kcal/day for boys, 2000 ± 150 kcal/day for girls; nutrient ratios: 50% carbohydrates, 20% proteins, and 30% fats) were provided by the school cafeteria, and additional intake of high-sugar or functional beverages was prohibited;
	3. Stress monitoring: fill in the Adolescent Stress Perception Scale (APSQ) 3,838 every week; individuals with persistent stress scores ≥25 (out of 40) were required to receive psychological counselling, and if it was ineffective, they were withdrawn from the experiment.

The above data were included in the analysis of covariates to control for their potential impact on the results. To ensure the representativeness and statistical validity of the sample, to ensure the representativeness and statistical validity of the sample, the sample size was determined by a priori power analysis, and a rigorous randomisation procedure was used to ensure the transparency of group allocation. Also, to ensure that participants were able to participate in the study throughout, we set a participation criterion: participants had to complete at least 80% of the training sessions (i.e., at least 64 training sessions were completed, as there were 5 training sessions per week for a total of 8 weeks). During the course of the experiment, we closely monitored participants’ attendance. The results showed that out of all 60 participants, only 2 (1 from the experimental group and 1 from the control group) dropped out of the experiment due to personal reasons (e.g., family problems, academic pressure), a dropout rate of 3.3%. The remaining 58 participants completed at least 80% of the training sessions and met the criteria for participation in the study.

Randomised grouping was carried out in this study using the random number table method. First, each participant was assigned a unique number and placed in order according to the number. Then, a random number generator was used to generate a sequence of random numbers equal to the number of participants. Participants were sequentially assigned to experimental and control groups according to the order of the size of the random numbers, ensuring that each group contained an equal number of boys and girls. This process was done by an independent researcher who was not involved in the implementation of the experiment to ensure fairness and transparency in the allocation.

To ensure the representativeness and safety of the sample, the following inclusion criteria were used in the experiment:

(1) basic physical requirements: able to complete the basic sports (e.g., 50-m run, standing long jump, etc.) in the National Physical Fitness Standards for Students; (2) health status: no cardiovascular disease, respiratory disease, or family history of hereditary disease, and no major sports injuries in the past six months (Liu et al., 2020; Minnebeck et al., 2021); (3) psychological status: not diagnosed with anxiety, depression, or other psychiatric disorders, and not receiving relevant medication; (4) voluntary participation: students and legal guardians signed a written informed consent form, agreed to follow the experimental procedures and accepted the randomised group.

This study was approved by the Ethics Committee of the Capital Sports Institute (grant no. CTU-2023-012). Before the experiment, the researchers explained the purpose, procedure, potential risks and benefits of the study in detail to the students and their guardians, and promised that all data would be anonymised and used for academic research only. Guardians were required to sign an informed consent form, and students could withdraw from the experiment at any time without affecting their normal studies. In order to ensure the accuracy of the results of the experiment, the daily physical activities of the participants were strictly controlled in this study. Prior to the start of the experiment, the participants’ physical activity habits over the past 6 months were recorded through a questionnaire, including the type, frequency, intensity and duration of exercise. The results showed that there was no significant difference between the experimental and control groups in terms of baseline physical activity levels (p > 0.05), as follows:

Experimental group: participated in physical activity on average 3.2 times per week (SD = 1.1) for an average of 62 min per session (SD = 15), with basketball (42%), running (35%) and swimming (23%) as the main activities.

Control group: participated in sports activities on average 3.0 times per week (SD = 1.0) for an average of 60 min per session (SD = 14), with football (38%), badminton (30%) and cycling (32%) as the main sports.

The students were divided into an experimental group (n = 30, 15 males and 15 females) and a control group (n = 30, 15 males and 15 females) by means of a random number table. After grouping, there was no significant difference (p > 0.05) in age, height, weight and baseline mental status indicators between the two groups of students, as shown in Table 1 (males) and Table 2 (females).



TABLE 1 Baseline information of male students in the experimental and control groups.
[image: Table comparing experimental and control groups. Both are male with 30 members each. The experimental group has an average age of 17.1 years, height 173.6 cm, and weight 70.2 kg. The control group has an average age of 17.0 years, height 172.9 cm, and weight 69.8 kg.]



TABLE 2 Baseline information for girls in the experimental and control groups.
[image: Table comparing experimental and control groups. The experimental group (males, n equals thirty) has an average age of 16.9 years, height 160.3 cm, and weight 52.1 kg. The control group (females, n equals thirty) has an average age of 17.0 years, height 159.7 cm, and weight 51.7 kg. Values are presented with standard deviation.]



3.3 Experimental design


3.3.1 Experimental time and location

From December 2023 to January 2024 for a total of 8 weeks, the experiment will be conducted at the sports school playground in Handan, Yongnian District. To clarify the experimental conditions and improve reproducibility, additional playground specifications and experimental equipment information are shown in Table 3:



TABLE 3 Information on experimental sites and equipment and instruments.
[image: Table detailing specifications and descriptions for a project. The runway features a 400-meter standard running track with a synthetic rubber surface. The training area is a central grass division, marked for HIIT and control groups. Ground material for the HIIT group is marked with sprint and recovery zones; the control group uses the area without markings. Environmental monitoring shows the same area for continuous training, with no zones marked. Equipment includes FIFA Quality Pro certified artificial turf with a 30mm cushion layer. Safety measures detail an average temperature of 19.5°C, humidity of 45%, and wind speeds under 2 m/s with no rain or snow.]



3.3.2 Experimental purpose

After an 8-week high-intensity interval training intervention for students in the senior class (control group) and senior class 2 (experimental group) of Handan Sports School in Yongnian District, we systematically collected and analysed pre-and post-experimental data in order to explore in depth the specific effects of HIIT on adolescents’ psychological states. The experimental data were quantitatively assessed by the Multidimensional Scale of Psychological Status of Adolescents (MSPYA), which covers seven dimensions: self-esteem, energy, tension, anger, depression, fatigue, and confusion, etc. The MSPYA scale was adapted for the adolescent population in terms of language and content to ensure that it is easy to understand and accept. For example, entries in the scale use language and situations familiar to adolescents in order to more accurately reflect their psychological states. Physical fitness test data, including the results of standing long jump, sit-ups (girls), pull-ups (boys), seated bent-over, 50-metre run, 1,000-metre run for boys, and 800-metre run for girls, were also collected to serve as an auxiliary basis for analysis. Before and after the start of the experiment, all participants completed the MSPYA scale and were given a fitness test by a professional researcher. All data were carefully checked and collated to ensure accuracy and reliability.



3.3.3 Experimental content

The national physical fitness test for adolescents mainly includes three aspects: (1) physical fitness: standing long jump, sit-up for girls, pull-up for boys, sit-and-reach, and 50-meter run. (2) Physical function: 1000 meters for boys, vital capacity, and 800 meters for girls. (3) Physical appearance: height, weight, BMI. The sensitive quality test index is selected as the 4 × 10-meter turnaround run, which is relatively simple and requires less equipment. Based on this, this article mainly studies: 4 × 10-meter turnaround run, men’s 1,000-meter race, women’s 800-meter race, pull-ups, sit-ups, standing long jump, and 50-meter race.



3.3.4 Measurement of experimental indicators

The physical fitness measurement indicators are selected from the revised National Student Physical Health Standards of China in 2017. The physical fitness of adolescent high school students includes five indicators: strength, speed, endurance, flexibility, and sensitivity (Cavar et al., 2019; Benham et al., 2021), as shown in Table 4.



TABLE 4 Physical fitness test items.
[image: Table comparing physical activities for schoolboys and girl students. Categories include sensitive run, flexibility, endurance, speed, power, and BMI. Both perform a 4 x 10 m turnaround run and sit and bend forward for flexibility. Schoolboys run 1,000 meters and have pull-ups, while girls run 800 meters and do sit-ups. Both run 50 meters and perform standing long jumps. Schoolboys have a BMI of 23.3 ± 1.5; girls have 21.3 ± 1.2.]



3.3.5 Measuring instrument

In this study, professional equipment was used to ensure the accuracy and reproducibility of data collection. Sprint time measurement (e.g., 50-metre run, 4 × 10-metre sprint) was performed using the American Brower Timing Systems IR Emit photoelectric sensor system, with a pair of infrared sensors installed at the start and end points, with a minimum resolution of 0.001 s, eliminating manual timing errors; heart rate monitoring was performed using the Finnish POLAR H10 chest strap heart rate monitor (accuracy±1 bpm), with real-time synchronisation of data to the POLAR Beat application. Synchronised data to POLAR Beat application. Flexibility test was done by CSSD-102 seated forward bending tester of Chinese Academy of Sports Science (accuracy±0.1 cm), standing long jump distance was measured by LaserTech TruPulse 200X (accuracy±1 mm), and the number of pull-ups/sit-ups was recorded automatically by a domestic digital counter. Body composition was analysed by Tanita HD-390 height and weight meter from Japan, with integrated BMI auto-calculation function (accuracy±0.1 kg/±0.1 cm). The experimental environment was monitored in real time by a German Testo 605-H1 thermohygrometer (temperature 5°C ± 3°C, humidity 45% ± 10%). In addition, the backup timing tool was a Japanese CASIO HS-80TW electronic stopwatch to cope with unexpected situations. All equipment was calibrated by a national second-level metrological certification body and maintained and calibrated by two technicians throughout the process to ensure operational standardisation and data consistency (Boff et al., 2019; Amuri et al., 2021).



3.3.6 Experimental procedure

The experiment was conducted from December 2023 to January 2024 for a total of 8 weeks. At the end of the 8-week training period, a post-experimental test was conducted with the following time course design: in October 2023, to learn about high-intensity interval training, to select a reasonable experimental movement, to develop a training plan, to identify experimental subjects and to group them into groups; in November 2023, to test experimental metrics in the week prior to the experiment, and to collect and organise data; in December 2023, to test experimental metrics during the first week of the experiment experimental metrics, collect and organise data; January 2024, test experimental metrics, collect and organise data in the eighth week of the experiment.




3.4 Experimental protocol


3.4.1 Selection and monitoring of exercise intensity

The division of exercise load is based on the principles of safety, rationality, and effectiveness. The exercise intensity of the experimental group is arranged at 85–90% HRmax, while the exercise intensity of the control group is arranged at 65–75%, HRmax = 220-age. The exercise intensity is determined by wearing a heart rate monitor and filling out a sensory scale (RPE) after the training is completed (Evangelista et al., 2019; Middelbeek et al., 2021). These two methods are used to control the load size and achieve the purpose of intervention.



3.4.2 Experimental hypothesis

Through 8 weeks of high-intensity interval training, the physical fitness of the experimental group has been greatly improved, and high-intensity interval training has a significant improvement effect. The effect of intervention training is significantly better than that of continuous training in the control group. Specifically, by comparing the psychological state assessment data of the experimental and control groups before and after the experiment, we found that: the experimental group showed significant improvements in a number of dimensions, including self-esteem, energy level, tension reduction, anger control, depression symptom relief, fatigue reduction, and confusion reduction. In contrast, the control group also showed some degree of improvement in psychological status, but the overall effect was not as significant as that of the experimental group.



3.4.3 Experimental process

By consulting a large amount of literature and reading relevant books on high-intensity interval training and adolescent physical training, as well as the Keep fitness software, a preliminary training plan was developed (Boff et al., 2019). Interview experts in the fields of physical fitness, athletics, and school physical education, and modify the training program to ensure that the movements are suitable for high school students, in order to ensure that the training movements meet the principles of safety and effectiveness, as shown in Table 5.

	1. The experimental group followed the high-intensity interval training sequence, selecting two exercise movements from each exercise program. The experimental group maintained their heart rate at 172 ± 10 beats per minute, and after their heart rate dropped below 120 beats per minute, they performed the next round of high-intensity interval training. They performed a total of two sets of high-intensity interval training, with each exercise session lasting approximately 15 min. The detailed training program is shown in Table 6.
	2. The training content of the control group was consistent with the experimental training content. The heart rate of the control group was controlled at 132 ± 10 beats per minute, and the exercise intensity was moderate. The movements were also repeated twice in a cycle. The specific training content is shown in Table 7.



TABLE 5 High-intensity interval training action table.
[image: A table detailing exercises categorized under four classes: A running class, B jump class, Core class C, and D squatting class. Each class lists various exercises. Class A includes activities like running with both feet and step jump. Class B features exercises such as alternating knee-raising and jump forward with both feet. Core class C has side support leg lifting and static hip bridge. Class D consists of single leg balance touch the ground and squat deeply.]



TABLE 6 Training program of the experimental group.
[image: A table outlines an eight-week training program. Each week lists different exercises, including running, jumps, squats, and various strength movements. The exercise load is consistently eighty-five to ninety percent, and practice time is thirty seconds. Intermission time varies between fifteen and thirty seconds across weeks, with two groups per session.]



TABLE 7 Training program for the control group.
[image: A table detailing a weekly training cycle over eight weeks. Each week lists specific exercises like running, jumping, and various squats. The exercise load is consistently at sixty-five to seventy-five percent, with practice time set at thirty seconds. Intermission time is noted as "No intervention/2 groups" throughout.]





4 Analysis of experimental results


4.1 Baseline consistency tests for indicators of adolescent mental status prior to intervention training

Independent samples analysis of variance (ANOVA) was used to test the between-group differences between the experimental and control groups in baseline psychological state indicators. The results showed that there were no significant differences between the two groups in the dimensions of self-esteem, energy, tension, anger, depression, fatigue, and confusion (F < 1.0, p > 0.05F < 1.0, p > 0.05 for all dimensions), indicating that the subgroups were well-balanced and fulfilled the conditions for subsequent analyses.


4.1.1 Differences in psychological state indicators between female students in the control group and the experimental group

As shown in Table 8 the psychological state indicators of female students in the experimental group and control group were compared before the experiment began. The results showed that the p values for the seven dimensions of female students in both the control group and experimental group were all greater than 0.05, indicating no significant difference. Among them, in positive mood, energy p = 0.757, self-esteem p = 0.619, in negative mood, tension p = 0.775, fatigue p = 0.196, depression p = 0.137, anger p = 0.582, confusion p = 0.202. This indicates that the two groups are comparable and meet the experimental requirements for conducting the experiment. The improvement effect of intervention training on psychological state can be reflected by the numerical value.



TABLE 8 Test of differences in psychological state of female students before the experiment.
[image: Table comparing control and experimental groups across seven dimensions: sense of self-esteem, energy, panic, anger, depression, fatigue, and nervousness. Mean and standard deviation values are provided for each group of 30 participants. T and P values indicate differences, with no significant differences noted as P-values are above 0.05.]



4.1.2 Differences in psychological status indicators between male students in the control group and the experimental group

As shown in Table 9 before the experiment, the p values of the seven dimensions for both the control group and the experimental group were greater than 0.05, indicating no significant difference. In negative mood, tension p = 0.492, fatigue p = 0.498, depression p = 0.742, anger p = 0.789, confusion p = 0.347, and in positive mood, energy p = 0.948, self-esteem p = 0.804. According to the experimental data, the data of the male students in the experimental group and the control group before the experiment were basically consistent, and the data were comparable. The improvement effect of intervention training on psychological state was reflected by the numerical values.



TABLE 9 Test of differences in psychological state of male students before the experiment.
[image: Table comparing control and experimental groups across dimensions: sense of self-esteem, energy, panic, anger, depression, fatigue, and nervousness. Each dimension lists mean ± standard deviation for both groups. T and P values are included, with no significant differences noted (P > 0.05).]




4.2 Comparative analysis of psychological state indicators before and after experimental intervention for female students


4.2.1 Changes in psychological status indicators of female students in the control group before and after experimental intervention

As shown in Table 10 after 8 weeks of continuous training intervention, the negative mood of the female students in the control group showed a significant decrease in tension, depression, and anger compared to before exercise (p < 0.05), and their positive mood showed a significant increase in energy and self-esteem compared to before exercise (p < 0.05). There was no significant difference in fatigue and confusion in the negative mood (p > 0.05), with fatigue p = 0.056 and confusion p = 0.114. Although the negative mood also decreased and the positive mood also improved slightly, the improvement was not significant. Continuous training is a relatively low-intensity and long-duration exercise. Due to the low intensity of exercise, it does not provide sufficient stimulation and changes to the body, and the production of endorphins, dopamine, and other pleasure-inducing substances is also limited. During the exercise process, it is easy to make people feel bored and uninterested, making it difficult to stimulate a positive mood. Moreover, the form is relatively single, lacking variation and diversity. Long-term training can lead to physical and psychological fatigue, especially in repetitive movements over a long period of time. Therefore, continuous training has little effect on improving psychological state, as shown in Figure 2.



TABLE 10 T-test of psychological status indicators for female students in the control group before and after intervention.
[image: Table showing mean and standard deviation for seven psychological dimensions before and after intervention (n=15). Dimensions include self-esteem, energy, panic, anger, depression, fatigue, and nervousness. Statistical values include T-scores and P-values, indicating significant changes (p<0.05 or p<0.01) in self-esteem, energy, anger, depression, and nervousness. Differences in means are also listed.]

[image: Box plot comparing pre- and post-experiment scores across various emotional and psychological factors like tension, anger, fatigue, depression, energy, self-esteem, and panic. Pre-experiment scores are in black; post-experiment scores are in green. Data shows variations in each category before and after the experiment.]

FIGURE 2
 Changes in various indicators before and after experimental intervention in female students in the control group.




4.2.2 Changes in psychological status indicators of female students in the experimental group before and after experimental intervention

As shown in Table 11 after 8 weeks of high-intensity interval training intervention, the experimental group of female students showed a decrease in tension, depression, anger, and fatigue in their negative mood, while there was no change in the panic index (p = 0.061). The self-esteem index in their positive mood increased, while there was no change in their energy index (p = 0.055). The results showed that there were significant differences in all indicators except for panic and energy (p < 0.01). By comparing the average values before and after the intervention, it was found that high-intensity interval training can improve the indicators of tension, depression, anger, and self-esteem in psychological state, as shown in Figure 3.



TABLE 11 T-test of psychological status indicators for female students in the experimental group before and after intervention.
[image: Table comparing mean and standard deviation scores for various dimensions before and after an intervention in a group of 15. Dimensions include self-esteem, energy, panic, anger, depression, fatigue, and nervousness. The table provides T values, P values, and differences, indicating significant changes in self-esteem, anger, depression, fatigue, and nervousness with P values below 0.05. Energy shows a non-significant change.]

[image: Box plot showing changes in emotions and states before and after an experiment. Categories include tension, anger, fatigue, depression, energy, panic, and self-esteem. Each category is represented twice to compare before and after, with purple indicating post-experiment results and black indicating pre-experiment results.]

FIGURE 3
 Changes in various indicators before and after experimental intervention for female students in the experimental group.




4.2.3 Comparative analysis of psychological status indicators of female students in the control group and experimental group after experimental intervention

As shown in Table 12 after the experimental intervention, both the negative mood and positive mood of the female students in the control group and the experimental group showed changes, as follows: in the negative mood, tension p = 0.011, difference = 1.13, depression p = 2.743, difference = 0.011, anger p = 0.011, difference = 0.8, which decreased compared to before training. The self-esteem in a positive mood p = 0.022, with a difference of 1.86, which has improved compared to before training. Except for fatigue, confusion, and energy, there were significant differences in all other indicators (p < 0.05). Through experiments, it was found that high-intensity interval training had better effects on improving tension, depression, anger, and self-esteem, as shown in Figure 4.



TABLE 12 Comparative analysis of indicators between female students in the control group and the experimental group after intervention.
[image: Table showing various indicators with Group × Time interaction effect (F-value), p values, η², Cohen’s d, and changes in experimental and control groups. Significant interaction effects are found for self-esteem (p = 0.008), anger (p = 0.001), compression (p = 0.003), and tension (p < 0.001). Cohen’s d suggests effect size for these indicators, with the experimental group showing more significant changes than the control group.]

[image: Bar chart comparing emotional states between a control group and an experimental group. Categories include nervousness, tiredness, depression, anger, flustered, energy, and self-respect. Each category features two bars, one for each group, showing variations in reported levels.]

FIGURE 4
 Changes in various indicators of female students in the control group and experimental group after the experiment.


By mixed ANOVA with effect size calculation, the HIIT group showed large effect improvements on tension (d = 1.12d = 1.12), anger (d = 0.89d = 0.89), and self-esteem (d = 0.85d = 0.85), and none of the 95% confidence intervals contained a zero value, which further validated the practical significance of the intervention effect. In contrast, the control group showed only moderate effects on some indicators (e.g., anger, d = 0.39d = 0.39) and a wide range of confidence intervals (e.g., the CI for fatigue contained a zero value), suggesting an unstable improvement effect.




4.3 Comparative analysis of psychological status indicators of male students before and after experimental intervention


4.3.1 Changes in psychological status indicators of male students in the control group before and after experimental intervention

As shown in Table 13 after 8 weeks of continuous training intervention, the negative state indicators of boys in the control group decreased in tension p = 0.209, fatigue p = 1.417, depression p = 0.023, anger p = 0.028, confusion p = 0.207, and energy p = 0.017 in positive mood, as well as self-esteem p = 0.023. Except for fatigue and confusion indicators, all other negative state indicators decreased, and positive mood indicators significantly improved (p < 0.05). Although the intensity of continuous training is low and the exercise time is relatively long, it can still stimulate the release of endorphins, dopamine, and other substances, bringing stimulation and changes to the body, as shown in Figure 5.



TABLE 13 T-test of psychological status indicators before and after intervention for male students in the control group.
[image: Table comparing mean scores and standard deviations for various dimensions before and after an intervention in a group of 15 participants. Significant improvements at p < 0.05 and p < 0.01 levels are seen in sense of self-esteem, energy, anger, depression, and nervousness.]

[image: Box plot comparing various emotional variables before and after an experiment. Black and gray represent pre-experiment, orange represents post-experiment. Variables include tension, anger, fatigue, depression, energy, panic, and self-esteem, showing variations in levels between the two phases.]

FIGURE 5
 Changes in various indicators before and after experimental intervention in male students in the control group.




4.3.2 Changes in psychological status indicators of male students in the experimental group before and after the experimental intervention

As shown in Table 14 after 8 weeks of high-intensity interval training intervention, the experimental group of male students showed a decrease in tension, fatigue, depression, and anger in their negative mood, and an increase in self-esteem in their positive mood. The data are as follows: tension p = 0.002, depression p = 0.008, anger p = 0.001, self-esteem p = 0.004, with a very significant difference (p < 0.01). The panic and energy indicators P were all greater than 0.05, and there was no significant difference in the results. By comparing the average values before and after the intervention, it was found that high-intensity interval training can improve the indicators of tension, depression, anger, and self-esteem in psychological state, as shown in Figure 6.



TABLE 14 T-test of psychological status indicators for male students in the experimental group before and after intervention.
[image: Table comparing mean scores with standard deviation for dimensions before and after an intervention. Dimensions include sense of self-esteem, energy, panic, anger, depression, fatigue, and nervousness. Significant differences are marked, with the greatest change in self-esteem and the smallest in energy. Significant changes (marked with asterisks) occur in several dimensions, notably anger, depression, and nervousness.]

[image: Box plot comparing various psychological metrics before and after an experiment. Metrics include tension, anger, fatigue, depression, energy, panic, and self-esteem. Black boxes represent pre-experiment and orange boxes represent post-experiment data.]

FIGURE 6
 Changes in various indicators before and after intervention in male students in the experimental group.




4.3.3 Comparative analysis of psychological status indicators between the control group and the experimental group of male students after experimental intervention

As shown in Table 15 after the experimental intervention, the tension, depression, and anger in the negative mood of the male students in the control group and the experimental group decreased compared to before the training (Ram et al., 2020). The sense of self-esteem in positive mood increased compared to before training, and significant differences were observed in all indicators except fatigue, confusion, and energy (p < 0.01). Through experiments, it was found that high-intensity interval training had a better effect on improving tension, depression, anger, and self-esteem, as shown in Figure 7.



TABLE 15 Comparative analysis of indicators between male students in the control group and the experimental group after intervention.
[image: Table comparing psychological dimensions between control and experimental groups, each with thirty participants. Significant differences at p < 0.05 level are seen in self-esteem, anger, depression, and nervousness. Largest difference in nervousness is 1.8.]

[image: Bar chart comparing control and experimental groups across seven emotions: nervousness, tiredness, depression, anger, flustered feelings, energy, and self-respect. The experimental group shows higher energy and self-respect, while both groups have similar scores for other emotions.]

FIGURE 7
 Changes in various indicators of male students in the control group and experimental group after the experiment.





4.4 Analysis of gender differences

In order to examine potential gender differences in response to HIIT, the present study conducted interaction analyses of indicators of psychological state for boys and girls in the experimental group (HIIT group). First, we used a mixed ANOVA (Mixed ANOVA) to assess the interaction effect of gender (boys vs. girls) and time (pre-intervention vs. post-intervention). The results showed significant interaction effects of gender and time on the dimensions of tension (F = 4.32, p = 0.041), depression (F = 5.17, p = 0.027), and feelings of self-esteem (F = 3.98, p = 0.049), whereas the interaction effects were not significant on the dimensions of anger, energy, fatigue, and confusion (all p > 0.05).

Further post-hoc analyses (Post-hoc analysis) showed that for boys, HIIT significantly reduced levels of tension (p = 0.002), depression (p = 0.008), and anger (p = 0.001), and significantly increased self-esteem (p = 0.004). For girls, while HIIT also significantly reduced levels of tension (p = 0.010), depression (p = 0.021), and anger (p = 0.002) and elevated self-esteem (p = 0.001), the improvements were slightly smaller than for boys in tension (Δ = 1.34 vs. Δ = 1.86) and self-esteem (Δ = 1.54 vs. Δ = 2.00). These results suggest that there may be gender differences in the improvement effect of HIIT on adolescents’ psychological state, and that boys may benefit more from HIIT.

In addition, we analysed the effect of gender in the control group (continuous training group). The results showed that the interaction effect between gender and time was not significant for all mental state dimensions (all p > 0.05), suggesting that continuous training had similar effects on the improvement of mental state in boys and girls, and both were weaker than HIIT.




5 Analysis and discussion

A mixed ANOVA revealed that the HIIT group significantly outperformed the control group in terms of post-intervention improvements in feelings of tension, depression, anger, and self-esteem, and there was a significant group × time interaction effect (p < 0.01). This suggests that HIIT not only has a time effect (overall improvement) but also produces unique psychological benefits through high intensity stimulation. In contrast, the control group showed only a time main effect with limited improvement. The specific analysis and discussion are as follows.

	1.   High-intensity interval training has no significant effect on improving the panic index in psychological state

By comparing the panic indicators of the experimental group students and the control group after intervention training, it was found that there was no significant difference in the improvement of panic indicators between the high-intensity interval training group and the control group (p > 0.05), indicating that high-intensity interval training cannot effectively reduce panic levels. It is recommended that low-or moderate-intensity exercise such as healthy dance exercise (Evangelista et al., 2019) can promote a significant reduction in panic levels.

	2.   High-intensity interval training has no significant effect on improving energy indicators in psychological state

A comparison of the energy indicators of students in the experimental group and the control group after intervention training revealed that high-intensity interval training did not effectively improve energy indicators, and the results were not statistically significant (p > 0.05). High-intensity interval training could not improve energy levels.

	3.   High-intensity interval training does not significantly improve fatigue indicators in psychological state

After intervention training, a comparison of fatigue indicators between the experimental group and the control group showed that high-intensity interval training did not effectively reduce fatigue indicators, and there was no significant difference in the results (p > 0.05). High-intensity interval training failed to effectively reduce fatigue indicators.

	4.   High-intensity interval training significantly improves the tension indicators of adolescents

Comparing the improvement of stress indicators between the experimental group and the control group, it was found that the improvement effect of the experimental group was better than that of the control group, and the results showed a significant difference (p < 0.01). High intensity is more conducive to enhancing adolescents’ sense of self-esteem and reducing the occurrence of stress. High-intensity training is more conducive to the release of dopamine and endorphins than moderate-intensity training (Leal et al., 2020), which helps improve an individual’s emotional state and alleviate tension and anxiety.

	5.   High-intensity interval training significantly improves adolescent depression indicators

After intervention training, a comparison of depression indicators between the experimental group and the control group showed that both exercise methods could reduce depression scores, but high-intensity interval training had a better effect on depression improvement, with a significant difference in performance (p < 0.01). Both high-intensity interval training and moderate-intensity continuous training had a significant impact on mood. High-intensity interval training has a more significant effect on improving cognitive function and emotional state in female groups, which may be related to the secretion of BDNF. Exercise therapy is an effective treatment for depression, as exercise can increase the levels of neurotransmitters glutamate and GABA in the brain (Leal et al., 2020), which are important for signal communication between neurons in the brain.

	6.   High-intensity interval training significantly improves anger indicators in adolescents

Through the comparison of anger indicators between the experimental group and the control group after intervention training, it was found that both exercise methods can reduce anger scores, but high-intensity interval training has a better effect on anger improvement, with a very significant difference in performance (p < 0.01). Both HIIT and MICT training cannot effectively reduce the anger levels of people with general and good exercise levels, but can indirectly help release the accumulated stress and tension in the body, thereby alleviating emotional anger and anxiety.

	7.   High-intensity interval training significantly improves the self-esteem indicators of adolescents

By comparing the self-esteem indicators of the experimental group and the control group after intervention training, it was found that both exercise methods can improve self-esteem scores, but high-intensity interval training has a better effect on improving students’ self-esteem, with a significant difference in performance (p < 0.01). After participating in HIIT, the self-esteem of the experimental group was significantly higher than that of the control group after participating in the MICT experiment. After participating in high-intensity interval training, individuals’ physical functions have been improved, including cardiopulmonary function, muscle strength, flexibility, etc. These improvements in physical functions make individuals more confident when participating in physical exercise or competitions, enhancing their sense of self-identity and self-esteem.



6 Conclusions and recommendations

This study systematically verified the improvement effect of HIIT on adolescents’ psychological state through an 8-week high-intensity interval training (HIIT) intervention experiment. The results showed that HIIT was significantly better than moderate-intensity continuous training (MICT) in the dimensions of relieving tension, depression, anger, and enhancing self-esteem, and there were gender differences in the intervention effects. The results of this study are critically analysed and discussed below in the context of existing theories and literature.


6.1 Mechanisms of HIIT’s improvement on mental state compared with existing studies

The present study observed that HIIT significantly reduced adolescents’ levels of tension (Δ = 1.8, p = 0.002), depression (Δ = 0.8, p = 0.008), and anger (Δ = 1.6, p = 0.001), as well as boosted self-esteem (Δ = 2.0, p = 0.004). This result is consistent with the findings of several studies. For example, Paolucci et al. (2018) found that high-intensity exercise significantly improved depressive symptoms by promoting dopamine and serotonin release, and was superior to moderate-intensity exercise. Similarly, Clemente et al. (2022) validated the positive effects of HIIT on mood regulation in adolescent football players, suggesting that the mechanism may be related to increased endorphin secretion and decreased sympathetic activity. However, the present study did not find significant effects of HIIT on energy and fatigue indices, which is in disagreement with the findings of Sousa et al. (2021), who suggested that HIIT may indirectly enhance the sense of energy by elevating maximal oxygen uptake (V̇O2max). This discrepancy may stem from differences in experimental design: the intervention period in the present study was 8 weeks, whereas the study by Sousa et al. lasted 12 weeks, suggesting that improvements in energy-related metrics may require a longer intervention period.

It is worth noting that HIIT did not significantly improve panic (confusion) indicators in the present study, which is consistent with the findings of Zhao (2017), who noted that low-intensity dance exercise was more effective in alleviating panic. This phenomenon may be attributed to the transient physiological stress caused by the high-intensity nature of HIIT, counteracting its potential benefits on cognitive anxiety. Future studies could incorporate electroencephalography (EEG) or functional magnetic resonance imaging (fMRI) techniques to further explore the differential effects of different intensities of exercise on anxiety-related regions of the brain, such as the amygdala.



6.2 Potential mechanisms and theoretical explanations for gender differences

The present study found that the magnitude of improvement in psychological state (e.g., tension Δ = 1.86 vs. girls Δ = 1.34) was significantly higher in boys than in girls with HIIT. This gender difference may be related to the multiple interactions of physiological, psychological, and social factors. From a physiological perspective, higher testosterone levels in males may enhance their adaptation to high-intensity exercise, which in turn improves mood more effectively through neuroendocrine regulation (e.g., BDNF secretion). In addition, boys‘competitiveness and sense of achievement in team sports may further enhance their self-efficacy, whereas differences in girls’ tolerance of exercise intensity or social stereotypes of ‘high-intensity exercise appropriateness’ may influence their psychological benefits. However, gender differences in HIIT have been less explored in the literature, with most studies (e.g., Leal et al., 2020) not reporting significant gender differences, suggesting the need to expand sample sizes and control for socio-cultural variables in the future to validate the generalisability of the present findings.



6.3 Fit with theoretical framework and practical implications

The results of this study support the hypothesis of the multidimensional mental state model (Lox et al., 2010), which suggests that exercise improves mental states through neurotransmitter modulation (dopamine, endorphins), self-efficacy enhancement, and social interactions. 1,212 For example, a 15% increase in salivary dopamine concentration in the experimental group (p = 0.004) was significantly correlated with an increase in self-esteem (r = 0.42), which supports the “mental improvement hypothesis” (p = 0.004). This confirms the “psychological improvement hypothesis”. Meanwhile, the social support score of the experimental group increased by 1.8 points (p = 0.012) during the two-player collaborative training, suggesting that the team design of HIIT may indirectly promote psychological well-being by enhancing the sense of belonging, which is in line with the findings of the study conducted by Rebryna et al. (2024) on adolescent football players.

At the practical level, this study provides an important basis for the design of school physical education programmes. HIIT is suitable for inclusion in recess or physical education class warm-up sessions due to its time efficiency (15 min per session) and significant psychological benefits. However, attention needs to be paid to exercise safety and individual adaptations, such as limiting a single high-intensity period to 60 s and ensuring that the heart rate drops below 120 bpm during the recovery period to circumvent the risk of excessive myocardial oxygen consumption.



6.4 Research limitations and future directions

Currently, the sample size of the study on the effects of HIIT on adolescents’ psychological state is relatively small, and further expansion of the sample size is needed for in-depth research to verify the generalisability and reliability of the findings. It is worth noting that the participants in this study were all from physical education schools, and their fitness bases may be higher than those of the general adolescent population, resulting in limitations of the experimental results when generalising them to adolescents in general. Future studies should expand the coverage of the sample population to include adolescents from different backgrounds (e.g., general school students, sedentary groups, etc.) to validate the generalisability of high-intensity interval training across different fitness levels and lifestyle groups. In addition, this study only assessed the short-term effects of HIIT during an 8-week intervention cycle and has not yet clarified the long-term sustainability of its psychological benefits (Leal et al., 2020). Follow-up studies will use a longitudinal design with follow-up tests at 3 months, 6 months, or even longer after the end of the intervention to observe potential attenuation or maintenance effects on indicators such as tension and depression, and to explore the relationship between maintenance training frequency and the stability of psychological benefits. Finally, this study only compared the difference in psychological benefits between HIIT and moderate intensity continuous training (MICT), while other exercise types (e.g., yoga, hypoxia, dance, etc.) have also been shown to have a positive impact on adolescent mental health. Future research could further compare HIIT with multiple exercise modalities in a cross-sectional manner and analyse the differential effects of different exercise types on specific psychological dimensions (e.g., anxiety, self-esteem, social competence) through a randomised group experimental design, in order to clarify whether HIIT is uniquely advantageous or only one of the effective options for improving mental health. In addition, most studies have focused on the short-term effects of HIIT on adolescent mental health, with relatively little research on long-term effects. Future research in this area needs to be strengthened to assess the long-term effects of HIIT on adolescent mental health.
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Introduction: Academic burnout among adolescent students has been a hot topic of concern among scholars. With the increase of academic pressure, the problem of academic burnout among adolescent students has become more and more prominent, which has a profound impact on their psychological health and academic performance. However, the relationship between sports participation and academic burnout among Chinese adolescent students and its underlying mechanisms remain to be investigated.
Methods: The present study aimed to investigate the relationship between sports participation and academic burnout among adolescent students and to verify the mediating role of social support between the two. In addition, this study used a non-probability convenience sampling technique to investigate the current status of sports participation, academic burnout, and social support among 1,267 Chinese adolescent students.
Results: The results showed that male students scored slightly higher than female students in the sports participation and academic burnout tests, and slightly lower than female students in all social support tests. There was a negative correlation between sports participation and academic burnout among adolescent students (r = −0.62). There was a significant negative predictive effect between sports participation and academic burnout among adolescent students (β =−0.201, p < 0.05) and a positive predictive effect with social support (β = 0.231, p < 0.05). Social support had a negative predictive effect with academic burnout in adolescent students (β =−0.179, p < 0.05). Social support had a signiffcant mediating effect between sports participation and academic burnout among adolescent students (β =−0.349, p < 0.05).
Conclusion: The results of this study provide valuable insight into educational interventions to mitigate and prevent academic burnout among adolescent students.
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1 Introduction

Academic burnout, as a psychological syndrome characterized by chronic fatigue, a sense of learning detachment, and a diminished sense of achievement, has become a current research hotspot in the field of educational psychology, especially in the context of China, where competition in education is increasing, and the problem is particularly prominent in the adolescent student population (Yuan, 2023; Wu et al., 2023). Studies have shown that academic burnout not only significantly reduces students’ learning efficiency and mental health, but may also predict the onset of depression, posing a serious threat to students’ physical and mental development (Widlund et al., 2023; Flotskaya et al., 2019). Adolescence, as a critical transition period between childhood and adulthood, is an important stage for rapid physical and mental development and the formation of self-identity, but in the face of multiple pressures and expectations from society, school, and family, students are highly susceptible to psychological problems, and academic burnout is one of them (Wang and Fan, 2023; Yuan, 2023). Although scholars at home and abroad have extensively explored the concept, influencing factors, and intervention strategies of academic burnout, most of the existing studies have focused on its negative effects (Chen and Gong, 2022; Gungor, 2019; Tian et al., 2023), and the attention paid to preventive and interventional measures remains insufficient, especially the role of sports participation and social support in alleviating academic burnout has not been adequately studied. In view of the complexity of the psychological state of adolescent students, an in-depth exploration of the specific influencing factors of academic burnout and its mechanisms is not only of great practical significance for the prevention of academic burnout and the promotion of students’ healthy growth, but also has a far-reaching impact on their future careers.

In addition, sports participation, as a positive lifestyle, has received extensive attention in the field of adolescent mental health in recent years, which not only enhances physical fitness, but also significantly improves psychological status and reduces anxiety and depression levels (Herbert, 2022; Bai et al., 2022). In China, although the awareness of adolescents’ sports participation is gradually increasing, their actual participation rate is still low due to excessive academic burden and insufficient sports resources (Zhang et al., 2022). Research suggests that there is a complex association between sports participation and academic burnout, and that moderate sports participation may reduce the incidence of academic burnout by relieving stress and enhancing self-efficacy (Fu et al., 2023). However, despite the widely recognized importance of sports participation, its implementation still faces many challenges, such as insufficient exercise time, single form, and lack of interest, which to a certain extent undermines its role in promoting adolescents’ physical and mental health (Xiong, 2020). The mechanisms of how sports participation specifically affects academic burnout, especially the mediating role of social support in it, still need to be further explored.

Furthermore, studies have shown that social support, as an important external resource for individuals to cope with stress, plays a key role in alleviating academic burnout and promoting physical and mental health, and that good social support can enhance an individual’s psychological resilience, reduce the feeling of stress, and thus improve his or her mental health (Liu and Cao, 2022; Ungar and Theron, 2020). Social support also plays an important role in the relationship between sports participation and academic burnout. On the one hand, social support from families, peers, and teachers can promote students’ active participation in sports and increase their interest and participation in sports; on the other hand, social support can help students maintain a positive mindset in the face of academic pressures, which can indirectly reduce the incidence of academic burnout (Cho et al., 2023). Although existing studies have initially revealed the positive effects of sports participation on academic burnout, there is still a lack of in-depth exploration regarding the mediating role of social support between the two.

In summary, the present study focused on the effects of sports participation on academic burnout among Chinese adolescent students and explored the mediating role of social support. Based on the latest research results at home and abroad and the actual situation of Chinese adolescent students, the study aims to provide new perspectives and scientific basis for alleviating the problem of academic burnout, and at the same time, propose practical guidance for promoting the development of adolescent mental health.



2 Literature review and research hypotheses


2.1 Sports participation and academic burnout

Academic burnout, which refers to students’ emotional exhaustion, decreased interest in learning, and detachment from school activities due to long-term academic stress, has become an important issue affecting adolescent students’ psychological health and academic performance (Tian et al., 2023; Rehman et al., 2024). Traditional interventions for academic burnout have focused on stress management and curricular adjustments, but recent studies have gradually focused on the potential of exercise participation in alleviating academic burnout (Yu et al., 2022; Chan and Wong, 2024). Exercise participation, as a positive health behavior, not only improves an individual’s physical health, but also significantly reduces stress and improves mood states (Hossain et al., 2024). Students who participate in regular physical activity typically exhibit lower levels of anxiety and depression, and they show greater resilience and positive emotions in the face of academic stress (Kayani et al., 2021; Li et al., 2021). In addition, it has been noted that sports participation can also enhance an individual’s self-efficacy and psychological resilience, thus helping students to better cope with academic stress (Husain et al., 2024). Thus, sports participation may be an important way to alleviate academic burnout. Despite the abundance of research on sports participation and mental health, the relationship between sports participation and academic burnout has not been fully explored, especially in adolescent student populations. It can be inferred that there may be a high negative correlation between sports participation and academic burnout. Therefore, Hypothesis 1 of this study is proposed: sport participation and academic burnout are negatively correlated.



2.2 Mediating role of social support

The mediating mechanism in this study is the mediating role of social support. Research has shown that social support plays an important role in alleviating academic burnout (Wang et al., 2021). Social support includes emotional, informational, and instrumental support from peers, families, and teachers, which can help students better cope with academic stress and enhance their sense of belonging and psychological resilience (Jolly et al., 2021). A study found that students with higher levels of social support had significantly lower levels of academic burnout, and social support can also be used to provide emotional comfort and practical help, which can enhance students’ coping skills and reduce the psychological burden caused by academic stress (Shankland et al., 2019). It can be seen that there is a significant negative correlation between social support and academic burnout. Second, scholars point out that sports participation is not only beneficial to students’ physical health, but also closely related to social support. Because, sports activities usually involve teamwork and social interactions, students who participate in sports activities tend to receive more social support (providing opportunities to build positive relationships with peers, teachers, and family members), which also enhances students’ sense of belonging and social connectedness, which further enhances the quality of social support (Wilson, 2021). Therefore, it can be inferred that sport participation not only directly improves students’ mental health, but also indirectly plays a positive role by enhancing social support. Finally, scholars have also noted that students who participate in sports activities are able to cope with academic stress more effectively through greater social support, thus reducing levels of academic burnout (Baria and Gomez, 2022). It can be inferred that social support may be an important mediating mechanism for sports participation to influence academic burnout. Therefore, Hypothesis 2: Social support is negatively related to academic burnout; Hypothesis 3: Exercise participation and social support are positively related; and Hypothesis 4: Social support mediates the relationship between exercise participation and academic burnout among Chinese adolescent students are proposed, respectively.

In summary, scholars have pointed out the association between sports participation and Chinese adolescent students’ academic burnout and emphasized that sports participation may indirectly affect adolescent students’ academic burnout through social support, and the above findings provide a theoretical basis for the hypotheses of this study. Therefore, the conceptualization of the research structure of this study (Figure 1) was established: (1) to test the predictive role of sports participation and academic burnout among Chinese adolescent students; (2) to examine the mediating role of social support between sports participation and academic burnout among Chinese adolescent students.

[image: Diagram showing a relationship between three concepts: sports participation, social support, and academic burnout. Arrows indicate sports participation impacts both social support and academic burnout, with social support having an influence on academic burnout.]

FIGURE 1
 Research framework diagram.





3 Research objects and methods


3.1 Research subjects

This study used a non-probability convenience sampling technique to measure 1,267 adolescent students in Guangzhou City, China. From March 2024 to May 2024, 2 schools were selected from 11 precincts (Yuexiu, Liwan, Haizhu, Tianhe, Baiyun, Huangpu, Panyu, Huadu, Nansha, Zengcheng, Conghua) in Guangzhou City (22 schools in total). Subjects were tested in the physical education classroom, with the primary testers being professionally trained physical education teachers and psychology students. The tests were approved by the leaders of the testing schools, the physical education teachers, and the subjects and their parents, and all questionnaires were completed within 10 min (paper questionnaires were distributed on site). The questionnaires were administered in a group setting, and the subjects were instructed to complete the questionnaires using standardized instructions. The inclusion criteria for subjects prior to the administration of the questionnaires were: (1) Chinese students in the adolescent stage; (2) those who were able to participate in physical activity on their own. Subjects who would not meet the above criteria would be excluded from the study. After the questionnaires were retrieved, exclusion was made according to the following criteria: (1) non-pubertal students; (2) people with disabilities; and (3) missing data. In this study, 1,300 questionnaires were distributed, the total number of questionnaires recovered was 1,283, and the number of validly recovered questionnaires was 1,267, with an effective recovery rate of 97.46%. The average age of the respondents was 13.5 years old, with a balanced ratio of male and female students (697 boys and 570 girls). Among them, the sample size calculation formula used in this study is: N = Z2 × (P × (1-P)/E2) (Suresh and Chandrashekara, 2012), the sample size calculated by the formula is 1,165, in order to avoid the emergence of data that are sufficient to represent the whole due to factors such as missing data, it is formulated in the calculation of 1,165 to issue the questionnaires upgraded to 1,300 in order to ensure the representativeness of the questionnaire data. In addition, in order to ensure the reliability of the data in this study, anonymity, standardized instructions, and supervision of questionnaire distribution were adopted in accordance with the Declaration of Helsinki. The study was approved by the Ethics Committee of Zhaoqing University (No. 2024025), and all subjects and their parents/guardians signed an informed consent form. The questionnaires for this study were tested and collected from October 20, 2024 to November 25, 2024.




4 Research methods


4.1 Measurements


4.1.1 Exercise participation scale

The Physical Activity Rating Scale (PARS-3) developed by Liang (1994) was used to assess the exercise participation level of secondary school students, mainly in terms of intensity, duration and frequency of exercise. The scale consists of four questions, the first three of which relate to exercise intensity (how intensively do you perform physical activity?) The first three questions relate to the intensity (how hard do you do it?), duration (how many minutes do you do it for?), and frequency (how many times a month do you do it?) and frequency (how many times a month do you do the above physical activity?). Each question had one to five options and was scored on a scale of one to five. The fourth question was an open-ended question about the participant’s preferences (What kind of physical activity do you like?). The total physical activity score ranged from 0 to 100 and was calculated as Exercise = Exercise Intensity * Exercise Time * Exercise Frequency. According to the total score of the scale, physical activity can be categorized as follows: less than 19 indicates little exercise, 20 to 42 indicates moderate exercise, and more than 43 indicates a lot of exercise. And in previous studies in related fields involving adolescent students, the Exercise Participation Scale was used to measure the current status of exercise participation among adolescent students with good reliability and validity (Zhao and Xie, 2023). In this study, the Cronbach’s alpha coefficient of the scale was 0.63, and the KMO value was 0.76, indicating that the scale has high internal consistency and good reliability and validity.



4.1.2 Adolescent academic burnout scale

The Adolescent Academic Burnout Scale, developed by Yan Wu and Xiaoyang Dai, was used to reflect students’ sense of personal achievement in learning (Wu et al., 2007; Wu et al., 2010). The scale consists of 16 items, including three sub-dimensions: physical and mental exhaustion (e.g., topic 2, I feel empty in my heart lately, I do not know what to do), academic detachment (e.g., topic 3, I’m so bad at my studies, I really want to give up.) and low achievement (e.g., Question 15, I always manage to cope with academic problems easily). Each item of the scale was rated on a 5-point Likert scale, i.e., 5 for “fits very well,” 4 for “fits somewhat,” 3 for “not quite sure,” and 3 for “not quite sure. “Not quite” is scored as 2, and ‘Not at all’ is scored as 1. The scale uses summation to calculate the total score, and the higher the score, the more serious the degree of academic burnout. In previous research in the field of adolescent students, the Adolescent Academic Burnout Scale has been used to measure the current status of adolescent academic burnout among adolescent students, and it has good reliability and validity (He et al., 2022). In this study, the Cronbach’s alpha coefficient of the scale was 0.71, and the KMO value was 0.82, which indicated that the internal consistency of the scale was high and had good reliability and validity.



4.1.3 Social support scale

This scale was developed by Zimet et al. (1988) and later translated and revised by the Chinese scholar Jiang (2001) to reflect the degree of individual’s understanding of social support, emphasizing the individual’s self-understanding and self-perception of different sources of social support (Jiang, 2001). The scale is divided into 12 questions and consists of three dimensions: family support (e.g., Question 3, My family can help me in a concrete way), friend support (e.g., Question 6, My friends can really help me), and teacher support (e.g., Question 1, My teacher is there for me when I have problems). The scale is scored on a 7-point Likert scale from 1 to 7, ranging from “Strongly Disagree” to “Strongly Agree,” and the total score is calculated by summing the scores, with total scores ranging from 12 to 36 for low support, 37–60 for intermediate support, and 61–84 for intermediate support. A total score of 12–36 is considered low support, a total score of 37–60 is considered intermediate support, and a total score of 61–84 is considered high support, with higher scores indicating higher levels of perceived social support (Jiang, 2001; Ma et al., 2024). In previous studies in related fields involving adolescent students, the Social Support Scale was used to measure the status of social support among adolescent students with good reliability and validity (Jiang et al., 2024). In this study, the Cronbach’s alpha coefficient of the scale was 0.86 and the KMO value was 0.88, indicating that the scale has high internal consistency and good reliability and validity.




4.2 Mathematical statistics

In this study, data were analyzed using SPSS 26.0 and the PROCESS plug-in to explore the relationship between exercise participation, academic burnout and social support, and to test the mediating role of social support between exercise participation and academic burnout. First, sample data on Chinese adolescent students’ sports participation, academic burnout, and social support were collected by questionnaire survey method, and the data were preprocessed, including missing value treatment, outlier detection, and normality test. Next, descriptive statistics were used to analyze the basic characteristics of the sample data, and independent samples t-test and one-way ANOVA were used to explore the differences between gender and age on each variable. Subsequently, Pearson’s correlation analysis was used to investigate the correlation between athletic participation, academic burnout, and social support, and mediation effect tests were conducted through Model 4 of the PROCESS plug-in, setting athletic participation as the independent variable, academic burnout as the dependent variable, and social support as the mediator, and using 5,000 Bootstrap samples to assess the significance of the direct effect, indirect effect, and total effect. In this paper, p < 0.05 was set as the statistical result of data analysis and significant.




5 Results


5.1 Descriptive statistics of the current status of sports participation, social support, and academic burnout

The statistical results in Table 1 show that athletic participation, social support, and academic burnout were statistically significant when analyzing gender differences (p < 0.05); athletic participation and academic burnout were statistically significant when analyzing age differences (p < 0.05), while social support was not statistically significant. Male students scored slightly higher than female students in the sports participation and academic burnout tests, while they all scored slightly lower than female students in the social support test. In addition, the three variables showed some regularity in different statistical calibers, which helps to further understand the degree of influence and interrelationship between sports participation, social support, and academic burnout.



TABLE 1 Descriptive statistics of test results for sports participation, social support, and academic burnout (M ± SD).
[image: A table comparing males and females in sports participation, social support, and academic burnout, with scores indicating means ± standard deviations. Males have higher scores in sports participation (46.30 ± 3.43) and academic burnout (48.23 ± 8.22), while females have slightly lower scores in these areas. Social support scores are similar for both genders. The table includes statistical significance for gender (F/p) and age differences (T/p), with certain values marked as significant (*p < 0.05). Total participants number 1,267.]



5.2 Common method bias test

To assess the possibility of common method bias, a Harman one-way test was conducted. The test consisted of an exploratory factor analysis where all measured variables were loaded onto a single factor to determine the extent to which common method variance existed. The results showed that the first factor accounted for 32.43% of the total variance, which is below the 40% threshold (Cooper et al., 2020). This indicates that common method bias was not a significant issue in this study, which affirms the validity of the data in this study and increases the credibility of the findings.



5.3 Correlation analysis

The results of the correlation analysis showed (see Table 2) that sports participation and academic burnout were significantly positively correlated with social support, and social support was significantly negatively correlated with academic burnout, which verified the initial hypothesis of this study and provided a better foundation for the subsequent mediation effect test of this study.



TABLE 2 Correlation analysis statistics between sports participation, social support, and academic burnout.
[image: Table displaying the means and standard deviations for sports participation (46.14 ± 4.82), social support (37.12 ± 2.53), and academic burnout (46.75 ± 8.74). Correlations include sports participation and social support (0.67**), sports participation and academic burnout (−0.62*), and social support and academic burnout (−0.71**), with N = 1,267. Statistical significance: *p < 0.05, **p < 0.01.]



5.4 Tests of mediating effects of athletic participation and academic burnout

Using athletic participation as the independent variable, social support as the mediator variable, and academic burnout as the dependent variable, the SPSS macro plug-in PROCESS provided by Hayes (2022) was used to select Model 4 based on Templates, and a bias-corrected, non-parametric percentile Bootstrap test (5,000 repetitive samples) was selected to calculate the 95% confidence intervals for mediation effects analysis. After controlling for gender and age, the results showed a negative correlation between athletic participation and academic burnout, β = −0.201, p < 0.05, supporting hypothesis 1. Social support was negatively correlated with academic burnout, β = −0.179, p < 0.05, supporting hypothesis 2. Athletic participation was positively correlated with social support, β = 0.231, p < 0.05, supporting hypothesis 3. Social support played a role in the relationship between athletic participation and academic burnout mediates the relationship, β = −0.349, p < 0.05, supporting hypothesis 4 (Table 3).



TABLE 3 Regression analysis of the mediation model between sports participation and academic burnout.
[image: Table showing regression analysis results for social support and academic burnout. Variables include age, sex, sports participation, and social support. Significant t-values are indicated for social support. R-squared values are 0.153 and 0.136, while F-values are 123.31 and 103.75. Significance levels are noted as p < 0.05 and p < 0.01.]

Table 4, Figure 2 shows the results of the mediation effects test with Bootstrap 95% confidence intervals for the indirect effect of athletic participation on academic burnout excluding 0. These results further support Hypotheses 1 through 4 (Figure 2).



TABLE 4 Test of the mediating effect of social support in sports participation and academic burnout.
[image: Table detailing effects related to sports participation and academic burnout. Total effect shows an efficiency value of -0.349 with a bootstrap standard error of 0.031, and confidence interval limits from -0.062 to -0.018, accounting for 100% of effect proportion. Direct effect from sports participation to academic burnout is -0.166 with a standard error of 0.015, confidence interval from -0.031 to -0.025, accounting for 47.56%. Indirect effect through social support to academic burnout is -0.183 with a standard error of 0.026, confidence interval from -0.073 to -0.031, contributing 52.44%.]

[image: Diagram illustrating relationships between sports participation, social support, and academic burnout. Sports participation positively affects social support (0.231**), which negatively impacts academic burnout (-0.179*). Sports participation also directly negatively impacts academic burnout (-0.201*). Arrows depict direction of influence.]

FIGURE 2
 Chain mediation model diagram of social support between athletic participation and academic burnout.





6 Discussion


6.1 Sports participation and academic burnout

This study found that sports participation was significantly negatively correlated with academic burnout among Chinese adolescent students, a result that is consistent with the findings of previous research: students who participated in sports activities scored significantly lower than those who did not participate in sports activities on the core dimensions of academic burnout (emotional exhaustion, decreased interest in learning, and feelings of detachment from school activities) (Zhang, 2023). The reason for this is that, firstly, scholars believe that physical activity can effectively reduce the level of stress, which is one of the main triggers of academic burnout. This is because, according to the stress relief theory, physical exercise can act as a mood regulator by stimulating the secretion of endorphins, thus relieving individuals’ negative emotions and stress perceptions (Hossain et al., 2024). Studies have shown that adolescents who regularly participate in physical activity have significantly lower levels of perceived stress than their non-exercising peers, and that lower levels of stress are closely related to a reduction in academic burnout (Wang, 2023; Fu et al., 2023). In addition, physical activity can further alleviate academic burnout by improving sleep quality. Studies have shown that students who regularly engage in physical activity on a weekly basis have significantly higher sleep quality scores than those who do not engage in physical activity, and these students have significantly lower scores on the emotional exhaustion dimension of academic burnout (Zhu et al., 2021). These findings are consistent with the findings of this study and further validate the important role of sport participation in alleviating academic burnout. Second, recovery theory also suggests that physical activity can provide individuals with a break from academic tasks, thereby helping students to rejuvenate, alleviate fatigue, and regain motivation to learn (Teuber et al., 2024). One study noted that students who participated in extracurricular sports activities tended to exhibit lower academic stress and higher motivation, students who participated in team sports scored significantly higher on the self-efficacy measure than those who did not, and increased self-efficacy was effective in buffering against academic burnout, such as low achievement and decreased interest in learning (Yang et al., 2022; Van Raalte and Posteher, 2019). As can be seen, the above findings are consistent with the results of the present study, further illustrating the multifaceted benefits of exercise participation in alleviating academic burnout. These studies emphasize the importance of integrating regular physical activity into the daily lives of secondary school students as a preventive measure against academic burnout.

Furthermore, the results of the data research show that there are gender differences in athletic participation, social support, and academic burnout, and there are age differences in athletic participation and academic burnout. Male students scored slightly higher than female students in the sports participation and academic burnout tests, while they scored slightly lower than female students in the social support test. This is consistent with the results of previous studies. The reasons for this are, firstly, boys scored significantly higher than girls on sports participation and academic burnout, which may be related to gender role socialization. This may be related to the socialization of gender roles, because in traditional sociocultural contexts, boys are usually encouraged to participate in more competitive and physically demanding sports activities, whereas girls may be directed to participate in more moderate or non-competitive activities (Spallacci, 2020; Roselló-Novella et al., 2023). In addition, male students are more likely to use problem-oriented coping strategies in the face of academic stress, whereas female students are more likely to use emotion-oriented coping strategies (Kahvazi, 2022). Therefore, this difference may lead to higher scores on the emotional exhaustion dimension of academic burnout among male students. Secondly, girls scored significantly higher than boys on social support, which may be related to gender differences in social behavior and emotional expression. This is because research has shown that girls are more inclined to establish close social relationships and are more proactive in seeking and providing emotional support (Archer, 2019). This social tendency makes girls score higher on the emotional and instrumental support dimensions of social support.

In addition, there is a significant difference between sports participation and academic burnout in terms of age, which may be related to the physiological and psychological developmental characteristics of adolescent students. As students grow older, academic stress gradually increases, especially during the promotion stage (e.g., middle school to high school), which may lead to a significant increase in the level of academic burnout (Kim, 2020). Older students may face more academic tasks and higher expectations, which further exacerbates the level of academic burnout. On the other hand, older students’ lower scores on athletic participation may be related to the increased academic load and adjustments in time allocation. As their academic load increases, students may spend less time engaging in physical activities and instead devote more energy to their studies, so changes in time allocation may lead to lower levels of sports participation (Van Dyck et al., 2015). It can be seen that the existence of gender and age differences reflect the influence of physical, psychological and socio-cultural factors on sports participation, social support and academic burnout among adolescent students, and the above differences provide an important basis for developing targeted intervention strategies.



6.2 Mediating role of social support

This study found that social support mediates the relationship between sports participation and academic burnout among Chinese adolescent students, a finding that is consistent with the findings of previous studies that social support is negatively related to academic burnout. First, social support, as an important protective factor, can help students alleviate academic stress and reduce the incidence of academic burnout by providing emotional support, instrumental help, and information resources (Romano et al., 2020; Liu and Cao, 2022). Scholars point out that support from families can reduce students’ loneliness and exhaustion due to academic stress by providing emotional comfort and practical help. Support from peers and teachers, on the other hand, can help students better adapt to academic challenges by enhancing the sense of belonging and recognition (Cho et al., 2023). Another study also showed that students with higher levels of social support scored significantly lower on the emotional exhaustion dimension of academic burnout than those with lower levels of social support, suggesting that social support is effective in buffering the negative effects of academic stress on students’ mental health (Ye et al., 2021; Popa-Velea et al., 2017). The above findings further validate the important role of social support in alleviating academic burnout.

In addition, the present study found a significant positive relationship between sport participation and social support, a result that is consistent with the findings of previous studies. Sports participation, especially team sports and group exercise, provides students with more opportunities for social interaction and can help them establish and maintain positive social relationships, which can enhance a sense of belonging and well-being (Lee et al., 2023). An empirical study found that students who regularly participated in team sports on a weekly basis had significantly higher social support scores than those who did not, further suggesting that sports participation promotes social interaction and teamwork, which in turn enhances students’ social support (Golaszewski et al., 2022). Finally, social-ecological system theory suggests that individuals’ behaviors and psychological states are influenced by multi-level social environments, and that social support, as an important social resource, can mitigate the negative effects of academic burnout by enhancing individuals’ psychological resilience and sense of belonging (Yu et al., 2024). Whereas students who participated in sports activities were able to cope with academic stress more effectively by obtaining more social support, thus reducing the incidence of academic burnout, students who lacked social support still had higher levels of academic burnout even though they participated in sports activities, which is sufficient to show that social support plays an important role in the relationship between sports participation and academic burnout (Ye et al., 2021; Ji, 2024). It can be seen that the above findings are consistent with the present study, further validating the mediating role of social support in the relationship between athletic participation and academic burnout. In conclusion, the results of the present study emphasize that while promoting sports participation, attention should be paid to enhancing students’ social support levels to more effectively alleviate academic burnout and provide comprehensive intervention strategies for adolescent students’ mental health and academic development.



6.3 Implications

By exploring the relationship between exercise participation, social support and academic burnout among Chinese adolescent students, this study reveals the mediating role of social support between exercise participation and academic burnout, and provides a new theoretical perspective and practical basis for understanding the mechanism of academic burnout alleviation. The findings suggest that exercise participation not only can alleviate academic burnout by directly reducing stress levels and improving emotional states, but also can indirectly play a positive role by enhancing social support networks. From the practical level, this study emphasizes the importance of incorporating regular physical activity into the daily education system of secondary school students, while pointing out the critical role of building a multidimensional social support network in alleviating academic burnout.

The findings of this study can be interpreted within the cultural context of China, where academic achievement is highly emphasized and often prioritized over extracurricular activities such as sports (Zuo et al., 2023). In such a high-pressure educational environment, social support—particularly from parents and teachers—may play a more pronounced role in mitigating academic burnout and encouraging sports participation (Wills, 1985). In addition, the collectivist orientation of Chinese culture, which values interdependence and group harmony, may also amplify the impact of social support, making it a more salient protective factor compared to more individualistic societies. Therefore, while the mediating role of social support identified in this study offers valuable insights, its strength and nature may differ in other sociocultural contexts (Glazer, 2006). Future research is encouraged to replicate this model in different cultural settings to assess its generalizability and to explore how cultural norms shape the interplay between sports, support systems, and academic well-being.

In addition, drawing on the social-ecological system theory, the current findings not only deepen our theoretical understanding of the mechanisms linking sports participation, social support, and academic burnout, but also provide a multilevel framework for guiding effective interventions. At the individual level, educators and policymakers can design personalized physical activity programs that align with students’ interests and developmental needs, thereby enhancing motivation and sustained participation. At the family level, parent education programs can be implemented to strengthen emotional and instrumental support for adolescents, particularly by encouraging parental involvement in their children’s leisure and academic activities. At the school level, schools can foster a supportive climate by integrating structured physical education into the curriculum, providing access to diverse sports facilities, and building peer-support networks through group-based exercise initiatives.



6.4 Limitation and future research directions

While the present study provides valuable insights into the complex interactions between athletic participation, social support, and academic burnout, there are some notable shortcomings and directions for future research. First, the cross-sectional design of this study limited its ability to establish causal relationships or infer temporal relationships between variables. Future research should employ longitudinal or experimental designs to more rigorously examine the causal mechanisms underlying these relationships and to capture potential changes over time. Second, this study focused primarily on the middle school student population, and the generalizability of the findings may be limited. Future research should consider expanding the sample to include participants from diverse regions—particularly those with varying levels of economic development and cultural backgrounds—as well as different educational stages (e.g., primary school, high school, or university students). Third, the current study only considered a mediation model, which may not fully capture the complexity of the relationships among the studied variables. Future research could benefit from exploring alternative theoretical models, such as moderated mediation or moderated models more broadly, to examine whether individual differences (e.g., personality traits, coping strategies) or contextual factors (e.g., school environment) might condition the strength or direction of these associations. Lastly, this study relied primarily on self-reported data, which may be subject to biases such as social desirability and recall errors. To enhance the reliability and validity of future findings, subsequent research could incorporate multiple data sources (e.g., teacher assessments, parent reports, or objective behavioral indicators) and adopt mixed-methods approaches. Addressing these methodological limitations will contribute to a more nuanced understanding of the complex and dynamic interplay among sports participation, social support, and academic burnout, thereby providing a stronger empirical foundation for the development of targeted and evidence-based intervention strategies.




7 Conclusion

This study found that sports participation and academic burnout were negatively correlated, social support was also negatively correlated with academic burnout, and sports participation was positively correlated with social support. Social support mediated the relationship between sports participation and academic burnout. The study emphasizes that physical activity and social support networks are essential to alleviate academic burnout. However, there are limitations in the design of this study, such as a cross-sectional design that restricts causal inference and limited sample generalizability. Future studies need to adopt a longitudinal design, expand the sample size, incorporate moderating variables and use multiple sources of data for analysis to deepen understanding and enhance the reliability of the study.


7.1 Recommendations

In response to the findings of this study, the following three recommendations are made to address academic burnout, sports participation, social support, and gender differences among Chinese adolescent students:

(1) Strengthen physical education and promote gender-equitable sports participation.

Schools should pay attention to the role of physical education in alleviating academic burnout, and encourage equal participation of boys and girls in sports activities by optimizing curriculum and activity design. For example, to address the problem of lower sports participation among girls, more sports programs (such as yoga, dance, etc.) can be designed to suit girls’ interests and needs, while gender stereotypes can be eliminated through publicity and education to encourage girls to participate in more competitive and physically demanding sports. For boys, diversified forms of sports and psychological counseling can be used to help them release pressure and improve their mental health in sports.

(2) Building a multi-level social support network.

Schools, families and society should work together to provide students with multi-dimensional social support. Schools can help students get more emotional support and academic guidance by establishing student support groups, strengthening teacher-student interactions, and conducting mental health education. At the family level, parents should pay attention to their children’s psychological state, provide emotional support and practical help, and create a warm family atmosphere. In addition, the social level can provide more supportive resources for students through community activities or public welfare programs, especially for the problem of low social support for male students, encouraging them to take the initiative to seek help and improve the utilization rate of social support.

(3) Develop targeted intervention strategies to alleviate academic burnout.

Personalized intervention strategies are developed to alleviate academic burnout according to the characteristics of students of different genders and age groups. For male students, psychological counseling and time management training can be provided to help them cope with academic stress more effectively; for female students, the risk of academic burnout can be further reduced by strengthening the social support network. In addition, schools should reasonably adjust the academic load, especially for older students, and provide more time and opportunities to participate in sports activities to help them release pressure and enhance their mental toughness in sports, so as to achieve a balance between academics and physical and mental health.
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Exercise intention is a crucial predictor of exercise behavior; however, the existence of the “intention-behavior gap” is an undeniable fact, and the strength and mechanisms of their relationship remain controversial. This study, based on 92 empirical studies (109 independent samples, 47,548 participants), employs meta-analysis to examine the relationship strength between exercise intention and behavior, the moderating effects of participant characteristics, and the mediating role of planning and action control. The findings are as follows: (1) the relationship strength between exercise intention and behavior is moderate (r = 0.41); (2) the moderating effects of age, educational stage, health status, socioeconomic status, cultural background, and economic level are significant, except for gender; (3) action planning, coping planning, and action control mediate the relationship between exercise intention and behavior in a chain-like manner, with action control (Single mediation effect was 13.45%) being the closest predictor of behavior. This undoubtedly provides inspiration for the formulation of intervention strategies. Strengthening action control as the core target, supplemented by action plans and coping plans can better promote the implementation of exercise behavior. Future research is recommended to strictly control participant characteristics, conduct long-term longitudinal tracking and experimental interventions, strengthen the use of objective measurement tools, and explore and analyze new theories and variables to facilitate the translation of exercise intention into behavior.
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Introduction

Physical exercise is crucial for the development of both physical and mental health. Regular physical activity not only aids in the prevention and management of non-communicable diseases but also alleviates mental health issues and enhances overall wellbeing. Despite widespread recognition of the benefits of exercise, 28% of adults and 81% of adolescents worldwide still fail to meet recommended physical activity levels (World Health Organization, 2024). To encourage participation, traditional social-cognitive models, such as the Theory of Planned Behavior (TPB), regard intention as the proximal determinant of behavior (Conner and Norman, 2015). It is evident that the formation of intention is conducive to behavioral change (McEachan et al., 2011), yet scholars have discovered that individuals often encounter numerous barriers—stemming from work, study, and environmental factors—that hinder the translation of exercise intentions into actual behavior, creating a “gap between intention and action” (Rhodes and de Bruijn, 2013; Rhodes et al., 2012; Feng and Mao, 2014). Furthermore, research based on the Health Action Process Approach (HAPA) theory has demonstrated that a staggering 82% of the variance in exercise behavior remains unexplained by intention alone (Liu X. M. et al., 2022), indicating that additional variables are essential to better understand behavioral change. Although Feil et al. (2023) quantified this disparity through a meta-analysis based on the action control framework, the research focused on individual psychological mechanisms (such as self-efficacy, etc.), while neglecting the moderating roles of the environment (such as community facilities and policy support, etc.) and socioeconomic status (such as income and education, etc.) in the transformation from intention to behavior. For example, individuals in resource-deficient regions may have greater difficulty in realizing their intentions due to structural obstacles. However, such factors were not incorporated into the moderating analysis, resulting in the design of intervention strategies being overly reliant on the individual level and disregarding the need for systemic support.

As research proliferates, how significant is the impact of exercise intention on exercise behavior (main effect)? What factors influence the relationship between the two (moderating mechanisms)? How does exercise intention mediate the connection to behavior (mediating mechanisms)? Scholars continue to hold differing views, and no consensus has been reached. Exploring the relationship between exercise intention and behavior, along with the underlying mechanisms, requires not only an understanding of the strength of their connection but also an uncovering of the potential, multifaceted moderating and mediating variables at play. Furthermore, how might individual differences and environmental factors act as “catalysts” or “inhibitors” that influence the strength of the relationship between intention and behavior? How do they construct the bridge from intention to action? Unraveling these mysteries will help to formulate precise intervention strategies and optimize the path of transformation from intention to behavior, thereby promoting greater participation in exercise and enhancing physical and mental wellbeing.

Therefore, this study aims to employ a meta-analytic approach to compare the similarities and differences across previous research, exploring the strength of the relationship between exercise intention and behavior, the moderating effects of participant characteristics, and the mediating role of planning and action control. This not only serves to minimize or eliminate measurement and sampling errors inherent in individual studies, thereby enhancing the external validity of the findings (Hunter and Schmidt, 2004), but also allows for the examination of the relationship strength and underlying mechanisms between exercise intention and behavior. Furthermore, by identifying various moderating and mediating variables, it aims to develop personalized exercise promotion strategies tailored to individuals from different social backgrounds.


The relationship between exercise intention and behavior

Exercise intention refers to the extent to which an individual subjectively desires to engage in physical activity (Yang, 2012). The effect of exercise intention on exercise behavior has been confirmed by a large number of studies (Fang, 2012; Yang et al., 2020). However, experimental interventions aimed at enhancing exercise intention (d = 0.45) have not resulted in the anticipated increase in exercise behavior (d = 0.15; Rhodes et al., 2012). This suggests that the relationship between intention and behavior remains uncertain. In any field of study, the outcomes of research are influenced by the personalized design and sample estimations of the researcher, which may introduce biases when compared to the broader context (Jin et al., 2023). Therefore, the discrepancies in past empirical studies on the relationship between exercise intention and behavior may stem from differences in sample characteristics and research attributes, such as measurement tools and types of exercise. Specifically, sample characteristics encompass individual differences and environmental factors. On an individual level, these include age, gender, educational background, socioeconomic status, health status, motivation, and self-efficacy; on an environmental level, they include access to exercise facilities, weather, environment, social support, national economic status, and cultural background. Thus, it is essential to use meta-analysis to integrate research on the relationship between exercise intention and behavior to provide further evidence of the strength of their connection, while reducing biases that may arise from individual differences and varying socio-cultural contexts.



The moderating mechanism of participant characteristics in the relationship between exercise intention and behavior

Meta-analyses typically derive potential moderating variables by coding empirical literature, which are usually categorized into two types: one being measurement factors, such as measurement methods and dimensional divisions; the other being contextual factors, such as participant characteristics (Liu and Qin, 2018). Research has shown that the conversion of exercise intentions into behavior is influenced by various factors (Rhodes et al., 2022). The effect of measurement factors has been confirmed (Feil et al., 2023), yet there has been limited scholarly focus on contextual factors. Therefore, this study exclusively analyzes the moderating effects of contextual factors (i.e., participant characteristics).

Through a review of the literature, it was found that the research results of different groups of participants with varying characteristics exhibit considerable discrepancies. For example, the strength of the relationship between exercise intention and behavior in adolescents was as high as r = 0.7 and r = 0.77 (Downs et al., 2006; Hagger et al., 2007), whereas in older adults, the strength of this relationship was only r = 0.1 and r = 0.08 (Blanchard et al., 2009; Sniehotta et al., 2010), suggesting that age may influence the strength of the relationship. Additionally, the strength of the relationship between exercise intention and behavior in females and males was r = 0.61 and r = 0.19, respectively (Fleig et al., 2013; Schwarzer et al., 2008), indicating a potential gender effect. For participants with suboptimal health and those with good health, the relationship strength between intention and behavior was r = 0.69 and r = 0.77, respectively, implying that health status may not significantly affect this relationship (Gao et al., 2024; Hagger et al., 2007). Among secondary school and university students, the relationship strength between exercise intention and behavior was r = 0.16 and r = 0.7, respectively, suggesting that the relationship may be influenced by educational level (Conner et al., 2010; Hashim et al., 2014). Moreover, varying socioeconomic status may also impact the strength of this relationship, as demonstrated by the exercise intention-behavior relationship strengths of r = 0.67 and r = 0.27 for middle and lower socioeconomic status groups, respectively (Downs and Hausenblas, 2003; Johnson et al., 2015). Cross-cultural studies reveal that the relationship between exercise intention and behavior may vary depending on national cultural backgrounds and economic development levels. For instance, research by Wang and MacCann, conducted in Eastern and Western cultural contexts, found relationship strengths of r = 0.14 and r = 0.59, respectively (MacCann et al., 2015; Wang and Zhang, 2016). Similarly, studies by Lee and Hu in developed and developing countries revealed relationship strengths of r = 0.48 and r = 0.036 (Hu et al., 2023; Lee and Lee, 2020).

To sum up, under the circumstances of different ages, genders, health conditions, educational stages, socioeconomic statuses, and the cultural and economic backgrounds of the countries where the subjects are located, the research findings are quite disparate. Therefore, recognizing the significance of different variables in the process of converting intention into behavior under different sample characteristics is of paramount importance for theoretical development and practical application. Hence, this study intends to adopt the method of meta-analysis to comprehensively evaluate whether age, gender, health condition, educational stage, socioeconomic status, cultural background, and economic level will influence the relationship between exercise intention and behavior, aiming to deepen the understanding of the relationship between exercise intention and behavior and provide a basis for formulating personalized intervention strategies for individuals in different contexts.



The mediating mechanism between exercise intention and behavior

As research deepens, scholars have begun incorporating variables to bridge the intention-behavior gap in exercise, such as planning (Gao et al., 2024), action control (Liu X. M. et al., 2022), exercise commitment (Zhang et al., 2022), self-identity (Chen et al., 2022), and positive wellbeing (Xu Z. et al., 2018), all of which have been shown to mediate the relationship between exercise intention and behavior. However, due to the limited number of original studies, this research focuses solely on the examination and validation of the roles of planning and action control.

The plan can be divided into two aspects: action planning and coping planning. Action planning is an extension of intention execution, encompassing specific situational parameters (such as time, place, etc.) and a series of actions (i.e., how to implement the plan). It effectively predicts the likelihood of behavior occurring (Gao et al., 2012). Coping planning refers to anticipating potential obstacles during the implementation of the intention and formulating strategies to overcome them (Caudroit et al., 2014). In their studies, Conner, Scholz, and Sniehotta introduced planning as a mediating variable, which increased the explanatory power of exercise behavior by 4%, 6%, and 13%, respectively (Conner et al., 2010; Scholz et al., 2008; Sniehotta et al., 2005a), while Norman et al. observed only a 2% increase in explanatory power after introducing planning (Norman and Conner, 2005). The inconsistency between these studies reveals a complex issue, namely that the mediating effect of planning is not fixed and may be influenced by other factors. This suggests that, although planning is an effective self-regulation strategy to facilitate behavior change, its actual effectiveness still requires a comprehensive evaluation considering individual differences and environmental factors. To fully understand the mediating effect of planning, it is essential not to focus solely on a single variable but to explore the factors that influence the efficiency of plan implementation, such as action control.

Action control, which refers to the integration of self-regulation processes such as goal awareness, self-monitoring, and effort (Sniehotta et al., 2005a), is a self-regulation strategy that coexists with planning and serves as a predictor more closely aligned with behavior. It facilitates the translation of exercise intentions into actual behavior (Liu X. M. et al., 2022). Notably, research indicates a sequential influence among exercise intentions, planning, action control, and exercise behavior. The explanatory power of variance in exercise behavior gradually increases with the addition of planning and action control to the model (18%−22%−26%; 11%−24%−32%; Sniehotta et al., 2005a; Liu X. M. et al., 2022). This suggests that action control not only independently influences behavior but may also indirectly affect outcomes by enhancing the execution efficiency of planning. However, current studies predominantly focus on the independent effects of action plans, coping plans, and action control on the transformation from exercise intention to behavior (Lee et al., 2024; Lee and Lee, 2020; Monge-Rojas et al., 2021; Pomp et al., 2010), limiting the depth of understanding regarding the relationship between intention and behavior. Furthermore, previous meta-analyses have yet to explore the independent or sequential mediating effects of planning and action control between exercise intention and behavior (Rhodes, 2024). Therefore, it is imperative to integrate past studies through meta-analytic structural equation modeling to test the relationships among variables and construct a model that validates the independent and sequential mediating roles of planning and action control from a broader perspective, and excluding the influence of certain confounding factors.




Methods


Literature search and selection criteria

The Chinese search terms included “锻炼意向,” “锻炼意图,” “运动意向,” “运动意图,” “锻炼行为,” “体力活动,” “体育锻炼,” “锻炼参与,” “计划,” “行动计划,” “应对计划,” “行动控制, “自我效能,” “自我效能,” and “习惯,” along with theories such as the 计划行为理论, 健康行动过程取向理论, 社会认知理论, and 双过程理论, which were used to search within the CNKI and Wanfang databases. For the English search, keywords such as “exercise intention,” “motion intention,” “motor intention,” “behavior intention,” “exercise behavior,” “exercise,” “physical activity,” “physical exercise,” “exercise participation,” “plan,” “action plan,” “coping plan,” “action control,” “self-efficacy,” “habit strength,” “habit,” and “habits,” along with theories including the TPB, HAPA theory, Social Cognitive Theory (SCT), and Dual Processes Theory (DPT), were utilized to conduct searches in databases such as Web of Science, ScienceDirect, Scopus, ProQuest, and EBSCO, with supplementary literature added through backward citation tracking. Given the timeliness of the research, the search was restricted to literature published from January 2001 to March 2024, yielding an initial collection of 1,622 articles.

Selection Criteria: (1) Literature in both Chinese and English; (2) Type of literature: Quantitative empirical studies; (3) Research objective: To explore the relationship between exercise intention and behavior; (4) Research findings must clearly present sample size and effect size indicators. The literature selection was carried out collaboratively by two researchers, with disputed cases being resolved by a third researcher. A total of 92 articles were included, and the screening process is illustrated in Figure 1.


[image: Flowchart illustrating the identification of studies via databases and registers. The process starts with 1,590 database records and 32 register records. After removing 128 duplicates, 1,494 records are screened. 1,343 records are excluded for reasons like irrelevance and language. Out of 151 reports assessed for eligibility, 59 are excluded for poor quality or data extraction issues. Ultimately, 92 studies are included in the meta-analysis.]
FIGURE 1
 Flow diagram of literature screening and inclusion.




Evaluation of literature quality and feature encoding

The literature was assessed for quality based on the 11 criteria recommended by the Agency for Healthcare Research and Quality (AHRQ). Responses were given as “Yes,” “No,” or “Unclear,” with “Yes” assigned 1 point, and “No” or “Unclear” receiving 0 points. The total score, with higher values indicating better quality, was classified as follows: a score of ≥8 indicated high quality, 6–7 indicated moderate quality, and ≤ 5 indicated low quality (Yang et al., 2019).

This study encodes data based on independent samples, with multiple codings conducted for studies involving several independent samples. The encoded data includes author information, publication year, sample size, age, gender, economic status, and cultural background, among others. The coding criteria are as follows: participants are categorized by age into adolescents (under 20), middle-aged adults (20–60 years), and elderly adults (over 60); economic status is classified according to World Bank standards into developed and developing countries; cultural background is divided into Eastern and Western cultures; socioeconomic status is determined by annual income, categorized as low (under $20,000), middle (between $20,000 and $100,000), and high (over $100,000); for studies involving students, educational stages are encoded, with only one study reporting primary school, which was therefore combined with secondary education (middle and high school); due to the lack of gender control in most studies, those with over 75% male or female participants are classified as predominantly male or female, respectively. The characteristics of the literature are presented in Table 1.


TABLE 1 Features of the literature included in the meta-analysis.

[image: Table listing various studies with columns for references, sample size, mean age, economic level, cultural background, correlation coefficient \( r \), and AHRQ score. The studies cover diverse regions, primarily Western and developed countries, with varying sample sizes and mean ages. Correlation coefficients and AHRQ scores range across studies, indicating varying degrees of data reliability and strength of association.]



Data processing

This study uses the Pearson correlation coefficient (r) as the effect size and employs CMA software for data transformation. To mitigate the impact of sample size disparities across studies and address issues such as the absence of directly reported r values in some studies, we first convert the statistics from each study into correlation coefficients using the following formulas (Rupinski and Dunlap, 1996): [image: Equation showing \( r = \sqrt{\frac{t^2}{t^2 + df}} \).]; [image: Equation showing r equals the square root of x squared divided by x squared plus N.]; [image: Mathematical equation showing \( r = \sqrt{\frac{F}{F + df_e}} \).]; r = β × 0.98+0.05(β≥0); r = β × 0.98(β < 0). Next, the correlation coefficients are transformed using Fisher's Z transformation with the formula: [image: Z equals one-half times the natural logarithm of the fraction one plus r over one minus r.], and the mean of the Z values is converted back to a correlation coefficient using: [image: The mathematical expression shows \( r = \frac{e^{2x} - 1}{e^{2x} + 1} \).]. The variance of Z, [image: The formula \( V_z = \frac{1}{n - 3} \) is displayed, showing a variable \( V_z \) equaling the reciprocal of \( n \) minus three.], and the standard error of Z, [image: SE subscript x equals the square root of V subscript x.]. At this stage, invalid data may still remain in the studies, necessitating further checks for outliers, heterogeneity, and publication bias.

We begin with outlier detection, following the recommendations of Viechtbauer and Cheung (2010) under a random-effects model, using studentized deleted residuals to identify outliers (residuals > 2.5 indicate an outlier). Subsequently, we assess heterogeneity using the Q statistic and I2. A significant Q value (p < 0.05) indicates substantial heterogeneity in effect sizes; and I2 above 75% suggests high heterogeneity among studies. Finally, publication bias is evaluated using a funnel plot, fail-safe N, and Egger's test. The funnel plot examines the symmetry of effect sizes around the overall effect size to assess the risk, while an intercept close to 0 and non-significant in Egger's linear regression indicates no publication bias. Subgroup analyses are conducted to explore potential moderating variables, and the mediation effect is tested using the two-stage structural equation model based on correlation coefficients proposed by Cheung and Chan (2005). This involves first obtaining a joint correlation matrix through multivariate meta-analysis and then inputting this matrix into a structural equation model to test the mediation model (Wu and Fu, 2024). Finally, the R2 statistic is supplemented using Amos software.




Results


Results of literature inclusion and quality assessment

A total of 92 studies were included, encompassing 109 independent samples with 47,548 participants. The average quality score of the studies was 7.4. Among them, 86 studies reported the mean age of participants, comprising 42,829 individuals, with a quality score of 7.44. All 92 studies reported the gender of participants; however, only 19 studies, with a total of 6,061 participants, were included in the subgroup analysis based on subjective classification, and the quality score was 7.66. Forty-eight studies reported the educational level of participants, including 30,880 individuals, with a quality score of 7.28. All 92 studies reported the health status of participants, comprising 47,548 participants, with a quality score of 7.4. Fourteen studies reported the socioeconomic status of participants, with 6,013 individuals, and a quality score of 7.8. Ninety-one studies reported the cultural background and economic level of participants, totaling 47,360 individuals, with a quality score of 7.41. Overall, the quality of the included literature in this study was moderately high.



Outlier detection

The examination of abnormal effect values and potentially risky effect sizes revealed that the residuals of 109 independent studies were all below 2.5, indicating the absence of outliers or effect sizes with potential risks, all of which were deemed suitable for inclusion in the meta-analysis.



Publication bias examination

The funnel plot's x-axis represents the effect size Fisher's Z, while the y-axis indicates the standard error of the Z value. The two diagonal lines demarcate the 95% confidence interval (Figure 2). The majority of the effect sizes are clustered toward the upper section of the funnel, with a nearly uniform distribution on both sides of the overall effect size. The fail-safe number is 95,783, exceeding the critical threshold of 555 (5K+10). The Egger's regression intercept is 1.84, with the intercept near zero and p > 0.05. Therefore, no significant publication bias exists in this study.


[image: Funnel plot showing the standard error by Fisher’s Z. The plot displays data points represented as open circles, mostly symmetrically distributed around the vertical line. The funnel shape narrows at the top. The horizontal axis is marked as Fisher's Z, and the vertical axis is labeled Standard Error.]
FIGURE 2
 Funnel diagram of the relationship between exercise intention and exercise behavior.




Strength of the relationship between exercise intention and behavior

The meta-analysis reveals (Table 2) that the QW between exercise intention and exercise behavior is 2,235.6 (p < 0.001), with I2 = 95.17%, indicating significant heterogeneity among the studies. Therefore, a random-effects model was employed for analysis, along with a moderator effect test. The results show that the strength of the relationship between exercise intention and exercise behavior is r = 0.41 (p < 0.001). In other words, the actual intervention should focus on self-regulation strategies and external environmental factors to promote the transformation of exercise intention into behavior.


TABLE 2 Meta-analysis results of exercise intention, exercise behavior, action plan, coping plan, and action control.

[image: A table presents data on various variables with columns labeled: Variable, k (number of effect values), N (sample size), r (correlation coefficient), 95% CI (confidence interval), I² (heterogeneity measure), and Heterogeneity (Qₙ, df, p). Variables include combinations like exercise intention-exercise behavior, exercise intention-action plan, and others. The table provides corresponding numbers for each column, e.g., for exercise intention-exercise behavior: k = 109, N = 47,548, r = 0.413. Heterogeneity values include Qₙ, df, and p-values, with p consistently below 0.001 except for one row with p = 0.001.]



Examination of the moderating effects between exercise intention and behavior

This study tests the moderating effects based on participant characteristics, such as age, gender, and educational stage, to explore how the strength of the relationship between exercise intention and behavior is influenced by potential moderating factors, as shown in Table 3. Since all indicators are categorical variables, subgroup analysis was employed.


TABLE 3 Meta-analysis of moderating effects of subject characteristics.

[image: Table displaying various moderation variables and statistical data across different groups, including crowd age, gender, period of study, health status, socioeconomic status, culture, and economic level. It includes columns for number of effect values (k), sample size (N), correlation coefficients (r), 95% confidence intervals (CI), heterogeneity measures, and test statistics. Key values show variations in correlation and heterogeneity across different demographics and groupings. Significance levels are indicated with asterisks.]

Subgroup analysis by age reveals that the average effect size for adolescents was 0.43 (95% CI = [0.37, 0.48]), Z = 12.33, p < 0.001; for middle-aged individuals, the average effect size was 0.42 (95% CI = [0.36, 0.48]), Z = 12.59, p < 0.001; for older adults, the average effect size was 0.31 (95% CI = [0.23, 0.38]), Z = 8.9, p < 0.001. Between-group comparisons show significant differences in effect sizes across age groups (QB = 8.27, df = 2, p = 0.016), indicating that the relationship between exercise intention and behavior is influenced by age. In the behavioral intervention, the predictive power of exercise intention on behavior can reach the medium level in the young and middle-aged group, while the predictive power is weak in the old group. Subsequent tests for within-group heterogeneity across age groups indicate significant variability (adolescents: QW = 753.17, df = 32, p < 0.001, I2 = 95.75; middle-aged: QW = 1,143.42, df = 55, p < 0.001, I2 = 95.19; older adults: QW = 92.69, df = 13, p < 0.001, I2 = 85.97), suggesting that the relationship between exercise intention and behavior differs within each age group, influenced by other moderating variables.

A subgroup analysis by gender revealed that the average effect size for males was 0.36 (95% CI = [0.18, 0.51]), Z = 3.86, p < 0.001, while for females it was 0.43 (95% CI = [0.32, 0.52]), Z = 7.2, p < 0.001. A comparison between the groups showed no significant difference in the effect sizes between genders (QB = 0.52, df = 1, p = 0.473), indicating that the relationship between exercise intention and behavior is not influenced by gender. In practice, there is no need to develop differentiated intervention strategies based on gender. Further, an assessment of within-group heterogeneity for each gender revealed significant heterogeneity in both groups (Male: QW = 109.58, df = 7, p < 0.001, I2 = 93.61; Female: QW = 159.26, df = 12, p < 0.001, I2 = 92.47), suggesting that the relationship between exercise intention and behavior differs by gender and is influenced by other moderating variables.

A subgroup analysis by educational level revealed that the mean effect size for primary and secondary school students was 0.41 (95% CI = [0.35, 0.46]), Z = 12.05, p < 0.001, while for university students, it was 0.53 (95% CI = [0.48, 0.57]), Z = 17.23, p < 0.001. A comparison between groups indicated a significant difference in effect sizes across educational levels (QB = 9.39, df = 1, p = 0.002), suggesting that the relationship between exercise intention and behavior is influenced by the educational stage. In behavioral intervention, the predictive power of exercise intention on behavior can reach the medium level in college students, while the predictive power is weak in primary and middle school students. Further examination of within-group heterogeneity revealed significant variability within both groups (primary and secondary school students: QW = 691.96, df = 28, p < 0.001, I2 = 95.95; university students: QW = 298.03, df = 27, p < 0.001, I2 = 90.94), indicating that the relationship between exercise intention and behavior differs across educational levels, with other moderating variables exerting influence.

A subgroup analysis of health status was conducted, revealing that the mean effect size for the healthy population was 0.43 (95% CI = [0.39, 0.47]), Z = 18.34, p < 0.001, while the mean effect size for the subhealthy population was 0.35 (95% CI = [0.28, 0.42]), Z = 9.33, p < 0.001. Inter-group comparisons indicated a significant difference in effect sizes across health status groups (QB = 4.09, df = 1, p = 0.043), suggesting that the relationship between exercise intention and behavior is influenced by health status. In behavioral intervention, the predictive power of exercise intention on behavior can reach the medium level in healthy people, while the predictive power is weak in sub-healthy people. Subsequently, within-group heterogeneity tests were conducted for each health status group. The results revealed significant heterogeneity within the groups (healthy group: QW = 1,974.81, df = 78, p < 0.001, I2 = 96.05; subhealthy group: QW = 237.6, df = 29, p < 0.001, I2 = 87.8), indicating that the relationship between exercise intention and behavior varies across different health statuses and is influenced by other moderating variables.

A subgroup analysis of socioeconomic status revealed that the average effect size for low socioeconomic status was 0.18 (95% CI = [0.08, 0.27], Z = 3.62, p < 0.001), while for moderate socioeconomic status, it was 0.46 (95% CI = [0.32, 0.58], Z = 5.74, p < 0.001). Between-group comparisons showed a significant difference in effect sizes across socioeconomic status levels (QB = 10.15, df = 1, p = 0.001), indicating that the relationship between exercise intention and behavior is influenced by socioeconomic status. In the behavioral intervention, the predictive power of exercise intention on behavior was moderate in the middle socioeconomic status group, but weak in the low socioeconomic status group. Subsequently, within-group heterogeneity tests revealed significant heterogeneity (low socioeconomic status group: QW = 1.53, df = 1, p = 0.216, I2 = 34.68; moderate socioeconomic status group: QW = 455.04, df = 17, p < 0.001, I2 = 96.26), suggesting the relationship between exercise intention and behavior varies across different socioeconomic status, influenced by other moderating variables.

A subgroup analysis of cultural backgrounds was conducted, revealing that the average effect size for Eastern cultures was 0.35 (95% CI = [0.3, 0.41]), Z = 11.44, p < 0.001, while the average effect size for Western cultures was 0.44 (95% CI = [0.39, 0.48]), Z = 17.25, p < 0.001. A comparison between groups indicated a significant intergroup effect size difference (QB = 5.82, df = 1, p = 0.016), suggesting that the relationship between exercise intention and behavior is influenced by cultural background. In behavioral intervention, the predictive power of exercise intention to behavior is moderate in Western cultures, but weak in Eastern cultures. Subsequent tests for within-group heterogeneity showed significant results (Eastern culture group: QW = 564.22, df = 29, p < 0.001, I2 = 94.86; Western culture group: QW = 1,437.5, df = 77, p < 0.001, I2 = 94.64), indicating that the relationship between exercise intention and behavior differs across cultural contexts and is moderated by other variables.

A subgroup analysis of national economic levels was conducted, revealing that the mean effect size for developed countries was 0.43 (95% CI = [0.39, 0.48]), Z = 17.03, p < 0.001, while for developing countries, the mean effect size was 0.35 (95% CI = [0.29, 0.4]), Z = 11.76, p < 0.001. Inter-group comparisons indicated a significant difference in effect sizes between groups with varying economic levels (QB = 6.01, df = 1, p = 0.014), suggesting that the relationship between exercise intention and behavior is influenced by the national economic level. In behavioral intervention, the predictive power of exercise intention to behavior is moderate in developed countries, but weak in developing countries. Further within-group heterogeneity tests revealed significant heterogeneity (developed countries: QW = 1,669.83, df = 82, p < 0.001, I2 = 95.09; developing countries: QW = 381.98, df = 24, p < 0.001, I2 = 93.72), indicating that the relationship between exercise intention and behavior remains diverse across different economic contexts, influenced by other moderating variables.



Examination of the mediating effects between exercise intention and behavior

Firstly, the joint correlation matrix was computed. A homogeneity test was conducted on the model of the relationship between exercise intentions and behavior, revealing a poor model fit, χ2/(df =199) = 14.126, p < 0.001, which violated the homogeneity assumption. Therefore, following the recommendation of Cheung and Cheung (2016), a random effects model was used to estimate the joint correlation matrix (Table 4).


TABLE 4 Joint correlation matrix.
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Next, path analysis was performed using the lavaan package (Jak et al., 2021), fitting the mediation model M1 as shown in Figure 3. The results indicated that, except for the paths from action plans and coping plans to exercise behavior, which were not significant, all other paths were significant, suggesting that exercise intentions primarily influenced exercise behavior through their direct effects and the singular and chain mediating roles of action plans, coping plans, and action control.


[image: Flowchart illustrating relationships between exercise intention, action plan, active control, coping plan, and exercise behavior. Arrows indicate paths with coefficients such as c: 0.221*** and a1: 0.431*. Paths connect exercise intention to action plan, coping plan, and active control, culminating in exercise behavior.]
FIGURE 3
 The role of planning and action control in the chain mediation between exercise intention and behavior. *p < 0.05, **p < 0.01, ***p < 0.001.


As shown in Table 5, exercise intention positively predicted action plans (a1 = 0.463), coping plans (a2 = 0.128), and action control (a3 = 0.180). Subsequently, these factors influenced exercise behavior (b3 = 0.294) through the chain mediation of action control (a5 = 0.286, a6 = 0.439) and single mediation. Thus, exercise intention indirectly influenced exercise behavior through the single mediation of action control (a3b3 = 0.053), through the chain mediation of action plans and action control (a1a5b3 = 0.039), through the chain mediation of coping plans and action control (a2a6b3 = 0.0.016), and through the chain mediation of action plans, coping plans, and action control (a1a4a6b3 = 0.035). Based on the total effect (ct = 0.394), it was found that the single mediation effect of action control accounted for 13.45%, in other words, the path of direct conversion of exercise intention into behavior through action control is the most significant, indicating that immediate execution is the core driving force of behavior transformation; The chain mediation effect of action plans and action control accounted for 9.90%, that is, first through the preparation of action plan, and then with the help of action control implementation, reflecting the classic behavior change logic of “planning first”; The chain mediation effect of coping plans and action control accounted for 4.06%, that is, the plan for obstacles is implemented through action control, reflecting the value of “resilient response” to behavior maintenance; And the chain mediation effect of action plans, coping plans, and action control accounted for 8.88%, the complete chain from intention to plan and then to executive control shows that systematic planning can improve the efficiency of behavior transformation.


TABLE 5 Mediated effect path analysis.
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Additionally, the model was constructed using Amos to supplement the variance explanation indicator. The results revealed that the zero model (direct effect) had an R2 = 0.28, while the full model (serial mediation effect) showed R2 = 0.37.




Discussion


The strength of the relationship between exercise intention and behavior

This study employs a meta-analysis to integrate 47,548 participants across 92 studies, revealing a significant positive correlation between exercise intention and behavior. In contrast to previous individual studies (Ma et al., 2022; Zhang et al., 2022), this meta-analysis, by synthesizing a substantial body of research, substantiates that exercise intention is a key predictor of exercise behavior. The direct effect model's R2 = 0.28, indicating that a considerable variance in exercise behavior remains unexplained by intention alone. This finding mirrors that of Hamilton et al. (2017), who found that while exercise intention predicts behavior, a substantial “intention-behavior gap” persists. This suggests that other variables may account for the discrepancy between intention and behavior. These variables could stem from the multifaceted, layered mechanisms underlying intention, including complex external factors (such as environment and cultural context) and internal factors (such as age, gender, academic level, and socioeconomic status) and their interactions.



The moderating effects of participant characteristics

This study, through subgroup analysis, explores the moderating effects of demographic variables—such as age, educational level, health status, socioeconomic status, cultural background, and economic level—on the relationship between exercise intentions and behavior. This not only deepens our understanding of the link between exercise intentions and behavior but also provides valuable insights for the formulation of more precise behavior change strategies.

The moderating effects of age and educational level are significant, with the effect sizes for adolescents, middle-aged individuals, and college students being notably higher than those for the elderly and primary or secondary school students. Consistent with previous meta-analytic findings (Rhodes and Dickau, 2012), this may be attributed to the influence of leisure time and health status. Middle-aged adults and college students typically have stable work or study schedules, affording them fixed, discretionary leisure time. In contrast, adolescents in middle and high school are often constrained by academic pressures, making it difficult to translate exercise intentions into action (Zhang and Mao, 2016), while older adults are more restricted by health concerns. Similarly, the moderating effect of health status is significant, with healthier individuals showing higher effect sizes compared to those in suboptimal health. This may be due to the fact that individuals in suboptimal health, despite having strong exercise intentions, are often unable to engage in certain types of exercise due to physical limitations (Watson et al., 2023). Given the individual differences in the translation of exercise intentions into behavior, intervention strategies should focus on personalization, taking into account the specific needs and realities of different groups.

The moderating effect of socioeconomic status is significant, with individuals of middle socioeconomic status exhibiting notably higher effect sizes than those of lower status. This may be attributed to the fact that individuals with higher socioeconomic status typically have more time and financial resources, whereas those with lower socioeconomic status are often constrained by economic limitations and the pressures of balancing work and life (Marmot, 2005). The moderating effect of cultural background is also significant, with the effect size in Western cultures being markedly higher than in Eastern cultures. This can be explained by the greater emphasis on individualism in the West, while in Eastern collectivist cultures, the purpose of exercise is more inclined toward social interaction. For instance, Chinese university students often engage in sports clubs not only for physical health and skill acquisition, but also to strengthen social ties and a sense of belonging to the campus community. In such a cultural context, the transformation of exercise intention into behavior may rely more on group dynamics and social support than on individual decision-making. The moderating effect of national economic level is significant as well, with developed countries showing higher effect sizes than developing ones. This may be because economically developed countries tend to offer better quality sports facilities, higher per capita disposable income, better health awareness, and more comprehensive social welfare and healthcare systems, thus encouraging greater participation in physical exercise. Economic development not only influences the accessibility of fitness resources, but is also closely linked to public health awareness and lifestyle choices, highlighting that the formation of health consciousness and the availability of resources are both crucial issues to address.

However, the current meta-analysis found no moderating effect of gender on the relationship between exercise intention and behavior, consistent with previous meta-analytic results (Rhodes and Dickau, 2013). From the perspective of effect size, women exhibited a better conversion of exercise intention to behavior. This may be attributed to the greater likelihood of women receiving support and encouragement from friends, family, or colleagues during exercise, thereby enhancing the transition from intention to behavior. Moreover, the gender classification in this study was not dichotomous (0 and 1), but rather proportional, which may introduce some bias in the results. Future research could group participants by gender to design more targeted intervention strategies based on gender-specific characteristics.

It is worth noting that the heterogeneity within the selected moderating variables in this study remains considerable, indicating that there are still potential influencing factors yet to be uncovered. This raises the question of whether interactions might exist among the moderating variables. For example, in adolescent groups, the influence of school stage may still be a factor; for middle-aged individuals, socioeconomic status may play a significant role; and for the elderly, health status might be a key determinant. Therefore, future research is encouraged to adopt a more holistic perspective (such as exploring the interplay between individual exercise intentions, behaviors, and the environment based on social ecological theory) and more targeted statistical methods (such as utilizing multilevel linear models to explore the complex relationships and interactions among variables). This approach will help to gain a more comprehensive understanding of the relationship between exercise intentions and behaviors, as well as the mechanisms of their transformation.



The mediating role of planning and action control

The meta-analysis results indicate that planning and action control serve as chain mediators in the mechanism by which exercise intention affects behavior. This undoubtedly offers inspirations for the formulation of intervention strategies. With strengthening action control as the core target (the single mediator with the highest proportion (13.45%) + the necessary link in all chain paths), supplemented by action plans (such as providing personalized exercise templates) and response plans (such as obstacle response workshops), the implementation of exercise behavior can be better facilitated. Secondly, precise intervention should be implemented hierarchically. For the primary group (those with weak executive ability), the single path of “action control” should be the main focus (low cost and easy to operate), such as sending daily text message reminders for exercise; for the advanced group (those with basic planning ability), the chain path of “action plan → action control” should be activated, such as pushing customized weekly plans and synchronizing them to the calendar; for the high-level group (those facing multiple obstacles), the complete chain path should be initiated, for example, providing a trinity intervention of “goal—obstacle response plan—execution tracking” for patients with chronic diseases. In practice, emphasize “control” to promote execution; in research, break through “static” to achieve precision; in technology, integrate “intelligence” to enhance efficiency.

Notably, in the chain mediation model, the direct effect of action plans and coping plans on exercise behavior is not significant, with their influence instead mediated through action control. This suggests that the impact of planning on exercise behavior may be mediated by action control, aligning with the findings of previous studies (Lee et al., 2024; Monge-Rojas et al., 2021; Liu X. M. et al., 2022). The reasons for this phenomenon may be as follows: First, individuals may encounter various obstacles both before and after implementing plans. In such circumstances, whether an individual can activate coping plans through action control, rather than choosing to abandon the plan, becomes crucial in overcoming action barriers. Second, once behavior is initiated, individuals need to continuously engage in self-monitoring and effort to close the gap between their behavior and the intended standard. Third, individuals who have already developed exercise habits may no longer require plans. Furthermore, self-efficacy can moderate the relationship between exercise intention and behavior through planning (Di Maio et al., 2021; Lippke et al., 2009); increased habit strength reduces the need for strong exercise intention for the occurrence of exercise behavior (van Bree et al., 2013; Di Maio et al., 2021); positive emotions associated with past exercise can promote future participation in exercise (Zhang and Mao, 2016); and exercise identity can directly predict or indirectly influence exercise behavior through intention (Jackson et al., 2003). These variables may, to some extent, attenuate the mediating role of planning. A recent study published in the BMJ emphasized the importance of the effort-minimization theory (i.e., the natural human tendency to reduce physical activity participation) in bridging the intention-behavior gap, and pointed out that executive functions and emotional experiences may be key to overcoming the automatic pull of effort minimization, with this tendency being influenced by individual differences and situational factors (Cheval et al., 2024). However, there is still a lack of high-quality evidence supporting this theory, with few studies conducted, and its applicability across different populations has not yet been explored. Therefore, future research is recommended to delve into how individual differences and environmental factors influence the relationship and interactions between exercise intention and behavior. Additionally, a mixed research approach combining qualitative research (to uncover specific barriers and success experiences individuals encounter in the behavior change process) and quantitative research should be employed to comprehensively understand the complexity of behavior change.



Limitations and future research

Research indicates that the proportions of successful and unsuccessful non-intenders are 4.2% and 26.0%, respectively, while for the successful and unsuccessful intenders, the proportions are 33.0% and 38.7% (Feil et al., 2023). This suggests that a significant part of the stability in the relationship between exercise intention and behavior comes from those who neither intend nor engage in exercise (26%). However, few individuals report being non-intenders, which could lead to a misunderstanding of the connection between exercise intention and behavior. To better address such issues, models based on action control processes that bridge the intention-behavior gap have been gaining popularity, particularly with the integration of various exercise behavior theories. For instance, the Multi-Process Action Control (M-PAC) framework, which originated from traditional social cognitive models and has been integrated and refined (Rhodes, 2017). This framework posits that exercise behavior is influenced by three broad hierarchical factors: reflective processes, regulatory processes, and reflective processes (Figure 4). First, the reflective process represents the conscious and deliberate anticipated outcomes of engaging in physical activity (i.e., intention formation); the regulatory process involves the behavioral or cognitive regulation by which individuals act to translate their intentions into exercise behavior; the reflective process reflects automatic influences on action control, such as habits and identity. Furthermore, the M-PAC framework has a causal structure, from intention formation to behavior initiation and maintenance, yet each process interacts and reinforces the others. Therefore, while the M-PAC framework represents an orderly acquisition of reflective, regulatory, and reflective processes, these processes evolve over time and interact, with each expected to make an independent contribution or act as a mediator in the intention-behavior transformation. For instance, for non-intenders, the primary issue is to stimulate their exercise intention (motivation formation); thus, can motivation theories such as self-determination theory, along with the reflective process in the M-PAC framework, more effectively promote the formation of exercise intention and behavior change among non-intenders? The challenge for intenders lies in actively engaging in behavior and overcoming barriers to action. Therefore, do theories such as health action process orientation and the regulatory process in the M-PAC framework apply more effectively in the process of exercise behavior change? After behavior initiation, the reflective process in the M-PAC framework—such as exercise habits and exercise identity—could have a stronger effect on behavior maintenance. These issues remain underexplored and lack high-quality research for validation. Hence, future studies should enhance the application of the M-PAC framework in the field of exercise behavior. Specifically, on one hand, it is essential to distinguish between intenders, non-intenders, behavior initiators (those who intend but have not engaged in exercise), and behavior maintainers (those who intend and have engaged in exercise), exploring the processes and factors influencing the successful transition of non-intenders into active participants, as well as the differences and reasons for behavior change among intenders. On the other hand, it should be examined whether the regulatory and reflective processes play decisive roles in the initiation and maintenance of behavior. This would not only reduce the influence of external factors but also contribute to the development of personalized exercise promotion strategies for different population groups.
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FIGURE 4
 Schematic diagram of multi-process action control framework (Rhodes, 2021).


Furthermore, current research predominantly utilizes cross-sectional methodologies, with few studies incorporating longitudinal tracking or randomized controlled trials. However, behavior change is a continuous process, and cross-sectional surveys or short-term tracking fail to effectively capture the dynamic fluctuations and causal relationships between exercise intentions and behaviors. Additionally, some interventions are limited to short-term outcomes and struggle to maintain long-term effects. Therefore, future research should focus on the dynamic process of transforming exercise intentions into behaviors. On one hand, intensive tracking methods should be employed to explore the internal psychological processes and dynamic changes within individuals over a short period, or long-term tracking (over 1 year) should be conducted to examine changes in exercise intentions and behaviors at different time points, along with their underlying causes (such as the formation of exercise habits and the emotions and feelings experienced during exercise). At the same time, exploration of other unknown variables (e.g., self-schemas) should be strengthened, or alternative research methods (e.g., latent growth models) should be utilized to investigate the trajectories of exercise intention and behavior changes, as well as the relationship between the two. On the other hand, intervention experiments are also essential, particularly those focusing on habit formation and personality trait differences among individuals with no initial intention to exercise, as nearly no one is born with a habit of engaging in physical exercise, and individuals with differing personality traits perceive the same events in distinct ways, potentially influencing behavior change.

Finally, current research predominantly relies on self-reported data collection methods. However, such data is susceptible to biases such as recall distortion and social desirability, which may compromise its accuracy. With the rapid advancement of wearable technology, future studies could employ devices such as wristbands or accelerometers to measure physical activity, thereby enhancing the reliability of data sources.




Conclusions

The relationship between exercise intention and behavior exhibits a moderate strength (r = 0.41). In this relationship, with the exception of gender, age, educational stage, health status, socio-economic status, cultural background, and economic level all significantly moderate the connection between intention and behavior. Action plans, coping strategies, and action control serve as chain mediators between exercise intention and behavior, with action control (Single mediation effect was 13.45%) emerging as the closest predictor of actual behavior. Future research is recommended to rigorously control for participant characteristics, conduct long-term longitudinal studies, and implement intervention-based behavioral change experiments. Additionally, the application of objective measurement tools should be strengthened, and the exploration and analysis of new theories and variables should be deepened, to facilitate the transformation of exercise intention into behavior.
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The impact of Tai Chi on emotional regulation efficacy and subjective wellbeing in the elderly and the mediating mechanism
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Introduction: Against the backdrop of global aging and the enduring impact of the COVID-19 pandemic, mental health issues among older adults have become increasingly prominent. This study aimed to investigate the effects of standardized 24-form simplified Tai Chi training on emotional regulation efficacy and subjective wellbeing in older adults and to verify the mediating role of emotional regulation efficacy between Tai Chi practice and subjective wellbeing.



Methods: The study was conducted in Zhengzhou, China, in autumn 2023. Sixty healthy older adults were randomly assigned to either an experimental group receiving Tai Chi training or a control group maintaining their regular lifestyle. At baseline, both groups were assessed using the Emotional Regulation Efficacy Scale and the Subjective Wellbeing Scale. The experimental group underwent an 8-week Tai Chi program, consisting of five 30-minute sessions per week under professional guidance, while the control group remained unchanged. Post-intervention, all variables were reassessed.
Results: The results indicated significant improvements in emotional regulation efficacy (23.60 ± 2.33 to 26.60 ± 3.10, p < 0.001, Cohen’s d = 1.29), positive affect (27.53 ± 2.46 to 29.43 ± 3.12, p < 0.001, Cohen’s d = 0.77), negative affect (30.70 ± 2.90 to 32.13 ± 3.05, p = 0.002, Cohen’s d = 0.49), and subjective wellbeing (58.23 ± 5.29 to 61.57 ± 5.04, p = 0.000, Cohen’s d = 0.63) in the experimental group compared to baseline, with no significant changes observed in the control group. Between-group comparisons further confirmed the experimental group’s superior improvements across all measured variables. Mediation analysis demonstrated that Tai Chi’s benefits on wellbeing operated through dual pathways: while 83.8% of its total effect on subjective wellbeing was direct, 16.20% [β = 0.637, 95% CI (0.002, 1.731)] was mediated via enhanced emotional regulation efficacy. Notably, 22.27% of Tai Chi’s reduction in negative affect [β = 0.334, 95% CI (0.005, 0.761)] was attributable to this mediating mechanism, whereas no mediation was observed for positive affect—highlighting that Tai Chi’s promotion of positive emotions depends entirely on direct effects.
Discussion: These findings underscore Tai Chi’s unique capacity to both directly enhance wellbeing and empower older adults to manage negative emotions through improved emotional regulation. To translate these findings into practice, community health programs should integrate Tai Chi as a low-cost, accessible intervention for older adults, particularly those experiencing psychological stress or chronic conditions.
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1 Introduction

With the increasing global life expectancy, the concept of health has evolved from traditional physiological dimensions to encompass the multidimensional integration of psychological and social adaptation. Within this paradigm shift, mental health challenges among older adults are escalating into a global public health crisis at an alarming rate. Studies demonstrate that depression and anxiety—the most prevalent mental health disorders in older populations—exhibit exponentially rising incidence rates with advancing age (Sharma et al., 2021), while societal structural shifts (e.g., nuclear family dynamics and population mobility) further exacerbate loneliness and social isolation among the elderly (Luo et al., 2024). This multidimensional mental health crisis forms a vicious cycle with the progressive deterioration of subjective wellbeing: empirical studies have demonstrated that older adults’ subjective wellbeing is significantly correlated with their mental health status. Specifically, those with lower levels of subjective wellbeing exhibit heightened vulnerability to depressive symptoms and are at a markedly elevated risk of suicidal behaviors (Sharma, 2022; Zhu et al., 2025). The advent of the COVID-19 pandemic in 2020 has not only jeopardized physical health but has also engendered a surge in psychological maladies, including anxiety and depression (Bodecka et al., 2021). In this context, tackling the challenges incumbent upon an aging society and ameliorating the pandemic’s ramifications on the mental health of older adults have become exigent research imperatives. This study, therefore, endeavors to uncover efficacious strategies for the amelioration of mental health and the enhancement of subjective wellbeing among older adults, aligning with the contemporary societal imperatives.

With the development of sport psychology, an increasing body of research indicates that engaging in regular physical activity has a significant positive impact on an individual’s subjective wellbeing. For instance, Kye and Park (2014) found through a random sample survey of 1,530 adults aged 30–69 that those who exercised at least five times per week for no less than 30 min each time reported higher levels of happiness. Similarly, a study focusing on 3,461 university students (aged 17–24) in Chile observed analogous results: students participating in daily physical activities were more likely to exhibit higher indices of wellbeing (Piqueras et al., 2011). Moreover, Moljord et al.’s (2011) investigation into 1,508 adolescents (aged 13–18) in Norway revealed a clear association between frequent participation in sports activities and higher levels of happiness. Wang et al. (2012), using data from the Canadian Community Health Survey, pointed out that recreational physical activities not only reduce the likelihood of unhappiness but may also gradually enhance individuals’ wellbeing over time.

Though existing evidence strongly suggests that physical activity positively influences subjective wellbeing, the majority of research in this domain is cross-sectional, precluding definitive causality determinations. There is likely a reciprocal relationship between physical activity and wellbeing: physical activity can enhance health status, and improved health can, in turn, motivate increased physical activity, establishing a virtuous cycle (van Woudenberg et al., 2020). Studies have confirmed that wellbeing influences an individual’s intention to engage in physical activity (Catellier and Yang, 2013). To elucidate the causal direction between physical activity and subjective wellbeing, intervention-based research methods are essential to track changes in subjective wellbeing post-physical activity introduction.

Compared to other forms of physical activity, Tai Chi involves slow and gentle movements. Its low-impact and low-load characteristics reduce the risk of injury, making it suitable for individuals of all ages and fitness levels, particularly older adults and those with chronic conditions (Jiao et al., 2023). Secondly, exercise intervention studies targeting older adults often encounter challenges such as poor adherence and elevated dropout rates (Brawley et al., 2003). These issues are primarily due to older adults’ reluctance to engage frequently in activities they perceive as unenjoyable or inappropriate. However, Tai Chi is not merely a form of physical activity but also an integral part of traditional Chinese culture. Rooted in philosophical principles such as the balance of Yin and Yang and the harmony between mind and body, it embodies profound cultural significance. This cultural richness has contributed to Tai Chi’s widespread popularity across the globe (Dong et al., 2025). In response to these challenges, we opted for Tai Chi as our intervention method. This study formulates the following hypothesis (H1): Tai Chi training can significantly enhance the subjective wellbeing of older adults.

Emotional regulation efficacy describes a person’s belief in their capacity to handle negative emotions. It involves three key abilities: (1) staying calm under stress, (2) stopping negative thoughts from escalating, and (3) using practical strategies—like positive self-talk or deep breathing—to recover a positive mood after emotional challenges (Muris, 2002). Studies have shown a significant correlation between physical exercise and emotional regulation efficacy, indicating that higher levels of physical activity are associated with greater emotional regulation efficacy (Wang et al., 2022; Valois et al., 2008). Given that Tai Chi is a low-intensity aerobic exercise suitable for older adults, it not only benefits physical health but may also be particularly effective in enhancing emotional regulation efficacy. Therefore, this study posits the following hypothesis (H2): Tai Chi practice can improve the emotional regulation efficacy of older adults.

Research indicates that individuals with high emotional regulation efficacy typically exhibit greater life confidence and maintain higher levels of subjective wellbeing (Extremera and Rey, 2015). Conversely, those with lower emotional regulation efficacy are more likely to doubt their abilities and may opt to give up when faced with challenges, leading to increased negative emotions and a consequent reduction in subjective wellbeing (Wiesmann and Hannich, 2014). Physical exercise not only directly enhances subjective wellbeing but also strengthens emotional regulation efficacy, which in turn significantly and positively predicts wellbeing. Therefore, this study posits the following hypothesis (H3): Tai Chi improves the subjective wellbeing of older adults by enhancing their emotional regulation efficacy.

To address these gaps, the present study pursues two interrelated aims: (1) To examine the direct effects of an 8 weeks Tai Chi intervention on emotional regulation efficacy and subjective wellbeing (including positive and negative affect) in older adults. (2) To test the mediating role of emotional regulation efficacy in the relationship between Tai Chi practice and improvements in subjective wellbeing.



2 Materials and methods


2.1 Participants

This study recruited 60 healthy elderly participants from Zhengzhou City, Henan Province, China. Participants were randomly assigned to the Tai Chi group (n = 30) or control group (n = 30) using a computer-generated simple randomization sequence. The intervention was conducted in October 2023 (autumn season). The inclusion criteria were as follows: (1) aged 60 years or older; (2) no symptoms of spinal pain; (3) no confirmed structural deformities. Participants were excluded if they met any of the following conditions: (1) significant cognitive impairment; (2) acute injuries or severe cardiovascular, pulmonary, renal, or musculoskeletal diseases; (3) presence of trauma, hemiplegia, amputation, or similar conditions; (4) experience in Tai Chi or participation in other rehabilitation programs during the study period. Given the limited sample size (N = 60 participants total), we prioritized the collection of core demographic variables (age, BMI) and primary outcomes (emotional regulation efficacy, subjective wellbeing). Gender distribution was not statistically analyzed due to insufficient sample power to detect potential gender-related differences. To ensure baseline equivalence, we conducted post-allocation comparisons of key demographic, which revealed no significant differences between groups (all p > 0.05; see Table 1).


TABLE 1 Baseline characteristics of participants.

[image: Table comparing baseline characteristics between a control group and an experimental group, each with 30 participants. Metrics include age (years), height (meters), weight (kilograms), and body mass index (BMI in kg/m²). The control group averages are 64.90 years, 1.68 meters, 68.77 kilograms, and a BMI of 24.40. The experimental group averages are 65.17 years, 1.71 meters, 69.76 kilograms, and a BMI of 24.00. The table provides corresponding t-values and p-values for each characteristic.]



2.2 Procedure

This study randomly assigned 60 healthy older adults into an experimental group and a control group, with 30 participants in each. All participants were informed that the study aimed to “explore health-promoting activities for older adults” but were not disclosed specific hypotheses about Tai Chi’s psychological benefits. To minimize expectancy bias, outcome assessments were conducted by trained research assistants blinded to group allocation. Prior to the start of the experiment, baseline measurements of emotional regulation efficacy and subjective wellbeing were conducted using the Emotional Regulation Efficacy Scale and the Subjective Wellbeing Scale for both groups. This ensured that no significant differences existed between the groups at the outset. If initial measurements indicated significant differences, re-randomization was performed until equivalence was achieved.

The experimental group received one-on-one instruction from a professional Tai Chi instructor to ensure that all participants correctly mastered the basic movements of Tai Chi. Following this preparatory phase, participants underwent an 8 weeks standardized 24-form simplified Tai Chi program (derived from Yang style) between October and December 2023. Each weekly session included: (1) Structure: 5 min warm-up (joint mobilization), 20 min core practice (e.g., “Commencement Form,” “Grasp the Sparrow’s Tail”), and 5 min cool-down (mindfulness breathing). (2) Dosage: Five 30 min sessions weekly, supervised by the same instructor.

During the training period, participants were instructed to maintain their usual lifestyle habits outside of the Tai Chi sessions.

After the 8 weeks intervention, both groups were reassessed using the Emotional Regulation Efficacy Scale and the Subjective Wellbeing Scale to measure changes in emotional regulation efficacy and subjective wellbeing.



2.3 Materials

The Emotional Regulation Efficacy Scale was selected based on its validated application in Chinese elderly populations, comprising seven items quantified on a five-point Likert scale (1 = Not at all; 5 = Very well), with total scores ranging from 7 to 35 points. Higher scores indicate stronger emotional regulation efficacy (Yujia et al., 2022). A recent study by Yujia et al. (2022) demonstrated strong psychometric properties of this scale among 9,701 older adults in China, reporting excellent internal consistency and significant correlations with activities of daily living (ADL) scores (β = 0.097, p < 0.013), confirming its relevance to geriatric self-efficacy. The seven-item structure (e.g., “I can manage negative emotions effectively”) directly aligns with the emotion regulation challenges prevalent in aging populations. Reliability testing of this study indicate showed Cronbach’s α values exceeding 0.75, indicating good internal consistency. Confirmatory factor analysis results demonstrated satisfactory structural validity for the scale (T1: χ2/df = 1.86, CFI = 1.00, TLI = 1.04, RMSEA = 0.00; T2: χ2/df = 1.19, CFI = 0.97, TLI = 0.95, RMSEA = 0.06).

The Subjective Wellbeing Scale was chosen for its robust validation in Chinese elderly cohorts. In a large-scale investigation of chronic illness impacts on wellbeing (Dong et al., 2025), this scale demonstrated high reliability and discriminant validity between healthy elders and those with chronic conditions. Its dual focus on positive affect (e.g., “I feel content with my life”) and negative affect (reverse-scored items like “I often feel lonely”) provides a comprehensive assessment of wellbeing, consistent with our study’s multidimensional framework. Reliability testing of this study indicate showed Cronbach’s α values exceeding 0.75, indicating good internal consistency. Confirmatory factor analysis results demonstrated satisfactory structural validity for the scale (T1: χ2/df = 2.21, CFI = 0.93, TLI = 0.91, RMSEA = 0.06; T2: χ2/df = 2.24, CFI = 0.91, TLI = 0.95, RMSEA = 0.05).



2.4 Data processing and analysis

Following the longitudinal mediation effect testing procedure proposed by Jie et al. (2021) we set group assignment as the independent variable X, the difference in emotional regulation efficacy before and after intervention as the mediator M, and the differences in positive affect, negative affect, and subjective wellbeing before and after intervention as the dependent variables Y, to explore the underlying mechanisms by which Tai Chi practice improves subjective wellbeing.

Data analysis was conducted using SPSS version 25.0. Means and standard deviations were calculated for all variables. For data that conformed to a normal distribution, paired t-tests were used for within-group comparisons; for data not conforming to a normal distribution, non-parametric Mann-Whitney U tests were employed. Between-group comparisons were conducted using independent samples t-tests for normally distributed data and non-parametric Mann-Whitney U tests for non-normally distributed data. Reliability and validity of the questionnaires were assessed through reliability testing and exploratory factor analysis. Mediation effects were examined using Model 4 in the Process macro for SPSS. The significance level was set at p < 0.05.




3 Results


3.1 Baseline equivalence

To guarantee the validity and comparability of the experimental outcomes, an assessment of homogeneity was conducted between the two groups concerning emotional regulation efficacy and subjective wellbeing prior to the intervention. As indicated in Table 2, no significant differences were observed between the groups with respect to emotional regulation efficacy, positive affect, negative affect, and subjective wellbeing before the intervention.


TABLE 2 Baseline equivalence between groups.

[image: Table comparing control and experimental groups (N=30 each) across four variables: emotional regulation efficacy, positive affect, negative affect, and subjective wellbeing. Includes mean ± standard deviation, t-values, and p-values for each variable. No significant differences are indicated.]



3.2 Within-group comparisons

To assess the impact of the Tai Chi intervention, within-group comparisons were performed for both the control and experimental groups, focusing on emotional regulation efficacy, positive affect, negative affect, and subjective wellbeing, both prior to and following the intervention. The findings are detailed in Table 3. The control group exhibited no significant changes in any of the measured variables. Conversely, the experimental group showed significant post-intervention improvements in emotional regulation efficacy (23.60 ± 2.33 to 26.60 ± 3.10, p < 0.001, Cohen’s d = 1.29), positive affect (27.53 ± 2.46 to 29.43 ± 3.12, p < 0.001, Cohen’s d = 0.77), negative affect (30.70 ± 2.90 to 32.13 ± 3.05, p = 0.002, Cohen’s d = 0.49), and subjective wellbeing (58.23 ± 5.29 to 61.57 ± 5.04, p = 0.000, Cohen’s d = 0.63).


TABLE 3 Within-group comparisons before and after intervention.

[image: Table showing pre- and post-intervention results for four variables: emotional regulation efficacy, positive affect, negative affect, and subjective well-being. Columns include control and experimental groups' means with standard deviations, t-values, p-values, and Cohen's d effect size. Emotional regulation efficacy, positive affect, and subjective well-being show significant changes in experimental groups.]



3.3 Between-group comparisons

Further evaluation of the Tai Chi intervention’s effect involved comparing the two groups post-intervention regarding emotional regulation efficacy, positive affect, negative affect, and subjective wellbeing. As indicated in Table 4, compared to the control group, the experimental group showed significantly greater improvements in emotional regulation efficacy (24.30 ± 2.87 to 26.60 ± 3.10, p = 0.004, Cohen’s d = 0.77), positive affect (27.23 ± 2.97 to 29.43 ± 3.12, p = 0.007, Cohen’s d = 0.72), negative affect (30.20 ± 2.56 to 32.13 ± 3.05, p = 0.010, Cohen’s d = 0.69), and subjective wellbeing (57.43 ± 5.15 to 61.57 ± 5.04, p = 0.003, Cohen’s d = 0.81).


TABLE 4 Between-group comparisons post-intervention.

[image: A table compares the control and experimental groups across four variables: emotional regulation efficacy, positive affect, negative affect, and subjective wellbeing. The control group's scores are: 24.30 ± 2.87, 27.23 ± 2.97, 30.20 ± 2.56, and 57.43 ± 5.15, respectively. The experimental group's scores are: 26.60 ± 3.10, 29.43 ± 3.12, 32.13 ± 3.05, and 61.57 ± 5.04. The t-values are -2.982, -2.802, -2.664, and -3.141. The p-values are 0.004, 0.007, 0.01, and 0.003. Cohen’s d values are 0.77, 0.72, 0.69, and 0.81.]



3.4 Mediation analysis

To gain a deeper understanding of the long-term impact pathways of Tai Chi practice on emotional regulation efficacy and subjective wellbeing, we constructed and tested a mediation model. The study designated Tai Chi practice intervention as the independent variable, the change in emotional regulation efficacy as the mediator, and the changes in positive affect, negative affect, and subjective wellbeing as the dependent variables. This analytical framework aimed to reveal how Tai Chi practice influences emotional states and life satisfaction by affecting emotional regulation efficacy. The mediation analysis demonstrated that Tai Chi’s benefits operated through both direct and indirect pathways, see Table 5. Crucially, emotional regulation efficacy mediated 22.27% of Tai Chi’s total effect on reducing negative affect [indirect effect: 0.334, 95% CI (0.005, 0.761)] (see Figure 1) and 16.20% of its effect on subjective wellbeing [indirect effect: 0.637, 95% CI (0.002, 1.731)] (see Figure 2). In contrast, no mediation was observed for positive affect, underscoring that Tai Chi’s enhancement of positive emotions relies solely on direct mechanisms (see Figure 3).


TABLE 5 Mediation analysis of Tai Chi practice on emotional regulation efficacy and subjective wellbeing.

[image: Table showing the effects on positive affect, negative affect, and subjective wellbeing. Each variable includes total, direct, and indirect effects with values for effect size, standard error, lower and upper limits, proportion of total effect, and significance. Positive affect has a significant total and direct effect. Negative affect’s total and both effects are significant. Subjective wellbeing shows significant effects across categories.]


[image: Diagram depicting a triangular relationship between Tai Chi, Emotional Regulation Efficacy, and Negative Affect. Arrows indicate effects: Tai Chi to Emotional Regulation Efficacy (2.067*), Emotional Regulation Efficacy to Negative Affect (0.162*), and Tai Chi to Negative Affect (1.500***).]

FIGURE 1
Path coefficients diagram of Tai Chi, emotional regulation efficacy, and positive affect. *p < 0.05, ***p < 0.001.



[image: Diagram displaying the relationships between Tai Chi, Emotional Regulation Efficacy, and Subjective Well-Being, forming a triangle. Arrows show direction: Tai Chi to Emotional Regulation Efficacy (2.067*), Emotional Regulation Efficacy to Subjective Well-Being (0.308**), and Tai Chi to Subjective Well-Being (3.297***).]

FIGURE 2
Path coefficients diagram of Tai Chi, emotional regulation efficacy, and negative affect. *p < 0.05, **p < 0.01, ***p < 0.001.



[image: A triangular diagram illustrates relationships between three variables: Tai Chi, Emotional Regulation Efficacy, and Positive Affect. Arrows indicate the flow of influence. The path from Tai Chi to Emotional Regulation Efficacy is marked with 2.067*, from Emotional Regulation Efficacy to Positive Affect with 0.146, and directly from Tai Chi to Positive Affect with 2.433***.]

FIGURE 3
Path coefficients diagram of Tai Chi, emotional regulation efficacy, and subjective wellbeing. *p < 0.05, ***p < 0.001.





4 Discussion

In the realm of exercise science, the effects of exercise interventions on subjective wellbeing and emotional regulation efficacy have increasingly become central topics of investigation. The nexus between emotional regulation efficacy and subjective wellbeing has particularly piqued scholarly interest. Despite an abundance of evidence highlighting the salutary effects of physical activity on these constructs, a systematic exploration into the specific ways in which targeted exercise interventions might shape the relationship between emotional regulation efficacy and subjective wellbeing is lacking. To bridge this gap in the literature, the present study is designed to evaluate the impact of an 8 weeks Tai Chi training regimen on emotional regulation efficacy and subjective wellbeing in older adults, while also assessing the mediating role of emotional regulation efficacy in this dynamic.


4.1 Impact on subjective wellbeing

One of the objectives of this study was to investigate the impact of an 8 weeks Tai Chi training program on the subjective wellbeing of older adults. According to the data presented in Tables 2–4, the results indicate that the 8 weeks Tai Chi training significantly enhanced positive affect, reduced negative affect, and improved overall wellbeing in the experimental group. These findings are consistent with existing literature, which indicates that Tai Chi can significantly improve physical fitness and cognitive function in older adults, thereby enhancing their subjective wellbeing (Wang et al., 2023). A systematic review and meta-analysis has demonstrated that Tai Chi effectively improves both mental and physical health in patients with depression, alleviating symptoms of depression and anxiety while enhancing quality of life (Sani et al., 2023). Similarly, for adults with cardiovascular diseases, Tai Chi has been shown to significantly improve mental health, elevate quality of life, and reduce depression and psychological stress (Taylor-Piliae and Finley, 2020). This study further substantiates the conclusion that exercise can effectively enhance wellbeing.

Regarding the mechanisms through which Tai Chi enhances wellbeing, several hypotheses can be inferred from existing literature. The first hypothesis focuses on physiological factors. Physical activity enhances the transmission of monoamine neurotransmitters in the brain, such as norepinephrine, dopamine, and serotonin, and increases the production of endorphins. These physiological responses are known to alleviate symptoms of depression and anxiety while promoting overall wellbeing (Wasserman, 2019; Kandola et al., 2019; Phillips and Fahimi, 2018). Research indicates that moderate physical activity not only improves mood but also affects mental health by regulating neurotransmitter levels (Balchin et al., 2016; Wolff et al., 2011; Eyre and Baune, 2012). Additionally, physical activity is associated with immune function and neuroprotective effects, which play a crucial role in the pathophysiology of depression (Eyre and Baune, 2012). van Woudenberg et al.’s (2020) study on the relationship between adolescents’ physical activity and happiness demonstrated reciprocal short-term impacts: adolescents feel happier when they are more active, and they are more willing to engage in physical activity within the following hours when they feel happy. However, this reciprocal relationship is not evident over several days (van Woudenberg et al., 2020), which aligns more with physiological processes that occur within 30 min to 1 h after exercise (Farrell et al., 1982).

The second hypothesis zeroes in on psychological factors. Engaging in physical exercise enables individuals to derive greater pleasure and a sense of pride from movement, which in turn significantly bolsters their wellbeing (Gilchrist et al., 2018). Taking part in sports also offers social benefits, such as increased social interaction and engagement (Smith, 2003), thereby providing participants with positive happiness experiences (Downward and Rasciute, 2011; Becchetti et al., 2008). For example, data from the Scottish Health Survey suggest that recreational sports are more effective at enhancing wellbeing than household chores (Hamer et al., 2009). A study conducted in Belgium similarly found that happiness correlates positively with recreational sports and negatively with household chores (Asztalos et al., 2009). A comparative analysis of recreational sports versus other forms of exercise has shown that recreational sports are more effective in boosting wellbeing (White et al., 2018). Moreover, researchers have observed that excessive exercise might lead to a decrease in wellbeing, implying that the enhancement of happiness could be tied to the enjoyment individuals derive from exercising (Wilson et al., 2022). These studies underscore the substantial role of psychological factors in the mechanisms by which exercise enhances wellbeing.

Finally, cultural factors may play a critical role in the mechanism by which Tai Chi interventions enhance wellbeing. As a traditional Chinese martial art, Tai Chi is not merely a form of physical exercise but also a cultural practice deeply rooted in Eastern philosophy. The practice of Tai Chi emphasizes inner peace and mindfulness, aligning with the pursuit of mind-body harmony central to many Eastern cultures. Consequently, for individuals from these cultural backgrounds, Tai Chi may be more readily accepted and more effective in improving their wellbeing. Research indicates that Tai Chi interventions can significantly enhance self-esteem in adults—a phenomenon potentially mediated by cultural influences on self-perception (Chair et al., 2025).



4.2 Implications for enhancing emotional regulation efficacy

Another pivotal aim of this study was to assess the impact of an 8 weeks Tai Chi training program on the emotional regulation efficacy of older adults. As per Table 2, initial comparisons revealed no significant disparities in emotional regulation efficacy between the experimental and control groups, ensuring baseline equivalence. Post-intervention, however, the data from Tables 3, 4 indicate a marked enhancement in emotional regulation efficacy within the experimental group following the 8 weeks Tai Chi regimen. This outcome is consistent with extant literature highlighting the positive association between physical activity and emotional regulation efficacy (Wang et al., 2022; Valois et al., 2008; Downs and Strachan, 2016).

Sport psychology research has consistently shown a synergistic relationship between engagement in physical exercise and emotional regulation efficacy. Active participation in sports activities has been found to positively influence individuals’ ability to regulate their emotions, with efficacy often escalating alongside increased exercise duration and intensity. This heightened emotional regulation efficacy is linked to greater life satisfaction and has been shown to foster both mental and physical health (Wang et al., 2022; Valois et al., 2008; Downs and Strachan, 2016). Despite this, the majority of current studies adopt a cross-sectional design, which poses challenges in establishing a causal link between physical activity and emotional regulation efficacy.

By controlling for confounding variables and treating exercise participation as the sole independent variable, this study further elucidates the causal impact of exercise participation on emotional regulation efficacy. The longitudinal design of our study provides stronger evidence for the causal relationship compared to previous cross-sectional studies. Our findings suggest that engaging in Tai Chi not only improves emotional regulation efficacy but also offers insights into the mechanisms by which regular physical activity can enhance psychological resilience and wellbeing in older adults.



4.3 Mediating role of emotional regulation efficacy

This study reveals that emotional regulation efficacy significantly mediates the effects of Tai Chi on reducing negative affect and enhancing wellbeing, a role not observed for positive affect. The differential mediating effects of emotional regulation efficacy on positive versus negative emotions may stem from the inherent nature of emotion regulation as a self-regulatory capacity to manage adversity. Emotional regulation efficacy denotes an individual’s confidence in managing their emotions effectively. Individuals with lower emotional regulation efficacy may struggle to self-motivate and maintain efforts toward goal achievement when confronted with challenging tasks (Schmidt and Pichler, 2020). In contrast, those with higher emotional regulation efficacy are more likely to perceive difficulties as challenges and opportunities, rather than threats (Bandura, 2012). This constructive outlook not only improves performance but also mitigates stress and its detrimental impacts. This attribute may underpin the mediating role of emotional regulation efficacy in the amelioration of negative affect and wellbeing through Tai Chi practice.

Specifically, throughout the course of Tai Chi training, participants incrementally build their confidence in emotional management by mastering and applying emotional regulation techniques. This heightened emotional regulation efficacy equips them with improved strategies to navigate negative emotions in their daily lives, consequently elevating their overall wellbeing. Nevertheless, the influence on positive affect appears to be less dependent on emotional regulation efficacy alone and may encompass additional mechanisms, such as the instantaneous pleasure associated with physical activity or other psychological factors.

Tai Chi, as a gentle form of physical exercise, is particularly well-suited for the elderly population. Given its significant positive impact on subjective wellbeing, emotional regulation efficacy, and positive affect, community health programs can incorporate Tai Chi into their daily activity schedules to promote the overall wellbeing of older adults. Specifically, community centers can implement Tai Chi programs in the following ways. First, by organizing regular Tai Chi classes and inviting professional instructors to ensure the accuracy and safety of the movements. Second, by integrating educational lectures that introduce the psychological and physiological benefits of Tai Chi, thereby enhancing participants’ understanding and interest. Finally, by encouraging group practice sessions to foster social interaction, reduce feelings of loneliness, and further improve mental health.

Despite Tai Chi’s growing popularity as a mind-body intervention, critical gaps persist in the literature. First, prior research on Tai Chi’s mental health benefits often lacks longitudinal designs. Second, cultural factors influencing Tai Chi’s efficacy (e.g., familiarity with Eastern practices) remain underexplored, as 89% of trials have been conducted in East Asian populations. Our study directly addresses these gaps by: (1) Employing an 8 weeks longitudinal design to track dynamic changes in emotional regulation and wellbeing. (2) Integrating mediation analysis to unravel Tai Chi’s psychological pathways—a methodological advance absent in most studies. (3) Contextualizing findings within Chinese cultural practices, offering insights for adapting Tai Chi to diverse populations.



4.4 Limitations and prospects

While this study yields substantial insights into the effects of Tai Chi training on emotional regulation efficacy and subjective wellbeing among older adults, it is not without limitations that warrant acknowledgment. First and foremost, the study enrolled a modest sample of 60 participants, all from a specific geographic region. This may limit the external validity of the study results, as they may not fully represent a broader elderly population. As well the small sample size which limited to conduct a subgroup analyses by gender. Another critical consideration is the potential selection bias introduced by the recruitment strategy. Participants were recruited exclusively through local community centers, which may have limited the demographic and socioeconomic diversity of the sample. Therefore, future large-scale studies should prioritize stratified sampling designs to investigate potential variations in Tai Chi’s effects on emotional regulation and wellbeing across sex, geographic regions, age groups, and socioeconomic statuses.

Additionally, this study relied on self-reported data from participants, which may be susceptible to social desirability bias, subjective bias, or recall bias, thereby affecting measurement accuracy. To bolster the reliability of the data, future studies might integrate objective physiological markers or alternative assessment techniques, including behavioral observations and psychophysiological assessments.

Thirdly, although the 8 weeks intervention period demonstrated notable effects, the long-term impacts of Tai Chi training remain obscure. Future research should incorporate extended follow-up periods to elucidate the enduring and cumulative effects of Tai Chi on the mental health of older adults.

Fourth, although all participants (both the control and Tai Chi groups) were instructed to retain their baseline lifestyle habits during the trial, potential variations in daily routines (e.g., diet, sleep patterns, or incidental physical activity) were not objectively monitored or restricted. This lack of standardized control over lifestyle factors may introduce confounding effects on the outcomes.

Lastly, while our study highlighted the mediating role of emotional regulation efficacy, the intricate mechanisms at play behind this mediation necessitate further investigation. Other potential mediators, including social support and cognitive restructuring, may also exert significant influence. Future research should delve into additional mediators beyond emotional regulation efficacy, such as cognitive restructuring and social interaction, to construct a more holistic theoretical framework elucidating the nexus between exercise and mental health.



4.5 Suggestions and strategies

In light of the beneficial effects of Tai Chi on enhancing emotional regulation efficacy and subjective wellbeing among the elderly, there is a compelling case for communities and medical institutions to actively advocate for and implement Tai Chi training programs. Such initiatives should be particularly targeted toward older adults who are under greater psychological duress or are managing chronic health conditions. It is crucial to encourage the formation of social support networks among the elderly through their participation in Tai Chi training, thereby increasing mutual interaction and support and cultivating a nurturing environment characterized by mutual assistance and encouragement. The regular organization of group activities or competitions can further strengthen team cohesion and foster a sense of belonging among participants.




Conclusion

Our study concluded that an 8 weeks Tai Chi intervention significantly enhanced both the emotional regulation efficacy and subjective wellbeing among older adults. Notably, the training not only directly improved participants’ capacity to manage their emotions but also indirectly amplified their overall sense of wellbeing through the mediating effect of enhanced emotional regulation efficacy.

The evidence from this study holds significant implications for multiple professional domains. Can integrate Tai Chi into community-based mental health promotion programs for older adults, particularly in regions with limited access to clinical psychological services. Can integrate Tai Chi into community-based mental health promotion programs for older adults, particularly in regions with limited access to clinical psychological services. Can integrate Tai Chi into community-based mental health promotion programs for older adults, particularly in regions with limited access to clinical psychological services.
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Introduction: Academic self-efficacy affects students’ behavioral styles, efforts, and attitudes toward academic difficulties in the learning process. Physical education, as a core vehicle of education, and physical exercise, as an important way to promote physical and mental health, have special value for the development of academic self-efficacy. The study explored the effects of physical exercise on college students’ academic self-efficacy and the chain-mediated effects of future orientation and mental toughness.


Methods: A total of 624 college students were surveyed using the physical exercise Rating Scale, Academic Self-Efficacy Scale, Future Orientation Scale, and Mental Toughness Scale, and the mediating role of Future Orientation and Mental Toughness was examined and analyzed by using Structural Equation Modeling and Bootstrap Method.
Results: ① physical exercise and academic self-efficacy were positively correlated, and the direct prediction of academic self-efficacy was significant; ② physical exercise can positively predict future orientation, future orientation can positively predict mental toughness and academic self-efficacy, and mental toughness can positively predict academic self-efficacy; ③ future orientation and mental toughness play a significant mediating role in the relationship between physical exercise and academic self-efficacy. The three pathways of mediating effects: physical exercise and academic self-efficacy, and mental toughness. Three pathways of mediating effects were found: physical exercise→future orientation→academic self-efficacy (Path 1), physical exercise→mental toughness→academic self-efficacy (Path 2), and physical exercise→future orientation→mental toughness→academic self-efficacy (Path 3).
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1 Introduction

The World Health Organization (WHO) has released several sport and physical exercise-related documents aimed at promoting global health. One of them, Guidelines on Physical Exercise and Sedentary Behavior, provides physical exercise recommendations for different age groups, including children, adults, older adults, pregnant women, and people with chronic diseases and disabilities, emphasizing the importance of reducing sedentary behavior. For adolescents, physical exercise of moderate to vigorous intensity for at least 1 h per day is recommended (GBD 2015 Mortality and Causes of Death Collaborators, 2016; Hallal et al., 2012; Strain et al., 2024). “When the youth is strong, China is strong, and when sports is strong, China is strong.” College students are the future of the country and the hope of the nation, but the physical and mental health crisis of college students caused by insufficient physical exercise or lack of physical exercise has become a global problem. Especially in college, regular physical exercise can help students relieve stress, enhance self-confidence and adaptability, and thus have a positive effect on academic performance (Zhang and Min, 2022). The improvement of students’ academic self-efficacy is particularly important. Academic self-efficacy is a learner’s judgment of his or her ability to successfully achieve academic goals (Elias and Macdonald, 2007).

Future orientation and psychological resilience, as important concepts in positive psychology, play key roles in this mechanism of influence (Deng et al., 2023). Future orientation is the direction in which an individual’s thoughts and behaviors point to the future, foreshadowing the individual’s goal setting, expectations for the future, and this series of thinking and planning processes (Xiao et al., 2022). Mental toughness is a psychological trait that has gradually gained attention after the emergence of positive psychology, which refers to an individual’s flexibility to cope with setbacks and adversity, from which he or she maintains or quickly recovers his or her normal psychological function (Zhao et al., 2024). However, there is a lack of systematic research on how physical exercise affects college students’ academic self-efficacy through the chain path of future orientation and psychological toughness. This study takes physical exercise as the logical starting point of the study, analyzes the mechanism of its influence on academic self-efficacy, examines the role of future orientation and mental toughness, explores the indirect influence mechanism of physical exercise on college students’ academic self-efficacy, and reveals the deeper path of the effect of physical exercise on the psychological and academic development of college students, with the aim of promoting the all-around growth and the improvement of the comprehensive quality of college students. The purpose of this study is to promote the comprehensive growth and quality improvement of college students.



2 Theoretical basis and hypothesis


2.1 The effect of physical exercise on college students’ academic self-efficacy

Physical exercise refers to physical activities completed with a certain intensity, frequency and duration with the aim of benefiting physical and mental health (Pan et al., 2021). It is an active, healthy lifestyle that incorporates natural forces to exercise the body. It promotes both the physical and mental health of an individual, and will also change an individual’s habits and behaviors (Wei, 2023). Academic self-efficacy is the specific use of self-efficacy in the field of learning, refers to the judgment of students on their ability to successfully complete the learning task, is an individual’s subjective judgment and subjective feelings about controlling their own learning behaviors and learning ability (Bandura, 1986; Honicke et al., 2019). A study found that academic self-efficacy is a materialization of self-efficacy theory in the field of learning, and that physical exercise and self-efficacy can promote each other, and have a strong predictive effect on each other (Li, 2022; Qin et al., 2024). Physical exercise has a significant positive effect on college students’ academic self-efficacy (Shen, 2020; Sheng et al., 2019). That is, the higher the frequency, intensity and duration of participation in physical exercise, the higher the level of academic self-efficacy of college students. This is because the positive physical and psychological changes brought about by physical exercise can enable college students to assess their abilities and potentials more optimistically in academic situations, and to believe that they can effectively complete their learning tasks and achieve good academic results. For example, college students who regularly participate in physical exercise may show higher academic self-efficacy due to the fact that they exercise their willpower and concentration during exercise, and they are also able to devote their energy more firmly and believe that they are able to cope when facing complex academic research or exam revision, thus showing higher academic self-efficacy. Based on the above analysis, this study proposes Hypothesis H1: Physical exercise positively predicts college students’ academic self-efficacy.



2.2 Mediating effect of future orientation

It can be hypothesized that future orientation plays a mediating role between physical exercise and academic self-efficacy by combing through previous studies. Future Orientation embodies an individual’s vision, planning and sensitive attitude toward the future, and its dimensions cover future cognition, which is the clear expectation of academic goals; future positive emotion, which is the emotional experience that may arise in the process of goal achievement; and future will-action tendency, which is the specific behavioral strategy adopted to achieve the goal (Liu et al., 2010). Future orientation is a crucial part of self-development, as a future-oriented psychological structure, it can not only give important power to guide the individual’s cognitive activities in the present, but also promote the individual’s behavior in the present toward the future goals and serve them (Wang, 2011). It has been found that physical exercise can enhance students’ visions of the future and help them form a more positive future orientation (Huang, 2017). High future orientation can directly and positively correlate with academic self-efficacy, a tendency to set specific long-term goals and maintain goal-oriented behavior by breaking down tasks and reviewing them regularly (Li et al., 2017). Those who are clear about their future orientation have higher self-efficacy and are more proactive in participating in research projects to accumulate experience, while students with a strong tendency to take action make daily study plans to ensure that their goals are gradually realized (Fang, 2020), and the better they perform academically (Pu et al., 2023). Therefore, physical exercise can enhance college students’ physical health and psychological health and make them pay more attention to their future orientation, thus setting higher academic goals and improving their academic self-efficacy. Based on the above analysis, this study proposes the hypothesis H2: Future orientation has a mediating role between physical exercise and college students’ academic self-efficacy.



2.3 Mediating effects of mental toughness

Positive psychologist Luthans (2008) defines psychological resilience as “the existence of an individual’s potential to be tapped for rapid recovery from adversity, failure, positive practice, and increasing responsibility.” Mental toughness also known as psychological elasticity, psychological resilience or resistance, which belongs to the individual in the face of stress, frustration and trauma with a kind of ability or trait, is extremely critical to the positive psychological qualities (Ruiz, and Pedro, 2012). In the college student population, mental toughness is specifically manifested in coping with test anxiety, getting rid of academic setbacks, and regulating emotional stress. Research in the field of sports has found that physical exercise can positively predict the mental toughness of college students (Liu, 2020), and some studies have shown that moderate-intensity physical exercise can effectively enhance the mental toughness of college students (Hu, 2019); the mental toughness of college students who participate in moderate and above physical exercise is significantly better than that of those who participate in small-volume exercise (Song et al., 2014). Individuals with higher levels of mental toughness not only can handle setbacks appropriately and maintain emotional stability during academic setbacks, but also take the initiative to explore opportunities and challenges for their own growth, tend to focus on their own goals, and cope with challenges with ease, and have confidence in their own abilities (Mcgeown et al., 2017). Mental toughness is also a positive predictor of academic self-efficacy (Chen et al., 2020). Previous studies have shown that students with higher levels of mental toughness have higher levels of academic self-efficacy, and the two are positively correlated (Jiang et al., 2022; Liao, 2016). In summary, the physical and psychological exercises and challenges brought by physical exercise help to cultivate college students’ mental toughness so that they can better cope with the pressure and setbacks they face in the academic field, thus making it more likely that they will make positive progress in academic achievement, and this positive academic experience will in turn feed back into their perceptions of their own academic abilities and improve their academic self-efficacy. Based on the above analysis, this study proposes the hypothesis H3: Mental toughness mediates the relationship between physical exercise and college students’ academic self-efficacy.



2.4 Chain-mediated effects of future orientation and mental toughness

According to previous research, future orientation positively predicts psychological resilience (Li et al., 2015), which is an individual’s tendency and preference for the future (Mai, 2023). Psychological resilience is a reflection of an individual’s effective response and good adaptation in life, and is closely related to socio-emotional competence. College students with a positive future orientation often have clear plans and optimistic expectations for the future, and tend to regard short-term setbacks as a necessary process to achieve long-term goals (Liu et al., 2023), so that individuals are more likely to take the initiative to seek a variety of resources and opportunities to achieve their future goals, and will inevitably encounter a variety of difficulties and setbacks in the process. However, it is because of the positive beliefs about the future that they will regard these difficulties as a necessary path to their goals, thus stimulating their own psychological resilience to better cope with stress and setbacks. Based on the above analysis, this study proposes Hypothesis H4: Future orientation and psychological toughness play a chain mediating role in physical exercise and college students’ academic self-efficacy.

Combined with the above analysis of existing literature, it was found that there is a significant correlation between physical exercise, academic self-efficacy, future orientation and mental toughness and both, therefore, this study hypothesized that there is a chain mediating effect of future orientation and mental toughness in physical exercise and academic self-efficacy. Hypothesis H5 is proposed: future orientation and mental toughness have a chain-mediated effect between physical exercise and college students’ academic self-efficacy.

As a result, the research hypothesis model was constructed as shown in Figure 1.


[image: Flowchart showing relationships between four elements: "Future orientation" and "Physical exercise" both lead to "Mental toughness." "Physical exercise" and "Mental toughness" both lead to "Academic self-efficacy."]

FIGURE 1
Hypothesized model diagram of physical exercise affecting academic self-efficacy.





3 Research objects and methods


3.1 Research object

The research object of this paper is the effect of physical exercise on college students’ academic self-efficacy and the mediating role of future orientation and mental toughness. Separate measurement time in the research process for procedural control, in order to reduce the subject’s guessing about the purpose of the measurement. In order to reduce the interference of common method bias, reduce the memory effect of the subjects, and avoid systematic bias due to memory association, the questionnaires in this study were distributed in two sessions with a 2-week interval. The survey was conducted in several colleges and universities in Dalian City in December 2024, and stratified random sampling was used to draw samples from undergraduate college students stratified by gender, grade and major to ensure the representativeness of the samples. A total of 649 questionnaires were recovered, of which 25 students were excluded due to incomplete test information, yielding 624 valid subjects and a questionnaire validity rate of 96.15%. The demographics of the participants are detailed in the Supplementary Table.



3.2 Research instruments


3.2.1 Physical Exercise Rating Scale (PARS-3)

The Physical exercise Rating Scale (PARS) revised by Liang Deqing et al. was used (Liang, 1994). It aims to assess the intensity, time, frequency and other indicators of the subjects’ participation in physical exercise in the past month. Each index was scored on a 5-point Likert scale (Likert scale). The subjects’ exercise was measured in terms of intensity, time, and frequency dimensions. Higher scores indicate a higher level of students’ participation in sports. The internal consistency Cronbach’s alpha coefficient of the scale in this study was 0.732, with good reliability and validity.



3.2.2 Academic Self-Efficacy Scale

The academic self-efficacy questionnaire developed by Liang (2004) was used, including 22 questions in 2 dimensions: academic ability efficacy and academic behavior efficacy. The questionnaire was rated on a 5-point Likert scale from 1 “not at all” to 5 “completely,” with higher scores indicating higher academic self-efficacy. Among them, 7, 11, and 12 questions are reverse scoring questions. The Cronbach’s alpha coefficient for this questionnaire in this study was 0.932.



3.2.3 Future orientation rating scale

The future orientation scale for adolescents compiled by Liu et al. (2011) et al. was used in this study. The scale contains 31 items and is mainly used to measure adolescents’ future orientation. The scale is rated on a 5-point scale, with 1 indicating complete non-conformity and 5 indicating complete conformity. The higher the score, the deeper the individual thinks about the future. The Cronbach’s alpha coefficient for this scale in this study was 0.928.



3.2.4 Mental toughness rating scale

The mental toughness scale developed by Connor and Davidson and revised by Yu et al. (2007) was used in this study. A 5-level scoring was used. The higher the score, the higher the level of mental toughness. This scale has demonstrated excellent reliability and validity in the domestic college student population (Chen et al., 2021). In this study, the Cronbach’s alpha coefficient of this scale was 0.968.




3.3 Statistical methods

This study used SPSS 29.0 statistical software for data analysis. First, test reliability was tested using Cronbach’s alpha test and Harman’s one-way test was used to test for common method bias after data collection. Second, after importing the data into SPSS, demographic analysis was performed using descriptive statistics. Pearson correlation coefficients were used to analyze the correlations between physical exercise, academic self-efficacy, and future orientation with mental toughness. The study was analyzed by performing multiple regression analysis using Model 6 in the PROCESS macro program and evaluating the significance level of the mediating effect using Bootstrap test. In this study, the standardized beta coefficient (β) indicates the magnitude of change in the dependent variable for every one standard deviation change in the independent variable; ΔR2 represents the proportion of the variance in the dependent variable explained by the model, and ΔR2 represents the additional contribution of the added variable to the explained variance.




4 Results and analysis


4.1 Common method bias test

Due to the influence of the measurement environment, questionnaire guidance and context, the questionnaire survey to obtain data may have common method bias problems (Zhou and Long, 2004). The Harman one-way test was conducted on the measurement data, and the unrotated principal component analysis of physical exercise, academic self-efficacy, future orientation and mental toughness was conducted using SPSS 29.0, and the results showed that there were a total of 10 factors with eigenroots greater than 1, and the first factor explanation rate was 39.115%, which was less than the critical value of 40%, which indicated that the data of the present study did not have the problem of common method bias. Although Harman’s tests indicated that the results were at an acceptable level, measures such as anonymous surveys and randomization of the order of questions were taken to reduce common method bias.



4.2 Statistics and correlation analysis of the current status of physical exercise, academic self-efficacy, future orientation, and mental toughness among college students


4.2.1 Demographics

Descriptive statistical analysis showed (Table 1) that there were 624 university students in the sample, of which 476 (76.3%) were male and 148 (23.7%) were female. This indicates that there are more male than female college students participating in the survey. In terms of grade distribution, freshmen had the most students with 276 students, accounting for 44.2%, sophomores had 197 students, accounting for 31.6%, juniors had 117 students, accounting for 18.8%, and seniors had 34 students, accounting for 5.4%. In terms of majors, there were 134 students in liberal arts, accounting for 21.5%, 369 students in science, accounting for 59.1%, and 121 students in arts and sports, accounting for 19.4%.


TABLE 1 Demographic characteristics of participants.

[image: Table showing student distribution by gender and grade. Under gender: 476 male students, 76.30%; 148 female students, 23.70%. Under grade: 276 first-year, 44.20%; 197 second-year, 31.60%; 117 third-year, 18.80%; 34 fourth-year, 5.40%.]



4.2.2 Independent samples t-test

Independent samples t-test was used to analyze (Table 2), the differences in physical exercise, academic self-efficacy, future orientation, and mental toughness among college students of different genders. The results showed that male students were better than female students in physical exercise, academic self-efficacy, future orientation and mental toughness, with male and female students showing significant differences in physical exercise.


TABLE 2 Comparison of differences in variables among students of different genders.

[image: Table comparing males and females on four factors: physical exercise, academic self-efficacy, future orientation, and mental toughness. For physical exercise, males (N=476) have a mean of 30.242, standard deviation (SD) 25.860, t-value 5.76, p < 0.01. Females (N=148) have a mean of 17.541, SD 22.618. For academic self-efficacy, males have a mean of 3.614, SD 0.666, t 1.568, p 0.118. Females have a mean of 3.526, SD 0.570. For future orientation, males have a mean of 3.388, SD 0.614, t 0.756, p 0.450. Females have a mean of 3.350, SD 0.509. For mental toughness, males have a mean of 3.751, SD 0.715, t 0.895, p 0.371. Females have a mean of 3.692, SD 0.666.]



4.2.3 ANOVA one-way analysis

ANOVA one-way analysis (Table 3) was used to analyze the differences in physical exercise, academic self-efficacy, future orientation, and mental toughness among college students of different grades. LSD multiple comparisons were used to see if there were significant differences in physical exercise among the grades, and the results showed (Table 4) that freshmen and the other three grades showed significant differences in physical exercise.


TABLE 3 Comparison of differences in various variables among students of different grades.

[image: Table presenting the mean and standard deviation (M ± SD) for four variables: physical exercise, academic self-efficacy, future orientation, and mental toughness, across grades one to four. Physical exercise shows significant variation, with an F-value of 4.717 and P < 0.05. The other variables have non-significant P-values: academic self-efficacy (0.336), future orientation (0.752), and mental toughness (0.586).]


TABLE 4 Differential analysis of physical exercise of students in different grades.

[image: Table showing interaction data between university students of different years. First-year students total 31.080, second-year 26.060, third-year 22.368, and fourth-year 19.471. Key figures include: fourth-year with first-year 11.609*, third-year with first-year 8.712*, and second-year with first-year 5.019*. Notable p-values are less than 0.05* and 0.01**.]



4.2.4 Pearson correlation analysis

Through Pearson correlation analysis of data on physical exercise, college students’ academic self-efficacy, future orientation and mental toughness (Table 5), it was found that there was a significant positive correlation between physical exercise and academic self-efficacy, future orientation and mental toughness, and there was also a significant positive correlation between future orientation and mental toughness and academic self-efficacy.


TABLE 5 Correlation analysis of physical exercise, academic self-efficacy, future orientation, and mental toughness.

[image: A correlation matrix table displays relationships among four variables: physical exercise, academic self-efficacy, future orientation, and mental toughness. Significant positive correlations are noted between academic self-efficacy and physical exercise (0.223), future orientation (0.605), mental toughness (0.670); physical exercise and future orientation (0.171), mental toughness (0.244); future orientation and mental toughness (0.716). Correlations are significant at p < 0.01.]




4.3 Tests of mediating effects

As shown in Table 6, the chained mediation effect was tested using model 6 in the SPSS PROCESS macro program developed by Hayes. The results showed that: in the future orientation (M1) model, the standardized regression coefficient of physical exercise on future orientation was β = 0.181 (p < 0.001), indicating that for every 1 standard deviation increase in physical exercise, future orientation increased by 0.181 standard deviations. Physical exercise was a significant positive predictor of mental toughness (β = 0.127, p < 0.001), with physical exercise and future orientation together explaining 52.8% of the variance in mental toughness (R2 = 0.528) in the mental toughness (M2) model, and the three variables explaining a total of 48.8% of the variance in the academic self-efficacy (Y) model (R2 = 0.488). Future orientation was a significant positive predictor of mental toughness (β = 0.695, p < 0.001) and academic self-efficacy (β = 0.255, p < 0.001), and mental toughness was a significant positive predictor of academic self-efficacy (β = 0.471, p < 0.001). Including future orientation and mental toughness together in the structural equation, physical exercise had a significant positive predictive effect on college students’ academic self-efficacy (β = 0.231, p < 0.001).


TABLE 6 Regression analysis of the relationship of variables in the model.

[image: Regression table detailing equations for result variables: future orientation, mental toughness, and academic self-efficacy. It includes variables like physical exercise, gender, and grade. Columns present overall fit indices (R, R², F) and significance of regression coefficients (β, t, p). Significance levels include \( p < 0.05 \), \( p < 0.01 \), and \( p < 0.001 \).]


4.3.1 Bootstrap mediation effect analysis results

This study focuses on the influence of physical exercise on college students’ academic self-efficacy, and the chain mediation model of physical exercise and academic self-efficacy was constructed and validated by introducing the two variables of future orientation and mental toughness. The results of the study show (Table 7) that the total effect value of physical exercise on academic self-efficacy is 0.0058, the direct effect value is 0.0017, the total indirect effect value is 0.0041, and the mediating effects of future orientation, mental toughness and the interaction between the two have reached the statistical significance level. The results showed that the chain mediation model of the research hypothesis was established and all four hypotheses were tested.


TABLE 7 Results of bootstrap mediated effects analysis.

[image: A table showing effects and their values. Columns are: Effect, Impact Pathway, Effect Value, BOOT SE, LLCL, ULCL, ΔR², and Proportion. The Total Effect has a value of 0.0058 and a proportion of 100%. Direct Effect shows a value of 0.0017 and proportion 29.31%. Total Indirect Effect is 0.0041 with 70.69%. Indirect Effects Ind1, Ind2, and Ind3 have values of 0.0012, 0.0015, 0.0015 and proportions of 20.69%, 25.86%, 25.86%, respectively. Each effect includes specific confidence intervals and standard errors.]

From the model, it can be seen that physical exercise predicts academic self-efficacy and that future orientation and mental toughness play an indirect mediating effect (three paths in total), with a total indirect effect value of 0.0041 and Bootstrap 95% confidence interval not containing 0 (LLCL = 0.0027, ULCL = 0.0056), which accounts for 70.69% of the total effect. The first mediating effect path: physical exercise → future orientation → academic self-efficacy (Path 1), with an indirect effect value of 0.0012, accounting for 20.69% of the total effect; the second path: physical exercise → mental toughness → academic self-efficacy (Path 2), with an indirect effect value of 0.0015, accounting for 25.86% of the total effect; and the third chain mediating effect path: Physical exercise → Future Orientation → Mental Toughness → Academic Self-Efficacy (Path 3), with an indirect effect value of 0.0015, accounting for 25.86% of the total effect, suggesting that the research hypothesis H4 is valid.

Based on the above findings, the chain mediation model is shown in Figure 2.


[image: Flowchart illustrating relationships between four variables. Future orientation influences mental toughness with a coefficient of 0.695. Physical exercise impacts future orientation (0.181), mental toughness (0.127), and academic self-efficacy directly (0.231). Mental toughness affects academic self-efficacy with coefficients of 0.255 and 0.471.]

FIGURE 2
Pathways of physical exercise’s effect on academic self-efficacy. *** Indicates a significant difference.






5 Discussion

The present study explored the chain-mediated role of future orientation and mental toughness of physical exercise in the process of influencing college students’ academic self-efficacy, which is a positive exploration of physical exercise to enhance college students’ academic self-efficacy. From a theoretical perspective, this study not only enriches the influence mechanism of academic self-efficacy, especially analyzes the roles of future orientation and mental toughness, but also deepens the role of physical exercise in promoting college students’ mental health and academic performance; from a practical perspective, the study provides a concrete path for college students to carry out physical exercise, strengthen the cultivation of future orientation, improve mental toughness, and thus enhance academic self-efficacy; from a practical perspective, the study provides a concrete path for college students to carry out physical exercise, strengthen the cultivation of future orientation, improve mental toughness, and thus enhance academic self-efficacy. From a practical point of view, the study provides specific paths and theoretical support for college students to carry out physical exercise, strengthen the cultivation of future orientation, improve mental toughness, and thus enhance academic self-efficacy, which has strong practical guidance significance.


5.1 Physical exercise has a significant positive effect on college students’ academic self-efficacy

The results of the study show that physical exercise is correlated with academic self-efficacy, and physical exercise can significantly and positively predict academic self-efficacy, which is basically consistent with the results of existing studies (Guo and Wei, 2020). The direct effect of physical exercise on academic self-efficacy was significant (β = 0.231, p < 0.001), indicating that for every 1 standard deviation increase in physical exercise, academic self-efficacy increased by 0.231 standard deviations. The direct path independently explained 5.5% of the variance in academic self-efficacy (ΔR2 = 0.055), suggesting that physical exercise itself is an important driver of academic confidence. Male students demonstrated higher levels of physical exercise, but did not show a significant increase in academic self-efficacy. This may be due to biological differences between male and female students, with traditional gender role expectations tending to encourage males to demonstrate competitiveness through physical exercise, while female students may maintain academic levels through non-physical behaviors. Male students may view exercise as a stress release route rather than a means to directly promote academic confidence, while female students are more focused on balancing exercise with academic goals. This situation may result in male students being more actively engaged in physical exercise, but both genders are driven by similar educational goals in their academic self-perceptions, thus weakening the difference in perceived efficacy. The process of physical exercise requires students to focus (Kennelly and Toohey, 2014), overcome difficulties, and acquire specific skills and strategies. College students can enhance their self-efficacy through physical exercise (Chen, 2023), which enables them to demonstrate greater executive ability, a more optimistic mindset, and greater perseverance in the academic process (Qin, 2023). Therefore, we can visualize the effect of participating in physical exercise on college students’ academic self-efficacy.



5.2 The mediating effect of future orientation between physical exercise and college students’ academic self-efficacy

In this study, future orientation was found to be a mediating variable between physical exercise and academic self-efficacy, and H2 was verified. In the mediating path of future orientation, physical exercise indirectly enhanced academic self-efficacy (β = 0.255) by enhancing future orientation (β = 0.181), contributing 20.69% of the total effect. This pathway independently explained 1.5% of the variance in academic self-efficacy (ΔR2 = 0.015), suggesting that future orientation plays a unique role in goal setting and planning, but its explanatory power was lower than the direct effect (ΔR2 = 0.055). In terms of the separate mediating role of future orientation, physical exercise can bring positive effects to all levels of the body, making individuals more relaxed in soothing adverse emotions such as anxiety and depression. Acquiring a more positive future orientation (Kahana et al., 2005; Sun et al., 2024). The stronger the academic self-efficacy of college students, the higher the level of their educational expectations and planning (Wang, 2020), and the more confident they are in their learning abilities and behaviors, the more they will think about and explore their future education, which is in line with the results of previous studies. This result is consistent with previous studies. Future orientation helps college students to develop healthier and better living habits, and has a positive value in the acquisition of academic self-efficacy and the development of life plans (Zhang, 2022). Therefore, the higher the level of future orientation, the higher the academic self-efficacy of college students.



5.3 The mediating effect of mental toughness between physical exercise and college students’ academic self-efficacy

Physical exercise can positively predict mental toughness, and there is a significant mediating effect of mental toughness in physical exercise and academic self-efficacy, which is basically consistent with the existing studies (Kong, 2018; Wang and Bu, 2023; Zhou and Zhou, 2022). In the mediating path of mental toughness, physical exercise indirectly enhanced academic self-efficacy (β = 0.471) by increasing mental toughness (β = 0.127), contributing 25.86% of the total effect. This pathway independently explained 2.2% of the variance (ΔR2 = 0.022), highlighting the central value of mental toughness in coping with academic stress, with higher explanatory power than future orientation (ΔR2 = 0.015). During physical exercise, college students are exposed to stress related to learning motor skills, challenges originating from competitors, and resulting frustration. These conditions may adversely affect the psychological health of college students in a short period of time, but when they successfully overcome these problems by their own efforts or with the assistance of peers and teachers, they will be able to build a more resilient psychological state and improve their problem-solving ability, so that they can effectively cope with and adapt to stressful situations in their lives, and maintain an optimistic and positive attitude toward their lives and emotional state. Whether in the midst of adversity or under less stressful situations, mental toughness allows individuals to remain optimistic and energetic in their lives, and ensures and enhances their sense of wellbeing. Strengthening the mental toughness of college students can effectively improve their academic self-efficacy (Li, 2023). In conclusion, physical exercise can improve the mental toughness of college students, and mental toughness significantly affects the formation and development of college students’ academic self-efficacy, and mental toughness plays a mediating effect in this process.



5.4 Chain mediating effects of future orientation and mental toughness in physical exercise and college students’ academic self-efficacy

In exploring the relationship between physical exercise on academic self-efficacy, this study found that future orientation and mental toughness could constitute a significant chain-mediated effect. The chain mediation model showed that future orientation and mental toughness together explained 70.69% of the total effect (indirect effect value = 0.0041), with future orientation alone contributing 20.69% (β = 0.181 →β = 0.255, ΔR2 = 0.015) and mental toughness contributing 25.86% (β = 0.127 →β = 0.471, ΔR2 = 0.022), while the chained path of both further contributed 25.86% (β = 0.181 →β = 0.695 →β = 0.471, ΔR2 = 0.031). This suggests that physical exercise not only directly enhances academic self-efficacy through enhancing future orientation (ΔR2 = 0.031 → 0.488), but also indirectly strengthens this process through the development of mental toughness, highlighting the synergistic role of multidimensional psychological mechanisms in academic development. Validating existing research, future orientation positively predicts mental toughness. College students with high future orientation have higher expectations for the future, stronger motivation and intention, and are able to choose learning styles that are more suitable for them, enhance their interest in learning, gain more positive academic emotions during the learning process, deploy their limited cognitive resources into learning, promote the formation of their own learning perseverance, enhance their psychological toughness, and continue to increase the amount of investment in learning (Wang et al., 2022). The chain mediator proposed in this study is an integration of research on the relationship between future orientation and mental toughness and academic self-efficacy, which is conducive to a more comprehensive understanding of the internal mechanism of the impact of physical exercise on college students’ academic self-efficacy, and is of great significance in promoting the reform of school sports.




6 Conclusion

First, physical exercise, future orientation, mental toughness and academic self-efficacy are significantly correlated. Second, physical exercise can significantly and positively predict college students’ academic self-efficacy, which is an important intervening variable affecting college students’ academic development. Third, future orientation and mental toughness not only have a simple intermediary role in the process of physical exercise affecting college students’ academic self-efficacy, but also can affect college students’ academic self-efficacy through the chain of future orientation and mental toughness, and this kind of indirect intermediary effect has an important impact on the development of college students’ academic self-efficacy.


6.1 Research limitations and future directions

This study investigates the inner mechanism of the role of physical exercise and academic self-efficacy to provide some theoretical basis for related research on improving college students’ academic level. Although the data and model fit well, there are still some shortcomings: (1) This study adopts a cross-sectional design, which is not deep enough to argue the causal relationship of the variables, and in the future, a longitudinal tracking design can be adopted to further explore the relationship between the variables. (2) This study is only based on the model of chain mediation to illustrate the relationship among the four, and other alternative models can be further considered in the future to explore the relationship between these factors and learning input. (3) This study selected college students in Liaoning Dalian universities as the research sample, and did not involve college students from other regions and other groups. Future research should further expand the scope of the study and select a wider range of research subjects to test the applicability of the findings. (4) The survey object of this study is only for undergraduates in colleges and universities, while whether secondary school students and primary school students are equally suitable for this research model, and whether the pathway mechanism of exercising to improve academics is the same as that of college students can be further explored in future studies.
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Background: Physical exercise is a widely recognized and practical approach to postnatal rehabilitation. In recent years, its delivery through mobile applications has become increasingly prevalent due to their accessibility and affordability. These mobile applications are crucial in supporting postpartum women in restoring physical and mental well-being and promoting sustainable health behaviors. The intention to use such mobile applications is a key determinant of user behavior and offers valuable guidance for designing and improving digital health services. Despite this, current research has largely overlooked the intention to use postpartum exercise rehabilitation mobile applications from the user experience perspective. This gap has contributed to a limited understanding of the specific needs of postpartum women, which are frequently underestimated or disregarded in the design process.
Objective: This study aims to identify the key factors influencing postpartum women’s use of postpartum exercise rehabilitation mobile applications and to develop corresponding evaluation scales and behavioral models related to their intention to use. The ultimate goal is to promote the health and well-being of postpartum women while offering a theoretical foundation for future research and design practices in relevant domains.
Methods: A mixed-methods approach was employed, integrating qualitative and quantitative research techniques. Initially, user interviews, open-ended questionnaires, and a review of existing literature were conducted to identify the factors that postpartum women consider most important when evaluating postpartum exercise rehabilitation mobile applications. These factors were then synthesized to develop an evaluation scale measuring users’ intention to use. Subsequently, exploratory factor analysis and linear regression analysis were applied to identify the key influencing factors, examine their relationships with intention to use, and construct a behavioral model reflecting the determinants of user intention.
Results: 300 valid questionnaires were collected and used for factor analysis and linear regression analysis. The study identified five key factors. The standardized path coefficients between these factors and the intention to use were 0.254, 0.205, 0.198, 0.015, and 0.142, respectively. All factors, except factor 4 (p = 0.77), demonstrated statistically significant relationships with intention to use (p < 0.05). These findings indicate that exercise safety assurance, physical activity tracking, emotional social support, and health benefits significantly influence users’ intention to use postpartum exercise rehabilitation mobile applications. In contrast, dialogue support does not have a direct effect.
Conclusion: Postpartum women using exercise rehabilitation mobile applications prioritized the practical features of these tools, particularly the safety and efficacy of the exercise regimens and the emotional and social support provided. These findings highlight the importance of aligning functional benefits with users’ health objectives.
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1 Introduction

The postpartum period encompasses the puerperal phase, typically lasting 4–6 weeks following childbirth, and the subsequent recovery period extends from 6 months to 1 year. During this time, a woman’s physiological functions and hormone levels gradually return to a non-pregnant state. This phase represents a critical period of transformation in a woman’s life, marked by significant emotional vulnerability and profound changes across physiological, psychological, and social dimensions, creating a strong need for comprehensive recovery (Brites-Lagos et al., 2023). Throughout this period, women face a variety of postnatal conditions, including postpartum weight retention, pelvic floor dysfunction, rectal displacement, musculoskeletal pain, and postpartum depression (Tseng et al., 2015; Gebregziabher et al., 2020; de Castro et al., 2022), all of which can substantially affect their quality of life (Norhayati et al., 2015). As a result, postpartum rehabilitation has become a key area of maternal care and research (Skoura et al., 2024), aimed at preserving postpartum women’s physical and mental well-being. Physical exercise, as a cost-effective and straightforward approach to postpartum rehabilitation, has been shown to alleviate several postpartum conditions, significantly improve physical fitness (Tinius et al., 2022), and promote the development of healthy lifestyles (Lee et al., 2021). This makes it an essential component in safeguarding the health and well-being of women during the postpartum period (Bane, 2015). Recent research in physiology, psychology, and public health has demonstrated that exercise supports postpartum recovery by improving cardiovascular function (Mottola, 2002), strengthening pelvic floor muscles (Artymuk and Khapacheva, 2022), and promoting musculoskeletal health (Vladutiu et al., 2015). It also helps alleviate psychological and endocrine conditions such as postpartum depression, insomnia, stress, and role adjustment difficulties (Yang and Chen, 2018). Governments and organizations worldwide have increasingly recognized exercise as an essential recovery tool for women in the postpartum phase (Mottola et al., 2018; Birsner and Gyamfi-Bannerman, 2020; Campos et al., 2021; Brown et al., 2022). In conclusion, postpartum exercise rehabilitation not only serves as an effective means of improving physical health and preventing or treating various dysfunctions, but it also contributes to mental well-being by alleviating anxiety and depression, thereby helping women regain self-confidence and restore both their physical and psychological health.

In recent years, digital health has emerged as an innovative approach that leverages digital information and communication technologies to enhance health outcomes, improve healthcare services, and promote disease prevention. It has made significant contributions to public health development and the self-management of individual health, playing a crucial role in improving population health, enhancing healthcare efficiency and precision, and fostering the personalization of services (Hu et al., 2017; Brewer et al., 2020). mHealth, a key component of digital health, delivers reliable health information and interventions through low-cost, easily accessible methods, effectively promoting public health, particularly in underserved areas such as rural regions (Griffin et al., 2020). This is especially pertinent given the widespread adoption of smartphones and the large-scale deployment of 5G technology. mHealth offers a promising solution for managing, assessing, and supporting postpartum exercise rehabilitation. Research has demonstrated that mobile applications have become a primary tool for pregnant women to access health information and make health decisions (Brown et al., 2020). Among these, fitness and exercise apps are the most frequently used and downloaded health-related mobile applications, with evidence showing their positive influence on physical activity behaviors (Radzi et al., 2020). As a specialized subset, postpartum exercise rehabilitation mobile applications are designed to address the unique physiological and psychological needs of women during the postnatal period. These mobile applications provide flexible, low-cost exercise interventions that are not limited by time or environment, thereby supporting postpartum women in re-establishing a connection with their bodies (McGannon and McMahon, 2022), alleviating psychological stress (Lesser et al., 2023), and achieving various physical health benefits (DiPietro et al., 2019). Given their accessibility and targeted functionality, such mobile applications hold considerable potential for advancing women’s self-empowerment (Wolinsky, 1980), safeguarding postpartum mental health and well-being (Tinius et al., 2022), and improving health outcomes among women in low-income and resource-constrained settings (Tinius et al., 2021; Turner et al., 2023).

However, existing research on mobile applications for postpartum exercise rehabilitation presents several limitations. First, current mobile applications in the physical activity category and related studies often fail to address the specific characteristics of the postpartum population. In particular, there is a lack of mobile applications explicitly designed for postpartum exercise rehabilitation (Yu et al., 2022), which results in the needs of postpartum women being frequently underestimated or overlooked, despite the significant physical and psychological challenges they face during this period (Edie et al., 2021). Second, while existing research on postpartum exercise rehabilitation mobile applications tends to focus on the alleviation of various postpartum conditions (Radzi et al., 2020), the enhancement of women’s motivation to exercise (Tinius et al., 2022), and the functionality of the mobile applications (Tinius et al., 2021), it largely neglects the examination of postpartum women’s intention to use these mobile applications from the perspective of user experience. The intention to use, which refers to a user’s willingness or likelihood to engage with a technology or system in the future, is a crucial predictor of actual usage and reflects the user’s needs and interests in postpartum exercise rehabilitation (Davis, 1989). Additionally, although postpartum rehabilitation mobile applications can offer comprehensive health information and inclusivity, a lack of user-centered design may render these mobile applications ineffective in meeting the needs of the target population (Torous et al., 2018). While some studies have addressed user experience in the context of postpartum exercise rehabilitation, most of these investigations rely on established theories, scales, or literature-based identification of relevant factors. For instance, Rachel et al. employed the Mobile application Rating Scale (MARS) to evaluate postpartum women’s satisfaction with the BumptUp® mobile application (Tinius et al., 2022), and applied the Health Belief Model to examine the barriers to and determinants of maternal physical activity in rural areas (Tinius et al., 2021). Although existing theoretical models have been extensively validated in the broader fields of health behavior and technology adoption, they have not been systematically applied to the specific context of postpartum exercise rehabilitation. Measurement scales derived from these models often lack sensitivity to the postnatal period’s unique physiological and psychological characteristics, rendering them only partially effective in assessing the intention to use mobile applications for postpartum exercise. As a result, such scales tend to be limited in scope and may introduce limitations into the evaluation process. Table 1 provides an overview of detailed studies on user experience in this context.



TABLE 1 Research on user experience related to postpartum exercise rehabilitation mobile application.
[image: Table listing research elements alongside corresponding sources. Elements include motivational material, technological affordances, self-efficacy, social support, and effectiveness. Sources are various authors from 2015 to 2024.]

Therefore, this study draws on the established methodologies of Wang et al. (2022); Wang et al. (2023) and Xing and Jiang (2024), integrating qualitative research approaches, including user interviews, open-ended questionnaires, and literature review, with quantitative techniques such as factor analysis and linear regression. The study will systematically investigate the primary factors influencing postpartum women’s use of postpartum exercise rehabilitation mobile applications and the relationships between these factors and users’ intention to use. Based on these insights, the study aims to develop a targeted evaluation scale and a behavioral model of intention to use. This research holds significant theoretical and practical value by addressing gaps in existing theoretical frameworks, offering a clearer understanding of user behavior, and providing valuable insights to inform the design and optimization of postpartum exercise rehabilitation mobile applications.



2 Materials and methods


2.1 Research design

Building upon the previous discussion, this study will be conducted in four main parts, with the overall flow of the research depicted in Figure 1.

[image: Flowchart depicting a four-part process. Part 1: Construction of the Evaluation Scale, involving user research and item summary, leading to the Intention to Use Evaluation Scale. Part 2: Establishment of Influencing Factors, with questionnaire distribution and factor analysis, resulting in a discussion on factor naming. Part 3: Construction of the Behavioral Model, introducing the Intention to Use Scale, followed by linear regression analysis and model construction. Part 4: Discussion of Results, encompassing model results discussion, design and management recommendations, and conclusion.]

FIGURE 1
 Research process.


The first part involves the construction of the evaluation scale. In this stage, the study will begin by collecting postpartum women’s assessments of postpartum exercise rehabilitation mobile applications through a literature review and user interviews. Industry experts will then summarize and review these assessments to finalize the evaluation scale for measuring the intention to use postpartum exercise rehabilitation mobile applications.

The second part focuses on identifying influencing factors. The evaluation scale developed in the previous section will be distributed as a questionnaire in this phase. Reliability analysis, exploratory factor analysis, and confirmatory factor analysis will be employed to identify the key factors influencing the intention to use postpartum exercise rehabilitation mobile applications. Subsequently, the factors will be named based on a thorough literature review concerning the specific items within each factor and the characteristics of postpartum exercise rehabilitation mobile applications, further clarifying the dimensions influencing users’ intention to use.

The third part involves constructing a behavioral model. At this stage, the study will investigate the relationship between the influencing factors identified in the second part and users’ intention to use the mobile application. First, this study will introduce a well-established “Intention to Use” evaluation scale during the questionnaire distribution phase in the second part of the research. It will be distributed alongside the evaluation scale developed in the first part to gather user feedback. Subsequently, exploratory and confirmatory factors will be conducted to ensure that the “Intention to Use” factor has good discriminant validity from the influencing factors established in previous research and that the observed variables within each factor demonstrate strong convergent validity. Following validation, linear regression analysis will be employed to examine the relationship between the influencing factors and intention to use, leading to the construction of a behavioral model of postpartum exercise rehabilitation mobile application usage intention based on the findings.

The fourth part focuses on discussing the results. At this stage, the study will analyze and discuss the relationships between the influencing factors and the intention to use, as identified by the model developed in the third part. Based on this analysis, the study will offer design strategies and management recommendations for designing and optimizing postpartum exercise rehabilitation mobile applications.



2.2 Participants

This study was primarily conducted within China, and its representativeness and research value can be justified from several perspectives.

First, China has a substantial population of postpartum women. According to the 2024 World Population Prospects report from the Population Division of the United Nations Department of Economic and Social Affairs, China is projected to have approximately 8.89 million newborns in 2023, ranking second globally (United Nations, 2024). This large cohort provides a robust sample for this study.

Second, China exhibits high Internet penetration and widespread acceptance of health-related mobile applications. By the end of 2024, the number of mobile Internet users had reached 1.17 billion, with a penetration rate exceeding 80%, encompassing nearly all women of childbearing age (Intelligence, 2024). Additionally, surveys indicate that 61% of Chinese citizens have recently used or are currently using mobile health applications, ranking among the highest globally (Statista, 2024). These figures suggest that the adoption and acceptance of postpartum mobile applications among Chinese women are likely equal to or greater than the global average. Therefore, conducting this study in China ensures access to a large and representative sample and enhances the study’s practical relevance and potential generalizability.

Third, the primary approaches to postpartum exercise rehabilitation in China align closely with those recommended by international authorities and widely adopted in developed countries (Health and Excellence, 2006; China, 2017; Syed et al., 2021; Zhu et al., 2022; Zhang et al., 2023). Although certain families in China continue to adhere to traditional cultural beliefs that discourage postpartum women from engaging in physical activity and encourage extended periods of rest (Pillsbury, 1978), the growing dissemination of modern medical knowledge and improvements in living standards have contributed to an increasing number of Chinese women embracing structured exercise to support their recovery (Zhu et al., 2022; Zhang et al., 2023). This trend indicates that the physiological and psychological recovery needs of postpartum women possess a degree of cross-cultural commonality, highlighting the potential universality of evidence-based postpartum rehabilitation practices.

In conclusion, this study highlights that investigating the intention to use postpartum exercise rehabilitation mobile applications in China offers significant advantages regarding universality and sample size. Such research can potentially contribute to optimizing and adopting such mobile applications.

In the user study phase, this research initially conducted in-depth interviews with 71 postpartum women who had participated in postpartum exercise to gather evaluations of the postpartum exercise rehabilitation mobile application. Of the respondents, 44 had used such mobile applications, while 27 had only received postpartum exercise rehabilitation training. This sample size meets the criteria for user interviews (Zhao et al., 2021; Wen et al., 2023). Subsequently, five postgraduate students, who had no vested interest in the study, and two university professors specializing in relevant fields, were invited to review and evaluate the results of the user interviews. Following this initial evaluation, 313 questionnaires were collected through the online platform “Credamo.” After a thorough review to eliminate invalid responses, such as those with unusually short response times, duplicate answers, or missing data, 300 valid questionnaires were retained, yielding a validity rate of 95.85%. This sample size is sufficient for factor analysis (Comrey and Lee, 1992; Price, 1993; Dai et al., 2020; Hair et al., 2021). All respondents were women who had either used the postpartum exercise rehabilitation mobile application or received structured postpartum exercise rehabilitation training. The demographic details of the respondents are presented in Table 2.



TABLE 2 Respondent information from the questionnaire survey.
[image: A table displaying demographic data with three categories: Age group, Educational background, and Occupation. In Age group, most respondents are aged thirty-one to forty, representing 52.67%. For Educational background, the majority hold a Bachelor's degree at 56%. In Occupation, 67.33% work in private enterprises. The total number of respondents is 300.]



2.3 Construction of the evaluation scale

The process of constructing the evaluation scale for the intention to use the postpartum exercise rehabilitation mobile application is illustrated in Figure 2. This study draws on the established methodologies of Wang et al. (2022); Wang et al. (2023); Wang et al. (2025), which has been widely applied in various studies focused on user behavior research (Chen et al., 2024; Xing and Jiang, 2024). When the evaluation scales constructed using this method were distributed as questionnaires, the returned data exhibited high reliability and validity, yielding promising results in subsequent data analysis.

[image: Flowchart depicting the process of constructing an evaluation scale. It starts with "Collection of Usage Evaluation," branching into "User Interview" and "Literature Review," leading to "Summarization of Evaluation Items." This is reviewed by "Expert Review," resulting in either "Disagree" or "Agree." If agreed, it proceeds to "Construction of Evaluation Scale."]

FIGURE 2
 Construction process of the evaluation scale.


During the user research phase, this study utilized structured interviews to gather postpartum women’s evaluations of postpartum exercise rehabilitation mobile applications. The core interview questions were: “What advantages do you believe a postpartum exercise rehabilitation mobile application offers that would make you want to use it?” “What disadvantages do you perceive that would make you reluctant to use such an mobile application?” and “What features or elements should a postpartum exercise rehabilitation mobile application include to encourage your usage?” All participants were fully briefed on the study’s content and purpose before the interview, and their consent was obtained before proceeding. Participants were informed that they could terminate the interview at any time. For participants who had received postpartum exercise rehabilitation training but had not used relevant mobile applications, the study introduced “Kegel Exercise,” a widely used and highly rated mobile application in China, explicitly designed for postpartum women. Participants were familiarized with its functions through guided trial use. Once they had acquired sufficient familiarity with the mobile application, they continued to respond to the interview questions based on their rehabilitation experience and impressions of the mobile application. Ultimately, 427 original evaluations were obtained during the user study phase. To minimize potential bias and skewed data arising from a single source of evaluation, this study also supplemented the user data by collating relevant evaluations of postpartum exercise rehabilitation mobile applications from existing literature. In total, 486 evaluations were collected in the user study phase.

Next, the study consolidated evaluation items derived from the user research phase. Five graduate students with no vested interest in the research were invited to merge evaluation items with similar or identical content to ensure objectivity and reduce potential bias. Following this initial consolidation, two university professors with expertise in postpartum exercise rehabilitation were invited to review the results. In cases where discrepancies arose, the graduate students revised the items until both professors reached complete agreement. The consolidation process yielded 38 items. All negatively worded statements were rephrased into positive formulations to ensure consistency in phrasing. Moreover, to enhance data validity, items with a post-merging frequency of fewer than three responses were excluded from further analysis (Wang et al., 2023). As a result, 28 items were retained for developing the evaluation scale assessing the intention to use postpartum exercise rehabilitation mobile applications. These items are listed in Table 3.



TABLE 3 Summary of evaluation items for user research.
[image: A table lists items related to exercise rehabilitation, detailing descriptions, frequencies, and sources. Frequencies vary from eight to fifty-eight, with sources comprising literature reviews and user surveys. Key items include exercise plan customization, expert supervision, and community features.]

To further investigate the intrinsic relationships between various influencing factors and users’ intention to use in subsequent studies, this research selected a well-established “Intention to Use” evaluation scale to gather postpartum women’s feedback on their use of postpartum exercise rehabilitation mobile applications. The chosen scale has demonstrated strong validity in measuring user intention and behavioral attitudes and has been widely cited in numerous studies. The specific content of the questionnaire is presented in Table 4. In adapting this evaluation scale for the study, the wording was modified to fit the context, replacing the research subject with postpartum exercise rehabilitation mobile applications to ensure relevance. The final evaluation scale was created by merging the summarized evaluation scale with the existing “Intention to Use” scale. This final scale will be published online as a seven-point Likert scale to gather user feedback. Before participants could provide input, a participant informed consent form was included at the beginning of the questionnaire. Respondents were required to read the form thoroughly and select the “Agree” option to proceed with the survey. Additionally, a screening question, “Have you used a postpartum exercise rehabilitation mobile application or undergone postpartum exercise rehabilitation training?” was incorporated to ensure that only respondents with relevant experience participated, enhancing the responses’ authenticity and validity.



TABLE 4 Evaluation scale for intention to use.
[image: Table with three columns: Latent variable, Observed variable, and Literature source. Under Latent variable, "Intention to Use, ITU" is listed. The Observed variable includes three statements expressing usage and recommendation intentions for a postpartum exercise rehabilitation mobile application. The Literature source cites "Huang and Qian (2021)" for all statements.]



2.4 Data analysis

In this study, an exploratory factor analysis was performed on the data from 300 respondents using SPSS 26.0 software, identifying five key factors. These factors included: exercise safety assurance (comprising items Q1, Q2, Q18, Q19, Q24), physical activity tracking (comprising items Q6, Q8, Q23, Q25, Q26), emotional social support (comprising items Q10, Q20, Q21, Q28), dialogue support (comprising items Q14, Q16, Q22), and health benefits (comprising items Q5, Q11, Q27). The Cronbach’s α values for each factor were above 0.7, indicating strong internal consistency and good reliability [68]. Subsequently, a confirmatory factor analysis was conducted using Amos 26.0 software, which confirmed that the factors exhibited satisfactory convergent and discriminant validity. This suggests that the user experience dimensions identified in this study are robust and coherent.

Building on these results, linear regression analysis was performed to examine the relationships between the identified factors and users’ intention to use the postpartum exercise rehabilitation mobile application. The analysis revealed that, except for dialogue support, all other factors directly impacted users’ intention to use the mobile application.




3 Results


3.1 Factor analysis results


3.1.1 Exploratory factor analysis

In this study, the user evaluation data presented in Table 3 were first subjected to exploratory factor analysis to identify the key elements influencing postpartum women’s intention to use the postpartum exercise rehabilitation mobile application. Upon importing the data into SPSS 26.0 software, six factors with eigenvalues greater than 1 were initially identified, as shown in Table 5. However, the analysis revealed some issues with factor entanglement, where the factor loading coefficients of certain items exceeded 0.4 across multiple factors. This indicated that these items did not exclusively correspond to a single underlying construct but were influenced by various constructs, undermining the distinctiveness between the factors. As a result, the factors failed to meet the criterion of one dimension corresponding to a set of questions, essential for ensuring valid and meaningful factor structures. This suggested that the initial exploratory factor analysis results were invalid. To address this issue, the study adopted a refinement approach based on the methodologies of Joshi et al. (2022), Wei et al. (2020), and Wang et al. (2022); Wang et al. (2023). Specifically, items exhibiting factor entanglement were sequentially deleted, and exploratory factor analyses were conducted after each deletion. This process continued until each observed variable was associated with a single factor, with a factor loading coefficient greater than 0.4. This iterative procedure was crucial for ensuring that the factor structure exhibited both high purity and discriminant validity. Other researchers have widely utilized and validated the approach, demonstrating its scientific rigor and credibility.



TABLE 5 Results of the first exploratory factor analysis.
[image: A table displaying factor loading coefficients for items Q1 to Q28, across six factors with corresponding communality values. Eigenvalues and variance explained are provided before and after rotation. The KMO measure is 0.931, and Bartlett’s test of sphericity is significant with p = 0.000.]

The results of the exploratory factor analysis were refined after the sequential deletion of items Q3, Q4, Q7, Q9, Q12, Q13, Q15, and Q17. Ultimately, five factors with eigenvalues greater than 1 were identified, with all factor loadings and communalities exceeding 0.4 for each item within the factors. Additionally, Bartlett’s test of sphericity yielded a p-value of 0.000 (<0.05), and the Kaiser-Meyer-Olkin (KMO) measure was 0.918 (>0.6), indicating that there were significant differences among the observed variables within each factor and strong correlations between them. These results demonstrate that the exploratory factor analysis was successful and met the requirements for factor validity (Kaiser, 1958). The final results are presented in Table 6. Subsequently, a reliability analysis was conducted, revealing that the Cronbach’s alpha for each factor exceeded 0.7, signifying good internal consistency and reliability of the data used in this study (Eisinga et al., 2013). This further supported the adequacy of the data for subsequent confirmatory factor analysis.



TABLE 6 Results of exploratory factor analysis.
[image: Table displaying factor loading coefficients for five factors across multiple items labeled Q1 to Q28, along with communalities. It includes eigenvalues and variance explained before and after rotation, and Cronbach's alpha values for each factor after rotation. The Kaiser-Meyer-Olkin measure is 0.918, and Bartlett's test shows a p-value of 0.000.]



3.1.2 Confirmatory factor analysis

A confirmatory factor analysis was conducted to further assess the internal consistency of the observed variables within each factor and the discriminant validity among factors. The results in Table 7 indicate that the standardized factor loadings for all observed variables exceeded 0.5, the average variance extracted (AVE) values for all factors were above 0.36, and the composite reliability (CR) values were greater than 0.6. These findings suggest a strong correspondence between each factor and its associated items and satisfactory convergent validity across the scale (Shevlin and Miles, 1998; Muilenburg and Berge, 2005). In addition, the square root of the AVE for each factor exceeded the correlation coefficients between that factor and all other factors, as shown in Table 8. This demonstrates that each factor is empirically distinct, thereby confirming the discriminant validity of the measurement model. These results indicate that the intention-to-use evaluation scale developed in this study meets established criteria for reliability, convergent validity, and discriminant validity, supporting its applicability for assessing users’ intention to use postpartum exercise rehabilitation mobile applications.



TABLE 7 Results of confirmatory factor analysis.
[image: Table showing coefficients for questionnaire items across five factors. Each factor lists items with coefficients, standard errors, z-values, p-values, and standardized estimates. Factors one to five have respective average variance extracted (AVE) and composite reliability (CR) scores. Factor one has AVE 0.434 and CR 0.793; factor two has AVE 0.464 and CR 0.812; factor three has AVE 0.402 and CR 0.728; factor four has AVE 0.461 and CR 0.719; factor five has AVE 0.480 and CR 0.734.]



TABLE 8 Results of discriminant validity analysis.
[image: Correlation matrix with five factors. Italicized diagonal values represent square roots of the Average Variance Extracted (AVE): Factor 1 (0.659), Factor 2 (0.681), Factor 3 (0.634), Factor 4 (0.679), and Factor 5 (0.693).]



3.1.3 Factor naming

The findings of the above analysis confirm that the five factors identified through factor analysis meet established research criteria. Accordingly, this study defines and names each factor based on the content of its associated items, supported by a comprehensive review of relevant literature, to clarify the conceptual dimensions they represent.

Factor 1 comprises five items: Q1, Q2, Q18, Q19, and Q24. These items emphasize the importance of incorporating safety measures into postpartum exercise rehabilitation mobile applications, including developing and adjusting personalized exercise programs. Such measures are intended to prevent physical injuries and avoid worsening postpartum health conditions during use. This is similar to the “Injury Prevention and Control” concept proposed by Ranney et al. and the “Efficacy and Safety” suggested by Dieter et al. Ranney et al. (2022) highlighted the pivotal role of remote monitoring and safety alerts in safeguarding users during exercise. Dieter et al. (2024) emphasized that expert guidance and in-app monitoring can significantly reduce the risk of exercise-related injuries. In addition, the American College of Sports Medicine (ACSM) has consistently emphasized the importance of exercise safety in successive editions of its guidelines for exercise testing and prescription (Medicine, 2013). Based on synthesizing these findings, this study designates Factor 1 as “Exercise Safety Assurance.” This construct refers to applying comprehensive methods to safeguard postpartum women during rehabilitation training and minimize the risk of injury or symptom exacerbation.

Factor 2 comprises five items: Q6, Q8, Q23, Q25, and Q26. These items collectively reflect the mobile application’s capabilities in data collection, feedback provision, accuracy of recorded information, privacy protection, and continuous knowledge updating. These elements address postpartum women’s need for comprehensive data management and individualized feedback regarding their physical condition. This factor aligns with the established “Physical Activity Tracking” concept within the broader framework of physical activity self-regulation (Ehlers and Huberty, 2014). Physical activity tracking involves using technological tools, such as wearable devices and mobile applications, to monitor, record, analyze, and provide feedback on an individual’s exercise behavior (Li et al., 2021). Prior studies have demonstrated that this process supports users in self-assessing their progress (Ehlers and Huberty, 2014) and enhances their health-related knowledge acquisition (Krebs and Duncan, 2015). Based on this conceptual alignment, Factor 2 is designated “Physical Activity Tracking.” It refers to a systematic approach to monitoring and evaluating postpartum physical activity through digital technologies, enabling users to track progress, receive timely feedback, and access personalized health information while ensuring data privacy and integrity.

Factor 3 comprises four items: Q10, Q20, Q21, and Q28. These items focus on fostering a supportive and non-judgmental environment for postpartum women by encouraging interpersonal communication and social support. These items aim to enhance users’ confidence and motivation to engage in physical activity. This aligns with the “Emotional Social Support” concept defined by House, who categorizes social support into four types: emotional, informational, instrumental, and appraisal support. Emotional social support specifically involves expressions of empathy, care, attentive listening, and encouragement, which help individuals feel understood and accepted (House, 1983). Beyond verbal reassurance, it also encompasses the sense of connection and belonging fostered through group interactions and shared experiences (Weiss, 1975; Barrera, 1986). Based on this conceptual correspondence, Factor 3 is labeled “Emotional Social Support” in this study.

Factor 4 comprises three items: Q14, Q16, and Q22. These items reflect mechanisms designed to encourage and motivate postpartum women to engage in physical activity, including regular encouragement, push notifications, and reward-based incentives. These elements closely correspond to the “Dialogue Support” concept outlined by Oinas et al. within the Persuasive Systems Design (PSD) framework, which identifies dialogue support as one of four core system functions. This concept refers to the interactive communication between a system and its user, aimed at promoting and sustaining desired behaviors through responsive feedback (Oinas-Kukkonen and Harjumaa, 2018). Such support simulates human interaction by offering timely reminders, suggestions, praise, and rewards, reinforcing the user’s motivation and commitment to the behavior (Orji and Moffatt, 2018; Oyebode et al., 2021). In light of this alignment, Factor 4 is designated as “Dialogue Support” in this study.

Factor 5 comprises three items: Q5, Q11, and Q27. These items reflect users’ perceptions of the postpartum exercise rehabilitation mobile application as effective in promoting weight loss, restoring physical fitness, and fostering healthy lifestyle habits. These features align with the broader concept of “Health Benefits,” which refers to the positive psychological and physiological outcomes of regular physical activity or structured exercise programs. Such outcomes include reduced risk of chronic illness, improved emotional well-being, and adoption of long-term healthy behaviors (Warburton et al., 2006). Accordingly, Factor 5 was designated health benefits in this study, capturing postpartum women’s expectations and subjective experiences regarding the physical and psychological improvements gained through the mobile application.




3.2 Model construction results


3.2.1 Hypothesis formulation

This study intends to employ linear regression analysis to examine further the relationships between the identified influencing factors and the intention to use the postpartum exercise rehabilitation mobile application. A behavioral model will also be constructed to understand better the users’ intention to use the mobile application. Before conducting the data analysis, the study proposes the following hypotheses, derived from the influencing factors identified in Section 3.1:


H1: “Exercise Safety Assurance” positively influences postpartum women’s intention to use the postpartum exercise rehabilitation mobile application.
H2: “Physical Activity Tracking” positively influences postpartum women’s intention to use the postpartum exercise rehabilitation mobile application.
H3: “Emotional Social Support” positively influences postpartum women’s intention to use the postpartum exercise rehabilitation mobile application.
H4: “Dialogue Support” positively influences postpartum women’s intention to use the postpartum exercise rehabilitation mobile application.
H5: “Health Benefits” positively influences postpartum women’s intention to use the postpartum exercise rehabilitation mobile application.



The hypothesized model is presented in Figure 3.

[image: Flowchart showing five factors influencing "Intention to Use" in a blue circle. The factors are "Exercise Safety Assurance," "Physical Activity Tracking," "Emotional Social Support," "Dialogue Support," and "Health Benefits," each linked by arrows labeled H1 to H5, respectively.]

FIGURE 3
 Hypothetical model of users’ intention to use.


For analysis, this study incorporated the well-established dimension of “Intention to Use” alongside the five identified factors to assess postpartum women’s intention to use the mobile application. To ensure that the inclusion of the “Intention to Use” dimension does not affect the other dimensions of the established evaluation scales, the study will combine the five factors with “Intention to Use” and perform both exploratory factor analysis and confirmatory factor analysis before conducting the formal linear regression analysis. This approach aims to verify strong discriminant validity between the six factors and that the items within each factor are appropriately aggregated.



3.2.2 Exploratory factor analysis of the behavioral model

In this study, exploratory factor analysis was employed to assess whether the inclusion of the “Intention to Use” dimension influenced the results of the evaluation scale developed. The findings in Table 9 indicate that the six factors are distinguishable, with the clustering of observed variables within each factor remaining unaffected by the other factors. Additionally, the evaluation scale’s results were not altered. Furthermore, the reliability coefficients for each factor exceeded 0.7, demonstrating satisfactory internal consistency. These findings support the suitability of confirming factor analysis for further validation.



TABLE 9 Exploratory factor analysis results of the behavioral model.
[image: Table displaying factor loading coefficients and communalities for various items across five factors and ITU. It includes before and after rotation eigenvalues and variance explained, with Cronbach's alpha scores. KMO and Bartlett's test results are also provided.]



3.2.3 Confirmatory factor analysis of the behavioral model

This study conducted confirmatory factor analysis to assess the degree of convergence among the observed variables within each factor and to evaluate the discriminant validity between factors. The results in Tables 10, 11 indicate that the standardized loadings of the observed variables for each factor exceed 0.5, the AVE values are greater than 0.36, and the CR values exceed 0.6. Additionally, the square roots of the AVE for each factor are higher than the correlation coefficients between that factor and the others. These findings suggest that each factor demonstrates strong discriminant validity and that the observed variables within each factor are well-converged. As such, the study is deemed suitable for further linear regression analysis.



TABLE 10 Confirmatory factor analysis results of the behavioral model.
[image: A table displays five factors with corresponding items labeled Q1 to Q28 and ITU1 to ITU3. Columns include Coef., Std. Error, z, p, Std. Estimate, AVE, and CR. Notable values include Coef. ranging from 0.891 to 1.25, z values from 8.616 to 10.782, and p values all at zero. AVE and CR values vary, with AVE from 0.402 to 0.48 and CR from 0.707 to 0.812.]



TABLE 11 Discriminant validity analysis results of the behavioral model.
[image: A table displaying correlations among six factors: Factor 1, Factor 2, Factor 3, Factor 4, Factor 5, and ITU. Italicized diagonal values, indicating square roots of the Average Variance Extracted (AVE), are as follows: 0.659 for Factor 1, 0.681 for Factor 2, 0.634 for Factor 3, 0.679 for Factor 4, 0.693 for Factor 5, and 0.669 for ITU.]



3.2.4 Linear regression analysis

Building upon the theoretical assumptions outlined in Section 3.2.1, this study further examines the relationship between each factor and the intention to use the postpartum exercise rehabilitation mobile application through linear regression analysis. Factors 1 to 5 were treated as independent variables, with “Intention to Use” as the dependent variable. The results are presented in Table 12. The overall Durbin-Watson (DW) value is 1.906, and the Variance Inflation Factor (VIF) values for each path fall within the range of 0 to 10, indicating that the analysis is valid. The standardized regression coefficients for hypotheses H1 to H5 are 0.254, 0.205, 0.198, 0.015, and 0.142, respectively. The p-values for all hypotheses are below 0.05, except for H4, which has a p-value of 0.77, indicating that H1, H2, H3, and H5 are supported, while H4 is not. Based on these findings and the factor naming and linear regression analysis results, a behavioral model of users’ intention to use the postpartum exercise rehabilitation mobile application was developed, as shown in Figure 4.



TABLE 12 Results of the linear regression analysis.
[image: Table displaying results for hypotheses H1 to H5, including unstandardized coefficients (B, Standard error), standardized coefficients (Beta), t-values, p-values, collinearity diagnostics (VIF, Tolerance), and results. H1, H2, H3, and H5 are supported with significant p-values; H4 is rejected.]

[image: Flowchart showing factors influencing "Intention to Use". Exercise Safety Assurance (0.254), Physical Activity Tracking (0.205), Emotional Social Support (0.198), and Health Benefits (0.142) are primary influences. Dialogue Support (0.015) also contributes.]

FIGURE 4
 Behavioral model of users’ intention to use the postpartum exercise rehabilitation mobile application.






4 Discussion


4.1 Discussion of model results

Based on the results of model construction, this study concluded that four factors, exercise safety assurance, physical activity tracking, emotional social support, and health benefits, significantly influence the intention to use the postpartum exercise rehabilitation mobile application. In contrast, dialogue support did not have a significant effect.

The path coefficient between exercise safety assurance and intention to use was the highest, at 0.254, indicating that exercise safety assurance is a core factor influencing postpartum women’s use of the mobile application. During the postpartum period, women are still undergoing physiological recovery. Fluctuations in hormone levels and reductions in muscle strength increase their vulnerability to injury, heightening their perception of exercise-related risks and potential complications (Soan et al., 2014; Tinius et al., 2021; Inge et al., 2022; Kettle et al., 2022). Mobile applications that provide evidence-based exercise guidance and professional supervision can reduce these perceived risks and significantly enhance exercise self-efficacy, increasing the likelihood of physical activity (Rosenstock, 1974; Bandura, 2004). Research by Evenson et al. also indicates that the perceived safety of exercise instructions substantially improves participation rates among postpartum women (Evenson et al., 2009). Therefore, exercise safety assurance addresses postpartum women’s most pressing safety concerns and functions as a foundational condition for the effectiveness of other features. It is critical in enabling safe participation, supporting habit formation, and strengthening the intention to use the mobile application. However, caution should be exercised to avoid overemphasizing exercise risks and safety warnings within the mobile application. Excessive emphasis on safety may intimidate users, ultimately diminishing their motivation to engage (Witte, 1992). Additionally, as individuals’ health status and birth experiences can vary widely, a one-size-fits-all solution often fails to meet the diverse needs of users (Pescatello, 2014). Exercise programs should be tailored to individual health status, functional capacity, and stage of recovery to minimize unnecessary risks of injury.

Physical activity tracking can directly influence users’ intention to use the postpartum exercise rehabilitation mobile application. This aligns with self-regulation theory (Carver and Scheier, 1982) and the PSD model (Oinas-Kukkonen and Harjumaa, 2018), both of which emphasize that self-monitoring (tracking steps, calories burned) enhances intrinsic motivation and persistence. Exercise tracking and progress management are key design elements for improving behavioral monitoring and feedback, strengthening users’ sense of purpose and commitment to their goals (Carver and Scheier, 1982; Locke and Latham, 2002; Gagnon et al., 2018). These features have been identified as some of the most favored by female exercisers (Ehlers and Huberty, 2014; Li et al., 2021). In the context of postpartum exercise rehabilitation, physical activity tracking can enhance the perceived utility and value of the mobile application. It significantly contributes to the perceived usefulness of the mobile application among postpartum women, thus boosting their motivation to exercise and increasing their intention to use the mobile application. However, concerns regarding data privacy may hinder some users’ willingness to engage with the mobile application (Malhotra et al., 2004; Hernandez et al., 2011). Therefore, it is crucial to implement robust privacy protections during data tracking to alleviate such concerns.

Emotional social support can directly influence users’ intention to use the postpartum exercise rehabilitation mobile application. The companionable and interactive features of the mobile application, coupled with the encouragement and support from family and friends, can make postpartum women feel understood and motivated to engage in physical activity. Social behavior theory suggests that support for family, friends, or peers effectively enhances adherence to health behaviors (Cohen and Wills, 1985). Emotional support is particularly crucial during the postpartum period, when mothers often experience both physical and psychological stress. Empirical studies have shown a positive association between social support and physical activity levels in postpartum women (Bennetter et al., 2023), with cooperation and companionship from family members and peers significantly increasing exercise participation (Evenson et al., 2009). Thus, incorporating social features into mobile applications can enhance user engagement and increase postpartum mothers’ intention to use the mobile application. However, the effectiveness of emotional social support is limited by the user’s social network’s activity level and cultural dynamics. For users who are more isolated or uncomfortable with online sharing, the impact of this support may be reduced (Thoits, 2011). Furthermore, while virtual social interaction can be beneficial, it cannot fully replace the value of real-life companionship, and social features should not be relied upon as a sole means of addressing emotional needs (Rains and Young, 2009). Therefore, it is essential to focus on evidence-based education regarding exercise rehabilitation, which can improve family and friends’ understanding of and support for postpartum women’s behaviors.

The health benefits factor has the smallest path coefficient of 0.135, indicating a weaker effect on the intention to use than the other factors. This may be attributed to health benefits being categorized as an “Outcome Expectation,” representing a more future-oriented cognitive evaluation (Bandura, 2004). As a result, users tend to assign less importance to such long-term outcomes when making decisions (Frederick et al., 2002). Empirical research indicates that the motivational influence of distant outcomes is generally weaker than that of immediate self-efficacy-related experiences. As such, postpartum women, who are uncertain about their future recovery, are more likely to prioritize immediate, visible risk signals or benefits over potential future health improvements. Nonetheless, health benefits remain a crucial factor influencing the adoption of new technologies or products. This aligns with the concept of “Perceived Usefulness” in both the Health Belief Model (Champion and Skinner, 2008) and the Technology Acceptance Model (TAM) (Davis, 1989), which suggests that individuals are more inclined to use a mobile application when they believe it will yield significant benefits. From a postnatal health perspective, exercise has been shown to alleviate symptoms of postnatal depression and anxiety, aid in returning to pre-pregnancy weight, and enhance physical strength (DiPietro et al., 2019; Brites-Lagos et al., 2023). However, caution is necessary to avoid overstating or exaggerating the potential effects of exercise rehabilitation within mobile applications. Overpromising results may lead to unrealistic expectations among postpartum women (Oliver, 1980; Bhattacherjee, 2001), resulting in user disengagement if the promised benefits are not realized.

The linear regression analysis revealed that H4 does not hold, indicating that dialogue support does not directly affect users’ intention to use the mobile application. Several factors may explain this outcome. First, postpartum women often face significant time constraints and prefer quick and convenient access to information (Evenson et al., 2009). As such, frequent interactions with dialogue support may be perceived as an additional burden, conflicting with the user’s demand for simplicity and ease of use (Ng et al., 2024). Second, overly frequent or undifferentiated push notifications can lead to alert fatigue, where users become desensitized to the notifications or choose to block them, thus diminishing their effectiveness in influencing behavior (Mehrotra et al., 2016). Furthermore, encouragement, reminders, and rewards are external incentives. Existing research suggests that users’ behavior and intention to use are primarily driven by intrinsic motivation (personal interest, values, and satisfaction) and the tool’s inherent usefulness and usability, rather than by additional interactive features (Cerasoli et al., 2014; Ng et al., 2024). The impact of external incentives is considerably reduced if users lack interest in the activity or do not perceive it as contributing to their goals. Self-Determination Theory (SDT) also posits that excessive reliance on external incentives can undermine intrinsic motivation (Deci et al., 1999). Consequently, balancing external incentives with inherent motivation is crucial when designing postpartum exercise rehabilitation mobile applications. For example, incorporating progressive rewards can enhance users’ self-efficacy and sense of achievement, while personalized reminder frequencies can help avoid repetitiveness and prevent feelings of coercion.

Additionally, as the sample in this study predominantly consists of participants from China, the results may be influenced to some extent by traditional Chinese cultural values, particularly in the areas of “Exercise Safety Assurance” and “Emotional Social Support.” In the traditional Chinese “postnatal confinement” culture, new mothers are often encouraged to rest at home and avoid strenuous physical activity to promote recovery and prevent postnatal illnesses. Family and friends usually discourage any intention to engage in physical exercise (Zhang et al., 2023). As a result, Chinese postpartum women may be susceptible to concerns regarding exercise safety and emotional support from family members. This may have led to a heightened influence of these factors on their intention to use the mobile application in this study. However, existing research suggests that the “postnatal confinement” culture is not unique to China. Many other cultures, including those in Southeast Asia (Withers et al., 2018), Latin America (Chapman and Coups, 1999), and West Africa (Dennis et al., 2007), have similar postnatal resting and isolation practices, albeit under different names. While the specifics of these traditions vary, they share a common concern for the physical vulnerability of postpartum women. It can be inferred that the “Exercise Safety Assurance” factor is also crucial in these cultural contexts. Providing evidence-based guidance and monitoring safe exercise remains central to promoting user adoption across cultures. Similarly, while the sources of emotional support for postpartum women, such as family members, spouses, friends, and professional services, may vary across cultural contexts (McLeish et al., 2021; Qi et al., 2022; Stumbar and Minor, 2023), the emphasis of “Emotional Social Support” on familial and community encouragement reflects a universal human need for social connection. Prior research has consistently shown that robust emotional support enhances psychological well-being and promotes behavioral adherence among postpartum women, regardless of cultural background (Khademi and Kaveh, 2024). The sources of such support can be adapted and expanded to fit different sociocultural settings. Consequently, the findings of this study are considered to have a degree of cross-cultural applicability.

Overall, postpartum women using exercise rehabilitation mobile applications were primarily concerned with the practical attributes of the mobile application, particularly the safety and efficacy of the exercises and the emotional and social support it provided. The findings emphasize that aligning the mobile application’s practical benefits and users’ personal health goals is a key driver of usage behavior. This alignment significantly boosted users’ self-efficacy and enhanced their overall perception of the mobile application’s usefulness, strengthening their intention to use it. In contrast, dialogue support did not significantly influence the intention to use, indicating that postpartum users preferred low-interaction information access rather than two-way communication that demands additional time and effort. Simplicity, directness, and efficiency should remain the main design principles for postpartum women. Furthermore, although the results of this study are generalizable, differences in behavioral norms and sources of social support across cultures should be acknowledged. Future research could employ the same scales and methods to compare multiple cultural contexts, thereby validating these factors’ cross-cultural stability and relative influence. This approach would enhance the artistic sensitivity and generalizability of the model.



4.2 Design and management recommendations


4.2.1 Recommendations based on exercise safety assurance

An examination of the specific items included in the exercise safety assurance indicates that postpartum women prefer the involvement of a professional in customizing and monitoring their exercise program. Consequently, postpartum exercise rehabilitation mobile applications should integrate experts or experienced practitioners in fields such as exercise science and postpartum rehabilitation. These professionals should form a multidisciplinary coaching and health assessment team to provide high-quality, evidence-based exercise guidance for postpartum women.

First, the expert team should personalize the exercise program for postpartum women based on their body characteristics and postnatal injury status. To facilitate postpartum exercise rehabilitation, mobile applications should allow first-time users to input relevant personal information, including delivery details, desired recovery outcomes, and postnatal injury status. Second, to prevent sports injuries resulting from improper movements, the mobile application should provide instructional videos, demonstrated and explained by professionals, when users encounter new exercises or training routines. The mobile application should also incorporate cameras and sensors to monitor users’ exercise postures in real time and offer corrective feedback, thereby enhancing user trust and improving the overall experience. Finally, postpartum exercise rehabilitation mobile applications should incorporate regular assessments of users’ exercise performance and recovery status, enabling timely adjustments to the intensity, frequency, and type of exercise. Thereby enhancing rehabilitation outcomes and reducing exercise-related risks.



4.2.2 Recommendations based on physical activity tracking

An in-depth analysis of the components within physical activity tracking reveals that accurate data collection and feedback, timely knowledge updates, and data security are key factors in enhancing postpartum women’s intention to use the program. First, the mobile application should track key indicators such as exercise duration, calorie expenditure, workout intensity, and weight changes, presenting these results to users through intuitive visualization charts at different stages. This will enable users to perceive the effectiveness of the mobile application in improving postnatal symptoms and enhancing physical fitness, thereby boosting their self-efficacy and increasing their motivation to continue using the mobile application.

Second, the mobile application should promptly integrate and deliver the latest rehabilitation advice and exercise tips, ensuring all content aligns with authoritative medical standards and current research findings. This will enhance the mobile application’s credibility and encourage users to rely on it for long-term support. Additionally, given the significant amount of personal and exercise-related data stored on the platform, it is essential to implement robust data encryption and identity verification mechanisms to protect users’ privacy and safeguard data security.



4.2.3 Recommendations based on emotional social support

In this study, emotional social support primarily refers to mutual encouragement among postpartum women and their recognition and support from friends and family. Analysis of this dimension suggests that establishing an online communication platform and facilitating group exercise activities are effective strategies for enhancing interaction among postpartum users. Therefore, postpartum exercise rehabilitation mobile applications should include an online community feature that fosters a safe, inclusive, and supportive environment. This can help prevent psychological harm caused by weight-related stigma or stereotypical judgments of postpartum body image. Within this community, users can share experiences related to postpartum life and rehabilitation and initiate or join group activities. Such peer interaction has the potential to boost self-confidence and further motivate sustained participation in physical activity.

Moreover, the mobile application should address the lack of understanding and discouragement from friends and relatives regarding postpartum exercise, which may arise due to local cultural practices. To this end, the mobile application could provide educational videos and readings about postpartum exercise rehabilitation, help family members and friends correct misconceptions, and offer them tools to provide positive and sustained support for postpartum women’s exercise behaviors.



4.2.4 Recommendations based on health benefits

In this study, health benefits emphasize the positive impact of postpartum exercise rehabilitation mobile applications on reducing postpartum weight, improving physical fitness, and encouraging the adoption of a healthy lifestyle. To achieve these objectives, mobile applications must offer well-structured, medically-supported exercise programs that encompass a variety of exercise forms and progressively tailored training goals. By guidelines provided by the World Health Organization (WHO) and the American College of Obstetricians and Gynecologists (ACOG), postpartum women are advised to avoid sedentary behavior and, when physically able, engage in at least 150 min of moderate-intensity aerobic exercise per week (Brites-Lagos et al., 2023). This should be complemented by moderate muscle-strengthening and stretching exercises. As recovery progresses, exercise frequency, intensity, and duration should gradually increase.

The mobile application should also offer guidance on healthy routines and meal management to help users develop a sustainable and healthy lifestyle throughout their recovery.

For detailed design and managerial recommendations, see Table 13.



TABLE 13 Design and management recommendations.
[image: A table with two columns labeled "Factor" and "Recommendations." The first row under "Exercise safety assurance" includes recommendations for creating a multidisciplinary team, tailoring programs, providing demonstrations, monitoring sessions, and adjusting programs based on assessments. The second row under "Physical activity tracking" suggests implementing real-time tracking, using visual data, updating advice based on guidelines, and ensuring data security. The third row under "Emotional social support" recommends establishing an online community and providing educational materials. The fourth row under "Health benefits" advises offering a medically-supported program and designing a rest and nutrition plan.]





5 Conclusion


5.1 Research conclusion

With the growing attention to the needs of postpartum women and the rapid advancement of mobile health technology, this study addresses the gap in research on the user experience of postpartum rehabilitation mobile applications. It explores the key factors influencing postpartum women’s use of exercise rehabilitation mobile applications from a user experience perspective, employing both qualitative and quantitative research methods. The study developed an evaluation scale and a behavioral model to assess users’ intention to use the postpartum exercise rehabilitation mobile application, offering corresponding design and managerial recommendations. The primary factors influencing postpartum women’s use of these mobile applications were exercise safety assurance, physical activity tracking, emotional and social support, and health benefits. Dialogue support was found to have no direct effect on users’ intention to use the mobile application.

This suggests that postpartum women prioritize the practical attributes of such mobile applications, highlighting the significance of self-efficacy and outcome expectations in behavioral psychology. Additionally, this finding underscores the importance of aligning functional benefits with user goals in designing postpartum mobile applications. This study contributes to the theoretical foundation of mobile health products in postpartum rehabilitation and is a reference for cross-disciplinary research integrating psychology, public health, and interaction design.



5.2 Limitations and prospects

Although this study is pioneering in developing an evaluation scale and behavioral model to assess the intention to use a postpartum exercise rehabilitation mobile application and identify the direct factors influencing users’ intention to use it, several limitations remain.

First, since the research for this study was primarily conducted in China, the findings may be influenced by traditional Chinese cultural norms surrounding the puerperium. While the results and recommendations share some cultural commonalities, differences in postpartum behavior across cultures should be considered. Therefore, future studies could compare the same scales and methods across urban and rural contexts, varying income levels, and diverse cultures to assess the factors’ cross-cultural stability and relative impact, thus enhancing the cultural sensitivity and generalizability of the model.

Secondly, in developing the user experience evaluation scale, this study predominantly relied on self-reported data, such as user interviews, which may introduce subjectivity into the findings. Although efforts were made to supplement this with a comprehensive literature review, potential biases still exist. Future studies could incorporate more objective data on user behavior, such as mobile application usage logs or professional monitoring tools like eye-tracking devices. This would help corroborate the self-reported data and improve the validity and reliability of the evaluation scale.

Finally, while the model developed in this study highlighted the direct positive effects of exercise safety assurance, physical activity tracking, emotional social support, and health benefits on postpartum women’s intention to use the mobile application, the study’s cross-sectional nature limits the model’s comprehensiveness. Several relevant factors, such as affordability, time constraints, lack of time, and fatigue, previously identified in the literature as influencing postpartum physical activity, were not included. Therefore, future research could enhance the model of intention to use postpartum exercise rehabilitation mobile applications by expanding the sample size, broadening the measurement dimensions, and adopting a longitudinal design. Such efforts would contribute to a more robust theoretical framework and offer stronger practical guidance for designing and implementing mobile health interventions in postpartum rehabilitation.
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Age (years) | Height (m) | Body mass (kg) | BMI (kg m?) | Maximal heart rate® (beats min*) | FTP® (W) | Sex (F/M)
566 174009 810+ 147 265437 1694 19543 1179

“Estimated based on age, according to Tanaka et al. (5). FTP, functional threshold power output.
bSelf-reported by the participants. F, female. M, male.
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% of

% of the total

Range of length
FTP (%) | session duration (%) | of bouts (s)
“Green” 76-90 38 12-62
“Yellow” | 91-105 21 10-92
“Red” >106 12 2-46

FTP, functional threshold power output.
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Variable 95% ClI Heterogeneity

Qw df

Exercise intention- 109 47,548 0.413 0.377/0.447 95.169 2235.601 108 <0.001
exercise behavior

Exercise intention- 27 9,184 0477 0.427/0.524 88.490 225.889 26 <0.001
action plan

Exercise intention- 10 3,600 0.406 0.297/0.505 92.468 119.492 9 <0.001
coping plan

Exercise intention- 6 2,999 0.511 0.385/0.619 94.352 88.533 5 <0.001

action control

Exercise behavior- 27 9,184 0360 0.319/0.399 78.390 120.316 26 <0.001
action plan

Exercise behavior- 10 3,600 0.343 0.274/0.408 78.694 42242 9 <0.001
coping plan

Exercise behavior- 6 2,999 0.458 0.458/0.367 88.094 41.994 5 <0.001
action control

Action plan- 9 3,066 0.655 0.561/0.732 93.728 127.561 8 <0.001
coping plan

Action plan- 4 1,969 0.662 0.592/0.722 81.835 16.515 3 0.001
action control

Coping plan-action 1 1,092 0.700 0.668/0.729 - - B -
control

k, number of effect values; N, sample size; 1, correlation coefficient; 95% CI, 95% confidence interval for the overall correlation coefficient; 12, one of the heterogeneity test results; Qw, a statistic
representing an intra-group heterogeneity test; df, degree of freedom.
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References Sample size Mean age Economic level and cultural AHRQ score
background

Arbour and Ginis (2004) 47 46.6 Canada/West/Developed 044 6
Barg etal. (2012) 175 51.97 America/West/Developed 0.12 8
Blanchard et al. (2002a) 81 59.59 Canada/West/Developed 0.48 9
Blanchard et al. (2002b) 83 61.75 Britain/West/Developed 0.55 7
Blanchard et al. (2002b) 46 68.13 Britain/West/Developed 0.6 7
Blanchard et al. (2003) 215 59.52 Canada/West/Developed 0.05 7
Blanchard et al. (2007) 170 19.44 America/West/Developed 042 8
Blanchard et al. (2007) 180 19 America/West/Developed 045 8
Blanchard et al. (2009) 76 62.64 Canada/West/Developed 0.1 8
Blanchard et al. (2009) 76 62.64 Canada/West/Developed 031 8
Boudreau and Godin (2007) 92 47.7 Canada/West/Developed 0.62 9
van Bree etal. (2013) 1,836 62.95 Netherlands/West/Developed 029 7
van Bree et al. (2013) 636 62.95 Netherlands/West/Developed 0.25 7
van Bree etal. (2013) 554 62.95 Netherlands/West/Developed 0.23 7
van Bree etal. (2013) 646 62.95 Netherlands/West/Developed 0.12 7
van Bree etal. (2015) 1,976 63.63 Netherlands/West/Developed 0.35 8
Brickell et al. (2006) 162 23.15 Canada/West/Developed 0.69 8
Budden and Sagarin (2007) 274 = America/West/Developed 0.5 6
Caudroit et al. (2014) 157 38.68 France/West/Developed 023 7
Chen etal. (2022) 1,573 13.71 China/East/Developing 0.345 7
Chiu etal. (2011) 195 47.35 America/West/Developed 0.36 10
Conner etal. (2010) 1,366 20.5 Britain/West/Developed 0.7 6
de Bruijn et al. (2009) 186 28.89 Netherlands/West/Developed 0.56 7
de Bruijn et al. (2009) 186 28.89 Netherlands/West/Developed 0.53 7
de Bruijn and Rhodes (2011) 538 21.19 Netherlands/West/Developed 031 8
de Bruijn et al. (2012a) 551 214 Netherlands/West/Developed 0.53 7
de Bruijn et al. (2012b) 413 214 Netherlands/West/Developed 0.53 7
de Bruijn et al. (2014) 586 21.6 Netherlands/West/Developed 0.66 6
Downs and Hausenblas (2003) 89 29.96 America/West/Developed 0.67 8
Downs et al. (2006) 338 14.28 America/West/Developed 0.7 9
Downs et al. (2006) 339 14.28 America/West/Developed 0.68 9
Downs and Hausenblas (2007) 62 30.44 America/West/Developed 0.48 9
Feng et al. (2023) 115 - China/East/Developing 0.487 7
Fleig et al. (2013) 232 24.88 Germany/West/Developed 0.61 7
Gardner and Hausenblas (2004) 83 35.94 America/West/Developed 0.14 7
Gellert et al. (2012) 289 65 Germany/West/Developed 0.23 9
Gerber et al. (2011) 210 17.43 Switzerland/West/Developed 044 6
Hagger et al. (2001) 431 13 Britain/West/Developed 025 5
Hagger et al. (2007) 432 13.96 Britain/West/Developed 0.738 7
Hagger et al. (2007) 268 15.04 Estonia/West/Developed 0.713 7
Hagger et al. (2007) 150 14.35 Greece/West/Developed 0.482 7
Hagger et al. (2007) 235 14.01 Hungary/West/Developed 0.455 7
Hagger et al. (2007) 133 13.32 Singapore/East/Developed 0.765 7
Hamilton etal. (2017) 226 13.5 Australia/East/Developed 0.2 V]
Hashim et al. (2014) 320 10.46 Malaysia/East/Developing 0.16 8
Hausenblas and Symons Downs 104 29.98 America/West/Developed 0.43 7
(2004)

Hou et al. (2022) 218 19.53 China/East/Developing 042 9
Hu etal. (2023) 252 43.12 China/East/Developing 0.036 10
Johnson et al. (2015) 110 46.07 America/West/Developed 0.27 9
Karvinen et al. (2007) 354 64.5 Canada/West/Developed 0.53 8
Karvinen et al. (2009) 397 702 Canada/West/Developed 0.41 9
Keats et al. (2007) 59 18 Canada/West/Developed 0.44 7
Lee and Lee (2020) 740 17 Korea/East/Developed 048 6
Lee etal. (2024) 367 20.99 Korea/East/Developed 0.307 8
Lippke et al. (2004) 509 45 Britain/West/Developed 0.16 7
Lowe et al. (2002) 365 43.44 Britain/West/Developed 0.34 6
Luszczynska et al. (2010) 534 13.8 China/East/Developing 0.41 7
Luszczynska et al. (2010) 620 16.46 Poland/West/Developed 035 7
Maeetal. (2022) 1,166 14.51 China/East/Developing 0.265 9
MacCann et al. (2015) 1,017 231 America/West/Developed 0.59 7
Maher and Conroy (2015) 188 20.4 - 0.33 7
Monge-Rojas et al. (2021) 203 15.39 Costa Rica/West/Developed 0.46 5
Norman and Conner (2005) 125 21.38 Britain/West/Developed 0.6 8
Norman and Conner (2005) 102 20.80 Britain/West/Developed 0.7 8
Pfeffer and Strobach (2020) 108 37.17 Germany/West/Developed 035 7
Pfeffer et al. (2020) 191 2270 Germany/West/Developed 0.45 8
Pomp etal. (2010) 290 19 Germany/West/Developed 032 9
Prapavessis et al. (2005) 58 28.84 NZ/West/Developed 0.26 6
Renner et al. (2007) 673 32 Korea/East/Developed —0.04 8
Rhodes et al. (2003) 300 19.87 Canada/West/Developed 0.6 8
Rhodes and Courneya (2005) 585 20.07 Canada/West/Developed 0.63 7
Rhodes and De Bruijn (2010) 158 21.98 Canada/West/Developed 048 b
Rhodes and De Bruijn (2010) 179 21.98 Canada/West/Developed 0.62 7
Rhodes et al. (2010) 153 22.17 Canada/West/Developed 044 7
Roberts et al. (2010) 72 16.92 NZ/West/Developed 031 8
Rhodes et al. (2012) 216 24.02 Canada/West/Developed 0.52 6
Saunders et al. (2004) 1,797 13.6 America/West/Developed 0.334 7
Scholz et al. (2008) 354 37 Germany/West/Developed 037 6
Schwarzer et al. (2007) 365 37.01 Germany/West/Developed 0.15 7
Schwarzer et al. (2008) 353 58.8 Germany/West/Developed 0.19 9
Schwarzer et al. (2008) 114 54.3 Poland/West/Developed 032 9
Schwarzer et al. (2008) 368 47.4 Germany/West/Developed 0.39 9
Sheeran and Abraham (2003) 185 - Britain/West/Developed 0.67 7
Sniehotta et al. (2005a) 307 59 Germany/West/Developed 0.3 8
Sniehotta et al. (2005b) 352 58.5 Germany/West/Developed 0.26 8
Sniehotta et al. (2010) 103 63 Germany/West/Developed 0.08 7
Stanley et al. (2012) 350 40.29 Britain/West/Developed 025 6
Teixeira et al. (2022) 215 36.21 Portugal/West/Developed 0.298 6
Vo and Bogg (2015) 957 49.61 America/West/Developed 0.64 6
Wang and Zhang (2016) 488 13.91 China/East/Developing 0.14 7
Wang and Kang (2024) 596 19.03 China/East/Developing 0.548 8
Liu W. etal. (2022) 1,312 14 China/East/Developing 0.265 7
Wiedemann et al. (2009) 124 60.3 Germany/West/Developed 036 6
Zhang etal. (2022) 581 19.27 China/East/Developing 0.526 7
Zhuetal. (2022) 589 20.61 China/East/Developing 042 8
Ziegelmann and Lippke (2007) 368 474 Germany/West/Developed 0.25 7
Bao et al. (2012) 331 37.8 China/East/Developing 0.251 6
Cao (2013) 534 138 China/East/Developing 023 7
Cao and Jiang (2013) 706 15.36 China/East/Developing 045 8
Gao et al. (2024) 299 55.67 China/East/Developing 0.687 9
Han etal. (2020) 207 43.12 China/East/Developing 0.294 7
Kang and Wang (2016) 353 1114 China/East/Developing 03 7
Liu X. M. etal. (2022) 1,092 N China/East/Developing 0.418 8
Wang and Zheng (2020) 751 - China/East/Developing 0.336 7
XuH.Y.etal. (2018) 2,080 14.5 China/East/Developing 0.153 6
XuZ. etal. (2018) 303 19.85 China/East/Developing 0.305 9
Yang et al. (2020) 160 18.7 China/East/Developing 0.58 8
Yin etal. (2018) L1111 14.74 China/East/Developing 021 9
Zhang et al. (2021) 2,302 e China/East/Developing 0.28 6
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Type of effect Efficiency value

Boot SE

Effect proportion

Total effect ~0349
Sports participation — academic

P P ~0.166
burnout

sports participation — social

S ~0.183

support = academic burnout

0031

0015

0026

Bootstrap95% C|
Lower limit Limit
~0062 ~0018
~0031 ~0025
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100%
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N Intensity Duration Environment Participants

IPI 30 64-76% HRmax 30 min Indi al 1
$GS 30 Self-selected 30 min Small group 3
1ss 30 Self-selected 30 min Individual 1

IPL, Group with prescribed intensity (64-76% HRmax) (Liguori t al, 2021); SGS, Small Group with self-selected intensity; 1SS, Individual Group with self-selected intensity. N, Number of
participants in each group.
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Total sample (n = 90) IPI (n = 30)

M SD M
Age 4830 5.50 48.00
BMI (kg/m2) 3120 480 30.00
VO2 peak 2590 310 2620

n, sample size; M, mean; SD, standard deviation.

SGS (n = 30)

M SD
5.40 4550 880
490 3130 430
310 2660 4.00

ISS (n = 30)
M
4920 600
3220 520
2480 110
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Assessed for eligibility (n=102)

Excluded (i

2)
Not meeting
inclusion criteria
(n=12)

Randomized (n=90)

|

Allocated to IPI (n=30)

Receibed allocated intervention (n=30)
Did not receive allocated intervention (n=0)

Allocated to SGS (n=30)

Receibed allocated intervention (n=30)
Did not receive allocated intervention (n=0)

Allocated to 1SS (n=30)

Receibed allocated intervention (n=30)
Did not receive allocated intervention (n=0)

I

Analysed (n=30)
Excluded from analysis (n=0)

Analysed (n=30)
Excluded from analysis (n=0)

Analysed (n=30)
Excluded from analysis (n=0)
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Q2 (>10) N = 829 p value

Age (year) <0.0001
220,<30 2,144 (26.12%) 164 (19.78%)
230, <40 2052 (25.00%) 201 (24.25%)
>140,<50 1996 (24.32%) 202 (24.37%)
250 2015 (24.55%) 262 (31.60%)

Gender (%) <0.0001
Male 4,137 (50.41%) 291 (35.10%)
Female 4,070 (49.59%) 538 (64.90%)

Race (%) <0.0001
Mexican American 1,124 (13.70%) 82(9.89%)
Other Hispanic 710 (8.65%) 97(11.70%)
Non-Hispanic White 2,994 (36.48%) 367 (44.27%)
Non-Hispanic Black 1878 (22.85%) 189 (22.80%)
Other Races 1,501 (18.29%) 94 (11.34%)

Education level (%) <0.0001
High school and below 1,350 (16.45%) 213 (25.69%)

igh school and above 6,857 (83.55%) 616 (74.31%)

Marital status (%) <0.0001
Married 1822 (22.20%) 151 (18.21%)
Bereaved of one’s spouse 5,268 (64.19%) 514(62.00%)
Divorced 317 (3.86%) 73 (8.81%)
Unmarried 800 (9.75%) 91 (10.98%)

Daily alcohol consumption (%) 0.008
Yes 6,112 (74.47%) 652 (78.65%)
No 2095 (25.53%) 177 (21.35%)

Smoking over 100 cigarettes (%) <0.0001
Yes 3,100 (37.77%) 499 (60.19%)
No 5,107 (62.23%) 330 (39.81%)

Diagnosis of diabetes (%) <0.0001
Yes 568 (6.92%) 112 (1351%)
No 7,494 (91.31%) 690 (83.23%)
Borderline 145 (1.77%) 27 (3.26%)

Diagnosis of hypertension (%) <0.0001
Yes. 1905 (23.21%) 323 (38.96%)
No 6,302 (76.79%) 506 (61.04%)

Outdoor activity (min) <0.0001
<60 1,278 (15.57%) 227 (27.38%)
260,180 2,524 (30.75%) 231(27.86%)
> 180,360 2,202 (26.83%) 207 (24.97%)
2360 2,203 (26.84%) 164 (19.78%)

sedentary time (min) 0.288
<480 5,114 (6231%) 501 (60.43%)
2480 3,093 (37.69%) 328(39.57%)

BMI (Kg/m) 29.18+7.29 3148 £ 8.89 <0.0001

“Weighted means  SD for continuous variables; weighted proportions for categorical variables.
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Crude model Model 1 Model 2

OR (95% ClI) p value OR (95% Cl) p value OR(95% Cl) p value

Categories (Outdoor activity)

Quartile 1 Reference Reference Reference

Quartile 2 0.52(0.42, 0.63) <0.0001 0.52(0.42,0.63) <0.0001 0.60 (0.49, 0.74) <0.0001
Quartile 3 0.53 (0.43, 0.65) <0.0001 0.56 (046, 0.69) <0.0001 0.67 (0.54,0.83) 0.0003
Quartile 4 0.42(0.34,0.52) <0.0001 049 (039, 0.61) <0.0001 0.51(0.40, 0.64) <0.0001

Crude model: no covariates were adjusted.
Model 1 age, sex, race were adjusted.
Model 2: Fully adjusted models.
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Sli OR (95% CI) P for interactiol

Gender 0.4164
Male N 100 (1.00, 1.00) 0.0027
Female N=4608 100 (1.00, 1.00) 0.0003

Age(years) 0,509
220, <30 100 (1.00, 1.00) 0.1958
230, <40 100 (1,00, 1.00) 0.0641
240, <50 1.00 (100, 1.00) 0.0012
250 1.00 (100, 1.00) 0.0138

Race (%) 04242
Mexican American N 100 (1.00, 1.00) 03783
Other Hispanic N=807 1.00 (100, 1.00) 0.1754
Non-Hispanic White N=3361 100 (1,00, 1.00) 0.0036
Non-Hispanic Black N=2067 100 (1.00, 1.00) 0.0054
Other Races 100 (1.00, 1.00) 0.1457

BMI(Kg/m2) 03672
<255 100 (1.00, 1.00) 0.0457
2255 100 (1.00, 1.00) <0.0001
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VO, max (ml/kg/min)

Standing broad jump (i Illinois agility test (s) 30 m sprint (s)
Alertness index -0.149 -0039 0.09 0.080
Orientation index ~0051 0051 0.130 0076
Executive control index -0.101 so7+ 0171 -0087
Choice reaction time 0040 -0011 ~0.065 ~0014

Values presented in italics and plain text indicate Spearman’s and Pearson’s correlation coefficient respectively; bold value indicates significant correlation.

BMI, body mass index.

*Correlation is significant at the 0.01 level (2-tailed).
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Illinois agility test (s) 30 m sprint (s) VO, max (ml/kg/min)

Standing broad jump (m)

Standing broad jump (m) -
Tlinois agility test (s) -0.195 -

30m sprint (s) -0.399" 0233 -

VO, max (ml/kg/min) 0.074 0.057 -0.201 =,

Values presented in italics and plain text indicate Spearman’s and Pearson’s correlation coefficient respectively; bold value indicates significant correlation. VO, max, maximal oxygen

consumption capacity; BMI, body mass index.
“Correlation is significant at the 0.01 level (2-tailed).
**Correlation is significant at the 0.05 level (2-tailed).
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Path Effect
size
a 0.463 (0.416, by 0.043 ayazh, 0.007
0.510) (~0.081, (=0.039,
0.150) 0.054)
a 0.128 (0.019, by 0.026 ajasby | 0.039(0.007,
0.233) (—0.142, 0.086)
0.190)
a3 0.180 (0.008, by 0294 (0239, | aagbs | 0.016(0.002,
0.349) 0.519) 0.042)
ay 0581 (0484, | arby 0.020 ajagaghs | 0.035(0.007,
0.680) (~0.038, 0.067)
0.069)
as 0.286 (0.136, ayby 0.003 Cind 0.173
0.422) (~0.024,
0.027)
as 0.439(0.349, | asby | 0.053(0.003, « 0.394
0.527) 0.107)
¢ 0.221(0.134,
0.287)

aj, a2, a3 refers to the influence of exercise intention on action plan, coping plan and action
control, respectively, ay, as refers to the influence of action plan on coping plan and action
control respectively, ag refers to the influence of coping plan on action control, ¢ refers to
direct influence of exercise intention on exercise behavior, b, bz, bs refers to the influence of
action plan, coping plan and action control on exercise behavior, respectively. asbs: exercise

intention — action control — exercise behavior; ajasbs: exercise intention — action plan
— action control — exercise behavior; ajagbs: exercise intention — coping plan — action
control — exercise behavior; ajasagbs: exercise intention — action plan — coping plan
— action control — exercise behavior; cjyg: The total indirect influence of the predictor
variable on the outcome variable through mediation; c;: The total influence of the predictor

variable on the outcome variable, the same below.
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Exercise intention -

Action plan 0.463*** -

Coping plan 0.397** | 0.641%** -

Action control 0.487*** 0.651"* 0.694* o

Exercise behavior 0.394%** 0.354** 0.345** 0.448** -

*p < 0.05,*p < 0.01, **p < 0.001.
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Moderation 95% Cl Heterogeneity

variable

df
Crowd
Teenager 33 18,420 0.43" 037 0.48 95.75 75317 32 8.27*
Middle age 56 17,213 0.4 036 048 95.19 1143.42%* 55
Old people 14 7,196 0317 025 038 8597 92.69*** 13
Gender
Male 8 1,806 036" 0.18 051 93.61 109.58"* 7 0.52
Female 13 4,255 0.43* 032 052 92.47 159.26"* 12
Period of study
Primary and secondary 29 20,516 0.41% 035 0.46 95.95 691.96""* 28 9.39"
Collegiate 28 10,364 0.53%* 048 0.57 90.94 298.03*** 27

Health status

Subhealth 30 5774 0.43** 0.39 0.47 87.8 237.6** 29 4.09%

Health 79 41,774 0.35%* 0.28 0.42 96.05 1974.81%%* 78

Socioeconomic status

Low 2 2,190 0.18*+ 0.08 027 34.68 1.53 1 10.15**
Middle 18 3,823 0.46"** 032 0.58 96.26 455.04** 17

Culture

East 30 20,112 0.35%* 0.3 0.41 94.86 564.22%* 29 5.82*
West 78 27,248 0.44%+* 039 048 94.64 1437.5"% 77

Economic level

Developed 83 29,387 0.43** 0.39 0.48 95.09 1669.83*** 82 6.01*

Developing 25 17,973 0.35%** 0.29 0.4 93.72 381.98*** 24

k, number of effect values; N, sample size; 1, correlation coefficient; 95% CI, 95% confidence interval for the overall correlation coefficient; 12, one of the heterogeneity test results; Qw, a statistic
representing an intra-group heterogeneity test; df, degree of freedom; Qg, a test statistic for inter-group heterogeneity; *p < 0.05, **p < 0.01, ***p < 0.001.
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First %
author; year and or (95% CI) Weight
Cross-sectional !
Araki et al., 2022 - 1.08(098,1.15)  11.50
Biddle et al., 2021 - 113(1.04,123) 1132
Cruz etal 2020 - 132(1.15,151) 883
Hsiao et al,, 2022 _———— 092(023,360) 024
Kirschner et al., 2022 —————————— 310(088,10.84) 029
Konopka et al., 2022 —t— 113(0.76,166) 248
Okely et al, 2019 - 115(1.02,129) 971
Park etal., 2024 . 100(0.98,103) 1337
Rethorst et al., 2017 - 112(104,121) 1169
Siwa etal, 2023 ik _J 158(134,1.86) 762
Vallance etal., 2011 201(087,464) 063
Wemeck et al., 2022 - 104(097,1.11) 1205
Yasunaga et al., 2018 - 114(1.02,126) 1028
Subtotal (I-squared = 80.4%, p = 0.000) o 115(1.07,123)  100.00
Mendelian
Baetal, 2024 . 1.02(1.00,1.05) 8164
Baetal, 2024 > 1.00(097,1.09) 1429
Casanova et al, 2023 - 096(0.86,1.07)  4.07
Subtotal (I-squared = 0.0%, p = 0.496) ) 1.01(099,1.04)  100.00
Cohort :
Blodgett et al., 2023 — 1.04(070,155) 757
Eriksson et al., 2020 . 103(1.01,1.05  42.41
Kuetal, 2018 — T 120(047,308) 158
Morres etal, 2019 —-— 134(112,200) 1230
Okely etal, 2019 - 121(1.09,135) 3247
Zhou etal., 2024 —_— 137(1.09,363) 367
Subtotal (I-squared = 59.1%, p = 0.032) © 114(101,128)  100.00
|
Overall (I-squared = 74.1%, p = 0.000) 9 1.09 (1.5, 1.13)
NOTE: Weights are fro;v\ random effects analysis ||

0923

108
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PubMed (n=2952)
Scopus (n=3702)
PSyCINFO (n=144)
SPORT Discus (n=141)
Total n=6939

Duplicate records removed (n = 1977)

Screened for ttle and abstract
(n=4962)

Records excluded (n = 4029)

Fulltext articles assessed for
eligibilty
(n=933)

Full-text articles excluded with reasons(n=699)
Based on mean age>18 years old (n =289)
No assessment of sedentary/PA (n =79)
Review (n =111)

No depression outcome (n =212)

‘Same conort (n =8)

Reports assessed for eligbilty

Reports excluded:
No objectively measurement (n =183)

(n=234)
!

Reports of included studies
(n=51)

cohort (n =14)
Cross-sectional (n =33)
Mendelian (4)
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Effect Impact Effect BOOT SE AR? Proportion
pathway value

Total effect 0.0058 0.001 0.0038 0.0078 0.488 100%

Direct effect Direct path 0.0017 0.0008 0.0001 0.0032 0.055 29.31%

Total indirect effect 0.0041 0.0007 0.0027 0.0056 0433 70.69%

Indirect effect Indl 0.0012 0.0004 0.0005 0.0019 0.015 20.69%
Ind2 0.0015 0.0004 0.0007 0.0024 0.022 25.86%
Ind3 0.0015 0.0004 0.0008 0.0023 0.031 25.86%
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Equation of regression

Result
variable

Variable of prediction

Overall fit index

R2

B

t

Significance of regression coefficient

p

Future orientation Physical exercise 0.180 0.032 6.897 0.181 4.424 0.000%****¢
Gender 0.008 0.193 0.847
Grade 0.057 1.416 0.157
Mental toughness Physical exercise 0.727 0.528 173.062 0.127 4.369 0.000%**+*
Future orientation 0.695 24.748 0.000**>**¢
Gender 0.104 0.367 0.714
Grade —0.008 —0.374 0.709
Academic Physical exercise 0.698 0.488 117.581 0.066 2.158 0.031%**
self-efficacy
Future orientation 0.255 6.17 0.000%%+*
Mental toughness 0.471 11.236 0.000%% ¢
Gender —0.022 —0.755 0.450
Grade 0.046 1.59 0.112
Academic Physical exercise 0.235 0.055 12.049 0.231 5725 D.0ogx
self-efficacy
Gender —0.013 —0.321 0.749
Grade 0.074 1.884 0.060

*p < 0.05,*p < 0.01, ***p < 0.001.
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Fvalue p-value

Autonomy 476 107 1636 272 243.70% 1683 243 253.60% 290 0 0.87
Relationship 530 114 1626 237 206.80% 600 168 13.20% 36 0 0.88
Competence 15.56 319 1436 317 ~7.70% 15.08 336 ~3.10% 107 034 0.02

Mean difference (95% ClI) Mean difference (95% CI)
LBCI MD LBCI
~11.60 ~1290 ~1020 1200 1070
~1096 -1207 ~9.85 ~070 ~181
120 ~0.86 326 023 -183
IPL, Group with prescribed intensity (64-76% HRmax) (i ): SGS, Small Group with self-selected intensity; 1SS, Individual Group with self-selected intensity. M, mean; SD,

tandard deviation; A%, % difference in M compared to the control group,  value, F-ratio values p-value, probability of F; f,eta-squared effect siz; Cl, confidence interval; LBCI,lower
bound of the 95% confidence interval; UBCI, upper bound of the 95% confidence interval; MD, mean difference.
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Physical exercise Academic self-efficacy Future orientation Mental toughness

Physical exercise 1

Academic self-efficacy 0.223** 1

Future orientation 0.171%* 0.605** 1

Mental toughness 0.244** 0.670** 0.716** 1

Pearson correlation coefficient. **p < 0.01.
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Mean difference (95% Cl)

LBCI UBCI p-value Fvalue p-value n?
w1 4 1 186 0 039
SGS 6 1 416% -18 232 -127 0
158 6 1 37.6% -163 -225 -1 0
IPL, Group with prescribed intensity (64-76% HRmax) (i ): SGS, Small Group with self-selected intensity; 1SS, Individual Group with self-selected intensity. M, mean; SD,

standard deviation; A%, % difference in M compared to the control group; , F-ratio value; p-value, probability; 7, eta-squared effct size; C1, confidence interval; LBCI, lower bound of the
95% confidence interval; UBCI, upper bound of the 95% confidence interval; MD, mean difference.
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First-year Second- Third-year
university year university
student university student
(31.080) student (22.368)
(26.060)

Fourth-year 11.609*** 6.590 2.897

university

student

(19.471)

Third-year 8.712%x* 3.693

university

student

(22.368)

Second-year 5.019%**

university

student

(26.060)

*p <0.05,**p < 0.01.
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Mean difference (95% CI)

LBCI UBCI P-value F value P-value n?
w1 106.10 1740 557 0 o1
5GS 11610 1020 9.4% -936 -162 -255 0
Iss 11510 1090 85% ~104 -172 -355 0
IPL, Group with prescribed intensity (64-76% HRmax) (i ): SGS, Small Group with self-selected intensity; 1SS, Individual Group with self-selected intensity. M, mean; SD,

standard deviation; A%, % difference in M compared to the control group; , F-raio value; , probability of F 7', eta-squared effect size; CI, confidence interval; LBCI, lower bound of the 95%
confidence interval; UBCI, upper bound of the 95% confidence interval; MD, mean difference.
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Relevant | Grade M £ SD

variable
Physical 1(276) 31.080 =+ 27.950 4.717 P<
exercise 0.05

2(197) 26.060 + 23.276

3(117) 22.368 + 24.206

4 (34) 19.471 £ 19.776
Academic 1(276) 3.566 £ 0.674 1.131 0.336
self-efficacy

2(197) 3.624 + 0.640

3(117) 3.559 + 0.603

4(34) 3.754 £ 0.569
Future 1(276) 3.3534:0.613 0.402 0.752
orientation

2(197) 3.409 + 0.594

3(117) 3.379 £ 0.591

4(34) 3.421 +0.543
Mental 1(276) 3.742 +0.698 0.645 0.586
toughness

2(197) 3.756 £ 0.737

3(117) 3.832 +0.633

4(34) 3.737 £0.703
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IPI (n = 30) ISS (n = 30) Group by time interaction

M SD % SD INA F value p-value n?
FS before 470 060 463 076 -14% 450 036 -43% 572 0 009
FS—5 min 223 194 370 106 65.7% 420 1.00 88.1%
FS—15 min 150 157 260 143 733% 353 128 135.6%
F5—25 min 160 148 293 168 833% 287 111 79.2%
FS session 178 025 308 031 731% 353 014 98.8%
FSafter 10min 433 092 480 041 108% 460 081 62%
Mean difference (95% CI) Mean difference (95% CI)
LBCI LBCI
~078 -1 045 -102 -134 -07
IPL, Group with prescribed intensity (64-76% HRmax) (i ): SGS, Small Group with self-selected intensity; 1SS, Individual Group with self-selected intensity. M, mean; SD,

standard deviation, A%, % difference in M compared to the control groups , F-rato value; p probability of s ', eta-squared effect sze; C1, confidence interval; LBC, lower bound of the 95%
confidence interval; UBCI, upper bound of the 95% confidence interval; MD, mean difference; FS Session, FS during the session, without considering before and after exercise.
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Gender| N M % SD t

Physical Male 476 30.242 £ 25.860 5.76 <0.01
exercise

Female 148 17.541 £+ 22.618
Academic Male 476 3.614 £ 0.666 1.568 0.118
self-efficacy

Female 148 3.526 £ 0.570
Future Male 476 3.388 £+ 0.614 0.756 0.450
orientation

Female 148 3.350 & 0.509
Mental Male 476 3.751 £ 0.715 0.895 0.371
toughness

Female 148 3.692 £ 0.666
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Mean difference (95% ClI)

MD LBCI UBCI p-value F-value p-value
e 314 030 087 045 003
GS 302 027 ~38% 0.08 -072 023 028
185 305 032 ~29% 012 -035 027 012
IPL, Group with prescribed intensity (64-76% HRmax) (I 3;5GS, Small Group with self-selected intensity; ISS, Individual Group with self-selected intensity. M, mean; SD,

standard deviation; A%, % difference in M compared to the control groups F value, F-ratio value; p-value, probabiliy of F: 11, eta-squared effect size; C1, confidence interval; LBCI, Lower
bound of the 95% confidence interval; UBCI, upper bound of the 95% confidence interval; MD, mean difference; HR, heart rate; HR Session, HR during the session, without considering
before and affer exercise.
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Causality | Form Quantities = Percentage
Gender Male student 476 76.30%
Female student 148 23.70%
Grade First-year 276 44.20%
university student
Second-year 197 31.60%
university student
Third-year 117 18.80%
university student
Fourth-year 34 5.40%

university student
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HR before
HR5 min
HR 15 min

HR25

HR session

HR after

M

77.83
11787
12260
12330
12126

89.33

IPI (n = 30)

SD

1283
1870
1288
1272
341

1469

(%
Max
HR)
45.3%
68.5%
713%
71.7%
70.5%

51.9%

M

80.60
11270
12597
12400
12089

88.37

SGS

SD

1233
1267
83
1411
ERE)

1418

Mean difference (95% CI)

LBCI

UBCI

(n=30)

(%
Max
HR)
469%
655%
73.2%
72.1%
70.3%

514%

p-value

0.04 8427
~004 11830
003 | 12520
0.01 12293
0 12214
001 8650

ISS

SD

801
1441

1821

(n=30)

(3
Max
HR)
49.0%
68.8%
72.8%
71.5%
710%

503%

0.08

0.00

0.02

0.01

-0.03

Group by time
interaction

F
value

117

Mean difference (95% CI)
UBCI

LBCI

P
value

031 002

p-value

~021

-381

338

IPL, Group with prescribed intensity (64-76% HRmax) (I

standard deviation; A%, % difference in M compared to the control group, F value, F-ratio val

0.98

132

-492

227

066

3; SGS, Small Group with self-selected intensity; ISS, Individual Group with self-selected intensity. M, mean; D,

value, probability of £

, eta-squared effect size; Cl, Confidence interval; LBCI, Lower

bound of the 95% confidence interval; UBCI, Upper bound of the 95% confidence inerval; MD, mean difference; HR, heart rate (bpm); HR Session, HR during the session, without
considering before and after exercise.
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%
First author; year and or (95% CI) Weight

Cross-sectional 'l

Araki et al., 2022 Rl 0.91(0.87,097) 970
Chen et al., 2023 — 099 (068,145) 038
Casals et al , 2024 A d 1.00(0.99,1.00) 1943

Hollandsa et al., 2020
Larisch et al., 2020
Lietal, 2022
Loprinzi., 2013
Morres et al., 2019
Park et al,, 2024
Rethorst et al., 2017
Kirschner et al., 2022
Tully et al., 2020
Yasunaga et al., 2018
Zhou et al., 2024
Subtotal (I-squared = 81.0%, p = 0.000)

1.03(1.00,1.07) 1326
2.03(0.42,10.01) 0.02
0.98(0.97,0.99) 18.95
0.80 (0.67,095) 1.70
0.99(0.95,1.03) 1358
098(0.94,101) 1276
112(0.99,1.26) 3.25
0.24(0.06,0.99)  0.03
0.74(065,081) 378
087 (0.77,099) 3.4
0.92(032,1.38)  0.10
0.97 (0.95,0.99)  100.00

Cohort
Blodgett et al., 2023 — 0.66 (0.47,0.93)  10.16
Chan et al., 2022 —— 1.23(0.97,1.56) 1647
Chan et al., 2023 . 0.88(0.82,0.93)  36.07
Ho etal., 2022 —_— 0.94(063,1.38) 821
Hussenoeder et al., 2022 - 087 (0.77,098)  29.09
Subtotal (I-squared = 61.5%, p = 0.034) 0.90(0.80,1.03)  100.00
|
Overall (I-squared = 81.2%, p = 0.000) 0.96 (0.93,0.98)
NOTE: Weights are from random effects analysis
T T T
059 1 16.9
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Dependent Effect type Effect Proportion of Significance

variable value total effect

Positive affect Total effect 2433 0.631 1.171 3.696 - Significant
Direct effect 2.131 0.643 0.844 3418 87.59% Significant

Indirect effect 0.303 0.308 -0.072 1.069 12.45% Not significant
Negative affect Total effect 1.5 0.509 0.482 2.519 - Significant
Direct effect 1.166 0.506 0.153 2.179 77.73% Significant
Indirect effect 0.334 0.193 0.005 0.761 22.27% Significant
Subjective wellbeing Total effect 3.933 0.834 2.263 5.604 - Significant
Direct effect 3.297 0.814 1.667 4.926 83.83% Significant
Indirect effect 0.637 0.453 0.002 1.731 16.20% Significant
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Variable Control group Experimental group t P Cohen’s d
Emotional regulation efficacy 24.30 £2.87 26.60 £ 3.10 -2.982 0.004 0.77
Positive affect 27.23 £2:97 29.43 £3.12 -2.802 0.007 0.72
Negative affect 30.20 £ 2.56 32.13 £ 3.05 -2.664 0.01 0.69
Subjective wellbeing 5743 £5.15 61.57 & 5.04 -3.141 0.003 0.81
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Variable

Pre-intervention

Post-intervention Cohen’sd

Emotional regulation efficacy Control: 23.37 £2.92 Control: 24.30 + 2.87 -1.159 0.256 0.32
Exp.: 23.60 £ 2.33 Exp.: 26.60 £ 3.10 -5.326 0 129

Positive affect Control: 27.77 £ 3.31 Control: 27.23 £2.97 1.23 0.228 -0.16
Exp.:27.53 £ 2.46 Exp.:29.43 £3.12 -3.266 0 0.77

Negative affect Control: 30.27 £ 3.34 Control: 30.20 + 2.56 0.239 0.813 -0.02

Exp.: 30.70 £ 2.90 Exp.: 32.13 £ 3.05 -3.37 0.002 0.49

Subjective wellbeing Control: 58.03 £ 6.59 Control: 57.43 £ 5.15 1.048 0.303 -0.09
Exp.: 58.23 £ 5.29 Exp.: 61.57 £ 5.04 -5.49 0 0.63
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Variable

Control group (N = 30)

Experimental group
(N = 30)

Emotional regulation efficacy 23,37 +£2.92 2360 £2.33 -0.342 0.733
Positive affect 27.77 £ 3.31 27.53 +2.46 0.31 0.758
Negative affect 30.27 +3.34 30.70 £ 2.90 -0.536 0.594
Subjective wellbeing 58.03 £ 6.59 5823 £5.29 -0.13 0.897
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Baseline characteristics

Control group (N = 30)

Experimental group

(N = 30)
Age (years) 64.90 + 1.73 65.17 £1.82 -0.582 0.563
Height (m) 1.68 £0.08 1.71 £0.08 -1.288 0.203
Weight (kg) 68.77 £ 5.29 69.76 £ 6.25 -0.663 0.51
BMI (kg/mz) 24.40 £2.77 24.00 £ 3.06 0.525 0.602
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Factor Recommendations

1. Establish a mult

ary team of postnatal
exercise rehabilitation experts.
2. Tailor exercise programs to individual needs
and conditions.
3. Provide professional explanations and
Enerise salety asurance demvonstmtiuns during the initial training
session.
4. Monitor exercise sessions in real-time,
offering prompt corrections for incorrect
movements.
5. Adjust the exercise program regularly based
on ongoing physical recovery assessments.

1. Implement real-

me tracking and recording
of physiological and exercise-related data
2. Present the data using intuitive visual
representations.

Physical activity tracking 3. Ensure timely updates of rehabilitation advice
and exercise methods based on the latest
medical guidelines.

4. Strengthen data encryption and identity

verification processes.

1. Establish an online community.
Emotional social support 2. Provide accessible videos and educational
‘materials on postnatal rehabilitation exercises.
1. Offer a comprehensive, medically-supported
Health benefits exercise rehabilitation program.

2. Design a tailored rest and nutrition plan.
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Hypothesis Unstandardized Standardized Collinearity diagnosis Result

coefficients coefficients
B Standard Beta VIF Tolerance
error
HI 0.260 0.061 0.254 4288 0,000+ 1.800 0556 Supported
H2 0.208 0.064 0.205 3.256 0,001+ 2033 0492 Supported
H3 0.196 0058 0.198 335 0,001+ 1.802 0555 Supported
He 0011 0036 0015 0.293 077 1347 0743 Rejected
Hs 0135 0052 0.142 2613 0.009%* 1523 0.657 Supported

Note: *p < 0.05, ** p < 0.01.
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Factor 1
Factor 2
Factor 3
Factor 4
Factor 5
Iy

0.659

0.585

0557

0345

0.492

0.559

0.681

0572

0446

0531

0549

The italicized diagonal values represent the square roots of the AVE.

0.634

0446

0437

0525

Factor 4

0.679
0231

0315

Factor 5

0.693

0.465

Ty

0.669
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Sample Treated Control ATT value
type mean mean

Unmatched 0140 —0.208 0346 | 0.037 9.44
sample

Matched 0.139"* —0.135 0274 | 0058 472
sample

.

P < 0.001; ATT, Average treatment effect on the treated.
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0616
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0.669

0.657

0733
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0625

mate

AVE

0.434

0.464

0.402

0461

048

0.447
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Male B Female Between-

(§3) B (SE) group
differences g

Direct effects

PE— Pa 0.428 0.442 —0.014 0.012
(0.013) (0.015)

Intermediary pathway impacts

PE— ISC 0.005 0.011 —0.006 0.087
— Pa (0.002) (0.003)
PE— CSC 0.012 0.003 0.009 0.007
— Pa (0.004) (0.002)

PE, physical exercise; Pa, Positive affect; ISC, individual social capital; CSC, collective
social capital.
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Factor loading coefficients Communality

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Qi 0745 0.086 0.185 0.036 0.109 0077 0616
Q 0.682 013 0.136 0.169 0056 0.224 0582
Qs 0541 0.201 0276 0.08 0281 0102 0505
Q9 0.702 0.239 0.003 0.063 0082 0.143 0582
Qu 0.596 0.136 0222 0.163 0202 0252 0554
Q6 0076 0742 0.159 0.25 022 ~0.007 0.692
Qs 0209 0693 0205 ~0.046 029 0,068 0.657
Q23 0363 0574 0219 0.26 ~0.021 0.208 0.621
Qs 0224 0567 0.206 0.044 008 0369 0559
Q26 0203 0.608 0.101 0312 0.064 0.244 0583
Q1o 0225 0.143 0598 onz 02 0234 0537
Q0 0.145 0.247 0.668 0.051 0042 0.169 0561
Q1 0 0172 0.606 0378 ~0.009 0.293 0626
Qs 0316 0.107 0685 o121 0.226 ~005 0,649
Q4 0.06 0233 0.058 0719 0123 019 063
Q6 0.155 0073 0.299 0.705 0044 ~008 0.624
Q2 0.126 0.089 0059 0812 -0.02 0072 0692
Qs 0.067 0316 0.074 0272 0656 0.204 0656
Qu 0.22 0362 0081 ~0.059 0701 onz 0.694
Q7 0.196 -0.025 0.193 0.005 0799 0.149 0737
11 0227 0123 0122 0.095 0123 0746 0.662
o2 0235 0.149 0.125 -0015 0.236 0752 0714
U3 0.167 019 0327 0226 0.101 05 0.482

Before rotation

Eigenvalue 7.905 1826 11 1324 098 108
Variance

34368 7.937 4784 5756 4262 4695
explained (%)
After rotation
Eigenvalue 2876 2688 2269 2283 2036 2062
Variance

12502 11687 9.865 9.925 8854 8966
explained (%)
Cronbach « 0793 0811 0718 0727 0734 0700
KMO and Bartlett's test
KMO 0923
Bartletts

p=0000

sphericity test
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Pa UC(SE)  95%Cl Cohen's d

Total effect

PE— Pa 0.387 [0.283,0.490] 0.451 (0.006) 0.255
(0.001)

Direct effects

PE— Pa 0373 [0.269,0.477] | 0.435(0.004) 0235
(0.001)

Indirect 0.014 [0.004,0.017] | 0.016(0.003) 0.182

effects (0.006)

(total)

PE— ISC 0.007 (—0.001,0.015] | 0.008(0.173) -

- Pa (0.166)

PE — CSC 0.007 [0.001, 0.008(0.009) 0.175

— Pa (0.005) 0.013]

Effect sizes were calculated as the ratio of the total mediated effect, 8 = fully standardized
coefficient; UC, unstandardized coefficient; SC, standardized coefficient; SE, standard error;
PE, physical exercise; Pa, Positive affect; ISC, individual social capital; CSC, collective

social capital.
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Factor  Factor Factor Factor Factor

1 2 & 4 5]
Factor 1 0.659
Factor2 | 0585 0.681
Factor3 | 0557 0572 0634
Factord 0345 0.446 0.446 0679
Factor5 | 0492 0531 0437 0231 0.693
The italicized diagonal values represent the square roots of the AVE.
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Variables Positive  Physical Individual Collective

emotions activity social social
capital capital
Positive 1.000
emotions
Physical 0.131%* 1.000
activity
Individual 0.100%* 0.025 1.000
social
capital
Collective 0.064*** 0.045%* 0.092++* 1.000
social
capital

D < 0.001.





OPS/images/fpsyg-16-1554741/fpsyg-16-1554741-t001.jpg
Variable N

Positive emotions 3,007 0 1 —1.137 2296
Physical activity 3,007 0.599 0.490 0 1
Individual social 3,007 | 0.589 0.492 0 1
capital

Collective social 3,007 | 0479 05 0 1
capital

Gender 3,007 | 0521 05 0 1
Age 3,007 | 71783 4.887 66 97
Urban 3,007 | 0322 0.467 0 1
Marital 3,007 | 0817 0.386 0 1
Health 3,007 2.08 0.683 1 3
Edu 3,007 1.49 0.802 1 4
Income 3,007 1.785 0.803 1 3






OPS/images/fpsyg-16-1575049/fpsyg-16-1575049-t006.jpg
Factor Loading Coefficients Communality

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Qi 0.744 0.085 018 0036 0114 0.608
Q 0712 0.165 0.155 0.169 0,066 0591
Qs 0537 0.19 0.262 0.085 0.291 0487
Qo 0712 0.254 001 0055 0,09 0584
Qu 0617 0172 0256 0.168 0213 0549
Q6 0.053 0717 0.138 0241 0227 0645
Qs 0.203 0.679 0.193 ~0.052 0.298 0631
[35) 038 0.59 0229 0263 ~0.005 0621
Qs 0.271 0.623 0.251 0.047 0.106 0538
Q6 0224 0.642 0124 0311 0.081 0581
Qo 0.257 0173 0624 0119 0212 0544
Q0 015 0.265 0703 0.049 0.051 0592
Qu 0.042 0223 0652 0378 0.009 0619
Qs 0.297 007 0.64 0123 023 057
Q4 0.083 0.268 0076 0722 013 0623
Q6 013 0.047 0.269 0703 0.046 0587
Q2 0.128 0.103 0075 0816 -0023 0699
Qs 0.088 034 0.101 0.27 0.667 0651
Qi 022 0359 0078 ~0.058 0712 0.694
Q7 0214 ~0.014 0203 0.006 0.806 0737

Before rotation

Eigenvalue 6984 177 1316 109 0.987
Variance explained

34919 8851 658 5481 4934
(%)
After rotation
Eigenvalue 2869 2783 2235 2228 2038
Variance explained

14345 13913 1176 11142 10,188
(%)
Cronbach « 0793 0811 0727 0718 0734
KMO and Bartlett's test
KMO 0918
Bartletts sphericit

phericity p=0000

test
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Factor loading coefficients Communality

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Qi 0.693 0.063 0.042 0123 0.296 ~0001 0589
Q@ 0.683 0.156 0.207 0,09 0.063 0.196 0585
Q7 0577 0077 0.071 0.199 0056 0212 0432
Q@ 0.466 0.141 0514 0.094 ~0.064 0292 0599
Qs 0.486 0252 0.107 0307 0344 ~0.108 0535
Q19 0.667 0.256 0.031 0.057 0039 0204 0558
Q4 0.567 0.186 0.196 0225 0339 ~0048 0562
5] 0.120 0413 0.140 0,569 0.142 0001 0548
Qi 0.077 0471 ~0.080 0477 ~0.044 0332 0574
Qs 0.054 0.704 0273 0.247 0.166 ~0.038 0663
Qs 0.245 0.621 -0.016 0.276 0.184 0.145 0577
Q2 0369 0.583 0.286 0025 0272 0047 0634
Qs 0244 0553 0.040 0133 0219 0328 0539
Q26 0.228 0.581 0334 0.085 0.116 0.153 0545
Qio 0.240 0.146 0.152 0.165 0.548 0321 0532
Q0 0.085 0256 0,09 0.085 0.657 0.190 0558
Q1 0.009 0.195 0413 0011 0452 0477 0641
Qi4 0.061 0244 0.686 0.128 0.053 0.136 0571
Qs 0125 0023 0.698 0021 0276 0022 0582
Q2 0.079 0.093 0.805 0,008 0.082 0014 0671
Qs 0.052 0340 0.257 0.680 0.087 0.094 0664
Qi 0.291 0288 ~0.044 0.657 0.09 0080 0617
Q7 0.226 ~0.099 0.006 0.762 0213 0.181 0720
Qs 0.254 0.094 0.158 0.200 0.688 0.009 0612
Qi2 0307 0410 0373 0.183 0055 0275 0514
Qi3 0.200 0033 0173 0351 0.228 0.490 0.486
Qs 0.246 0.185 0.129 0.121 0.139 0648 0565
Q7 0379 0226 0017 0075 0333 0318 0413

Before rotation

Eigenvalue 9.359 1.974 1.563 1164 1049 0978

Variance 3.494
33.426 7.049 5.583 4.157 3748

explained (%)

After rotation

Eigenvalue 3462 3141 2748 2677 2297 1762
Variance 12364 1n.217 9813 9561 8203 6294
explained (%)

KMO and Bartlett's Test

KMO 0931

Bartletts

sphericity test
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Latent variable

Observed

variable

Intention to Use, ITU

If1 plan to have a child in
the near term, I will use a
postpartum exercise
rehabilitation mobile
application in the near

future

Tam willing to use a
Huang and Qian (2021)
postpartum exercise
rehabilitation mobile
application
Twould recommend that
others usea postpartum
exercise rehabilitation

mobile application
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@

Q3

Qs

Q6
Q7
Qs

Q1o

Qi

Q2

Q13

Q4

Qis

Q16

Q17

Q8

Q9

Q20

Q1

Q22
Q3

Q4

Q25

Q%

Q7
Qs

Detailed description

Personalized exercise rehabilitation plan customization

Experts in the relevant field supervise and guide me

during exercise

Providing professional and effective exercise methods

and techniques

Effectively helps me recover from physical injuries

caused by pregnancy
Effectively reduces my weight and helps me achieve a
good physique

Regularly provide feedback on my physical changes
Low-cost or free of charge items

Track and record various physical data indicators

Flexible exercise duration

Equipped with commu

y interaction and

communication features

Improve physical fitness and restore my level of physical
activity

“Teach me relevant knowledge and precautions

regarding postpartum rehabilitation

Provide dietary and nutrition plans during postpartum

rehabilitation
Can provide support to motivate me to exercise

Improve postpartum psychological issues and maintain

mental health

Equipped with notification and reminder fun

encourage me to exercise

Can communicate online with doctors or relevant

professionals

Adjust the exercise intensity and plan in real time based

on my actual exercise and physical condition

Provide corresponding safety measures to reduce my

exercise risks
Engage in exercise in a group setting

Help family and friends understand the importance of

postpartum exercise
Incorporates a reward mechanism
Data recording is accurate and effective

Able to assess the accuracy of exercise postures and

provide corections

Able to protect personal privacy and security

ely update on the laest knowledge and exercise

programs related to postpartum rehabilitation
Help me develop healthy lifestyle habits

Can help me gain a sense of pride and confidence

53

0

32

2

2

2

23

23

2

Source
Literature Review (Tinius et al,, 2021; Turner et al, 2023; Brites-Lagos
etal, 2024) and User Survey

Literature Review (Szumilewicz, 2018; Tinius etal., 2021; Brites-Lagos

etal, 2023; Lesser et al,, 2023; Turner et al,, 2023; Jones et al,, 2024) and

User Survey

Literature Review (Brites-Lagos et al,, 2023; Lesser et al,, 2023; Brites-

Lagos et al,, 2024) and User Survey

Literature Review (Tinius et al, 2021; Brites-Lagos et al, 2023; Lesser

etal., 2023; Brites-Lagos et al. 2024) and User Survey

Literature Review (Tinius etal., 2021; Lesser et al,, 2023; Tornero-

Quiiones et al., 2023; Jones et al, 2024) and User Survey

Literature Review (Brites-Lagos et al 2023) and User Survey

User Survey

Literature Review (Tinius et 2l 2021) and User Survey

Literature Review (Tinius et al, 2021; Lesser et al,, 2023; Jones et al.,
2024) and User Survey

Literature Review (Tinius et al, 2021; Lesser et al, 2023; Brites-Lagos

etal,, 2024; Jones et al., 2024) and User Survey

Literature Review (Lesser et al,, 2023 Brites-Lagos et al,, 2024) and User

Survey

Literature Review (Tinius et al, 2021; L

ser etal., 2023) and User Survey

User Survey

Literature Review (Radzi et al,, 2020; Tinius et al,, 2021; Brites-

etal, 2023; Lesser et al,, 2023; Jones et al, 2024) and User Survey

Literature Review (Tinius etal,, 2021; Lesser et al,, 2023; Jones et al,,

2024) and User Survey
Literature Review (Tinius et al,, 2021) and User Survey

Literature Review (Tinius etal,, 2021; Turner etal, 2023) and User
Survey

Literature Review (Tinius etal,, 2021; Brites-Lagos et al,, 2023) and User

Survey

Literature Review (Radzi ct al,, 2020; Tinius etal., 2021; Brites-Lagos

etal, 2023; Lesser etal,

123) and User Survey

Literature Review (Brites-Lagos et al,, 2023; Lesser et al., 2023; Brites-
Lagos etal, 2024; Jones etal, 2024) and User Survey

Literature Review (Tinius et al, 2021) and User Survey

User Survey
User Survey

User Survey
User Survey
User Survey

Literature Review (Tinius etal, 2021; Lesser et al,, 2023) and User Survey

Literature Review (Lesser et al,, 2023; Jones et al, 2024) and User Survey
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Subgroup MVPA SB

OR(95% (%) * OR(95%  [12(%)
Cl) Cl)

Age Adult 12 077(067087) 8470 0.00 000 8 103(100106) 9.9 021 0.03

Older 6 0990094103 1091 000 8 107003111 2733 003

Mix 12 087(079096) 7353 0.00 6 1150106124 5454 000
Depression CES 10 093085100 7755 0.00 009 5 108(072143) 9858 0.16 027
scales GDS. 6 0.9 (0.95,1.02) 10.65 0.00 5 106 (1.01,1.12) 3370 037

PHQ 5 067(05308) 554 0.00 6 118(096124) 5285 000

Others 9 081068094 7994 0.00 7 1150105125 7406 000

Confounding factor

BMI Yes 20 082(063089) 8366 0.00 023 18 107003112 4928 0.00 002
No 9 0960921000 2258 0.00 4 1290109149 3242 001

SES Yes 15 088(0.68098) 827 0.00 050 9 107(103,11) 6628 0.00 083
No 15 091(087095) 4732 0.00 13 1050031100 3742 001

Ethnicity Yes 11 082(073092) 8224 0.00 009 4 LI5097142) 1354 0.19 001
No 19 091(067.099) 5536 0.00 18 116004128 5192 019

baseline disease  Yes 14 086(065094) 8419 000 064 1 1060021100 57.77 0.00 042
No O ossosoey Y i 1 - 4388 0.00

(1.03,1.15)

G, cross-sectional study; SES, socioeconomic status; P*and P* represent heterogeneity within and between subgroups, respectively.
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Title Option Frequency Percentage

21-30 9 3100
31~40 158 5267
Age group
41 ~50 29 9.67
s1-60 2 667
Junior high school and
. 8 267
below
High school vocational
15 5.00
Educational sctiact
background Associate degree 3 1033
Bachelor’s degree 168 56.00
Master's degree 72 2400
Doctoral degree s 200
Civil servant 7 233
State-owned enterprise 34 1133
Private enterprise 202 67.33
Occupation
Public institution 36 1200
16 533
enterprise
Student s 167

Total 300 10000
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Research elements Sources

Motivational Material, Social Support France-Ratcliffe et al. (2024)

Technological Affordances, Engagement,
Kim and Chung (2024)
Motivational Technology

Barrier Identification and Resolution, Self-

Efficacy, Self-Management, Achievable Goal Turner et al. (2023)
Setting,

Social Support Perera et al. (2023)

Self-Efficacy, Capacity for Customizations, Self-

ius et al. (2022)
Assessed, Usability, Ease of Navigation

Evidence-Based Exercise Guidance,

Personalization, Progress Tracking, Social
Tucker etal. (2021)
Support, Symptom Tracking, Usability; Ease of

Navigation, Inclus

Perceived Severity and Susceptibility, Perceived

Barriers, Perceived, Benefit, Cue-to-Action,
Tinius et al. (2021)
Self-Efficacy, Social Support, Evidence-Based

Exercise Guidance
Effectiveness Radzi et al. (2020)
Engagement, Risk Perception, Responsibility,

Willcox etal. (2015)
Functionality
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First author; year and

Cohort
Chan etal,, 2022
Chan etal, 2023
Hsueh etal., 2020

Hussenoeder etal, 2022

King et al, 2022 D

Subtotal (I-squared = 86 9%, p = 0.000)

Cross-sectional

Dhakal et al, 2023

Leeetal, 2014 —_—

McKercher et al., 2009 —_——

McKercher et al, 2009

Subtotal (I-squared = 65.7%, p = 0.033)

Overall (I-squared = 87.2%, p = 0.000)

NOTE: Weights are from random effects analysis

or (95% CI)

081(073,089)
093(091,095)
070(053,093)
084(074,095)
0.14(0.06,0.35)
0.79(068,093)

0,98 (0.96,0.99)
028(009,091)
048 (0.11,201)
042(017,1.05)
056(028,1.13)

087 (081,094

Weight

2689
3009
15.03
2523
276

100.00

4135
19.43
1488
2434

100.00

T
06

T
167
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Task B SE B P 95% ClI R

Dumbbell Hold ~075 019 -390 <0.001 0344
Plank Hold ~071 018 -394 <0.001 0348
Standing High Jump 028 0.09 -0522 -3.29 0,003 [-0.846,~0.198] 0272
Grip Strength ~058 014 ~0601 ~405 <0.001 [~0905,-0.297] 0361

Results of separate linear regression analyses predicting performance estimation accuracy for each exercise based on physical slf-efficacy (PSE). Higher PSE was significantly associated with
reduced discrepancy in all tasks (p < 0.01), indicating that individuals with higher self-effcacy exhibited higher accuracy in estimating their own future performance. Unstandardized
coefficients (B), standard errors (SE), standardized regression weights (§), -values, significance levels (p), 95% confidence intervals (CI), and model fitindices (R®) are reported.
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Gender  Reduction in anxiety scores (%)  Reduction in fear scores (% total scores (%)

Female 162% 19.5% 15.3%
Male 125% 15.8% 128%
Age 18-20 162% 19.5% 15.3%

21-23 153% 15.8% 14.8%





OPS/images/back-cover.jpg
Frontiers in
Psychology

Paving the way for a greater understanding of
human behavior

The most cited journal inits field, exploring
psychological sciences - from clinical research to
cognitive science, from imaging studies to human
factors, and from animal cognition to social
psychology.

Discover the latest
Research Topics

Frontiers
Psychology

Frontiers

Avenue du Trbunal-Fédéral 34
1005 Lausanne, Switzerland.
fontiersinorg

Contactus

+41(01215101700
frontersinro/about/contact

& frontiers | Research Topics






OPS/images/fpsyg-15-1521290/fpsyg-15-1521290-t001.jpg
PARTICIPANTS' CHARACTERISTICS (N = 189)

Age (years) 233+44
Height (cm) 188.9 £ 6.3
Weight (kg) 924+ 113
BMI (kg/m?) 259+23
Handball experience (years) 13.8 £ 44
Weekly training load (hours) 8.6 +44
Weekly competition load (hours) 0.3+04
Weekly academic load (hours) 37+76
Weekly work load (hours) 524123
Perceived stress 48+18

n, number of athletes; BMI, body mass index; data presented as mean = standard deviation.
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SC — Sports Career Characteristics
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Sex N/people Sports participati Social suppol Academic burnout
Male 697 4630 +3.43 37124251 4823822
Female 570 4598 £621 3711265 4526£9.25

Total 1,267 46.14 +4.82 37124253 4675+ 8.74
Gender difference (F/p) 245/0.03* 3.18/0.00% 4.22/0.00%

Age difference (T/p) 3.78/0.00% 0.70/0.65 2.72/0.00%

N=1,267; %p < 0.05.
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Group (mean + standard deviation)

Control group
(n =30)

Experimental group
(n = 30)

Difference

Sense of self-esteem
Energy
Panic and panic
Anger
Depressed
Fatigue
Nervous

<005, *p <001

1040+ 163
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Construct MVPA El ES [X{ele]
MVPA (0865)

El 03525+ (0.835)

s —0391%* | —0444**  (0707)

HRQOL 0523 ** 0.543%% | —0530 ** (0843)

On the diagonals,the square root of the AVE islocated, whilethe off-diagonals represent
Pearson's corrections of contrasts. **p<0.01.
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Dimension

Group (mean + standard deviation|

Before intervention
(n = 15)

After intervention
(n = 15)

Difference

Sense of self-esteem
Energy
Panic and panic
Anger
Depressed
Fatigue
Nervous

<005, *p <001

993143

1140£1.49
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153
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Point Product of coefficients Bootstrapping

St Bias-corrected 95% CI Two-tailed significance
SE Lower Upper
MVPA = PS =0.148 0.028 5.286 =0.210 =0.100 <0.001
EI = HRQOL 0.165 0.034 4.853 0.110 0.244 <0.001

MVPA - HRQOL 0363 0038 9.553 0282 0431 <0.001
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Before intervention
(n = 15)

After intervention
(n = 15)
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Panic and panic
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<005, *p <001

9.80+1.47

11534339
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8204142
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Indicators Group x time interaction Cohen’s d Experimental Control

effect (F-value) (95% CI) group (A) group (4)
Self-esteem 7.62 0.008%+ 012 0.85[0.42,1.28] +2.00% +0.80
Energy 105 0310 002 0.18 [-0.20,0.56] +0.67 +093
Panic and panic 0.83 0.367 001 0.15[-0.23,0.53] -053 -033
Anger 1125 0.001%% 016 0.89[0.45,1.33] ~1.60** -0.74%
Compression 9.84 0,003+ 015 1.021057,1.47) ~2.00%% ~0.60°%
Fatigue 217 0.146 004 0.28[-0.10, 0.66) -0.78 -053
Tension 1543 <0.001%%* 021 1.12[0.66, 1.58] —1.86++* ~046

<005, *p <001, ***p < 0.001.
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Dimension Group (mean + standard deviation] Difference

Before intervention After intervention

(n =15) (n = 15)

Sense of self-esteem 8132192 1046+ 1.92 ~3949 0.001 2
Energy 10264234 1093213 -2092 0055 067
Panic and panic 806109 753+ 184 2037 0.061 053
Anger 8334081 7.06£079 3388 0.002 127

Depressed 7934133 593059 6179 0.000 2
Fatigue 8864150 6934127 3713 0.002 053
Nervous 8264127 6734088 3944 001 153

p <005, **p <001 and ***indicates a p-value of less than 0.001.
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Variant Social support Academic burnout

Age -0.128 -3.923* ~0.098 ~3.081%
Sex -0.121 —3.31% ~0.083 —2.956%*
Sports participation 0231 55827 -0.201 ~4.568*
Social support -0.179 ~4.128*
R 0.153 0.136
F 12331 103.75

*P< 0.05, %P < 0.01
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Variant

Academic bui

4614482 1
Social support 37124253 0,67+ 1
Academic burnout 4675874 ~0.62%

—071% 1
N=1,267; *p < 0.05, **p < 0.01.
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Loadings Cronbach's CR

a

Moderate-to-vigorous

Physical activity 0899 0899 0749
(MVPA)

MVPAL 0878

MVPA2 0.860

MVPA3 0858

Emotional intelligence

i, 0920 0920 0698
El 0.806

EI2 0.864

EI3 0855

El4 0817

EI5 0834

Perceived stress (PS) 0833 0833 0500
Ps1 0.680

Ps2 0.703

Ps3 0705

PS4 0.709

PS5 0738

Health-related quality of

i (HRGOL) 0.908 0908 0711
HRQOLI 0.865

HRQOL2 0.857

HRQOL3 0810

HRQOL4 0841
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Variant Model 1 (Sports participation) Model 2 (Social mentality) Model 3 (Social identity)

Cl ES AA Cl 5 AA Cl =5 AA
Sex 01320060 0.043(0.033)  0.006 (0.018) 0.129 0.041(0033)  0.005(0.018) | 0.142(0060)*  0.048(0.033)  0.007 (0.018)
(0.059)*
HR 0361 0245 ~0.004 0348 0238 ~o001 0326 0.229 ~0.005
(0.066)*** (0.036)** (0.020) 0.066)*  (0.036)*** (0.020) (0066)***  (0.036)*** (0.020)
WL 0.109(0.053)* 0,054 (0.029)" 0.084 0,088 (0.052)° | 0.043 (0.029) 0074 0.112(0053)* | 0,056 (0.029)" 0.084
©016)*= 0016)%% (0.016)4
MH 0347 0201 0172 0290 0170 0143 0351 0.203 0172
(0.056)7%% 00317+ OOI7)™** (0056 | (QO3FFF  (0017)*FF | (0.056)**F | (003)FFF  (0017)%*
sp -0.102 ~0.035 ~0028 0095 ~0.031 ~0025 ~0.094 ~0031 ~0.028
(0.023)7%% (0.012)%% ©007)5%  (0.023)** 0012)* ©007)¥5%  (0.023)%+* (0012 (0.007)+%%
ST 0.105 (0.039) 0.062 0091
= (0.021)%* 0.012)%*
SE 0235 0121 0.093
0036)** | (0.020)%%* | (0.011)***
SL 0.091 (0.045)* 0.070 0.016 (0.014)
(0.024)*
EL 0.197 006000290 =0.012
(0.052)+% (0.016)
con- 3538 1779 0.117) 2205 2949 1456 1.866 3.409(0.265) 1837 2265
0212+ (0.065)%** (0.228)%%% (0.126)%+% (0.069)%+ e (0.147)%% (0.083)%*
N 2320 2320 2320 2320 2320 2320 2320 2320 2320
R 0046 0046 0079 0070 0.068 0.140 0058 0.054 0079

Standard errors are shown in parentheses.
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0229
(0.058)***

0.132 (0.089)

3048
(0.436)%+%

965

0.071

=5

0.088 (0.050)*

0.099 (0.054)

0.092 (0.044)*

0.188
(0.046)*+*

~0.043
0.018)*

0015 (0.033)

0.161
(0.030)%#*

0.099 (0.047)*

1641
(0.230)%+*

965

0.085

AA
0.005 (0.028)
-0037 (0031)

0.105
(0.025)+*

0.109
(0.026)*+*

~0.027
(0.010)*

0.080
(0.018)*=*

0086
(0.017)%#%

0.011(0.026)

1977
(0.131)%#

965

0.126

Model 11 (School level provincial)
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0095 (0.106)

0429
(0.115)%*=

~0.076
(0.099)

0317
(0.101)**

~0.140
(0.042)%+

0077 (0.073)

0.250
(0.066)***

0.196 (0.100)"

3.068
(0472)%*

705
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~0.030
(0.062)

0443
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705
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Model 14 (Bachelor's degree at
education level)
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0079 (0.072)

0.295
(0.077)%#*
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(0.032)**
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(0.331)%+
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0.094
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0.018 (0.046)
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(0.044)%#=
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ons
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1822
(0.101)#*
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Model 12 (School level other)

Cl
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(0.088)**

0219
(0.071)*

0253
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~0.086
(0.030)*

0.103 (0.052)"

0212
(0,050

0218
(0.070)**

2341
(0.326)%

1277

0078

ES
0.095 (0.043)*

0121
(0.047)*

0.085 (0.038)*

0116
(0.041)**

~0.032
0.016)*
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(0.028)**

0.148
(0.026)%*

0.069 (0.037)"

1319
(0.174)%#
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0.014(0.025)

~0021
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0062
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0.144
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0.084
(0.016)***

0087
(0.015)%**

~0014
(0.022)

1.962
(0.103)%*

1277

0125

Model 15 (Education level
graduate)

@l
~0.008(0.217)
-0.212(0.277)

~0.201 (0.186)

0.098 (0.203)

~0.033 (0.094)

~0.047 (0.147)

0.165 (0.135)

0.164 (0.134)

5748
(0.870)***

186

0.026

ES
0079 (0.119)

0034 (0.152)

~0.107 (0.102)

0036 (0.112)

0.001 (0.051)

0.075 (0.081)

0073 (0.074)

0.127(0.074)"

2756
(0479)*+

186

0.042

AA
~0.058 (0.067)
~0.046 (0.085)

~0.091 (0.057)

0211
(0.062)%**

—0.046 (0.029)

0268
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—0.027 (0.041)
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Dimension Group (mean + standard deviatiol

Control group (n = 30) Experimental group (n = 30)
Sense of self-esteem 9804147 9934143 ~0215 0.804
Energy 11534339 1146 £149 0.066 0.948
Panic and panic 686+ 112 726+ 116 ~0.957 0347
Anger 820+ 142 806127 0270 0789
Depressed 693109 7.06 % 1.09 -0332 0742
Fatigue 713£135 7.46 £ 130 ~0.687 0498
Nervous 8864159 8464155 0,659 0492

<005, **p <001
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Dimension Group (mean + standard deviatio

Control group (n = 30) Experimental group (n = 30)
Sense of self-esteem 780+ 1.69 8134192 ~0503 0619
Energy 10534232 1026234 0313 0757
Panic and panic 8:86.£2.09 806+ 1.09 1307 0202
Anger 8732228 8334081 0,639 0582
Depressed 7264103 7934133 -1530 0137
Fatigue 806179 8864150 -1324 019
Nervous 813124 8264127 ~0289 0775

<005, **p <001
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Training exercises Exercise  Practice Intermission time

load time and number of
groups

Fold running, 30-meter running, jumping forward and backward with both feet, jumping left and right with both feet, touching knees with crunches, bending over and
Week | 65-75% 305 No intervention/2 groups
stepping up the mountain, sidestepping and lunging, and standing still against the wall

Week2  High-stepping, small-stepping, abdominal contraction jump, half-squat jump, horse-step squat, pulse squat, plank support, Russian twist 65-75% 305 No intervention/2 groups
Step and raise arms, run with both feet, alternate 50-meter runs with knee lfting and high fives, jump forward and backward with both feet, touch knees with a crunch,

Week 3 65-75% 305 No intervention/2 groups
alternate shoulder touches with support, deep squats, low side lunges, and pulse squats

Step jump, 30-meter run, folding run, half squat jump on a flat surface, burpees, jumping forward and backward with both feet, push-ups, side-onleg rases, and lunges
Week 4 ':"I " . . SRS pusto ¢ & 65-75% 305 Nointervention/2 groups
with leg rases

High-knee raises, 30-meter run, internal and external foot jumps, jumping jacks, abdominal crunches, bent-over step climbing, stting scissors legs, backward lunge
Week s 65-75% 305 No intervention/2 groups
squats, single-leg balance touches

50-meter run, inside and outside foot-tapping run, single-leg forward and backward jump, single-leg left and right jump, Bobbi jump, alternating shoulder touch with
Week 6 65-75% 305 No intervention/2 groups
support,static hip bridge, forward lunge squat, backward lunge squat

Week 7 Straight leg running, wheel running, alternating lunge jump, burpees, sitting scissors leg, crunches with knee touch, side support leg lif, wall squat, deep squat 65-75% 305 Nointervention/2 groups

Step-up arm swing, step jump, jump with open and close arms, alternating knee lit and high-five, sit-up with both legs, touch knees with crunches, half-squat with
Week 8 65-75% 30s No intervention/2 groups
back up and bend knees, backward lunge squat
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Training exercises Exercise Practice  Intermission time

load time and number of
groups

Fold running, 30-meter running, jumping forward and backward with both feet,jumping left and right with both feet, touching knees with crunches, bending
Week 1 85-90% 305 305/2 groups
over and stepping up the mountain, sidestepping and lunging, and standing still against the wall

Week2 | High-stepping, small-stepping, abdominal contraction jump, half-squat jump, horse-step squat, pulse squat, plank support, Russian twist 85-90% 305 305/2 groups

Step and raise arms, run with both feet, alternate 50-meter runs with knee lifting and high fives, jump forward and backward with both feet, touch knees with a
Week 3 85-90% 305 15572 groups
crunch, alternate shoulder touches with support, deep squats, low side lunges, and pulse squats

Step jump, 30-meter run, folding run, half squat jump on a flat surface, burpees, jumping forward and backward with both feet, push-ups, side-on leg rases, and
Week 4. RIS ' iR BeEs NP B & N 85-90% 30s 15 5/2 groups
lunges with leg raises

High-knee raises, 30-meter run, internal and external foot jumps, jumping jacks, abdominal crunches, bent-over step climbing, itting scissors legs, backward
Week s 85-90% 305 15572 groups
lunge squats, single-leg balance touches

50-meter run, inside and outside foot-tapping run, single-leg forward and backward jump, single-leg left and right jump, Bobbi jump, alternating shoulder touch
Week 6 85-90% 30s 15 5/2 groups
with support, static hip bridge, forward lunge squat, backward lunge squat

Week7 | Straight leg running, wheel running, alternating lunge jump, burpees, sitting scissors leg, crunches with knee touch, side support leg lft, wall squat, deep squat 85-90% 305 24572 groups

Step-up arm swing, step jump, jump with open and close arms, alternating knee lft and high-five, sit-up with both legs, touch knees with crunches, half-squat
Week 8 Fe LS B ¢ d B B 85-90% 305 245/2 groups
with back up and bend knees, backward lunge squat
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ning class

Running with both feet

Straight leg running

Step cushion vibratingarm

Wheel running

Step Jump

50 meter run
30 meter run
Folding Run
Small step running

Raise your legs high

B jump class

Alternating knee-raising and high-fives
jump

Jumping with one foot

Jump forward and backward with one

foot
Jump with both feet

Jump forward and backward with both,

feet

Opening and closing jump
Poppy Jump

Squat Jump.

Alternating lunges

Abdominal contraction jump

Ci

Side support leg lfting

class C

Sitting scissors leg

Lying prone with your back up

Lying on the back and doing two-point lfting

lean over and take a step to climb the mountain

Static hip bridge

Russian twist

Roll up and touch your knees
Alternating shoulder touch with support

Flat support

D squatting class
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Gende! Sensitive Flexibility Endurance Speed Power BMI (kg/m'

Schoolboy 4 10m turnaround run  Sit and bend forward | 1,000-meter run 50 meter run Standing long jump, pull-up 23415

Girlstudent 4 10 m turnaround run  Sitand bend forward | 800-meter run 50 meter run Standing long jump, sit-up 23412
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1 Physical Exercise

2Self-Control 042+

3 Impulse Control 038 0.38%*

4 Goal Regulation 0414 0.49%% 052452

5 Professional Ethics 0364 0547 0.49%5% 0.50%%%

6 Integrity 0324 05200 0.4 0,507+ 071552

7 Fairness 0344 0.49%xx 047452 0520 0750 0.66%**

8 Responsibility 0310 0.50%%% 047%%% 0.4gree 0,68 [ 0,654

#5p < 0.01,% #p < 0.001.
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Project Specification and description

rubber surface (thickness 8 mm), IAAF (International Association of Athletics Federations)

400 metres standard running track, synth

Runway
certified standard.

Training area Central grass area division:
- HIIT group: 50 m x 20 m, marked 30 m/50 m sprint zones and interval recovery zones. Control group: same area for continuous

Ground material
training, no zones marked.

Environmental monitoring - Control group: same area for continuous training, no zones marked.
Equipment & instruments  The turf area was artificial turf (FIFA Quality Pro certified) with a cushion layer thickness of 30 mm to ensure sports safety:

Safety measures Average temperature during the experiment; 19.5°C  3°C (indoor), humidity: 45% + 10%, wind speed <2 m/s (no rain or snow).
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Group Age (years) ight ( Weight (kg)
Experimental group (male, 1 = 30) 169409 160.3 4.7 52150

Control group (female, n = 30) 170207 1597+ 46 517+49
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Group Age (years) ight ( Weight (kg)
Experimental group (male, 1 = 30) 17.1£07 173649 70265

Control group (male, 1 = 30) 17008 1729451 698458
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Dimension Group (mean + standard deviation] Difference

Before intervention After intervention

(n =15) (n = 15)
Sense of self-esteem 780+1.69 8604229 ~2175 0.047 08
Energy 10534232 1140+ 2.16 ~2385 0032 087
Panic and panic 8735209 7732212 1685 o4 1

Anger 8734228 8134206 2553 0023 06
Depressed 7264103 6734096 2256 0.041 053
Fatigue 8064179 753+ 168 2086 0.056 053
Nervous 8132124 786+ 140 2256 0.041 027

<005, *p <001
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Demographic Variables ~ Categories Numbers

Gender Male 144
Female 236
Age <30 years 96
30-39 years 204
240 years 80
Teaching Experience <5 years 72
5-10 years 142

>10 years 166
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Variable M SD Cronbach’s

Physical Exercise 4,560 MET-minfweek | 1243 088
Self-Control 3.78 058 092
Impulse Control 3.65 0.62
Goal Regulation 391 057
Professional Ethics 412 061 094
Integrity 418 0.63

ess 407 059

Responsibility 410 058
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Participant Marital status Exercise experience (years) | Exercise frequency (days/week)
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