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Introduction: Mobile phone addiction is increasingly prevalent among college students and can lead to various physical, psychological, and social problems. This study aimed to investigate the relationship between physical activity and mobile phone addiction among Chinese college students and to examine the potential chain mediating effects of social anxiety and loneliness in this relationship.

Methods: A cross-sectional survey was conducted with 268 Chinese college students (62.7% male, mean age = 20.36 years, SD = 1.73) who completed standardized measures including the Physical Activity Rating Scale-3, Social Phobia Inventory, UCLA Loneliness Scale, and Mobile Phone Addiction Tendency Scale. Data were analyzed using Pearson’s correlations and PROCESS macro for mediation analyses with bootstrapping.

Results: Physical activity had a significant negative effect on mobile phone addiction (β = −0.11, p < 0.05) with a total effect of β = −0.28 (p < 0.001). Social anxiety [β = −0.12, 95% CI (−0.18, −0.06)] and loneliness [β = −0.03, 95% CI (−0.06, −0.01)] independently mediated this relationship, while a significant chain mediation through both variables was also found [β = −0.02, 95% CI (−0.03, −0.01)], with all indirect effects accounting for 59.68% of the total effect.

Discussion: These findings extend previous research by identifying the psychological mechanisms through which physical activity protects against mobile phone addiction, providing new theoretical insights into the sequential pathway from physical activity to reduced addiction, and practical implications for developing targeted interventions that combine physical activity promotion with strategies to reduce social anxiety and loneliness among college students.
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1 Introduction

With the rapid development of information technology and the increasing prevalence of smartphones, mobile phone addiction has become a growing concern, particularly among college students (Sun et al., 2019). Mobile phone addiction, also known as problematic mobile phone use or smartphone addiction, is characterized by excessive or poorly controlled preoccupations, urges, or behaviors regarding mobile phone use that lead to impairment or distress (Lin et al., 2016). College students are especially vulnerable to mobile phone addiction due to their developmental stage, which is marked by increased independence, identity exploration, and the need for social connection (Arnett, 2000). Previous research has documented the negative consequences of mobile phone addiction on college students’ physical and mental health, as well as their academic performance and social functioning (Alhassan et al., 2018). For instance, excessive mobile phone use has been associated with poor sleep quality, decreased physical activity, and increased risk of depression and anxiety (Demirci et al., 2015; Lepp et al., 2013). Moreover, mobile phone addiction can interfere with face-to-face communication and lead to social isolation and loneliness (Bian and Leung, 2015; Sarman and Çiftci, 2024; Erdem and Sezer Efe, 2022).

Given the adverse impacts of mobile phone addiction, it is crucial to identify protective factors that may help prevent or mitigate this problem. One potential protective factor is physical activity, which has been shown to have numerous physical and psychological benefits (Warburton et al., 2006). Our theoretical framework integrates two complementary perspectives to explain how physical activity may reduce mobile phone addiction. First, according to the self-determination theory (Ryan and Deci, 2000), engaging in physical activity can satisfy individuals’ basic psychological needs for autonomy, competence, and relatedness, thereby promoting their well-being and reducing the risk of addictive behaviors. When these needs are fulfilled through physical activity, individuals may feel less compelled to seek need satisfaction through excessive mobile phone use. Second, the Displacement Hypothesis (Kushlev and Leitao, 2020) suggests that time spent on physical activity naturally reduces the time available for mobile phone use. This time displacement creates both behavioral competition (competing for limited time resources) and psychological competition (competing for attention and interest), potentially breaking habitual patterns of excessive mobile phone use. These theoretical perspectives provide a comprehensive framework for understanding the protective role of physical activity against mobile phone addiction. Indeed, empirical evidence has suggested that physical activity is negatively associated with various types of addictive behaviors, such as substance abuse and internet addiction (Wang et al., 2014; Park, 2014). However, the relationship between physical activity and mobile phone addiction among college students has received less attention. The few existing studies on this topic have yielded mixed results (Kim et al., 2015; Gao et al., 2016), highlighting the need for further investigation.

Furthermore, it remains unclear how physical activity may influence mobile phone addiction. One possible mechanism is through the reduction of social anxiety and loneliness, two common psychological problems among college students that have been linked to mobile phone addiction (Enez Darcin et al., 2016; Bian and Leung, 2015). Social anxiety refers to the persistent fear of social or performance situations in which embarrassment or humiliation may occur (American Psychiatric Association, 2013). Individuals with high levels of social anxiety may rely on mobile phones as a “safety blanket” to avoid face-to-face interactions and alleviate their anxiety (King et al., 2013). Loneliness, on the other hand, is defined as the subjective feeling of being alone, disconnected, or separated from others (Peplau and Perlman, 1982). Lonely individuals may turn to mobile phones as a substitute for real-life social connections and to cope with their negative emotions (Sar, 2013).

Physical activity has been found to be effective in reducing social anxiety and loneliness. For example, engaging in regular exercise has been shown to decrease social anxiety symptoms and improve social skills and self-esteem (Li et al., 2024; Deng and Wang, 2024; Wu et al., 2025). Similarly, participation in physical activity can provide opportunities for social interaction and support, thus alleviating feelings of loneliness (Lindsay Smith et al., 2017; Ahn et al., 2024; Lippke et al., 2021). Based on these findings, it is plausible that physical activity may protect against mobile phone addiction by reducing social anxiety and loneliness. The current study aims to examine the relationship between physical activity and mobile phone addiction among Chinese college students and to investigate the potential mediating roles of social anxiety and loneliness in this relationship. Based on the theoretical frameworks and empirical evidence discussed above, we propose the following hypotheses:


H1: Physical activity will be negatively associated with mobile phone addiction among Chinese college students.

H2a: Social anxiety will mediate the relationship between physical activity and mobile phone addiction.

H2b: Loneliness will mediate the relationship between physical activity and mobile phone addiction.

H3: Social anxiety and loneliness will play a chain and parallel mediating role in the relationship between physical activity and mobile phone addiction (Figure 1).
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FIGURE 1
 Hypothesized relationships among physical activity, social anxiety, loneliness, and mobile phone addiction.

 

By testing these hypotheses, this study contributes to the literature in several ways. First, it provides new evidence on the association between physical activity and mobile phone addiction among college students, a population that is particularly susceptible to this problem. Second, it sheds light on the underlying mechanisms through which physical activity may influence mobile phone addiction, namely by reducing social anxiety and loneliness. Finally, the findings of this study may inform the development of interventions that promote physical activity as a means of preventing and treating mobile phone addiction among college students. To the best of our knowledge, this is the first study to examine the chain mediating roles of social anxiety and loneliness in the relationship between physical activity and mobile phone addiction. While previous studies have investigated these variables separately or as single mediators, none has explored the chain mechanism through which physical activity influences social anxiety, which in turn affects loneliness, ultimately impacting mobile phone addiction. This integrated approach provides a more comprehensive understanding of the psychological pathways linking physical activity to reduced mobile phone addiction.



2 Materials and methods


2.1 Participants and procedure

A cross-sectional survey was conducted among college students in a large university in Shandong Province, China. The study was approved by the Ethics Committee of Shandong University (No. 2021–1-114) and followed the guidelines of the Declaration of Helsinki. A convenience sampling method was used to recruit participants. The investigators were trained to guide the survey process and answer participants’ questions. Informed consent was obtained from all participants before they proceeded to the survey. Participants were assured of the anonymity and confidentiality of their responses. To ensure adequate statistical power for our analyses, we conducted an a priori power analysis using G*Power 3.1. For multiple regression analyses with three predictors, medium effect size (f2 = 0.15), α = 0.05, and power = 0.95, the minimum required sample size was 119 (Faul et al., 2009). For mediation analyses, Fritz and MacKinnon (2007) recommend a minimum sample size of 148 to detect medium effect sizes in the paths of mediation models. Oversampling was undertaken to mitigate the potential exclusion of data due to low compliance.

A total of 300 questionnaires were distributed, and 268 valid questionnaires were collected, yielding a response rate of 89.3%. The sample consisted of 168 males (62.7%) and 100 females (37.3%), with a mean age of 20.36 years (SD = 1.73). Among the participants, 195 (72.8%) were from urban areas, and 73 (27.2%) were from rural areas. The distribution of participants across academic years was as follows: 50 freshmen (18.7%), 62 sophomores (23.1%), 68 juniors (25.4%), and 88 seniors (32.8%).



2.2 Measures

Demographic characteristics were collected through several sociodemographic questions, including age, sex, urban–rural provenance, and grade.

The Physical Activity Rating Scale-3 (PARS-3) (Liang, 1994) was used to assess participants’ physical activity levels. This scale consists of three items measuring the intensity, duration, and frequency of physical activity in the past month. The intensity and frequency items are rated on a 5-point Likert scale, while the duration item is rated on a 4-point Likert scale. The total score is calculated by multiplying the scores of the three items, with higher scores indicating higher levels of physical activity. The PARS-3 has been validated in Chinese college students and has shown good reliability and validity (Feng et al., 2014).

The Social Phobia Inventory (SPIN) (Connor et al., 2000) was used to measure participants’ social anxiety. The SPIN is a 17-item self-report scale that assesses fear, avoidance, and physiological discomfort in social situations. Each item is rated on a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely). The total score ranges from 0 to 68, with higher scores indicating higher levels of social anxiety. The Chinese version of the SPIN has demonstrated good psychometric properties (Gong et al., 2010). In this study, the Cronbach’s alpha coefficient for the SPIN was 0.938.

The UCLA Loneliness Scale (Version 3) (Russell, 1996) was used to assess participants’ loneliness. This scale consists of 20 items, each rated on a 4-point Likert scale ranging from 1 (never) to 4 (always). Nine items are reverse-scored. The total score ranges from 20 to 80, with higher scores indicating higher levels of loneliness. The Chinese version of the UCLA Loneliness Scale has shown good reliability and validity (Jia et al., 2020). In this study, the Cronbach’s alpha coefficient for the scale was 0.721.

The Mobile Phone Addiction Tendency Scale (MPATS) (Xiong et al., 2012) was used to measure participants’ mobile phone addiction. The MPATS is a 16-item self-report scale that assesses four dimensions of mobile phone addiction: withdrawal symptoms, salience, social comfort, and mood changes. Each item is rated on a 5-point Likert scale ranging from 1 (completely disagree) to 5 (completely agree). The total score ranges from 16 to 80, with higher scores indicating higher levels of mobile phone addiction. The MPATS has been validated in Chinese college students and has shown good reliability and validity (Liu et al., 2017). In this study, the Cronbach’s alpha coefficient for the MPATS was 0.895.



2.3 Statistical analysis

Data were analyzed using SPSS 22.0. First, Harman’s single-factor test was performed to check for common method bias (Podsakoff et al., 2003). Second, descriptive statistics and Pearson’s correlation coefficients were calculated for the study variables. Third, in order to fully explore the mediating mechanism between physical activity and mobile phone addiction, this study will test multiple mediating models, and the SPSS macro PROCESS (Version 3.3) (Hayes, 2017) was used to test the parallel mediation and chain mediation models. Specifically, we opted for path analysis using the PROCESS macro rather than structural equation modeling (SEM) for several reasons. First, our primary research objective was to test the chain mediation relationships between variables rather than to examine the measurement model of latent constructs. Second, all measures used in this study have been previously validated with established psychometric properties in Chinese populations. Third, the PROCESS macro provides a streamlined approach for testing complex mediation models with bootstrapped confidence intervals, which is particularly suitable for examining indirect effects.

The indirect effects were estimated using a bootstrap procedure with 5,000 resamples. The 95% bias-corrected confidence intervals (CIs) were calculated, and CIs not including zero indicated significant indirect effects. Age, gender, academic year, and urban/rural background were included as covariates in the mediation analyses. Given that these demographic factors may influence college students’ physical activity levels, social anxiety, loneliness, and mobile phone addiction, it is necessary to control for their influence when examining the relationship between the primary interest variables. Specifically, these demographic variables were simultaneously entered as covariates in all equations predicting the mediators (social anxiety and loneliness) and the outcome variable (mobile phone addiction). This approach controls for the potential influences of these demographic characteristics on each pathway in the mediation model.




3 Results


3.1 Common method bias and descriptive statistics

Harman’s single-factor test was conducted to assess common method bias. The results showed that the first factor explained 22.68% of the variance, which was less than the threshold of 40%, indicating that common method bias was not a significant concern in this study (Podsakoff et al., 2003). Tables 1, 2 presents the descriptive statistics and correlations among the study variables. Physical activity was negatively correlated with social anxiety (r = −0.26, p < 0.001), loneliness (r = −0.25, p < 0.001), and mobile phone addiction (r = −0.28, p < 0.001). Social anxiety was positively correlated with loneliness (r = 0.32, p < 0.001) and mobile phone addiction (r = 0.53, p < 0.001). Loneliness was positively correlated with mobile phone addiction (r = 0.37, p < 0.001).



TABLE 1 Characteristics of athlete participants.
[image: Table1]



TABLE 2 Descriptive statistics and bivariate correlations (n = 268).
[image: Table2]



3.2 Parallel mediation analysis

The parallel mediation analyses were conducted using the SPSS macro PROCESS (Version 3.3) [31]. Model 4 was used to test the mediating effects of social anxiety and loneliness separately, and this parallel model includes two separate simple mediation pathways (physical activity → social anxiety → mobile phone addiction; physical activity → loneliness → mobile phone addiction). Age, gender, academic year, and urban/rural background were included as covariates in all mediation analyses.

The results (Tables 3, 4; Figure 2) showed that physical activity had a significant negative effect on social anxiety (β = −0.27, p < 0.001), and social anxiety had a significant positive effect on mobile phone addiction (β = 0.43, p < 0.001). The direct effect of physical activity on mobile phone addiction was significant (β = −0.11, p < 0.05). The indirect effect of physical activity on mobile phone addiction through social anxiety was significant (β = −0.12, 95% CI [−0.18, −0.06]), indicating that social anxiety partially mediated the relationship between physical activity and mobile phone addiction.



TABLE 3 Multiple linear regression results for testing the mediating role of social anxiety and loneliness in the relationship between physical activity and mobile phone addiction after controlling for demographic variables (n = 268).
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TABLE 4 The comparison of the mediating effect of social anxiety and loneliness after controlling for demographic variables (n = 268).
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FIGURE 2
 The mediating effect of social anxiety and loneliness in a parallel model.


The results showed that physical activity had a significant negative effect on loneliness (β = −0.25, p < 0.001), and loneliness had a significant positive effect on mobile phone addiction (β = 0.20, p < 0.001). The direct effect of physical activity on mobile phone addiction was significant (β = −0.11, p < 0.05). The indirect effect of physical activity on mobile phone addiction through loneliness was significant [β = −0.05, 95% CI (−0.09, −0.01)], indicating that loneliness partially mediated the relationship between physical activity and mobile phone addiction.



3.3 Chain mediating effect of social anxiety and loneliness

In addition to testing the hypothesized, this study also examined a chain mediation model. This approach allows us to assess the relative contribution of each mediating pathway while controlling for the others, providing a more nuanced understanding of the mechanisms linking physical activity to mobile phone addiction. The results (Tables 5, 6; Figure 3) showed that physical activity had a significant negative effect on social anxiety (β = −0.27, p < 0.001), social anxiety had a significant positive effect on loneliness (β = 0.30, p < 0.001), and loneliness had a significant positive effect on mobile phone addiction (β = 0.20, p < 0.001). The direct effect of physical activity on mobile phone addiction was significant (β = −0.11, p < 0.05). The indirect effect of physical activity on mobile phone addiction through social anxiety and loneliness was significant [β = −0.02, 95% CI (−0.03, −0.01)], indicating that social anxiety and loneliness had a significant chain mediating effect on the relationship between physical activity and mobile phone addiction. The total indirect effect of physical activity on mobile phone addiction through social anxiety and loneliness was significant [β = −0.17, 95% CI (−0.24, −0.10)], accounting for 59.68% of the total effect. Specifically, the indirect effect through social anxiety accounted for 41.97% of the total effect, the indirect effect through loneliness accounted for 12.09% of the total effect, and the chain mediating effect through social anxiety and loneliness accounted for 5.63% of the total effect. The results showed that the direct effect of physical activity on loneliness was stronger in the parallel model (β = −0.25) than in the chain model (β = −0.17), suggesting that the parallel model may have overlooked the mediating role of social anxiety on loneliness. The chain model provides a more comprehensive mechanistic explanation, suggesting that social anxiety may be a precursor variable for loneliness (Figure 3).



TABLE 5 Multiple linear regression results for testing the mediating role of social anxiety in the relationship between physical activity and loneliness, and their combined effects on mobile phone addiction after controlling for demographic variables (n = 268).
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TABLE 6 Indirect effect of social anxiety and loneliness after controlling for demographic variables (n = 268).
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FIGURE 3
 The chain mediating effect of social anxiety and loneliness.





4 Discussion


4.1 Summary of findings

The present study found that physical activity was significantly negatively associated with mobile phone addiction, while both social anxiety and loneliness independently mediated this relationship. Most importantly, this study found a significant chain mediating effect through social anxiety and loneliness. This chain mechanism provides new insights into the complex psychological pathways linking physical activity to reduced mobile phone addiction.



4.2 Physical activity and mobile phone addiction

The findings align with previous research demonstrating the protective effects of physical activity against various addictive behaviors (Kim et al., 2015; Lepp et al., 2013), supporting hypothesis 1. Recent research has confirmed that physical activity remains a significant protective factor against mobile phone addiction. For example, the findings are particularly consistent with a recent study Wang (2025), which found that physical activity can reduce mobile phone addiction in university students and identified psychological mediators in this relationship. This research advances understanding by identifying specific psychological mechanisms underlying this relationship. This relationship can be explained by the displacement hypothesis, which suggests that the time spent on physical activity may reduce the time available for mobile phone use, thus decreasing the risk of mobile phone addiction (Xu et al., 2018; Kushlev and Leitao, 2020). Moreover, engaging in physical activity can provide individuals with a sense of achievement, improve their mood, and reduce stress (Mandolesi et al., 2018), which may reduce their reliance on mobile phones as a coping strategy for negative emotions.



4.3 Mediating role of social anxiety

The mediating role of social anxiety in the relationship between physical activity and mobile phone addiction is a novel finding of this study, supporting hypotheses 2a. Previous studies have shown that physical activity can alleviate social anxiety symptoms (Ashdown-Franks et al., 2020), and social anxiety is positively associated with mobile phone addiction (Enez Darcin et al., 2016). The identification of social anxiety as a primary mediator complements Gan and Jiang (2024) findings that physical activity reduces social anxiety symptoms among college students, though they explored different moderators (self-esteem) and mediators (body image). Specifically, physical activity may provide opportunities for positive social interactions and improve social skills (Eime et al., 2013), which can help reduce social anxiety. Individuals with lower levels of social anxiety are less likely to use mobile phones as a means to avoid face-to-face interactions and cope with social distress, thus reducing the risk of mobile phone addiction.



4.4 Mediating role of loneliness

The mediating role of loneliness found in this study is consistent with previous findings that have shown a negative association between physical activity and loneliness (Lindsay Smith et al., 2017) and a positive association between loneliness and mobile phone addiction (Sar, 2013), supporting hypotheses 2a. The mediating role of loneliness identified in the present study builds on the findings of previous scholars on the impact of physical activity on social isolation, but provides new evidence for loneliness as a specific mechanism in the context of mobile phone addiction. A recent review conducted by Ahn et al. (2024) highlights that interventions targeting physical activity can also alleviate loneliness. This study further demonstrates that physical activity can reduce mobile phone addiction by alleviating feelings of loneliness. Engaging in physical activity, especially group-based activities, can provide opportunities for social connections and support, which can help satisfy the need for belongingness and reduce loneliness (Haugen et al., 2013). Individuals who feel less lonely are less likely to rely on mobile phones for social interaction and emotional comfort, thus decreasing the risk of mobile phone addiction.



4.5 Chain mediating effect of social anxiety and loneliness

While earlier studies established the direct relationship between physical activity and mobile phone addiction, this study advances beyond these works by identifying the sequential chain through which physical activity influences mobile phone addiction. This chain mechanism of physical activity → social anxiety → loneliness → mobile phone addiction has not been previously documented in the mobile phone addiction literature, though similar chain mediation processes have been observed in recent studies (Wang, 2025), supporting hypotheses 3. The chain mediating effect of social anxiety and loneliness found in this study provides a more comprehensive understanding of the mechanisms underlying the relationship between physical activity and mobile phone addiction. This finding suggests that physical activity can reduce social anxiety, which in turn can reduce loneliness, ultimately leading to a lower risk of mobile phone addiction. Zhao et al. (2022) revealed that psychological resilience and perceived stress have a chain mediating effect between physical exercise and mobile phone addiction in college students, similar to this chain mediation model involving social anxiety and loneliness. Previous studies have shown that social anxiety and loneliness are interrelated, with social anxiety being a risk factor for loneliness (Maes et al., 2019). The connection between social anxiety reduction and decreased loneliness demonstrated in current chain mediation model extends Maes et al.'s (2019) work on the relationship between these variables, providing new evidence for their sequential rather than merely correlational relationship. Individuals with high levels of social anxiety may have difficulties in forming and maintaining social relationships, leading to increased feelings of loneliness (Lim et al., 2016). By reducing social anxiety through physical activity, individuals may be more likely to engage in social interactions and build social connections, thus reducing loneliness and the reliance on mobile phones for social interaction. The negative association between physical activity and mobile phone addiction can be understood through complementary theoretical frameworks. For example, these findings may be explained by self-determination theory (Ryan and Deci, 2000), which states that the satisfaction of basic psychological needs may specifically reduce social anxiety and subsequent loneliness because individuals build greater social confidence and connection through physical activity. When college students engage in regular physical activity, they experience a sense of accomplishment and social connection that reduces their dependency on mobile phones for psychological satisfaction. The displacement hypothesis further explains why this relationship exists - time devoted to physical activity naturally limits opportunities for phone use, creating both temporal and psychological competition with problematic phone behaviors (Kushlev and Leitao, 2020). Physical activity likely provides a non-threatening context for social interaction, where focus remains on the activity rather than social evaluation, thus allowing individuals to develop social confidence before deeper connections. As social anxiety decreases, students become more willing to engage in meaningful social relationships, naturally reducing loneliness. This decreased loneliness then diminishes the need to use mobile phones as a substitute for real-world social connections. This mechanism extends beyond simple time displacement, suggesting that physical activity initiates a cascade of psychological benefits that collectively protect against mobile phone addiction.



4.6 Theoretical and practical implications

The study makes a unique contribution to the literature by revealing, for the first time, the chain mediating effect of social anxiety and loneliness in the relationship between physical activity and mobile phone addiction. Unlike previous research that has focused on isolated relationships or single mediating variables, this study provides a more nuanced understanding of the sequential psychological mechanisms through which physical activity may protect against mobile phone addiction. The findings of this study also have important practical implications for preventing and reducing mobile phone addiction among college students. First, for college students, physical activity should be realized as an effective protective factor to reduce mobile phone addiction, and regular physical activity should be integrated into daily life. Such as actively participating in group sports activities that provide opportunities for social connection and support, setting time limits on cell phone use, and consciously replacing excessive cell phone use with face-to-face social interactions and physical activities. Second, for mental health practitioners working with college students, the findings suggest a multi-component approach to addressing mobile phone addiction that targets each element in the mediation chain. This could include prescribing regular physical activity as part of treatment protocols, incorporating exposure therapy elements to reduce social anxiety, and facilitating meaningful social connections to reduce loneliness. For example, social skills training, cognitive-behavioral therapy, and mindfulness-based interventions have been shown to be effective in reducing social anxiety and loneliness (Kampmann et al., 2018; Masi et al., 2011). These interventions can be delivered through individual or group therapy sessions, as well as through self-help programs using mobile apps or online platforms. Third, for policymakers, the results suggest the value of investing in campus recreational facilities and creating policies that encourage regular physical activity, potentially including physical activity requirements in university curricula and developing campus spaces that facilitate both exercise and social interaction.



4.7 Limitations and future research directions

Despite the strengths of this study, there are also several limitations that should be acknowledged. First, the cross-sectional design of this study precludes causal inferences about the relationships among physical activity, social anxiety, loneliness, and mobile phone addiction. Future studies should use a longitudinal design to establish causality. Second, the use of self-report measures may be subject to social desirability bias and recall bias. Future studies could integrate neuroscientific approaches (e.g., fMRI) to investigate the neural mechanisms of mobile phone addiction. Third, one limitation of this study is the relatively small sample size, which may affect the generalizability of the findings. Future research should replicate this study with a larger and more diverse sample, further explore its applicability in different populations and examine the long-term effects of effective intervention measures. Moreover, future studies should consider employing structural equation modeling to simultaneously examine both measurement and structural models, which would provide a more comprehensive understanding of the relationships among these constructs. Finally, this study did not assess potential moderators such as personality traits, motivations for phone use, or types of physical activity, which might influence the strength or direction of the observed relationships.




5 Conclusion

In conclusion, this study provides evidence for the protective role of physical activity against mobile phone addiction among Chinese college students and reveals the mediating roles of social anxiety and loneliness in this relationship. The findings highlight the importance of promoting physical activity and reducing social anxiety and loneliness in preventing and reducing mobile phone addiction among college students.



Data availability statement

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



Ethics statement

The studies involving humans were approved by the Ethics approval was obtained from the Ethics Committee of Shandong University (No. 2021–1-114). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

XZ: Formal analysis, Investigation, Methodology, Validation, Writing – original draft. HN: Conceptualization, Data curation, Project administration, Resources, Writing – review & editing. QZ: Funding acquisition, Writing – review & editing. WC: Conceptualization, Software, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was supported by the General Project of Shandong Provincial Social Science Fund: Research on the Production, Dissemination, and Governance of Sports Knowledge in the Digital Age (24CTYJ15).



Acknowledgments

We thank all the participants for their efforts in our study.



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.



References

 Ahn, J., Falk, E. B., and Kang, Y. (2024). Relationships between physical activity and loneliness: a systematic review of intervention studies. Curr. Res. Behav. Sci. 6:100141. doi: 10.1016/j.crbeha.2023.100141 

 Alhassan, A. A., Alqadhib, E. M., Taha, N. W., Alahmari, R. A., Salam, M., and Almutairi, A. F. (2018). The relationship between addiction to smartphone usage and depression among adults: a cross sectional study. BMC Psychiatry 18:148. doi: 10.1186/s12888-018-1745-4 

 American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders. 5th Edn. Washington, DC: American Psychiatric Association.

 Arnett, J. J. (2000). Emerging adulthood: a theory of development from the late teens through the twenties. Am. Psychol. 55, 469–480. doi: 10.1037//0003-066x.55.5.469 

 Ashdown-Franks, G., Firth, J., Carney, R., Carvalho, A. F., Hallgren, M., Koyanagi, A., et al. (2020). Exercise as medicine for mental and substance use disorders: a Meta-review of the benefits for neuropsychiatric and cognitive outcomes. Sports Med. 50, 151–170. doi: 10.1007/s40279-019-01187-6 

 Bian, M., and Leung, L. (2015). Linking loneliness, shyness, smartphone addiction symptoms, and patterns of smartphone use to social capital. Soc. Sci. Comput. Rev. 33, 61–79. doi: 10.1177/0894439314528779

 Connor, K. M., Davidson, J. R., Churchill, L. E., Sherwood, A., Weisler, R. H., and Foa, E. (2000). Psychometric properties of the social phobia inventory (SPIN): new self-rating scale. Br. J. Psychiatry 176, 379–386. doi: 10.1192/bjp.176.4.379 

 Demirci, K., Akgönül, M., and Akpinar, A. (2015). Relationship of smartphone use severity with sleep quality, depression, and anxiety in university students. J. Behav. Addict. 4, 85–92. doi: 10.1556/2006.4.2015.010 

 Deng, Y., and Wang, X. (2024). The impact of physical activity on social anxiety among college students: the chain mediating effect of social support and psychological capital. Frontiers in psychology, 15:1406452. doi: 10.3389/fpsyg.2024.1406452

 Eime, R. M., Young, J. A., Harvey, J. T., Charity, M. J., and Payne, W. R. (2013). A systematic review of the psychological and social benefits of participation in sport for children and adolescents: informing development of a conceptual model of health through sport. Int. J. Behav. Nutr. Phys. Act. 10:98. doi: 10.1186/1479-5868-10-98 

 Enez Darcin, A., Kose, S., Noyan, C. O., Nurmedov, S., Yılmaz, O., and Dilbaz, N. (2016). Smartphone addiction and its relationship with social anxiety and loneliness. Behav. Inf. Technol. 35, 520–525. doi: 10.1080/0144929x.2016.1158319

 Erdem, E., and Sezer Efe, Y. (2022). The smartphone addiction, peer relationships and loneliness in adolescents. L'Encephale 48, 490–495. doi: 10.1016/j.encep.2021.06.009 

 Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power analyses using G*power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41, 1149–1160. doi: 10.3758/BRM.41.4.1149 

 Feng, Q., Zhang, Q. L., Du, Y., Ye, Y. L., and He, Q. Q. (2014). Associations of physical activity, screen time with depression, anxiety and sleep quality among Chinese college freshmen. PLoS One 9:e100914. doi: 10.1371/journal.pone.0100914 

 Fritz, M. S., and Mackinnon, D. P. (2007). Required sample size to detect the mediated effect. Psychol. Sci. 18, 233–239. doi: 10.1111/j.1467-9280.2007.01882.x 

 Gan, L., and Jiang, Y. (2024). How is physical activity associated with social anxiety among college students? The mediating role of body image and the moderating role of self-esteem. Curr. Psychol. 43, 34679–34687. doi: 10.1007/s12144-024-06920-7

 Gao, Y., Li, A., Zhu, T., Liu, X., and Liu, X. (2016). How smartphone usage correlates with social anxiety and loneliness. PeerJ 4:e2197. doi: 10.7717/peerj.2197 

 Gong, X., Xie, X. Y., Xu, R., and Luo, Y. J. (2010). Psychometric properties of the Chinese versions of DASS-21 in Chinese college students. Chin. J. Clin. Psychol. 11, 443–446. doi: 10.3390/healthcare11050700 

 Haugen, T., Säfvenbom, R., and Ommundsen, Y. (2013). Sport participation and loneliness in adolescents: the mediating role of perceived social competence. Curr. Psychol. 32, 203–216. doi: 10.1007/s12144-013-9174-5 

 Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional process analysis: A regression-based approach. New York, NY: Guilford Press.

 Jia, R., Jia, H. H., and Lubetkin, E. I. (2020). Incremental decreases in quality-adjusted life years (QALY) associated with higher levels of depressive symptoms for US adults aged 65 years and older. Health Qual. Life Outcomes 15, 1–10. doi: 10.1186/s12955-016-0582-8 

 Kampmann, I. L., Emmelkamp, P. M., and Morina, N. (2018). Meta-analysis of technology-assisted interventions for social anxiety disorder. J. Anxiety Disord. 42, 71–84. doi: 10.1016/j.janxdis.2016.06.007 

 Kim, S. E., Kim, J. W., and Jee, Y. S. (2015). Relationship between smartphone addiction and physical activity in Chinese international students in Korea. J. Behav. Addict. 4, 200–205. doi: 10.1556/2006.4.2015.028 

 King, A. L. S., Valença, A. M., Silva, A. C. O., Baczynski, T., Carvalho, M. R., and Nardi, A. E. (2013). Nomophobia: dependency on virtual environments or social phobia? Comput. Human Behav. 29, 140–144. doi: 10.1016/j.chb.2012.07.025

 Kushlev, K., and Leitao, M. R. (2020). The effects of smartphones on well-being: theoretical integration and research agenda. Curr. Opin. Psychol. 36, 77–82. doi: 10.1016/j.copsyc.2020.05.001 

 Lepp, A., Barkley, J. E., Sanders, G. J., Rebold, M., and Gates, P. (2013). The relationship between cell phone use, physical and sedentary activity, and cardiorespiratory fitness in a sample of U.S. college students. Int. J. Behav. Nutr. Phys. Act. 10:79. doi: 10.1186/1479-5868-10-79 

 Li, X., Liu, Y., Rong, F., Wang, R., Li, L., Wei, R., et al. (2024). Physical activity and social anxiety symptoms among Chinese college students: a serial mediation model of psychological resilience and sleep problems. BMC Psychol. 12:440. doi: 10.21203/rs.3.rs-4371027/v1

 Liang, D. Q. (1994). The relationship between stress level and exercise in college students. Chin. Ment. Health J. 8, 5–6.

 Lim, M. H., Rodebaugh, T. L., Zyphur, M. J., and Gleeson, J. F. (2016). Loneliness over time: the crucial role of social anxiety. J. Abnorm. Psychol. 125, 620–630. doi: 10.1037/abn0000162

 Lin, Y. H., Chiang, C. L., Lin, P. H., Chang, L. R., Ko, C. H., Lee, Y. H., et al. (2016). Proposed diagnostic criteria for smartphone addiction. PLoS One 11:e0163010. doi: 10.1371/journal.pone.0163010 

 Lindsay Smith, G., Banting, L., Eime, R., O'Sullivan, G., and Van Uffelen, J. G. (2017). The association between social support and physical activity in older adults: a systematic review. Int. J. Behav. Nutr. Phys. Act. 14:56. doi: 10.1186/s12966-017-0509-8 

 Lippke, S., Fischer, M. A., and Ratz, T. (2021). Physical activity, loneliness, and meaning of friendship in Young individuals - a mixed-methods investigation prior to and during the COVID-19 pandemic with three cross-sectional studies. Front. Psychol. 12:617267. doi: 10.3389/fpsyg.2021.617267 

 Liu, Q. Q., Zhou, Z. K., Yang, X. J., Kong, F. C., Niu, G. F., and Fan, C. Y. (2017). Mobile phone addiction and sleep quality among Chinese adolescents: a moderated mediation model. Comput. Human Behav. 72, 108–114. doi: 10.1016/j.chb.2017.02.042

 Maes, M., Nelemans, S. A., Danneel, S., Fernández-Castilla, B., Van den Noortgate, W., Goossens, L., et al. (2019). Loneliness and social anxiety across childhood and adolescence: multilevel meta-analyses of cross-sectional and longitudinal associations. Dev. Psychol. 55, 1548–1565. doi: 10.1037/dev0000719 

 Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino, P., et al. (2018). Effects of physical exercise on cognitive functioning and wellbeing: biological and psychological benefits. Front. Psychol. 9:509. doi: 10.3389/fpsyg.2018.00509 

 Masi, C. M., Chen, H. Y., Hawkley, L. C., and Cacioppo, J. T. (2011). A meta-analysis of interventions to reduce loneliness. Personal. Soc. Psychol. Rev. 15, 219–266. doi: 10.1177/1088868310377394 

 Park, S. (2014). Associations of physical activity with sleep satisfaction, perceived stress, and problematic internet use in Korean adolescents. BMC Public Health 14:1143. doi: 10.1186/1471-2458-14-1143 

 Peplau, L. A., and Perlman, D. (1982). “Perspectives on loneliness” in Loneliness: A sourcebook of current theory, research and therapy. eds. L. A. Peplau and D. Perlman (New York, NY: Wiley), 1–18.

 Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., and Podsakoff, N. P. (2003). Common method biases in behavioral research: a critical review of the literature and recommended remedies. J. Appl. Psychol. 88, 879–903. doi: 10.1037/0021-9010.88.5.879 

 Russell, D. W. (1996). UCLA loneliness scale (version 3): reliability, validity, and factor structure. J. Pers. Assess. 66, 20–40. doi: 10.1207/s15327752jpa6601_2 

 Ryan, R. M., and Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. Am. Psychol. 55, 68–78. doi: 10.1037//0003-066x.55.1.68

 Sar, A. H. (2013). Examination of loneliness and mobile phone addiction problem observed in teenagers from the some variables. J. Acad. Soc. Sci. Stud. 6, 1207–1220. doi: 10.9761/jasss_709

 Sarman, A., and Çiftci, N. (2024). Relationship between smartphone addiction, loneliness, and depression in adolescents: a correlational structural equation modeling study. J. Pediatr. Nurs. 76, 150–159. doi: 10.1016/j.pedn.2024.02.019 

 Sun, J., Liu, Q., and Yu, S. (2019). Child neglect, psychological abuse and smartphone addiction among Chinese adolescents: the roles of emotional intelligence and coping style. Comput. Human Behav. 90, 74–83. doi: 10.1016/j.chb.2018.08.032

 Wang, F. (2025). Effects of physical activity on mobile phone addiction among university students: the mediating roles of self-control and resilience. Front. Psychol. 16:1503607. doi: 10.3389/fpsyg.2025.1503607

 Wang, D., Wang, Y., Wang, Y., Li, R., and Zhou, C. (2014). Impact of physical exercise on substance use disorders: a meta-analysis. PLoS One 9:e110728. doi: 10.1371/journal.pone.0110728 

 Warburton, D. E., Nicol, C. W., and Bredin, S. S. (2006). Health benefits of physical activity: the evidence. Can. Med. Assoc. J. 174, 801–809. doi: 10.1503/cmaj.051351 

 Wu, J., Shao, Y., Hu, J., and Zhao, X. (2025). The impact of physical exercise on adolescent social anxiety: the serial mediating effects of sports self-efficacy and expressive suppression. BMC Sports Sci. Med. Rehabil. 17:57. doi: 10.1186/s13102-025-01107-4 

 Xiong, J., Zhou, Z., Chen, W., You, Z., and Zhai, Z. (2012). Development of the mobile phone addiction tendency scale for college students. Chin. Ment. Health J. 26, 222–225. doi: 10.3969/j.issn.1000-6729.2012.03.013

 Xu, T. T., Wang, H. Z., Fonseca, W., Zimmerman, M. A., Rost, D. H., Gaskin, J., et al. (2018). The relationship between academic stress and adolescents' problematic smartphone usage. Addict. Res. Theory 27, 162–169. doi: 10.1080/16066359.2018.1488967 

 Zhao, Z., Zhao, S., Wang, Q., Zhang, Y., and Chen, C. (2022). Effects of physical exercise on Mobile phone addiction in college students: the chain mediation effect of psychological resilience and perceived stress. Int. J. Env. Res. Pub. Health 19:15679. doi: 10.3390/ijerph192315679 


Copyright
 © 2025 Zhu, Niu, Zhu and Chen. 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.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Physical activity and mobile phone addiction among Chinese college students: a chain mediation model of social anxiety and loneliness



		1 Introduction



		2 Materials and methods



		2.1 Participants and procedure



		2.2 Measures



		2.3 Statistical analysis









		3 Results



		3.1 Common method bias and descriptive statistics



		3.2 Parallel mediation analysis



		3.3 Chain mediating effect of social anxiety and loneliness









		4 Discussion



		4.1 Summary of findings



		4.2 Physical activity and mobile phone addiction



		4.3 Mediating role of social anxiety



		4.4 Mediating role of loneliness



		4.5 Chain mediating effect of social anxiety and loneliness



		4.6 Theoretical and practical implications



		4.7 Limitations and future research directions









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Psychology

Physical activity and mobile
phone addiction among Chinese
college students: a chain
mediation model of social anxiety
and loneliness












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Psychology






OPS/images/fpsyg-16-1545440-t002.jpg
\ELELIES SD

1. Physical activity 2653 263 1

2. Social anxiety 253 085 —0.263*** 1

3. Loneliness 248 0.16 —0.252%** 0.324%% 1

4. Mobile phone addiction 3.10 0.70 —0.279%** 0.534%% 0.370%**

#+%p < 0.001. M, mean; SD, standard deviation,





OPS/images/fpsyg-16-1545440-t003.jpg
Predictor Outcome variable Boot LLCI  Boot ULCI

variable

Equation 1

Physical activity  Social anxiety 035 012 7.24 -027 —4530% -039 -0.15

Equation 2

Physical activity | Loneliness 026 007 369 -025 —4.09++* -0.37 -0.13
Equation 3

Physical activity | Mobile phone addiction 059 035 19.93 -o011 ~207%% -022 ~001
Social anxiety 043 7770 032 054
Loneliness 020 3640 009 030

All variables used in this table were standardized. Boot LLCI and boot ULCL are, respectively,the lower 95% confidence interval and upper 95% confidence interval, calculated by bias-
corrected percentile bootstrap,for testing indirect effects. 95% confidence intervals do not overlap with zero. R (multiple correlation coefficient) represents the strength of the relationship
between the predictors and the outcome variable; R’ (coefficient of determination) indicates the proportion of variance in the outcome variable explained by the predictors; F (F-statistic) tests
the overall ignificance of the regression model; p (standardized regression coefficient) reflects the change in the outcome variable associated with one standard deviation change in the
predictor, while controlling for other variables; and t (t-statistic) tests the significance of individual regression coeflicients. ***p < 0.001; **p < 0.05.






OPS/images/fpsyg-16-1545440-g003.jpg
_0.27%

Social Anxiety

0.30"**

Physical
Activity

=0.17**

Loneliness

043+

0.20"*

Mobile phone

-0.11**

addiction






OPS/images/fpsyg-16-1545440-t001.jpg
Age (years)

Urban-rural provenance, n (%)

Grade, n (%)

Data were described as n (%). Average ag

0.36 years (SD = 1.73).

Categol
Male
Female
17-18 years
19-20 years
2122 years
2325 years
Rural
Urban
Freshman
Sophomore
Junior

Senior

168

100

43

109

83

33

73

195

6

68
88

627

37.3

16.1

0.7

31

122

7.2

728

2.1

254

328





OPS/images/fpsyg-16-1545440-t006.jpg
Boot SE Boot LLCI Boot ULCI Ratio of indirect Ratio of indirect

to total effect to direct effect

Total indirect effect -017 0.03 ~024 -0.10 59.68% 148%
Indirect effect 1 -0.12 0.03 ~018 ~0.06 41.97% 104%
Indirect effect 2 ~0.03 001 ~0.06 ~001 12.09% 29%
Indirect effect 3 ~0.02 001 ~0.03 ~001 5.63% 13%

Indirect effect 1 is physical activity — social anxiety — tendency of mobile phone addiction. Indirect effect 2 is physical activity — loncliness -> mobile phone addiction tendency. Indirect
effect 3 is physical activity — social anxiety — loneliness — mobile phone addiction tendency. Boot SE, oot LLCI, and boot ULCL are estimated standard errors, lower limits of 95%
confidence intervals, and upper limits of 95% confidence intervals by bias-corrected percentile bootstrap method for testing indirect effects. 95% confidence intervals do not overlap with zero.





OPS/images/fpsyg-16-1545440-t004.jpg
Pathway Boot SE Boot LLCI Boot ULCI  Ratio of indirect ~Ratio of indirect

to total effect to direct effect

“Total effect -0.28 0.06 —0.16 = =
Direct effect =0.11 0.05 =022 -0.01 - -
“Total indirect effect =017 0.04 -0.24 -0.10 59.68% 146.71%
Mediating effect of =012 0.03 -0.19 —0.06 41.39% 102.11%
social anxiety

Mediating effect of =0.05 0.01 =0.09 =0.01 18.08% 44.59%

loneliness

The mediating effect of social anxiety was physical activity — social anxiety — mobile phone addiction. The mediating effect of loneliness was physical activity — loneliness — mobile phone
addiction. Boot SE, boot LLCI, and boot ULCL are the estimated standard errors, lower bound of the 95% confidence interval, and the upper bound of the 95% confidence interval by the
bias-corrected percentile bootstrap method for testing indirect effects. 95% confidence intervals do not overlap with zero.





OPS/images/fpsyg-16-1545440-t005.jpg
Predictor QOutcome variable Boot LLCI  Boot ULCI

variable

Equation 1

Physical activity  Social anxiety 035 012 724 -027 —4.53%%r -039 -015

Equation 2

Physical activity | Loneliness 038 014 7.26 -0.17 —2.80%* 029 -005
Social anxiety 030 48585 0.18 042
Equation 3

Physical activity Mobile phone addiction 059 035 1993 =0.11 =207 =022 =0.01
Social anxiety 043 b 032 0.54
Loneliness 020 3.64%%% 0.09 030

Allvariables used in this table were standardized. Boot LLCI and boot ULCL are respectively the lower 95% confidence iterval and upper 95% confidence interval, calculated by bias-
corrected percentile bootstrap, for testing indirect effects. 95% confidence intervals do not overlap with zero. *#%p < 0.001; **p < 0.05.





OPS/images/fpsyg-16-1545440-g001.jpg
Social Anxiety

Physical
Activity

Loneliness

Mobile phone
addiction






OPS/images/fpsyg-16-1545440-g002.jpg
~0.27%

Physical
Activity

Social Anxiety

e i il

0.43

~0.25%*

Loneliness

Mobile phone
addiction

0.20***






