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Background and objectives

With the rapid advancement of information technology, adolescent cell phone addiction has emerged as a pressing and urgent issue. The combined influence of physical activity (PA) and self-control (SC) on mobile phone addiction (MPA) in adolescents has been investigated in previous studies. However, the strength of the relationship between physical activity and cell phone addiction is not clearly understood. The mediating effect of self-control on this relationship also lacks clarity. Thus, in this study, meta-analytic structural equation modeling methods were employed to evaluate the reliability of effect sizes and the mediating effect of SC.





Methods

Relevant manuscripts from the establishment of databases up to May 2024 were retrieved from five Chinese and English databases: Web of Science, PsycINFO, Pubmed, CNKI (core), and CBM. Meta-analysis was performed using CMA (V3) software, while the Web MASEM application was used to perform path analysis and mediated effects analysis.





Results

This meta-analysis included a total of 48 studies containing 75,541 subjects. The findings of this study revealed that the mean weighted effect size of PA and MPA was -0.204, thereby indicating a low to moderate negative correlation between the two parameters. Meanwhile, the mean weighted effect size of PA and SC was 0.213, which was indicative of a small to medium strength positive correlation between the two. However, SC and MPA were found to share a medium to large strength negative correlation, as revealed by the mean weighted effect size of -0.449. Structural equation model (SEM) results demonstrated that the mediating effect of SC between PA and MPA was -0.091, with the mediating effect having a share of 49.7%.





Conclusion

Adolescent PA and MPA exhibited a low to moderate negative correlation, with SC acting as a partial mediator between the two.
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1 Introduction

Mobile phones have become an indispensable part of people’s lives with the rapid advancement of technology. While mobile phones offer great convenience, they also lead to a growing dependence and, in many cases, addiction. MPA is an addictive behavior where an individual uses a mobile phone uncontrollably, leading to a series of physiological, psychological, and social problems, including symptoms of withdrawal, tolerance, etc. (1). In fact, MPA is one of the leading non-drug addictions in the 21st century (2). The global summary prevalence of MPA was revealed to be 26.99% as of 2021 by a meta-analytic study (3). However, MPA is more severe in adolescent students. In 2022, a survey revealed that about 36.6% of Chinese college students suffered from MPA (4). MPA can lead to severe consequences for students, including depression (5), anxiety (6), and sleep disorders (7), significantly disrupting their daily lives (8). Therefore, addressing and alleviating MPA is an urgent issue that requires immediate attention.

PA is a healthy habit that reduces the time and frequency of mobile phone use (9). It also enables individuals to exercise their will and strengthen their physical and mental toughness. Interactions with peers in sports foster the development of interpersonal relationships in adolescents. Moreover, the environment of mutual supervision and encouragement helps them to regulate their daily behaviors and conform to the social norms (10), increasing the likelihood of them avoiding MPA-related behaviors. PA can also enhance the dopamine signaling ability of the body, decreasing addiction behavior (11). Consisting of 12 randomized controlled trials, a meta-analysis revealed that PA intervention significantly reduced MPA in adolescents (12). Another study involving Korean adolescents revealed that consistent engagement in physical activities across various intensities effectively prevented MPA. Several other cross-sectional studies have also reported a negative correlation between PA and MPA (13, 14). With advancements in developmental psychology, scholars are increasingly focusing on the mediating mechanisms of PA on MPA. This includes examining variables such as SC, psychological capital, psychological distress, self-esteem, and resilience, etc. A literature review suggests that most studies focused on exploring the indirect impact of SC, a self-regulatory behavior, on MPA. SC is a positive psychological quality that enables individuals to overcome immediate impulses, habits, or automated responses, allowing them to consciously regulate their behavior in alignment with social norms and long-term goals (15). It is considered an important psychological variable.

A study summarizing 17 English-language papers published before 2022. The selected reports discussed the relationship between PA and MPA among adolescents and demonstrated that the two factors shared a moderately strong negative correlation (16). However, that study only included English-language papers and the subjects included in the study were primarily Chinese adolescents, it was essential to search the Chinese-language databases to improve the accuracy of the results. It was also necessary to update the meta-analysis data in a timely manner since dozens of articles were published on related topics in the past two years. Notably, existing meta-analytic studies have concentrated on integrating study effects and exploring possible moderating effect but have not addressed mediating effect. Additionally, the relationship with MPA using PA as a predictor variable and SC as a mediator variable has not yet been explored in any meta-analysis. Thus, this study used meta-analysis to explore the consistencies and discrepancies among existing studies written in both Chinese and English and examine the reported correlations between PA and MPA among adolescents. Furthermore, Structural Equation Modeling was utilized to validate the mediating mechanism of SC. This study aimed to provide a rationale and new perspectives for preventing and intervening in MPA among adolescents.




2 Methods



2.1 Search strategy

Web of Science, PsycINFO, PubMed, CNKI (core), CBM, and five other Chinese and English databases were searched using AND operator using “physical activit*”/exercise*/”physical fitness”/sport*; addiction/dependenc*/overuse/abuse/”problem use”/”addicted to”; “cell* phone*”/”mobile phone*”/”smart phone*”/”smartphone*” as keywords. The initial search criteria were as follows: literature mentioning quantitative results, details on the relationship between PA and MPA, journal articles, and a search period up to May 2024. The screening resulted in the identification of 657 related journal articles.

The selection criteria were as follows: The selected articles were 1) published empirical journal articles; 2) explored the relationship between PA and MPA; 3) provided a correlation coefficient r between PA and MPA; 4) the study sample included a group of adolescents and young adults at the elementary, middle, and collegiate levels; groups involving a particular group of people with clinical physical illnesses or disabilities were excluded; 5) If more than one article included the same data, then the first one published was selected; 6) The Joanna Briggs Institute (JBI) Critical Appraisal Checklist (17) was employed to examine the methodological quality of the included cross-sectional studies, excluding those with a higher risk of bias and lower quality (scores are provided in the Supplementary Material). Finally, 48 papers (8 in Chinese and 40 in English) were obtained. Figure 1 shows the literature screening.




Figure 1 | Flowchart of the study selection process.






2.2 Data extraction and outcome measures

The coding process comprised two main components: the study description and the statistical analysis of effect values. The study description encompassed details such as the first author and publication year, sample size, population demographics, age, measures of PA, measures MPA, mediating variables, and measurement methods (Table 1). The statistical analysis of effect values adhered to specific guidelines: correlation coefficients between PA and MPA were extracted as effect sizes; if the study included SC, its correlation coefficients with PA and MPA, respectively, were also extracted; for longitudinal studies, baseline data were utilized for analysis; if the target variable had multiple dimensions and only individual dimension correlations were reported, the mean correlation was calculated. Both researchers conducted the coding independently, with any disagreements resolved through team discussion involving all members.


Table 1 | Characteristics of the included studies.






2.3 Data analysis

CMA (V3) software was used to conduct meta-analysis. This study was analyzed using a random effects model (62) since the studies in the individual samples were from different aggregates. The correlation coefficients of individual studies underwent Fisher’s Z transformation before calculating the effect values to exclude the effect of varying sample sizes. The Fisher’s Z transformation formula was as follows:

	

Homogeneity test (Q, I2), where the Q test follows a χ2 distribution, with a significant Q value representing the heterogeneity of the effect sizes; I2 represents the ratio of the true variance of the effect sizes to the total variance, with > 75% ratio indicating a high degree of heterogeneity among the effect sizes (63).

We employed a mixed-effects model to analyze potential moderating factors, specifically applying random-effects models within subgroups and fixed-effects models between subgroups to test whether the effect size differences across moderator-defined subgroups were statistically significant (64).

The Web MASEM application1 developed by Jak and Cheung (65) was used for structural equation modeling path analysis and mediation effects tests.





3 Results

This meta-analysis comprised 48 studies, encompassing a total of 75,541 participants aged between 7 and 30 years. Predominantly authored by Chinese scholars, 38 studies were conducted in mainland China, with 39 focusing specifically on college students. The main instruments for measuring physical activity include the International Physical Activity Questionnaire (IPAQ) and the Physical Activity Rating Scale (PARS). MPA was primarily assessed using scales such as the Mobile Phone Addiction Tendency Scale (MPATS), the Smartphone Addiction Proneness Scale (SAPS), and the 33-item Smartphone Addiction Scale (SAS). SC emerged as the most frequently examined mediating variable, alongside psychological capital, psychological distress, self-esteem, psychological resilience, and core self-evaluation.



3.1 Homogeneity and publication bias test

As depicted in Table 2, the effect values from the chosen articles exhibited significant heterogeneity (p< 0.001), with the proportions of variance attributable to sampling error exceeding 75%. This suggests substantial heterogeneity among the effect sizes, thereby justifying the utilization of a random-effects model.


Table 2 | Pairwise meta-analysis.



The publication bias assessment began with an evaluation using a funnel plot. Results indicated that effect values across the three groups were predominantly clustered in the upper section of the funnel plot and were distributed on both sides of the total effect size. This distribution suggested a minimal likelihood of publication bias in the study data. Furthermore, fail-safe numbers for the three groups were calculated as 7,126, 1,338, and 6,713, respectively. These numbers exceeded their respective critical values (5k + 10) of 250, 60, and 60, indicating a robustness against publication bias. Egger’s test for linear regression was then conducted, yielding intercepts of -1.254, -2.531, and 1.220, respectively, with values close to 0. Corresponding p-values of 0.570, 0.487, and 0.842 were all greater than 0.05, suggesting no statistically significant bias. Additionally, employing the trim and fill method revealed that 15 additional studies could be added between PA and MPA to symmetrize the funnel plot. Even after this adjustment, the effect size remained significant at -0.267 (Figure 2), indicating relative stability in the results. Overall, these analyses collectively suggested that the publication bias within the meta-analysis was negligible.




Figure 2 | Funnel plots of publication bias with trim and fill.






3.2 Sensitivity analysis

Sensitivity analysis involving alternately excluding individual effect sizes revealed that their removal resulted in only minor variations in the weighted mean r-value (-0.208, -0.188) without altering the overall statistical significance, thereby confirming the robustness and high stability of the findings.




3.3 Main effects test

In Table 2, the mean weighted effect value of PA versus MPA was -0.204. According to Cohen (66) threshold categorization, where a small correlation is defined as r = 0.10, medium as r = 0.30, and large as r = 0.50, this finding indicates a low to moderate negative correlation between PA and MPA. Additionally, the mean weighted effect value of PA versus SC was 0.213, suggesting a small to medium strength positive correlation. Furthermore, the mean weighted effect value of SC versus MPA was -0.449, indicating a medium to large strength negative correlation between these variables.




3.4 Subgroup analysis

Given substantial heterogeneity in effect sizes, we conducted subgroup analyses with educational stage, country/region, and measurement scale as moderators. As shown in Table 3, the negative correlation between PA and MPA remained statistically significant across all subgroups. However, only educational stage significantly moderated the PA-MPA relationship (Q = 3.952, df = 1, p = 0.047< 0.05), with a stronger effect size observed in the university subgroup (r = -0.193) compared to the secondary school subgroup (r = -0.115).


Table 3 | Subgroup analyses of summary correlation between PA and MPA.






3.5 Mediation effects test

10 studies were utilized in the mediation effects examination. Employing the theory of meta-analytic Structural equation modeling (MASEM), the mediating effect of SC was assessed through the Web MASEM application. First, the pooled correlation matrix was computed using the Two-Stage Structural Equation Modeling (TSSEM) method proposed by Cheung (67). The results indicated a significant negative correlation between PA and MPA, a significant positive correlation between PA and SC, and a significant negative correlation between SC and MPA, with the findings summarized in Table 4.


Table 4 | Physical activity, mobile phone addiction, and self-control correlation matrix.



In the subsequent step, path analysis was conducted utilizing lavaan syntax2 to confirm the SC mediation model (Figure 3). The model reached saturation, as indicated by a perfect fit to the data (χ2<0.001; df = 0; n=11386; CFI=1; TLI=1; RMSEA=0), suggesting excellent model fit. The results revealed a significant negative direct path from PA to MPA among adolescents, with SC serving as a significant mediator between PA and MPA. This finding elucidates that the effect size of PA on MPA observed in the main effect test appears smaller than its effect size on SC, attributable to the presence of SC as a mediating variable between PA and MPA in adolescents.




Figure 3 | A test of the mediating role of self-control.



As detailed in Table 5, PA positively predicted adolescents’ SC (a = 0.213), subsequently influencing MPA (b = -0.429). The indirect effect of PA on MPA was calculated as ab = -0.091, indicating a mediating effect of SC accounting for 49.7% of the total effect (d = -0.183) between PA and MPA. Consequently, approximately 50% of the negative effect of PA on MPA is mediated by SC.


Table 5 | Path analysis of the mediating effect of self-control.







4 Discussion

This meta-analysis of PA and MPA among adolescents was based on data from 48 publications, which included 48 independent sample studies and 75,541 subjects. Due to the heterogeneous findings, a random effects model was used for analysis. The results indicated the presence of a negative association between adolescents’ PA and MPA, with an effect size of -0.204. These results were consistent with the results of a published meta-analysis article (-0.243) (16). PA has been shown to effectively prevent adolescents from excessive mobile phone usage, reducing their dependency. Some studies have determined that PA can positively predict the satisfaction of students’ basic psychological needs, in turn lowering the likelihood of MPA (68). Embodied cognition theory proposes that PA, by promoting more physically open postures, can mitigate negative emotions and serve as a viable alternative to mobile phone dependence (69). Furthermore, brain science research indicates that PA influences the addiction process by stimulating dopamine release and improving the structure and function of the midbrain dopaminergic system (70). Also, PA stimulates the pituitary gland to release endorphins, enhancing individual pleasure and reducing discomfort in the absence of mobile phones (71). Hence, PA, as a healthy behavior, holds promise for preventing and intervening in MPA. Despite these findings, considerable heterogeneity was observed in the selected studies.

Subgroup analysis revealed statistically significant associations between PA and MPA across all examined subgroups. Notably, educational stage emerged as the sole significant moderator of this relationship, with the correlation magnitude being substantially stronger in the university cohort compared to the secondary school cohort. This observed disparity may be attributed to the heightened academic pressures experienced by secondary school students, particularly those in Mainland China, coupled with stringent parental and teacher-imposed restrictions on smartphone usage - a pattern contrasting sharply with the greater autonomy in device utilization characteristic of university populations. Consequently, the PA-MPA association was attenuated in secondary school students relative to their university counterparts. Geographical factors showed no significant moderating effect, which aligns with the findings reported by Xiao et al. (16). Although no statistically significant differences were observed between subgroups using distinct measurement scales, the potential influence of scale selection on heightened heterogeneity cannot be entirely excluded. The included studies predominantly measured PA and MPA through questionnaire-based assessments or self-reported measures, methodologies inherently associated with elevated measurement error. Such methodological heterogeneity constitutes a substantial contributor to outcome variability in meta-analytic frameworks (72).

Drawing upon the theory of Meta-Analytic Structural Equation Modelling (MASEM), this study delved into the mediating effect of SC as a mediator between adolescents’ PA and MPA, concluding that SC partially mediates the relationship between the two, with the mediated effect representing nearly half of the total effect. Firstly, it was found that PA positively predicts adolescents’ SC, serving as an efficient pathway that bolsters SC. This finding aligns with the strength model of self-control, which posits that SC, akin to a muscle, can be strengthened through appropriate exercise (73). Recent studies on cognitive neuroscience have determined that mild exercise can result in cortical activation in dorsolateral left prefrontal lobe and frontal pole regions, which have been associated with increased SC (74). Additionally, SC was found to be significantly negatively correlated with adolescent mobile phone usage; thus, it acted as a protective factor for adolescent mobile phone use behavior. On the other hand, MPA, which is regarded as a maladaptive behavior, was found to occur in lack of SC and was seen as an impulse control disorder (75). SC is known to be based on executive functioning; consequently, stronger SC can prevent unhealthy mobile phone usage, which, in turn, prevents MPA (76, 77). Based on the self-control theory, SC plays a mediating role and emphasizes that lower levels of SC in individuals might cause delinquent or deviant behaviors, showing a direct causal relationship; the impact of other factors on deviant behaviors could be indirectly realized via the variables of SC (75). PA plays a critical role in indirectly affecting adolescents’ MPA by enhancing their SC. Therefore, in addressing the issue of current college students’ MPA, universities should actively foster a favorable campus sports culture and cultivate students’ regular exercise habits, thereby alleviating their reliance on mobile phone. Meanwhile, parents should actively support middle and primary school students to participate in extracurricular sports activities. Such participation not only reduces screen time after school but also enhances teenagers’ self-control ability, thereby further reducing their tendency to overuse mobile phone.




5 Strengths and limitations

Building upon previous research, our study not only explored the relationship between PA and MPA through meta-analysis but also pioneered the application of MASEM to validate the mediating role of SC in the PA-MPA association. Methodologically, this represents an extension of meta-analytic approaches in this research domain. Practically, the findings provide actionable strategies for preventing smartphone addiction among student populations.

However, there are some limitations to this study. 1) Only articles in Chinese and English were included in this study, excluding those in other languages. 2) The high heterogeneity of the included studies reduced the reliability of the findings. 3) The majority of the included studies adopted cross-sectional data. Based on these studies, we are unable to make definite causal inferences. Therefore, longitudinal or experimental research is highly necessary in future studies. 4) Most samples were primarily from China and consisted of college students, with relatively few samples from other geographic regions and groups of primary and secondary school students, which limited the universality of the conclusions.




6 Conclusion

In this analysis, the authors collected a substantial number of relevant studies. After examining the relationship between PA and adolescent MPA, the mediating effect of SC between the two was also analyzed using MASEM. Based on the findings, this study concluded that PA and adolescent MPA exhibit a low to medium negative correlation, with SC playing a partial mediating role between the two.
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Footnotes

1https://sjak.shinyapps.io/webMASEM/

2Direct effect test: # Regression coefficients; SC ~ b21*PA; MPA ~ b31*PA + b32*SC; # Variances; PA ~~ 1*PA; SC ~~ p22*SC; MPA ~~ p33*MPA. Indirect effect test: # Regression coefficients; SC ~ beta1*PA; MPA ~ beta2*SC +PA; # Variances; PA ~~ 1*PA; SC ~~ SC;




References

1. Zou Z, Wang H, Uquillas FDO, Wang X, Ding J, Chen H. Definition of substance and non-substance addiction. Subst Non Subst Addict. (2017) 1010:21–41. doi: 10.1007/978-981-10-5562-1_2

2. Ahmed I, Perji KA. Mobile phone to youngsters: Necessity or addiction. Inf Manage Business Rev. (2011) 2:229–38. doi: 10.22610/imbr.v2i5.902

3. Meng S-Q, Cheng J-L, Li Y-Y, Yang X-Q, Zheng J-W, Chang X-W, et al. Global prevalence of digital addiction in general population: A systematic review and meta-analysis. Clin Psychol Rev. (2022) 92:102128. doi: 10.1016/j.cpr.2022.102128

4. Mei S, Hu Y, Wu X, Cao R, Kong Y, Zhang L, et al. Health risks of mobile phone addiction among college students in China. Int J Ment Health Addict. (2023) 21:2650–65. doi: 10.1007/s11469-021-00744-3

5. Çağan Ö, Ünsal A, Çelik N. Evaluation of college students’ the level of addiction to cellular phone and investigation on the relationship between the addiction and the level of depression. Procedia-Social Behav Sci. (2014) 114:831–9. doi: 10.1016/j.sbspro.2013.12.793

6. Chen L, Yan Z, Tang W, Yang F, Xie X, He J. Mobile phone addiction levels and negative emotions among Chinese young adults: The mediating role of interpersonal problems. Comput Hum Behav. (2016) 55:856–66. doi: 10.1016/j.chb.2015.10.030

7. Li J, Lepp A, Barkley JE. Locus of control and cell phone use: Implications for sleep quality, academic performance, and subjective well-being. Comput Hum Behav. (2015) 52:450–7. doi: 10.1016/j.chb.2015.06.021

8. Seo DG, Park Y, Kim MK, Park J. ). Mobile phone dependency and its impacts on adolescents’ social and academic behaviors. Comput Hum Behav. (2016) 63:282–92. doi: 10.1016/j.chb.2016.05.026

9. Xiao S. Correlation between the tendency of mobile phone addiction and physical exercise of college students. Modern Prev Med. (2022) 49:487–91.

10. Chóliz M. Mobile phone addiction: a point of issue. Addiction. (2010) 105:373–4. doi: 10.1111/j.1360-0443.2009.02854.x

11. Feng J, Yan Y, Lu Y, Xu J, Sun B, Feng L. Progress in research of exercise intervention for drug detoxification. China SPORT Sci AND Technol. (2019) 55:3–11. doi: 10.16470/j.csst.2019626

12. Li R, Li T, Xie Y, Zhai S, Qu Y, Zhang D, et al. Smartphone use and inflammation at 2-year follow-up in college students: the mediating role of physical activity. PRBM Volume. (2023) 16:1509–19. doi: 10.2147/PRBM.S411043

13. Kim S-E, Kim J-W, Jee Y-S. Relationship between smartphone addiction and physical activity in Chinese international students in Korea. JBA. (2015) 4:200–5. doi: 10.1556/2006.4.2015.028

14. Sezer Efe Y, Döner S, Erdem E, Elmalı F. The effect of technology addiction on eating behaviors and physical activity of adolescents. Int J Ment Health Addict. (2023). doi: 10.1007/s11469-023-01205-9

15. De Ridder DT, Lensvelt-Mulders G, Finkenauer C, Stok FM, Baumeister RF. Taking stock of self-control: A meta-analysis of how trait self-control relates to a wide range of behaviors. Pers Soc Psychol Rev. (2012) 16:76–99. doi: 10.1177/108886831141

16. Xiao W, Wu J, Yip J, Shi Q, Peng L, Lei QE, et al. The relationship between physical activity and mobile phone addiction among adolescents and young adults: systematic review and meta-analysis of observational studies. JMIR Public Health Surveill. (2022) 8:e41606. doi: 10.2196/41606

17. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Systematic reviews of etiology and risk. Joanna Briggs Institute reviewer’s manual. (2017) 5:217–69. doi: 10.2196/41606

18. Zhao X, Lai X, Huang S, Li Y, Dai X, Wang H, et al. Long-term protective effects of physical activity and self-control on problematic smartphone use in adolescents: A longitudinal mediation analysis. Ment Health Phys Activity. (2024) 26:1–9. doi: 10.1016/j.mhpa.2024.100585

19. Wang J, Xu X, Zuo L, Wang H, Yang G. Mobile phone addiction and insomnia among college students in China during the COVID-19 pandemic: a moderated mediation model. Front Public Health. (2024) 12:1338526. doi: 10.3389/fpubh.2024.1338526

20. Su Y, Li H, Jiang S, Li Y, Li Y, Zhang G. The relationship between nighttime exercise and problematic smartphone use before sleep and associated health issues: a cross-sectional study. BMC Public Health. (2024) 24:590. doi: 10.1186/s12889-024-18100-0

21. Kumar S, Rajasegaran R, Prabhakaran S, Mani T. Extent of smartphone addiction and its association with physical activity level, anthropometric indices, and quality of sleep in young adults: A cross-sectional study. Indian J Community Med. (2024) 49:199–202. doi: 10.4103/ijcm.ijcm_706_22

22. Ke Y, Liu X, Xu X, He B, Wang J, Zuo L, et al. Self-esteem mediates the relationship between physical activity and smartphone addiction of Chinese college students: a cross-sectional study. Front Psychol. (2024) 14:1256743. doi: 10.3389/fpsyg.2023.1256743

23. Jin C, Fan C, Niu J. How physical exercise influences academic burnout among Chinese “Double Non” college students: the chain mediation role of mobile phone addiction and learning engagement. Front Psychol. (2024) 14:1289499. doi: 10.3389/fpsyg.2023.1289499

24. Zhang L-Q, Gao H-N. Effects of sports on school adaptability, resilience and cell phone addiction tendency of high school students. World J Psychiatry. (2023) 13:563–72. doi: 10.5498/wjp.v13.i8.563

25. Xu C-Y, Zhu K-T, Ruan X, Zhu X-Y, Zhang Y-S, Tong W-X, et al. Effect of physical exercise on sleep quality in college students: Mediating role of smartphone use. PloS One. (2023) 18:e0288226. doi: 10.1371/journal.pone.0288226

26. Wang J, Hao Q-H, Peng W, Tu Y, Zhang L, Zhu T-M. Relationship between smartphone addiction and eating disorders and lifestyle among Chinese college students. Front Public Health. (2023) 11:1111477. doi: 10.3389/fpubh.2023.1111477

27. Wan X, Ren Y. Exercise identity, exercise behavior and mobile phone addiction: A cross-sectional mediation study with a sample of rural left-behind children in China. Heliyon. (2023) 9:e14953. doi: 10.1016/j.heliyon.2023.e14953

28. Tong W, Meng S. Effects of physical activity on mobile phone addiction among college students: the chain-based mediating role of negative emotion and E-health literacy. PRBM Volume. (2023) 16:3647–57. doi: 10.2147/PRBM.S419799

29. Niu S. Mobile phone addiction, self-control, physical exercise, and depression: A moderated mediation model. J Psychol Afr. (2023) 33:235–40. doi: 10.1080/14330237.2023.2195709

30. Meng Y, Huang L. Mobile phone addiction and relationship with negative emotion, learning burnout, physical activity, and family functionality among chinese nursing undergraduates: A structural equation model. Acta Med Mediterr. (2023) 39:325–34. doi: 10.19193/0393-6384_2023_2_48

31. Liu C, Sun Z. The relationship between physical activity and interpersonal distress in college students: the chain mediating role of self-control and mobile phone addiction. Psicol. Refl. Crít. (2023) 36:18. doi: 10.1186/s41155-023-00261-3

32. Kim I, Ahn H. ). The longitudinal mediating effect of smartphone dependency on the relationship between exercise time and subjective happiness in adolescents. Healthcare. (2023) 11:2997. doi: 10.3390/healthcare11222997

33. Zhu L, Hou J, Zhou B, Xiao X, Wang J, Jia W. Physical activity, problematic smartphone use, and burnout among Chinese college students. PeerJ. (2023) 11:e16270. doi: 10.7717/peerj.16270

34. Han Y, Qin G, Han S, Ke Y, Meng S, Tong W, et al. Effect of mobile phone addiction on physical exercise in university students: moderating effect of peer relationships. IJERPH. (2023) 20:2685. doi: 10.3390/ijerph20032685

35. Gong Y, Yang H, Bai X, Wang Y, An J. The relationship between physical exercise and smartphone addiction among chinese college students: the mediating effect of core self-evaluation. Behav Sci. (2023) 13:647. doi: 10.3390/bs13080647

36. Gao X, Li C, Han B, Xu P, Qu C. The relationship between health belief and sleep quality of Chinese college students: The mediating role of physical activity and moderating effect of mobile phone addiction. Front Public Health. (2023) 11:1108911. doi: 10.3389/fpubh.2023.1108911

37. Ceylan A, Demi̇Rdel E. The relationship between academic performance and physical activity, smart phone use and sleep quality in university students. Clin Exp Health Sci. (2023) 13:549–54. doi: 10.33808/clinexphealthsci.1112286

38. Cetin H, Turkmen C, Bal GA, Tekerlek H, Bilgin S, Köse N. Factors affecting the performance of the deep cervical flexors in young people using smartphones. CRANIO®. (2023) 41:380–8. doi: 10.1080/08869634.2022.2078944

39. Cao M, Yang H, Chen D. Relationship between anxiety and problematic smartphone use in first-year junior high school students: moderated mediation effects of physical activity and school adjustment. Behav Sci. (2023) 13(11):901. doi: 10.21203/rs.3.rs-3354897/v1

40. Zhang D, Su T, Lyu B, Yang Y, Zhuo X. The effects of adolescent physical activity participation on cell phone dependence: The mediating role of self-control. WOR. (2022) 72:1289–98. doi: 10.3233/WOR-210702

41. Zeng M, Chen S, Zhou X, Zhang J, Chen X, Sun J. The relationship between physical exercise and mobile phone addiction among Chinese college students: Testing mediation and moderation effects. Front Psychol. (2022) 13:1000109. doi: 10.3389/fpsyg.2022.1000109

42. Tong W-X, Li B, Han S-S, Han Y-H, Meng S-Q, Guo Q, et al. Current status and correlation of physical activity and tendency to problematic mobile phone use in college students. IJERPH. (2022) 19:15849. doi: 10.3390/ijerph192315849

43. Lu T, Wang C, Chen H, Tao B, Jiang Y, Sui H, et al. Relationship between university students’ physical activity and mobile phone dependence: Mediating effect of subjective well-being and moderating effect of psychological capital. Front Psychol. (2022) 13:983487. doi: 10.3389/fpsyg.2022.983487

44. Lin B, Teo EW, Yan T. The impact of smartphone addiction on chinese university students’ Physical activity: exploring the role of motivation and self-efficacy. PRBM Volume. (2022) 15:2273–90. doi: 10.2147/PRBM.S375395

45. Huang P-C, Chen J-S, Potenza MN, Griffiths MD, Pakpour AH, Chen J-K, et al. Temporal associations between physical activity and three types of problematic use of the internet: A six-month longitudinal study. JBA. (2022) 11:1055–67. doi: 10.1556/2006.2022.00084

46. Guo K, Ma Q, Yao S, Liu C, Hui Z, Jiang J, et al. The relationship between physical exercise and mobile phone addiction tendency of university students in China: A moderated mediation model. Front Psychol. (2022) 13:730886. doi: 10.3389/fpsyg.2022.730886

47. Chen H, Wang C, Lu T, Tao B, Gao Y, Yan J. The relationship between physical activity and college students’ Mobile phone addiction: the chain-based mediating role of psychological capital and social adaptation. IJERPH. (2022) 19:9286. doi: 10.3390/ijerph19159286

48. Chao C-S, Li M-H, Chang S-P, Chen Y-H. Multiple logistic regression analysis of smartphone use in university students. Front Psychol. (2022) 13:821345. doi: 10.3389/fpsyg.2022.821345

49. Yang G, Li Y, Liu S, Liu C, Jia C, Wang S. Physical activity influences the mobile phone addiction among Chinese undergraduates: The moderating effect of exercise type. JBA. (2021) 10:799–810. doi: 10.1556/2006.2021.00059

50. Ding Z-C, Yan J, Fu J. Internet and mobile phone addiction self-control mediate physical exercise and subjective well-being in young adults using ioT. Mobile Inf Syst. (2021) 2021:1–6. doi: 10.1155/2021/9923833

51. Tanir H. The risk of physical activity and smart phone addiction in sports high school students: an example of a state school. Pakistan J Of Med Health Sci. (2021) 15:706–11.

52. Numanoğlu-Akbaş A, Suner-Keklik S, Yakut H. Investigation of the relationship between smart phone addiction and physical activity in university students. BJHPA Supplement. (2020) 1:63–73. doi: 10.29359/BJHPA.2020.Suppl.1.07

53. Yang G, Tan G, Li Y, Liu H, Wang S. Physical exercise decreases the mobile phone dependence of university students in China: the mediating role of self-control. IJERPH. (2019) 16:4098. doi: 10.3390/ijerph16214098

54. Haripriya S, Samuel SE, Megha M. Correlation between smartphone addiction, sleep quality and physical activity among young adults. JCDR. (2019) 13:5–9. doi: 10.7860/JCDR/2019/42168.13212

55. Wei Z. Relationship between physical exercise and academic procrastination of college students: A chain mediation of self⁃Control and mobile phone dependence. J Shenyang Sport Univ. (2023) 42:24–32. doi: 10.12163/j.ssu.20230670

56. Li X, Chen W, Li Z, Wang R. Effect of physical exercise on mobile phone addiction among college students: The mediating role of psychological distress. China J Health Psychol. (2023) 31:423–8. doi: 10.13342/j.cnki.cjhp.2023.03.020

57. Gong Y, Yang H. The relationship between physical exercise and smartphone addiction in college students: the chain mediating effect of innovative behavior and mental health. Stud Psychol Behav. (2023) 21:770–5. doi: 10.12139/j.1672-0628.2023.06.007

58. Dong Y, Wang C, Wu Y, Ge Y. A cross-lag study on adolescents’ physical exercise behavior,self-control and mobile phone dependence. Chin J Behav Med Brain Sci. (2023) 32:623–7. doi: 10.3760/cma.j.cn371468-20220523-00280

59. Chen C, Zhang H. Influence of mobile phone addiction on undergraduates’Physical activity in the college: moderating of interpersonal relation disturbance. China SPORT Sci AND Technol. (2021) 57:75–81. doi: 10.16470/j.csst.2019146

60. Zhen H, Ma J. Correlationship of mobile phone addiction with coping style and physical exercise in college students. J OF TAISHAN Med Coll. (2020) 41:695–8. doi: 3969/j.issn.1004-7115.2020.09.013

61. Yang G, Li Y, Liu H, Wang S. Analysis of the relationship between physical exercise and cellphone dependence of university students in Guangzhou. J Phys Educ. (2020) 27:117–25. doi: 10.16237/j.cnki.cn44-1404/g8.20191003.005

62. Hunter JE, Schmidt FL. Methods of meta-analysis: Correcting error and bias in research findings. Newbury Park, CA: Sage (2004).

63. Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Introduction to meta-analysis. Chichester: Wiley (2009) (2021).

64. Kirca AH, Hult GTM, Roth K, Cavusgil ST, Perryy MZ, Akdeniz MB, et al. Firm-specific assets, multinationality, and financial performance: A meta-analytic review and theoretical integration. Acad Manage J. (2011) 54:47–72. doi: 10.5465/AMJ.2011.59215090

65. Jak S, Cheung MW-L. Meta-analytic structural equation modeling with moderating effects on SEM parameters. psychol Methods. (2020) 25:430. doi: 10.1037/met0000245

66. Cohen J. A power primer. psychol Bull. (2016) 112:155–9. doi: 10.1037/14805-018

67. Cheung MW. Fixed-and random-effects meta-analytic structural equation modeling: Examples and analyses in R. Behav Res Methods. (2014) 46:29–40. doi: 10.3758/s13428-013-0361-y

68. Lin S, Li L, Zheng D, Jiang L. Physical exercise and undergraduate students’ subjective well-being: Mediating roles of basic psychological need satisfaction and sleep quality. Behav Sci. (2022) 12:316. doi: 10.3390/bs12090316

69. Kim J-H. Smartphone-mediated communication vs. face-to-face interaction: Two routes to social support and problematic use of smartphone. Comput Hum Behav. (2017) 67:282–91. doi: 10.1016/j.chb.2016.11.004

70. Lynch WJ, Piehl KB, Acosta G, Peterson AB, Hemby SE. Aerobic exercise attenuates reinstatement of cocaine-seeking behavior and associated neuroadaptations in the prefrontal cortex. Biol Psychiatry. (2010) 68:774–7. doi: 10.1016/j.biopsych.2010.06.022

71. Hu S, Tucker L, Wu C, Yang L. Beneficial effects of exercise on depression and anxiety during the Covid-19 pandemic: a narrative review. Front Psychiatry. (2020) 11:587557. doi: 10.3389/fpsyt.2020.587557

72. Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions. Cochrane: John Wiley & Sons (2011).

73. Baumeister RF, Vohs KD, Tice DM. The strength model of self-control. Curr Dir psychol Sci. (2007) 16:351–5. doi: 10.1111/j.1467-8721.2007.00534.x

74. Byun K, Hyodo K, Suwabe K, Ochi G, Sakairi Y, Kato M, et al. Positive effect of acute mild exercise on executive function via arousal-related prefrontal activations: an fNIRS study. Neuroimage. (2014) 98:336–45. doi: 10.1016/j.neuroimage.2014.04.067

75. Gottfredson MR, Hirschi T. A general theory of crime. Stanford, CA: Stanford University Press (1990).

76. Jiang Z, Zhao X. Self-control and problematic mobile phone use in Chinese college students: The mediating role of mobile phone use patterns. BMC Psychiatry. (2016) 16:1–8. doi: 10.1186/s12888-016-1131-z

77. Ma S, Huang Y, Ma Y. Childhood maltreatment and mobile phone addiction among Chinese adolescents: loneliness as a mediator and self-control as a moderator. Front Psychol. (2020) 11:813. doi: 10.3389/fpsyg.2020.00813




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.


Copyright © 2025 Lin, Fan, Fu, Li and Liu. 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.


OEBPS/Images/fpsyt-16-1446872-g002.jpg
Standard Error

0.00

005

010

0.5

020

Funnel Plot of Standard Error by Fisher's Z

20 5 10 05 00 os 10 15

Fisher's 2

20





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        The mediating role of self-control between physical activity and mobile phone addiction in adolescents: a meta-analytic structural equation modeling approach

      

        		

          Background and objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Search strategy

          



          		

            2.2 Data extraction and outcome measures

          



          		

            2.3 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Homogeneity and publication bias test

          



          		

            3.2 Sensitivity analysis

          



          		

            3.3 Main effects test

          



          		

            3.4 Subgroup analysis

          



          		

            3.5 Mediation effects test

          



        



        



        		

          4 Discussion

        



        		

          5 Strengths and limitations

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Footnotes

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable relation 2 Egger's (p)

PaZMPA W00 057 09 | IS 0000 | SLSINT | 989% 12510570 16
PAKSC o oy 016 | 020 86 000 G SeOIN 259 (048) 138
sCaMPA 00455 050 O3 LIS 0000 IS SSB% | 120(081) o

& Tho Ammbar et ohr i





OEBPS/Images/table4.jpg
PA

MPA
s

PA
1000
0181

o213

MPA

1000

09

sc

1000





OEBPS/Images/fpsyt.2025.1446872_cover.jpg
& frontiers | Frontiers in Psychiatry

The mediating role of self-control between
physical activity and mobile phone addiction
in adolescents: a meta-analytic structural
equation modeling approach





OEBPS/Images/fpsyt-16-1446872-g001.jpg
Records identified through
database searching(n=657)

Records after duplicates

removed(n=439)

Title and abstract screening Records excluded(n=322)
(n=439)

Full-text articles assessed Full-text articles excluded(n=69):
for eligibility(n=117) ~lack of correlation coefficient(n=43)
~lack of correlation variables(n=26)

Studies included in quantitative
synthesis(meta-analysis) (n=48)






OEBPS/Images/table3.jpg
95%Cl

Moderator
uL

' 3 019 023t oam 6006 0000

Educationd Suge 3992 ' o017
2 3 ons  ote oo ass 000
s s o0 0 oaw 61 000

County/Region oon7 ' o029
4 10 om0 o7 a6 000
Sale s 5 0 02 o et 000

o002 ' 0367
6 s 0198 o o007 s oo

1, Collg: 2. Secondaryschot 3, Chinse s 4 Outside ofMinand Chia: . hyscl Aciviy Rating e + Mobile Phon Addicion TendencyScae, Intmationa Physil Aty
Questionasire + 33-Wem Smartphone Addicton Scale LL,lower it UL upper i,






OEBPS/Images/fpsyt-16-1446872-g003.jpg
PA

0.213

-0.429

-0.092———>|

MPA






OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/M1.jpg
Fisher's Z= 05><ln(— V.=1/(n-3), SE.=

r=(e¥-1)/(e¥+1).





OEBPS/Images/table1.jpg





OEBPS/Images/table5.jpg
k a cl, b Cly ab Clay Clc

PASCMPA 0o o o

260 0429 0510038 0091 OIS0 0092 | 0167007 0183

e mmber offctsias: . Confdenc vl he e of th preditor arabe (PA) o e oditor bl (SC: b the fct o the medior variale (5C) o the vicome varabes
(MPAY: b the ndrct o th predicor srise (PA)onthe utcome vrshe (MPA) theoughthe odistor il (SO the it et of heprdictor bl (PA) on the oo
yariable (MPAY: d: the total et of the predictor varsble (PA) on the outcome varisble (MPA).






