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Background: Anxiety symptoms are common among university students in China, posing challenges to mental health. Physical activity may reduce anxiety, but the mechanisms are not fully understood. This study examines how smartphone addiction acts as a mediator and sleep quality as a moderator in the relationship between physical activity and anxiety, aiming to offer theoretical insights and practical strategies for mental health interventions.

Methods: This cross-sectional study was conducted in September 2023 at Guangxi University. A stratified sampling method was used to approach 719 students from diverse physical education classes to distribute questionnaires, and 527 valid questionnaires were returned. Validated instruments included the International Physical Activity Questionnaire-Short Form (IPAQ-SF), Smartphone Addiction Scale-Short Version (SAS-SV), Pittsburgh Sleep Quality Index (PSQI), and Self-Rating Anxiety Scale (SAS). Data analysis involved standardization, descriptive statistics, Pearson correlation, normality testing, mediation and moderation analyses, and Bootstrap validation.

Results: (1) Physical activity was negatively correlated with smartphone addiction (r = −0.13, p < 0.01). (2) Smartphone addiction was positively correlated with poor sleep quality (r = 0.40, p < 0.01) and anxiety (r = 0.43, p < 0.01). (3) Poor sleep quality and anxiety were significantly correlated (r = 0.57, p < 0.01). (4) A masking effect occurred as the non-significant positive direct effect (β = 0.062) was nearly canceled out by the mediation of smartphone addiction (β = −0.058), inducing total effect near-zero. (5) Sleep quality significantly influenced the link between smartphone addiction and anxiety, especially in those with poorer sleep, where the impact of smartphone addiction on anxiety was stronger (β = 0.061, p = 0.036).

Conclusion: This study revealed a more complex relationship between physical activity and anxiety than initially hypothesized. Our findings further revealed the relationship between physical activity and university students’ anxiety, and considered the mediating role of smartphone addiction between the two, as well as the moderating role of sleep quality in the relationship between mobile phone addiction and university students’ anxiety.

Keywords
 anxiety; Chinese college students; moderated mediation; physical activity; smartphone addiction; sleep quality


1 Introduction

In recent years, the world has undergone rapid and continuous developments, presenting both opportunities and challenges for individuals. These significant changes have placed a considerable strain on mental health, particularly among university students (1). In China, university is a crucial time for students as they learn to live independently, handle academic and job pressures, and manage complex social relationships (2). The abrupt and substantial nature of these pressures frequently results in various psychological issues, with anxiety disorders being particularly prevalent (3). Anxiety disorders are typified by enduring and excessive worry, fear, and physiological symptoms that markedly affect emotional regulation, cognitive functions, and daily living (4). Spielberger (5) classified anxiety into two types: state anxiety, a temporary response to specific situations, and trait anxiety, a long-term, persistent condition. Research indicated that consultations related to anxiety are among the most commonly addressed concerns at university mental health centers (6). Ströhle et al. (7) further emphasized that anxiety disorders during university years can adversely affect students’ mental health and may elevate the risk of developing additional neurological disorders in later life. Consequently, it is imperative to develop effective strategies to prevent the onset of anxiety symptoms in college students.

Physical activity is widely advocated for mental health in Chinese students, research shows regular exercise is a powerful intervention for psychological problems (8, 9). Wang et al. (10) found that a 12-week Tai Chi intervention demonstrated significant anxiolytic effects in university students. Furthermore, insufficient physical activity has been recognized as a risk factor for the development of anxiety disorders (11). In a separate study, Mao and Chen (2) study suggested that regular exercise was a protective factor for mental health of Chinese university students. Moreover, a European study of adolescents found that highly active groups had lower anxiety scores than sedentary peers (12). Because all of these studies have shown that physical activity can reduce anxiety. Thus, our first hypothesis posits that there is a negative correlation between physical activity and anxiety among Chinese university students.

The digital era has introduced novel risk pathways, with smartphone addiction emerging as a salient mediator between lifestyle and mental health (13). Specifically, research has identified a notable correlation between the progression of Chinese society and smartphone addiction among university students (14). This was confirmed during the COVID-19 lockdowns, China’s abrupt shift to online education intensified smartphone addiction prevalence (15), simultaneously reducing physical activity engagement and exacerbating anxiety (16, 17). Crucially, a meta-analysis spanning a decade has demonstrated a consistent upward trend in smartphone addiction among Chinese university students from 2013 to 2022 (18), revealed a positive correlation between anxiety disorders and smartphone addiction. Further research has shown that a vicious cycle exists between smartphone addiction and anxiety among Chinese university students, where each condition mutually influences and exacerbates the symptoms of the other (19). However, it is worth noting that emerging studies have demonstrated that physical activity can effectively mitigate smartphone addiction behaviors, which may indirectly contribute to reduced anxiety symptoms (20, 21). Based on these evidences, we hypothesize that smartphone addiction plays a specific mediating role between physical activity and anxiety disorders. Therefore, our second hypothesis posits that smartphone addiction mediates the relationship between physical activity and anxiety among Chinese university students.

Sleep quality may further regulate the mediating role of smartphone addiction through biological and behavioral pathways. Research shows that the sleep quality of university students is significantly affected by smartphone addiction. (22). Yao et al. (23) conducted a cross-lagged panel analysis among 807 Chinese university students, revealing a bidirectional relationship between smartphone addiction and insomnia over time. This harmful cycle shows how smartphone use, especially at night, negatively affects sleep by delaying sleep onset (24) and reducing sleep quality (25). A cross-sectional survey conducted by Matar Boumosleh et al. (26) involving 688 undergraduates found that 38.1% of the students had poor sleep quality due to frequent smartphone use at night. In addition, high-quality sleep is essential for the preservation of mental health, and insufficient sleep can impair an individual’s capacity to manage daily stressors, thereby intensifying symptoms of anxiety (27). Thus, the study conducted by Zhu et al. (28) identified that students with adequate sleep exhibit lower anxiety despite similar smartphone addition levels. Based on these findings, we hypothesize that sleep quality exerts a moderating role in the “smartphone addiction → anxiety” pathway. In 2012, Billieux et al. (29) study provides scientific evidence supporting this speculation: smartphone addiction disrupts nighttime sleep rhythm and increases the risk of anxiety disorders. A recent systematic review further demonstrated the co-occurrence of smartphone addiction, poor sleep quality, and anxiety disorders among college student populations (30), which reinforces our hypothesis. Consequently, our final hypothesis posits that sleep quality may mediate the relationship between smartphone addiction and anxiety among Chinese university students.

Although existing studies have elucidated the intricate interactions among physical activity, smartphone addiction, and sleep quality, they frequently concentrate on the relationship between a single variable and anxiety, thereby neglecting a comprehensive understanding of the interplay among physical activity, smartphone addiction, and sleep quality. Moreover, the mediating and moderating roles of physical activity in mitigating anxiety have not been thoroughly investigated. This study seeks to develop a model that integrates both mediating and moderating effects to systematically examine the interrelationships among physical activity, smartphone addiction, sleep quality, and anxiety. The proposed hypothesis posits that physical activity (X) may indirectly mitigate anxiety (Y) through its impact on smartphone addiction (M), with the strength of this mediating effect varying according to different levels of sleep quality (W). This research aims to comprehensively investigate the interactions among these variables and their impact on anxiety levels among Chinese university students. The findings are expected to inform the development of targeted intervention strategies to address student anxiety, ultimately contributing to the improvement of mental health within this demographic. A theoretical model diagram is constructed (see Figure 1).
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FIGURE 1
 Hypothesized model.




2 Methods


2.1 Participants and procedure

This cross-sectional study was undertaken in September 2023 at Guangxi University. A stratified random sampling technique was utilized to select participants from various undergraduate public physical education classes across the campus, encompassing a total of 10 classes. The required sample size for the smartphone addiction student population was computed as 255 using Epi Info 7 (version 7.2.6.0) [population size: 23,961 undergraduates; expected prevalence: 21.3% (31); acceptable margin of error: 5% (32); design effect: 1; confidence level: 95%]. The required sample size for anxiety disorder student population of 300 was computed using Epi Info 7 (version 7.2.6.0) [population size: 23,961 undergraduates; expected prevalence: 27.2% (33); acceptable margin of error: 5% (32); design effect: 1; confidence level: 95%]. The population base of 23,961 undergraduate students was obtained from Guangxi University’s official website1 during our data collection period. This number encompassed all full-time undergraduates across all four academic years (Years 1–4), and did not include graduate students. The expected prevalence rates of smartphone addiction and anxiety were derived from Long et al. (31) and Mao (33) respective studies, which examined prevalence among Chinese college students. Allowable error was set at 5% following standard epidemiological protocols as used in the study by Nikolic et al. (32). Considering the possibility of incomplete or invalid questionnaires, more students were incorporated into the study.

Data collection was facilitated through the “Wenjuanxing” platform,2 resulting in 719 students completing questionnaires that comprised demographic information and pertinent scales, resulted in a 100% response rate. Before distributing the questionnaires, trained researchers conducted a comprehensive briefing for participants, addressing the anonymity, confidentiality, and objectives of the survey, and emphasizing the importance of voluntary participation and informed consent. Informed consent was duly obtained from all participants, thereby upholding the ethical and legal standards of the study. To ensure the quality and reliability of the collected data, stringent screening criteria were implemented. Questionnaires were excluded if they were completed in less than 120 s, contained any missing data, or exhibited anomalous scoring patterns (either excessively high or low). The 120-s threshold was empirically justified through preliminary testing showing even content-familiar researchers required ≥120 s for conscientious completion. This criterion corresponds with Callegaro et al.’s methodology (34) linking rushed responses to data inaccuracy, ensuring integrity through systematic exclusion of inattentive responses while preserving instrument rigor. Following the screening process, 192 questionnaires were excluded, a total of 527 valid questionnaires were collected, resulting in an effective response rate of 73.3%. The study was in accordance with the relevant guidelines and regulations such as the declaration of Helsinki, and the study protocol received approval from the Ethics Review Committee of Guangxi University (No. GXU-2024-066), with informed consent from all participants.



2.2 Measures


2.2.1 International Physical Activity Questionnaire—short form

The participants’ physical activity levels were evaluated utilizing the abbreviated version of the International Physical Activity Questionnaire (35). The IPAQ-SF consists of 7 questions, 6 of which ask about individual physical activity levels and 1 about sitting time. In the short form, the MET value assigned to walking is 3.3, to moderate-intensity activity is 4.0, and to high-intensity activity is 8.0 (36). Both the long and short forms of the IPAQ have demonstrated considerable reliability and reasonable validity in studies across multiple countries (37). The total weekly IPAQ-SF MET activity for each participant is calculated as follows (38):
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2.2.2 Smartphone Addiction Scale—Short Version

The Smartphone Addiction Scale—Short Version (SAS-SV) (39) consists of 10 items rated on a 6-point Likert scale, with total scores ranging from 10 to 60. This instrument is employed to evaluate the degree of smartphone addiction among participants, with elevated scores reflecting a heightened propensity for addiction. According to the criteria established by Kwon (39), the addiction thresholds are delineated at 31 for males and 33 for females. The gender-specific thresholds (male = 31, female = 33) were derived through Korean adolescents in Kwon’s validation study (39). Cross-cultural validation in Chinese undergraduate students (40) confirmed measurement invariance across populations, coupled with excellent reliability. Internal consistency in this sample was good (Cronbach’s α = 0.87) (41).



2.2.3 Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) (42) comprises 19 items that are grouped into seven component scores: sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. These components collectively evaluate the overall sleep quality of participants. Each component is scored from 0 to 3, with total scores ranging from 0 to 21; higher scores reflect poorer sleep quality. The PSQI has been validated through stratified cluster sampling of Chinese undergraduates (43). Internal consistency in this sample was acceptable (Cronbach’s α = 0.68) (41).



2.2.4 Self-Rating Anxiety Scale

The Self-Rating Anxiety Scale (SAS) (44) contains 20 items, with items 5, 9, 13, 17, and 19 scored inversely. This scale uses a 4-point Likert scale. To achieve clinical applicability and standardized management, Zung (44) applied a conversion by multiplying the scores by 1.25 to adjust the total score range from 20 to 80 to 25 to 100 points. The overall measure of participants’ anxiety levels is determined by calculating the sum of scores across all items. Total standard scores range from 25 (indicating low anxiety) to 100 (indicating high anxiety). Xu et al. (45) stated that, according to the Chinese normative standard, a cutoff standard score of 50 differentiates between non-anxious (<50) and anxious (≥50) statuses. Internal consistency in this sample was acceptable (Cronbach’s α = 0.83) (41).




2.3 Data analysis

In this study, all data analyses were performed utilizing SPSS software version 29.0. Given the notable discrepancies in the scores obtained from various scales, the scores were initially standardized. Subsequently, descriptive statistical analyses were conducted, and the reliability of the scales was evaluated through internal consistency assessments. Furthermore, the interrelationships among variables were examined using Pearson correlation analysis (46). Following an initial verification of the correlations among the variables, Model 4 of Hayes’ PROCESS macro (version 4.2) was employed to investigate the mediating role of smartphone addiction behaviors in the relationship between physical activity levels and anxiety. Given that the normality tests for all variables yielded p < 0.01, indicating significant departures from normal distribution, a bias-corrected non-parametric percentile Bootstrap method with 5,000 resamples was utilized to evaluate the significance of the mediation effects (47). If the confidence interval excludes zero, the mediation effect is deemed statistically significant (p < 0.05) (48). To verify the robustness of the results, we employed Bootstrap resampling with 10,000 replications. We observed that the BootSE fluctuation between two sampling results from the same dataset was <10%, with a relative deviation of <5%, meeting the robustness criteria for Bootstrap methods (49, 50). Subsequently, a moderated mediation analysis was performed utilizing Model 14 of the PROCESS macro, with statistical significance assessed through the Bootstrap method. A 95% confidence interval that excludes zero signifies statistically significant findings. The entire analysis constructed a model with physical activity level as the independent variable (X), anxiety as the dependent variable (Y), smartphone addiction behavior as the mediating variable (M), and sleep quality as the moderating variable (W).




3 Results


3.1 Participant’s characteristics

The participants were between 18 and 22 years old, with 178 males (33.8%) and 349 females (66.2%), other demographics were shown in Table 1. The participant’s characteristics did not have a significant effect when included as a covariate in the models.



TABLE 1 Valid sample demographics.
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3.2 Harman’s single factor test

Data collection for this study was carried out through self-assessment, a method that may introduce certain common methodological biases. To analyze the data, the Harman single-factor test was employed for factor analysis on all items included in the study. The results of the exploratory factor analysis revealed the extraction of 19 factors with eigenvalues exceeding 1. Notably, the first two factors accounted for 21.724 and 8.326% of the explained variance, respectively, resulting in a cumulative variance explanation of 30.05%, which falls significantly short of the critical threshold of 40%. This suggests that the data in this study are not affected by common method bias (51).



3.3 Correlation analysis of main indicators

The correlations presented in Table 2, utilizing physical activity, smartphone addiction, anxiety, and sleep quality as variables, reveal several significant relationships. Notably, there is a significant negative correlation between physical activity and smartphone addiction, with a coefficient of −0.13 (p < 0.01). Conversely, a significant positive correlation exists between smartphone addiction and sleep quality, evidenced by a coefficient of 0.40 (p < 0.01). Furthermore, the data indicate a significant positive correlation between sleep quality and anxiety, with a coefficient of 0.57 (p < 0.01). Additionally, the correlation between anxiety and smartphone addiction is significantly positive, with a coefficient of 0.43 (p < 0.01).



TABLE 2 Pearson correlation matrix among the variables.
[image: Table2]

Overall, physical activity exhibits a weaker correlation with other variables, whereas smartphone addiction demonstrates a significant positive correlation with both sleep quality and anxiety. Additionally, there is a significant positive correlation between anxiety and sleep quality. These significant correlations among the primary variables indicate the necessity for further investigation into potential mediating effects (52, 53).



3.4 Testing the mediating effects of smartphone addiction

To evaluate the mediating role of smartphone addiction in the relationship between physical activity and anxiety, we designated physical activity as the independent variable (X), anxiety as the dependent variable (Y), and smartphone addiction as the mediator (M). A mediation regression analysis was performed utilizing Model 4 in the PROCESS macro (54). Model 4 is widely used to test mediation effects. We used this model to analyze the mediating role of smartphone addiction behavior in the relationship between physical activity level and anxiety. Using Monte Carlo Power Analysis for Indirect Effects (55), we calculate that the statistical power of Model 4 is 0.84. The findings, as delineated in Table 3, indicate that physical activity significantly and negatively predict smartphone addiction among college students. (β = −0.132, SE = 0.043, 95% CI: [−0.217, − 0.047], p < 0.01). Moreover, the direct impact of physical activity on anxiety symptoms among college students was found to be non-significant (β = 0.062, SE = 0.040, 95% CI: [−0.016, 0.140], p = 0.122). However, smartphone addiction emerged as a significant predictor of anxiety. (β = 0.438, SE = 0.040, 95% CI: [0.360, 0.516], p < 0.01). The analysis of indirect effects indicates that physical activity exerts a significant negative indirect effect on anxiety through the intermediary variable of smartphone addiction (β = −0.058, BootSE = 0.021, 95% CI: [−0.101, −0.017]). This finding meets the criteria for testing mediation effects as outlined by Wen et al. (46) and substantiates the mediating role of smartphone addiction in the relationship between physical activity and anxiety.



TABLE 3 Regression analysis of mediating role of smartphone addiction (N = 527).
[image: Table3]

As demonstrated in Table 4, the direct positive effect of physical activity on anxiety was not statistically significant (β = 0.062, 95% CI: [−0.016, 0.140]), while the significant indirect pathway through reduced smartphone addiction (β = −0.058, 95% CI: [−0.101, −0.016]) resulted in a near-zero total effect (β = 0.004). This pattern meets the key diagnostic criteria for a masking effect, characterized by countervailing direct and indirect pathways operating in opposing directions (56). In our study, it is a phenomenon where the mediator (smartphone addiction) suppresses the true relationship between predictor (physical activity) and outcome (anxiety) (57). This masking explains why the total effect (β = 0.004) appears negligible (57): the direct and indirect pathways essentially cancel each other [Total effect = Direct + Indirect: 0.062 + (−0.058) = 0.004)]. These findings underscore the intricate relationship between physical activity and anxiety, suggesting the need for further exploration of additional influencing factors, such as sleep quality, which may serve as a moderating variable in this mediation mechanism (see Figure 2).



TABLE 4 Regression analysis of the mediating role of smartphone addiction (N = 527).
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FIGURE 2
 Model of mediating regulation between physical activity and anxiety. *p < 0.05; **p < 0.01.




3.5 Testing the moderated mediation effects of smartphone addiction on sleep quality

After confirming the mediating effects of smartphone addiction, we employed the PROCESS macro Model 59 to further investigate the moderating role of sleep quality (25). The moderation by sleep quality was predominantly observed in the latter stages of the mediation model. For a more comprehensive analysis, we utilized PROCESS macro Model 14 (49, 58) to examine the direct and indirect effects of physical activity, smartphone addiction, and sleep quality on depression levels among college students, while controlling for mediating and moderating variables. Using the WebPower R package (59), we calculated the statistical power of Model 14. The power of the conditional indirect effect of physical activity on anxiety through smartphone addition is 0.86, and the power of sleep quality on the path of smartphone addition to anxiety is 0.96.

The analysis (Table 5) indicated that higher levels of physical activity were significantly associated with lower levels of smartphone addiction (β = −0.132, SE = 0.043, 95% CI: [−0.217, −0.047], p < 0.01). Furthermore, smartphone addiction was found to be a significant positive predictor of anxiety (β = 0.238, SE = 0.038, 95% CI: [0.162, 0.313], p < 0.01), and sleep quality was also identified as a significant positive predictor of anxiety (β = 0.466, SE = 0.038, 95% CI: [0.391, 0.540], p < 0.001).



TABLE 5 Regression analysis of sleep quality.
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Subsequent moderation analysis indicated that sleep quality significantly moderated the indirect effects of smartphone addiction on anxiety (β = 0.061, SE = 0.029, 95% CI: [0.004, 0.118], p = 0.036). In other words, for each one-unit improvement in sleep quality, the impact of smartphone addiction on anxiety increased by 0.061 units. Specifically, the magnitude of these indirect effects varied considerably across different levels of sleep quality: under conditions of poor sleep quality (high PSQI total score), the indirect effect was −0.040 (SE = 0.016, 95% CI: [−0.073,−0.011], p < 0.01); for moderate sleep quality (medium PSQI score), the effect was −0.029 (SE = 0.012, 95% CI: [−0.056,−0.008], p < 0.01); and under good sleep quality (low PSQI score), the effect was −0.024 (SE = 0.012, 95% CI: [−0.050,−0.005], p < 0.01). These findings indicate that diminished sleep quality substantially intensifies the adverse effects of smartphone addiction on anxiety symptoms, suggesting that the influence of smartphone addiction on anxiety is more pronounced in the context of inadequate sleep.

To further examine the influence of sleep quality on the relationship between smartphone addiction and anxiety, we plotted simple slopes, as illustrated in Figure 3. The graph indicates a positive trend in the relationship between smartphone addiction and anxiety across varying levels of sleep quality. Notably, when sleep quality is high (Z = −0.942), the effect of smartphone addiction on anxiety is significant (β = 0.180, SE = 0.051, 95% CI: [0.081, 0.280], p < 0.01). As sleep quality declines to a moderate level (Z = −0.262), the observed effect intensifies (β = 0.222, SE = 0.040, 95% CI: [0.142, 0.301], p < 0.01). At poor sleep quality levels (Z = 1.097), this effect becomes even more pronounced (β = 0.304, SE = 0.046, 95% CI: [0.214, 0.394], p < 0.01). These findings indicate that the relationship between smartphone addiction and anxiety is more evident when sleep quality is poor, with all effects reaching statistical significance (p < 0.01).

[image: Figure 3]

FIGURE 3
 Moderating effect of sleep quality on the relationship between physical activity and anxiety.





4 Discussion

The absence of a significant direct relationship between physical activity and anxiety in our study, contrary to our initial hypothesis: “there is a negative correlation between physical activity and anxiety among Chinese university students.” Mediation analysis demonstrated a significant negative indirect effect through smartphone addiction, indicate that physical activity may indirectly mitigate anxiety by reducing smartphone addiction. This negative profile effect counteracted the positive direct effect, yielding a near-zero total effect. This masked effect indicates that exclusive reliance on total effects may profoundly underestimate the psychological benefits of physical activity, necessitating mediation frameworks to unravel its multidimensional mechanisms. This suggests that our original theoretical model may have oversimplified the complex relationship between physical activity and anxiety. Of particular note, the positive trend in direct effects requires cautious interpretation, even if it is not significant. But it potentially reflects context-specific risks of exercise-induced anxiety, such as, physical fitness assessment pressure (60), athletic performance anxiety (61, 62). Given that our study specifically sampled participants from physical education courses, we posit that evaluation apprehension regarding PE course assessments may have contributed to the observed positive association trend between physical activity and anxiety.

Although constituting a theoretical paradox with our initial hypothesis. However, our findings indicate that smartphone addiction serves as a significant mediating factor between physical activity and anxiety. This supports the perspective of Rodriguez-Ayllon et al. (63), who suggested that the relationship between physical activity and anxiety in preschool children, children, and adolescents may be influenced by potential moderating and mediating factors. Furthermore, our results illustrate that the relationship between physical activity and anxiety is indirect, aligning with the conclusions drawn by Yang et al. (64). From a theoretical standpoint, the findings align with the behavioral substitution theory (65), indicating that engagement in positive physical activity may mitigate anxiety symptoms associated with excessive smartphone use (66). This substitution effect is potentially attributable to the beneficial physiological and psychological responses elicited by physical activity, including elevated endorphin levels (67), improved sleep quality (68), and enhanced self-efficacy (69). For example, studies have proved that physical exercise can effectively improve the self-efficacy of universities students, thereby enhancing their self-confidence and alleviating and inhibiting the expression of anxiety. The substitution effect was statistically demonstrated through a significant indirect pathway wherein physical activity reduced anxiety by mitigating smartphone addiction. This finding empirically validates the displacing hypothesis, wherein adaptive exercise behaviors counteract pathological technology use. In layman’s terms, the time displacement theory suggests that within the fixed 24-h day, increasing time spent on physical activity naturally reduces smartphone usage duration. In China, smartphone addiction is prevalent among university students (70), and this dependency correlates with an increased frequency of social media use, which subsequently exacerbates stress associated with social media engagement (20). For example, heightened social media usage may cause students to excessively scrutinize and compare their body image, resulting in negative self-assessments and elevated psychological stress (71). Furthermore, the internalization of media (72, 73) and the consequent media pressure (74) may intensify the issue of smartphone dependency (75) and exacerbate anxiety symptoms (76). Smartphone addiction can also lead to significant distractions in daily life (77), as students may excessively engage with social media and online interactions at the expense of real-life responsibilities (78). This distracting behavior has the potential to increase psychological and emotional burdens, thereby worsening anxiety (79). A substantial body of research corroborates the positive correlation between smartphone addiction and anxiety among university students (26, 30, 80, 81). In light of these evidences, our study provides robust support for our second hypothesis: smartphone addiction mediates the relationship between physical activity and anxiety among Chinese university students.

It is important to acknowledge the complex bidirectional relationship between smartphone addiction and anxiety. In high-academic-pressure environments, students’ compensatory smartphone usage for escapism or stress regulation may paradoxically amplify anxiety through neurocognitive mechanisms (32). This process establishes a self-perpetuating “stress-addiction-anxiety” triad characterized by. This relationship may fuel a maladaptive feedback loop: anxiety-driven compulsive screen exposure → melatonin suppression and sleep architecture fragmentation → impaired prefrontal cortex functioning (20) → exacerbated anxiety vulnerability. Previous researches suggested that anxiety may also intensify smartphone dependence through various mechanisms (29, 82). Anxious individuals may turn to smartphones as a maladaptive coping strategy, seeking temporary relief through social media, gaming, or other digital activities. This can create a self-reinforcing cycle where anxiety drives increased smartphone use, which in turn may exacerbate anxiety through disrupted sleep patterns, reduced face-to-face social interaction, and increased exposure to anxiety-inducing content (19).

Furthermore, this study elucidates the critical moderating role of sleep quality in the relationship between smartphone addiction and anxiety among Chinese university students. An extensive literature review reveals a complex bidirectional relationship between sleep quality and smartphone addiction. High sleep quality significantly mitigates smartphone dependency by enhancing emotional regulation and stress resilience, thereby diminishing excessive reliance on smartphones (83). Conversely, excessive smartphone usage has the potential to impair sleep quality by disrupting deep sleep and prolonging sleep onset (84–87). This deterioration in sleep quality subsequently exacerbates anxiety levels, thereby creating a detrimental cycle (88). Consequently, a comprehensive understanding and regulation of the interplay between smartphone use and sleep quality may serve as an effective strategy for mitigating anxiety. These findings provide robust support for our final hypothesis: sleep quality may mediate the relationship between smartphone addiction and anxiety among Chinese university students. Based on this, universities should consider incorporating the promotion of good sleep habits as part of their mental health programs. This may include educating students about the importance of sleep and strategies for improving sleep quality, such as setting a curfew for lights out in dormitories. For students experiencing sleep disorders, the university should implement interventions, such as music or meditation, to help alleviate their sleep-related issues (89).

Therefore, educational institutions should fully recognize the significant impact of smartphone addiction on students’ mental health and take proactive measures to address it (32). For example, universities can regularly organize health seminars to raise awareness among students about the psychological risks associated with excessive smartphone use, thereby enhancing their understanding of these issues. Additionally, such seminars can encourage students to consciously reduce their smartphone usage, resist the “digital venting” phenomenon, and offer alternative strategies for stress relief, such as physical activity, social interaction, and mindfulness practices. Furthermore, excessive smartphone use has been shown to impair sleep quality, resulting in insufficient or disrupted sleep, which subsequently affects mental health (90). Given these findings, it is advisable for higher education institutions to prioritize the development of integrated health promotion initiatives. When designing interventions to mitigate student anxiety, considering these multifaceted relationships into program frameworks represents a strategically sound methodology. This could be achieved through the addition of sports facilities, the organization of regular sports events and workshops, and the encouragement of student participation in sports. Such initiatives aim to reduce dependency on smart devices and, consequently, enhance overall mental health. Finally, given the moderating role of sleep quality in the relationship between smartphone addiction and anxiety, future research should investigate how sleep interventions could effectively complement physical activity in mitigating psychological issues associated with technology dependency.



5 Implications and limitations

The significance of this study resides in its pioneering investigation into the mediating role of smartphone addiction in the relationship between physical activity and anxiety among Chinese university students. Additionally, the study substantiates the moderating effect of sleep quality on the influence of smartphone addiction on anxiety. Consequently, when examining the relationship between physical activity and anxiety in this demographic, the potential impact of smartphone addiction must be considered. To mitigate issues stemming from smartphone addiction, it is advisable to guide students in adjusting their schedules accordingly.

Although this study provides important insights into the mediating role of smartphone addiction between physical activity and anxiety and the mediating role of sleep quality in this relationship, the following limitations and biases need to be considered when interpreting the findings.

Firstly, we need to acknowledge the flaws of this theoretical model. While the foundational hypothesis was not empirically supported, the non-significant positive trend may reflect anxiety-inducing factors specific to certain subpopulations – particularly physical fitness assessment pressures (60) observed among physical education course enrollees. This suggests two critical limitations in current theoretical frameworks: insufficient incorporation of situational moderators in exercise contexts; oversimplification of physical activity’s unidirectional linear effects on psychological states. Future models should adopt dynamic approaches to delineate boundary conditions underlying physical activity’s dual-edged effects on mental health.

Secondly, the sample is limited to undergraduates from a single university in Guangxi Province, potentially limiting the generalizability of the findings. College students in different regions may differ in their behavior patterns, cultural backgrounds, and mental health status, so the findings may not be broadly applicable to college students in other regions. Therefore, subsequent research endeavors should broaden the sample population to encompass university students from diverse geographical regions, thereby augmenting the generalizability of the findings.

Thirdly, the data in the present study are obtained from self-reports, which may produce self-report response bias. For instance, participants may tend to underestimate negative behaviors, such as smartphone addiction, while overestimating positive behaviors, such as physical activity. Additionally, participants may possess distorted perceptions of their anxiety levels. Although validated scales were employed, the potential for inaccuracies in participants’ self-perception and reporting remains unavoidable. The PSQI scale used in this study presents additional limitations. Its multidimensional structure may compromise internal consistency reliability during application (91). Notably, Guo et al. (92) demonstrated limited applicability of Item F (“use of sleep medication”) in Chinese college populations. This limitation was reflected in our findings, where only 16 participants (3%) reported using sleep-aiding medications. To address these limitations, future studies could consider utilizing multivariate data collection methods that combine self-reporting with objective measures. For instance, physical activity levels could be quantified using accelerometers, phone addiction could be assessed through mobile app usage data, and sleep quality could be evaluated using sleep tracking devices. Additionally, incorporating observational data may further diminish the bias inherent in self-reporting.

Lastly, the cross-sectional nature of our study design limits our ability to establish causal relationships among variables. While our findings suggest that physical activity may reduce anxiety through decreased smartphone addiction, the possibility of reverse causality cannot be ruled out. For instance, individuals with lower anxiety levels might naturally engage in more physical activity and less smartphone use, or those with less smartphone dependency might have more time and motivation for physical activity. Future research should employ longitudinal designs and experimental interventions to better understand the temporal sequence and causal directions of these relationships.



6 Conclusion

This study revealed a more complex relationship between physical activity and anxiety than initially hypothesized. Our findings further revealed the relationship between physical activity and university students’ anxiety, and considered the mediating role of smartphone addiction between the two, as well as the moderating role of sleep quality in the relationship between mobile phone addiction and university students’ anxiety.
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3,000 ~ 5,000¥ 183 347%
5,000 ~ 8,000 15 218%
8,000 ~ 10,000¥ 61 11.6%

>10,000¥ 72 13.7%
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Smartphone addiction 577294 ~0.13%%
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Dependent Overall fit index Significance of regression coefficients
variable

Outcome Predictor variable SE LLCI uLci

variable

Anxiety 0614 0377 79.090
Physical activity 0.052 0035 ~0.016 0.121 1494
Smartphone addiction 0238 0038 0.162 0313 61704
Sleep quality 0.466 0038 0391 0540 12.354%%

Product of smartphone
0.061 0.029 0.004 0.118 2101

addiction and sleep quality

¥%p <001, *p <005,
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Regression equation Overall fit index Significance of regression coefficient
Outcome Predictive 7 B 95%ClI t
variable variable

Anxiety Physical activity 0017 9.278 0.002 ~0132 [~0217, ~0047] ~3.046
Smartphone addiction  Physical activity 0.189 60.897 0.000 0.062 [~0.016,0.140] 1550
Anxiety ‘Smartphone addiction 0189 60.897 0,000 0438 0360, 0.516] 11036+

“p <001
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Lower limit Upper limit

Physical activity — Smartphone
Indirect effect ~0058 0021 0101 ~0016
addiction — Anxiety

Direct effect Physical activity —Anxiety 0062 0010 0016 0.140

(Physical activity - Smartphone
Total effect addiction — Anxiety) + (Physical 0.004 0044 ~0.082 0090

activity — Anxiety)
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