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ABSTRACT: Background: With the rapid growth of internet usage, adolescent cyberbullying has become a pressing
issue. This study examines the longitudinal impact of leisure-time physical activity and peer relationships on cyberbul-
lying over a one-year period, drawing on the Stage-Environment Fit Theory and the Interpersonal Relationship Theory.
Methods: A three-wave longitudinal study was conducted over one year, involving 896 middle school students from five
schools in Sichuan, Jiangsu, and Guangdong, China, selected to ensure regional diversity. Participants were recruited
using stratified random sampling, and data were collected at four-month intervals. Leisure-time physical activity, peer
relationships, and cyberbullying behaviors were assessed using validated scales. Data were analyzed using latent growth
modeling (LGM) and structural equation modeling (SEM) to examine longitudinal effects and mediation relationships.
Results: (1) Leisure-time physical activity, peer relationships, and cyberbullying behaviors remained relatively stable
over time. (2) Both leisure-time physical activity and peer relationships significantly reduced future cyberbullying
incidents, with physical activity also enhancing subsequent peer relationships. (3) Peer relationships partially mediated
the effect of leisure-time physical activity on cyberbullying, indicating that improved peer interactions contributed
to a reduction in cyberbullying behaviors. Conclusion: This study found that leisure-time sports activities and peer
relationships are important factors affecting cyberbullying, and peer relationships play a partial mediating role in it. The
results provide empirical support for understanding the formation mechanism and influencing factors of cyberbullying.
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1 Introduction
The Global Cyberbullying Report, spanning 28 nations, reveals a concerning statistic: over 17% of

children have fallen victim to cyberbullying, with especially high rates in South Africa, Turkey, and across
Latin America [1]. This phenomenon has emerged as a critical issue affecting adolescent mental health,
posing significant challenges for both society and families. In China, the prevalence of cyberbullying among
adolescents is estimated at approximately 27.7% [2,3], with victims often grappling with diminished self-
esteem, depression, and anxiety [4]. Cyberbullying, which occurs through electronic media, manifests in
various forms, including text messages, phone calls, photos, videos, and other digital methods [5].

Unlike traditional bullying, which is often confined to physical spaces such as schools, cyberbullying
occurs in digital environments where anonymity and rapid content dissemination intensify its psychological
impact on victims [6]. Additionally, the persistence of harmful content online means that victims may
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repeatedly experience distress, making cyberbullying more enduring than face-to-face aggression [7].
Adolescents, being highly susceptible to external influences and experiencing imbalances in cognitive control
and emotional responses, are particularly prone to engaging in cyberbullying [8,9]. Over time, cyberbullying
has evolved from early forms such as email harassment and anonymous messaging to more complex
behaviors involving social media, doxxing (publicly revealing private information), and deepfake content
manipulation [10]. Prior studies indicate that cyberbullying often originates in middle school, peaks between
the ages of 12 and 16, and persists into college years [11,12]. Moreover, research has highlighted how the
diversity and subtlety of cyberbullying significantly threaten adolescent mental health, increasing risks of
depression and suicidal ideation [13,14].

Despite extensive research on cyberbullying, existing studies mainly rely on cross-sectional designs,
which fail to capture the dynamic and evolving nature of cyberbullying behaviors over time. Cross-
sectional studies provide only a snapshot of the problem, limiting the ability to infer causal relationships or
examine longitudinal trajectories of cyberbullying involvement. Given the continuous expansion of digital
communication platforms, understanding how cyberbullying patterns change over time is essential for
designing effective prevention and intervention strategies [15]. To address this gap, this study employs a
longitudinal design to explore the long-term impact of leisure-time physical activity and peer relationships
on cyberbullying among adolescents. A longitudinal approach is particularly well-suited to studying cyber-
bullying because it allows for the examination of temporal stability, the establishment of causal relationships,
and the identification of mediation effects over time.

To fill this research gap, this study employs a longitudinal multi-wave design to investigate the
associations among participation in leisure-time physical activities, peer relationships, and adolescent
cyberbullying. Specifically, the main objectives are: (1) To examine the temporal stability and measurement
reliability of cyberbullying across multiple time points. (2) To explore the direct effects of leisure-time
physical activity participation and peer relationships on cyberbullying. (3) To investigate whether peer
relationships mediate the association between leisure-time physical activity participation and cyberbullying.
Through a longitudinal multi-wave survey, this study aims to analyze the developmental trajectories
and predictors of adolescent cyberbullying. The findings will offer empirical evidence and theoretical
insights to inform school-based interventions aimed at fostering adolescents’ psychological well-being and
prosocial development.

1.1 Leisure-Time Physical Activity and Cyberbullying
In recent years, the role of leisure-time physical activity has garnered significant attention, particularly

as an effective intervention for preventing and reducing antisocial behaviors such as cyberbullying [16].
Leisure-time physical activity, which refers to sports activities engaged in by adolescents during breaks, after
school, or on weekends, not only enhances physical fitness but also serves as a healthy emotional outlet,
easing emotional tension and psychological stress [17]. Research indicates that adolescents who regularly
engage in physical exercise demonstrate improved emotional regulation, which in turn reduces impulsive
behaviors such as violence or bullying [18]. Furthermore, evidence suggests that leisure-time physical activity
stimulates the release of neurotransmitters like dopamine and endorphins, significantly enhancing emotional
well-being, alleviating negative emotions such as anxiety and depression, and consequently diminishing the
probability of aggressive behaviors [19].

Moreover, sports, particularly team sports, enhance adolescents’ social interactions and bolster their
social skills and self-efficacy, playing a pivotal role in curbing cyberbullying behaviors [20]. Studies have
found that adolescents who engage in fewer sports activities are at a higher risk of feeling isolated and lacking
effective emotional regulation strategies, which may increase their propensity to express dissatisfaction
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online and bully others [21]. Sports activities also provide a healthy environment for competition and
cooperation, enabling adolescents to experience competition within a structured framework, learn to
control impulsive behaviors and reduce cyberbullying stemming from emotional dysregulation or social
setbacks [22]. Longitudinal studies have further demonstrated that regular participation in physical exercise
by adolescents not only diminishes the frequency of cyberbullying behaviors [23]. These findings underscore
the importance of leisure-time physical activity in reducing cyberbullying among adolescents.

1.2 Peer Relationships and Cyberbullying
Peer relationships are a significant factor influencing the psychological development and behavioral

performance of adolescents during puberty. Peer relationships refer to the social connections and interac-
tions that adolescents have with individuals of similar age or status, which play a crucial role in shaping their
social skills, emotional well-being, and identity development [24]. The quality of peer relationships is crucial
for emotional regulation and behavioral norms among adolescents [25]. Research indicates that positive
peer relationships offer emotional support and a sense of belonging, which enhances subjective well-being
and mental health, effectively preventing antisocial behaviors such as cyberbullying [26]. Research further
suggests that positive peer relationships can significantly reduce the occurrence of cyberbullying behaviors,
especially among adolescents with weaker emotional regulation skills, where good peer relationships serve
as a buffer and protective factor [27]. Adolescents who feel secure, trusted, and valued within their peer
relationships are more inclined to seek support from their peers when facing adversity or stress, rather than
resorting to online channels to vent or attack [28].

Conversely, poor peer relationships, especially social isolation or exclusion, can lead to intense negative
emotions like depression, anger, or anxiety, increasing the risk of adolescents engaging in cyberbullying [29].
Research indicates that adolescents who suffer from peer exclusion or bullying are more likely to retaliate
or seek outlets through cyberbullying, a trend that is especially pronounced among those with strained
peer relationships [30]. The social ecological model suggests that the development of adolescent behavior is
influenced not only by individual internal factors but also, to a significant extent, by external environments,
with peer relationships being a critical component [31]. Consequently, the quality of peer relationships
in schools, including the frequency and quality of peer interactions, has a direct bearing on adolescents’
emotional regulation capabilities and their online conduct.

1.3 Leisure-Time Physical Activity and Peer Relationships
Leisure-time physical activity plays a constructive role in fostering and maintaining peer relation-

ships [16]. By engaging in sports activities, particularly team sports, adolescents can establish closer
interactions and cooperative relationships with their peers, which not only strengthen trust and a sense
of belonging among peers but also effectively enhance adolescents’ social skills and self-efficacy [18].
Studies indicate that adolescents who participate in sports activities are more likely to form positive social
interactions with their peers, which improves the quality of peer relationships and mitigates cyberbullying
behaviors arising from social isolation or emotional deprivation [19].

Furthermore, leisure-time physical activity offers a relaxed and informal social setting where adolescents
can deepen mutual understanding and friendships through cooperation, competition, and communica-
tion [32]. This social interaction not only improves individuals’ emotional regulation abilities but also assists
adolescents in better managing daily conflicts and stress, thereby reducing the occurrence of cyberbullying
behaviors [16]. Research demonstrates that the social support and emotional recognition adolescents receive
through sports activities can significantly boost their sense of self-efficacy and subjective well-being, thus
reducing the likelihood of cyberbullying [33]. Additionally, positive interactions in physical exercise can
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empower adolescents to utilize social skills more effectively when confronted with conflicts or setbacks,
steering clear of online attacks or retaliation [34].

1.4 Theoretical Framework
This study is anchored in the Stage-Environment Fit Theory and the Social Ecological Model. The

Stage-Environment Fit Theory suggests that individual development is intricately linked to the alignment
with one’s environment, especially during the pivotal phase of adolescence. Within this context, support,
interaction, and autonomy are deemed essential for adolescents’ healthy development [17]. In the educational
sphere, leisure-time physical activity and peer relationships, as critical components of adolescents’ daily
lives, offer platforms for interaction and avenues for emotional regulation, aiding youth in coping with
the challenges and stresses of puberty [25]. The theory underscores that the quality of emotional support
and social interaction within the school environment is tightly coupled with adolescents’ mental health
and behavioral outcomes, implying that leisure-time physical activity and peer relationships can mitigate
cyberbullying by enhancing the social milieu of adolescents [26].

Conversely, the Social Ecological Model broadens the perspective to encompass a wider socio-
environmental scope in explaining the genesis of cyberbullying behavior. It posits that the behavioral
development of adolescents is shaped by a confluence of factors across different strata, encompassing
personal attributes, familial settings, peer dynamics, school climate, and the overarching socio-cultural
backdrop [28]. Within this framework, leisure-time physical activity and peer relationships emerge as pivotal
environmental determinants in the behavioral trajectory of adolescents. They exert a direct influence on
mental health and indirectly modulate online conduct through emotional regulation mechanisms [29].
Theoretically, then, leisure-time physical activity and peer relationships are posited to significantly curtail
cyberbullying by bolstering adolescents’ capacities for emotional regulation and the robustness of their social
support networks [30].

1.5 Current Research
While a plethora of studies has dissected the nexus between leisure-time physical activity, peer

relationships, and adolescent cyberbullying from a cross-sectional vantage point, these have predominantly
centered on descriptive analyses, neglecting a profound exploration of their longitudinal developmental
dynamics [30]. Prevailing research has primarily probed the correlation between an individual’s engagement
in sports or the quality of peer relationships at a given moment and instances of cyberbullying. However,
such cross-sectional methodologies are inadequate for elucidating the long-term causal interplay between
these variables [31]. Furthermore, research elucidating the precise mechanisms through which leisure-
time physical activity and peer relationships modulate emotions, and specifically, how they attenuate the
prevalence of cyberbullying through emotional regulation over time, remains sparse [35].

The Interpersonal Theory of Aggressive Behavior posits that deficient interpersonal relationships and
adverse social milieus substantially amplify the risks of emotional dysregulation and cognitive distortions,
precipitating aggressive conduct [33]. In detrimental school settings, adolescents, bereft of emotional succor
and social proficiency, may gravitate toward online channels to perpetrate bullying or aggression [34].
Moreover, a dearth of leisure-time physical activity may result in adolescents lacking viable emotional outlets,
escalating the propensity for cyberbullying [36]. Hence, while current research accentuates the role of leisure-
time physical activity and peer relationships in attenuating aggressive behaviors, there is an imperative
need for further investigation into their capacity to diminish cyberbullying through emotional regulatory
mechanisms over time [37].
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In conclusion, this study is poised to delve into the enduring effects of leisure-time physical activity and
peer relationships on adolescent cyberbullying through a longitudinal approach, uncovering the mediating
role of these factors in emotional regulation. By scrutinizing data across multiple longitudinal time points,
this study aspires to furnish novel theoretical and empirical insights, deepening our comprehension of the
intricate interplay between leisure-time physical activity, peer relationships, and adolescent cyberbullying.
Grounded in the Stage-Environment Fit Theory and the Social-Ecological Model, this study proposes
the following hypotheses: (H1) Leisure-time physical activity will exhibit longitudinal stability; (H2) Peer
relationships will exhibit longitudinal stability; (H3) Adolescent cyberbullying behavior will exhibit lon-
gitudinal stability; (H4) Leisure-time physical activity will negatively predict cyberbullying behavior over
time; and (H5) Peer relationships will mediation the relationship between leisure-time physical activity and
cyberbullying over time.

2 Research Methodology

2.1 Participants
This study encompassed seventh and eighth-grade students from five middle schools located in Leshan

City, Sichuan Province, Yancheng City, Jiangsu Province, and Guangzhou City, Guangdong Province. These
cities were selected to ensure geographical diversity, representing western, eastern, and southern regions of
China, which enhances the generalizability of the findings. The selected schools varied in urban and suburban
settings, covering a range of educational environments. Participants were randomly selected using a stratified
random sampling method. In each city, two to three schools were chosen based on their student population
size and willingness to participate. Within each selected school, entire classes were randomly drawn from
seventh and eighth grades to ensure a representative sample of students. The survey was conducted over a
one-year period with three data collection points, spaced four months apart. The initial survey commenced
in November 2023, distributing 1426 questionnaires and garnering 1043 valid responses, comprising 652
male students (62.51%) and 391 female students (37.49%). The second follow-up survey was conducted with
the original cohort, excluding students who were absent, boarded, transferred, or dropped out, yielding
619 male responses (64.01%) and 348 female responses (35.99%), with a retention rate of 92.71%. The third
follow-up survey targeted students who had advanced to eighth and ninth grades, with attrition primarily
due to absence, boarding, transfer, or dropout, resulting in 568 male responses (63.39%) and 328 female
responses (36.61%), maintaining a retention rate of 92.66%. To ensure the validity of the dataset, Levene’s test
for equality of variances confirmed no significant differences across the points (p > 0.05). The average age of
the participants, based on the third follow-up data, was 14.62 ± 0.48 years.

2.2 Research Instruments
2.2.1 Leisure-Time Physical Activity

The study utilized the Physical Activity Scale, developed by Liang [38], to assess adolescents’ engagement
in leisure-time physical activity. This self-report scale evaluates the past week’s physical activity across
three dimensions: duration, frequency, and intensity, scored on a 5-point Likert scale (1 = never, 5 =
always). The scale consists of 3 items, such as: “In the past week, how often did you engage in physical
activity for at least 30 min?” Higher scores indicate greater physical activity participation. The scale has
been validated internationally and is widely used in the monitoring of adolescent physical activity. It has
demonstrated adequate internal consistency and test-retest reliability of 0.80 [39] and correlates significantly
with variables such as cyberbullying behavior [35], confirming its suitability for adolescent cyberbullying
research. To ensure the reliability of the scale in this study, Cronbach’s α was calculated, yielding coefficients
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of 0.83, 0.78, and 0.88 across the three observation periods. Test-retest reliability was 0.80, demonstrating
temporal stability.

2.2.2 Peer Relationships
The Peer Relationship Questionnaire, originally developed by Hymel et al. [40] and later translated and

revised by Chen et al. at East China Normal University [41], was used to assess peer relationship quality. This
self-report scale consists of 18 items, rated on a 6-point Likert scale (1 = strongly disagree, 6 = strongly agree),
with higher scores reflecting better peer relationships and lower scores indicating poorer relationships. A
sample item is: “I feel that my classmates respect and support me.” The Cronbach’s α coefficients were 0.86, 0.87,
and 0.88. The test-retest reliability between the first (T1) and second (T2) measurements was 0.87, indicating
good stability over time.

2.2.3 Cyberbullying
The Cyberbullying Questionnaire, developed by Calvete et al. [42], was employed to measure the

prevalence of cyberbullying behavior among adolescents. This self-report instrument consists of 16 items,
rated on a 3-point Likert scale (0 = never, 1 = sometimes, 2 = often), with higher scores indicating more
frequent cyberbullying experiences. A sample item is: “In the past three months, have you received hurtful
messages online?” The scale has been widely used in cyberbullying research and has demonstrated strong
reliability in previous studies. The Cronbach’s α coefficients in the study were 0.85, 0.84, and 0.84, respectively,
and the test-retest reliability between the first (T1) and second (T2) administrations was 0.85, indicating the
stability of the scale over time.

2.3 Research Procedures and Data Processing
The study employed a cluster random sampling method for the survey. Before the study began, ethical

approval was obtained from the Academic Ethics Committee of Leshan Normal University (Approval No.
LSNU:1031-24-12RO). The entire research process adhered to the relevant guidelines and requirements of the
American Psychological Association (APA). Prior to the survey, communication and guidance were provided
to homeroom teachers and grade-level teachers, covering aspects such as obtaining informed consent from
participants, addressing doubts during the process, and random filling of questionnaires. Parents provided
informed consent for their child’s participation, and children provided assent.

Subsequently, after the questionnaires were collected, two groups of students were assigned to data
sorting and entry to prevent bias and omissions caused by individual information barriers, ensuring the
completeness and accuracy of information entry and sorting across different groups. Furthermore, data
cleaning and sorting were conducted to exclude individuals with excessively short filling times or inconsistent
information across the points. Complete and accurate respondents were then selected as the sample size for
data analysis, and the unidimensionality of the scale was assessed. Standardized scores of the scales were
selected for subsequent calculations.

Data analysis was performed using SPSS 26.0 and Mplus 8.3. First, the means, standard deviations, and
probability distributions of demographic variables were computed to describe the basic characteristics of the
data. Second, statistical significance tests were conducted for key variables. Additionally, repeated measures
ANOVA was employed to examine changes in variables over time, including tests of main effects and post hoc
least significant difference (LSD) tests to compare differences across time points. Finally, a cross-lagged panel
model (CLPM) was employed to investigate the longitudinal association between childhood psychological
abuse and adolescent depressive symptoms, examining their bidirectional influences over time. The model
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was estimated using the maximum likelihood (ML) method, with both standardized and unstandardized
path coefficients reported. Model fit was evaluated using multiple indices: chi-square (χ2) for overall model
fit, comparative fit index (CFI) and Tucker-Lewis index (TLI) for relative model performance, root mean
square error of approximation (RMSEA) for absolute fit, and standardized root mean square residual (SRMR)
for residual discrepancies. A model was considered to have acceptable fit if CFI and TLI exceeded 0.90,
RMSEA was below 0.08, and SRMR was below 0.08, while values above 0.95 for CFI/TLI and below 0.06 for
RMSEA indicated good fit.

3 Results

3.1 Common Method Bias Test
To further examine the presence of common method bias and to prevent systematic issues from

compromising the reliability of the research findings, this study employed Harman’s single-factor test to
assess the quality of all variables [43]. The results indicated that there was no common method bias across the
three time points of the study, as the first maximum factor explained a rate well below the control standard
of 40%. The findings confirm that this study is free from common method bias.

3.2 Reliability and Validity Test
The overall model fit indices for the variables of leisure-time physical activity, peer relationships, and

cyberbullying observed at three time points are shown in Table 1. The Average Variance Extracted (AVE)
ranges from 0.477 to 0.633, well above the minimum standard of 0.3, indicating a medium to high degree of
correlation. Overall, the variables observed at three time points demonstrate good reliability and validity.

Table 1: Construct validity and reliability of measurement scales across different time points

Variables χ2 CFI TLI RMSEA SRMR CR AVE CA
LPA T1 8.797 0.998 0.999 0.034 0.014 0.829 0.549 0.821
LPA T2 10.53 0.996 0.987 0.076 0.034 0.783 0.477 0.778
LPA T3 28.92 0.993 0.921 0.056 0.017 0.881 0.524 0.809
CB T1 26.410 0.911 0.932 0.088 0.028 0.847 0.580 0.831
CB T2 33.255 0.995 0.986 0.047 0.046 0.837 0.562 0.827
CB T3 45.173 0.909 0.964 0.035 0.028 0.840 0.572 0.829
PR T1 12.451 0.997 0.992 0.038 0.037 0.872 0.633 0.863
PR T2 20.723 0.994 0.996 0.067 0.042 0.871 0.629 0.861
PR T3 40.197 0.982 0.989 0.053 0.072 0.869 0.623 0.859

Note: χ2, chi-square value; CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA,
root mean square error of approximation; SRMR, standardized root mean square residual;
CR, composite reliability; AVE, average variance extracted; CA, Cronbach’s α coefficient;
LPA, leisure-time physical activity; CB, cyberbullying; PR, peer relationships.

3.3 Descriptive Statistics and Correlation Analysis
Descriptive statistical results for leisure-time physical activity, peer relationships, and cyberbullying

from three measurements are presented in Table 2. The correlation matrix reveals significant correlations
among the three variables across two time periods, with both cross-sectional and longitudinal time points
showing significant associations. These findings suggest that the three variables demonstrate stability over
the three periods spanning six months. Concurrently, one-way repeated measures ANOVA was conducted
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for leisure-time physical activity, peer relationships, and cyberbullying with the observation period as the
independent variable. The results indicated a significant main effect of the measurement period for leisure-
time physical activity (p < 0.001), while the main effects for peer relationships and cyberbullying were not
significant (p > 0.05). Post-hoc tests (LSD test) revealed that the atmosphere of leisure-time physical activity
at Time Point 1 was significantly higher than the scores at Time Point 2 (p < 0.01).

Table 2: Pearson correlation matrix among key study variables across three time points

Variables Mean SD 1 2 3 4 5 6 7 8 9
LPA T1 −0.079 0.727 1
LPA T2 −0.021 0.823 0.599** 1
LPA T3 −0.117 0.656 0.560** 0.548** 1
CB T1 0.038 0.926 0.336** 0.311** 0.301** 1
CB T2 0.146 1.038 0.372** 0.448** 0.344** 0.536** 1
CB T3 −0.054 0.897 0.332** 0.376** 0.420** 0.417** 0.571** 1
PR T1 0.246 1.094 −0.232** −0.255** −0.219** −0.308** −0.199** −0.232** 1
PR T2 0.294 1.085 −0.143* −0.250** −0.195** −0.301** −0.266** −0.302** 0.664** 1
PR T3 0.281 1.043 −0.223** −0.223** −0.237** −0.228** −0.230** −0.343** 0.566** 0.624** 1

Note: SD, standard deviation; LPA, leisure-time physical activity; CB, cyberbullying; PR, peer relationships. *p <
0.05, **p < 0.01.

3.4 Cross-Lagged Panel Analysis
To investigate the cross-lagged effects of leisure-time physical activity on cyberbullying across the three

observation periods, while controlling for age and grade, the results are depicted in Fig. 1. The findings
indicate that both leisure-time physical activity and cyberbullying behaviors significantly predict changes
in the next period, suggesting the stability of these variables. Additionally, leisure-time physical activity
significantly and negatively predicts cyberbullying behavior in the subsequent period, while cyberbullying
does not significantly predict leisure-time physical activity behavior. This suggests that leisure-time physical
activity may play a causal role in reducing cyberbullying behavior.

Figure 1: The path coefficients in Model 1. Note: LPA, leisure-time physical activity; CB, cyberbullying; PR, peer
relationships. **p < 0.01

To further clarify the intercorrelations between variables over time and the underlying mechanisms, a
model was constructed with age and grade as control variables. Taking the impact of leisure-time physical
activity on cyberbullying as the baseline model, peer relationship variables were included to examine
their mediating role in this relationship (Model 2, as shown in Fig. 2). Additionally, Model 3 (Fig. 3) was
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constructed to explore whether cyberbullying influences leisure-time physical activity and the extent of its
significance. To provide a comprehensive analysis of variable interactions over time, a full-path model (cross-
lagged effect model) was developed to examine the mediating role of peer relationships over three time
periods in the impact of leisure-time physical activity on cyberbullying (Model 4, as shown in Fig. 4).

Figure 2: The path coefficients in Model 2. Note: LPA = leisure-time physical activity; CB = cyberbullying; PR = peer
relationships. **p < 0.01

Figure 3: The path coefficients in Model 3. Note: LPA = leisure-time physical activity; CB = cyberbullying; PR = peer
relationships. **p < 0.01

Table 3 presents the effects of different cross-lagged models compared to the baseline model, all demon-
strating good model fit indices. Figs. 2–4 display standardized path coefficients (β) and 95% confidence
intervals (CI) for each model, clearly distinguishing between significant and non-significant paths to enhance
interpretability. Based on the model fit indices in Table 3, Model 4 exhibits the best fit.
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Figure 4: The path coefficients in Model 4. Note: LPA = leisure-time physical activity; CB = cyberbullying; PR = peer
relationships. **p < 0.01

Table 3: Model fit indices for structural equation models comparing different hypothetical relationships

Model χ2 df CFI TLI RMSEA SRMR Δχ2 Δ df P
Model 1 42.809 26 0.938 0.966 0.052 0.018 – – –
Model 2 116.233 46 0.971 0.924 0.247 0.034 73.424 20 0.014
Model 3 103.246 46 0.924 0.953 0.076 0.027 −12.987 0 0.027
Model 4 90.354 40 0.938 0.937 0.037 0.067 −12.892 6 0.001

Note: χ2, chi-square value; df, degrees of freedom; CFI, comparative fit index; TLI, Tucker-Lewis
index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square
residual. Δχ2 represents the chi-square difference, Δdf represents the difference in degrees of
freedom, and P represents the significance level.

The results indicate that leisure-time physical activity at T1 and T2 significantly predicts peer rela-
tionships at T2 and T3, which in turn significantly and negatively predicts cyberbullying at T2 and T3.
Moreover, leisure-time physical activity at T1 significantly and negatively predicts cyberbullying at T3, with
peer relationships at T2 playing a partial mediating role in this effect, highlighting the key mediating role of
peer relationships in this process.

4 Discussion
Schools serve as pivotal environments for the holistic development of adolescents’ physical and mental

well-being. leisure-time physical activity and the quality of peer relationships are key factors influencing
adolescent cyberbullying [44]. This study, involving 896 seventh and eighth graders, employed a biannual
tracking survey to thoroughly investigate the longitudinal relationship between leisure-time physical activity
and cyberbullying. The findings revealed that leisure-time physical activity significantly predicts cyber-
bullying in subsequent periods, but not the other way around. Additionally, it was discovered that peer
relationships exhibit a longitudinal mediating effect between leisure-time physical activity and cyberbullying.
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4.1 Stability and Trends in Leisure-Time Physical Activity, Peer Relationships, and Adolescent
Cyberbullying
The study identified cross-period stability for all three variables, both horizontally and longitudinally,

indicating that variables from one period can significantly predict those in the following period. This finding
supports Hypothesis 1 (H1), Hypothesis 2 (H2), and Hypothesis 3 (H3), which predicted the longitudinal sta-
bility of leisure-time physical activity, peer relationships, and adolescent cyberbullying behavior, respectively.
Across the three periods, the overall trend showed a decline in peer relationships and cyberbullying, albeit
not significantly. Leisure-time physical activity experienced a more pronounced change in the second period
compared to the first, yet the overall change was not significant. Despite fluctuations, the three variables
exhibited relatively stable trends over time. This aligns with the Social-Ecological Model, which posits that
adolescent behaviors are shaped by stable environmental and social factors, ensuring continuity in behavioral
patterns. This aligns with previous scholars’ assertions that the school environment remains relatively stable
and does not undergo significant changes with time or shifts in interpersonal relationships [45]. On one
hand, school physical education not only imparts sports skills to adolescents but also provides joy and serves
as a vital tool for their physical and mental health. As academic pressures and emotional turbulence during
adolescence intensify, middle school students increasingly seek out leisure-time physical activities. Over
time, these activities become ingrained habits, contributing to the longitudinal stability of this variable [46].
On the other hand, the emotional turbulence of adolescence and the need for physical and mental health
development are priorities for the party and the state. School education management systems mandate
comprehensive physical education classes, ensuring adolescents have ample time for physical activity, which
from a policy management perspective, secures the continuity and stability of adolescent leisure-time
physical activity [47]. This is also a significant reason for the variable’s longitudinal stability. Furthermore,
the study confirmed the stability of peer relationships over time, consistent with research hypotheses and
scholarly opinions [48]. The school environment, being a relatively fixed social setting with limited external
social interactions, allows adolescents to form high-quality interpersonal relationships, leading to stable
and robust friendships that do not change significantly in the short term [49]. Additionally, middle school
students, focusing primarily on academics and living in a collective setting, spend considerable time together,
understanding each other’s personalities, character, and approaches to handling situations, which fosters
stable and enduring peer relationships [50].

Moreover, this study corroborates the stability of adolescent cyberbullying, aligning with scholarly
research [51]. Cyberbullying behavior, a manifestation of pathological emotional expression, often stems
from long-term negative emotional interference rather than short-term outbursts [52]. Such behavior, driven
by indirect friction, requires short-term adjustment or intervention to resolve, contributing to its short-
term stability [53]. Additionally, adolescents’ emotional volatility during puberty makes them susceptible to
peer influence and group attack mentality, which can lead to bullying and aggressive behavior without clear
constraints and discipline [54]. This is a primary reason for the persistence of school violence in the middle
school era. Therefore, based on the perspectives and conclusions of scholars, we can deduce that leisure-time
physical activity, peer relationships, and cyberbullying in the adolescent school environment are relatively
stable and do not change significantly with emotional fluctuations, demonstrating overall stability in the
short term.

4.2 The Delayed Predictive Effect of Leisure-Time Physical Activity on Cyberbullying Behavior
This study reveals significant insights into the relationship between leisure-time physical activity

(LTPA) and cyberbullying behavior, demonstrating that LTPA not only predicts its own developmental
trajectory but also exerts a negative predictive effect on cyberbullying over time. These findings substantiate



728 Int J Ment Health Promot. 2025;27(5)

Hypothesis 4 (H4), confirming that increased engagement in LTPA correlates with reduced involvement in
cyberbullying behaviors.

The theoretical framework supporting these findings integrates the Stage-Environment Fit Theory and
the Social-Ecological Model. According to the Stage-Environment Fit Theory [17], adolescent development
thrives when environmental resources align with their evolving psychological and social needs. LTPA serves
as an optimal platform for emotional expression, stress management, and social interaction, effectively
addressing these developmental requirements. The Social-Ecological Model further complements this per-
spective by highlighting how external factors, particularly school environments and peer networks, influence
adolescent behavior. A positive campus atmosphere enriched with LTPA opportunities strengthens peer
relationships, enhances social cohesion, and reduces aggressive tendencies, including cyberbullying [35].

The study also validates Hypothesis 5 (H5) regarding the mediating role of peer relationships in the
LTPA-cyberbullying dynamic. Adolescents who regularly participate in physical activities tend to develop
stronger peer bonds, characterized by enhanced emotional support, improved communication skills, and
greater social competence. These robust social connections serve as protective factors against cyberbullying,
as adolescents with well-established peer networks are less likely to resort to online aggression as an
emotional outlet.

Furthermore, the observed delayed effect corroborates Hypothesis 3 (H3), which posited the longi-
tudinal stability of cyberbullying behavior. The persistence of cyberbullying tendencies over time can be
attributed to the reinforcement of aggressive patterns and the perceived anonymity of online environ-
ments. This underscores the critical importance of early intervention strategies to disrupt the cycle of
cyber aggression.

While the study primarily examines the preventive role of physical activity, it is crucial to consider
potential reverse causality. Existing research indicates that victims of cyberbullying may experience social
withdrawal, potentially reducing their participation in LTPA [21]. Future investigations should explore
whether psychological distress, social anxiety, or peer exclusion mediates this relationship and whether early
LTPA interventions can mitigate the adverse effects of cyberbullying.

From an emotional regulation perspective, LTPA participation facilitates improved social interactions,
communication skills, cooperative behaviors, and emotional stability [55]. These benefits contribute to
reduced academic burnout and emotional distress [56], thereby decreasing the likelihood of aggres-
sive behaviors, including cyberbullying. The gradual development of emotional regulation strategies and
inhibitory control [57] further enables adolescents to manage negative emotions effectively and prevent
aggressive online behaviors over extended periods.

From an intervention perspective, implementing regular LTPA programs is essential for enriching
campus life, enhancing students’ cultural literacy, and fostering individual initiative. A vibrant and supportive
campus environment can cultivate stable emotional states, positive character development, and healthy
personality formation [58]. Such positive emotional development serves as a protective factor against
verbal aggression and cyberbullying behaviors [34]. Therefore, establishing comprehensive management
mechanisms, creating nurturing campus environments, and promoting diverse LTPA opportunities are
crucial for supporting adolescents’ physical and mental well-being.

4.3 The Delayed Predictive Effect of Peer Relationships on Adolescent Cyberbullying
By integrating cross-lagged models and path coefficients, our research reveals that peer relationships

exhibit a delayed predictive effect on subsequent cyberbullying behavior over a half-year period with three
observations. This demonstrates a lagged negative predictive effect, aligning with scholarly consensus. The
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findings provide empirical support for Hypothesis 2 (H2), confirming the longitudinal stability of peer
relationships. This stability enables peer relationships to maintain their influence on adolescent behav-
iors, including cyberbullying, across various developmental stages. Furthermore, the results substantiate
Hypothesis 3 (H3), demonstrating the persistent nature of cyberbullying behavior over time. This persistence
suggests that, in the absence of effective interventions, aggressive online behaviors may become entrenched
through repeated reinforcement and the lack of corrective mechanisms.

The reasons may be based on several levels: (1) From the perspective of school management, the policy
requirement to fully implement physical education classes can meet the needs of students’ leisure life and has
a certain effect on individual interaction, which indeed promotes the quality of friendship among adolescents
living in communities, greatly enhancing unity, mutual assistance, and trust, and alleviating the emotional
instability of the adolescent developmental stage [59]. Emotional fluctuations may lead to indirect verbal
attacks [60], conflicts, physical contact, and covert bullying, all of which can be resolved and eliminated
through friendship [61], also becoming one of the main measures for emotional intervention during
adolescence [62]. (2) From the perspective of differences in family upbringing styles, the physical and mental
health of adolescents during the developmental stage is closely linked to the surrounding environment
and interpersonal relationships, a point on which scholars generally agree. However, the quality of family
education, the overall cultural literacy of parents, the standard of material life in the family, and the degree of
family harmony are all important variables affecting individual psychological health and emotional stability.
A warm and comfortable family environment can fend off external harm and interference, prompting
individuals to seek confession and protection from family members [63], and when timely responses are
received, emotions may stabilize and ease [64], indirectly curbing the occurrence of cyberbullying behavior,
verbal violence, physical attacks, and other adverse behaviors. (3) From the perspective of individual social
development, adolescents in the developmental stage are full of curiosity about the unknown world and
urgently hope for more care and attention from society, teachers, parents, and peers to gain more social
resources and support. When resource conditions are limited, cognitive biases, emotional imbalances, and
improper regulatory strategies are inevitable [65]. With the help and support of others, contradictions in
life will not intensify and deteriorate [66], nor will they lead to verbal attacks, abuse, and cyberbullying
behavior in a short period, which is also in line with the psychological development characteristics and
social resource allocation needs theory of adolescents during puberty. Therefore, in subsequent studies, it is
necessary to compensate for more variables to avoid regrets and deficiencies in the study due to the lack of
controllable variables.

4.4 The Cross-Temporal Mediating Role of Peer Relationships
Based on the cross-lagged regression model, a full-path model was constructed, showing that peer

relationships have a partial cross-temporal mediating effect between leisure-time physical activity and cyber-
bullying. That is, leisure-time physical activity at time point T1 may indirectly affect cyberbullying behavior
at time point T3 through peer relationships at time point T2, rather than directly affecting cyberbullying
behavior at time point T3 through leisure-time physical activity at time point T1. This finding supports
Hypothesis 5 (H5), which posited that peer relationships mediate the relationship between leisure-time
physical activity and cyberbullying over time.

This result, to some extent, reveals the mechanism by which school leisure-time physical activity
behavior and peer relationships affect adolescent cyberbullying behavior on a longitudinal level. The impact
of middle school students’ leisure-time physical activity behavior and peer relationships on individuals
does not directly affect cyberbullying behavior but transitions through a cross-lagged mediating effect,
indicating a delay. In summary, the exploration of adolescent cyberbullying behavior, verbal bullying, and
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other problematic behaviors should not be confined to the diagnosis of current period issues but should
consider relevant factors from previous periods.

In this study, leisure-time physical activity behavior and peer relationships are part of the school
environment and an indispensable part of the adolescent living environment. The quality, frequency, and
participation in recreational life determine the satisfaction and happiness index of adolescents’ lives and are
the main factors affecting adolescent problematic behaviors [67]. Combining the interpersonal relationship
theory in aggressive behavior, we can explain that in the school environment, if adolescents have a lack of
cultural life, low cultural literacy, difficulty in releasing mental pressure, and a lack of communication and
interaction among peers, it is highly likely to cause an imbalance and mismatch in social needs, leading to
resistance, rebellion, and negative emotions [68].

Long-term accumulation of negative emotions can easily lead to bullying and attacks on vulnerable
groups, and lead to frequent cyberbullying behavior in the internet era [69]. On the contrary, with
participation in leisure-time physical activity activities, adolescents’ enthusiasm for activities can be greatly
improved, releasing the innate nature and pressure of the group. Activities can enhance the group’s ability to
interact and help each other, and long-term participation will provide a compensatory mechanism for the
brain, causing a sustained period of influence, and the creation of a warm environment also requires the
accumulation of time [70].

Over time, as activities are carried out in depth, peer relationships are further strengthened, and the
school environment becomes warmer [24], individuals’ emotional regulation strategies and cognitive levels
are significantly improved, ultimately leading to a decline in cyberbullying and other aggressive behaviors. In
summary, this study highlights the delayed effect of leisure-time physical activity on cyberbullying behavior
through peer relationships, supporting a cross-temporal mediation mechanism. This aligns with Hypothesis
5 (H5), reinforcing the notion that interventions targeting peer relationships may serve as an effective strategy
to mitigate cyberbullying over time.

4.5 Study Limitations and Future Directions
While this study contributes to the understanding of the relationship between leisure-time physical

activity and cyberbullying, several limitations should be acknowledged, along with corresponding directions
for future research.

First, the geographical scope was restricted to middle schools in selected prefecture-level cities within
Sichuan, Jiangsu, and Guangdong provinces due to budgetary constraints. This limited sampling may affect
the generalizability of findings. Future research should incorporate broader geographical coverage and cross-
cultural comparisons to enhance the robustness and applicability of results.

Second, the exclusive reliance on self-reported measures may introduce response biases and dis-
crepancies between reported and actual behaviors. To improve data reliability, subsequent studies should
employ multi-informant approaches, including teacher reports, peer evaluations, and systematic behavioral
observations during physical activities. Additionally, integrating qualitative methods such as interviews and
focus groups with students, teachers, and parents could provide deeper insights into behavioral patterns and
contextual factors.

Third, the study did not examine potential reverse causality, particularly whether cyberbullying victim-
ization affects participation in leisure-time physical activities. Future longitudinal research should investigate
how psychological distress, social anxiety, or peer exclusion might mediate this relationship. This exploration
could inform the development of integrated intervention programs that combine psychological support with
physical activity promotion to mitigate the negative effects of cyberbullying.
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Finally, future studies should investigate potential moderating factors in the relationship between physi-
cal activity and cyberbullying, such as socioeconomic status, parental involvement, and school climate. These
factors may significantly influence adolescent behavior patterns. For instance, structured sports programs
and peer-led physical activities, combined with digital literacy education, could be implemented as part of
comprehensive school policies [71]. Collaborative efforts among educators, psychologists, and policymakers
are essential to develop effective strategies that simultaneously address cyberbullying prevention and physical
activity promotion.

5 Conclusions
The conclusions are as follows. Firstly, leisure-time physical activity, peer relationships, and cyberbul-

lying all demonstrate cross-temporal stability, with the variables in one period being predictive of changes
in subsequent periods. Notably, leisure-time physical activity significantly predicts the following period’s
peer relationships and instances of cyberbullying. Secondly, on a longitudinal basis, adolescents who engage
more in leisure-time physical activity and have stronger peer relationships tend to exhibit lower levels of
cyberbullying. Thirdly, leisure-time physical activity at time point T1 can indirectly influence cyberbullying
behavior at time point T3 through the mediating role of peer relationships at time point T2. Additionally,
there is a direct effect, indicating that leisure-time physical activity, peer relationships, and cyberbullying
are interconnected through cross-temporal mediation effects. These findings underscore the importance
of promoting physical activity and fostering positive peer interactions as part of cyberbullying prevention
strategies. By understanding these mechanisms, educators and policymakers can design more targeted
interventions to mitigate cyberbullying and support adolescent well-being.
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