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Background: Adolescent aggression is a pressing global concern, especially in
school contexts. Although prior studies suggest an inverse association between
physical activity and aggression, longitudinal evidence on the mediating role
of self-control remains limited. This study addresses this gap by testing a
three-wave longitudinal mediation model, examining whether physical activity
predicts reduced aggression through enhanced self-control, and whether these
pathways are moderated by gender and grade.

Methods: This one-year longitudinal cohort followed Chinese adolescents
across three waves. At baseline (T1), 2,011 students were enrolled; 1,927 and
1,866 participants completed the second (T2) and third (T3) assessments,
respectively. Physical activity was captured with a single-item measure, self-
control with the Brief Self-Control Scale (BSCS), and aggression with the Buss—
Perry Aggression Questionnaire (BPAQ). Gender, grade, and baseline aggression
were included as covariates. Analyses were conducted in SPSS 26; mediation
was tested using the PROCESS macro (Model 4). To evaluate moderation by
gender and grade, multi-group structural equation models were estimated in
AMOS 28.0.

Results: Physical activity at T1 was significantly and negatively associated with
aggressive behavior at T3 (f = —0.083, p < 0.001). Self-control at T2 partially
mediated this relationship (mediation effect = —0.035, 95% CI [-0.046, —0.025]),
indicating that increased physical activity enhances self-control, which in turn
reduces aggressive behavior. Multi-group analyses revealed that the effect of
self-control on aggressive behavior was stronger in girls. In comparison, the
effect of physical activity on self-control was stronger in Grade 7 students.
Conclusion: This study presents longitudinal evidence demonstrating that
enhanced self-control, developed through physical activity, leads to a reduction
in aggressive behavior among adolescents, with variations observed based on
gender and grade level. The results emphasize the significance of incorporating
physical activity into school-based programs aimed at improving mental
health and mitigating aggression in adolescents. To strengthen these findings,
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future research should investigate other potential mediating factors and utilize
experimental methodologies.

KEYWORDS
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1 Introduction

Adolescent aggression is a significant public health and
educational concern (Hu et al., 2023; Wang et al., 2025; Ren et al.,
2022; Estévez et al., 2018). It is defined as behavior intended to
harm others physically or psychologically (Dugré and De Brito,
2024). Such behavior inflicts serious physical and emotional
harm on victims and can precipitate suicidal ideation; for
perpetrators, it elevates the risk of later criminal and
antisocial conduct (Zhou et al., 2024; Bardach et al., 2022; Goney
et al., 2021; Huitsing and Monks, 2018). Bystanders are also
adversely affected, commonly experiencing fear and anxiety
Datta et al., 2016).
manifests in multiple forms, including bullying, emotional abuse,

(Jeyagobi et al., 2022; Aggression
verbal attacks, and increasingly, cyberbullying (Camerini et al.,
2020; Poling and Smith, 2023; South Richardson, 2014).
According to the United Nations Educational, Scientific, and
Cultural (UNESCO), 25%  of
primary and secondary school students worldwide have been

Organization nearly
victims of aggression, and surveys in China report a similar
prevalence(Xing et al., 2023; Author Corporate: UNESCO, 2017).
Despite expanding educational resources and heightened
attention to adolescent mental health, aggression remains
pervasive, particularly in school settings such as classrooms and
dormitories (Lu et al., 2024; Kumar et al., 2023; Kang et al., 2021).
Identifying modifiable determinants is therefore essential for
developing  effective  school-based  prevention  and
intervention strategies.

In recent years, physical activity has been linked to lower
aggression (Zhu et al.,, 2022; Ouyang and Liu, 2023; Xu et al,,
2025; Liu et al, 2024), likely via improved physical health,
enhanced self-control, better emotion regulation, and more
positive social interactions (Potoczny et al., 20225 Carl et al,,
2024; Stocker et al.,, 2020). Yet most evidence comes from cross-
sectional or short-interval designs, limiting causal inference
(Khazaie et al., 2023; Garcia et al., 2021; Yu et al., 2024). Self-
control, a key resilience factor, correlates positively with traits
such as gratitude, self-efficacy, optimism, perseverance, and life
satisfaction (Simsir Gokalp, 2023; He et al., 2023; Li et al., 2022;
Wennerhold and Friese, 2023), and negatively with physical,
verbal, and relational aggression (Andriani et al., 2025). Given
evidence that physical activity can strengthen self-control (Zheng
etal, 20215 Liu et al., 2025), this study examines, in a three-wave,
one-year longitudinal mediation design, the time-ordered
pathway from physical activity to subsequent aggression via self-
control among in-school Chinese adolescents—a group at
elevated risk and undergoing rapid neurocognitive development.
Our primary objective is to clarify the mediating role of self-
control and provide more robust evidence to inform the

prevention of adolescent aggression.
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2 Literature review and hypotheses

2.1 Physical activity and aggressive
behavior

Physical activity is a low-cost, effective health intervention that
has drawn growing attention from researchers and practitioners
(Graham et al., 2025; Bermejo-Cantarero et al., 2024; Hu et al., 2025).
It involves planned, structured exercise aimed at improving physical
fitness and cardiorespiratory function, developing muscular strength
and endurance, and promoting mental health and social functioning
(Hulteen et al., 2017; Yuaqing et al., 2025). Common forms include
aerobic exercise, strength training, team sports, and flexibility work
(Kern etal., 2020; Cho et al., 2023). Such activities help release excess
energy, reduce stress, enhance self-control, and strengthen social
connections through teamwork and interaction (Eather et al., 2023;
Wau et al., 2025; Chiou et al., 2020).

Four main theoretical pathways are used to explain how physical
activity relates to aggression: emotion regulation (Gross, 2002), cognitive
control (Diamond, 2013), social bonding (Loudin et al., 2003), and
social identity (Harwood, n.d.). Emotion regulation accounts posit that
exercise reduces anxiety and anger, thereby curbing impulsive aggression
(Ouyang and Liu, 2023; Hamer et al., 2012). Cognitive control accounts
emphasize improvements in executive function that bolster impulse
control (Zhu et al., 2023; Cya et al,, 2019). Social bonding and social
identity perspectives highlight how behavioral synchrony and group
belonging reduce within- and between-group conflict, suppressing
aggressive behavior (Allen et al.,, 2018; Karriker-Jaffe et al,, 2013; Hirsh
and Kang, 2016). Empirical cross-sectional studies have also confirmed
that there is a significant negative correlation between physical activity
and aggressive behavior in adolescents (Xu et al., 2025). In other words,
adolescents who regularly engage in physical activity tend to exhibit
lower rates of aggressive behavior (Huang et al., 2021).

However, most existing research relies on cross-sectional designs.
While useful for identifying contemporaneous associations, these designs
cannot capture within-person change over time or establish temporal
ordering (Wang and Cheng, 2020; Vanderweele et al, 2020). This
limitation restricts our in-depth understanding of the relationship
between physical activity and aggressive behavior. Moreover, there is still
a lack of in-depth empirical research on the underlying mechanisms
linking physical activity to aggressive behavior. Uncovering these
mechanisms is of great theoretical significance for understanding
aggressive behavior and can provide a scientific basis for future prevention
and intervention measures aimed at addressing it in adolescents.

2.2 The mediating role of self-control

Self-control may be a key mediator in the longitudinal link
between physical activity and aggressive behavior. Physical activity
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serves as a structured intervention that inherently involves goal-
setting, discipline, and emotional regulation, all of which contribute
to strengthening self-control (Biddle, 2016; Vella et al., 2023; Gratz
et al, 2018). According to the strength model of self-control
(Baumeister et al., 2007), self-control functions as a limited
psychological resource that can be depleted through use but also
replenished and strengthened through consistent practice. Physical
activity, particularly in forms such as aerobic exercise and team sports,
provides repeated opportunities to practice self-regulation, thereby
increasing self-control capacity over time (Cheng et al., 2025; Zhong
etal, 2021). Moreover, engaging in physical activity has been shown
to lower baseline arousal and foster adaptive coping mechanisms, both
of which are critical components of self-control (Kruschwitz et al.,
2024; Potoczny et al., 2025; Tse, 2020).

Self-control theory (Gul and Pesendorfer, 2004) posits that self-
control is a psychological capacity enabling individuals to inhibit
impulsive behaviors and choose actions aligned with societal norms.
As both a finite resource that can be temporarily depleted and a skill
that can be enhanced through training, self-control can
be strengthened via goal setting, repeated practice, and feedback (Cen
etal., 2022; Jiang and Dong, 2022; Yang et al., 2022). Adolescence, a
critical period for the development of neurocognitive systems like the
prefrontal cortex, provides a window for structured activities such as
physical exercise to foster self-control (Denson et al., 2012; Plessen
etal,, 2023). Higher self-control has been consistently linked to better
emotional regulation and behavioral inhibition, reducing the
likelihood of impulsive and aggressive responses. Meta-analyses
confirm a robust negative association between self-control and
aggression, highlighting self-control as a protective factor that helps
adolescents adopt adaptive coping strategies like problem-solving and
seeking social support instead of resorting to aggression (Lei et al.,
2020; Li et al., 2024).

Although the connections between physical activity and self-
control, as well as between self-control and aggression, are well-
documented, notable research gaps persist. Many earlier studies have
predominantly used cross-sectional designs, restricting the capacity
to determine causal relationships or the sequence of events over time.
Furthermore, limited research has specifically examined self-control
as a mediator in the link between physical activity and
aggressive behavior.

2.3 Moderating roles of gender and grade

Grounded in gender socialization theory (Fagly and Wood, 2016),
boys and girls develop distinct behavioral tendencies and emotional
regulation strategies that shape their responses to physical activity and
self-control. Societal expectations encourage girls to exhibit
cooperation, emotional regulation, and prosocial behaviors, while
boys are more likely to display competitiveness, dominance, and
externalizing behaviors such as aggression (Van Der Graaff et al,
2018; Wang et al., 2021). These differences suggest that physical
activity may have stronger effects on enhancing self-control and
reducing aggression in girls, as their prosocial behaviors are more
closely tied to peer relationships (Chu and Cui, 2024). In contrast,
boys’ tendencies toward withdrawal and externalizing behaviors may
moderate the impact of physical activity on self-control and aggression
(Wang et al., 2015; Malonda et al., 2019).
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In addition, grade level corresponds to different developmental
stages and school ecologies that may modulate the strength and
expression of the associations among study variables. Our sample
spans Grade 7 (early adolescence) and Grade 10 (mid-adolescence).
Early adolescence is marked by rapid biological and socioemotional
changes, heightened peer influence, and still-developing emotion
regulation (Ho et al., 2025), whereas mid-adolescence features more
mature executive functioning and self-control alongside greater
academic pressure and peer competition (Sahi et al., 2023). These
developmental and contextual differences may alter the strength and
direction of the physical activity—self-control—aggressive behavior
pathway (e.g., a stronger mediating role of self-control with advancing
grade, or shifts in how aggression manifests). Therefore, in addition to
testing the overall longitudinal mediation while controlling for gender
and grade, we examine potential differences by gender and grade to
identify effects and  inform

heterogeneous targeted,

tiered interventions.

2.4 The present study

Earlier studies investigating the links between physical activity,
self-control, and aggressive behavior have predominantly relied on
cross-sectional methods (Xu et al., 2025; Yu et al., 2024). While
valuable, such studies are limited in their ability to establish causal
relationships or determine the directionality between variables.
Additionally, they do not account for the dynamic changes individuals
experience over time. To overcome these limitations, this study
integrates the theories of emotion regulation, cognitive control, and
self-control, adopting a longitudinal design with data collected at
three time points. This approach enables a more precise analysis of the
relationships among physical activity, self-control, and aggressive
behavior. The study’s hypotheses are as follows: H1: Physical activity
at Time 1 (T1) will negatively predict adolescents’ aggressive behavior
at Time 3 (T3). H2: Self-control at Time 2 (T2) will mediate the
association between physical activity at T1 and aggressive behavior at
T3. H3: The indirect effect of physical activity at T1 on aggressive
behavior at T3 via self-control at T2 will differ between boys and girls.
H4: The indirect effect of physical activity at T1 on aggressive behavior
at T3 via self-control at T2 will differ between Grade 7 and Grade 10
students. The hypothesized model is illustrated in Figure 1.

3 Methods
3.1 Participants and procedure

This study is a longitudinal cohort study on the relationship
between physical activity and mental health among Chinese adolescents,
with data drawn from the first three waves of surveys. Given the need
to maintain the longitudinal nature of the study design, only students in
grades 7 and 10 were selected as participants. The initial survey was
conducted from March to April 2024 in eight middle schools in central
China, chosen due to considerations of convenience and budget
constraints. After removing invalid questionnaires at baseline (T1), a
total of 2,011 eligible participants were retained. All participants at
baseline were reassessed 6 months later (T2), and another 6 months
after T2 for the third assessment (T3). Ultimately, 1,927 participants
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Self-control T2

Physical activity T1

FIGURE 1
Hypothesized mediation model.

Aggressive behavior T3

remained at T2, and 1,866 participants completed the T3 assessment.
The sample included 1,021 males (54.7%) and 845 females (45.3%), with
1,069 from urban areas (57.3%) and 797 from rural areas (42.7%). There
were 1,122 students in grade 7 (60.1%) and 744 in grade 10 (39.9%),
with a mean baseline age of 13.90 + 1.65 years. The recruitment and
retention of participants are depicted in Figure 2. Variables measured at
each wave were as follows: T1 (baseline), demographics, physical
activity, and aggressive behavior; T2 (6-month follow-up), self-control;
and T3 (12-month follow-up), aggressive behavior.

The main reasons for sample attrition included students being
absent or refusing to participate on the day of the assessment. Ultimately,
participants who completed all three waves were included in this study.
A comparison of aggressive behavior scores was conducted between
participants retained through all three waves and those who dropped
out after the first wave. The results showed no significant differences
between the attrition and retained samples on the outcome variable
(aggressive behavior; p > 0.05).

Participants were informed that the study followed a longitudinal
design, with additional rounds of data collection planned over the next
year. They were asked to use a code name to ensure their responses
could be matched across the three rounds. Participation was entirely
voluntary, with no compensation provided. Data collection occurred in
participants’ classrooms, where students completed the survey
electronically in the school’s computer lab. To ensure the validity of the
data, staff received uniform training prior to data collection to maintain
consistent protocols, an online system recorded total response times,
and a lie-detection item was included to assess the attentiveness of
participants’ responses. All participants were assured that their privacy
would be protected and were informed of their right to withdraw at any
time if they felt uncomfortable. The study procedures were approved by
the Institutional Review Board (IRB-JXNU-PEC-20231107).

3.2 Measures

3.2.1 Aggressive behavior (T1, T3)

To measure aggressive behavior, we calculated the average scores
from the Physical Aggression and Verbal Aggression subscales of the
Buss-Perry Aggression Questionnaire (BPAQ; Buss and Perry, 1992),
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as guided by prior research (Dong et al., 2022; Wang et al., 2019). The
BPAQ has demonstrated good reliability and validity in Chinese
adolescent samples (Shao and Wang, 2019; Wang et al., 2023). The
Physical Aggression subscale comprises nine items, and the Verbal
Aggression subscale includes five items. Both subscales are rated on a
5-point scale (1 = no, 5 = severe), with higher scores reflecting higher
levels of aggressive behavior. In this study, the Cronbach’s « coefficients
for the BPAQ were 0.857 for T1 and 0.827 for T3.

3.2.2 Self-control (T2)

To measure self-control, we used the Brief Self-Control Scale
(BSCS; Morean et al., 2014), which assesses two dimensions: self-
discipline and impulse control. The BSCS consists of seven items and
has demonstrated good reliability and validity in Chinese adolescent
samples (Yu et al, 2022; Gao et al, 2023). The self-discipline
dimension is measured by three items, while the impulse control
dimension is assessed by four items. Participants rated all items on a
5-point Likert scale (1 = not like me at all, 5 = very much like me), and
the total score was obtained by averaging the responses. Higher scores
indicate higher levels of self-control. In this study, the Cronbach’s o
coefficient for the BSCS at T2 was 0.813.

3.2.3 Physical activity (T1)

Physical activity was assessed using a single-item measure: “Over
the past 7 days, how many days did you engage in at least 20 min of
exercise or activity that made you sweat or breathe heavily?” Participants
responded by indicating a number between 0 and 7 days. This approach
has been widely adopted in previous studies (Huang et al.,, 2025a; Wan
etal., 2025; Zhang et al., 2025; Hu et al., 2025; Huang et al., 2025b) and
is particularly suitable for longitudinal research because it reduces
participant burden, minimizes dropout risk over multiple waves of data
collection, and provides a straightforward and consistent method for
capturing changes in physical activity levels over time.

3.3 Data analysis

The study used SPSS 26 to conduct descriptive statistics, reliability
tests, and Pearson’s correlation analyses for the variables. Prior studies
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Eligible participants at baseline:
N=2422
Non-response:N=137
Completion time below 5
minutes:N=200 <
Failure of the lie-detection
item:N=74
v
Eligible participants at baseline
(basis for follow-up): N =2011
Non-response:N=32
Completion time below 5
minutes:N=37 d
Failure of the lie-detection
item:N=15
Eligible participants at T2:
N=1927
Non-response:N=17
Completion time below 5
minutes: N=28 d
Failure of the lie-detection
item:N=16
Eligible participants at T3:
N=1866
Participants who completed all three
surveys:
N =1866
FIGURE 2
Recruitment and retention of participants.

have indicated that gender and grade level are correlated with
aggressive behavior among adolescents ( ;
). Moreover, initial levels of aggressive behavior can
impact subsequent changes in aggression. Consequently, gender,
grade level, and baseline aggressive behavior were included as control
variables in the analysis. Gender was dummy-coded (0= male,
1 = female), and grade was dummy-coded (0 = grade 7, 1 = grade 10).
Before conducting the mediation analysis, we tested the
assumptions. Results showed that the skewness and kurtosis
coefficients of the variables were all within the +1.5 range, indicating
that the data met the assumption of approximate normality (
). The Variance Inflation Factor (VIF) values were all below 5,
). These
findings confirmed that the dataset met the necessary assumptions for

confirming the absence of multicollinearity issues (

mediation analysis.

To address the limitations of cross-sectional data, this study
employed a semi-longitudinal design and conducted simple mediation
analysis using Model 4 in the Process Macro software. This analysis
examined the relationship between physical activity at T1 and
aggressive behavior at T3 through self-control at T2 in the longitudinal
data. Gender, grade level, and baseline aggressive behavior were

Frontiers in

included as control variables in the analysis. In addition, we conducted
multi-group structural equation modeling in AMOS 28.0 (maximum
likelihood estimation) to test whether the mediation pathway differed
by gender (boys vs. girls) and by grade (Grade 7 vs. Grade 10).

4.1 Descriptive statistics and correlations

presents the descriptive statistics and intercorrelations
of the main variables. Physical activity at T1 is negatively correlated
with aggressive behavior at T1 and T3 and positively correlated with
self-control at T2; self-control at T2 is also negatively correlated with
aggressive behavior at T1 and T3, providing a basis for the mediation
The exhibit
distributions physical

analysis. variables approximately symmetric
(e.g. skewness = —0.058,

kurtosis = —1.171; the skewness and kurtosis of the other variables

activity:

fall within ranges consistent with approximate normality).
Scatterplot diagnostics indicate relationships that are roughly linear
and homoscedastic, with no influential outliers detected, thereby
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TABLE 1 Variable statistics and relationships.

10.3389/fpsyg.2025.1663439

Variables M + SD Skewness Kurtosis 1 2 3 4
1. Physical activity at T1 3.90 +2.06 —0.058 -1.171 1

2. Self-control at T2 3.40+0.93 —0.337 —0.640 0.238%%** 1

3. Aggressive behavior at T1 2.67 £0.81 —0.372 —0.532 —0.194%#* —0.358 % 1

4. Aggressive behavior at T1 2.87+0.77 —0.092 —0.063 —0.2527%%% —0.450%#% 0.575%%* 1

Correlations are Pearson’s r. Significance: *p < 0.05, **p < 0.01, *#*p < 0.001.

TABLE 2 Regression results for the mediation model (Process Macro, Model 4).

Variables

Gender 0.205 4.756%%* —0.497 —14.406%**
Grade 0.212 4.899%* —0.253 —7.335%%%

ABTI1 —0.295 —13.491%%%* 0.420 23.0727%%%

PATI1 0.164 7.610%%% —0.083 —4.8107%#%

SCT2 —0.215 —11.689%**
R’ 0.179 0.482

F 101.271%** 345.809%**

Standardized coefficients () and t values are reported; R” denotes the coefficient of determination. Controls: gender (0 = male, 1 = female), grade (0 = Grade 7, 1 = Grade 10), and T1

aggression. Significance: *p < 0.05, **p < 0.01, ***p < 0.001.

Self-control T2
0.164%** -0.215%%*
Physical activity T1 Aggressive behavior T3
-0.083%x*
FIGURE 3
Diagram of the mediation effect of self-control. Coefficients are standardized path coefficients; models control for gender, grade, and T1 aggression.
Significance: ***p < 0.001.

supporting the use of Pearson’s correlation coefficients. Meanwhile,
physical activity (0-7 days in the past week) was treated as a quasi-
continuous count variable to preserve information, in line with
Huang et al’s approach (Huang et al., 2025a). As a robustness check,
Spearman’s rank correlations showed directions and significance
that broadly with  those of
Pearson’s correlations.

levels were consistent

4.2 Mediation analysis

We utilized Model 4 of the SPSS macro developed by Hayes
(Preacher and Hayes, 2008) to examine the longitudinal mediating

Frontiers in Psychology

effect of self-control. After accounting for grade, gender, and
baseline aggressive behavior, the results presented in Table 2
demonstrate that physical activity at T1 significantly and positively
predicts self-control at T2 (f =0.164, t =7.610, p < 0.001) and
significantly and negatively predicts aggressive behavior at T3
(f =—0.083, t = —4.810, p < 0.001). Furthermore, self-control at T2
significantly and negatively predicts aggressive behavior at T3
(f=-0.215,t=—11.689, p < 0.001). The mediation effect estimate
is —0.035, with a Bootstrap 95% confidence interval ranging from
—0.046 to —0.025. These findings indicate that self-control at T2
partially mediates the relationship between physical activity at T1
and aggressive behavior at T3, thereby supporting hypothesis 2
(see Figure 3 and Table 3).
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TABLE 3 Bootstrap tests of indirect (mediation) effects.

10.3389/fpsyg.2025.1663439

Path p BootSE BootLLClI BootULCI
Total effect —0.119 0.018 —0.153 —0.084
Direct effect —0.083 0.017 -0.117 ~0.049
Indirect Effect —0.035 0.005 ~0.046 -0.025

Based on 5,000 bootstrap resamples. Reported are effect size (), bootstrap standard error (Boot SE), and 95% confidence intervals (Boot LLCI, Boot ULCI). Effects are significant if the 95% CI

does not include 0.

TABLE 4 Multi-group SEM fit and invariance tests (gender and grade).

Variable Model x> df x*/df GFI AGFI CFI RMSEA Ay?(Adf) P
Mboys 5.638 3 1.879 0.998 0.989 0.996 0.029 -
Mgirls 3.982 3 1.327 0.998 0.991 0.999 0.020 -
genders M1 9.62 6 1.603 0.998 0.99 0.997 0.018 -
M2 9.999 8 1.25 0.988 0.992 0.999 0.012 0.379 (2) 0.83
M3 18.17 11 1.652 0.996 0.991 0.997 0.017 8.171(3) 0.04
M grade 7 0.054 3 0.018 1.00 1.00 1.000 0.000 -
M10 grade 10 2.916 3 0.972 0.998 0.992 1.000 0.000 -
Grade Ml 2.971 6 0.495 0.999 0.997 1.000 0.000 -
M2 6.191 8 0.774 0.999 0.995 1.000 0.000 3.220(2) 0.20
M3 34.197 11 3.109 0.993 0.98 0.986 0.034 28.006 (3) <0.001
M1 = Unconstrained; M2 = Measurement weights constrained; M3 = Structural weights constrained.
Boy Girl
Self-control T2 Self-control T2
0624 02584 Q744
Physical activity T1 Aggreasive hehavior T3 Physical activity T1 Aggressive behavior T3
01844+ D114+

FIGURE 4

Multi-group structural path model comparing boys and girls. *Significance levels: ***p < 0.001.

4.3 Multi-group analyses

To assess the generalizability of the indirect-effects model
(physical activity at T1 — self-control at T2 — aggressive behavior at
T3), we conducted multi-group comparisons following Shao et al.
(2018). Specifically, we ran two sets of multi-group SEM analyses by
gender (boys vs. girls) and by grade (Grade 7 vs. Grade 10). For
gender, freely estimated group models fit well (Table 4), supporting
multi-group comparability. Constraining measurement weights
(Model 2 vs. Model 1) did not worsen fit (Ay?=0.38, Adf=2,
p=0.83), indicating measurement-weight invariance, whereas
constraining structural weights (Model 3 vs. Model 2) significantly
degraded fit (Ay*=8.17, Adf=3, p=0.04), indicating gender
differences. For grade, freely estimated group models also fit well
(Table 4). Measurement-weight constraints preserved fit (Model 2 vs.
Model 1: Ay*=3.22, Adf=2, p=0.20), but structural-weight
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constraints significantly worsened fit (Model 3 vs. Model 2:
Ay*=128.01, Adf = 3, p < 0.001), indicating grade differences.

Subsequently, we conducted pairwise multi-group comparisons by
gender and by grade, using the critical ratio (CR) to test between-group
path differences, with |z| > 1.96 indicating significance. A positive CR
value indicates that the path coefficient is larger in the first group (e.g.,
boys or Grade 10), whereas a negative CR value indicates that the path
coeflicient is larger in the second group (e.g., girls or Grade 7).

The gender comparison showed a significant gender difference in
the negative effect of self-control at T2 on aggressive behavior at T3
(CR = —2.03, p < 0.05), indicating that this path was stronger for girls
than for boys. However, no significant gender differences were
observed for the paths from physical activity at T1 to self-control at
T2 or to aggressive behavior at T3 (boys: f=0.27, —0.18; girls:
p=0.25 —0.11; all p<0.05). See Figure 4 for the multi-group
comparisons by gender.
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The grade comparison indicated a significant grade difference in
the positive effect of physical activity at T1 on self-control at T2
(CR = —4.08, p <0.05), suggesting that this path was stronger for
Grade 7 students than for Grade 10 students. No significant grade
differences were found for the paths from self-control at T2 to
aggressive behavior at T3 or from physical activity at T1 to aggressive
behavior at T3 (Grade 7: = —0.68, —0.17; Grade 10: = —0.61,
—0.13; all p < 0.05). See Figure 5 for the multi-group comparisons by
grade. Overall, gender primarily moderates the “self-control at
T2 — aggressive behavior at T3” path, whereas grade primarily
moderates the “physical activity at T1 — self-control at T2” path; the
other paths are significant but not significantly different
between groups.

5 Discussion

The present study adopted a three-wave longitudinal approach to
examine the relationships among T1 physical activity, T2 self-control,
and T3 aggressive behavior. The findings provide longitudinal evidence
that physical activity predicts subsequent aggression in adolescents:
specifically, higher levels of physical activity at T1 negatively predicted
aggressive behavior 12 months later (at T3), demonstrating that
physical activity serves as a longitudinal protective factor. Additionally,
based on 12 months of data collection, T2 self-control partially
mediated the association between T1 physical activity and T3
aggressive behavior, elucidating a pathway whereby greater physical
activity enhances self-control, which in turn reduces later aggression.
Multi-group analyses further indicated heterogeneity: the self-control
— aggressive behavior path differed by gender, and the physical activity
— self-control path differed by grade, whereas other paths were
significant within groups but showed no between-group differences.

5.1 The longitudinal relationship between
physical activity and adolescent aggressive
behavior

Consistent with Hypothesis 1 and prior work (Khazaie et al.,
20235 Garcia et al,, 2021; Yu et al, 2024), we found that higher
frequencies of adolescent physical activity predicted lower levels of

10.3389/fpsyg.2025.1663439

aggressive behavior 1 year later. Physical activity not only improves
physical fitness but also appears to curb aggression by enhancing
emotion regulation and strengthening self-control, reinforcing its
benefits for mental health and behavioral regulation. This aligns with
findings that physical activity is positively associated with mental
health, including better emotion regulation and greater subjective
wellbeing (Zhu et al., 2022; Potoczny et al., 2022; Carl et al., 2024;
Stocker et al., 2020; He et al., 2023; Li et al., 2022; Wennerhold and
Friese, 2023).

Physical activity reduces aggressive behavior by enhancing
psychological regulation, improving behavior management, and
fostering social interaction. According to self-control theory, regular
training and goal setting can strengthen individuals ability to control
impulsive behaviors, helping adolescents better manage their emotions
and behaviors, thereby reducing impulsivity and aggression (Franco
et al, 2016). From the perspective of emotion regulation, physical
activity can lower anxiety and anger, alleviate stress, and decrease the
likelihood of aggressive behavior (Ouyang and Liu, 2023; Hamer et al.,
2012). For example, regular physical activity helps adolescents remain
calm when facing stress and setbacks, preventing emotional outbursts
that may lead to aggression (Norris et al., 1992; Wang et al., 2024). It
also boosts self-confidence and self-esteem, further reducing the
likelihood of aggressive behavior (Ruiz-Ranz and Asin-Izquierdo,
2024; Yin et al., 2025).

Additionally, physical activity creates a positive social
environment, enhancing adolescents’ social skills and sense of
belonging through teamwork and fair competition, which reduces
both intra-group and inter-group conflicts and suppresses aggressive
behavior (Sansi et al., 2021; Yang et al., 2024; Kwon et al., 2024).
Regular participation in physical activity also strengthens self-
discipline and goal orientation, supporting better behavior and
emotion management (Li et al., 2024; Van Sluijs et al., 2021). Through
physical activity, adolescents can release excess energy, relieve stress,
and learn cooperation and respect, all of which contribute to further
reductions in aggressive behavior (Nie et al., 2025; Ahmed et al,,
2023). Moreover, the mechanisms through which physical activity
exerts its protective effects can also be understood through cognitive
control theory (Zhu et al., 2023; Cya et al., 2019). This theory posits
that physical activity enhances executive functions, thereby
improving impulse control and reducing the likelihood of
aggressive behavior.

Grade7
Self-control T2

03444+ 068+

Grade10

Self-control T2

0,18+ 0614+

Physical activity T1

Aggrensiv e behavior T3
_0.17“0

Physical activity T1

Aggressive behavior T3
-0.13‘“

FIGURE 5

Multi-group structural path model comparing seventh and tenth graders. *Significance levels: ***p < 0.001.
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5.2 The mediating role of self-control
between physical activity and aggressive
behavior

Consistent with Hypothesis 2, self-control at T2 exerted a
significant longitudinal mediating effect on the association between
physical activity at T1 and aggressive behavior at T3. This result
indicates that physical activity may reduce aggressive behavior by
strengthening self-control. As a key component of psychological
resilience, self-control helps individuals manage stress and challenges
that might otherwise trigger aggression (Chester, 2024; Bahjatunnufuz
et al., 2024). This conclusion aligns with previous cross-sectional
research, which has similarly reported that physical activity is
associated with lower levels of aggression through enhanced self-
control (Xu et al., 2025).

Self-control theory (Gul and Pesendorfer, 2004) posits that self-
regulatory capacities can be strengthened via systematic behavioral
training. Physical activity provides a prototypical training context that
combines repeated practice, goal setting, feedback, and incremental
challenge (Rahayu et al., 2020; Murray et al., 2021). Adolescence is a
sensitive period for the maturation of neurocognitive systems
supporting self-control; repeated practice in structured, socially
scaffolded contexts facilitates the internalization of behavioral norms
(Zeinab Mousavi et al., 2024). Accordingly, regular exercise routines
and goal-directed activity schedules may foster inhibitory control,
delay of gratification, and emotion regulation (Berli et al., 2016).
Experimental and neurobiological evidence is consistent with this
account: lifestyle interventions incorporating exercise have improved
cognitive control and self-regulation (Xiang et al.,, 2019), and 12 weeks
of moderate-intensity aerobic exercise has been shown to increase
gray matter density in the dorsolateral prefrontal cortex, a key
substrate of inhibitory control (Northey et al., 2020).

Building on these findings, it is important to consider the
protective role of self-control in mitigating aggression during
adolescence. Higher self-control is robustly and negatively associated
with aggressive behavior (Plessen et al., 2023; Wang et al., 2025).
Individuals with stronger self-control demonstrate better emotion
regulation and behavioral inhibition, making them more likely to
select norm-consistent, prosocial coping strategies in conflict
situations (Van Den Bekerom et al., 2025; Wenzel et al., 2024). For
adolescents, this translates into greater use of adaptive responses—
such as problem-solving and help-seeking—rather than impulsive
aggression when confronted with interpersonal stressors (Tamm et al.,
2018; Schwartz-Mette et al., 2021).

5.3 Moderating roles of gender and grade

The multi-group analyses revealed that the effect of self-control
on aggressive behavior differed by gender, whereas the effect of
physical activity on self-control differed by grade. These findings
suggest that both sociocultural factors and developmental stages
jointly shape the mechanisms linking physical activity, self-control,
and aggression.

First, regarding gender, the results supported Hypothesis 3. Our
study found that the inhibitory effect of self-control on aggressive
behavior was more pronounced among girls, which is inconsistent with
the findings of Biirgler and Hennecke (2024). This difference can
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be explained by sociocultural norms and gender socialization. In East
Asian cultural contexts, girls are typically expected to display qualities
such as obedience and harmony (Li and Xie, 2020; Dong et al., 2025).
Consequently, when girls engage in aggressive behavior, it is often
perceived as a greater deviation from social norms. Under such
conditions, even small differences in self-control may have amplified
effects on whether girls suppress aggression (Siregar, 2020). In contrast,
boys’ aggression is, to some extent, reinforced through socialization
processes, as competitiveness and toughness are socially encouraged
(Stanaland et al., 2024; Bjorkqvist, 2018). In conflict situations, even
boys with a high level of self-control may display aggression due to peer
pressure or social expectations, thereby weakening the inhibitory role
of self-control (Farrell et al, 2017). Previous studies have also
demonstrated that gender moderates the association between callous-
unemotional traits and antisocial or aggressive behaviors, with stronger
effects observed among girls (Falcon et al., 2021). These findings
indicate that gender not only influences the mean levels of self-control
but, more importantly, determines the extent to which differences in
self-control translate into behavioral outcomes.

Second, regarding grade, the results supported Hypothesis 4.
We found that the facilitative effect of physical activity on self-control
was significantly stronger among seventh graders than among tenth
graders. From the perspective of developmental psychology and
neuroscience, early adolescence (approximately 12-14 years) is a critical
period for the development of self-control, as the prefrontal cortex and
executive functions undergo rapid maturation, and adolescents exhibit
heightened neural plasticity in emotion and behavioral regulation
(Zondervan-Zwijnenburg et al., 2020). During this stage, physical
activity can significantly enhance the development of self-control
through mechanisms such as goal setting, adherence to rules, and
emotional regulation (Graham et al., 2025; Bermejo-Cantarero et al,
2024; Pascoe et al., 2020). In contrast, during middle adolescence
(approximately 15-17 years), self-control becomes relatively more stable
as the maturation of the prefrontal cortex slows and neural plasticity
decreases. Consequently, the capacity of physical activity to further
enhance self-control is reduced during this stage. Additionally,
adolescents in middle adolescence face higher cognitive resource
demands, primarily due to academic pressure and the burden of high-
stakes examinations (Wan et al., 2025; Cheng et al., 2025). This pressure
may compete with the cognitive and emotional resources required for
the self-regulatory benefits of physical activity. For instance, the
cognitive and emotional efforts needed to manage academic stress
might limit adolescents’ ability to fully absorb the benefits of exercise
(Guan et al., 2024; Recchia et al., 2023; Yan et al., 2024). Therefore,
developmental differences in neural plasticity and competing cognitive
demands likely contribute to the stronger relationship between physical
activity and self-control observed among younger adolescents.

In summary, the moderating roles of gender and grade highlight
the joint influences of sociocultural expectations and developmental
stages on the relationships between physical activity, self-control, and
aggression. Specifically, the stronger inhibitory effect of self-control
on aggressive behavior among girls reflects the impact of sociocultural
norms and gender socialization, while the more pronounced
facilitative effect of physical activity on self-control in early
adolescence underscores the importance of developmental timing
and neural plasticity. These findings suggest the need for tailored
interventions: for girls, programs should focus on leveraging physical
activity to strengthen self-control, helping them better manage
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aggression within the context of sociocultural expectations. For
younger adolescents, particularly in middle school, schools should
prioritize providing ample opportunities for physical activity to
capitalize on neural plasticity, enhance self-regulation, and reduce the
risk of aggression.

5.4 Strengths and limitations

This study investigated the relationships between physical
activity, self-control, and aggressive behavior in adolescents,
emphasizing the mediating role of self-control and the moderating
effects of gender and grade level. However, several limitations
should be noted. First, the data were collected from schools in
central China using convenience sampling. While this method
facilitated efficient data collection, it limits the generalizability of
the findings, as the sample may not fully represent adolescents
from other regions or cultural backgrounds. Future studies should
include samples from diverse geographic areas and employ
random sampling to improve representativeness and
generalizability. Second, the reliance on self-report scales may
introduce social desirability bias. To mitigate this, future research
could incorporate additional methods, such as behavioral
observations or reports from teachers and parents, to provide a
more comprehensive understanding of the variables. Third, the
study focused solely on the relationship between physical activity,
self-control, and aggressive behavior. Other potential protective
factors, such as family support and socioeconomic status, were not
examined. These factors may interact with self-control and
aggression in meaningful ways, and future studies should explore
their roles in these relationships. Fourth, physical activity was
assessed using a single-item measure of weekly frequency. While
this approach simplified data collection, it has limited reliability
and does not capture other dimensions of physical activity, such as
intensity, duration, and context (e.g., team vs. individual activities).
This may have weakened the observed effect sizes. Future research
should use validated multi-item scales or objective measures (e.g.,
accelerometers) to assess physical activity more comprehensively
in terms of frequency, intensity, duration, and type. Finally,
although the longitudinal design strengthens causal inference, the
study remains observational. Future research should adopt
experimental designs to rigorously test the causal effects of
physical activity and self-control on aggressive behavior in
adolescents. Such methods would provide stronger evidence for
causality and enhance the applicability of the findings in real-
world contexts.

6 Conclusion

This study, employing a three-wave longitudinal design, sheds
light on the evolving relationships between physical activity, self-
control, and aggressive behavior in adolescents. The results reveal that
physical activity significantly decreases aggressive behavior after
12 months, with self-control serving as a crucial mediator in this
process. Additionally, multi-group analyses demonstrate that these
associations are moderated by gender and grade level. Specifically, the
inhibitory effect of self-control on aggressive behavior is stronger in
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girls, while the positive impact of physical activity on self-control is
more pronounced among seventh-grade students. These findings
emphasize the value of incorporating physical activity into school-
based interventions and highlight the importance of fostering self-
control to prevent and reduce aggression in adolescents. Future studies
and intervention programs should take these moderating factors into
account to design more tailored and effective strategies.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Physical
Education College, Jiangxi Normal University
(IRB-JXNU-PEC-20231107). The studies were conducted in
accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants’ legal guardians/next of kin.

Author contributions

XY: Data curation, Writing — original draft, Writing — review &
editing. HC: Writing - original draft, Writing - review & editing. XW:
Writing - original draft, Writing - review & editing, Data curation,
Methodology. DZ: Writing - original draft, Writing - review &
editing, Data curation, Formal analysis, Resources. CH: Writing —
original draft, Writing - review & editing, Data curation, Methodology.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1663439
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Yue et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Ahmed, K. R., Horwood, S., Kolbe-Alexander, T., and Khan, A. (2023). Effects of a
school-based physical activity intervention on adolescents’ mental health: a cluster
randomized controlled trial. J. Phys. Act. Health 20,1102-1108. doi: 10.1123/Jpah.2023-0062

Allen, J. ]., Anderson, C. A., and Bushman, B. J. (2018). The general aggression model.
Curr. Opin. Psychol. 19, 75-80. doi: 10.1016/].Copsyc.2017.03.034

Andriani, M. W, Ramli, M., Akbar, S., and Hotifah, Y. (2025). Understanding of self-
control in aggressive behavior: a cross-paradigm study in elementary school students. J.
Posthumanism. 5, 1206-1219. doi: 10.63332/Joph.V5i3.884

Author Corporate: UNESCO. Author event: international symposium on school
violence and bullying: from evidence to action s. school violence and bullying: global
status report. (2017). Available online at: Https://Unesdoc.Unesco.Org/Ark:/48223/
Pf0000246970_Chi?Posinset=3&Queryid=N-Explore-54307221-D93¢-4789-9275-
E1897e499592 [Accessed July 9, 2025]

Bahjatunnufuz, Y. H., Sudirman, D. E, and Nimatuzahroh, N. (2024). The influence
of self-control on aggressiveness in adolescents: a systematic review. Int. J. Educatio
Elementaria Psychologia 1, 146-157. doi: 10.70177/Tjeep.V1i3.1033

Bardach, L., Yanagida, T., and Strohmeier, D. (2022). Revisiting the intricate interplay
between aggression and preadolescents’ school functioning: longitudinal predictions
and multilevel latent profiles. Dev. Psychol. 58, 714-729. doi: 10.1037/Dev0001317

Baumeister, R. E, Vohs, K. D., and Tice, D. M. (2007). The strength model of self-
control. Curr. Dir. Psychol. Sci. 16, 351-355. doi: 10.1111/].1467-8721.2007.00534.X

Berli, C., Stadler, G., Inauen, J., and Scholz, U. (2016). Action control in dyads: A
randomized controlled trial to promote physical activity in everyday life. Soc. Sci. Med.
163, 89-97. doi: 10.1016/].Socscimed.2016.07.003

Bermejo-Cantarero, A., Sanchez-Lépez, M., Alvarez-Bueno, C., Redondo-Tébar, A.,
Garcia-Hermoso, A., and Martinez-Vizcaino, V. (2024). Are physical activity interventions
effective in improving health-related quality of life in children and adolescents? A systematic
review and meta-analysis. Sports Health 16, 877-885. doi: 10.1177/19417381231190885

Biddle, S. (2016). Physical activity and mental health: evidence is growing. World
Psychiatry 15, 176-177. doi: 10.1002/Wps.20331

Bjorkqvist, K. (2018). Gender Differences In Aggression. Curr. Opin. Psychol. 19,
39-42. doi: 10.1016/J.Copsyc.2017.03.030

Biirgler, S., and Hennecke, M. (2024). Metacognition and Polyregulation in daily self-
control conflicts. Scand. J. Psychol. 65, 179-194. doi: 10.1111/Sjop.12964

Buss, A. H., and Perry, M. (1992). The aggression questionnaire. J. Pers. Soc. Psychol.
63, 452-459.

Camerini, A.-L., Marciano, L., Carrara, A., and Schulz, P. J. (2020). Cyberbullying
perpetration and victimization among children and adolescents: a systematic review of
longitudinal studies. Telematics Inform. 49:101362. doi: 10.1016/J.Tele.2020.101362

Carl, J., Blaschke, S., Sudeck, G., Schmid, J., Eckert, K., Geidl, W, et al. (2024). A life
span perspective on competencies for a healthy, physically active lifestyle: findings of a
data pooling initiative with over 7000 individuals. Eur. J. Sport Sci. 24, 788-803. doi:
10.1002/Ejsc.12100

Cen, Y, Su, S, Dong, Y., and Xia, L. (2022). Longitudinal effect of self-control on
reactive-proactive aggression: mediating roles of hostile rumination and moral
disengagement. Aggress. Behav. 48, 583-594. doi: 10.1002/Ab.22046

Cheng, J., Guan, M., Peng, C., Hu, J., Rong, E, Wang, Y., et al. (2024). Self-injury and
suicidal ideation among Chinese adolescents involved in different subtypes of
aggression: the role of gender. ] Affect. Disord. 355, 371-377. doi:
10.1016/].Jad.2024.03.108

Cheng, L., Qin, H., Yang, Y., and Dang, J. (2025). Exploring the effects of long-term
physical exercise on persistent and inhibitory self-control: quasi-experimental research.
Front Sports Act Living 7:1543481. doi: 10.3389/Fspor.2025.1543481

Cheng, R, Yang, L., and Kang, S.-J. (2025). A study on the relationship between high
school students’ sleep quality, physical exercise, academic stress, and subjective well-
being. BMC Psychol. 13:180. doi: 10.1186/540359-025-02497-3

Chester, D. S. (2024). Aggression as successful self-control. Soc. Personal. Psychol.
Compass 18:¢12832. doi: 10.1111/Spc3.12832

Chiou, S.-S., Hsu, Y., Chiu, Y.-H., Chou, C.-C., Gill, D. L., and Lu, E J. (2020).
Seeking positive strengths in buffering athletes’ life stress—burnout relationship: the
moderating roles of athletic mental energy. Front. Psychol. 10:3007. doi:
10.3389/Fpsyg.2019.03007

Cho, Y., Jang, H., Kwon, S., and Oh, H. (2023). Aerobic, muscle-strengthening, and
flexibility physical activity and risks of all-cause and cause-specific mortality: a

Frontiers in Psychology

11

10.3389/fpsyg.2025.1663439

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

population-based prospective cohort of Korean adults. BMC Public Health 23:1148. doi:
10.1186/512889-023-15969-1

Chu, K., and Cui, J. (2024). Physical exercise and aggressive behaviour among rural
children: cognitive flexibility mediation and peer relationship quality moderation. J.
Psychol. Afr. 34, 573-578. doi: 10.1080/14330237.2024.2413348

Chun, H., and Mobley, M. (2010). Gender and grade-level comparisons in the
structure of problem behaviors among adolescents. . Adolesc. 33, 197-207. doi:
10.1016/].Adolescence.2009.03.010

Cya, T, Lee, H. P, KSK, C., Edgar, V. B., Wilkinson-Smith, A., and Whe, L. (2019).
Examining the impact of physical activity on sleep quality and executive functions in
children with autism spectrum disorder: a randomized controlled trial. Autism 23,
1699-1710. doi: 10.1177/1362361318823910

Datta, P,, Cornell, D., and Huang, F. (2016). Aggressive attitudes and prevalence of
bullying bystander behavior in middle school. Psychol. Sch. 53, 804-816. doi:
10.1002/Pits.21944

Denson, T. E, Dewall, C. N., and Finkel, E. J. (2012). Self-control and aggression. Curr.
Dir. Psychol. Sci. 21, 20-25. doi: 10.1177/0963721411429451

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135-168. doi:
10.1146/Annurev-Psych-113011-143750

Dong, B., Li, H., and Liu, R. (2025). Influence of physical activity and Mobile phone
addiction tendency on depression among Chinese undergraduates. Front. Psychol.
16:1442707. doi: 10.3389/Fpsyg.2025.1442707

Dong, Y., Liu, E, Jiang, Y., and Wei, S. (2022). Neuroticism and aggressive behavior
among left-behind children: the mediating roles of interpersonal sensitivity and bullying
victimization. Int. J. Environ. Res. Public Health 19:11072. doi: 10.3390/Ijerph191711072

Dugré, J. R., and De Brito, S. A. (2024). Unraveling the morphological brain
architecture of human aggression: a systematic review and meta-analysis of structural
neuroimaging studies. Aggress. Violent Behav. 79:102003. doi: 10.1016/].Avb.2024.102003

Eagly, A. H., and Wood, W. (2016). “Social role theory of sex differences” in The Wiley
Blackwell encyclopedia of gender and sexuality studies. eds. N. A. Naples (Chichester,
UK: John Wiley & Sons, Ltd), 1-3. Available at: https://doi.org/10.1002/9781118663219.
wbegss183

Eather, N., Wade, L., Pankowiak, A., and Eime, R. (2023). The impact of sports participation
on mental health and social outcomes in adults: A systematic review and the ‘mental health
through sport’ conceptual model. Syst. Rev. 12:102. doi: 10.1186/S13643-023-02264-8

Estévez, E., Jiménez, T., and Moreno, D. (2018). Aggressive behavior in adolescence
as a predictor of personal, family, and school adjustment problems. Psicothema 30,
66-73. doi: 10.7334/Psicothema2016.294

Falcon, A. K., Dobbins, A. E., and Stickle, T. R. (2021). Gendered associations among
callous-unemotional traits, emotion regulation, and antisocial behavior. Pers. Individ.
Differ. 179:110944. doi: 10.1016/].Paid.2021.110944

Farrell, A. D., Thompson, E. L., and Mehari, K. R. (2017). Dimensions of peer
influences and their relationship to adolescents’ aggression, other problem behaviors
and prosocial behavior. J. Youth Adolesc. 46, 1351-1369. doi: 10.1007/S10964-016-0601-4

Franco, C., Amutio, A., Lopez-Gonzilez, L., Oriol, X., and Martinez-Taboada, C.
(2016). Effect of a mindfulness training program on the impulsivity and aggression levels
of adolescents with behavioral problems in the classroom. Front. Psychol. 7:1385. doi:
10.3389/Fpsyg.2016.01385

Gao, B., Xu, Y, Bai, L., Luo, G., and Li, W. (2023). More grateful, less addicted!
Understanding how gratitude affects online gaming addiction among Chinese college
students: A three-wave multiple mediation model. Bmc Psychol 11:241. doi:
10.1186/540359-023-01271-7

Garcia, A. C,, Sousa, R., Varela, A., and Monteiro, L. (2021). Bullying, physical activity,
and body image among Brazilian students. J. Health Psychol. 26, 1661-1673. doi:
10.1177/1359105319884598

Gongy, E. A, Basting, E. J., and Dunn, C. B. (2021). A meta-analysis linking parent-
to-child aggression and dating abuse during adolescence and young adulthood. Trauma
Violence Abuse 22, 1248-1261. doi: 10.1177/1524838020915602

Graham, M., Hodgson, P, Fleming, L., Innerd, A., Clibbens, N., Hope, W., et al.
(2025). Effectiveness of physical activity interventions on acute inpatient mental health
units on health outcomes: a systematic review. Int. J. Ment. Health Nurs. 34:e70017. doi:
10.1111/Inm.70017

Gratz, K. L., Dixon, L. J,, Kiel, E. ], and Tull, M. T. (2018). “Emotion regulation:
theoretical models, associated outcomes and recent advances” in The sage handbook of

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1663439
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1123/Jpah.2023-0062
https://doi.org/10.1016/J.Copsyc.2017.03.034
https://doi.org/10.63332/Joph.V5i3.884
Https://Unesdoc.Unesco.Org/Ark:/48223/Pf0000246970_Chi?Posinset=3&Queryid=N-Explore-54307221-D93c-4789-9275-E1897e499592
Https://Unesdoc.Unesco.Org/Ark:/48223/Pf0000246970_Chi?Posinset=3&Queryid=N-Explore-54307221-D93c-4789-9275-E1897e499592
Https://Unesdoc.Unesco.Org/Ark:/48223/Pf0000246970_Chi?Posinset=3&Queryid=N-Explore-54307221-D93c-4789-9275-E1897e499592
https://doi.org/10.70177/Ijeep.V1i3.1033
https://doi.org/10.1037/Dev0001317
https://doi.org/10.1111/J.1467-8721.2007.00534.X
https://doi.org/10.1016/J.Socscimed.2016.07.003
https://doi.org/10.1177/19417381231190885
https://doi.org/10.1002/Wps.20331
https://doi.org/10.1016/J.Copsyc.2017.03.030
https://doi.org/10.1111/Sjop.12964
https://doi.org/10.1016/J.Tele.2020.101362
https://doi.org/10.1002/Ejsc.12100
https://doi.org/10.1002/Ab.22046
https://doi.org/10.1016/J.Jad.2024.03.108
https://doi.org/10.3389/Fspor.2025.1543481
https://doi.org/10.1186/S40359-025-02497-3
https://doi.org/10.1111/Spc3.12832
https://doi.org/10.3389/Fpsyg.2019.03007
https://doi.org/10.1186/S12889-023-15969-1
https://doi.org/10.1080/14330237.2024.2413348
https://doi.org/10.1016/J.Adolescence.2009.03.010
https://doi.org/10.1177/1362361318823910
https://doi.org/10.1002/Pits.21944
https://doi.org/10.1177/0963721411429451
https://doi.org/10.1146/Annurev-Psych-113011-143750
https://doi.org/10.3389/Fpsyg.2025.1442707
https://doi.org/10.3390/Ijerph191711072
https://doi.org/10.1016/J.Avb.2024.102003
https://doi.org/10.1002/9781118663219.wbegss183
https://doi.org/10.1002/9781118663219.wbegss183
https://doi.org/10.1186/S13643-023-02264-8
https://doi.org/10.7334/Psicothema2016.294
https://doi.org/10.1016/J.Paid.2021.110944
https://doi.org/10.1007/S10964-016-0601-4
https://doi.org/10.3389/Fpsyg.2016.01385
https://doi.org/10.1186/S40359-023-01271-7
https://doi.org/10.1177/1359105319884598
https://doi.org/10.1177/1524838020915602
https://doi.org/10.1111/Inm.70017

Yue et al.

personality and individual differences: Applications of personality and individual
differences eds. Zeigler-Hill, V., and Shackelford, T. K (London: Sage Reference), 63-89.

Gross, J. J. (2002). Emotion regulation: affective, cognitive, and social consequences.
Psychophysiology 39, 281-291. doi: 10.1017/50048577201393198

Guan, M., Liu, J., Li, X, Cai, M., Bi, J., Zhou, P, et al. (2024). The impact of depressive
and anxious symptoms on non-suicidal self-injury behavior in adolescents: A network
analysis. BMC Psychiatry 24:229. doi: 10.1186/512888-024-05599-1

Gul, E, and Pesendorfer, W. (2004). Self-control and the theory of consumption.
Econometrica 72, 119-158. doi: 10.1111/].1468-0262.2004.00480.X

Hamer, M., Endrighi, R., and Poole, L. (2012). Physical activity, stress reduction, and
mood: insight into immunological mechanisms. Methods Mol Biol (Clifton Nj) 934,
89-102. doi: 10.1007/978-1-62703-071-7_5

Harwood, J. (2015). Social Identity Theory. Available online at: Https://Onlinelibrary.
Wiley.Com/Doi/10.1002/9781119011071.Iemp0153 (Accessed July 9, 2025).

He, M., Zhan, X,, Liu, C,, Li, L., Zhao, X., Ren, L., et al. (2023). The relationship
between self-control and mental health problems among Chinese university students.
Front. Public Health 11:1224427. doi: 10.3389/Fpubh.2023.1224427

Hirsh, J. B., and Kang, S. K. (2016). Mechanisms of identity conflict. Personal. Soc.
Psychol. Rev. 20, 223-244. doi: 10.1177/1088868315589475

Ho, E. J., Joormann, J., Kober, H., and Gadassi-Polack, R. (2025). Social reorientation
of emotion regulation: changing roles of family and peers during adolescence. Emotion
25, 1447-1459. doi: 10.1037/Emo0001500

Hu, Y, Cai, Y,, Wang, R., Gan, Y., and He, N. (2023). The relationship between self-
esteem and aggressive behavior among Chinese adolescents: a moderated chain
mediation model. Front. Psychol. 14:1191134. doi: 10.3389/Fpsyg.2023.1191134

Hu, C., Zhang, W., and Huang, W. (2025). The role of self-objectification and physical
exercise in social appearance anxiety and restrained eating among female college
students. Behav. Sci. 15:1300. doi: 10.3390/Bs15101300

Hu, C,, Zhang, W., Huang, W,, and Jin, C. (2025). How grit enhances physical exercise
in college students: mediating roles of personal growth initiative and self-efficacy. Front.
Psychol. 16:1652984. doi: 10.3389/Fpsyg.2025.1652984

Huang, W., Chen, B., and Hu, C. (2025a). The latent profile structure of negative
emotion in female college students and its impact on eating behavior: the mediating
role of physical exercise. Front. Public Health 13:1663474. doi:
10.3389/Fpubh.2025.1663474

Huang, W., Chen, B., and Hu, C. (2025b). Exploring self-rated health, physical
activity, and social anxiety among female Chinese university students: A variable- and
person-centered  analysis.  Front.  Public = Health  13:1681504.  doi:
10.3389/Fpubh.2025.1681504

Huang, G., Song, S., Xu, Z., Zhang, S., and Zhang, Y. (2021). Relationship between
physical activity and aggressiveness among adolescents: a meta-analysis. Med. Sci. Sports
Exerc. 53:327. doi: 10.1249/01.Mss.0000762992.27549.Be

Huitsing, G., and Monks, C. P. (2018). Who victimizes whom and who defends whom?
A multivariate social network analysis of victimization, aggression, and defending in
early childhood. Aggress. Behav. 44, 394-405. doi: 10.1002/Ab.21760

Hulteen, R. M., Smith, J. J., Morgan, P. ], Barnett, L. M., Hallal, P. C, Colyvas, K.,
et al. (2017). Global participation in sport and leisure-time physical activities: a
systematic review and meta-analysis. Prev. Med. 95, 14-25. doi:
10.1016/].Ypmed.2016.11.027

Jeyagobi, S., Munusamy, S., Kamaluddin, M. R., Ahmad Badayai, A. R., and Kumar, J.
(2022). Factors influencing negative cyber-bystander behavior: a systematic literature
review. Front. Public Health 10:965017. doi: 10.3389/Fpubh.2022.965017

Jiang, S., and Dong, L. (2022). Social control and self-control: a serial mediation model
from economic hardship to juvenile aggression. J. Interpers. Violence 37, Np3175-
Np3200. doi: 10.1177/0886260520948152

Kang, C., Chang, H., Zhang, Y., Han, J., Meng, H., Peng, C,, et al. (2021). Specific
effects of neglect and physical abuse on adolescent aggressive behaviors by gender: A
multicenter study in rural China. J. Affect. Disord. 281, 271-278. doi:
10.1016/J.Jad.2020.12.019

Karriker-Jaffe, K. J., Foshee, V. A., Ennett, S. T., and Suchindran, C. (2013).
Associations of neighborhood and family factors with trajectories of physical and social
aggression during adolescence. J. Youth Adolesc. 42, 861-877. doi:
10.1007/5S10964-012-9832-1

Kern, R. S., Reddy, L. E, Cohen, A. N,, Young, A. S., and Green, M. E (2020). Effects
of aerobic exercise on cardiorespiratory fitness and social functioning in veterans 40 to
65 years old with schizophrenia. Psychiatry Res. 291:113258. doi:
10.1016/J.Psychres.2020.113258

Khazaie, H., Najafi, E, Chehri, A., Rahimi-Movaghar, A., Amin-Esmaeili, M.,
Moradinazar, M., et al. (2023). Physical activity patterns, circadian rhythms, and
aggressive and suicidal behavior among a larger sample of the general population aged
15 to 34 years. J. Clin. Med. 12:2821. doi: 10.3390/Jcm12082821

Kim, J. H. (2019). Multicollinearity and misleading statistical results. Korean J.
Anesthesiol. 72, 558-569. doi: 10.4097/Kja.19087

Kruschwitz, J. D., Goschke, T., Ahmed Mohamed Ali, E., Kraehe, A.-C., Korb, E M.,
and Walter, H. (2024). The role of anticipated emotions in self-control: linking self-

Frontiers in Psychology

10.3389/fpsyg.2025.1663439

control and the anticipatory ability to engage emotions associated with upcoming events.
Front. Psychol. 14:1152155. doi: 10.3389/Fpsyg.2023.1152155

Kumar, M., Kapoor, R., Hiremath, R. N., Nimonkar, R., and Goswami, A. (2023).
Study of aggression and its factors among school going adolescents of Delhi, India. J.
Family Med. Prim. Care 12, 3180-3185. doi: 10.4103/Jfmpc.Jfmpc_756_23

Kwon, J., Roh, S.-Y,, and Kwon, D. (2024). Correlation between physical activity and
learning concentration, self-management, and interpersonal skills among Korean
adolescents. Children 11:1328. doi: 10.3390/Children11111328

Lei, H., Chiu, M. M., Quan, J., and Zhou, W. (2020). Effect of self-control on aggression
among students in China: a meta-analysis. Child Youth Serv. Rev. 116:105107. doi:
10.1016/J.Childyouth.2020.105107

Li, Z,, Li, J., Kong, J., Li, Z., Wang, R., and Jiang, E. (2024). Adolescent mental health
interventions: A narrative review of the positive effects of physical activity and
implementation strategies. Front. Psychol. 15:1433698. doi: 10.3389/Fpsyg.2024.1433698

Li, Y., Scott Huebner, E., and Tian, L. (2024). Deviant peer affiliation, self-control, and
aggression during early adolescence: within-person effects and between-person
differences.  Eur.  Child  Adolesc. ~ Psychiatry 33,  2343-2352.  doi:
10.1007/S00787-023-02336-Z

Li, Q., Xiang, G., Song, S., Huang, X., and Chen, H. (2022). Examining the associations
of trait self-control with hedonic and eudaimonic well-being. J. Happiness Stud. 23,
667-687. doi: 10.1007/S10902-021-00418-W

Li, W, and Xie, Y. (2020). The influence of family background on educational expectations:
a comparative study. Chin. Sociol. Rev. 52, 269-294. doi: 10.1080/21620555.2020.1738917

Liu, E, Duan, H., Hou, Y., Zhang, B., Wu, ], and Guo, L. (2024). The relationship
between physical exercise and aggressive behavior among college students: the mediating
roles of life satisfaction, meaning in life, and depression. Psychol. Res. Behav. Manag. 17,
305-315. doi: 10.2147/Prbm.S450326

Liu, X., Zhang, Y., Zhang, X., and Wu, S. (2025). The bidirectional relationship
between sleep quality and aggressive behavior: within-person mediated effect of self-
control. ] Youth Adolescence 54, 2255-2268. doi: 10.1007/S10964-025-02194-9

Loudin, J. L., Loukas, A., and Robinson, S. (2003). Relational aggression in college
students: examining the roles of social anxiety and empathy. Aggress. Behav. 29, 430-439.
doi: 10.1002/Ab.10039

Lu, E, Wang, Y., and Wu, X. (2024). The relationship between family-school
socioeconomic status match and adolescent aggressive behavior. Front. Psychol.
15:1407851. doi: 10.3389/Fpsyg.2024.1407851

Malonda, E., Llorca, A., Mesurado, B., Samper, P, and Mestre, M. V. (2019). Parents
or peers? Predictors of prosocial behavior and aggression: a longitudinal study. Front.
Psychol. 10:2379. doi: 10.3389/Fpsyg.2019.02379

Mardia, K. V. (1970). Measures of multivariate skewness and kurtosis with
applications. Biometrika 57, 519-530.

Morean, M. E., Demartini, K. S., Leeman, R. E, Pearlson, G. D., Anticevic, A.,
Krishnan-Sarin, S., et al. (2014). Psychometrically improved, abbreviated versions of
three classic measures of impulsivity and self-control. Psychol. Assess. 26, 1003-1020.
doi: 10.1037/Pas0000003

Murray, R. M., Sabiston, C. M., Coftee, P., and Kowalski, K. C. (2021). Strengthening
the relationship between physical activity and physical self-concept: the moderating
effect of controllable attributions. Psychol. Sport Exerc. 52:101828. doi:
10.1016/].Psychsport.2020.101828

Nie, X., Zhou, Y., Pan, S., Lin, Y., Cao, R,, Liu, J., et al. (2025). Peer influence on
adolescents’ physical activity: a dual-process perspective. Appl. Psychol. Health Well-
Being 17:€70042. doi: 10.1111/Aphw.70042

Norris, R., Carroll, D., and Cochrane, R. (1992). The effects of physical activity and
exercise training on psychological stress and well-being in an adolescent population. J.
Psychosom. Res. 36, 55-65.

Northey, J. M., Rattray, B., Pumpa, K. L., Pryor, D. J., Fraser, M. A., Shaw, M. E,, et al.
(2020). Objectively measured physical activity is associated with dorsolateral prefrontal
cortex  volume in  older adults.  Neurolmage  221:117150.  doi:
10.1016/].Neuroimage.2020.117150

Ouyang, N., and Liu, J. (2023). Effect of physical activity interventions on aggressive
behaviors for children and adolescents: a systematic review and meta-analysis. Aggress.
Violent Behav. 69:101821. doi: 10.1016/].Avb.2023.101821

Pascoe, M., Bailey, A. P, and Craike, M. (2020). Physical activity and exercise in youth
mental health promotion: a scoping review. BMJ Open Sport Exerc. Med. 6:E000677. doi:
10.1136/Bmjsem-2019-000677

Plessen, K. ., Constanty, L., Ranjbar, S., Turri, F, Miano, G., Lepage, C., et al. (2023). The
role of self-regulatory control processes in understanding aggressive ideations and behaviors:
an experience sampling method study. Front. Psychol. 13:1058814. doi:
10.3389/Fpsyt.2022.1058814

Poling, D. V,, and Smith, S. W. (2023). Perceptions about verbal aggression: survey of
secondary students with emotional and behavioral disorders. J. Emot. Behav. Disord. 31,
14-26. doi: 10.1177/10634266221076463

Potoczny, W., Herzog-Krzywoszanska, R., and Krzywoszanski, L. (2022). Self-control
and emotion regulation mediate the impact of karate training on satisfaction with life.
Front. Behav. Neurosci. 15:802564. doi: 10.3389/Fnbeh.2021.802564

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1663439
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S0048577201393198
https://doi.org/10.1186/S12888-024-05599-1
https://doi.org/10.1111/J.1468-0262.2004.00480.X
https://doi.org/10.1007/978-1-62703-071-7_5
Https://Onlinelibrary.Wiley.Com/Doi/10.1002/9781119011071.Iemp0153
Https://Onlinelibrary.Wiley.Com/Doi/10.1002/9781119011071.Iemp0153
https://doi.org/10.3389/Fpubh.2023.1224427
https://doi.org/10.1177/1088868315589475
https://doi.org/10.1037/Emo0001500
https://doi.org/10.3389/Fpsyg.2023.1191134
https://doi.org/10.3390/Bs15101300
https://doi.org/10.3389/Fpsyg.2025.1652984
https://doi.org/10.3389/Fpubh.2025.1663474
https://doi.org/10.3389/Fpubh.2025.1681504
https://doi.org/10.1249/01.Mss.0000762992.27549.Be
https://doi.org/10.1002/Ab.21760
https://doi.org/10.1016/J.Ypmed.2016.11.027
https://doi.org/10.3389/Fpubh.2022.965017
https://doi.org/10.1177/0886260520948152
https://doi.org/10.1016/J.Jad.2020.12.019
https://doi.org/10.1007/S10964-012-9832-1
https://doi.org/10.1016/J.Psychres.2020.113258
https://doi.org/10.3390/Jcm12082821
https://doi.org/10.4097/Kja.19087
https://doi.org/10.3389/Fpsyg.2023.1152155
https://doi.org/10.4103/Jfmpc.Jfmpc_756_23
https://doi.org/10.3390/Children11111328
https://doi.org/10.1016/J.Childyouth.2020.105107
https://doi.org/10.3389/Fpsyg.2024.1433698
https://doi.org/10.1007/S00787-023-02336-Z
https://doi.org/10.1007/S10902-021-00418-W
https://doi.org/10.1080/21620555.2020.1738917
https://doi.org/10.2147/Prbm.S450326
https://doi.org/10.1007/S10964-025-02194-9
https://doi.org/10.1002/Ab.10039
https://doi.org/10.3389/Fpsyg.2024.1407851
https://doi.org/10.3389/Fpsyg.2019.02379
https://doi.org/10.1037/Pas0000003
https://doi.org/10.1016/J.Psychsport.2020.101828
https://doi.org/10.1111/Aphw.70042
https://doi.org/10.1016/J.Neuroimage.2020.117150
https://doi.org/10.1016/J.Avb.2023.101821
https://doi.org/10.1136/Bmjsem-2019-000677
https://doi.org/10.3389/Fpsyt.2022.1058814
https://doi.org/10.1177/10634266221076463
https://doi.org/10.3389/Fnbeh.2021.802564

Yue et al.

Potoczny, W., Herzog-Krzywoszanska, R., and Krzywoszanski, L. (2025). Regular
physical activity and life satisfaction: unpacking the roles of self-control and emotion
regulation. Appl. Sci. 15:1878. doi: 10.3390/App15041878

Preacher, K. ], and Hayes, A. F. (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models. Behav. Res.
Methods 40, 879-891. doi: 10.3758/Brm.40.3.879

Rahayu, N. I, Amalia, T. P,, and Damayanti, I. (2020). Effect of yoga physical activity
on increasing self-control and quality of life. J. Kesehat. Masy. 15, 399-405. doi:
10.15294/Kemas.V15i3.22740

Recchia, E, Bernal, J. D. K., Fong, D. Y., Wong, S. H. S., Chung, P.-K., Chan, D.K. C,,
etal. (2023). Physical activity interventions to alleviate depressive symptoms in children
and adolescents: a systematic review and meta-analysis. JAMA Pediatr. 177, 132-140.
doi: 10.1001/Jamapediatrics.2022.5090

Ren, E, Sun, Y., Ji, L., and Wei, X. (2022). The relationship between social creativity
and aggressive behavior among Chinese junior high school students: the moderating
role of hostile attribution Bias. Front. Psychol. 13:13. doi: 10.3389/Fpsyg.2022.953361

Ruiz-Ranz, E., and Asin-Izquierdo, I. (2024). Physical activity, exercise, and mental
health of healthy adolescents: a review of the last 5 years. Sports Med. Health Sci. 7,
161-172. doi: 10.1016/).Smhs.2024.10.003

Sahi, R. S., Eisenberger, N. I, and Silvers, J. A. (2023). Peer facilitation of emotion
regulation  in  adolescence.  Dev. Cogn.  Neurosci.  62:101262.  doi:
10.1016/].Dcn.2023.101262

Sansi, A., Nalbant, S., and Ozer, D. (2021). Effects of an inclusive physical activity
program on the motor skills, social skills and attitudes of students with and without
autism Spectrum disorder. J. Autism Dev. Disord. 51, 2254-2270. doi:
10.1007/S10803-020-04693-Z

Schwartz-Mette, R. A., Lawrence, H. R., Shankman, J., Fearey, E., and Harrington, R.
(2021). Intrapersonal emotion regulation difficulties and maladaptive interpersonal
behavior in adolescence. Res. Child Adolesc. Psychopathol. 49, 749-761. doi:
10.1007/S10802-020-00739-Z

Shao, R., and Wang, Y. (2019). The relation of violent video games to adolescent
aggression: an examination of moderated mediation effect. Front. Psychol. 10:384. doi:
10.3389/Fpsyg.2019.00384

Shao, J., Zhang, L., Ren, Y., Xiao, L., and Zhang, Q. (2018). Parent-child cohesion,
basic psychological needs satisfaction, and emotional adaptation in left-behind children
in China: an indirect effects model. Front. Psychol. 9:1023. doi: 10.3389/Fpsyg.2018.01023

Simgir Gokalp, Z. (2023). Examining the association between self-control and mental
health among adolescents: the mediating role of resilience. Sch. Psychol. Int. 44, 649-667.
doi: 10.1177/01430343231182392

Siregar, R. R. (2020). Self-Control Sebagai Prediktor Terhadap Perilaku Agresif Pada
Remaja. J Ilm Psyche 14, 93-102. doi: 10.33557/Jpsyche.V14i2.1160

South Richardson, D. (2014). Everyday aggression takes many forms. Curr. Dir.
Psychol. Sci. 23, 220-224. doi: 10.1177/0963721414530143

Stanaland, A., Gaither, S., Gassman-Pines, A., Galvez-Cepeda, D., and Cimpian, A.
(2024). Adolescent boys™ aggressive responses to perceived threats to their gender
typicality. Dev. Sci. 27:E13544. doi: 10.1111/Desc.13544

Stocker, E., Seiler, R., Schmid, J., and Englert, C. (2020). Hold your strength!
Motivation, attention, and emotion as potential psychological mediators between
cognitive and physical self-control. Sport Exerc. Perform. Psychol. 9, 167-182. doi:
10.1037/Spy0000173

Tamm, A., Tulviste, T., and Urm, A. (2018). Resolving conflicts with friends:
adolescents’ strategies and reasons behind these strategies. J. Adolesc. 64, 72-80. doi:
10.1016/].Adolescence.2018.02.002

Tse, A. C. Y. (2020). Brief report: impact of a physical exercise intervention on emotion
regulation and behavioral functioning in children with autism spectrum disorder. J.
Autism Dev. Disord. 50, 4191-4198. doi: 10.1007/S10803-020-04418-2

Van Den Bekerom, L., Donker, M. H., Mainhard, T., and Evers, C. (2025). Everything
under control? Daily dynamics of self-control and emotion regulation. Motiv. Emot. 49,
15-30. doi: 10.1007/S11031-024-10101-1

Van Der Graaff, J., Carlo, G., Crocetti, E., Koot, H., and Branje, S. (2018). Prosocial
behavior in adolescence: gender differences in development and links with empathy. J.
Youth Adolesc. 47, 1086-1099. doi: 10.1007/S10964-017-0786-1

Van Sluijs, E. M. E, Ekelund, U., Crochemore-Silva, I, Guthold, R., Ha, A., Lubans, D.,

et al. (2021). Physical activity behaviours in adolescence: current evidence and
opportunities for intervention. Lancet 398, 429-442. doi: 10.1016/S0140-6736(21)01259-9

Vanderweele, T. J., Mathur, M. B., and Chen, Y. (2020). Outcome-wide longitudinal
designs for causal inference: a new template for empirical studies. Stat. Sci. 35. doi:
10.1214/19-Sts728

Vella, S. A., Aidman, E., Teychenne, M., Smith, J. J., Swann, C., Rosenbaum, S., et al.
(2023). Optimising the effects of physical activity on mental health and wellbeing: a joint
consensus statement from sports medicine Australia and the Australian Psychological
Society. J. Sci. Med. Sport 26, 132-139. doi: 10.1016/].Jsams.2023.01.001

Wan, H., Huang, W., Zhang, W., and Hu, C. (2025). Exploring adolescents’ social

anxiety, physical activity, and core self-evaluation: a latent profile and mediation
approach. Int. J. Ment. Health Promot. 1, 1-10. doi: 10.32604/Ijmhp.2025.070457

Frontiers in Psychology

13

10.3389/fpsyg.2025.1663439

Wang, Y., Cao, S., Dong, Y., and Xia, L.-X. (2019). Hostile attribution Bias and angry
rumination: A longitudinal study of undergraduate students. PLoS One 14:E0217759.
doi: 10.1371/Journal.Pone.0217759

Wang, M., Chen, M., and Chen, Z. (2023). The effect of relative deprivation on
aggressive behavior of college students: A moderated mediation model of belief in A just
world and moral disengagement. Bmc Psychol 11:272. doi: 10.1186/540359-023-01272-6

Wang, Z., Chen, Y., Su, Y., Song, Y., and Tao, Z. (2025). Parental involvement and
school engagement reduce adolescent aggressive behaviors: a three wave cross-lagged
model. Front. Public Health 13:1455554. doi: 10.3389/Fpubh.2025.1455554

Wang, X., and Cheng, Z. (2020). Cross-sectional studies: strengths, weaknesses, and
recommendations. Chest 158, S65-S71. doi: 10.1016/].Chest.2020.03.012

Wang, Y., Fu, C., and Wang, M. (2021). The additive and interactive effects of parental
harsh discipline and boys’ gender-related traits on boys’ externalizing problem behaviors.
Child Youth Serv. Rev. 122:105908. doi: 10.1016/].Childyouth.2020.105908

Wang, T., Li, W,, Deng, J., Zhang, Q., and Liu, Y. (2024). The influence of physical
exercise on negative emotions in adolescents: A Meta-analysis. Front. Psychol.
15:1457931. doi: 10.3389/Fpsyt.2024.1457931

Wang, L.-X,, Li, J.-B,, Liu, Z.-H., Zeng, ]., and Dou, K. (2025). The impact of adverse
childhood experiences on the development of adolescent risk-taking: the mediating
effect of self-control and moderating effect of genetic variations. J Youth Adolescence 54,
1356-1376. doi: 10.1007/S10964-025-02136-5

Wang, S., Zhang, W,, Li, D., Yu, C., Zhen, S., and Huang, S. (2015). Forms of
aggression, peer relationships, and relational victimization among Chinese adolescent
girls and boys: roles of prosocial behavior. Front. Psychol. 6:1264. doi:
10.3389/Fpsyg.2015.01264

Wennerhold, L., and Friese, M. (2023). Teaching & learning guide for: challenges in
the conceptualization of trait self-control as a psychological construct. Soc. Personal.
Psychol. Compass 17. doi: 10.1111/Spc3.12733

Wenzel, M., Rowland, Z., Biirgler, S., and Hennecke, M. (2024). Emotion regulation
and self-control: same same but different... and even incompatible? J. Pers. 92,
1668-1682. doi: 10.1111/Jopy.12965

Wu, J., Shao, Y., Hu, J., and Zhao, X. (2025). The impact of physical exercise on
adolescent social anxiety: the serial mediating effects of sports self-efficacy and
expressive  suppression. BMC Sports Sci. Med. Rehabil. 17:57. doi:
10.1186/S13102-025-01107-4

Xiang, M.-Q,, Liao, J.-W,, Huang, J.-H., Deng, H.-L., Wang, D., Xu, Z., et al. (2019).
Effect of A combined exercise and dietary intervention on self-control in obese
adolescents. Front. Psychol. 10:1385. doi: 10.3389/Fpsyg.2019.01385

Xing, J., Peng, M., Deng, Z., Chan, K. L., Chang, Q., and Ho, R. T. H. (2023). The
prevalence of bullying victimization and perpetration among the school-aged population
in Chinese communities: a systematic review and meta-analysis. Trauma Violence Abuse
24, 3445-3460. doi: 10.1177/15248380221129595

Xu, A., Luo, X,, Zhou, G., and Lu, C. (2025). Physical exercise and aggressive behavior
in rural left-behind children: the mediating roles of psychological capital and self-
control. Bmc Psychol 13:13. doi: 10.1186/540359-025-02736-7

Yan, W., Wang, Y., Yuan, Y., Farid, M., Zhang, P,, and Peng, K. (2024). Timing matters:
A longitudinal study examining the effects of physical activity intensity and timing on
adolescents’ mental health outcomes. J Youth Adolescence 53, 2320-2331. doi:
10.1007/S10964-024-02011-9

Yang, Y., Gao, Y., Yi, X,, Hu, Y,, Zhao, L., Chen, L., et al. (2024). Does physical activity
affect social skills and antisocial behavior? The gender and only child status differences.
Front. Public Health 12:1502998. doi: 10.3389/Fpubh.2024.1502998

Yang, J., Huebner, E. S., and Tian, L. (2022). Transactional processes among childhood
maltreatment, self-control and aggression in early adolescence: disentangling between-
and within-person associations. Res. Child Adolesc. Psychopathol. 50, 321-334. doi:
10.1007/S10802-021-00863-4

Yin, N., Zhang, J., Ren, H., Wang, B., Zhao, G., and Du, Y. (2025). Examining the
relationships of happiness and emotional symptoms, regular exercise and demographic
characteristics among adolescents seeking psychological services: cross-sectional study
with mediation analysis. Bjpsych Open 11:e74. doi: 10.1192/bjo.2025.22

Yu, H,, Ma, Q, Sun, Y,, Jiang, S., Hu, S., and Wang, X. (2024). Analyzing the effects of
physical activity levels on aggressive behavior in college students using A chain-
mediated model. Sci. Rep. 14:5795. doi: 10.1038/S41598-024-55534-3

Yu, H,, Yang, L., Tian, J., Austin, L., and Tao, Y. (2022). The mediation role of self-
control in the association of self-efficacy and physical activity in college students. Int. J.
Environ. Res. Public Health 19:12152. doi: 10.3390/Ijerph191912152

Yuagqing, Y., Huang, W., Hu, C., and Zhang, W. (2025). The interaction of physical
activity and sleep quality with depression and anxiety in older adults. Front. Public
Health 13:1674459. doi: 10.3389/Fpubh.2025.1674459

Zeinab Mousavi, S., Borhani, K., Gharibzadeh, S., and Bakouie, . (2024). Looking at
self-control development in adolescence through dynamic systems concepts: an agent-
based modeling approach. Dev. Rev. 71:101116. doi: 10.1016/].Dr.2023.101116

Zhang, W,, Huang, W., Hu, C,, Yuan, Y., and Chen, X. (2025). The impact of physical
activity and dietary behavior on depression in college students: a study on mediation
effects and network analysis. Front. Public Health 13:1683468. doi:
10.3389/Fpubh.2025.1683468

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1663439
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.3390/App15041878
https://doi.org/10.3758/Brm.40.3.879
https://doi.org/10.15294/Kemas.V15i3.22740
https://doi.org/10.1001/Jamapediatrics.2022.5090
https://doi.org/10.3389/Fpsyg.2022.953361
https://doi.org/10.1016/J.Smhs.2024.10.003
https://doi.org/10.1016/J.Dcn.2023.101262
https://doi.org/10.1007/S10803-020-04693-Z
https://doi.org/10.1007/S10802-020-00739-Z
https://doi.org/10.3389/Fpsyg.2019.00384
https://doi.org/10.3389/Fpsyg.2018.01023
https://doi.org/10.1177/01430343231182392
https://doi.org/10.33557/Jpsyche.V14i2.1160
https://doi.org/10.1177/0963721414530143
https://doi.org/10.1111/Desc.13544
https://doi.org/10.1037/Spy0000173
https://doi.org/10.1016/J.Adolescence.2018.02.002
https://doi.org/10.1007/S10803-020-04418-2
https://doi.org/10.1007/S11031-024-10101-1
https://doi.org/10.1007/S10964-017-0786-1
https://doi.org/10.1016/S0140-6736(21)01259-9
https://doi.org/10.1214/19-Sts728
https://doi.org/10.1016/J.Jsams.2023.01.001
https://doi.org/10.32604/Ijmhp.2025.070457
https://doi.org/10.1371/Journal.Pone.0217759
https://doi.org/10.1186/S40359-023-01272-6
https://doi.org/10.3389/Fpubh.2025.1455554
https://doi.org/10.1016/J.Chest.2020.03.012
https://doi.org/10.1016/J.Childyouth.2020.105908
https://doi.org/10.3389/Fpsyt.2024.1457931
https://doi.org/10.1007/S10964-025-02136-5
https://doi.org/10.3389/Fpsyg.2015.01264
https://doi.org/10.1111/Spc3.12733
https://doi.org/10.1111/Jopy.12965
https://doi.org/10.1186/S13102-025-01107-4
https://doi.org/10.3389/Fpsyg.2019.01385
https://doi.org/10.1177/15248380221129595
https://doi.org/10.1186/S40359-025-02736-7
https://doi.org/10.1007/S10964-024-02011-9
https://doi.org/10.3389/Fpubh.2024.1502998
https://doi.org/10.1007/S10802-021-00863-4
https://doi.org/10.1192/bjo.2025.22
https://doi.org/10.1038/S41598-024-55534-3
https://doi.org/10.3390/Ijerph191912152
https://doi.org/10.3389/Fpubh.2025.1674459
https://doi.org/10.1016/J.Dr.2023.101116
https://doi.org/10.3389/Fpubh.2025.1683468

Yue et al.

Zheng, X., Chen, H., Wang, Z., Xie, E, and Bao, Z. (2021). Online violent video games
and online aggressive behavior among Chinese college students: the role of anger
rumination and self-control. Aggress. Behav. 47, 514-520. doi: 10.1002/Ab.21967

Zhong, W., Wang, Y., and Zhang, G. (2021). The impact of physical activity on college
students’ mobile phone dependence: the mediating role of self-control. Int. J. Ment. Heal.
Addict. 19, 2144-2159. doi: 10.1007/S11469-020-00308-X

Zhou, J., Wei, M., and Xie, Q. (2024). Childhood maltreatment and aggressive
behavior among college students: a serial mediation model of authenticity and
alexithymia. Front. Psychol. 15:1478127. doi: 10.3389/Fpsyt.2024.1478127

Zhu, Y., Li, J., Zhang, M., Li, C,, Lau, E. Y. H,, and Tao, S. (2022). Physical activity
participation and physical aggression in children and adolescents: a systematic review

Frontiers in Psychology

14

10.3389/fpsyg.2025.1663439

and meta-analysis. Psychol. Sport Exerc. 63:102288. doi: 10.1016/].Psychsport.2022.
102288

Zhu, E, Zhu, X, Bi, X., Kuang, D., Liu, B., Zhou, J., et al. (2023). Comparative
effectiveness of various physical exercise interventions on executive functions and
related symptoms in children and adolescents with attention deficit hyperactivity
disorder: a systematic review and network meta-analysis. Front. Public Health
11:1133727. doi: 10.3389/Fpubh.2023.1133727

Zondervan-Zwijnenburg, M., Richards, J. S., Kevenaar, S. T., Becht, A. I, Hoijtink, H. J.
A., Oldehinkel, A. J., et al. (2020). Robust longitudinal multi-cohort results: the
development of self-control during adolescence. Dev. Cogn. Neurosci. 45:100817. doi:
10.1016/].Dcn.2020.100817

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1663439
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1002/Ab.21967
https://doi.org/10.1007/S11469-020-00308-X
https://doi.org/10.3389/Fpsyt.2024.1478127
https://doi.org/10.1016/J.Psychsport.2022.102288
https://doi.org/10.1016/J.Psychsport.2022.102288
https://doi.org/10.3389/Fpubh.2023.1133727
https://doi.org/10.1016/J.Dcn.2020.100817

	More active, less aggressive! Understanding how physical activity reduces aggressive behavior among Chinese adolescents: a three-wave mediation model
	1 Introduction
	2 Literature review and hypotheses
	2.1 Physical activity and aggressive behavior
	2.2 The mediating role of self-control
	2.3 Moderating roles of gender and grade
	2.4 The present study

	3 Methods
	3.1 Participants and procedure
	3.2 Measures
	3.2.1 Aggressive behavior (T1, T3)
	3.2.2 Self-control (T2)
	3.2.3 Physical activity (T1)
	3.3 Data analysis

	4 Results
	4.1 Descriptive statistics and correlations
	4.2 Mediation analysis
	4.3 Multi-group analyses

	5 Discussion
	5.1 The longitudinal relationship between physical activity and adolescent aggressive behavior
	5.2 The mediating role of self-control between physical activity and aggressive behavior
	5.3 Moderating roles of gender and grade
	5.4 Strengths and limitations

	6 Conclusion

	References

