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Adolescent antisocial behavior not only has an adverse effect on the healthy development of
adolescents but also poses a threat to social order and public safety. The study included 18,470

high school students during the 2020-2023 school year as study participants. Random forest was
used to assess the importance of influencing factors, and binary logistic regression analysis was
conducted on the top eight identified factors. The study included 18,470 participants, consisting

of 8867 boys and 9603 girls. The results showed that parents’ educational expectations (boys:
OR=0.942, girls: OR=0.903) and smoking behavior (boys: OR=1.055, girls: OR=1.066) were
common factors affecting antisocial behavior in both boy and girl adolescents. The number of good
friends (OR=1.122), current place of residence (OR=1.039), and engage in regular physical activity
(OR=0.916) were specific influencing factors for boy adolescents’ antisocial behavior, while family
economic conditions (OR =1.092) was specific influencing factor for girl adolescents’ antisocial
behavior. The study showcases Random Forest Model and the Logistic Model can effectively identify
and analyze influencing factors, and the model performance is good. The identified influencing factors
and their effects show gender differences. Therefore, we should formulate targeted prevention and
improvement measures for adolescents’ anti-social behaviors.

Keywords Adolescent, Antisocial behavior, Random forest, Regression analysis, Influence factors, Gender
difference

Social behavior is defined as the recurrent violation of socially accepted norms, encompassing actions such
as aggression, defiance, and lack of self-regulation’. Adolescence, a critical developmental stage, is marked
by physical growth, academic engagement, and the development of social interaction skills. Furthermore,
during this period, adolescents face various stressors, particularly those related to academic performance and
social relationships, which can lead to the accumulation of negative emotions?, manifested in impulsivity and
irritability. As adolescents mature, their desire for autonomy and independence intensifies, often exacerbating
psychological resistance and defiant behaviors®. Consequently, due to their unique physiological and
psychological development and exposure to multiple stressors, adolescents are more likely to exhibit antisocial
tendencies compared to other age groups. These tendencies not only hinder their mental and physical well-being
but also pose significant challenges to societal harmony and stability.

The General Aggression Model* posits that human aggression is influenced by a broad range of input variables.
These variables affect cognition, emotion, and arousal, which, in conjunction with other factors, determine
whether aggression occurs and in what form. Accordingly, the factors influencing adolescent antisocial behavior
are multifaceted. From an individual perspective, mental health issues™® contribute to aggression through two
distinct pathways: emotional arousal and hostile attribution bias. Additionally, problem behavior theory suggests
that certain lifestyle behaviors—including smoking’, alcohol consumption®, screen time’, and sleep quality'®—
are closely linked to adolescents’ emotional regulation, value systems, and moral judgment, thus influencing
their propensity for antisocial behavior. From a family perspective, disproportionate parental educational
expectations'!—whether excessively high, leading to academic pressure, or too low, resulting in a lack of rule
awareness—can exacerbate antisocial tendencies. Furthermore, geographic remoteness'? and socioeconomic
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disadvantages'>!* can limit access to educational resources and opportunities, further intensifying antisocial

behavior among adolescents. From a social perspective, individuals with heightened interpersonal sensitivity'®
are more likely to adopt hostile or avoidant responses in social interactions. According to social bond theory,
strong social connections foster adherence to social norms and reduce the likelihood of deviant behavior.
Consequently, factors such as the number of friendships'® and satisfaction with interpersonal relationships!”
play a crucial role in shaping an individual’s emotional state and behavioral patterns.

According to affective attribution theory, in social interactions, males are more likely to attribute negative
emotions to external factors, thereby releasing emotions, whereas females tend to attribute them to internal
factors, leading to a greater tendency to self-isolate'®. This results in boys being more susceptible to antisocial
behaviors!. Therefore, it is necessary to move beyond the idea of simply comparing the differences in male-
female antisocial behaviors, and to explore in-depth from the gender differences to the factors influencing
adolescent antisocial behavior in terms of universal and specific factors.

Although existing literature has identified numerous factors influencing antisocial behavior, several
limitations persist: (1) There is limited research specifically focusing on adolescent populations. (2) Gender-
based comparative studies have largely relied on statistical differences, without delving into gender-specific
mechanisms. (3) Most studies utilize single-factor analyses, regression models, or correlation analyses, typically
investigating influencing factors in isolation. This approach fails to compare the relative importance of multiple
variables, leaving critical driving factors concealed within a broad set of predictors.

To address these gaps, this study focuses on adolescents as the target population and employs random forest
modeling, stratified by gender. This approach generates a large number of decision trees based on bootstrapped
data, with each node’s splitting variable selected from a randomly chosen subset of predictor variables. The
final prediction is determined by a majority vote among all trees. This method allows for the assessment of
the relative importance of influencing factors, offering valuable reference points for subsequent statistical
regression analyses and enhancing statistical power?’. Furthermore, we incorporate logistic regression analysis
to quantify and directly interpret the impact and direction of each variable within the model, thereby addressing
the interpretability limitations of random forests. The primary objective of this study is to accurately identify
key factors influencing adolescent antisocial behavior and to explore the core driving mechanisms underlying
gender differences. These findings will offer valuable insights for the development of targeted interventions
aimed at effectively reducing adolescent antisocial behavior.

Methods

Study participants

This study used stratified and random sampling methods to conduct a cross-sectional survey. Thirty high
schools (15 rural high schools and 15 urban high schools) were randomly selected from 16 prefecture-level
cities in Shandong Province, China (Jinan, Qingdao, Zibo, Zaozhuang, Dongying, Yantai, Weifang, Jining,
Taian, Weihai, Rizhao, Linyi, Dezhou, Liaocheng, Binzhou, Heze), representing both urban districts and rural
administrative villages. A total of 18,600 high school students from the 2020-2021, 2021-2022, and 2022-2023
academic years participated in the survey, which was conducted in December 2020, December 2021, and
December 2022, respectively. The questionnaire was administered through the online platform MIKECRM,
with students completing the survey under the supervision of professional investigators to ensure accuracy
and reliability. A total of 18,470 valid questionnaires were gathered, with a response rate of 99.3%. The data
from the questionnaire survey were included in the Population Health Data Archive (PHDA) adolescent health
theme database?!. This database primarily focuses on conducting longitudinal research into adolescent health,
leveraging on-site testing, questionnaires, data collection, and other methodologies to acquire health resource
data pertaining to adolescents. The data it provides serve as a vital resource for research in various domains such
as physical fitness, mental and psychological wellbeing, nutrition and dietary habits, quality of life, social health,
risky behaviors, and physical activity patterns among adolescents (junior and senior high school students).
Furthermore, it offers a solid data foundation for informing decision-making processes within educational
administration and government bodies.

Measures

General information questionnaire

The socio-demographic information includes gender, current place of residence, whether or not you are an only
child, your family’s economic condition, and whether or not you live at the school. In addition, we included
relevant surveys about participants’ health behaviors, mental status, and social relationships, smoking behavior,
drinking behavior, engage in regular physical activity, and daily screen time, how much your friends care about
you, worried about doing the wrong thing, take the initiative to talk to your parents, easy to feel nervous or
scared, frequent fellings of tiredness or lack of energy, parents’ education expectations of your, satisfaction with
relationship with parents, number of good friends, satisfaction with relationship, availability of computers and
internet.

School social behavior scale-2(SSBS-2)

The School Social Behavior Scale-2 (SSBS-2), developed by Merrell??, was employed in this study. The scale
consists of two subscales: “Social Skills” and “Antisocial Behavior,” with responses rated on a 5-point Likert
scale ranging from 1 (Never) to 5 (Frequently). The antisocial behavior subscale, used in this study, comprises
33 items. An average score below 1.5 indicates the absence of antisocial behavior, while an average score of 1.5
or above suggests the presence of antisocial behavior. The Cronbach’s a coefficient for this subscale was 0.962,
indicating high internal consistency and reliability.
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Symptom checklist 90 (SCL-90)

The “Symptom Checklist 90 (SCL-90)” developed by Derogatis was used?*. The scale was used for the measurement
of mental health and behavioral problems. The items were rated on a scale from 1 (none) to 5 (severe) and
consisted of 90 items in nine subscales: somatization (1, 4, 12, 27, 40, 42, 48, 49, 52, 53, 56, 58), anxiety (2, 17, 23,
33, 39, 57,72, 78, 80, 86), depression (5, 14, 15, 20, 22, 26, 29, 30, 31, 32, 54, 71, 79), interpersonal sensitivity (6,
21, 34,36, 37,41, 61,69, 73), hostility (11,24, 63,67, 74, 81), obsessive-compulsive (3, 9, 10, 28, 38, 45, 46, 51, 55,
65), phobic-anxiety (13, 25, 47, 50, 70, 75, 82), paranoid ideation (8, 18, 43, 68, 76, 83) and psychoticism (7, 16,
35, 62,77, 84, 85, 87, 88, 90). Mean subscale scores indicate: 1 =none, 1 <mild <2, 2 <moderate< 3, 3<severe<4,
4 <very severe<5. The higher the score, the more severe the symptoms. The Cronbach’s alpha coefficient for the
scale was 0.987.

Variable design

Dependent variable

In this study, antisocial behavior is used as the dependent variable in the model construction. Since antisocial
behavior cannot be directly observed or measured, this paper uses the antisocial dimension questions from the
School Social Behavior Scale-2 (SSBS-2) for measurement. 0 indicates no antisocial behavior, and 1 indicates the
presence of antisocial behavior.

Independent variables

The specific assignments for each variable are shown in Table 1. Based on previous research on antisocial
behavior, the study selected 28 variables, such as current place of residence and whether the participant is an
only child, as explanatory variables.

Statistical analysis
This study used SPSS 27.0 software for descriptive statistics and t-tests. Python (version 3.9) was used to write
the random forest model to assess the importance of factors influencing adolescent antisocial behavior, and the

Variant

‘ Assign a value to something

Dependent variable

Antisocial behavior

‘ No antisocial behavior =0, Has antisocial behavior = 1

Independent variable

Current place of residence

Central city/county = 1, remote city/county or urban/rural area=2, township =3, other city/county in the province=4, rural area=5

Whether or not you are an only child

Yes=1,No=2

Family economic condition

Very Difficult=1, More Difficult =2, Moderate =3, Wealthy =4, Very Wealthy =5

Availability of computers and internet

Neither=0, computer, No internet = 1, Computer and internet=2

Parents’ educational expectations of you Don't study now = 1, High school graduation =2, College college =3, Undergrad =4, Grad school=5, PhD=6
Whether or not you live at the school Yes=1,No=2

How much your friends care about you Not at all concerned =1~ Very concerned=5

Satisfaction with relationship with teachers Dissatisfied = 1 ~ Very satisfied =4

Satisfaction with relationship with parents Dissatisfied = 1 ~ Very satisfied =4

Number of good friends

1.2=1 ~there are many =4

Satisfaction with sleep quality

Dissatisfied = 1 ~ Very satisfied =4

Easy to feel nervous or scared

Never =1~ Always=4

Worried about doing the wrong thing

Never =1~ Always =4

Frequent feelings of tiredness or lack of energy | Never=1~ Always=4

Engage in regular physical activity

Never =1~ Always=4

Take the initiative to talk to parents

Never =1~ Always =4

Somatization

From none=1~severe=5

Obsessive-compulsive

From none=1~severe=5

Interpersonal sensitivity

From none=1~severe=5

Depression From none=1~severe=5
Anxiety From none=1~severe=5
Hostility From none=1~severe=5

Phobic anxiety

From none=1~severe=5

Paranoid ideation

From none=1~severe=5

Psychoticism

From none=1~severe=5

Smoking behavior

None=1,<1=2,1=3,2~5=4,6~10=5,11~12=6,>12=7

Drinking behavior

0days=1, 1 or 2 days=2, 3~9 days=3, 10 ~ 19 days =4, 20 ~ 39 days =5, 40 ~99 days =6, 100 days and over=7

Daily Screen Time

Oh=1,lessthan1h=2,1h=3,2h=4,3h=5,4h=6,5hand over=7

Table 1. Variable assignment table.
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GridSearchCV method was employed to find the optimal parameters for the model. The important variables
selected by the random forest model were placed into the binary logistic regression model for adolescent antisocial
behavior, and the OR values were used to quantitatively explain the important factors, further elaborating on
the specific magnitude of changes in adolescent antisocial behavior with the important factors. This approach of
combining random forest with logistic regression is beneficial for improving the effectiveness of testing.

Informed consent
Informed consent was obtained from all individual participants included in the study.

Ethical approval

This study was conducted in accordance with the Declaration of Helsinki. The survey questionnaire was
submitted to the Ethics Committee of Shandong University in February 2018 and received ethical approval in
May 2018 (Approval No. 20180517).

Results

Descriptive statistics

Differences in scores for each influencing factor between genders are shown in Table 2. The results show that there
were 8867 boys (age:16.42 +1.00) and 9603 girls (age:16.43 +0.99). Boys scored significantly higher than girls in
terms of the number of good friends, smoking behavior, daily screen time, drinking behavior, engage in regular
physical activity, and satisfaction with sleep quality. girls scored higher than boys in somatization, whether they
are an only child, phobic anxiety, psychoticism, obsession-compulsive, paranoid ideation, frequent feeling of
tiredness or lack of energy, take the initiative to talk to parents, hostility, anxiety, depression, interpersonal
sensitivity, worried about doing the wrong thing, how much your friends care about you, availability of computers
and internet, easy to feel nervous or scared, whether or not you live at the school, satisfaction with relationship
with parents, and parents’ educational expectations. There were no significant differences in family economic
conditions and satisfaction with relationship with teachers.

Mean * Standard deviation

Boy (n=8867) | Girl (n=9603) |t
Current place of residence 2.43+1.58 2.51+1.61 —3.319**
Somatization 1.75+0.71 1.86+0.70 —-10.821**
Whether or not you are an only child 1.61+0.49 1.75+0.43 —21.488**
Number of good friends 2.80+1.11 2.53+1.10 16.127%*
Phobic anxiety 1.62+0.77 1.83+0.80 —18.111**
Psychoticism 1.74+0.75 1.84+0.73 —9.388**
Obsessive-compulsive 2.02+0.79 2.16+0.78 —12.070%*
Smoking behavior 1.32+£1.02 1.18+0.78 10.496**
Daily Screen Time 2.08+1.58 1.81+1.32 12.454**
Family economic condition 2.90+0.64 2.92+0.59 —-1.847
Drinking behavior 0.18+0.39 0.10+0.30 15.974**
Paranoid ideation 1.71+0.78 1.78+0.76 —5.945**
Frequent feelings of tiredness or lack of energy | 2.24+0.84 2.28+0.78 —3.657**
Engage in regular physical activity 2.83+0.85 2.67+0.78 13.362**
Take the initiative to talk to parents 2.76£0.88 2.85+0.84 —6.994**
Hostility 1.68+0.77 1.80+0.78 -10.011*
Anxiety 1.80+0.77 1.95+£0.78 —13.253**
Depression 1.82+0.77 1.99+0.78 —15.339**
Interpersonal sensitivity 1.87+0.80 1.98+0.79 -9.318**
Satisfaction with sleep quality 2.85+0.91 2.73+0.89 8.536**
Worried about doing the wrong thing 2.46+0.89 2.55+0.84 —-6.912%*
How much your friends care about you 3.85+1.08 4.10£0.96 —16.457%*
Availability of computers and internet 1.78£0.60 1.82+0.53 —5.652**
Easy to feel nervous or scared 2.20+0.85 2.36+0.81 —12.811%*
Whether or not you live at the school 1.31+0.46 1.33+0.47 —-2.002*
Satisfaction with relationship with parents 3.35+£0.80 3.38+0.76 —2.425*
Parents’ educational expectations of you 4.53+1.10 4.58+0.94 —3.046**
Satisfaction with relationship with teachers 3.18+0.79 3.18+0.72 0.453

Table 2. Comparison of scores on respective variables by gender. **P<0.01, *P<0.05.
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Fig. 1. Ranking of the importance of the characteristics of the influencing factors for boy.
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Fig. 2. Ranking of the importance of the characteristics of influencing factors for girl.

Importance of factors influencing antisocial behavior
Traditional analytical methods often can only simply describe the direction and degree of the effect of explanatory
variables on the explained variable, but they cannot rank the importance of various factors. In this study, the
survey population was divided into two groups by gender, boy and girl, with antisocial behavior as the dependent
variable. A random forest model was constructed to assess the importance of 28 factors influencing adolescent
antisocial behavior, and to explore the factors that influence antisocial behavior in boy and girl adolescents
separately. The model accuracy (boy: 0.775, girl: 0.781) was good.

The percentage of importance of each influencing factor is shown in Figs. 1 and 2. According to the evaluation
results of the random forest model, the study found that how much your friends care about you, smoking
behavior, parents’ educational expectations, the number of good friends, daily screen time, current place of
residence, family economic conditions, and engage in regular physical activity are the eight relatively important
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How much your friends care about you - -

Parents’

factors influencing antisocial behavior in boy adolescents, while parents’ educational expectations, daily screen
time, how much your friends care about you, smoking behavior, family economic conditions, current place of
residence, engage in regular physical activity, and satisfaction with sleep quality are the eight relatively important
factors influencing antisocial behavior in girl adolescents.

Logistic regression analysis of factors influencing antisocial behavior
This study used antisocial behavior as the dependent variable and placed the eight relatively important factors
identified by the random forest model into a binary logistic regression model to explore the impact of these
factors on adolescent antisocial behavior. The model accuracy (boy: 0.772, girl: 0.773) was considered good.
The results of the logistic regression for the different influencing factors are shown in Figs. 3 and 4. Among
the factors influencing adolescent antisocial behavior, parents’ educational expectations (boy: OR=0.942,
girl: OR=0.903) and smoking behavior (boy: OR=1.055, girl: OR=1.066) were common factors affecting
antisocial behavior in both boy and girl adolescents. Higher educational expectations from parents can reduce
the occurrence of antisocial behavior in both boy and girl adolescents, while frequent smoking behavior can
increase the occurrence of antisocial behavior in both genders. The number of good friends (OR=1.122),
current place of residence (OR=1.039), and engage in regular physical activity (OR =0.916) were specific factors
influencing antisocial behavior in boy adolescents. A higher number of friends and living in towns and rural
areas can increase the occurrence of antisocial behavior in boy adolescents, while an increase in physical exercise
can effectively reduce the occurrence of antisocial behavior in boy adolescents. Family economic conditions
(OR=1.092) was specific factor influencing antisocial behavior in girl adolescents. Better family economic
conditions can increase the occurrence of antisocial behavior in girl adolescents.

Discussion

This study employed random forest modeling and logistic regression analysis to examine the factors influencing
adolescent antisocial behavior and the associated gender differences. The random forest model ranked the
importance of these factors, and the top eight were subsequently included in the logistic regression model for
further analysis. Two key findings emerged. First, among the various influencing factors, parents’ educational
expectations, smoking behavior, number of good friends, current place of residence, engage in regular physical
activity, and family economic condition were identified as the primary determinants of adolescent antisocial
behavior. Second, significant gender differences were observed in the impact of these factors. Specifically, parents’
educational expectations and smoking behavior were universal risk factors influencing antisocial behavior in
both boy and girl adolescents. The number of good friends, current place of residence, and engage in regular
physical activity were found to be boy-specific factors, while family economic condition was girl-specific factor.
To the best of our knowledge, this study offers novel insights into the influencing factors of adolescent antisocial
behavior.

The findings indicate that higher parents’ educational expectations exert a significant inhibitory effect
on adolescent antisocial behavior, consistent with previous research. In the context of ongoing educational
urbanization and the growing societal emphasis on upward mobility, parental expectations for their children’s
education continue to rise?!. Existing studies suggest that parental educational expectations not only enhance
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Fig. 3. 95% CI of OR values for each variable (Boy).
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adolescents’ academic self-efficacy but also promote sustained attentional focus, helping them establish clear
developmental goals. This goal-directed mechanism encourages adolescents to maintain structured learning
plans and exercise self-discipline in behavioral management?®, thereby reducing deviant behaviors through
goal commitment. From a family interaction perspective, high educational expectations often signal greater
parental investment in education. Such parenting practices can strengthen emotional bonds between parents
and children, buffering the negative effects of social environmental stressors on adolescent mental health?,
which in turn decreases the likelihood of emotion-driven behavioral dysregulation.

Adolescence is a critical period for brain development, during which the nervous system remains relatively
unstable and is particularly vulnerable to external influences, such as nicotine binding to nicotinic acetylcholine
receptors?”’. Nicotine activates the dopamine system, reinforcing the rewarding effects of smoking. These
neuroadaptive changes impair impulse control, thereby increasing the likelihood of aggression, rule-breaking,
and other antisocial behaviors. Furthermore, adolescents who smoke are more prone to adopting externalizing
coping strategies in response to stress, which has been linked to heightened hostility*® and an increased risk of
schizophrenia®. Additionally, smoking has been associated with suicidal tendencies®. Together, these findings
suggest that smoking behavior exacerbates the risk of adolescent antisocial behavior.

Previous research has demonstrated that when adolescents face setbacks, they typically seek support from
friends, gaining diverse emotional support and advice. A larger social network provides varied emotional
outlets, helping to prevent the buildup of negative emotions®, thereby reducing mental health issues and
maladaptive behaviors. This, in turn, reduces the likelihood of adolescent antisocial behavior. However, contrary
to previous studies, this research found that an excessive number of friends may increase the risk of antisocial
behavior. This is attributed to a threshold effect®!, where the impact of friendships varies across individuals. As
adolescents are particularly vulnerable to external influences, an increase in the number of friends heightens
their exposure to risky behaviors such as smoking and alcohol consumption®. Additionally, adolescents with a
larger social circle are more likely to form cliques, which can foster school bullying behaviors**, thus increasing
the likelihood of antisocial conduct. Further analysis revealed gender-specific differences: girls prioritize the
emotional quality of close relationships and tend to be more selective in choosing friends®*. Consequently, they
maintain smaller, more stable social circles, which helps protect them from the negative influences of larger peer
groups. In contrast, boys seek social recognition and self-identity fulfillment during adolescence, often striving
to demonstrate their abilities and gain peer approval through extensive social interactions®. This drive for social
engagement results in larger social networks, but also increases the complexity and unpredictability of social
interactions, raising their risk of engaging in antisocial behavior. Thus, this study identifies the number of good
friends as a gender-specific factor influencing antisocial behavior, particularly among adolescent boys.

Adolescents from different residential areas encounter various disparities during their growth and
development. In comparison to urban areas, rural regions, characterized by limited economic development
and lower household incomes, often struggle to meet children’s material needs. This material deprivation
can lead rural adolescents to develop a heightened sense of inferiority36>37, which, over time, increases their
vulnerability to mental health issues. Additionally, parents in rural areas generally have lower educational
levels, which impedes their ability to engage in meaningful communication with their children. As a result, they
may struggle to understand their children’s thoughts and emotional needs in a timely manner®. Furthermore,
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many rural parents work away from home, leading to a significant lack of parental supervision and emotional
support®. This absence of necessary behavioral guidance and emotional backing makes rural adolescents more
susceptible to confusion regarding their growth and external negative influences, which can contribute to an
increased likelihood of antisocial behavior due to the lack of proper guidance. Consequently, as the level of
residential area decreases, the probability of antisocial behavior among adolescents rises, a finding consistent
with this study. However, prior research has overlooked the role of gender. Boys, in particular, tend to have
stronger self-esteem and a greater desire for respect from others’. As a result, poor living conditions are more
likely to create a significant psychological gap for boys, triggering negative emotions. Additionally, boys tend
to form more complex and expansive social networks than girls*®. However, due to the relatively low cultural
standards in some rural areas*!, the social environment in which rural boys find themselves is often suboptimal,
increasing their risk of engaging in antisocial behavior. Furthermore, due to weaker parental control and the
physiological influence of boy hormones and the Y chromosome, boys exhibit a stronger tendency for emotional
outbursts. With less emotional regulation and poorer self-control, they are more prone to antisocial behavior?2.
Therefore, the current place of residence as a specific influencing factor for antisocial behavior, particularly
among adolescent boys.

Engage in regular physical activity has been identified as a protective factor against antisocial behavior®3,
as it lowers cortisol levels and increases the secretion of brain-derived neurotrophic factor (BDNF), thereby
enhancing inhibitory control over the brain’s emotional centers*%. Additionally, the competitive and combative
nature of physical activities provides an effective outlet for the expression of negative emotions’, which
subsequently reduces the likelihood of antisocial behavior. Building on this conclusion, further research has
shown that, compared to adolescent girls, boys—due to higher levels of boy hormones—possess greater muscle
strength and endurance®’, enabling them to perform better and engage more actively in physical exercise, which
results in a stronger sense of achievement. Furthermore, physical exercise meets their social needs. During
exercise, the production of neurotransmitters such as endorphins?’ and dopamine*® generates feelings of
pleasure and satisfaction, reinforcing their enjoyment of physical activity. Consequently, boys tend to engage
in more frequent, intense, and prolonged physical exercise?®, which contributes to a reduction in antisocial
behavior. Therefore, engage in regular physical activity is a specific influencing factor for antisocial behavior in
adolescent boys.

Better family economic condition can enhance adolescents’ current and future development through
interventions such as cognitive restructuring and the cultivation of positive psychological traits®®. However,
it is important to note that families with more favorable economic condition tend to exhibit overprotective
parenting tendencies®. Under this parenting style, children are more likely to develop self-centered personality
traits, making it difficult for them to establish healthy interpersonal relationships. Moreover, parents in such
families often have demanding work schedules, which results in insufficient attention and companionship
for their children. This lack of emotional support may lead to feelings of insecurity and alienation, thereby
increasing the risk of psychological symptoms such as depression. Furthermore, families with better economic
condition have greater access to digital devices, facilitating children’s exposure to complex and diverse online
content®?, including harmful material. As a result, better family economic conditions may contribute to the
emergence of antisocial behavior, consistent with the findings of this study. Additionally, this study examines
gender differences. Compared to boys, girls are more likely to experience overprotective parenting, which can
foster characteristics such as dependency and moodiness®. This makes girls more prone to exhibiting aggressive
behaviors in response to setbacks and negative evaluations. Furthermore, girls at this stage are generally more
sensitive, empathetic, and introverted, making them more susceptible to feelings of loneliness due to long-term
emotional neglect. Consequently, a lack of family emotional support may lead to anxiety, low self-esteem, and
other negative psychological states™, contributing to an increase in antisocial behavior. Thus, family economic
condition as a specific influencing factor for antisocial behavior in adolescent girls.

This study has several limitations: (1) Data collection relied on self-reported questionnaires, which may
introduce response bias. (2) The cross-sectional design precludes the examination of temporal relationships
and causal mechanisms between variables. (3) The study’s scope was limited, as it did not include factors such as
early life experiences® and pathological conditions®®, which may reduce the comprehensiveness of the results.
(4) The sample was confined to a specific age group of high school students, thus failing to capture the variability
in behavioral patterns across different stages of adolescence. Consequently, future research should address the
following improvements: (1) Incorporating objective behavioral monitoring data alongside self-reports for
cross-validation, thereby minimizing single-source bias. (2) Employing longitudinal cohort designs to explore
gender-differentiated trajectories of antisocial behavior. (3) Expanding the range of potential influencing factors
to identify additional core determinants of adolescent antisocial behavior. (4) Conducting subgroup analyses
across different stages of adolescence to identify critical windows and develop age-specific intervention strategies.

Conclusion

This study identifies six key factors influencing adolescent antisocial behavior, including parental educational
expectations and smoking behavior, and highlights gender-differentiated drivers within the underlying
mechanisms. These findings provide a scientific basis for clinical and educational institutions to prioritize
interventions more effectively. Furthermore, by analyzing gender-specific pathways, the study supports the
development of tailored intervention strategies, thus avoiding the limitations of a “one-size-fits-all” approach.
Based on these results, the study suggests that parents should adjust their expectations appropriately, enhance
monitoring of their children’s psychological well-being, and guide adolescents in quitting smoking. For boys, it
is crucial to focus on the quality of social interactions, improve their ability to identify high-risk social situations,
and encourage regular physical activity. At the policy level, efforts should focus on bridging the behavioral
risk gap between rural and urban areas by optimizing the allocation of resources in rural settings. For girls,
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families with higher economic status should adopt supportive companionship strategies to foster autonomous
decision-making and ensure emotional security. This approach will help reduce the conflict between excessive
psychological dependence and behavioral resistance, prevent compensatory behaviors due to overprotection,
and promote regular physical exercise.

Data availability
The data is stored in the Database of Youth Health (DYH) in National Population Health Data Center. (https://
www.ncmi.cn/phda/dataDetails.do?id=CSTR:17970.11.A0031.202107.209.V1.0).
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