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Abstract

Violent recidivism risk assessment constitutes a priority in contemporary re-
cidivism risk evaluation, with aggression representing a stable individual fac-
tor underlying violent reoffending among offenders. Investigating aggression
facilitates prevention and reduction of violent recidivism risk during parole or
post-release, thereby contributing to long-term social stability. Research demon-
strates that childhood adversity exposure and carriage of susceptibility genes
(e.g., low-activity alleles of MAOA-uVNTR) are significant contributors to ag-
gressive behavior. However, extant research is limited by: (1) scoring methods
for childhood adversity restricted to simple linear summation; (2) statistical
models that neglect interactive and nonlinear relationships among adversity
dimensions; and (3) offender aggression assessments that overlook aggression
subtypes while predominantly employing self-report measures—these issues col-
lectively constrain predictive validity. This study proposes to establish latent
class models to identify childhood adversity subtypes among male offenders
and general adult populations; utilizing experimental and questionnaire mea-
sures alongside judicial behavioral records as aggression indicators, we will elu-
cidate how childhood adversity influences proactive aggression, reactive aggres-
sion, and violent criminal conduct. Specifically, we will examine the effects of
latent childhood adversity classes on proactive and reactive aggression, and the
moderating roles of MAOA-uVNTR, COMT Vall58Met, and 5-HTTLPR ge-
netic polymorphisms. Findings will facilitate identification of biological-genetic
markers for high-aggression individuals, enabling detection of populations sus-
ceptible to childhood adversity effects, and provide theoretical and empirical
foundations for violent behavior risk prediction, behavioral correction of violent
aggression, and related pharmacological design, thereby enhancing intervention
efficacy.
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Abstract

Violent recidivism risk assessment is a critical component of contemporary cor-
rectional evaluation work, with aggression representing a stable individual fac-
tor underlying violent reoffending among prisoners. Investigating aggression
is essential for preventing and reducing the risk of violent recidivism after pa-
role or release, thereby contributing to long-term social stability. Research has
demonstrated that experiencing childhood adversity and carrying susceptibility
genes (such as the low-activity allele of MAOA-uVNTR) are important con-
tributors to aggressive behavior. However, existing studies have limitations:
childhood adversity is typically scored through simple linear summation or sta-
tistical models that ignore interactions among adversity dimensions and non-
linear relationships; assessments of prisoner aggression have not considered ag-
gression subtypes and have predominantly relied on self-report questionnaires,
which constrains predictive validity. This study proposes to establish latent
class models to analyze subtypes of childhood adversity among male prisoners
and ordinary adults; to reveal how childhood adversity influences proactive ag-
gression, reactive aggression, and violent criminal behavior using experimental
and questionnaire measures alongside judicial behavioral records; and to ex-
amine the differential effects of childhood adversity latent classes on proactive
versus reactive aggression, as well as the moderating role of MAOA-uVNTR,
COMT Vall58Met, and 5-HTTLPR polymorphisms. The findings will help
identify biological-genetic markers of highly aggressive individuals and detect
susceptible populations affected by childhood adversity, providing theoretical
and empirical references for violent behavior risk prediction, behavioral correc-
tion interventions, and related pharmacological design.
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1 Introduction

Aggression refers to the internal psychological characteristics that underlie ag-
gressive behavior (Ye, 2003), though some scholars conceptualize aggression as
the behavior itself—purposeful, intentional acts that harm or attempt to harm
another individual’s psychological or physical condition, or destroy other targets
(objects or social norms) (Crick & Grotpeter, 1995). Violent behavior involves
using violent means or threats of violence to cause harmful consequences or dan-
ger to others (Zhang, 2011), representing an extreme form of aggressive behavior.
Violent criminal behavior refers to criminal acts fundamentally characterized
by violence, such as assault, homicide, and robbery (Zhang, 2014). Aggressive
behavior, violent behavior, and violent criminal behavior all reflect individual
aggression. Violent aggression is a complex social behavior in human society, a
common feature of many mental disorders, and represents serious social malad-
justment. Despite civilized contexts, various violent incidents frequently appear
in media reports, attracting widespread social attention. For example, in Oc-
tober 2018, an illegal gathering in Pingdu City, Shandong Province, involved
individuals with criminal records who committed violent acts against police, van-
dalized vehicles, and engaged in other serious criminal behaviors, causing severe
personal injury, significant economic losses, and major threats to public order.
Thus, investigating the causes of violent aggression is crucial for preventing and
intervening in such incidents and holds important socioeconomic significance.

The etiology of aggression can be divided into environmental and genetic factors.
Childhood adversity represents a critical environmental contributor to aggres-
sion. Numerous studies have shown that individuals who experienced childhood
abuse exhibit higher levels of aggressive behavior (Connor, Steingard, Cunning-
ham, Melloni, & Anderson, 2004; Li et al., 2010). On the other hand, molecu-
lar genetics research demonstrates that MAOA, COMT, and 5-HTT genes are
closely associated with the development of violent aggression (Singh, Volavka,
Czobor, & Van Dorn, 2012; Ficks & Waldman, 2014). In recent years, increas-
ing attention has focused on gene-environment (G xE) interactions in aggressive
behavior (Byrd & Manuck, 2014; Tielbeek et al., 2016). However, these studies
have several limitations: (1) Childhood adversity encompasses abuse, neglect,
and family dysfunction, with different types potentially exerting different ef-
fects on aggression. Yet existing research typically uses simple summation of
adversity scores or counts (Cui et al., 2013; Auslander et al., 2016), thereby ig-
noring qualitative differences in childhood adversity and obscuring individuals’
cumulative and combinative patterns across adversity types. (2) Based on the
perpetrator’ s emotional arousal and precipitating factors, aggression can be
divided into proactive and reactive aggression. These subtypes have important
relationships with their underlying mechanisms and behavioral outcomes, yet
most studies have not addressed this distinction. (3) Since aggressive behav-
ior is socially undesirable, previous research has predominantly used self-report
questionnaires, which may be susceptible to response bias and impression man-
agement (Sun & Yang, 2010). Given these limitations, this study will employ
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exploratory latent class analysis to investigate childhood adversity among male
prisoners and ordinary adults, revealing heterogeneity in adversity experiences
across these populations. We will examine MAOA-uVNTR, COMT Vall58Met,
and 5-HTTLPR polymorphisms, combining experimental methods, question-
naires, and behavioral indicators to investigate the effects of these genetic poly-
morphisms and childhood adversity on proactive aggression, reactive aggression,
and violent criminal behavior.

2.1 Effects of Childhood Adversity and Genes on Aggres-
sion

Childhood Adversity (Adverse Childhood Experiences, ACE) refers to actual or
potential harm to health, survival, development, or psychological /physical well-
being experienced before age 18 (Felitti et al., 1998). Research indicates that
childhood adversity experiences contributing to violent aggression include abuse
(Lansford et al., 2007; Ford, Fraleigh, & Connor, 2009; Shackman & Pollak,
2014), neglect (Van Wert, Mishna, Trocme, & Fallon, 2017; Li et al., 2010), and
family dysfunction (Sternberg, Lamb, Guterman, & Abbott, 2006; Connor et al.,
2004; Raine et al., 2006). The more childhood adversity individuals experience,
the more frequent their aggressive behavior (Cui et al., 2013; Auslander et al.,
2016).

Regarding genetic factors, previous reviews and meta-analyses have identified
three important candidate genes influencing aggression: MAOA (Monoamine
Oxidase A), COMT (catechol-O-methyltransferase), and 5-HTT (serotonin
transporter). The low-activity MAOA-uVNTR allele (hereinafter referred to as
the MAOA gene) is associated with aggression (Veroude et al., 2016), violent
crime (Tiihonen et al., 2015; Stetler et al., 2014), and antisocial behavior (Ficks
& Waldman, 2014). The low-activity Met allele of the COMT Vall58Met
polymorphism is linked to violent aggression (Wang et al., 2014; Singh et al.,
2012; Wang & Zhang, 2010). The S allele of the 5-HTTLPR polymorphism
positively correlates with aggression and antisocial behavior (Vassos et al.,
2014; Ficks & Waldman, 2014). However, some Chinese sample studies have
found no significant relationships between low-activity MAOA alleles (Nie,
2017), COMT Val158Met (Huang et al., 2010), or 5-HTTLPR (Cao et al.,
2011) and violent aggression. A meta-analysis by Wang et al. (2014) found
that COMT Vall58Met polymorphism is associated with violent behavior in
Asian schizophrenia patients but not in European or American populations.
These discrepant findings suggest that conclusions from Western countries may
not directly apply to Chinese populations, necessitating research with Chinese
samples. Moreover, contradictory results may stem from systematic differences
in environmental factors across samples, with gene-aggression associations
potentially existing only in specific environments, making it essential to
investigate gene-environment interactions in aggressive behavior.
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2.2 Interactive Effects of Childhood Adversity and Genes
on Aggression

Recent research has revealed gene-environment (GxE) interactions in aggres-
sion (Weeland, Overbeek, de Castro, & Matthys, 2015), particularly between the
MAOA gene and childhood maltreatment in influencing aggression or antisocial
behavior (including aggression, violence, delinquency, and conduct disorders)
(Buades-Rotger & Gallardo-Pujol, 2014; Liu et al., 2017). In a 26-year longitu-
dinal study, Caspi et al. (2002) found no main effect of MAOA genotype, but
a significant interaction between MAOA and childhood maltreatment: among
males who experienced childhood maltreatment, those carrying the low-activity
MAOA allele were more likely to exhibit antisocial and even criminal behavior
in adulthood compared to those with high-activity alleles. This finding has been
replicated in numerous studies (Reti et al., 2011; Frazzetto et al., 2007) and val-
idated by meta-analyses (Byrd & Manuck, 2014). However, some studies have
failed to find GXE interactions between MAOA and childhood adversity (Reif
et al., 2007), and one study (Tikkanen et al., 2010) reported opposite results:
among males who experienced childhood abuse, those with high-activity MAOA
alleles were more likely to commit violent crimes than those with low-activity
alleles.

Regarding COMT Vall58Met polymorphism, research has found that individ-
uals with Val/Val genotype or Val allele carriers who experienced childhood
stress, neglect, or sexual abuse show higher aggression (Hygen et al., 2015; Per-
roud et al., 2010) and greater probability of violent behavior (Andersson, 2014).
However, Wagner et al. (2010) found that among female borderline personality
disorder patients with Val/Val genotype, childhood sexual abuse and cumula-
tive serious life events were associated with lower impulsive aggression. Tuvblad
et al. (2016) also found that Val/Val carriers showed lower physical aggression
when experiencing domestic violence combined with positive parent-child rela-
tionships. Additionally, Met allele carriers exhibited higher aggression under
conditions of parental divorce or low positive parenting (Zhang, Cao, Wang, Ji,
& Cao, 2016; Nederhof, Belsky, Ormel, & Oldehinkel, 2012). Overall, these
studies suggest that COMT Vall158Met polymorphism interacts with childhood
adversity to influence aggression, but fail to clarify which genotype is more
susceptible to environmental influence. Research has also found that males car-
rying the S allele of 5-HTTLPR polymorphism are more likely to exhibit violent
aggression after experiencing high adversity or sexual abuse (Reif et al., 2007;
Zhang et al., 2012). Meta-analytic results show that 5-HTTLPR polymorphism
interacts with childhood adversity in relation to antisocial behavior (including
violent aggression), though they do not specify which allele carries higher risk
(Tielbeek et al., 2016).
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2.3.1 The Necessity of Distinguishing Aggression and Ad-
versity Types

Based on the perpetrator’ s emotional arousal and precipitating factors, re-
searchers have further distinguished proactive and reactive aggression (Dodge
& Coie, 1987; Wrangham, 2018). Grounded in social learning theory, proactive
aggression refers to deliberate, purposeful aggressive acts implemented with-
out provocation. Based on frustration theory, reactive aggression refers to an-
gry, defensive responses to perceived provocation or frustration (Dodge & Coie,
1987). Empirical research demonstrates that proactive and reactive aggressors
differ significantly in social cognition, behavior, emotion, personality, family,
and peer relationships (Fite, Raine, Stouthamer-Loeber, Loeber, & Pardini,
2010; Dodge & Coie, 1987; Zhou & Feng, 2014; Cao, Wang, Zhang, & Chen,
2012). For instance, in social cognition, proactive aggression is associated with
positive expectations about aggressive outcomes (Xu & Zhang, 2008), whereas
reactive aggression is associated with hostile attribution bias (Dodge & Coie,
1987). In peer relationships, proactive aggressive individuals hold higher peer
status, demonstrating leadership and humor (Dodge & Coie, 1987; Price &
Dodge, 1989), while reactive aggressive individuals have lower peer status and
are more vulnerable to peer victimization (Xu & Zhang, 2008). Distinguishing
between these aggression types is important for legal adjudication, prediction
of maladaptive behavior patterns, and prevention and intervention (Ramirez,

2010).

Different types of childhood adversity also exert differential effects on the two
aggression types. Overall, reactive aggression is associated with abuse experi-
ences, such as physical abuse (Dodge, Lochman, Harnish, Bates, & Pettit, 1997;
Kolla et al., 2013; Ford et al., 2009) and sexual abuse (Connor et al., 2004).
In contrast, proactive aggression is associated with family dysfunction, such as
parental substance abuse (Connor et al., 2004; Raine et al., 2006), domestic vio-
lence (Connor et al., 2004), and parental divorce (Raine et al., 2006). However,
many studies have only examined the effect of adversity quantity on aggression,
using simple summation or averaging across adversity types (Cui et al., 2013;
Auslander et al., 2016). This approach obscures individuals’ cumulative and
combinative patterns across adversity types and ignores interactions among ad-
versities (Connor et al., 2004; Li et al., 2010). Investigating typical combinations
of adversities can more specifically examine how various adversities interactively
influence the two aggression types.

2.3.2 Discussion of Analytical Methods for GXE Interac-
tions

As noted above, examining relationships between adversity and aggression re-
quires consideration of adversity types and their interactions. Investigating
genetic moderation of these relationships introduces higher-order interactions
that make statistical analysis cumbersome and computationally difficult. Con-
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sequently, many studies treat adversity as a unidimensional variable when exam-
ining GXE interactions, which substantially reduces the variance explained by
statistical models. In this study, examining interactions between ten dimensions
of childhood adversity and genes would require testing 1,024 (2! ) combinations
of adversity presence/absence with each gene, dramatically increasing compu-
tational load and the number of statistical tests, thereby reducing statistical
power (Lanza & Rhoades, 2013; Merz & Roesch, 2011). Thus, novel methods
are needed to address the complex interactions among childhood adversity types
and between adversity and genes.

Latent Class Analysis (LCA; Zhang, Jiao, & Zhang, 2010) can explain associa-
tions among observed variables through a small number of mutually exclusive
latent classes, thereby simplifying complex interactions among manifest vari-
ables (Lanza & Rhoades, 2013). In practice, not every combination has sub-
stantive meaning, making it necessary to first use LCA to classify individuals
into several adversity types based on their experiences. This approach better
explains qualitative differences in individuals’ adversity profiles (Marsh, Liidtke,
Trautwein, & Morin, 2009) and simplifies subsequent interaction analyses with
genes. Moreover, compared to traditional cluster analysis, LCA offers more
objective criteria for selecting the number of classes and can estimate classifi-
cation error, enhancing the accuracy of subsequent statistical models (Zhang,
Zhang, & Li, 2017). Previous research has applied LCA to childhood mal-
treatment experiences and examined differences across criminal behaviors. For
example, among male adolescent or adult offenders, emotional/physical abuse
and poly-victimization classes show higher recidivism and violence rates than
no/low abuse classes (Aebi et al., 2015; Debowska & Boduszek, 2017). Zhang
and Zheng (2018) reported similar findings in Chinese offender populations, ad-
ditionally identifying a high neglect class with more severe Cluster A personality
disorder symptoms than the low abuse class, though with lower recidivism and
violence rates than the emotional/physical abuse class. These findings demon-
strate that childhood adversity experiences exert type-specific and qualitative
effects on behavior, and that simple summation of adversity scores or counts
obscures the distinct impact patterns of different adversity types. However,
these LCA studies have not incorporated family dysfunction—a crucial factor
influencing aggression—nor distinguished aggression subtypes, necessitating im-
proved classification indicators and more refined outcome measures.

2.3.3 Discussion of Aggression Measurement Methods

Most previous studies have measured aggression using self-report questionnaires
(e.g., Kolla et al., 2013; Connor et al., 2004). This method has limited empir-
ical validity and is susceptible to response bias and impression management
(Sun & Yang, 2010). Only a few studies have used competitive reaction time
tasks and the hot sauce paradigm to examine gene-reactive aggression relation-
ships (McDermott et al., 2009; Kuepper, Grant, Wielpuetz, & Hennig, 2013).
Adapted competitive reaction time tasks can also effectively measure proactive
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aggression (Fan, 2017). These experimental paradigms more closely approxi-
mate real-world situations and are more likely to elicit reactive aggression (e.g.,
angry expression or hostile retaliation) and proactive aggression (intimidation,
control, risky behavior) (Sun & Yang, 2010). No studies to date have used
experimental paradigms to investigate G xE interactions between childhood ad-
versity and genes on aggression. Additionally, using judicial behavioral data
as an aggression indicator has important theoretical and practical significance.
Research shows that physical abuse, emotional abuse, and sexual abuse are risk
factors for violent crime (Brewer-Smyth, Cornelius, & Pickelsimer, 2015; Wang
et al., 2014). Childhood maltreatment may lead to violent crime by influencing
individuals’ reactive aggression. Judicial records serve as important behavioral
indicators with high ecological validity, enabling cross-validation of aggressive
behavior and further identification of violent crime risk factors, providing crucial
empirical evidence for violence prevention.

3 Research Plan

This study will explore the effects and interactions of different childhood ad-
versity types and genes on aggression and violent criminal behavior, with three
objectives: (1) to identify common and distinct latent classes of childhood adver-
sity among male prisoners and ordinary populations; (2) to examine the effects
of different childhood adversity types on proactive and reactive aggression and
the moderating role of genes in these pathways; and (3) to verify the effects of
childhood adversity types and genes on violent criminal behavior.

3.1 Study 1: Latent Class Analysis of Childhood Adversity
Among Male Prisoners and Ordinary Adults

Study 1 will use latent class analysis to classify childhood adversity among
male prisoners and ordinary adults. Participants will include 1,000 ordinary
adult males and 600 newly incarcerated adult male prisoners from Guangdong
Province, with childhood adversity measured through questionnaires. The or-
dinary adult sample of 1,000 ensures that each adversity type in Study 2 will
have at least 50 participants; if any adversity type in the ordinary population
falls below 50, we will expand the ordinary adult sample further. A multi-group
latent class model will be established based on scores across ten dimensions of
childhood adversity. Empirical LCA studies of childhood adversity have identi-
fied low abuse, high emotional/physical abuse, high neglect, sexual abuse, and
poly-victimization classes in both populations, with prisoners showing higher
proportions in severe adversity classes (Debowska, Willmott, Boduszek, & Jones,
2017). Since family dysfunction influences proactive aggression, this study will
incorporate family dysfunction into the adversity classification. Based on this,
we propose:

Hypothesis 1: Both male prisoners and ordinary adult populations will exhibit
distinct subtypes of childhood adversity, such as low abuse, high neglect, and
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poly-victimization classes. Compared to ordinary adults, prisoners will show
higher proportions in severe adversity classes.

3.2 Study 2: Effects of Childhood Adversity Types and
Genes on Aggression

Building on Study 1’ s classification, Study 2 will examine the effects of child-
hood adversity latent classes and genes on aggression. Participants will complete
the Reactive-Proactive Aggression Questionnaire (RPQ; Raine et al., 2006) and
a demographic questionnaire, while providing blood samples for genotyping of
MAOA-uVNTR, COMT Vall58Met, and 5-HTTLPR polymorphisms. Given
that prisoners show significantly higher aggression levels than ordinary popula-
tions (Zhang et al., 2019; Li, 2008), the data likely represent a mixture distribu-
tion. Analyzing both samples together (e.g., using ANOVA or regression) would
likely violate normality assumptions (Zhang, 2010). Therefore, this study will
test main and interactive effects of genetic polymorphisms and childhood ad-
versity on both aggression types separately within prisoner and ordinary adult
samples. Behavioral experiments will then further verify these effects. For the
experimental component, 50 participants from each childhood adversity type
will complete an adapted competitive reaction time task measuring proactive
and reactive aggression. In the proactive aggression experiment, participants
are randomly paired with a pseudo-opponent (unbeknownst to them) for an
auditory reaction time competition, with winners receiving monetary rewards.
One participant (the disruptor) has the privilege to interfere with the opponent
during the reaction phase without receiving interference, while the other (the
disrupted) has no such privilege and receives interference. Before each round,
the disruptor selects an interference level for the opponent. In reality, all par-
ticipants are assigned the disruptor role. Proactive aggression is assessed by
the noise levels participants select under high and low monetary reward condi-
tions (Fan, 2017). In the reactive aggression experiment, participants compete
in reaction time races against two pseudo-opponents, with only one opponent
appearing per round. The slower responder receives a noise blast from the faster
responder. Before each round, participants and opponents select noise punish-
ment levels. In reality, win/loss ratios, sequence, and opponent-selected noise
intensity are pre-programmed. Reactive aggression is assessed by noise levels
selected under high and low provocation conditions (Krdmer, Jansma, Tempel-
mann, & Minte, 2007).

Research has confirmed that abuse experiences relate to reactive aggression,
while family dysfunction relates to proactive aggression (Dodge et al., 1997;
Kolla et al., 2013; Connor et al., 2004; Raine et al., 2006). Individuals carry-
ing low-activity MAOA alleles or 5-HTTLPR S alleles show higher aggression
after childhood abuse (Byrd & Manuck, 2014; Hygen et al., 2015; Tielbeek
et al., 2016). Given contradictory findings regarding COMT Vall58Met poly-
morphism’ s interaction with childhood adversity, this study will explore this
relationship without specific hypotheses. Based on previous research, we pro-
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pose:

Hypothesis 2: Childhood adversity experiences positively predict aggression,
with differential effects across adversity types.

Hypothesis 3: Genetic polymorphisms moderate the effects of childhood ad-
versity types on aggression.

3.3 Study 3: Effects of Childhood Adversity Types and
Genes on Violent Criminal Behavior

Building on the first two studies, Study 3 will use judicial records to employ
crime type as an objective behavioral outcome measure of aggression. Ordinary
individuals will be coded as 0, non-violent offenders as 1, and violent offenders
as 2, with a multinomial logistic regression model testing main and interactive
effects of childhood adversity latent classes and genes on criminal behavior.

Previous research shows that individuals with adversity experiences are more
likely to commit violent crimes (Debowska & Boduszek, 2017; Zhang & Zheng,
2018), and most studies find that individuals carrying low-activity MAOA alleles
or 5-HTTLPR S alleles are more likely to commit violent crimes after childhood
abuse (Byrd & Manuck, 2014; Reif et al., 2007). Based on this, we propose:

Hypothesis 4: Childhood adversity experiences positively predict violent crim-
inal behavior, with differential effects across adversity types.

Hypothesis 5: Genetic polymorphisms moderate the effects of childhood ad-
versity types on violent criminal behavior.

4 Theoretical Framework and Innovation

Over the past half-century, researchers have proposed numerous theories to ex-
plain the origins of aggression. Reactive aggression is grounded in frustration-
aggression theory (Dollard, Doob, Miller, Mowrer, & Sears, 1939), which posits
that frustration increases the likelihood of angry and aggressive responses, with
aggression representing angry or defensive reactions to perceived frustration,
threat, or provocation. Whether aggression ultimately occurs depends on the
individual’s interpretation of events and their response to frustration (Berkowitz,
1989). In environments characterized by parental coldness or abuse, individu-
als tend to attend to negative information in situations (Pollak & Tolley-Schell,
2003; Shackman & Pollak, 2014), miss relevant social cues, and develop hos-
tile attribution biases (Dodge, 2006), making them more prone to reactive ag-
gression (Dodge & Coie, 1987; Vitaro, Brendgen, & Baker, 2006). Proactive
aggression is grounded in social learning theory (Bandura, 1973), which posits
that aggression can be learned through operant conditioning or observational
learning of models, representing a tool-like behavior controlled by expected out-
comes. The precipitating factor is positive expectations about behavioral con-
sequences, with proactive aggressive individuals typically expecting to achieve
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goals or desires rather than punishment through aggression. Aggressive behavior
is a learned social behavior acquired through continuous observation of parental
modeling and family environment.

Increasing evidence indicates that aggression is not determined by environmen-
tal factors alone but results from interactions between environmental and ge-
netic factors. Based on the diathesis-stress model (Rosenthal, 1963; Bleuler,
1966), individuals carrying certain “risk”or “susceptibility”genes are more vulner-
able to adverse environmental influences, leading to psychological or behavioral
problems. In other words, problem behavior emerges from the combined effects
of individual risk diathesis and negative environmental experiences. Among
individuals who experienced childhood abuse or family dysfunction, those car-
rying such “susceptibility” genes are more likely to exhibit aggressive behav-
ior. As aggression is a complex social behavior, understanding how genetic and
environmental factors influence it represents an important research question.
This study integrates social learning theory, frustration-aggression theory, the
diathesis-stress model, and factors influencing proactive and reactive aggression
to examine the mechanisms through which childhood adversity types and genes
affect both aggression types, constructing a theoretical framework (see figure
below).

Note: Solid lines represent hypothesized relationships based on previous re-
search; dashed lines represent exploratory hypotheses for relationships not pre-
viously established.

[Figure 1: see original paper] Theoretical Framework of This Study

First, individuals whose childhood adversity primarily involves abuse (physical,
emotional, sexual) and who carry low-activity alleles will show higher reactive
aggression. Previous research has found that childhood abuse relates to reactive
but not proactive aggression (Dodge et al., 1997; Kolla et al., 2013). Thus, indi-
viduals with risk genes who experienced childhood abuse may be more likely to
develop hostile attribution biases and show aggressive responses to frustration
in adulthood, potentially exhibiting higher reactive aggression. Second, individ-
uals whose childhood adversity primarily involves family dysfunction (domes-
tic violence, familial substance abuse, parental divorce, familial mental illness
or criminal records) and who carry low-activity alleles will show higher proac-
tive aggression. Previous research indicates that proactive aggression is more
strongly influenced by family factors such as parental substance abuse (Connor
et al., 2004; Raine et al., 2006), domestic violence (Connor et al., 2014), and
parental divorce (Raine et al., 2006), suggesting that families serve as “mod-
els” influencing individual development. Individuals with risk genes exposed to
dysfunctional family environments may exhibit higher proactive aggression.

In summary, this study integrates biological-genetic and environmental factors
of aggression within a unified theoretical framework, using questionnaires, be-
havioral experiments, and objective behavioral indicators to examine and val-
idate the effects of genes and childhood adversity types on both aggression
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types. The goal is to identify the environmental causes of different aggres-
sion types and genetically susceptible populations. Verifying this theoretical
framework will help reveal the formation mechanisms of both aggression types
from multiple perspectives. Theoretically, this study provides empirical sup-
port for GXE interactions in predicting prisoner aggression and offers an in-
terdisciplinary perspective for future aggression research. Methodologically, it
incorporates novel statistical models to provide more effective predictive mod-
els for aggression. Practically, it aims to identify biological-genetic markers of
highly aggressive individuals and detect susceptible populations with childhood
adversity experiences, providing theoretical and empirical references for violent
behavior risk prediction, behavioral correction interventions, and pharmacolog-
ical design, thereby improving intervention efficiency and holding important
socioeconomic significance.
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