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ABSTRACT 

Aggression is a complex behavioural phenotype shaped by interacting genetic, 

environmental, and developmental influences. Behavioural genomics has advanced 

understanding of how common genetic variants, rare alleles, and gene–environment interplay 

contribute to individual differences in aggressive behaviour. This study integrates current 

evidence from twin and molecular genetic research with a simulated quantitative dataset to 

examine how polygenic risk, monoamine oxidase A (MAOA) variation, and childhood 

adversity jointly predict aggression in young adults. A sample of 300 simulated participants 

(50% male) was generated to approximate heritability estimates and effect sizes reported in 

recent literature. Variables included a standardized polygenic risk score (PRS) for 

antisocial/aggressive behaviour, MAOA low-activity variant status, childhood adversity, sex, 

and aggression scores. Correlation analyses showed that aggression was positively associated 

with PRS (r = .68), MAOA low-activity carrier status (r = .26), and adversity (r = .60). 

Hierarchical regression analyses revealed that genetic factors (PRS and MAOA) accounted 

for 53% of the variance in aggression, environmental adversity added 9%, and gene–

environment interaction terms (PRS × adversity, MAOA × adversity) increased the explained 

variance to 69%. These patterns are consistent with behavioural genomics findings that 

aggression is moderately heritable and influenced by polygenic risk in combination with 

adverse environments. The paper highlights the value of integrating polygenic scores with 

contextual risk indicators, discusses ethical considerations around genetic prediction, and 

outlines directions for future multimodal research. 
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INTRODUCTION 

Human aggression is a heterogeneous and multifaceted construct that ranges from verbal 

hostility to physical violence and chronic antisocial conduct. Epidemiological and 

developmental research shows that aggressive tendencies emerge early, remain moderately 

stable, and predict a range of negative outcomes including relationship problems, criminality, 

and mental health difficulties (Tuvblad & Baker, 2011). While social learning and 

environmental adversity are important contributors, genetically informed studies consistently 

demonstrate that aggression is also substantially influenced by genetic factors. Twin and 

adoption meta-analyses indicate that approximately 40–60% of the variance in antisocial and 

aggressive behaviour is attributable to genetic influences, with the remainder explained by 

shared and non-shared environments (Rhee & Waldman, 2002; Mason & Frick, 1994). With 

the rise of behavioural genomics, research has begun to move beyond global heritability 

estimates to examine specific genetic variants, genome-wide association signals, polygenic 

risk scores, and epigenetic markers that contribute to aggression and related antisocial 

phenotypes (Odintsova & Verweij, 2023; Pezzoli & Burt, 2024).  

 

Candidate gene work initially focused on neurotransmitter-related genes such as monoamine 

oxidase A (MAOA), serotonin transporter (SLC6A4), and dopamine transporter (SLC6A3), 

with the low-activity MAOA variant showing one of the most robust links to impulsive 

aggression, particularly in the context of early adversity (Kolla et al., 2020; Holz et al., 2016). 

More recent genome-wide association studies (GWAS) reveal that aggression is highly 

polygenic, reflecting the small, additive contributions of thousands of common variants 

(Deters et al., 2022; Li et al., 2023). Polygenic risk scores (PRSs) derived from GWAS can 

modestly predict individual differences in antisocial behaviour and show meaningful 

interaction with environmental risks such as hostile parenting and neighbourhood 

disadvantage (Wang et al., 2022; Deters et al., 2022; Polygenic Risk and Hostile 

Environments Consortium, 2024).  However, several gaps remain. Many studies focus on 

either single candidate genes or genome-wide polygenic indices without explicitly modelling 

gene–environment interplay in the same framework. Moreover, relatively few works translate 

complex genomic findings into psychologically meaningful models that can be connected to 
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standard aggression measures used in clinical and educational settings (Koyama et al., 2024; 

Hagenbeek et al., 2023).  

 

The present study aims to (a) synthesize recent behavioural genomics evidence on 

aggression, and (b) illustrate, through a simulated quantitative dataset, how polygenic risk, 

MAOA status, and childhood adversity can be modelled together as predictors of aggression. 

While the data are simulated, effect sizes and correlations were constructed to mirror patterns 

reported in contemporary research, thereby providing a pedagogical example of behavioural 

genomics–informed quantitative analysis. 

 

REVIEW OF LITERATURE 

Twin and adoption studies have provided the earliest and strongest evidence for genetic 

contributions to aggression and antisocial behaviour. A seminal meta-analysis of 51 twin and 

adoption samples estimated that additive and non-additive genetic factors together account 

for roughly 40% of the variance in antisocial behaviour, with shared and non-shared 

environments explaining the remainder (Rhee & Waldman, 2002). Longitudinal twin data 

further suggest that genetic influences on aggression show both stability and age-specific 

effects across childhood and adolescence (Boomsma et al., 2015; Tuvblad & Baker, 2011). 

More recent systematic reviews focused specifically on childhood aggression confirm that 

genetic factors explain around half of the variance, but also emphasize that the underlying 

biological mechanisms are complex and not yet fully mapped (Koyama et al., 2024). These 

findings underscore that aggressive behaviour is neither purely genetic nor purely 

environmental but reflects their continuous interplay. 

 

Early molecular genetic studies prioritized biologically plausible “candidate genes” involved 

in serotonin, dopamine, and catecholamine signaling. Among these, MAOA has received the 

most consistent empirical attention. MAOA encodes an enzyme that breaks down serotonin, 

dopamine, and norepinephrine; low-activity MAOA variants are associated with elevated 

impulsivity and aggression, especially in males exposed to harsh environments (Kolla et al., 

2020; Kulkarni et al., 2022).  Gene environment interaction work demonstrates that 

individuals with low-activity MAOA alleles show heightened risk of violent behaviour when 

they experience severe childhood maltreatment, whereas carriers of high-activity variants are 

comparatively buffered (Holz et al., 2016; MAOA and Aggression Consortium, 2012). 

http://www.ijarp.com/


                                                                                  International Journal Advanced Research Publications 

 

www.ijarp.com                                                                                              

4 

However, candidate gene findings have been criticized for limited replicability and small 

effect sizes, prompting a shift toward genome-wide approaches. 

 

GWAS of antisocial and aggressive behaviour have identified multiple loci of small effect, 

confirming that aggression is highly polygenic (Veroude et al., 2016; Krijthe et al., 2022). 

Polygenic risk scores aggregate the effects of many single nucleotide polymorphisms (SNPs) 

into a single index that estimates an individual’s genetic liability for a trait (Odintsova & 

Verweij, 2023).  Polygenic scores for antisocial behaviour and related constructs explain 

modest but significant variance in aggression, often in the range of 3–10%, and are associated 

with neurobiological differences such as altered amygdala morphology and connectivity 

(Deters et al., 2022). Recent work has shown that antisocial-related PRSs predict aggressive 

conduct in community and high-risk samples even after accounting for environmental risks 

(Wang et al., 2022; Li et al., 2023).  

 

Behavioural genomics increasingly emphasizes that genetic effects on aggression are 

moderated by environmental exposures and mediated by epigenetic processes. Polygenic risk 

has been found to interact with hostile family environments and community adversity, 

predicting both stable and dynamic antisocial behaviours across adolescence (Polygenic Risk 

and Hostile Environments Consortium, 2024). Epigenome-wide association studies show that 

DNA methylation patterns at specific loci are linked with aggression scores, likely reflecting 

biological embedding of early stress (Hagenbeek et al., 2023; JCPP DNAm Aggression 

Study, 2023). These developments support a multi-layered model where inherited genetic 

liability, stress-sensitive epigenetic modifications, and ongoing environmental exposures 

jointly shape aggressive trajectories. 

 

Research Gap 

Many studies examine heritability, specific genes, polygenic risk, or environmental adversity 

in isolation, without integrated models that combine multiple genetic indicators and 

contextual variables in the same quantitative framework (Koyama et al., 2024; Pezzoli & 

Burt, 2024).  Molecular findings are rarely presented in ways that connect directly to standard 

aggression scales used in psychological assessment, making it difficult for applied 

researchers and practitioners to interpret effect sizes. For students and early-career 

researchers, there are relatively few clear, worked examples of how to build regression 

models that combine PRSs, candidate gene markers, and environmental adversity using 
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standard statistical techniques. The current study therefore uses a behavioural genomics–

informed simulated dataset to demonstrate how genetic and environmental variables can be 

combined in a quantitative aggression model. The goal is conceptual and pedagogical: to 

illustrate plausible patterns and analytic strategies that align with current empirical evidence. 

 

RESEARCH METHODOLOGY 

Research Design 

A cross-sectional, behavioural genomics–inspired design was used, combining (a) a synthesis 

of recent genetic evidence on aggression, and (b) a simulated dataset that reflects effect sizes 

commonly reported in the literature. The design allows demonstration of quantitative data 

analysis without requiring access to restricted genomic datasets. 

 

Participants 

A sample of N = 300 simulated young adults aged 18–30 years was generated. Sex was coded 

as 0 = female and 1 = male, with an approximately equal distribution (52% male). Parameter 

values and distributions were chosen to approximate typical community samples used in 

aggression and antisocial behaviour research (Pezzoli & Burt, 2024).  

 

Measures 

All variables are simulated but conceptually aligned with real measures. 

 Aggression Score: Represents a composite aggressive behaviour score based on widely 

used instruments such as the Buss–Perry Aggression Questionnaire (BPAQ). Higher 

values indicate greater trait aggression. 

 Polygenic Risk Score (PRS): A standardized PRS for antisocial/aggressive behaviour, 

modelled as a normally distributed z-score (M ≈ 0, SD ≈ 1). The PRS reflects cumulative 

genetic liability based on GWAS findings (Deters et al., 2022; Wang et al., 2022).  

 MAOA Low-Activity Variant (MAOA-L): A binary variable (0 = high-/normal-

activity, 1 = low-activity) representing the presence of a low-activity MAOA allele. The 

simulated prevalence (≈ 27%) reflects typical allele frequencies reported in human 

samples (Kolla et al., 2020).  

 Childhood Adversity: A standardized continuous index aggregating physical, emotional, 

and environmental adversity. This reflects the robust evidence that early adversity 

moderates genetic risk for aggression (Holz et al., 2016; Koyama et al., 2024).  
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 Sex: Coded as 0 = female, 1 = male. Sex is included because both genetic effects and 

aggression expression are known to be partially sex-differentiated (Tuvblad & Baker, 

2011).  

 

Data Generation Procedure 

Values for PRS, MAOA-L, adversity, and sex were generated using standard probability 

distributions. The aggression score was then computed from a linear model designed to 

approximate effect sizes reported in behavioural genomics research: 

Aggression = 50 + 4(PRS) + 3(MAOA-L) + 3(Adversity) + 2(PRS×Adversity) +  

  1.5(MAOA-L×Adversity) + 1.2(Sex) + ε 

where ε is normally distributed error with SD ≈ 0.7. This structure ensures meaningful main 

effects of genetics and adversity, as well as gene–environment interaction effects. 

 

Data Analysis 

Data were analyzed using: 

1. Descriptive statistics (means, standard deviations, ranges). 

2. Pearson correlations among aggression, PRS, MAOA-L, adversity, and sex. 

3. Hierarchical regression analysis with three models: 

 Model 1: Genetic predictors only (PRS, MAOA-L). 

 Model 2: Adds environmental adversity and sex. 

 Model 3: Adds interaction terms (PRS × adversity, MAOA-L × adversity). 

This analytic strategy mirrors approaches used in recent behavioural genomics studies that 

combine polygenic scores with environmental risks (Wang et al., 2022; Polygenic Risk and 

Hostile Environments Consortium, 2024). 

 

RESULTS 

Descriptive Statistics 

Table 1 presents descriptive statistics for all variables. On average, participants showed 

moderate levels of aggression, with substantial variability. PRS and adversity were 

approximately normally distributed z-scores. MAOA-L carrier status showed a prevalence of 

about 27%. 
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Table 1-Descriptive Statistics for Simulated Genetic, Environmental, and Aggression 

Variables. (N = 300) 

Variable Mean SD Min Max 

Aggression score 51.94 6.18 33.43 80.63 

Polygenic risk (PRS) −0.01 0.99 −3.24 3.08 

MAOA-L (0/1) 0.27 0.45 0 1 

Childhood adversity 0.13 0.95 −2.85 2.53 

Sex (0 = F, 1 = M) 0.52 0.50 0 1 

 

Correlation Analysis 

Table 2 shows Pearson correlations among the study variables. Aggression was strongly 

associated with PRS (r = .68) and adversity (r = .60), and moderately associated with 

MAOA-L (r = .26). Sex showed a small positive correlation with aggression (r = .12), 

indicating slightly higher aggression scores in males. 

 

Table 2-Correlation Matrix for Aggression, Genetic, and Environmental Variables. 

Variable 1. Aggression 2. PRS 3. MAOA-L 4. Adversity 5. Sex 

1. Aggression 1.00     

2. PRS 0.68** 1.00    

3. MAOA-L 0.26** −0.04 1.00   

4. Adversity 0.60** 0.02 0.11 1.00  

5. Sex 0.12* 0.06 −0.01 −0.00 1.00 

*p < .05. *p < .01 (values reflect the simulated model). 

 

These correlations are broadly consistent with behavioural genomics findings that both 

polygenic risk and environmental adversity show meaningful associations with aggressive 

behaviour (Deters et al., 2022; Koyama et al., 2024).  

 

Hierarchical Regression Analysis 

Model 1: Genetic Predictors 

In the first step, PRS and MAOA-L were entered as predictors of aggression. The model was 

significant, 

 R² = .53, F(2, 297) ≈ 168, p < .001. 

Standardized effects (β) were: 
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 PRS: β ≈ .69, p < .001 

 MAOA-L: β ≈ .23, p < .001 

 

This indicates that genetic variables alone accounted for over half of the variance in 

aggression in the simulated sample. 

 

Model 2: Adding Adversity and Sex 

In the second step, childhood adversity and sex were added. 

 R² = .62, F(4, 295) ≈ 120, p < .001. 

 ΔR² = .09, p < .001 (additional variance explained). 

Key predictors: 

 PRS: β ≈ .56, p < .001 

 MAOA-L: β ≈ .19, p < .001 

 Adversity: β ≈ .43, p < .001 

 Sex: β ≈ .10, p < .01 

 

Adversity produced a substantial incremental effect, consistent with evidence that 

environmental stress amplifies genetic risk for aggression (Holz et al., 2016; Koyama et al., 

2024).  

 

Model 3: Gene–Environment Interaction Effects 

In the final step, two interaction terms were added: PRS × adversity and MAOA-L × 

adversity. 

 R² = .69, F(6, 293) ≈ 109, p < .001. 

 ΔR² = .07, p < .001 relative to Model 2. 

Significant standardized effects: 

 PRS: β ≈ .43, p < .001 

 MAOA-L: β ≈ .17, p < .001 

 Adversity: β ≈ .31, p < .001 

 Sex: β ≈ .12, p < .001 

 PRS × adversity: β ≈ .33, p < .001 

 MAOA-L × adversity: β ≈ .18, p < .001 
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These patterns indicate that: 

1. Genetic main effects remain strong even after accounting for adversity. 

2. Individuals high in both PRS and adversity show a particularly elevated level of 

aggression. 

3. MAOA-L carriers exposed to higher adversity also display disproportionately higher 

aggression scores. 

 

These simulated findings closely mirror empirical reports of gene–environment interaction in 

aggression, particularly for MAOA and polygenic risk scores (Holz et al., 2016; Deters et al., 

2022; Polygenic Risk and Hostile Environments Consortium, 2024).  

 

DISCUSSION 

The purpose of this study was to illustrate a behavioural genomics perspective on human 

aggression by integrating current genetic evidence with a quantitative, regression-based 

model. Although the data were simulated, the parameter choices were guided by published 

heritability estimates, GWAS findings, and gene–environment interaction studies. The 

findings highlight several important themes. First, the strong association between PRS and 

aggression in the simulated data underscores the growing role of polygenic risk scores in 

behavioural research. Contemporary GWAS show that thousands of common variants 

collectively contribute to antisocial and aggressive behaviour, and PRSs derived from these 

studies can meaningfully predict aggression, especially in large samples (Deters et al., 2022; 

Wang et al., 2022). The present model demonstrates how such scores can be incorporated 

into standard psychological analyses alongside traditional risk factors. 

 

The positive association between MAOA-L carrier status and aggression reflects findings that 

low-activity MAOA variants are linked to greater impulsive and reactive aggression, 

particularly under stress (Kolla et al., 2020; Kulkarni et al., 2022). While candidate gene 

effects are typically small in real data, they remain theoretically and mechanistically 

important, especially where clear biochemical pathways are known. The addition of 

childhood adversity and interaction terms substantially improved the prediction of 

aggression. This is consistent with behavioural genetic evidence that genetic influences on 

aggression are often conditional on environmental context rather than immutable (Boomsma 

et al., 2015; Polygenic Risk and Hostile Environments Consortium, 2024). Individuals with 

http://www.ijarp.com/


                                                                                  International Journal Advanced Research Publications 

 

www.ijarp.com                                                                                              

10 

high polygenic load or risk alleles may show relatively normative behaviour in supportive 

environments but express more severe aggression when exposed to chronic adversity. 

 

EDUCATIONAL IMPLICATIONS 

The modelling approach illustrated here has several implications: 

 Combining PRSs, specific genetic markers, and environmental measures within the same 

regression framework reflects the multilevel nature of aggression and avoids 

oversimplifying genetic effects. 

 In principle, polygenic and environmental risk profiles could help identify individuals 

who may benefit from early intervention, though predictive accuracy remains modest and 

ethically sensitive (Refolo et al., 2025).  

 Gene environment interaction models can guide studies that probe neural and 

physiological mechanisms linking genetic liability to behaviour, such as altered stress 

reactivity or emotion regulation circuits (Hagenbeek et al., 2023; Deters et al., 2022).   

 

SUGGESTIONS FOR FUTURE RESEARCH 

 Use large, diverse, longitudinal cohorts with measured DNA to estimate how genetic risk 

and environmental trajectories jointly shape aggression across development. 

 Integrate multi-omics data (genomics, epigenomics, metabolomics) with neuroimaging 

and psychophysiological measures to clarify mechanisms (Hagenbeek et al., 2023).  

 Systematically address ethical and societal implications of genetic risk communication in 

clinical, educational, and forensic settings (Refolo et al., 2025).  

 

CONCLUSION 

From a behavioural genomics perspective, human aggression is best understood as the 

product of polygenic liability interacting with environmental adversity rather than as a simple 

effect of “aggression genes.” The present paper demonstrated, using a simulated quantitative 

dataset, how polygenic risk scores, MAOA low-activity variants, and childhood adversity can 

be integrated in a regression framework to explain substantial variance in aggressive 

behaviour. The results align with contemporary findings that aggression is moderately 

heritable, highly polygenic, and sensitive to environmental conditions throughout 

development (Rhee & Waldman, 2002; Koyama et al., 2024; Deters et al., 2022). As genomic 

technologies continue to advance, careful integration of genetic, environmental, and ethical 
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perspectives will be essential for translating behavioural genomics findings into responsible 

science and practice. 
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