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ABSTRACT 

 

Antisocial behaviour poses a major burden for society as it often involves acts of breaking 

the law, violence and aggression towards others. Nonetheless the diverse roots of the antisocial 

behaviour make it challenging to untangle its causes.  

Understanding how genetic predispositions interact with environmental factors (GxE 

interaction) and contribute to antisocial behaviours has great potential for advancing the 

understanding of the development of this condition. 

This article aims thus to critically review the strongest candidates GxE interaction, 

illustrating the initial findings and exploring subsequent evidences.  
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INTRODUCTION  

 

Antisocial behaviour poses a major burden for society as it often involves acts of breaking 

the law, violence and aggression towards others [28]. Nonetheless the diverse roots of the antisocial 

behaviour make it challenging to untangle its causes [28,29].  

Different meta-analysies [26,30] have highlighted the importance of both biological and 

environmental impact on these behaviours. Combined, it was suggested that genes influence nearly 

50% of the population variance in antisocial behaviours, whereas shared environmental impact 

varies from 16–20%, and non-shared environment influence ranges from 20–30% [12,16,30]. 

Understanding how genetic predispositions interact with environmental factors (GxE 

interaction) and contribute to antisocial behaviours has great potential for advancing the 

understanding of the development of this condition [2]. GxE interactions are believed to moderate 

a significant influence on the aetiology and clinical symptoms of complex disorders. A study 

conducted by Jaffee et al. [20] aimed to analyse the impact of physical abuse on risk for antisocial 

behaviours with a demonstrative cohort of 1,116 5-year-old twin pairs. The key finding from this 

study was that the effect of abuse on risk of developing disruptive behaviours was more significant 

among those who presented a high genetic risk. Moreover, the environment (maltreatment) was 

linked with an increase of 2% in the likelihood of a conduct disorder diagnosis among children at 

low genetic risk for conduct disorder but a rise of 24% among children with a higher genetic risk. 

This study thus suggested that conduct problems are more likely to be present in vulnerable 

maltreated children at high genetic risk, being that the GxE interaction was clearly associated with 

the present of those behaviours.   

 

Disruptive behaviours and other emotional dispositions have been linked with serotonin 

receptor density and also with the activity of MAOA (an enzyme actively involved in impulse 

control, attention and other cognitive functions) [1, 9, 14, 22, 23]. Subsequently, there appears to 

be fairly consistent evidence connecting serotonergic system variation to antisocial behaviours, 

whereby the MAOA genotype and variants in 5HTT are the strongest candidates for interaction 

[16].  

This article will thus critically review the strongest candidates GxE interaction (MAOA and 

5-HTTP), illustrating the initial findings and exploring subsequent evidences.  
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THE MAO-A GENOTYPE  

 

The preliminary study exploring the impact of the MAOA deficiency on human aggression 

was Brunner’s and colleagues [17] who found high levels of aggression and MAOA deficiency in 

males of a Dutch family. However, it was only in 2002 when Caspi et al. [4] suggested that 

antisocial behaviours would be expected by an interaction between the MAOA genotype and the 

environment (maltreatment), based on the hypothesis that the MAOA plays a moderating role on 

the impact of early childhood maltreatment on the risk of developing antisocial behaviours. To test 

this hypothesis, a sample of 442 children was taken from the Dunedin Multidisciplinary Health 

and Development Study when the boys were aged 3. They were then followed up every two years 

until the age of 21, and again at 26.  

The concept of maltreatment was described as a composite index, incorporating forthcoming 

information regarding 1) interaction between the mother and the child (observed at the age of 3), 

2) harsh discipline (measured at ages 7 and 9 using parental report), 3) changes in the care giver 

and 4) exposure to abuse. The results from this study corroborated previous literature as males with 

MAOA-H activity were found to be less likely to develop antisocial behaviours than maltreated 

males with MAOA-L expression. 

 

Caspi study [4] had a major impact amongst the scientific community as it provided strong 

and initial findings on how the MAOA genotype moderates the impact of environmental adversities 

on the risk of developing antisocial behaviours in adulthood. Moreover, those findings may 

enlighten why not all children who were exposed to maltreatment grow up to victimize others or 

to engage in criminal behaviour.  

Since then, other replications have been made with similar findings [33].  Fergusson et al. 

[11] attempted to replicate the study [4] by investigating whether there was an association between 

the MAOA gene, maltreatment and a wide range of measures of antisocial behaviours such as 

adolescent conduct disorder; self-reported crime in adolescence and adulthood; recorded 

convictions for offending; and self-reported aggression. It was found that only one particular 

measure of maltreatment, sexual abuse, interacted significantly with MAOA-L activity gene in 

terms of the development of antisocial behaviours. This might be due to the lack of reliability of 

crime records as a consistent measure of antisocial behaviours [37] and possibly because sexual 

abuse is one of the forms of maltreatment with strongest association with antisocial behaviours in 

adulthood [38,39].  

Another important piece of research was led by Foley and colleagues [13] who used a sample 
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of white twin boys (ages 8–17) to explore whether childhood difficulties and MAOA genotype 

interacted to predict risk for conduct disorder. The outcome from this study was that the MAOA-

L gene was an important factor in increasing the development of conduct disorder, however only 

when interacted with environmental adversities.  These findings were consistent with the meta-

analysis conducted by Kim-Cohen et al. [21] across five non-clinical samples which shown a 

significant interaction such that individuals with the MAOA-L showed greater increases in 

antisocial behaviours when the exposure to maltreatment was present than those with the high 

activity gene.  

Although Caspi study was successfully replicated by a wide range of studies, others failed to 

replicate them [34] which has caused concern about the quality of initial findings.  One of the 

studies that showed evidence against came in 2006 [35] where a sample of male and female adults 

from different ethnic backgrounds and who had documented cases of child maltreatment, were 

followed up into adult life in a cohort study. The aim was to test whether the MAOA gene 

moderated the influence of adverse childhood environments and the risk of developing antisocial 

behaviours. The findings from this study for white male adults were consistent with the findings 

by Caspi [4], however in the non-white sample an interaction between the MAOA genotype and 

antisocial behaviours was not observed. These results might be explained by cultural factors as 

specific behaviours and social representations in childhood can be distinctive from one specific 

ethnic when comparing to another [40, 43]. Also racial differences in the likelihood of being 

convicted might not reflect antisocial behaviours.  

A meta-analysis conducted by Byrd (2014), across male and female cohorts exposed a 

moderate interaction of MAOA in regulating effects of childhood maltreatment on subsequent 

antisocial behaviors on males, confirming previous finding in research on gene-environment 

interaction. Still, for the female data, an association MAOA x Maltreatment was considered but it 

was the MAOA-H, not the MAOA-L, which was associated with antisocial behaviours [3]. This 

may be because of a partial X-inactivation at the MAOA locus [41] and due to the variation in 

MAOA being modulated by gonadal hormones in adolescence [42].   

Another relevant study with the MAOA genotype was conducted by Haberstick [19] who 

examined the GxE interaction in a sample of 3356 white and 960 black men participating in the 

National Longitudinal Study of Adolescent Health. The findings from this study were not 

consistent with those from Caspi as it was not observed an interaction between the MAOA gene 

and childhood maltreatment and its moderator factor on antisocial behaviours in adulthood.  

The failure of observing a consistent GxE interaction [19, 20] might be explained by the fact 

that most of these studies used self-report data which is subject to influence of distorted memories 

of maltreatment, [24, 32] an also due to differences sociodemographic characteristics among non-

white when compared to white individuals [43]. 
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THE ROLE OF THE SEROTONIN TRANSPORTER   

 

The serotonin transporter (5-HTTLPR), a gene which is actively involved with serotonergic 

transmission and records proteins, moderates serotonin available in the brain [15].  The 5-HTTLPR 

gene is linked to a wide range of biological and behavioral functions [36] and their dysregulation 

have a significant impact on the development of a wide range of mental disorders (e.g. low 

serotonergic function is linked to an increase of aggressive behaviours and mediation of negative 

emotions) [36].  

A notable longitudinal study from 2003 [5] with a representative cohort of 1037 children 

observed an interaction between the 5-HTTLPR and child adversity environments (maltreatment) 

on risk of developing depression in adult life. Other studies [6, 7, 27] have also corroborated the 

hypothesis that the 5-HTTLPR genotype is a risk factor for developing a wide range of mental 

disorders such as depression and anxiety. However, Cividanes [8] with a sample of 144 children 

working on the streets and 63 siblings who were not working on the streets (ages between 7 and 

14), aimed to explore the potential relationship between the 5-HTTPR and the development of 

mental health disorders. Measures of maltreatment and urban violence were taking into 

consideration and also data on socioeconomic condition and psychopathological symptoms were 

gathered. Saliva samples were collected from each group for DNA extraction and analysed for 5-

HTTLPR genotype. The findings were inconsistent with previous studies as no association between 

the 5-HTTLPR genotype and psychopathological symptoms was not found even when in presence 

of high levels of maltreatment.  Nevertheless, methodological issues might have contributed to the 

rejection of the true hypothesis (type 2 error) as the sample analysed was considerably small and 

assessing children only at one stage of their development does not might not contemplate the 

influence of the environment over time. 

 

CONCLUSION 

 

It has been documented that individuals, especially males, who presented a history of 

antisocial behaviours were more likely to share a modified form of the MAOA gene on the X-

Chromosome [2, 3, 4]. Overall, men are three times more likely than women to show this genotype, 

which in interaction with specific environments such as maltreatment, increases their risk for 

developing antisocial behaviour [10] 

The findings of Caspi [4,5] were one of the first ones to demonstrate the significant 

interaction between a specific gene (MAOA and 5-HTT) with the environment on developing 
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antisocial behaviours in adulthood. However, as illustrated some studies failed to replicate the 

initial findings [3,19,34].  

Failures in replication among females should be taking in consideration in order to further 

investigate to which extent sex differences have an impact modulating the GxE interaction [41, 

42]. This will thus help to clarify previous findings [3] and to understand how gonadal hormones 

can moderate the MAOA expression through specific periods of the development such adolescence 

[42].  

Further research among non-white samples is needed to comprehend how sociodemographic 

characteristics and factors might have an impact on the MAOA expression on moderating the GxE 

interaction [35,43].  

Considering the difficulties in replicating the preliminary studies, additional evidences could 

be gathered from different GxE interactions, such with mood and anxiety disorders and explore the 

impact of the MAOA expression in the moderation of those conditions.  

Another point of discussion is the size of samples used in GxE studies. Previous literature 

[45] has suggested that n<1000 are seen as underpowered and unreliable when conducting research 

on genetic influences.  

Reflections on both gene and environment selection also need to be taken into account. For 

instance, which allele of a specific gene is appointed as a risk allele and which specific 

environments (e.g. physical abuse, sexual abuse, parental neglect) are relevant for different 

associations of cGxE for specific mental disorders [44,45].  

Lastly, further studies need to account the impact of logistic regressions to explore the GxE 

interaction as it increases risk of Type 1 error [46] and to reflect on how the data is collected and 

measured from the samples (e.g. self-reports) which might have a negative impact (issues with 

validity and reliability) in future replications [24,32]. 

There is no doubt that Caspi et al. [4] with his initial findings has generated a wide rage of 

prospect topics of research in genetics. This will support the understanding and clarification the 

biological underpinnings of antisocial behaviours, its interaction with the environment and also the 

promotion of new directions in the treatment and prevention of this condition. 
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