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Adolescent antisocial behavior is detrimental to individual development and poses a
huge burden to society. Historically, first nature, later nurture were held responsible for the
occurrence of antisocial behavior (Laub, 2004) but contemporary research embraces genetic
and social factors and focuses particularly on their interplay in trying to understand individual
variation in engaging in aggression, delinquency, and substance use. What does this new
orientation teach us with regard to the peer environment? Aiming to elucidate how molecular
genetics and peer environment function together in increasing the risk for antisocial behavior,
the current chapter summarizes findings on antisocial and risk behaviors and discusses
challenges for future studies.
Most past research into antecedents of antisocial behavior has attributed at least some
influence to deviant peer affiliation which makes sense given that youths spend increasingly
more time interacting with peers (Larson & Richards, 1991) and are more vulnerable to peer
influence than children or adults (Brechwald & Prinstein, 2011; Steinberg & Morris, 2001).
Studies provide ample evidence that deviant peer affiliation increases own antisocial
behavior, even after accounting for peer-related confounders such as peer rejection and
family-related factors (for reviews see Dishion & Tipsord, 2011; Monahan, Steinberg, &
Cauffman, 2009). In fact, one of the strongest predictors of antisocial behavior in adolescence
is peer behavior (Van Lier et al., 2007). Not only are adolescents influenced by their
environment, they also shape their environment and actively decide whom they select as
friends. Such selection effects are often driven by behavioral similarity so that antisocial
adolescents will “flock together”. Although studies have more often examined socialization
effects, both processes are acknowledged in this chapter.
Importantly, adolescents are not uniformly vulnerable to deviant peer influence and
individual factors also affect selection of friends (Caspi & Moffitt, 2006; Magnusson, 1985;
Rutter, 1997). Prior research on this person-peer environment interplay has focused on
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biological and psychological factors such as pubertal stage and temperament, but more recent
studies reflect a growing interest in the role of specific genes. Building upon twin studies that
suggested already for quite some time that heritability is important in antisocial behavior
(Ferguson, 2010; Moffitt, 2005; Rhee & Waldman, 2002), scientific and technical advances
now allow us to examine whether so-called candidate genes are linked to antisocial behavior.
Candidate gene studies do not necessarily try to establish a main association between a
specific gene and an outcome but assume gene-environment correlations (rGE) and geneenvironment interactions (GxE).
The term gene-environment correlation subsumes three different mechanisms in
which genetic factors are associated with exposure to particular environmental conditions
(Knafo & Jaffee, 2013). With regard to the peer environment, evocative rGE and active rGE
are likely (Figure 1). In evocative rGE, individuals’ genetically influenced traits evoke
particular responses from the environment. For instance, a sensation-seeking child will
encounter different reactions from the peer group than an anxious child. Active rGE describes
that individuals’ selection of environments is to some extent genetically driven. Here, the
sensation-seeking child will probably select other sensation-seekers as friends whereas the
anxious child is more likely to affiliate with peers who prefer quieter spare time activities.
Gene-environment interactions describe that genotype elevates or buffers the effect of
environmental exposure on the outcome, or that a direct association between a candidate gene
and an outcome is qualified by exposure to a particular environment (Figure 2). For instance,
if peer drinking is associated with adolescents’ own alcohol consumption only for carriers of
a specific variant of a gene, this gene would moderate the association between environmental
exposure and outcome. If, in contrast, the association between a particular gene and
aggressive behavior is only present if the adolescent affiliates with aggressive peers,
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environmental exposure has moderating function. Theoretical assumptions about pathways
should guide assignment of main predictor and moderator variables.
Since Caspi and colleagues’ landmark study showed how carriers of specific variants
of the monoamine-oxidase-A (MAOA) gene were more antisocial in adulthood after being
maltreated as children than maltreated individuals who did not carry this variant (Caspi et al.,
2002), studies on externalizing behavior, delinquency, aggression, and substance use have
progressively employed GxE designs (Bakermans-Kranenburg & van IJzendoorn, 2006;
Jaffee et al., 2005; McCrory, De Brito, & Viding, 2012; Propper, Willoughby, Halpern,
Carbone, & Cox, 2007). Curiously, the majority of these studies remained within the family
environment, that is, examined how genetic factors and negative family conditions interact in
raising the risk of offspring maladjustment. While parents are crucially important for
adolescent behavioral development, the significance of peers with regard to antisocial
behavior is uncontested. But how can specific genes affect an adolescent’s likelihood to pick
up deviant behaviors from peers? Or vice versa, can peers really buffer genetic effects on
antisocial behavior? The steadily growing number of studies on the interplay between peer
environment and molecular genetic information appears to suggest this. Following a brief
introduction to molecular genetics, we focus on particular neurotransmitter systems and
candidate genes relevant to them as these are implicated as biological pathways in most
candidate gene studies.
Peers, molecular genetics, and antisocial behavior: Where do we stand?
Human DNA consists of about 3 million pairings of adenine and thymine or guanine
and cytosine that combine the double helix. Some stretches of DNA code for protein in that
they are first transcribed into messenger RNA (mRNA) that then translates into amino acids,
the building blocks for protein. Traditionally, those DNA stretches that are functional in
coding for proteins are called genes. The remaining DNA transcribes into messenger RNA
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but not further into amino acids. Current research is trying to identify the precise use of what
was known as “junk DNA”, suggesting that one of its functions is the regulation of proteincoding DNA.
Individual variation in some genes arises due to errors in DNA copying that result in
base substitution or deletion. Although such variations in DNA are consequential (as we
describe below), those of interest to social scientist are common and not eliminated by
evolution, suggesting that they have some adaptive function as well. These characteristics
differentiate genetic polymorphisms (as such genetic variations are called) from genetic
mutations, which occur much less frequent and do not seem to serve an adaptive function.
Different types of genetic polymorphisms are known: Apart from quantitative differences in
efficiency as is the case in variable number tandem repeat polymorphisms (VNTR) where a
DNA sequence varies in length, other genetic polymorphisms cause insertion of a different
amino acid into a protein (single nucleotide polymorphisms, SNPs). Proteins are implicated
in practically all processes in the human body thus also in those chemical processes that
occur in the human brain. Here, proteins produce, process, and recognize neurotransmitters,
chemicals that direct many brain processes such as dopamine, serotonin, and acetylcholine.
Neurotransmitters are important because differences in their activity in the brain appear to be
directly linked to behavior and emotion regulation (Raine, 2008) and to modulate how
susceptible we are to environmental conditions, including those provided by peers.
Dopamine
Dopamine plays an important role in reward-related behaviors with brain dopamine
levels increasing upon experience of reward. Many addictive substances like cocaine and
amphetamines have the same effect. Candidate genes that are implicated in the dopaminergic
system are the dopamine active transporter 1 gene (DAT1), as well as dopamine D2 and D4
receptor genes (DRD2 and DRD4). Dopamine transporter cells affect reuptake speed of
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dopamine, that is, the amount of time needed to clear dopamine from the synaptic cleft and
essentially stop the dopamine signaling from one synapsis to the next. Dopamine receptor
genes are responsible for receptor density and functionality in different brain regions.
Individual Variation in the DAT1 gene occurs through a VNTR polymorphism. Most
frequent variants include 9- and 10-repeat units but between 3- and 11-repeat versions have
been observed. Highest expression levels were reported for the 10-repeat variant, thus this
variant works most effectively in clearing dopamine from synapses. Increased duration of
dopamine activity is associated with greater reward expectancy. The 9-repeat allele has been
linked to greater self-reported impulsivity and increased activity in the ventral striatum, a
brain region implicated in reward processing (Forbes et al., 2007), as well as to externalizing
behavior in children (Young et al., 2002). However, research is not conclusive and some
studies report more negative outcomes for carriers of the 10-repeate allele, e.g., with regard
to attention-deficit/hyperactivity disorder (Cornish et al., 2005) and pathological criminal
behavior in youth (Vaughn, Beaver, & DeLisi, 2009). Studies have yet to establish whether
the DAT1 gene moderates associations between peer characteristics and adolescent antisocial
behavior. Beaver, Wright, and DeLisi (2008), however, showed that carriers of the 10-repeat
allele who lived in high-risk neighborhoods were at greater risk to seek out delinquent peers,
a prime example of active gene-environment correlation.
DRD2 and DRD4 are dopamine receptor genes that regulate receptor density and
functioning in various brain regions. Variation in the DRD2 gene results from a SNP located
on the neighboring ANKK1 gene that gives rise to the DRD2 A1 allele. This allele has been
associated with psychopathic personality traits (Wu & Barnes, 2013), alcohol dependence
(Wang, Simen, Arias, Lu, & Zhang, 2013), and cannabis addiction (Nacak et al., 2012).
DRD4 is located on chromosome 11 and contains a VNTR polymorphism which takes the
form of a long (7-repeat) or short (4-repeat) allele with the short allele being much more
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common than the long variant (Oak, Oldenhof, & Van Tol, 2000). Less frequent variants
range from 2- to 10-repeats and research has shown that DRD4 is more potent in binding
dopamine in the brain in the presence of the short variant. The long allele has been linked to
attention-deficit/hyperactivity disorder (Faraone, Doyle, Mick, & Biederman, 2001) and
mood disorders (López León et al., 2005). Some studies have also linked the DRD4
polymorphism to personality traits including novelty and thrill seeking (Dmitrieva, Chen,
Greenberger, Ogunseitan, & Ding, 2011; Ray et al., 2009) but results remain inconclusive
(Munafò, Yalcin, Willis-Owen, & Flint, 2008; Schinka, Letsch, & Crawford, 2002). Finally,
associations between DRD4 and substance use have been reported (Filbey et al., 2008;
Hutchison, LaChance, Niaura, Bryan, & Smolen, 2002).
Important to note is a recent meta-analysis that did not support direct associations
between any of the dopaminergic system polymorphisms discussed here and aggression
(Vassos, Collier, & Fazel, 2013). Combined with some ambiguous associations (i.e., no
clarity as to which variant increases risk, inconclusive results, replication failure), research
that also takes into account environmental influences on antisocial outcomes seems more
fruitful than the search for direct associations between genotype and outcome. That is,
genetic polymorphisms in the dopaminergic system have been found to moderate peer
influence: Guo, Roettger, and Cai (2008) examined whether DRD2 and DAT1 affect the
association between peers’ self-reported delinquent behavior and young adult males violent
and serious delinquency. Their analyses showed that carriers of the heterozygous variant of
DRD2 (i.e., carrying one A1 and one A2 allele rather than two A1 or two A2 alleles) were
more likely to engage in serious and violent delinquency if they affiliated with delinquent
friends. Using an experimental design with a drinking confederate, Larsen et al. (2010)
showed that carriers of the long allele of DRD4 were at increased risk for heavy alcohol use
in the presence of someone who consumed large amounts of alcohol in a short period of time.
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Notably, Van der Zwaluw, Larsen, & Engels (2012 did not find this interaction effect in a
longitudinal study of real friends.
Dopamine system genes have also attracted interest from researchers who examined
affiliation with deviant peers not as environmental measure as done in the studies discussed
above but as outcome. Beaver, Gibson, DeLisi, Vaughn, and Wright (2012), for instance,
used data of more than 1000 males within the Add Health sample to examine whether the
DRD2 A1 allele and DRD4 long allele interacted with neighborhood disadvantage in the
prediction of four measures of antisocial phenotype, among them presence of delinquent
peers. The peer measure was assessed through adolescent’s self-report referred to number of
peers who smoked more than one cigarette per day, smoked marijuana more than once a
month, and drank alcohol more than once a month. Beaver et al. (2012) showed that DRD2
significantly predicted affiliation with delinquent peers in adolescents growing up in
disadvantaged neighborhoods. They further found that DRD2 predicted adolescent
experiences of victimization (e.g., someone pulling a gun against them) but only among
youth with a low number of deviant peers. That is, affiliation with deviant peers buffered the
genetic risk for victimization. There is also support for the notion that dopamine
polymorphisms interact with environmental characteristics in predicting desistance from
delinquency. Beaver, Wright, DeLisi, and Vaughn (2008) showed that DRD2 and DRD4 (as
well as MAOA, described below) moderated the association between marriage and desistance
from delinquency.
Serotonin
The role of serotonin for mood, sleep, memory, and behavior is unquestioned,
resulting in numerous studies on the effect of serotonergic system genes on a range of
psychopathologies, mostly on the internalizing spectrum. Serotonin has also been linked to
externalizing behaviors: A meta-analysis by Moore, Scarpa, and Raine (2002) showed that
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metabolites (degradation products) of brain serotonin were reduced in antisocial compared to
non-antisocial individuals. A number of genes are implied in brain serotonin circuitry, the
most popular one probably being the serotonin transporter polymorphism 5-HTTLPR, which
transcribes for a protein that is associated with reuptake speed of serotonin at brain synapses
and constitutes an important source of variation in serotonin levels in the brain. Whereas the
majority of people of Caucasian descent are carriers of the heterozygous short-long variant
(~50%) of this polymorphism, the homozygous short-short variant is observed less often than
the homozygous long-long variant (Noskova et al., 2008). Because of its reduced efficiency
in terminating synaptic serotonin activity, the short allele has been treated as the risk allele in
most studies (but see Glenn, 2011, for a review on psychopathology associated with the long
allele). The 5-HTTLPR short allele has been linked to personality traits such as neuroticism
(Sen, Burmeister, & Ghosh, 2004) as well as mood disorders (Rosenthal et al., 1998). The
polymorphism is also implicated in behaviors and traits that show overlap with antisocial
behavior. For instance, studies have reported associations between the short allele and
substance use (Feinn, Nellissery, & Kranzler, 2005). Retz, Retz‐Junginger, Supprian, Thome,
and Rösler (2004) showed that the short allele was overrepresented in males displaying
recurrent and overt violent behavior, whereas Sakai et al. (2010) showed that female carriers
of the short allele were more likely to display chronic conduct problems and Vaughn et al.
(2009) reported a significant association with pathological criminal behavior in youth. The
polymorphism has further been associated with persistent, pervasive childhood aggression
(Beitchman et al., 2006) and antisocial traits in young adults (Lyons-Ruth et al., 2007).
Moreover, probably because of its importance in the amygdala, 5-HTTLPR affects perception
of emotional stimuli: Beevers, Gibb, McGeary, and Miller (2007) showed that the
polymorphism affected the speed at which someone was able to disengage their attention
from both happy and sad stimuli. This effect is interesting because it may provide a pointer as
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to why some adolescents react differently to cues from their peer environment. That is, peer
pressure in form of teasing and threats to ensure compliant behavior may have a stronger
impact upon those adolescents who carry the more susceptible variant of 5-HTTLPR.
Surprisingly, no study has tested whether 5-HTTLPR moderates the influence of peer
characteristics on adolescent antisocial behavior, although three studies have tested whether
associations between peer relationship quality (i.e., peer victimization) and later depression
(Benjet, Thompson, & Gotlib, 2009; Sugden et al., 2010) and delinquency (Kretschmer,
Sentse, Dijkstra, & Veenstra, 2014) vary by 5-HTTLPR. Indeed, all three studies showed that
carries or the short allele of the polymorphism were at greater risk to develop problems
following victimization by peers.
Focusing on a polymorphism in a serotonin receptor gene (5-HT2A), Dijkstra,
Lindenberg, Zijlstra, Bouma, and Veenstra (2013) examined genetic moderation of the
association between boys’ aggression and their popularity in the peer group. The study built
on two studies by Burt (2008; 2009) that showed how this polymorphism predicts which
peers adolescents like and dislike and that this association is mediated by rule-breaking
behavior. Extending these findings, Dijkstra and colleagues’ showed that the positive
association between aggressive behavior and popularity was moderated by 5-HT2A.
Acetylcholine
Acetylcholine is the longest known and most common neurotransmitter and
implicated in attention and arousal. Candidate genes that are associated with brain
acetylcholine (nicotinic and muscarinic acetylcholine receptor genes) have previously been
linked to personality traits (e.g., Hendershot, Bryan, Ewing, Claus, & Hutchison, 2011) and
alcohol related disorders (Jung et al., 2011). Nicotinic acetylcholine receptor gene
polymorphisms (e.g., CHRNA4, CHRNA5, CHRNA7, CHRNB3) have been associated with
smoking (Munafò & Johnstone, 2008) and attracted some interest as moderators of peer
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group influence. For instance, Latendresse et al. (2011) examined antisocial behavior in the
peer group as predictor of developmental trajectories of externalizing behavior. In this study,
Latendresse and colleagues showed that adolescents who carried minor alleles of muscarinic
acetylcholine receptor gene CHRM2 and affiliated with deviant peers were at greater risk to
show stable or moderately high externalizing behavior. Treating the environmental measure
as moderator and based on a main association between CHRNA5 and nicotine dependence,
Johnson et al. (2010) showed that peer smoking reduced the genetic effect. Put differently,
the genetic association with nicotine dependence was strongest in the absence of
environmental risk.
Monoamine-oxidase-A (MAOA)
Some genetic polymorphisms affect more than one neurotransmitter system. The
monoamine-oxidase-A (MAOA) gene codes for an enzyme that is important in degrading
serotonin and dopamine. A VNTR polymorphism in this gene concerns the number of
tandem repeats in the promoter region of the gene with higher expression in carriers of the
3.5 or 4 repeat variant and lower expression in carriers of the 3 (and possibly 5) repeat
variant. MAOA has repeatedly been linked to antisocial behavior, specifically human
aggression (Buckholtz & Meyer-Lindenberg, 2008) and stably interacts with adverse
environmental conditions such as maltreatment (Kim-Cohen et al., 2006) in increasing the
risk for antisocial outcomes. The less efficient variant of the polymorphism thereby increased
the risk for aggression and in most studies also increased vulnerability to adversity in the
environment. With regard to moderation of peer effects, however, studies yielded mixed
findings. Lee (2011), for instance, examined the interplay between MAOA and self-reported
peer delinquency with regard to own antisocial behavior using a male subsample of the Add
Health study and showed that carriers of the high-activity MAOA variant were at greater risk
to engage in antisocial behavior if they affiliated with delinquent peers. Also using Add
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Health data, Beaver and Holtfreter (2009) showed that MAOA moderated the link between
delinquent peer affiliation in adolescence and engagement in fraudulent behavior in early
adulthood. Again carriers of the high-activity variant of MAOA were most vulnerable to the
effect of deviant peers.
Brain-derived neurotrophic factor (BDNF)
Stepping out of the neurotransmitter systems, Kretschmer, Vitaro, and Barker (2014)
examined the brain-derived neurotrophic factor gene (BDNF), which regulates the secretion
of brain-derived neurotrophic factor in the brain. The BDNF polymorphism consists of a
valine to methionine substitution with BDNF secretion being reduced in met- compared to
val-alleles (Hong, Liou, & Tsai, 2011). BDNF affects susceptibility to environmental
stressors in the prediction of impulsive aggression (Wagner, Baskaya, Dahmen, Lieb, &
Tadić, 2010) with met-allele carriers being more vulnerable to environmental risk than valval carriers. Moreover, carriers of the met-allele show an increased risk for
psychopathological disorders related to aggression (e.g., Spalletta et al., 2010) and
impulsivity (Oades et al., 2008). In line with previous research, Kretschmer et al. (2014)
showed a stronger effect of peer on adolescents’ own aggression in carriers of the met-met
variant of this polymorphism. That is, those adolescents who had affiliated with aggressive
peers in late childhood and carried two minor alleles were at greatest risk to engage in
aggressive behaviors themselves five years later.
µ-opioid receptor (OPRM1)
The OPRM1 gene encodes for the µ-opioid receptor (MOR, receptor of endogenous
opioids including heroin, morphine, and methadone). The OPRM1 polymorphism consists of
an adenine to guanine substitution which affects the reinforcing (thus addictive) effect of
drugs in various brain regions ( Ray et al., 2011) This polymorphism has been linked to a
variety of substance use characteristics including sensitivity to the effects of alcohol (Ray &
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Hutchison, 2004) and adolescent alcohol misuse (Miranda et al., 2010), heroin addiction (Shi
et al., 2002), and nicotine reinforcement ( Ray et al., 2006). OPRM1 has also been associated
with neural sensitivity to social rejection (Way, Taylor, & Eisenberger, 2009).
Moreover, the polymorphism has been found to interact with peer characteristics in
predicting alcohol use disorders in adolescence ( Miranda et al., 2013) in that carriers of the
G-allele who affiliated with deviant peers had an almost eight times increased risk to be
diagnosed with alcohol use disorder compared to their homozygous A-allele counterparts.
Another study examined whether OPRM1 was associated with affiliation with peers with a
positive attitude towards drinking (Chassin et al., 2012). This study showed that male
individuals homozygous for the A-allele were more likely to affiliate with alcohol promoting
peers who in turn increased their risk for alcohol use disorder. A different pattern emerged
for girls: G-carriers of OPRM1 were more vulnerable to peer influence than carriers of the Ahomozygous variant of the polymorphism.

Peers, molecular genetics, and antisocial behavior: Where do we go from here?
Effects of peer characteristics, irrespective whether they refer to substance use or
delinquency, are not uniformly strong and some of the variation is accounted for by genetic
make-up. The genetic polymorphisms that have been tested to date are theoretically
meaningful in that they mostly refer to neurotransmitters that are implicated in impulsivity,
aggression, or response to emotional stimuli, or affect how an individual processes
substances like nicotine or alcohol. However, systematic and replicated findings are still
scarce. The final part of this chapter aims to provide some pointers that may help to
strengthen research into the interplay of peer environment and genetic factors in antisocial
behavior research.
Gene-environment correlation studies
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Although we know from quantitative behavioral genetics that genetic factors are
associated with delinquent peer group affiliation (Brendgen, 2012), only few studies have
examined rGE using measured genotype. The studies by Burt (2009), Beaver et al. (2012),
and Chassin et al. (2012) are notable exceptions and their findings clearly suggest that
adolescent peer selection is partly driven by specific genetic factors. These findings contain a
word of warning: If genetic factors influence someone’s preferences for affiliation, such
associations need to be controlled for in GxE designs. Adolescents’ peer groups are very
specific environments driven by selection and choice (Veenstra & Dijkstra, 2011) more so
than other environments that have played a role in gene-environment interplay studies (e.g.,
maltreatment, neighborhood). Given the significance of peers in adolescence and findings
from social network studies that show how peer similarity in antisocial forms of behavior is
to a non-negligible extent driven by selection (individuals affiliate with those who are similar
to them, Veenstra, Dijkstra, Steglich, & Van Zalk, 2013), it is surprising that rGE studies are
scarce in research on peer effects on antisocial behavior. Future studies are advised to pay
more attention to the correlational mechanisms, as these may help to better understand the
role of the peer environment in antisocial behavior.
Assessment of the environment
Although we have not broached the issue of validity and reliability of the peer
measures, it is crucial to note that the quality of environmental assessment is a driving force
in the success of a gene-environment interplay study. Particularly in the field of peer
characteristics, shared-rater bias (adolescent reports on their own and their peers’ behavior),
huge variability in measures used, and ambiguity as to whom “peer group” refers to affect
comparability and might determine whether or not a set of findings is replicated or not (see
Larsen et al., 2010 and Van der Zwaluw et al., 2012). Of course, this problem is not easy to
solve and many of the studies described here are secondary analyses of existing cohort
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studies where measures cannot be changed in hindsight. Researchers are advised to revert to
peers’ own reports of their behavior as much as possible and streamline future studies with
successful past ones in terms of measures and definitions (Veenstra & Steglich, 2012;
Veenstra et al., 2013).
Peer relationship quality as environmental measure
Importantly, adolescent development is not only affected by peer characteristics such
as drinking and delinquency, but the quality of relationships with peers also affects
adjustment (e.g., Hanish & Guerra, 2002). Failing to establish positive relationships with
peers is predictive of aggression (e.g., Boivin, Vitaro, & Poulin, 2005) and engagement in
delinquent behavior (Laird, Jordan, Dodge, Pettit, & Bates, 2001). Peer victimization as a
particularly grave form of peer negativity increases the risk for maladjustment (Arseneault,
Bowes, & Shakoor, 2010), including aggression and delinquency (Hodges, Boivin, Vitaro, &
Bukowski, 1999; Ostrov, 2010). Arguably, rejected or victimized adolescents are less well
able to achieve social well being through peer relationships and may turn to other strategies.
These may involve antisocial forms of behavior, especially so in adolescence when
delinquency to a certain extent contributes to status attainment and involves behaviors that
may elicit confirmation from the peer group (Mayeux, Sandstrom, & Cillessen, 2008). Such
associations may be genetically moderated as initial research shows (Kretschmer, Dijkstra,
Ormel, Verhulst, & Veenstra, 2013). Future studies are needed to replicate and extend these
findings in independent samples.
Dual risk or differential susceptibility?
This chapter focused on peer effects in the development of adolescent antisocial
behavior and how these are moderated by variations in DNA (or conversely how associations
between genetic factors and antisocial behavior differ depending on environmental
conditions). The perspective taken assumed a dual-risk model in which the environment
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carries risk for a negative outcome and this risk is elevated in the presence of particular
genetic variants. While this model is theoretically appealing given antisocial behavior as
outcome, recent accounts have begun to challenge the generalizability of the dual-risk model
to person-environment interactions (Belsky & Pluess, 2009; Ellis, Boyce, Belsky,
Bakermans-Kranenburg, & Van IJzendoorn, 2011). Rather, a differential susceptibility
framework in which person factors – including but not limited to genetic polymorphisms –
make individuals more susceptible to both negative and positive environmental conditions.
For instance, affiliation with deviant peers may elevate the risk for antisocial behavior
development in some adolescents more than in others but these same individuals may also
benefit more from prosocial peer environments than less susceptible adolescents. Although
pro- and antisocial behavior do not constitute opposite ends of one continuum, taking such
effects into account will further the field and contribute important information about the role
of person factors in understanding peer group effects on adolescent development beyond
antisocial behavior.
Re-thinking the use of DNA information
Although studying the interplay between peer environment and measured genes adds
valuable information to our understanding of heterogeneity in associations between peer
environment and antisocial behavior, the effects that have been published are small and
interactions explain only a tiny fraction of variance in antisocial behavior. This problem has
been observed in most GxE studies as well as in research on main effects of genetic
polymorphisms, notwithstanding quantitative genetic findings that a large proportion of
population variance is genetically influenced. How can we account for this problem of
“missing heritability” (Maher, 2008)? Discussions of the problem in neighboring disciplines
(e.g. Plomin, 2012) suggest that we need to examine more than one polymorphism at a time.
Not only are polymorphisms not necessarily inherited independently, they function additively
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and interact with each other. Accounting for such interdependencies should become integral
in studies on peer environment and gene-environment research in general. Using polygenic
scores (indexes of many polymorphisms of small effect) as well as including gene-gene
interactions in our models are steps towards this goal (Plomin, 2013). Finally, dopamine,
serotonin, and acetylcholine are of course not the only human brain neurotransmitters.
Norepinephrine is important in the regulation of concentration but can also function as a
hormone and as such is important in the regulation of stress and response to fight or flight
situations. GABA is the most important inhibitory neurotransmitter in the human central
nervous system. We are not suggesting that researchers should now pick single candidates
from these systems instead, but the different neurotransmitter systems do not operate in
isolation. Informed by molecular neuroscience, researchers are advised to account for
interactions and combined effects.
Conclusion
The inclusion of molecular genetic information into studies of associations between
peer environment and antisocial behavior is novel and it may be too early to say whether
genetic and environmental effects work together systematically in affecting individual risk
for antisocial behavior. As with gene-environment studies in other fields, independent
replications are sorely needed, as are strategies to investigate cumulative and interacting
effects of several polymorphism at a time. However, the studies reviewed in this chapter
certainly show that stepping out of the family environment and examining whether individual
genetic make-up qualifies the effect of fairly common environmental risks (e.g., affiliating
with peers who smoke or engage in deviant behavior) is a meaningful and worthwhile
strategy to understand adolescent antisocial development. The knowledge gained in such
studies may not be practically applicable in the short-term but being able to identify the
adolescents most at risk for antisocial or substance use disorders can eventually help to target
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prevention and intervention strategies. Whereas it is not ethical or possible to modify and
adjust genetic factors, changing the environment may be particularly important for some
young people. In other words, if certain environmental risks, such as peer deviance or peer
drinking, are especially harmful for some adolescents (those that carry specific genetic
variants), efforts should go into studying how we can prevent or intervene in these adverse
environments to ensure healthy development.
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