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Abstract

This chapter reviews the recent evidence of genetic and environmental influences on human
aggression. Findings from a large selection of the twin and adoption studies that have investigated
the genetic and environmental architecture of aggressive behavior are summarized. These studies
together show that about half (50%) of the variance in aggressive behavior is explained by genetic
influences in both males and females, with the remaining 50% of the variance being explained by
environmental factors not shared by family members. Form of aggression (reactive, proactive,
direct/physical, indirect/relational), method of assessment (laboratory observation, self-report,
ratings by parents and teachers), and age of the subjects—all seem to be significant moderators of
the magnitude of genetic and environmental influences on aggressive behavior. Neither study
design (twin vs. sibling adoption design) nor sex (male vs. female) seems to impact the magnitude
of the genetic and environmental influences on aggression. There is also some evidence of gene-
environment interaction (G x E) from both twin/adoption studies and molecular genetic studies.
Various measures of family adversity and social disadvantage have been found to moderate
genetic influences on aggressive behavior. Findings from these G x E studies suggest that not all
individuals will be affected to the same degree by experiences and exposures, and that genetic
predispositions may have different effects depending on the environment.

Are all humans innately and equally capable of inflicting harm on others? Do we learn by
our various experiences to manipulate and even harm others for our own personal gain; or
conversely, to be kind and benevolent, offering help even at costs to ourselves? Although
these fundamental questions pertaining to the nature of human aggression have plagued
scientists and laypersons for centuries, some answers can be found in research spanning the
last few decades.

The early experiments of Milgram (1963) made it clear that, under certain circumstances,
individuals can be coaxed into aggression and violence. The presence of a strict authority
and removal of personal responsibility for one's actions can result in aggressive behaviors
that inflict harm on others. The infamous Stanford prison experiment (Haney et a/., 1973)
also demonstrated that the propensity toward violence and aggression can be elicited—
extremely and unexpectedly—in situations, where a legitimized ideology and a powerful
authority can lead to impressionability and obedience.

Yet, while these powerful studies revealed the importance of social factors in inducing
aggressive behaviors, not all individuals responded in an equally aggressive manner. In
Milgram's (1963) first set of experiments, while 65% (26 of 40) of participants complied
with the instruction to administer what they believed to be a final, massive 450-volt shock,
the remaining 35% did not comply. Many of those who engaged in the aggressive behavior
stated they were very uncomfortable doing so, and every participant reportedly questioned
the experiment at some point or refused money promised for their study participation
(Milgram, 1963). Although the studies by Milgram and Zimbardo provide clear evidence for
the role of environment and social situations in affecting aggressive behavior, there are,
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nonetheless, large individual differences in the propensity for violence and aggression, even
under these extreme circumstances.

What factors contribute to individual differences in aggression? Behavioral genetic studies
of family members' resemblance for aggressive behavior help shed light on the matter. Twin
and adoption studies agree with the experimental literature on aggression, which shows that
a large effect of environmental factors is evident, particularly of the nonshared variety. Yet,
there is also plenty of evidence, based on a variety of definitions of aggressive behavior
from children to adults, for genetic propensity toward aggression (see reviews by Burt,
2009; Miles and Carey, 1997; Rhee and Waldman, 2002). Although few behavioral genetic
studies have explicitly examined the question of gene by environment (G x E) interactions,
we contend that such interactions are likely to exist and that the genetic propensity for
aggression should exert its effects more strongly in some situations than others. Consistent
with the early findings of Milgram and Zimbardo, individual genetic predispositions should
moderate the extent to which aggression can be elicited, even in extreme situations such as
these infamous studies. Our view is that while many, if not most, humans may have the
potential for aggression and violence under the right circumstances, not all individuals will
succumb to these behaviors under the same circumstances.

This chapter will review recent evidence of genetic and environmental influences on human
aggression, with particular attention to several key questions and issues. We first consider
how estimates of the relative importance of genetic effects (i.e., heritability) may vary across
forms of aggression and the way in which it is measured. As detailed in other chapters of
this volume, there are numerous definitions of aggression. Some definitions distinguish
between reactive and proactive forms (Dodge et a/., 1997; Raine et al., 2006), and others
consider direct and indirect forms of aggression (e.g., physical vs. relational; Lahey et af.,
2004; Tackett et al., 2009). Some definitions may include extreme criminal violence, such as
assault, rape, and murder, although these extreme behaviors are relatively rare and have not
been studied extensively in genetically informative designs. Measures of aggression can
include self-reporting, teacher and parent reports (particularly for young children), and
official records from schools or the justice system. This review focuses on twin and sibling
adoption studies of aggressive behavior measured as a trait within the wider population. We
compare effect sizes (heritability) across these various definitions and ways of measuring
aggression. We also consider how heritability estimates may vary across both age and
gender. Given higher levels of aggression in males across the lifespan, one obvious question
concerns whether genetic propensities are of greater importance in one sex and how these
differences might vary across age. We consider a variety of measurable environmental
factors that might moderate these genetic influences and which may thus lead to G x E
interactions for aggressive behavior. Although direct tests of G x E interactions have been
relatively rare in the behavioral genetic literature on human aggression, it is likely that such
interactions exist, given their robust effects in other forms of antisocial behavior (e.g.,
property criminal offending; Cloninger et al., 1982).

Finally, we briefly review evidence for specific genetic influences in aggression by
summarizing some of the more recent findings from molecular genetic studies. These effects
are reviewed in detail elsewhere in this volume, so our focus here is on how a few specific
genes may be involved in G x E interactions.

l. Heritability of Aggression: Twin and Adoption Studies

Behavioral genetic research relies on the different levels of genetic relatedness between
family members in order to estimate the relative contribution of heritable and environmental
factors to individual differences in a phenotype of interest. Major research designs include:
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(a) studies of twins raised together and (b) studies of adopted individuals and their biological
and adoptive family members. Although designs combining both approaches are the most
powerful for separating genetic and environmental effects in human behavior, such studies
of twins separated at birth and raised apart are rare and have not studied aggressive behavior
extensively. Nonetheless, there are a handful of adoption studies and over two dozen studies
of twins raised together which have specifically examined the genetic and environmental
influence in aggression in nonselected samples from Northern America and Europe that are
reasonably representative of the general population.

In the classical twin design, monozygotic (identical) twins share their common environment
and they are assumed to share 100% of their genes. Dizygotic (fraternal) twins also share
their common environment and they are assumed to share on average 50% of their genes. By
comparing the resemblance for aggressive behavior between monozygotic and dizygotic
twins, the total phenotypic variance of aggression can be divided into additive genetic
factors (or heritability, /2), shared environmental factors (c2), and nonshared environmental
factors (€%). Shared environmental factors refer to nongenetic influences that contribute to
similarity within pairs of twins. Nonshared environmental factors are those individual
experiences that cause siblings to differ in their levels of aggressive behavior. Heritability is
the proportion of total phenotypic variance due to genetic variation (Neale and Cardon,
1992). Genetic influences may also be divided into those that are additive (i.e., allelic effects
add up across loci) and those that are nonadditive (i.e., due to dominance or epistasis). In
twin studies, however, it is not possible to estimate both additive and nonadditive genetic
effects (¢?) simultaneously with shared twin environment effects. The twin correlations
summarized in Table 8.2 can be used to estimate the genetic and environmental influences to
aggressive behavior. Twice the difference between the MZ and DZ correlations provides an
estimate of the relative contribution of additive genetic influences to aggressive behavior [/?
= 2(fwz —bz)]- The contribution of the nonadditive genetic effects due to dominance or
epistasis (2?) is obtained by subtracting four times the DZ correlation from twice the MZ
correlation (¢ = 2/jyz—4/bz). The proportion of the variance that is due to shared
environmental influence is given by subtracting the MZ correlation from twice the DZ
correlation (¢? = 2/pz—fiyz). Finally, the contribution of the nonshared environmental
influences can be obtained by subtracting the MZ correlation from unit correlation (€2 = 1-
fivz) (Posthuma et al., 2003). Many twin studies do not specifically examine or test for
nonadditive genetic effects and instead report heritability estimates based on additive effects
only. However, some twin studies compare models with additive effects and nonadditive
effects versus models with additive genetic effects and shared environment.

In sibling adoption studies, the correlation between adoptive siblings is compared with the
correlation between biological siblings to estimate the influence of genetic and
environmental factors on aggressive behavior (Plomin et al., 2001). Resemblance between
adoptive siblings for measures of aggression is indicative of shared (or common) family
environment, while the extent to which biological sibling resemblance exceeds that of
adoptive siblings is taken as evidence of heritable genetic influences for aggressive
behavior.

There have been a few meta-analyses of twin and adoption studies of aggressive behavior
and the wider construct of antisocial behavior. In one early meta-analysis of 24 twin and
adoption studies, heritable influences explained about half of the total variance in aggressive
behavior and the nonshared environment explained the remaining 50% (Miles and Carey,
1997). Rhee and Waldman (2002) also summarized the results from 51 twin and adoption
studies on criminal behavior, delinquency, psychopathy, conduct disorder, and antisocial
personality disorder, as well as aggressive behavior, in children, adolescents, and adults.
Genetic factors explained 41% of the variance in antisocial behavior, 16% was explained by
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shared environmental influences, and the remaining 43% of variance was explained by
nonshared environmental factors. A more recent review focused on 19 twin and adoption
studies using child and adolescent samples; studies including adult subjects were excluded.
Heritability was found to explain 65%, shared environment explained 5%, and the
nonshared environment explained the remaining 30% of the variance in aggressive behavior
(Burt, 2009). Both Burt (2009) and Rhee and Waldman (2002) examined nonadditive
genetic effects, but only Rhee and Waldman (2002) found significant nonadditive genetic
effects for antisocial behavior. It is noteworthy that genetic influences are consistently found
across these reviews, while shared environmental influences are comparatively small or
nonexistent. Family similarity in aggressive and antisocial behavior, therefore, is primarily
the result of shared genes, not environment.

Tables 8.1 and 8.2, respectively, summarize a large selection of twin and sibling adoption
studies which have specifically examined the genetic and environmental influences on
aggressive behavior in child, adolescent, and adult samples. Several studies use prospective,
longitudinal designs, and large samples, and three of the twin studies were designed, in
particular, to study aggressive and antisocial outcomes. All three of these studies are
ongoing. One of these is the University of Southern California Twin Study of Risk Factors
for Antisocial Behavior (RFAB), which is a prospective study of the interplay of genetic,
environmental, social, and biological (psychophysiological) factors on the development of
antisocial and aggressive behavior from childhood to emerging adulthood. The project
includes more than 750 twin pairs studied on several occasions, at ages 9-10, 11-13, 14-16,
and 17-18 years (Baker et al., 2006). A second major twin study is the Environmental Risk
Longitudinal Twin Study (E-risk study) in the United Kingdom. The E-risk study involves
data on more than 1000 twin pairs at ages 5, 7, and 12 with the special focus on what factors
in the home, family, school, and neighborhood (i.e., environmental risks) promote children’s
aggression (Moffitt, 2002). The Minnesota Study of Twins and Families (MFTS) is a third
major longitudinal twin study that specifically investigates antisocial behavior and substance
use across development. MTFS was established in 1989 using same-sexed twin pairs aged
11 or 17. Five hundred additional 11-year-old twin pairs were added in 2000. All twins of
those ages, who were born in Minnesota, as identified by birth registry data, were invited to
participate. Participants are asked about academic ability, personality, and interests; family
and social relationships; mental and physical health; and physiological measurements. Of
particular interest are prevalence of psychopathology, substance abuse, divorce, leadership,
and other traits and behaviors related to mental and physical health, relationships, and
religiosity (lacono ef al., 2006; Keyes et al., 2009).

Before reviewing the twin and sibling adoption studies on aggressive behavior presented in
Tables 8.1 and 8.2, it is important to consider the ways in which the phenotype of aggressive
behavior is defined and measured. The various instruments utilized in the studies reviewed
in this chapter are summarized in Tables 8.1 and Tables 8.2, to provide a clear idea of the
nature of the aggressive behavior phenotype being investigated. By and large, the Child
Behavior Checklist (CBCL; Achenbach, 1991b) has been used more often than any other
single instrument in behavioral genetic studies of aggression. Although self-report version of
the CBCL is available for older adolescents and young adults (Youth Self Report (YSR);
Achenbach, 1991c), studies more commonly rely on parent or teacher (Teacher's Report
Form (TRF); Achenbach, 1991a) rating versions. The aggressive behavior subscale of the
CBCL includes 20 items on which the child is rated. These include defiance,
argumentativeness, physical aggression, and cruelty toward others. Although there are a
handful of other instruments that also yield single aggressive behavior scores, two
instruments provide multiple scales: the Reactive and Proactive Aggression Questionnaire
(RPQ; Raine et al., 2006), which provides separate scales for aggressive reactions to
provocation and more planned or proactive forms of aggression; and the Buss-Durkee
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Hostility Inventory (BDHI; Buss and Durkee, 1957), which yields several sub-scales of
aggression, including assault, verbal, and indirect hostility.

The studies summarized in Tables 8.1 and Tables 8.2 vary on how aggressive behavior was
defined (i.e., physical, verbal, relational, reactive, proactive, indirect, bullying) and
measured (observation, self-report, parent/caregiver, teacher). A wide range of ages were
included, from preschool children to adults; however, the vast majority of studies have used
childhood samples (i.e., 12 years of age or younger) which explains why the CBCL is so
frequently used to assess aggressive behavior. Correlations for biological and adoptive
siblings (Table 8.1), and MZ and DZ twins (Table 8.2) are shown for each study. Most
studies reported correlations separately for same-sex pairs of males (M), females (F), and
opposite-sex pairs (MF); however, a few studies involve correlations for samples of male
and female pairs combined. We review the key questions concerning the genetic influence
(heritability) of human aggression based on the effect sizes reported for these studies. We
also examine various potential moderators of these effects, including sex, age, method of
assessment, form of aggression, study design (twin vs. sibling adoption design), and various
social factors and circumstances that may exacerbate or ameliorate the genetic risk for
aggression from one person to the next.

A. Does heritability vary depending on sex?

Since it is well documented that males are much more likely than females to engage in most
forms of aggressive behavior (Moffitt ef al., 2001; Rutter ef al., 2003), it is also of interest to
examine whether the same genetic and environmental influences are important in both sexes
and whether the magnitude of these effects differs between males and females.

In the classical twin design, genetic and environmental variance components for aggressive
behavior can be estimated using data from same-sex MZ and DZ twins. Apart from
estimating genetic and environmental effects on aggression, it is also possible to investigate
whether sex-specific genetic or environmental influences are important. Such effects are
referred to as sex-limitation or sex-limited effects. There are two primary questions about
sex limitation in genetic research, one being whether there are qualitative differences
between males and females, such that different genes and/or environmental influences
operate in the two sexes, and whether guantitative differences exist in the relative magnitude
of influences across sexes. To assess whether the magnitude of genetic and environmental
effects in aggressive behavior differ between males and females (i.e., quantitative sex
differences), only data from same-sex twin pairs are required. However, to determine
whether or not it is the same set of genes or shared environmental experiences that
influences aggressive behavior in males and females (i.e., qualitative sex differences), data
from opposite-sex twin pairs are also needed. If qualitatively different genetic influences are
important for aggressive behavior in males and females, then the opposite-sex twins will be
less genetically similar for the trait than DZ twins.

Not all twin studies have examined sex-limited effects, either qualitative or quantitative, and
several studies combined males and females when computing twin correlations, making it
impossible to evaluate these effects based on published results shown in Table 8.2.
Nonetheless, quantitative sex differences can be easily evaluated across at least 18 studies in
Table 8.2, which present separate twin or sibling correlations by sex. Among these, there are
a dozen studies that also include MF, which allow investigation of qualitative sex
differences. The average twin correlations across these 18 studies, weighted by their
respective sample sizes, shows quite similar twin correlations for both identical (\z_males=
0.66; fiz_Females= 0-63) and nonidentical same-sex pairs (/pz_males= 0-42; foz— Females=
0.35), indicating that there are no appreciable quantitative sex differences in aggressive
behavior. This is consistent with the individual results across studies which formally tested
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for quantitative sex differences (e.g., Baker et al,, 2008; Czajkowski et al.,, 2008; Eley et al,
1999; Finkel and McGue, 1997; Tackett et al, 2009; Tuvblad et a/, 2009). As indicated in
Table 8.2, only a small handful of studies have reported significant differences in heritability
of aggression for males and females (and these are primarily for younger samples; e.g.,
Hudziak et al,, 2003; van Beijsterveldt ef al., 2003; Vierikko et al., 2004). The lack of
quantitative sex differences is also well in line with what was reported in a recent meta-
analysis summarizing 19 twin and family/adoption studies, whereby genetic influences were
found to explain 54% of the variance in aggressive behavior in boys and 57% of the
variance in girls (Burt, 2009).

There is no evidence of qualitative sex differences either, given that the weighted twin
correlation for MF (DZpale—Female) 1S 0.38, which is quite similar to the same-sex DZ twin
correlations (0.42 in males and 0.35 in females).

In spite of the consistent sex difference in mean levels of aggression, the underlying
etiologies of aggressive behavior appear to be remarkably similar for both sexes. There may
still be biological and social differences between the sexes that might account for the greater
mean levels of aggression observed in males, yet the same genes and the same
environmental factors appear to explain individual differences in aggression within each sex
to the same degree. One interesting question that has not been addressed, however, is to
what extent there may be sex differences in moderators of genetic factors. In other words,
there may be different circumstances or experiences in males and females that lead to
greater expression of genetic predispositions for aggression. For example, sexual jealousy
might trigger genetic propensity for aggression to a greater extent in males than females,
while threats to resources might be a more important moderator of genetic influences in
females compared to males, as discussed in Chapter 9. Other moderators are discussed later
in 11.A, although more research is clearly warranted to explore the degree to which they may
be sex specific.

B. Does heritability change across age?

Although genetic studies of aggression have spanned from childhood to adulthood, most
studies included in Tables 8.1 and Tables 8.2 involved children 12 years of age or younger.
This suggests that more studies examining the heritability of aggressive behavior in
adolescents and adults are needed. Keeping this in mind, it is useful to examine the
magnitude of twin correlations across age groups, which span from early childhood to
middle-age adults. These correlations are summarized in Fig. 8.1, according to five age
groups (early childhood, age 1.5-6 years; middle childhood, age 7-10; adolescence 11-15;
late adolescence/young adulthood, age 16-26; and adulthood, age 27-48; Fig. 8.1). These
results show that aggressive behavior is clearly influenced by genetic factors across the
lifespan, given the fact that the MZ correlations exceed those for DZ pairs at all ages. (The
lack of qualitative sex differences is also evident across the life span, in that the DZ
correlation is comparable for same-sex and MF pairs across ages.) However, both MZ and
DZ correlations decline steadily across development, suggesting the waning importance of
shared environmental effects from childhood to adolescence and then adulthood. The DZ
correlation exceeds half the value of the MZ correlation (taken as evidence for shared
environment) only in early childhood, but not in later age groups. The pattern shown in Fig.
8.1 is evident in individual studies as well. Aggressive behavior in childhood is influenced
by genetic factors in all studies, and most of these studies also report shared environmental
influences (Table 8.2; e.g., Baker et al., 2008; Eley et al,, 1999; Hudziak et a/., 2003;
Schmitz et al,, 1995; Simonoff et al, 1998; Tuvblad et a/,, 2009; van den Oord et al., 1996;
Vierikko et al., 2004; but for an exception see Dionne et al., 2003; Taylor, 2004). Studies
including adolescent twins (~ younger than 19 years of age) do not in most cases report
finding any shared environmental influences (Table 8.2; e.g., Button et al., 2004; Cho et al.,
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2006; Gelhorn et al., 2006; Tackett et al,, 2009). Similarly, studies including adult twins do
not report finding any shared environmental influences (Table 8.2; e.g., Coccaro et al., 1997,
Finkel and McGue, 1997; von der Pahlen et al, 2008; but for an exception see Czajkowski
et al., 2008). The overall pattern across the studies presented in Table 8.2 and Fig. 8.1
indicates that genetic influences for aggressive behavior become increasingly more
important, while shared environmental effects become less so as children develop from
childhood, through adolescence, and into adulthood. Similarly, findings from a recent meta-
analysis reported that genetic influences increased from 55.2% at ages 1-5 years to 62.7% at
ages 6-10 years and 62.9% at ages 11-18 years. At the same time, shared environmental
influences were decreasing from 18.7% at ages 1-5 years to 13.9% at ages 6-10 years and
2.7% at ages 11-18 years (Burt, 2009). This pattern of decrease in shared environment, and
a concomitant increase in heritability during development, is relatively common for
personality traits and cognitive abilities (Bartels ef a/., 2002; Loehlin, 1992; Plomin et al.,
2001; Scarr and McCartney, 1983), and has also been found for other phenotypes including
prosocial behavior (Knafo and Plomin, 2006).

It should also be kept in mind, however, that methods of assessing aggression vary across
age, such that studies of children tend to rely on ratings by teachers and parents, while
studies of adults (and some older adolescents) rely more heavily on self-report methods. The
confound between method of assessment and age of the subjects has made it difficult in
prior studies and metaanalyses to disentangle age effects on heritability from differences that
arise from different methods of assessment. Increasing heritability estimates from child to
adulthood could therefore also be explained by different methods of assessment as well

(e.g., parental bias may lead to overestimation of shared environmental effects and thus
attenuate heritability estimates in childhood).

C. Do heritabilities vary across methods of assessment?

It is important to examine the magnitude of twin correlations across methods of assessment,
as heritability estimates may vary depending on who is rating the subject. This is especially
important given the age trends found for heritable influences in Fig. 8.1, since different
methods of assessment tend to be employed for different age groups. As previously
discussed, studies of younger subjects rely on parent or teacher ratings, while self-report
methods are typically used in studies of adults and often adolescents. The twin correlations
are summarized in Fig. 8.2, according to laboratory observation, self-reports, teacher ratings,
and parent/caregiver ratings. Indeed, twin correlations—and thus the estimates of genetic
and environmental influences on aggressive behavior—do appear to vary across method of
assessment. According to the twin correlations summarized in Fig. 8.2, the heritability of
aggressive behavior based on laboratory observation is approximately 32% [/2: 2(/yiz—
hz)=2(0.27-0.11)], dominant genetic effect accounts for approximately 10% [: 2(fiz—
h7)=2(0.27)-4(0.11)], and the nonshared environment accounts for the remaining 58% of
the variance. The heritability of aggressive behavior based on self-reports is 40% and the
nonshared environment accounts for the remaining 60% of the variance. There is no
evidence of shared environmental contribution, as the DZ correlation is approximately half
the MZ correlation. The heritability of aggressive behavior based on teacher ratings is 54%,
shared environmental influences account for 6% [¢%: 2/b7—fiz=2(0.33-0.60)], and the
nonshared environment accounts for the remaining 40% of the variance. The heritability of
aggressive behavior based on parent/caregiver ratings is 54%, shared environmental
influences account for 17%, and the nonshared environment accounts for the remaining 29%
of the variance. Thus, parent/caregiver ratings have the largest familial influence, explaining
71% of the variance (/2 + ¢ = 0.54% + 17%) in individual differences in aggressive
behavior. It should be kept in mind that this is a descriptive approach and that formal
modeling is required to determine how well these estimates describe the observed data.
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Also, this approach does not allow for actual testing of different hypotheses, for example, to
test whether it is possible to set any of these effects to zero. It is difficult to discern whether
the parent/caregiver rating patterns reflect true shared environment or are instead an artifact
of rater bias whereby raters are less able to discriminate between the two twins' aggressive
behavior and thus inflate the similarities between them, regardless of zygosity. In fact, when
the two co-twins are rated by different teachers (e.g., they are in different classrooms), twin
correlations are lower for both MZ and DZ pairs for the wider construct of antisocial
behavior (Baker et al., 2007).

A few specific twin studies in Table 8.2, which utilize multiple raters in their design, also
illustrate that genetic and environmental influences on aggressive behavior vary depending
on method of assessment. For example, twin similarity for relational aggression was
influenced only by genetic factors when using self-reported data, explaining 49% of the total
variance. When using parent ratings (only biological mothers were used as raters) of
relational aggression both genetic and shared environmental influences were important
(boys: /2 = 21%, 2 = 46%, € = 33%; girls: /2 = 42%, ¢ = 22%, €* = 36%). However,
when using youth self-reports, only genetic and nonshared environmental influences were
significant (/2 = 49%, €% = 51%; Tackett er al,, 2009). A similar pattern was found for
reactive and proactive aggression in 9-10-year-old boys, whereby only genetic influences
were important for self-reports, but both genes and shared environment were important for
teacher and parent ratings (Baker et al, 2008). Aggressive behavior in another sample of
twins aged 7-12 years was found to be largely influenced by genetic (or familial) factors
(76%—-84%), as reported by parents. Data were collected from one or both parents; however,
only mother-reported ratings were included in the analyses, as they accounted for the
majority of the ratings collected (85.3%-90.1%). In contrast, when teacher ratings were
used, aggressive behavior was found to be slightly less influenced by genetic (or familial)
factors (42%—-61%; Haberstick ef al, 2006a). Significant shared environmental effects were
not found for either parent or teacher ratings, and were therefore dropped from the models,
suggesting that any shared environmental influences are likely to be included in the genetic
component. Apart from rater bias, which may result in inflated twin similarity across the
board when using single raters for multiple children, the varying patterns of genetic and
environmental influence across methods of assessment could be the result of different raters
reporting different aspects of the child's aggressive behavior. This could arise in part
because individuals behave differently in different situations (e.g., school vs. home) or
because some types of aggressive behaviors are more likely to be noticed (e.g., overt forms
such as physical aggression) than other types of aggressive behaviors which may be more
subtle or covert (e.g., relational aggression). Different raters provide important and unique
pieces of information regarding behaviors. Self-reporters are aware of their own motives and
behaviors, which may go undetected by their caregivers, teachers, or peers. On the other
hand, caregivers or teachers may be able to understand difficult and complex constructs
better than children. A teacher is also more likely to compare a child's behavior to his or her
peers, whereas a parent is likely to compare a child's behavior to his or her siblings (Bartels
et al., 2003). Regardless of the source of these discrepant results across methods of
assessment, it is important to keep in mind that when it comes to studies of aggression, it
matters who is doing the rating.

D. Do heritabilities vary across forms of aggression?

Different types of aggressive behavior have been investigated across twin and adoption
studies, with notable distinctions between reactive and proactive forms of aggression, as
well as direct/physical and indirect/relational aggression (Table 8.3). It is likely that there
are different etiologies for different forms of aggression; for example, defensive reactions to
threatening stimuli may be more environmentally influenced, while more planned, proactive
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forms may be more genetically influenced (Tuvblad ef a/., 2009). Comparing heritability
estimates collectively across the various measures employed is a reasonable way to address
this question about whether some kinds of aggression are more heritable than others. When
multiple forms of aggressive behavior are measured within the same study, it is also possible
to investigate the extent to which the same genes and/or environmental factors are important
to different manifestations of aggressive tendencies.

Reactive aggression refers to angry or frustrated responses to a real or perceived threat. This
specific type of aggression has been characterized to involve both high emotional arousal,
impulsivity, and an inability to regulate or control affect. In contrast, proactive aggression is
conceptualized as a more regulated, instrumental form of aggression, with more positive
expectancies about the outcomes of aggression (Dodge, 1991; Dodge and Coie, 1987;
Schwartz et al.,, 1998). Although reactive and proactive aggression have each been found to
be mainly influenced by genetic and nonshared environmental factors, their genetic
correlation is significantly less than 1.0, indicating some genetic specificity for the two
forms of aggression. Reactive and proactive aggression each exhibit different developmental
patterns in these influences (see Table 8.2; Baker et a/., 2008; Tuvblad ef a/., 2009), that is,
the genetic and environmental stability in reactive and proactive aggression has been found
to differ. In one of the few longitudinal analyses of these constructs, the stability in reactive
aggression from childhood to adolescence could be explained by genetic (48%), shared
(11%), and nonshared (41%) environmental influences, whereas the continuity in proactive
aggression was primarily genetically (85%) mediated (Tuvblad ef a/., 2009).

Relational forms of aggression, which involve social manipulation such as gossip and peer
exclusion, are often more indirect compared to other forms of aggression (Crick and
Grotpeter, 1996). Like reactive and proactive forms, relational aggression appears to be
influenced by genetic factors, both in self-report (49%) as well as parental reports (boys,
42%; girls, 21%). However, unlike the other more direct forms of aggression, relational
aggression is also influenced by shared environmental influences, but only in parental
reports (bays, 22%; girls, 46%) and not in self-report measures (Tackett et al., 2009).
Together these findings—that is, the less than perfect genetic correlation between reactive
and proactive forms, their different developmental etiologies, and the significant shared
environmental effects in relational aggression only— provide support for at least some
genetic and environmental etiological distinction among different forms of aggression. It
should be noted, however, that no study to date has examined the genetic and environmental
overlap between relational aggression and other forms such as proactive and reactive
aggression.

Other studies based on multifactorial measures of aggression, such as the BDHI, suggest
some variability in the heritability estimates across subscales, although the patterns are not
entirely consistent across studies. For example, “indirect hostility” showed the lowest
heritability (28%) in one study of adult twins (Coccaro et al., 1997), compared to modest
heritability for “verbal hostility” (47%) and “assault” (40%). Yet, Cates et a/. (1993) found
no genetic influences for assault, but strong heritability for both verbal hostility (78%) and
indirect hostility (70%). In multivariate genetic analyses, both studies found some support
for genetic specificity for the various subscales, similar to what has been found for reactive
and proactive aggression, in that genetic correlations (/g) among the BDHI subscales were
less than unity: 7z = 0.39 between indirect hostility and assault, /g = 0.60 between indirect
hostility and verbal hostility, 75 = 0.17 between verbal hostility and assault (Coccaro et a/.,
1997), g = 0.35 between indirect hostility and assault, /g = 0.39 between indirect hostility
and verbal hostility, and /g = 0.49 between verbal hostility and assault (Cates et a/., 1993).
Overall, genetic influences are generally found for most, if not all forms of aggression,
although somewhat different genetic factors may be operating across these different forms.
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The mechanisms that underlie more direct, planned, confrontational, and often physical
forms of aggression may to some extent be different than those for reactive or indirect
aggressive behaviors.

E. Does heritability vary depending on study design (twins vs. adopted siblings)?

There were only a handful of studies identified examining the heritability of aggressive
behavior using the sibling adoption design. Visual inspection of the results from these
sibling adoption studies (see Table 8.1) compared to the results from studies including twin
samples (Table 8.2) indicate that heritability estimates (i.e., /7) and the shared
environmental estimates (i.e.,c?) for aggressive behavior are very similar. This is also well in
line with the results of a meta-analysis on antisocial andaggressive behavior that
foundnodifferences between twin and siblingadoption studies (/2 = 48%; ¢? = 13%, € =
0.39%) (Rhee and Waldman, 2002). Thus, the heritability of aggressive behavior does not
seem to vary depending on study design.

F. Criticisms of twin and adoption studies: Assumptions and generalizability

There are several assumptions in both twin and adoption studies that are important to
consider when reviewing their findings. In adoption studies, the most important factors are
(1) random placement of the adoptees into homes and (2) generalizability. Selective
placement or matching (i.e., similarities between adoptive and biological parents) for certain
characteristics can lead to inflated correlations between adoptive siblings (and thus
overestimated effects of shared environment). Although such matching may occur for
physical characteristics (including race), direct selective placement is unlikely to be made
for aggressive behavior, per se. (Children with more aggressive or antisocial biological
parents would not be placed into homes with more aggressive adoptive parents.) Thus, it is
unlikely that the genetic and environmental effects summarized in Table 8.1 are biased in
any way as a result of selective placement. In terms of generalizability, it is often the case
that adoptive parents tend to be in good health and from higher socioeconomic levels; thus,
findings from adoption studies may not always be unquestionably generalized to the entire
population (Rutter, 2006). Adopted children may also be at greater risk for aggression
compared to nonadoptees, since birth parents giving up their children may have increased
rates of disordered behaviors, including substance use, criminal offending, and aggression
(Cloninger et al., 1985; Lewis et al., 2001). In the Deater-Deckard and Plomin (1999) study,
the adopted children did in fact have higher aggression scores compared to the nonadopted
children, consistent with the notion that adoptees may be at higher genetic risk for
aggression compared to nonadopted individuals. The elevated levels of aggression in
adoptees occurred in spite of the fact that background characteristics of the adoptive families
were found to be representative of families with children in the larger Denver area, and that
the demographic characteristics of the adoptive grandparents and the adopted children's
biological grandparents were similar, with regard to educational and occupational level.
Similarly, van der Valk et al. (1998) reported mean differences between adoptees and
nonadoptees, with adoptees showing higher mean levels in aggressive behavior. About 75%
of the adoptees were adopted from Korea, India, Columbia, Indonesia, Bangladesh, or
Lebanon and the remaining 25% were adopted from European or other non-European
countries in both the van der Valk et al. (1998) and the van den Oord et a/. (1994) studies,
and the majority of the adoptive parents had a higher level of occupation. Given the higher
aggression scores among adoptees compared to nonadoptees, as well as the somewhat
greater affluence and ethnic heterogeneity in at least some of the adoption samples, the
generalizability of adoption study results to the wider population could be questioned.

To what extent are the twin study results generalizable to the wider population? Twins and
singletons have been found to experience similar rates of psychiatric disorders (e.g.,
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attention-deficit hyperactivity disorder (ADHD), oppositional defiant disorder, conduct
disorder) and behavioral and emotional problems (Gjone and Novik, 1995; Moilanen et al.,
1999; Simonoff et al., 1997; van den Oord et al., 1995). Findings from the RFAB study
show no differences in mean levels between MZ and DZ twins in reactive or proactive
aggression (Baker et al., 2008; Tuvblad et al., 2009). It can, therefore, be assumed that twins
and singletons display equal rates of aggressive behavior.

There are, however, two ways in which twins differ from singletons: (i) lower birth weight,
due to shorter length of gestation (Plomin ef a/., 2001) and (ii) delayed language
development (Rutter and Redshaw, 1991). Birth weight has been found to have a minimal
effect on academic performance; for twins this effect was judged relative to what is a normal
birth weight for twins and not for singletons (Christensen ef a/., 2006). However, studies
have shown that children with birth complications are more likely to later develop antisocial
and aggressive behavior (Raine, 2002), but birth complications may not by themselves
predispose antisocial and aggressive behaviors, but will require the presence of an
environmental risk factor (e.g., poor parenting, maternal rejection). In other words, the
relationship between birth complications and antisocial and aggressive behavior is
confounded by environmental risk factors (Hodgins ef a/., 2001; Raine et al., 1997).

In addition to generalizability, there are several key assumptions of the classical twin design
that need to be kept in mind when reviewing findings from these studies. These include (1)
the equal environments assumption, (2) random mating, and (3) lack of correlation or
interaction between genetic and environmental influences. We briefly review each of these
assumptions here—both in general and as they pertain to aggressive behavior in particular—
and consider their possible effects on the results summarized across studies.

Perhaps the most important and commonly criticized assumption is the “equal environment
assumption” (EEA). In the classical twin design, MZ twins, who are assumed to share 100%
of their genes, are compared to DZ twins, who are assumed to on average share 50% of their
genes. If MZ twins are more similar than DZ twins, it may be inferred that the difference is
caused by genetic effects. To make this inference, however, it is necessary to rely on the
EEA. It is assumed that environmentally caused similarity is roughly equal for both MZ and
DZ twins. If this assumption is violated, higher correlations among MZ twins may be due to
environmental factors, rather than genetic factors, and heritability estimate will be
overestimated (Plomin et af., 2001).

Several twin studies of various phenotypes have examined the EEA. One way to test the
validity of the EEA is to examine whether a trait of interest is influenced by perceived
versus assigned zygosity. The effect of perceived zygosity can be added as a “specified”
familial environment in a univariate ACE twin model (Kendler et a/, 1993) and if this
parameter can be omitted without any significant loss in data fit, it can be assumed that the
EEA holds for the phenotype under study. These studies generally report that the EEA
assumption holds for numerous phenotypes such as physical activity, eating behavior,
psychiatric disorders (e.g., major depression, generalized anxiety disorder, phobia, alcohol,
and drug abuse; Eriksson et al., 2006; Hettema ef al., 1995; Kendler et al., 1993; Klump et
al., 2000; Xian et al., 2000), including child and adolescent psychopathology such as anxiety
disorder, ADHD, oppositional defiant disorder, conduct disorder, antisocial behavior (Cronk
et al., 2002; Jacobson et al., 2002; Tuvblad et al., 2011) as well as aggressive behavior
(Derks et al., 2006).

The assumption of random mating for aggression in the parents of the twins is also

important to consider, since nonrandom mating can lead to increased resemblance for DZ
but not MZ twin pairs. Assortative mating in the parent generation acts to increase the
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resemblance between dizygotic twins and thereby bias shared environmental estimates
upward and additive genetic effects downward. A significant correlation between spouses
for a particular trait is often interpreted as assortative mating (Maes ef a/., 1998). This
assumption is probably violated when it comes to antisocial and aggressive behavior, as
significant spouse correlations have been found suggesting that assortative mating exists in
this behavioral domain (Krueger et al, 1998; Maes et al., 2007; Taylor et al,, 2000). Taylor
et al., 2000 found that parents of twins were correlated for retrospectively reported
delinquency (r= 0.23 in families of boys and = 0.35 in families of girls) and concluded that
assortative mating is modest in degree. Another study using data from the Dunedin sample
in New Zealand (Silva and Stanton, 1996) when the participants were 21-years-old found a
correlation (r=0.54) between couple members' reports of antisocial behavior in their peers
(i.e., participants were asked how many of their friends had aggression, personal, alcohol, or
drug problems, or did things against the law), which was identical to the correlation for
couple members' reports of their own antisocial behavior as measured by a variety of
offenses (e.g., theft, force, fraud, vice). They concluded that assortative mating for antisocial
behavior is substantial and that antisocial individuals tend to cluster in peer groups with
similar antisocial peers. As such, assortative mating should to be taken into account when
modeling antisocial behavior (Krueger et al, 1998). It is interesting, however, that the
shared environmental effects are fairly negligible in twin studies of aggressive behavior,
both in the prior meta-analyses as well as in our summary in Table 8.2. Thus, any assortative
mating for aggression does not appear to have resulted in severe overestimates of shared
environment when considering these studies en masse. 1t is possible, on the other hand, that
genetic influences themselves have been underestimated and could be larger than the 50% or
so0 than these meta-analyses and our summary suggest.

It is also assumed in the classical twin design that genetic and environmental influences
combine additively (i.e., do not interact) and are uncorrelated. It is possible, however, that
some genetic predispositions may be associated with certain kinds of social environments or
experiences, leading to a correlation between genes and environments. (G x E interactions
are also discussed at length in a later section of this chapter.) Such G x E correlations (/gg)
can arise in three different ways (Scarr and McCartney, 1983): (i) Passive rgg occurs when
genes overlap between parents and their offspring. For example, a child with aggressive
parents inherits genetic susceptibility for aggression as well as experiences an adverse
rearing environment. An example of passive rgg was reported in a study comparing genetic
and environmental influences on mothering. Passive rgg correlations were suggested for
mother's positivity and monitoring. For mother's negativity and control, primarily
nonpassive g correlations were suggested (Neiderhiser et al,, 2004). (ii) Evocative/reactive
e can arise when a specific child characteristic elicits a particular response from the
environment. For example, aggressive children tend to elicit more negative affect and harsh
discipline from their parents (Ge et al., 1996; O'Connor et al., 1998). In a more recent study,
using the classical twin design the association between parental criticism and adolescent
antisocial behavior was found to be entirely genetically influenced. Approximately half of
the genetic contribution to this association was explained by early adolescent aggression.
Thus, child aggression seemed to elicit negative parenting followed by adolescent antisocial
behavior, indicating an evocative rgg (Narusyte ef al., 2006). (iii) Active /g is defined as
the process whereby an individual actively seeks out environmental situations that are more
closely matched to the person's genotype. Active rgg has been suggested in adolescent
drinking behavior, specifically among girls (Loehlin, 2010). Ifthe assumption of no G x E
correlation is violated, heritability estimates for aggressive behavior in twin studies could
include both additive genetic effects and the effects of G x E correlation (i.e., heritability
estimates are inflated). Apart from these specific examples cited here, few studies have
examined the effects of rgg in aggressive behavior, making it difficult to know the extent of
their effect on heritability estimates in twin studies.
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In conclusion, findings from adoption studies should probably be generalized cautiously to
other populations as adoptees tend to show higher scores on aggressive behavior compared
to controls. On the other hand, most of the assumptions of the classical twin design seem to
hold for aggressive behavior. The EEA has been tested and found to hold for various
phenotypes including aggressive behavior, and twins and singletons have been found to
display similar scores on aggressive behavior, suggesting that findings from twin studies can
be generalized to other populations. Most twin studies report finding little or no shared
environmental influences on aggressive behavior, suggesting that random mating is of little
importance for aggressive behavior. Only a few studies have examined the influence of G x
E correlation on aggressive behavior, suggesting that more research is needed on this topic
before we can draw any firm conclusions. Last, in the classical twin design, it is assumed
that genetic and environmental influences combine additively and do not interact. This
assumption is probably violated to some extent when it comes to aggressive behavior, as
several studies have reported finding significant interaction effects. G x E interaction is
discussed in detail in the next section of this chapter.

Il. G x E Interaction in Aggressive Behavior

There is a general recognition that genes and environment work together—often in complex
ways—to produce wide variations in behavior and psychological function. G x E
interaction, by definition, is a statistical term indicating that genetic effects on a given
phenotype depend upon environmental factors or vice versa. Gene expression, for example,
can be moderated by an individual's experiences or exposure to certain environments.
Likewise, various individuals may respond differently to the same environmental exposure
because they have different genotypes. Such genetic sensitivity to the environment has been
demonstrated extensively in plant and animal species for a variety of traits. But even though
the importance of G x E interactions in human behavior has long been considered (Eaves,
1984; Mather and Jinks, 1982), G x E interactions have been rarely reported in human traits
until relatively recently. The failure to find G x E interactions in studies of human
characteristics may be due to a number of factors. One likely explanation is related to
statistical power. In general, it is difficult to detect G x E effects due to their low statistical
power (Rowe, 2003). For example, behavioral genetic studies rely on genetic relatedness for
groups of individuals, rather than on sharing of specific alleles between pairs of relatives.
Studies relying on variance partitioning often do not find significant G x E effects, or find
that they explain a very small portion of the total variance, and are thus dropped from further
analysis. When G x E is not taken into account in behavioral genetic studies, heritability
estimates will tend to be biased, although the direction of the bias depends on whether the
moderating environmental influences are of the shared or nonshared variety.

G x E interactions can be tested or modeled in behavioral genetic studies using several
different study designs (e.g., twin or adoption). The two most frequently used methods
testing for G x E interactions in twin and adoption studies include: (1) a mean levels
approach, testing whether mean values of a phenotype differ across different combinations
of genetic risk and environmental settings and (2) a moderated variance components
approach, examining whether genetic and environmental variance for a trait varies across
different measured environmental settings. These two different methods stem from the same
conceptual idea, namely, that genetic effects vary across environments or vice versa. Their
interpretations and meanings can be rather different, since one is based on means and the
other is based on variances. The mean levels G x E is perhaps a more traditional approach, is
typically presented as a statistical interaction in an ANOVA, and indicates whether
particular experiences, exposures, or other conditions may (on average) ameliorate or
exacerbate specific genetic effects in groups of individuals with similar genetic and
environmental risks. In comparison, the moderated effects approach does not address mean
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levels of risk, but instead evaluates whether variance in genes or environment differs across
various measured conditions. Moderation can occur in either raw variances (Va, V¢, and
VE) or in relative effects (i.e., /2, ¢, and €2), and may not necessarily coincide with G x E
interactions found in mean levels. The latter point is important when evaluating G x E
interactions across studies using these different approaches, since different patterns can
emerge from them. For example, it is possible that certain adverse environments (e.g., low
socioeconomic status (SES)) may lead to some genes exerting stronger effects (mean levels),
while overall, the relative variance explained by genes (heritability) may be greater in other
environments (e.g., high SES). The approach used for testing G x E interactions can vary
across study design, such that adoption designs or studies with measured genes are generally
required for the mean levels approach, while the moderated variance components approach
may be used in both twin and adoption studies in the absence of measured genes.

In molecular genetic studies, both genes and environment are measured, rather than inferred
from correlations among family members. G x E interactions can therefore be tested in the
general population, that is, without necessary reliance on a twin or adoption design. There
are still advantages, nonetheless, to include measured genes and measured environments in
the context of a family-based design, including twins and other siblings as well as parents
and offspring.

Evidence of G x E interaction in aggressive behavior has been reported in twin and adoption
studies, and more recently in molecular genetic studies. Below is a summary of some of the
G x E interaction findings in aggressive behavior from adoption, twin and molecular genetic
studies. We also discuss two potential moderators of genetic and environmental influences
on aggressive behavior, exposure to media violence, and alcohol use.

A. Potential moderators of genetic influence found in adoption and twin studies

1. Family adversity and social disadvantage—G x E interaction for aggressive
behavior has been found in several of the early adoption studies, using a mean levels
approach. What these early adoption study findings generally showed was that early adverse
environments had a greater negative impact on genetically “higher risk” children. Adopted
children with criminal biological parents reared by a family where there was adversity
showed higher rates of antisocial and aggressive behavior than adopted children with
antisocial biological parents not raised in a home with adversity, and than adopted children
raised in adversity who are not at higher genetic risk. For example, the interaction of
inherited and postnatal factors was examined in about 800 Swedish men adopted at an early
age. When both inherited factors and environmental risk factors were present, 40% were
found to be criminal; if only genetic factors were present, 12.1% were criminal; if only
environmental factors were present, 6.7% were criminal; and with neither inherited nor
environmental factors being present, 2.7% were criminal (Cloninger et al.,, 1982). The fact
that 12.1% plus 6.7% is less than 40% would thus be an indication of G x E interactions.
This finding was later replicated in females (Cloninger and Gottesman, 1987). It should be
pointed out, however, that in the adoption design, the genetic risk factors themselves are
considered in a general way, such that the exact nature of the genes is left unspecified, both
in terms of which loci or alleles may be involved and what underlying mechanisms may be
involved in the path from genes to phenotype. Similarly, the environmental risk factors as
indexed by certain traits in the adoptive parents or characteristics of their home do not
necessarily specify the exact nature of the child's experiences or how these lead to various
outcomes.

Further, maltreatment places children at risk for psychiatric morbidity, especially conduct
problems. However, not all maltreated children will develop conduct problems. A recent
twin study tested whether the effect of physical maltreatment on risk for conduct problems
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was strongest among those who were at high genetic risk for these problems using data from
the E-risk study, a representative cohort of 1116 5-year-old British twin pairs and their
families. Maltreatment was found to be associated with a greater increase in the probability
of developing conduct problems among children who had a high genetic liability for conduct
disorder compared to children who had a low genetic liability (Jaffee ef a/., 2005). This
finding is consistent with the G x E interaction found in adoption studies of antisocial and
aggressive behavior, in which genetic effects were more pronounced in adverse
environments. This clearly suggests that children in risky environments would benefit from
interventions. However, another view of this interaction is that favorable genotypes can play
a protective role on children's risk for conduct problems, especially under circumstances of
maltreatment.

There are also a few studies based on twin samples that have used the moderated variance
components approach to examine whether measured environmental (risk) factors moderate
the genetic and environmental variances for aggressive behavior. For example, the
heritability of conduct problems was found to be lower in children growing up in
dysfunctional families and higher in children growing up in families where dysfunction was
absent (Button et a/., 2005). Another twin study used DeFries-Fulker regression analysis to
examine whether genetic and environmental influences on aggressive behavior varied
depending on levels of family warmth (DeFries and Fulker, 1985). Genetic influence on
aggressive behavior was found to be higher in schools with higher average levels of family
warmth. In contrast, environmental influences (both shared and nonshared) were more
important in schools with lower average levels of family warmth (Rowe et a/, 1999). These
findings suggest that genetic effects are more likely to explain individual differences in
aggression in more benign environments, whereas in more disadvantaged environments
negative family-related factors and context-dependent risks may play a greater role than
genetic predispositions in aggressive and antisocial outcomes.

Many early theories about the causes of delinquency and crime assumed that delinquents
come from socially disadvantaged backgrounds. For example, Merton postulated that
antisocial behavior resulted from the strain caused by the gap between cultural goals and the
means available for their achievement (Merton, 1957). Social disadvantage and poverty
constitute a reasonable robust, although not always a strong, indication of an increased risk
for antisocial and aggressive behavior, assessed by self-reports and official convictions
(Leventhal and Brooks-Gunn, 2000; Rutter et a/., 1998). SES has also been found to
moderate the relative influence of genetic factors on antisocial and aggressive behavior. In a
sample of Swedish 16-17-year-old twins, heritability for antisocial and aggressive behavior
was higher in the more affluent neighborhoods (boys, 37%; girls, 69%) compared to the less
advantaged neighborhoods (boys, 1%, girls, 61%). Conversely, the shared environment was
higher in the less advantaged neighborhoods (boys, 69%; girls, 16%) compared to better-off
neighborhoods (boys, 13%; girls, 6%). Following the “social push hypothesis,” Raine (2002)
would suggest that the genetic factors on antisocial and aggressive behavior are more
expressed in a socioeconomically advantaged environment where the environmental risk
factors are absent. On the contrary, genetic factors for antisocial behavior will be weaker
and the shared environment more important in a socioeconomically disadvantaged
environment because the environmental risk factors will “camouflage” the genetic
contribution (Tuvblad et a/., 2006).

These studies using the moderated variance components approach (e.g., Button et a/., 2005;
Rowe et al,, 1999; Tuvblad et al,, 2006), all examine whether an environmental (risk) factor
moderates genetic and environmental variance on antisocial and aggressive behavior.
Findings from these studies show that heritable influences on aggressive behavior vary
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depending on environmental context, indicating the importance of the environmental risk
factors in the development of aggressive behavior as well as for gene expression.

2. Violent media exposure—There is an ongoing debate about whether exposure to
violent video games increases aggressive behavior, and it is very possible that exposure to
media violence could moderate the influences of genetic and environmental influences on
aggressive behavior. One line of research argues that mass media exposures contribute to a
child's socialization. A primary process in such socialization is observational learning
(Bandura, 1973). Children and adolescents mimic what they see and acquire complicated
scripts for behaviors, beliefs about the world, and moral precepts about how to behave in the
long run from what they observe (Huesmann, 2010). In contrast, another line of research
argues that there is little empirical evidence for a link between media exposure and violence.
This line of research argues that media violence cannot have any important psychological
effect on the risk for aggressive behavior (Ferguson and Kilburn, 2010).

A recent meta-analysis that included 136 studies examined the effects of violent video
games on aggressive behaviors. The evidence suggested that exposure to violent video
games is a risk factor for increased aggressive behavior, aggressive cognition, and
aggressive affect, and for decreased empathy and prosocial behavior. Moderator analyses
showed significant research design effects, weak evidence of cultural differences in
susceptibility and type of measurement effects, and no evidence of sex differences in
susceptibility. Sensitivity analyses were also carried out and they revealed these effects to be
robust, with little evidence of selection (publication) bias (Anderson et al., 2010).

Others studies examining the relationship between violent video games and aggressive acts
have found little evidence for a relationship. A recent review included a total of 25 studies
comprising 27 independent observations. The corrected overall effect size for all included
studies was only r=0.08 (Ferguson and Kilburn, 2009). The mixed findings in the literature
clearly suggest that more research is needed to resolve whether there is a link between
exposure to violent video games and aggressive behavior. Also, some studies have found
that exposure to violent video games only explains a small fraction of the variance. An
explanation for this paradox could be that exposure to violent video games moderates the
influence of genetic and environmental effects on aggressive behavior, rather than exerting
direct effects. No genetically informative studies have examined violent video game
exposure as a possible moderator of genetic influence on aggression, however, leaving this
as an important area in need of study.

3. Alcohol use—It has long been known that some individuals become aggressive after
consuming alcohol, and the relationship of violence and aggression with alcohol is well
established (Bushman and Cooper, 1990; White ef a/., 2001). For example, a review
including 130 independent studies found that alcohol was correlated with both criminal and
domestic violence (Lipsey et al., 1997). Despite this, there is so far no behavioral genetic
study that had examined whether alcohol use moderates the influence of genetic and
environmental factors on aggressive behavior.

However, the genetic and environmental relationship among alcohol use and aggressive
behavior as well as other disruptive and problem behaviors within the disinhibitory spectrum
such as antisocial behavior, ADHD, conduct disorder, impulsive and sensation seeking
personality traits has been examined in several large population-based twin studies. On a
phenotypic level, disruptive and problem behaviors within the disinhibitory spectrum can be
united by a common higher order externalizing factor (Krueger et al., 2002, 2005, 2007).
This higher order externalizing factor has been found to be largely influenced by genetic
factors. For example, the genetic influences on a common externalizing factor describing

Adv Genet. Author manuscript; available in PMC 2013 June 30.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tuvblad and Baker

Page 17

conduct disorder, substance use, ADHD, and novelty seeking was found to account for more
than 80% of the variation in an adolescent sample (Young et a/., 2000). Strong heritable
influences on an externalizing factor of antisocial behavior, substance abuse, and conduct
disorder has also been found among adults (Kendler ef al., 2003). Together these studies
provide important insight into our understanding of externalizing behaviors. It seems that
behaviors and disorders within the externalizing spectrum, including aggressive behavior,
share a common genetic liability.

lll. Specific Genes for Aggressive Behavior: Findings from Molecular
Genetic Studies

Increasing evidence suggests the importance of heritable factors in the development of
aggressive behavior (Burt, 2009; Miles and Carey, 1997; Rhee and Waldman, 2002). The
first study that showed a link between a specific genotype and aggressive behavior examined
the genetic material of members of a large Dutch family. This specific family had for
decades been found to be prone to violent, aggressive, and impulsive behavior, including
fighting, arson, attempted rape, and exhibitionism. Some of the male family members were
also intellectually disabled. The aggressive males in this large family were shown to share a
mutation in the gene that codes for the enzyme MAO (monoamine oxidase A). MAO breaks
down brain chemicals (neurotransmitters) such as serotonin, nor-adrenaline, and dopamine,
which transmit messages from one nerve cell to the next. In the afflicted males, however, a
mistake in the coding sequence governing proper production of MAO was detected. As a
result, abnormally large quantities of these neurotransmitters were found in the blood of the
affected males (Brunner et al., 1993). Although this genetic defect remains the first such link
to aggressive behavior in humans, exactly how the genetic defect causes aggressive,
impulsive behavior, or mental retardation is not known.

Apart from MAO, only a few candidate genes have been linked to aggressive behavior to
date. The candidate genes that have been found to be associated with aggressive behavior in
humans have, in many cases, been replicated in animal studies. The majority of these
candidate genes are genes of the dopamine, serotonin, and norepinephrine neurotransmitter
systems. The dopa-mine system is involved in mood, motivation and reward, arousal, as
well as other behaviors. The serotonin system is involved in impulse control, affect
regulation, sleep, and appetite, whereas the epinephrine and norepinephrine system facilitate
fight-or-flight reactions and autonomic nervous system activity (Niv and Baker, 2010). For
example, dopaminergic candidates, including dopamine receptor DRD4, has been found to
be involved in ADHD and externalizing behavior, and DRDZhas been found to be involved
in substance abuse and disinhibition (Niv and Baker, 2010). The DRD3 polymorphism has
been found to be associated with impulsivity. This association was significant in violent, but
not in nonviolent individuals, and there were no association between DRD3 and violence per
se (Retz et al., 2003). Dopamine transporter gene DAT1 has also been linked to ADHD
(Waldman et al., 1998), as well as with violent behavior and delinquency in adolescents and
young adults (Guo et al., 2008). Cateocholamine-O-methyl-transferase (COMT) has been
examined primarily in children and adults with ADHD, and mixed evidence emerged for its
association with conduct disorder and aggression (Caspi et al., 2008). Several studies have
provided evidence that the low activity VN TR alleles of 5HTTLPR show associations with
aggression, violence, aggressive symptoms of conduct disorder, and other forms of
externalizing behavior (Haberstick et al., 2006b; Linnoila et al., 1983). Aggressive behavior
has also shown associations with SA/Ps of epinephrine and norepinephrine. A recent study
linked two SNVPs of PNMT to cognitive and aggressive impulsivity in children and
adolescents (Oades et al., 2008).
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A. G x E interaction involving specific genes for aggressive behavior

Advances in the field of molecular genetics have also made it possible for researchers to
identify G x E interactions much more specifically. One of the most influential studies
examining G x E in antisocial and aggressive behavior is Caspi et al., (2002), a famous
study from 2002. The relationship between a functional polymorphism in the MAO-A gene
encoding the neurotransmitter-metabolizing enzyme and early childhood maltreatment was
examined in the development of antisocial behavior in males. A significant G x E interaction
was detected, in that maltreated boys with a genotype conferring low levels of MAO-A were
found to be more likely to later develop antisocial problems, including conduct disorder,
adult violent crime, and antisocial personality disorder, than maltreated boys who had a
genotype conferring high levels of MAO-A (Caspi et al.,, 2002). So far, there have only been
a few replications of this important finding (Foley et al., 2004; Kim-Cohen et al., 2006;
Nilsson et al., 2006). For example, Kim-Cohen ef a/. (2006) found that the MAO-A
polymorphism moderated the development of psychopathology after experiencing physical
abuse in a sample of 975 seven-year-old boys. This finding was extended to the
maltreatment exposure closer in time as the subjects were 7-years-old compared with
previous work by Caspi et al., (2002) in which the subjects were 26-years-old, and therefore
the possibility of a spurious finding by accounting for passive and evocative G x E
correlation could be ruled out. Passive G x E correlation, as discussed earlier, refers to the
association between the genotype a child inherits from his/her parents and the environment
in which the child is raised, and evocative G x E correlation occurs when an individual's
(heritable) behavior evokes an environmental response. Further, the authors also conducted a
meta-analysis including the following five studies: Caspi ef a/., (2002), Foley et al. (2004),
Haberstick et al. (2005), Kim-Cohen et al. (2006), and Nilsson ef a/. (2006). The association
between maltreatment and mental health problems was significantly stronger in the group of
males with a genotype conferring low versus high MAO-A activity. This provides strong
evidence that the MAO-A gene influences vulnerability to environmental stress and that this
biological process can be initiated early in life. However, there is at least one published
failure to replicate (Haberstick et a/, 2005), and this finding has been replicated neither in
females (Sjoberg et al,, 2007) nor in African Americans (Widom and Brzustowicz, 2006).

A G x E interaction between the DRD2 Al allele and risk-level in family environments has
been suggested in a sample of adolescents with criminal offenses, the National Longitudinal
Study of Adolescent Health (Ad-Health). Polymorphisms in genes related to the
neurotransmitter dopamine were associated with age of first police contact and arrests, but
only for youth from low-risk family environments. More specifically, among those
adolescents with a history of criminal offending, those at greatest risk for later onset were
those with the A1 allelic form of the DRDZ2 gene, in combination with favorable home
environments as defined by maternal attachment, involvement, and engagement (DeL.isi et
al., 2008). It is important to emphasize that this finding involves the age of onset of first
police contact and not the overall risk for offending versus not offending.

There is also some evidence for a G x E interaction in the 5H7TTLPR genotype with adult
violence, whereby home violence, familial economic difficulties, and educational or home-
life disruptions during childhood were found to predict violent behavior later in life only in
individuals with the short promoter alleles present (Reif ef a/., 2007). A similar G x E
interaction between the short allele of 5477TLPR and childhood adversity has also been
reported for ADHD (Retz et al., 2008).

The ability to detect G x E interactions in molecular genetic studies is both exciting and
controversial. The identification of specific genetic markers and specific experiences
provides the opportunity to evaluate genetic and environmental risk factors at the individual
level. This significantly increases opportunities for developing effective treatments and
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preventions for antisocial and aggressive behavior as well as other forms of
psychopathology, which is exciting. At the same time, increased understanding of individual
risks has often been considered cautiously because of the potential for bias and
discrimination of those individuals who are identified as being at highest risk for being
afflicted with disorders.

V. Conclusions

Studies (and meta-analyses) including both twin and adoption samples show that about half
(50%) of the variance in aggressive behavior is explained by genetic influences in both
males and females, with the remaining 50% of the variance being explained by nonshared
environmental factors. Form of aggression (reactive, proactive, direct/physical, indirect/
relational), method of assessment (observation, self, teacher, parent/caregiver), and age of
the subjects—all seem to be significant moderators of the magnitude of genetic and
environmental influences on aggressive behavior. Neither study design (twin vs. sibling
adoption design) nor sex, on the other hand, seems to impact the nature or magnitude of
these genetic and environmental influences on aggression.

Although we are unaware of any twin or adoption studies of aggression induced in
authoritative situations such as in the Milgram or Stanford Prison studies, the vast evidence
for genetic influences in most forms of aggression that have been studied could suggest that
individual differences in those early studies might have stemmed in part from different
genetic propensities in their subjects. Findings from G x E studies on aggressive behavior
suggest that not all individuals will be affected to the same degree by these environmental
exposures, and also that not all individuals will be affected to the same degree by the genetic
predispositions. Adoption and twin studies rely on relationships between family members
when examining G x E interaction effects, whereas molecular genetic studies are using both
a measured environmental (risk) factor and a measured genetic factor. To date, there have
only been a few twin/adoption and molecular studies that report finding G x E in aggressive
behavior, either using the mean levels approach or the moderated effects approach. These
studies have shown that various measures of family adversity and social disadvantage
interact (or act as moderators) with genetic factors on aggressive behavior.

Today, we have the potential to identify genetic risks at the level of specific genes, and
identify aspects of the environment that make some individuals more vulnerable than others.
Yet, there will always be groups of individuals with the same combination of genetic risk
and environmental vulnerability who will not engage in aggressive behavior. So, it is still
only an increased (probabilistic) risk and not a biological determinism. In spite of such
strong support for a genetic basis to aggressive behavior, the importance of potential
interventions which are environmentally based must not be ignored. Environmental
interventions could be developed, for example, through family or school-based programs, to
reduce aggressive behavior. In fact, a general view held by behavioral genetics researchers is
that the best way to understand environment—and hence develop effect treatment
interventions—is through genetically informative designs such as twin and family data. By
using twin and family data, it is not only possible to estimate the influence of heritable
factors on a trait or a phenotype, but also the influence of environmental factors. Modern
methods for identifying and understanding G x E interactions will provide a means for doing
exactly this.
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Twin correlations across method of assessment (all studies)
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Table 8.3

Forms of Aggression

Form of aggression

Description

Reactive/hostile/affective
Proactive/instrumental
Direct/physical

Indirect/relational

Angry or frustrated responses to a real or perceived threat
Planning, the motive of the act extends beyond harming the victim
Intentionally causing pain or harm to the victim

Relational social manipulation such as gossip and peer exclusion
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