Chapter 6

Genetic Influence
on the Development of
Antisocial Behavior

Kristen C. Jacobson, Ph.D.

Antisocial behavior is studied by virtually every field of social
science, including psychology, sociology, epidemiology, and crim-
inology, as well as psychiatry. Discussions concerning the com-
plex interplay between genes and environments are therefore of
interest to researchers across many domains. Although each field
has its own particular ways of assessing antisocial behavior, there
is a strong correlation between different measures. For example,
in recent versions of the American Psychiatric Association’s Diag-
nostic and Statistical Manual of Mental Disorders (DSM) (American
Psychiatric Association 1987, 1994, 2000), a diagnosis of adult an-
tisocial personality disorder (ASPD) is given only if the individ-
ual also meets criteria for earlier child and adolescent conduct
disorder. Psychiatrists and psychologists have recognized that
criminal behavior may be preceded by other psychiatric disor-
ders, such as attention-deficit disorder and conduct disorder in
childhood (Mannuzza et al. 1989; Satterfield et al. 1982). The ma-
jority of adult criminals are also thought to have ASPD, although
this is partly due to the fact that committing illegal activities is
one of the diagnostic criteria for ASPD.

Many measures of adolescent delinquent and aggressive be-
havior contain items similar to those found in DSM-III-R and
DSM-IV criteria for conduct disorder. Because of the strong
correlation across different measures of antisocial behavior, 1 fo-
cus here on genetic and environmental influences on antisocial
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behavior, broadly defined. One notable exception is that I omit
discussion of attention-deficit/hyperactivity disorder (ADHD).
Although there is evidence that ADHD may be related to conduct
disorder, the fact that there may be specific genetic influence gov-
erning the more cognitive processes of inattention (e.g., Faraone
et al. 2000; Silberg et al. 1996b) means that extrapolation from re-
sults of behavioral genetic studies of ADHD may be misleading.
In contrast to findings from studies of many other phenotypes,
when taken as a whole, results from behavioral genetic research on
antisocial behavior are often inconsistent across studies. Although
there is strong evidence of at least some degree of genetic influence
on individual differences in antisocial behavior, overall estimates
of heritability (i.e., the proportion of variation due to genetic fac-
tors) can vary substantially across studies, from zero influence to:
.90, and appear to be influenced by a multitude of methodologlcaif
and substantative factors, including sample age, the rater (e.g., self~
report versus maternal ratings), and developmental heterogeneit
Also in question is the extent to which between-family environ-
mental factors (i.e., shared environments) impact on individual
differences in antisocial behavior.
In this chapter, I attempt to bring some sort of rhyme and rea=
son to the underlying inconsistencies across studies. The cha
begins with a simple overview and comparison of results fr
twin and adoption studies of antisocial behavior divided into !
different developmental epochs (early childhood, adolescence,
adulthood). I then discuss results from the handful of longitudi
and quasi-longitudinal behavioral genetic studies regarding
netic influences on stability and change in antisocial behav
should be noted that time and space constraints limit the nun
of studies that can be reviewed, so the focus of this chapter
marily on general trends derived from population-based samp
However, in a recent review article of the genetics of antisocial
havior, Slutske (2001) reported that there are more than 100 p
lished twin and adoption studies of antisocial behavior. Inter
readers are encouraged to consult this brief review, as well a
read results from different meta-analyses of antisocial behavior
try to account for some of the systematic variation in results acro
studies (e.g., Miles and Carey 1997; Rhee and Waldman 2002).
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In the second part of the chapter, I discuss factors that may ac-
count for heterogeneity of results across studies. These factors
include methodological artifacts, such as different raters, as well
as potentially theoretical reasons for actually expecting observed
heterogeneity of genetic influence, such as the effects of age on
expression of genetic and environmental influence, and evidence
for different developmental trajectories of antisocial behavior
across the life span.

Finally, I conclude the chapter by discussing one of the most
exciting new areas of research—the role of gene x environment
interactions in the development of antisocial behavior—which
promises to make our understanding of genetic and environmen-
tal influences on antisocial behavior even more complex.

Genetic Influence on Developmental Epochs
Problem Behavior in Early Childhood

There is reasonably compelling and consistent evidence for ge-
netic influences on early childhood aggression and problem be-
haviors, although the absolute magnitude of this influence varies
across studies (and sometimes within a study). For example, in
one of the earlier studies of problem behavior in young childhood,
Ghodsian-Carpey and Baker (1987) reported wide-ranging herita-
bilities of .24 to .94 for maternal ratings of different indicators of
aggressive behavior among 4- to 7-year-old twins. With the excep-
tion of a small study of 229 Colorado preschool twin pairs (Schmitz
et al. 1994), which found only limited evidence for genetic influ-
ence on antisocial behavior, the majority of other studies using
maternal ratings of early childhood problem behavior have re-
ported heritability estimates in the range of .50 to .60 (e.g., Bartels
et al. 2004; van den Oord and Rowe 1997; van den Qord et al.
1996). In one of the few studies using child self-report, Arsenault
et al. (2003) used an innovative interview, the Berkeley Puppet
Interview, to obtain self-reports from 5-year-old children on their
own hostile/aggressive, conduct-disordered, and oppositional
behavior. In a univariate analysis of a composite measure of these
three behaviors, heritability was estimated at .30, with a nonsig-
nificant shared environmental influence of .10. Thus, results from
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behavioral genetic studies of problem behavior in early chil
are, with only one major exception (i.e., the Schmitz et al. 1

individual differences in problem behavior, with most studies
showing estimates of moderately high heritabilities (.50-.60).

Late Childhood and Adolescent
Antisocial Behavior

Delinquency and Conduct Disorder

In contrast to studies of problem behavior in early childhoot
there is considerable evidence that genetic influences are
and shared environmental influences are stronger, for late
hood and adolescent delinquent or conduct-disordered beha
In one of the first twin studies of adolescent self-reports o
social behavior (including items assessing minor delin
theft, and aggression) from approximately 265 same-sex 2
twin pairs, Rowe (1983) concluded that both genetic and
environmental factors may contribute to adolescent delingt
More recent studies using large-scale population-base
ples have also concluded that genes and environments ea
count for between 20% and 25% of the variation in adols
self-reported delinquency and conduct problems (e.g.,
al. 1997; Taylor et al. 2000). In addition, at least three
twin studies have examined genetic and environmental
ences on adult retrospective reports of conduct disorder.
the studies found nearly identical results among males
earlier study of male twins from the Vietnam Era Twin B
Lyons et al. (1995) reported only a modest heritability of
a shared environmental influence of .31, for conduct
behavior prior to age 15. Among male twins from the
Twin Registry, Jacobson et al. (2002), reported estimates o
.28, respectively, for genetic and shared environmental i
on conduct-disordered behavior prior to age 15, althou
bility was higher, and shared environmental influences
lower, among females. The third study (Slutske et al. 19
adult twin data from the Australian Twin Register, may
as an outlier, as the heritability for conduct disorder und
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best-fitting model was much higher than in other studies (.71) for
both males and females, and shared environmental influences
were zero.

Studies of maternal ratings of adolescent delinquency and
conduct-disordered behavior also report strong evidence for both
significant genetic and shared environmental influences, with es-
timates for genetic factors typically ranging from .20 to .50, and
estimates of shared environmental influences ranging from .30 to
40 (Edelbrock et al. 1995; Eley et al. 1999; Thapar and McGuffin
1996).

Finally, a handful of adoption and twin-sibling studies have
examined genetic and environmental influences on problem be-
havior in adolescence. Results from these studies are somewhat
less consistent. For one of the studies, based on a sample of adoles-
cents in the Iowa Adoption Study, results suggested a complete
absence of genetic influence on variation in antisocial behavior
(Cadoret 1978). Specifically, this study found virtually identical
rates of psychiatric disorders among children with antisocial bio-
logical background (25%) and control subjects (27%); this finding
indicates that the presence of a biological (genetic) risk for anti-
social behavior was not related to greater likelihood of antisocial
behavior compared with a lack of a family history of antisocial
behavior. In contrast, in the second study, based on a sample of
172 adoptive and biological twin pairs from the Colorado Adop-
tion Project, Deater-Deckard and Plomin (1999) reported signifi-
cant influences on both genetic (.36) and shared environmental
(.22) influences on maternal ratings of delinquent behavior. Dif-
ferent still are results from the third study, based on data from
twin, full siblings, half-siblings, and unrelated siblings in the Non-
shared Environment and Adolescent Development Project, which
reported fairly high estimates of heritability (.63-.66) and little
evidence for shared environmental factors (Neiderhiser et al.
1996). In conclusion, although many studies of adolescent delin-
quency find stronger shared environmental influences and weaker
genetic influences than studies of problem behaviors in young
children, there is inconsistency across studies.
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Aggressive Behavior

One of the factors that might account for differences in estimates

of heritability and shared environmental influences on antisocial

behavior in late childhood and adolescence is whether studies fo-

cused on aggressive antisocial behavior, nonaggressive antisocial

behavior, or a measure combining both aggressive and non-

aggressive behaviors. Specifically, there is accumulating evidence

that aggressive behavior in late childhood and adolescence has a

stronger genetic component than nonaggressive delinquent or

conduct-disordered behavior. For example, at least three pub-

lished studies using parental reports on the Child Behavior Check-

list (CBCL; Achenbach and Edelbrock 1979) examined differences

in heritability for the Aggressive versus Delinquent Behavior sub-

scales. All three of these studies reported substantially higher es-

timates of heritability (range=.60-.80) for aggressive behaviors

than for nonaggressive delinquent behaviors (range=.30-.60; Edel-

brock et al. 1995; Eley et al. 1999; Gjone and Stevenson 1997). In

addition, two of these studies reported that shared environmen-

tal factors did not significantly influence twin similarity for ag-

gressive behavior, although they explained between 27% and

64% of the variation in delinquent behavior (see Edelbrock et al.
1995; Eley et al. 1999). What is remarkable about these results

is the overall similarity of pattern across studies, especially since
the results were based on data from eight different birth cohorts
across four different countries (Sweden, Britain, Norway, and
United States).

To test the hypothesis that more severe aggressive or psycho-
pathological behavior is more heritable than nonaggressive anti-
social behavior, we recently fitted multivariate behavioral genetic
models to antisocial data from 9- to 10-year-old twins in the Uni-.
versity of Southern California (USC) Risk Factors for Antisocial
Behavior Study (K.C. Jacobson, L. Baker, A. Raine, manuscript in
preparation, 2005). Figure 6-1 presents this model, which was
fitted to maternal ratings on five different indices of antisocial
behavior: 1) Aggressive (AGG) and 2) Delinquent (DEL) sub-
scales of the CBCL (Achenbach and Edelbrock 1979); 3) ratings
conduct disorder symptoms from the Diagnostic Interview Sched-
ule for Children (DISC; Costello et al. 1985); 4) a newly developec
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Figure 6-1. Multivariate behavioral genetic model for covariation
across five measures of antisocial behavior.

CAQ=Child Aggression Questionnaire; CBCL=Child Behavior Checklist
(AGG=Aggression subscale; DEL=Delinquent Behavior subscale); CPS=Child
Psychopathy Scale; DISC=Diagnostic Interview Schedule for Children.
A=additive genetic influence; C=shared environmental influence; E = non-
shared environmental influence; LP1=first latent factor; LP2=second latent
factor. Subscript ¢ represents genetic and environmental influences that are
common across the five measures and operate through the latent phenotypes.
In contrast, subscript s denotes genetic and environmental influences that are
specific to each variable. Parameters f11-f15 through f21-f25 represent the factor
loadings for each of the two latent factors.

questionnaire, the Childhood Aggression Questionnaire (CAQ;
A. Raine, K. Dodge, R. Loeber, et al., manuscript under review,
2005); and 5) the Child Psychopathy Scale (CPS; Lynam 1997).
These measured variables are represented by the rectangles in
Figure 6-1.

The model shown assumes that there are two underlying la-
tent phenotypes (i.e., factors)—latent factors LP1 and LP2—that
account for the correlations across the five different measures.
Arrows from the latent phenotypes to the measured variables
represent factor loadings (f;;—f;5 for Factor 1; f,—f,5 for Factor 2).
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Variation in these latent phenotypes, in turn, is accounted for by
a common set of genetic and of shared and nonshared environ-
mental influences (A1, C1, and E1, respectively, for Factor 1, and
A2,C2, and E2, respectively, for Factor 2). The proportion of vari-
ation in each of the factors due to these genetic and environmen-
tal influences is obtained by squaring each of the respective
parameter estimates (i.e., a_, ¢y, €.y, and ay, €y, €). In addition
to modeling variation in the measured variables that is due to the
underlying latent phenotypes, this approach also allows for spe-
cific genetic, shared, and nonshared environmental influences on
each of the measured variables that are not shared with genetic
and environmental influences on the other variables (i.e., a;—€).
The two-factor model shown in Figure 6-1 was tested against an
alternative model in which all of the covariation across measures
could be accounted for by a single underlying latent phenotype.
This latter model tested the hypothesis that all five measures of
antisocial behavior represented a single, unitary construct.

Preliminary analyses of both the same-sex male and same-sex
female twins strongly indicated the presence of two distinct, un-
derlying latent factors that account for the correlation across
measures. Figure 6-2 presents the results from the analysis of the
female twins. For simplicity, the specific genetic and environ-
mental influences are not shown, as they relate to genetic and en-
vironmental variation in each of the five measures that is not
shared with the other measures. Dashed lines represent parame-
ter estimates that are not significantly different from zero. As can
be seen in this figure, the first factor (LP1) was defined by SLgnlﬁ-
cant factor loadings (range=.50 to .99) on all five measures of anti-
social behavior. This suggests the presence of a “general deviance”
factor, which accounts for 25% to over 90% of the variance in each
measure. In contrast, the second factor (LP2) loaded significantly
on only the two measures of aggression and the CPS, indicating
that it may be tapping more severe aggressive and psychopathic
behavior that is not shared with a general deviance factor. This
factor accounted for 20%-36% of the variance in these three mea-
sures.

Figure 6-2 also shows the genetic and environmental contribu-
tions to variation in these underlying latent phenotypes. As can be
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Figure 6-2. Standardized parameter estimates for genetic and envi-
ronmental factor loadings on five measures of antisocial behavior for
female-female twins.

CAQ-=Child Aggression Questionnaire; CBCL=Child Behavior Checklist
(AGG=Aggression subscale; DEL=Delinquent Behavior subscale); CPS=Child
Psychopathy Scale; DISC =Diagnostic Interview Schedule for Children,
A=additive genetic influence; C=shared environmental influence; E = non-
shared environmental influence; LP1=first latent factor; LP2=second latent
factor. Dashed lines represent parameter estimates that are not significantly dif-
ferent from zero.

seen very clearly in these results for female-female twins, the pat-
tern of genetic and environmental influence on variation differed
dramatically across the two different underlying latent pheno-
types. Specifically, for Factor 1, the general deviance factor, all of
the variation could be accounted for by environmental factors.
Shared environmental factors accounted for approximately 65%
of the variance (.81 x.81), and nonshared environmental factors
accounted for the remaining 35% (.59x.59). In contrast, the heritabil-
ity of the aggressive-psychopathology factor (LP2) was estimated at
approximately 54% (.74x.74), and nonshared environmental influ-
ences accounted for the remaining 46% of the variance in this fac-
tor (.68 x.68).

Moreover, although the phenotypic structure of the first gen-
eral deviance factor was similar for males and females, the abso-
lute magnitude of genetic and environmental influences on this
underlying factor varied across sex. In particular, among males,
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genetic factors accounted for 49% of the variance in this under-
lying factor (results not shown), although the heritability was esti-
mated to be zero among females. Conversely, shared environ-
mental influences on variation in this underlying latent factor
were stronger for females (64%) than for males (40%). In contrast,
not only was the phenotypic factor structure of the second, aggres-
sive-psychopathology factor similar across males and females,
but genetic and environmental influences on this second latent
factor were virtually identical across sexes, with genetic and non-
shared environmental factors each accounting for approximately
one-half the variation. Results from these preliminary analyses
support the hypothesis that general problem behavior is more
strongly influenced by environmental factors, whereas aggres-
sive, pathological antisocial behavior is more strongly influenced
by genetic factors.

Adult Antisocial Behavior and Criminality

In contrast to the somewhat inconsistent results for genetic influ-
ence on adolescent antisocial behavior, results from twin and
adoption studies of adults are nearly unanimous in support of the
hypothesis that aggressive and criminal behavior have a fairly
substantial genetic component (see Brennan and Mednick 1993
and DiLalla and Gottesman 1989 for reviews of the earlier litera-
ture, and Rhee and Waldman 2002 for a more recent review and
meta-analysis). For example, on the basis of data from the Danish
Adoption Registry, it was found that the average rate of criminal
convictions among male adoptees with neither biological nor
adoptive parent convictions was 13.5%. When adoptive parents,
but not biological parents, had criminal convictions, the rate of
criminality among adoptees increased to only 14.7%. In contrast,
the rate of criminal convictions when biological parents, but not
adoptive parents, had criminal convictions increased to 20.0%
(Brennan and Mednick 1993; Mednick et al. 1984).

Thus, biological (genetic) risk, but not environmental risk, was
associated with a higher incidence of criminal convictions, sup-
porting the notion of genetic influence on adult antisocial behav-
ior. Similar findings for high heritability of adult antisocial behavior
have been reported in other adoption (e.g., Cadoret 1978) and twin
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(e.g., Cloninger and Gottesman 1997; Jacobson et al. 2002; Lyons
etal. 1995) samples. Thus, for behavioral genetic investigations of
adult antisocial behavior, most studies find evidence for heritabil-
ities between .40 and .60. Moreover, the results from twin studies
suggest that the importance of shared environmental influences
on individual differences in adult antisocial behavior is negligi-
ble.

Differences in Heritability of
Antisocial Behavior Over Time

Thus far, I have presented results from a variety of twin and adop-
tion studies of antisocial behavior at different developmental pe-
riods. Although there is considerable variation across studies in
terms of the actual magnitude of genetic and environmental fac-
tors, at least two general patterns emerge: 1) genetic influence
increases from adolescence to adulthood, and 2) environmental
influences appear to be the most important factor in accounting
for variation in antisocial behavior during the adolescent years.
However, drawing conclusions about developmental changes in
the relative influence of genetic and shared environmental factors
on antisocial behavior from cross-study comparisons is problem-
atic, because studies use different samples and different mea-
sures of antisocial behavior. These differences in methodologies
may introduce systematic biases.

To circumvent these possible biases, at least two meta-analy-
ses have been conducted to statistically test for differences in ge-
netic and environmental influences across age while controlling
for potential differences across study in sample and methodol-
ogy. In the first study, which focused on studies of aggressive
antisocial behaviors, Miles and Carey (1997) concluded that al-
though juvenile aggressive behavior was influenced equally by
both genetic and shared environmental factors (each accounting
for approximately 20% of the variance), genetic influences on
adult aggressive behavior were markedly higher (40%) and
shared environmental influences were negligible. The second
study, which reviewed 51 twin and adoption studies of both ag-
gressive and nonaggressive behavior, also found evidence of sig-
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nificant age differences (Rhee and Waldman 2002). However, in
these authors’ analysis, the primary difference was in the effect of
the shared environment. Among studies of children and adoles-
cents, shared environmental effects accounted for 16%—20% of
the variance, compared with estimates of only 9% among studies
of adults. Genetic factors, in contrast, accounted for 41%—46% of
the variance at all ages.

Although meta-analyses can account for some of the factors
that may bias cross-sectional comparisons, the best way of esti-
mating changes in the relative importance of genetic and envi-
ronmental influences on antisocial behavior over time is to rely
on data that assesses antisocial behavior from the same sample of
twins at two or more different ages. At least two, large-scale, quasi-
longitudinal twin studies have examined the question of age-
related changes in heritability estimates, and both studies re-
ported remarkably consistent evidence for significant changes in
the heritability of antisocial behavior across age. In the first study,
using retrospective data from adult male-male twins in the Viet-
nam Twin Registry, Lyons et al. (1995) found that heritability in-
creased from .07 for antisocial behavior assessed prior to age 15
(juvenile antisocial behavior) to .43 for antisocial behavior assessed
atages 15 and older (adult antisocial behavior). Conversely, shared
environmental influences explained 31% of the variation in juve-
nile antisocial traits but only 5% of the variation in adult antiso-
cial traits (Lyons et al. 1995). The second study, based on an analysis
of retrospective reports of child, adolescent, and adult antisocial
behavior that drew on data from both male and female twin pairs
from the Virginia Twin Registry, also found evidence for increas-
ing genetic effects and decreasing shared environmental effects,
especially among males (Jacobson et al. 2002). Among males, her-
itability increased from .06 to .40, and shared environmental in-
fluences decreased from .28 to .11. Among females, the difference
in heritability was less marked (.29 to .42), but still showed a pat-
tern of increasing genetic effects across age.

Thus, taken together, studies suggest that there is systematic
heterogeneity across age in estimates of the overall magnitude of
genetic and shared environmental factors. These findings are
consistent with the patterns of increasing heritability and decreas-
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ing effects of shared environment with age that have been ob-
served in studies of other phenotypes, such as personality and cog-
nition (see Plomin 1986 for review). These patterns suggest that
effects of shared family, community, and neighborhood charac-
teristics that influence antisocial behavior during adolescence
may have little continuing influence on adult antisocial behavior.

Genetic and Environmental
Influences on Continuity and
Change in Antisocial Behavior

Longitudinal Behavioral Genetic Studies

In addition to estimating more reliably the potential changes in
the magnitude of genetic and environmental influences on anti-
social behavior over time, longitudinal behavioral genetic stud-
ies can tell us the extent to which genetic and environmental
factors contribute to continuity and change in antisocial behavior
over time. When different manifestations of antisocial behavior
across developmental periods are considered, psychiatrists, psy-
chologists, and criminologists are mainly in agreement that there
is remarkable phenotypic stability to antisocial behavior.

In a seminal study using data from four longitudinal studies
of males, Robins (1978) concluded that although most children
with antisocial behavior problems do not become antisocial adults,
virtually all adults with antisocial behavior problems were anti-
social children. What is particularly remarkable about this result
is that it was replicated in four independent samples, even
though the samples represented males from different racial and
social backgrounds and from different historical eras (Robins
1978). Childhood behaviors were more predictive of adult antiso-
cial behavior than family variables, including parental antisocial
behavior, family structure, and social class.

Following this landmark report, there have been dozens of
studies demonstrating a strong continuity between child, adoles-
cent, and adult antisocial behaviors. For example, rates of adult
criminal convictions are higher among samples of individuals
diagnosed with ADHD compared with control groups (Mannuzza
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et al. 1989; Satterfield et al. 1982), and attention problems, impul-
sivity, and activity have been found to be precursors to later anti-
social behavior (Loeber and Hay 1991). Likewise, aggressive be-
havior in childhood has also been found to predict delinquent
and criminal behavior during adolescence and young adulthood.
For instance, in a follow-up study of more than 1,000 subjects
from a cohort of 10-year-olds in Sweden, Stattin and Magnusson
(1989) reported that teacher ratings of aggression at age 13 pre-
dicted conviction by age 26, particularly multiple convictions. Fi-
nally, childhood ADHD and conduct disorder predict adult ASPD
and criminality (e.g., Simonoff et al. 2004).

Developmental Behavioral Genetic Studies

Although the studies summarized above provide evidence for a
strong phenotypic continuity of antisocial behavior, they cannot
tell us why there is stability of behavior over time. Understanding
the mechanisms behind both stability and change in antisocial
behavior is of particular importance to clinicians, since any plans
for prevention need to incorporate the processes through which
antisocial children turn into antisocial adolescent and adults.
Developmental behavioral genetic studies are a means of investi-
gating the sources of developmental stability and change in be-
havior—that is, the extent to which genes and environments con-
tribute to continuity and change. In this type of study, genetically
informative kin are interviewed or observed on more than one
occasion, and genetic influence on continuity and change is esti-
mated from the pattern of cross-twin, cross-time correlations. Al-
though longitudinal samples of this type are rare, inspection of the
results from the existing published studies reveals some interest-
ing patterns.

Sources of Stability in Antisocial Behavior
Across Childhood and Adolescence

In one of the first developmental behavioral genetic studies of
antisocial behavior, van den Oord and Rowe (1997) examined the
developmental stability of problem behavior, including antisocial
behavior, in a study of full siblings, half siblings, and cousins
from ages 4-6 to 6-8 to 8-10 years. The authors concluded that
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there was substantial evidence of a genetic effect on the stability
of problem behavior, because the cross-time sibling correlation was
higher among full sibling pairs (who share, on average, 50% of
their segregating genes) than among half siblings (who share
only 25% of their segregating genes). Structural equation models
revealed a moderate correlation of antisocial behavior across waves
(r=.57). Of this stability, 46% of the correlation could be attribut-
able to genetic influences, and the remaining 54% was attributed
to shared environmental influences.

Other evidence for genetic influence on the continuity of anti-
social behavior across childhood and early adolescence comes from
a large body of research using longitudinal data from a sample
drawn from The Netherlands Twin Registry. In this study, assess-
ments of problem behavior using the maternal reports of the CBCL
were obtained at ages 3, 7, 10, and 12. In one of the most recent and
comprehensive analyses from this sample, Bartels et al. (2004)
reported across-time correlations for maternal reports of CBCL Ex-
ternalizing symptoms ranging from .46 to .76, demonstrating re-
markable stability of antisocial behavior across age. Moreover,
these phenotypic correlations from age 3 to age 12 were explained
predominantly by both genetic and shared environmental factors.

Evidence for a genetic basis for stability of antisocial behavior
across adolescence has also been found (Eley et al. 2003; O'Con-
nor et al. 1998). In the first longitudinal study of 405 twin and sib-
ling pairs from the Nonshared Environment and Adolescent De-
velopment Project, O’Connor et al. (1998) found that genetic factors
accounted for over 50% of the phenotypic continuity of antisocial
behavior symptoms from ages 10 to 18. Interestingly, one of the
few studies to examine genetic and environmental influences on
aggressive versus nonaggressive delinquent behavior found evi-
dence for a slightly different pattern of genetic and environmental
influences on continuity of antisocial behavior from childhood
(ages 8-9) to adolescence (ages 13-14) (Eley et al. 2003). Specifi-
cally, continuity in aggressive behavior was attributed almost
entirely to genetic factors (accounting for 84% of the phenotypic
correlation). In contrast, both genetic (44%) and shared environ-
mental (54%) influences accounted for the stability in nonaggres-
sive delinquent behaviors.
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Sources of Stability in Antisocial Behavior
From Adolescence to Adulthood

As of this writing, there are no published studies of change in an-
tisocial behavior between childhood and adulthood using pro-
spective, genetically informative samples. This is unfortunate,
given the dramatic differences in heritability estimates that ap-
pear in a comparison of cross-sectional research. Nevertheless,
two published studies using population-based twin samples have
been able to examine the genetic and environmental influences
on stability and change across antisocial behavior from child-
hood to adolescence by using retrospective reports of juvenile
antisocial behavior and retrospective/current reports of adult an-
tisocial behavior. In both studies, genetic factors accounted for
20%-50% of the correlations among juvenile and adult antisocial
behaviors, and shared environmental factors accounted for 6%—
40% of these correlations. It is especially interesting that even
though shared environmental factors had only a negligible influ-
ence on adult antisocial behavior in these studies (less than 10%
of the variance), these same factors appeared to explain the con-
tinuity of antisocial behavior from adolescence to adulthood.

Factors Accounting for Change in
Antisocial Behavior

Results from the foregoing longitudinal studies point to signifi-
cant genetic effects on continuity in problem behavior, both
within and across developmental epoch. Shared environmental
factors are also implicated, especially with respect to continuities
of childhood antisocial behavior. In addition, some, but not all, of
these studies provide evidence for the appearance of age-specific
genetic effects on antisocial behavior, indicating that genetic fac-
tors may also account for change in antisocial behavior. Although
an individual’s DNA is present at birth and does not change
throughout the life span, it is possible for studies to reveal the pres-
ence of “new” genetic effects on behavior. The appearance of the
new genetic effects can stem from a variety of sources, including
significant biological changes (e.g., puberty) that may “turn on or
off” genes or from changes in the social environment that may ei-
ther enhance or suppress genetic influences on behavior.
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Interestingly, in contrast to the remarkable consistency in re-
sults for stability of genetic influence over time, studies vary greatly
in their evidence for new genetic effects. For example, in the van
den Oord and Rowe (1997) study, the influence of new genetic
factors did not appear at any point in their assessments from ages
4-6 to 8-10. In contrast, Bartels et al. (2004) found evidence for
significant age-specific genetic effects on behavior in their longi-
tudinal sample of twins assessed from ages 3 to 12. Results from
longitudinal studies across childhood and adulthood are like-
wise inconsistent. In the study of male twin pairs from the Viet-
nam Era Twin Registry, Lyons et al. (1995) did not find any
evidence for new genetic effects on adult antisocial behavior that
were not shared with genetic influences on adolescent antisocial
behavior. In contrast, Jacobson et al. (2002) reported significant
effects of new genetic factors on both adolescent and adult antiso-
cial behavior in their sample of male and female twins.

Although these results may at first appear contradictory, it is
possible that the demonstration of age-specific effects is related
to significant biological and social changes that may moderate
the expression of genetic differences that occur during a rela-
tively short window of time. For example, Bartels et al. (2004)
found that the strongest evidence for age-specific genetic influ-
ence on antisocial behavior occurred sometime between the age
3 and age 7 assessments. It is possible that the presence of new
genetic influence at age 7 was related to the marked developmen-
tal, social, and biological changes that occur between the ages of
3 and 6. Because the van den Qord and Rowe (1997) study com-
bined the ages of 4-7 into a single assessment, they may have
missed the critical period in which new genetic influences are ex-
pressed. Likewise, Jacobson et al. (2002) speculated that the pres-
ence of new genetic influence on adolescent antisocial behavior
may be related to pubertal processes that “trigger” the expression
of genetic influence. They supported this hypothesis by noting
1) that the presence of new genetic effects appeared later among
males than females and 2) that although the heritability of child
antisocial behavior was greater among females than among males,
by middle adolescence and adulthood, the males had “caught up”
to the females. Lyons et al. (1995), in their study, assessed antisocial
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behavior with only two distinct time periods, using a cutoff point
of age 15. Thus, the measure of “adult” antisocial traits in this
study included behaviors during middle and late adolescence, as
well as adult behaviors. This choice of cutoff may have obscured
any potential age-related changes.

Sources of Heterogeneity of
Results Across Studies

Rater Effects

One of the most important factors to consider when comparing
estimates of heritability at different ages across studies is that of
potential rater effects. As can be seen in the review presented in
the first part of this chapter, studies of antisocial behavior in early
childhood typically find high estimates of heritability compared
with studies of adolescent antisocial behavior, in which genetic
influence is less certain. However, virtually all published studies
of early childhood rely on ratings from others (typically parental
ratings), whereas many of the studies of adolescent antisocial be-
havior rely on self-report. If the heritability of antisocial behavior
varies systematically across reporter, biases due to rater effects
could explain this particular pattern of results.

It has long been known that there are only modest correla-
tions of reports of antisocial behavior across raters. Because of
these relatively low levels of agreement across raters, it is difficult
to know which person’s view represents the most “accurate” per-
ception of antisocial behavior. Agreement among parents and
children regarding children’s own behaviors is particularly poor.
Possible explanations for this lack of agreement include the fol-
lowing:

1. Differences among parents and children in interpreting and under-
standing the conceptualization of behaviors that are being assessed.
This is especially true for studies of young children, who may
lack the cognitive capacity to understand the questions.

2. Differences in response bias, in which parents or children may be
more or less likely to report certain behaviors. For example, par-
ents are more likely than their children to report symptoms of |
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child oppositional behavior and inattention (Edelbrock et al.
1986; Loeber et al. 1989).

3. Differences in parental supervision. Parents are not around their
children 24 hours a day, especially during adolescence, when
children spend considerable amounts of time in unsupervised
settings. Thus, parents have the potential to underreport cer-
tain behaviors, especially behaviors such as problem behavior,
which children may be reluctant to disclose to their parents.

Potential rater effects can be particularly problematic in stud-
ies of multiple siblings in the same family (e.g., twin studies)
when the same rater (usually the mother) is reporting on the be-
havior of both twins. If the mother has her own particular report-
ing bias, this could artificially influence twin correlations for both
MZ and DZ twins. Such influence would result in an estimate of
shared environmental influence that is upwardly biased. On the
other hand, it has been suggested that mothers of MZ twins are
more likely than mothers of DZ twins to view their twins as more
similar (a violation of the equal environments assumption), or
conversely, that mothers of DZ twins are more likely than moth-
ers of MZ twins to rate the behavior of their twins more differ-
ently (a sibling contrast effect). These types of biases would result
in artificially lower correlations for DZ twins compared with
those for MZ twins, which would in turn result in heritability es-
timates that are upwardly biased.

Cross-sectional comparisons of results using different raters
of antisocial behavior do sometimes yield higher estimates of
both heritability and shared environmental influences for parental
reports compared with other ratings, such as self-report (L. Baker,
A. Raine, D. Lozano, manuscript in preparation, 2005; Simonoff et
al. 1998). However, the only way to assess whether these higher
heritabilities are due to parental bias or to different views of anti-
social behavior is to conduct multivariate behavioral genetic
models using data from multiple raters simultaneously. For ex-
ample, Simonoff et al. (1995) obtained mother, father, and child
reports of disruptive behaviors from families with adolescent male-
male twin pairs. Results for questionnaire data revealed signifi-
cant effects of a shared parental view. That is, mothers and fa-
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thers had higher levels of agreement with each other than either
parent had with the children. This lends support to the hypothe-
sis that part of the disagreement between parents and their chil-
dren is due to situational specificity (i.e., parents do not see all of
their children’s behaviors, and children may behave quite differ-
ently at home than they do with their friends).

When these data were analyzed separately across rater, there
was evidence for greater influence of shared environmental fac-
tors for mother and father reports (.42-.58) compared with child
self-report (.34), although, interestingly, there was little difference
in estimates of heritability across rater (.23-.34). When shared pa-
rental view was taken into account, estimates of shared environ-
mental influence on the underlying latent phenotype were
similar to those obtained through individual child self-report.
Thus, although this study cannot determine whose viewpoint on
behavior is “correct,” it does provide evidence that studies of ad-
olescents based on parental report may overestimate shared en-
vironmental influences.

Heterogeneity of Antisocial Behavior

So far, this chapter has focused on estimates of genetic and envi-
ronmental influences on the development of antisocial behavior
while assuming that antisocial behavior is a homogeneous phe-
nomenon. However, during the past few decades, there has been
increased recognition that antisocial behavior mayj, in fact, repre-
sent a heterogeneous phenomenon, with a variety of distinct causes
and consequences.

Although use of behavioral genetic strategies to assess potential
heterogeneity in antisocial behavior is a relatively new approach,
two aspects of heterogeneity have received attention in be-
havioral genetic designs: 1) heterogeneity as defined by different
developmental trajectories and 2) heterogeneity based on comorbid-
ity with other behaviors.

Developmental Typologies of Antisocial Behavior

In a seminal article, Robins (1978) compared life-course patterns
of antisocial behavior from four large, longitudinal, population-
based studies. Consistent across all studies were two seemingly
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paradoxical findings: 1) most adults with ASPD had a history of
childhood or adolescent conduct disorder, indicating substantial
continuity of antisocial behavior across the life course; and 2) the
majority of individuals with conduct disorder did not go on to be-
come antisocial adults, suggesting some discontinuity to antiso-
cial behavior (Robins 1978).

Results from the Cambridge Study of Delinquency among a
single-birth cohort in the United Kingdom revealed similar pat-
terns: delinquent behavior during adolescence was normative in
this sample, with upward of 70% of male adolescents admitting
to participating in at least one delinquent activity (West and Far-
rington 1973). However, the majority of adult criminal offenses
were committed by the same 5%—6% of individuals (Farrington
1995). Finally, more recent examinations of sex differences in
rates of antisocial or delinquent behavior have found that males
outnumber females in various aspects of adult antisocial behav-
ior (including criminal offenses and rates of adult ASPD) by a
magnitude of 5-10 males to every 1 female, whereas the sex ratio
for adolescent-onset antisocial behavior is more equal (approxi-
mately 1.5:1) (Moffitt and Caspi 2001). Taken together, the results
from these studies suggest that the risk factors that influence
transitory, adolescent-based antisocial behavior may differ from
those that influence long-term, life-course persistent antisocial
behavior.

Moffitt’s (1993) theory of life-course persistent (LCP) versus
adolescent-limited (AL) delinquency has been especially influen-
tial in current research on the development and heterogeneity of
antisocial behavior. Moffitt emphasizes differences in timing,
continuity, frequency, and severity of antisocial behavior across
these two primary groups, and also points to different biological,
psychological, and social mechanisms. In brief, AL delinquency is
defined by transient antisocial behavior, with an onset generally
in adolescence, that is less frequent and consists of more benign
antisocial behaviors. In contrast, LCP delinquency is characterized
by earlier onset of antisocial behavior, a wider variety of antisocial
behaviors, higher rates of severe antisocial behavior (such as ag-
gressive behavior), and more likelihood that the antisocial behav-
ior will continue into adulthood (Moffitt 1993).
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Recent research using longitudinal studies has also con-
firmed that LCP and AL delinquents can be differentiated on the
basis of a number of social factors, including psychosocial risk
composites comprising factors such as maternal depression, ma-
ternal life stress, low socioeconomic status (SES), single parent-
hood, home environment, and parental treatment (Aguilar et al.
2000); frequency of family transitions and disrupted family pro-
cesses (e.g., Patterson et al. 1998); and inadequate parenting prac-
tices (Moffitt and Caspi 2001). In addition, accumulating evidence
suggests that personality and temperamental factors—such as
early childhood hyperactivity, fighting, and “difficulty” (Moffitt
and Caspi 2001); lack of control (Henry et al. 1996); high impul-
sivity combined with low reward dependence (Tremblay et al.
1994); and lower cognitive ability (Donnellan et al. 2000)—may dif-
ferentiate early-onset and later-onset delinquency. Overall, this
body of research suggests that LCP and AL delinquents represent
two distinct groups of individuals. Because behavioral genetic
research concentrates on the underlying genetic and environ-
mental influences on variation in human behavior and character-
istics, genetically informative studies can be a useful tool for
testing whether different groups of individuals have different ge-
netic and environmental etiologies for the “same” phenotype.

In a 1989 review article on the genetics of aggressive behavior,
DiLalla and Gottesman, like Moffitt, proposed that typologies based
on different life-course patterns of antisocial behavior should yield
different estimates of genetic and environmental influences. They
predicted that AL antisocial behavior (individuals with such be-
havior were defined in their article as “transitory antisocials”)
should show the strongest influence of environment, particularly
environments that are shared across children in the same family,
such as community or neighborhood characteristics, family char-
acteristics such as social class or education level, shared parental
treatments, and shared peer influences. In contrast, they predicted
that LCP antisocial behavior (individuals with such behavior were
defined as “continuous antisocials”) should show the strongest ge-
netic influence (i.e., the highest heritabilities).

In this chapter, I have already reviewed a number of findings
that may support the idea of genetic heterogeneity of antisocial
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behavior. The fact that longitudinal and quasi-longitudinal stud-
ies strongly indicate that genetic factors influence the continuity
of antisocial behavior across childhood, adolescence, and adult-
hood may suggest that life-course patterns of antisocial behavior
are genetically influenced. Likewise, the repeated findings of
higher heritability for adult versus adolescent antisocial behavior
might indicate that persistent patterns of antisocial behavior are
more strongly influenced by genetic factors than are transient
patterns of behavior. Finally, the increasing evidence for a higher
heritability of aggressive versus nonaggressive antisocial behav-
ior may also be taken as suggestive of a higher heritability among
individuals with LCP patterns of antisocial behavior, who typi-
cally show more aggressive patterns of behavior than do individ-
uals with AL patterns of antisocial behavior.

Nevertheless, although these studies offer indirect support for
the hypothesis of differential genetic and environmental influence
on different life-course patterns of antisocial behavior, they do not
test this hypothesis directly. Predictions pertaining to different
genetic and environmental etiologies of LCP and AL individuals
require some type of person-centered analyses that focus on group
differences in the relative influence of genetic and environmental
factors on individual differences in antisocial behavior. To date,
there are two studies that have revealed higher heritability of ant-
social behavior among individuals with LCP patterns of antisocial
behavior. Using a sample of 147 twin boys, ages 10 to 12 years, Tay-
lor et al. (2000) tested the hypothesis that genetic influence on anti-
social behavior would be greatest among “early starters” than
among “late starters” or nondelinquents. They found higher rates
of antisocial behavior among identical (i.e., monozygotic, or MZ)
co-twins of early starters compared with fraternal (i.e., dizygotic,
or DZ) co-twins of early starters, indicating genetic influence on
antisocial behavior among early starters. In contrast, rates of anti-
social behavior among co-twins of late starters were similar for MZ
and DZ co-twins, indicating little or no genetic influence. Results
were also replicated in an analysis of probandwise concordance
rates, supporting the hypothesis of greater genetic influence on
early-onset delinquency than on late-onset delinquency, and greater
shared environmental influence on late-onset delinquency.
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This first study focused on earlier age at onset as a potential
indicator of the LCP pattern of antisocial behavior. One limita-
tion of this study, however, is that the average age of the sample
was quite young (mean age=11 years), so that subjects were not
past the “risk-period” for normative adolescent delinquency,
which typically peaks between ages 14 and 16. The second study,
therefore, used data from adult twins from the Virginia Twin Reg-
istry to investigate whether the heritability of adolescent conduct-
disordered behavior would be higher among individuals who per-
sisted in their antisocial behavior during adulthood than among
individuals who were not antisocial during adulthood (K.C. Jacob-
son, M.Neale, C.A. Prescott, et al., manuscript under review, 2005).
Results of this study (Figure 6-3) confirmed the hypothesis that
the heritability of adolescent conduct-disordered behavior was
higher among individuals who were antisocial during adulthood
as well, compared with individuals who were not antisocial dur-
ing adulthood; conversely, shared environmental influences
were significant only in the non-antisocial adult group. To the ex-
tent that persistence of antisocial behavior into adulthood repre-
sents a LCP pattern of behavior, these results are consistent with
the hypothesis that heritabilities of LCP patterns of behavior are
higher than those for AL antisocial behavior.

One important implication of the results from these studies
is that the aforementioned conclusions concerning age-related
changes in genetic influence on antisocial behavior may be over-
stated. In previous reviews and meta-analyses (e.g., Miles and
Carey 1997), the aggregate heritability of antisocial behavior was
estimated at approximately .20 among adolescents and .40-.50
among adults, suggesting modest genetic influence on antisocial
behavior in adolescence and moderate genetic influence on antiso-
cial behavior among adults. Results from the Jacobson et al. study
(K.C. Jacobson et al., manuscript under review, 2005) indicate that
moderately high levels of heritability for adolescent antisocial be-
havior do exist (.40), but only among specific subgroups of the pop-
ulation (i.e., individuals with LCP patterns of behavior). Interest-
ingly, the estimate of heritability among the non-antisocial adult
group (.20) was identical to the estimate of heritability of adolescent
antisocial behavior in the Miles and Carey (1997) meta-analysis.
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Figure 6-3. Genetic and environmental influences on adolescent con-
duct disorder.

A=additive genetic influence; C=shared environmental influence; E = non-
shared environmental influence.

Moreover, results from these two studies of developmental
heterogeneity may help to explain the somewhat counter-intuitive
pattern of results from the studies of children, adolescents, and
adults—namely, that the heritabilities of antisocial behavior in
both child and adult samples are higher than the heritabilities ob-
tained with adolescent samples. To the extent that early childhood
problem behavior and continuation of antisocial behavior into
adulthood are both manifestations of LCP patterns of behavior,
this inverted U-shaped pattern of heritability is to be expected.

Patterns of Comorbidity With Antisocial Behavior

Psychiatrists and psychologists have recognized that comorbid-
ity among psychiatric disorders is the norm, not the exception. In
particular, conduct disorder is often comorbid with oppositional
defiant disorder, ADHD, and substance use during adolescence,
and ASPD is often comorbid with alcohol and drug disorders.
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Moreover, there is considerable evidence from family, twin, and
adoption studies that comorbidity in externalizing disorders is
due to, at least in part, an overlap of common genetic factors (e.g.,
Eaves et al. 2000; Pickens et al. 1989; Schmitz and Mrazek 2001;
Slutske et al. 1998; True et al. 1999). Of particular interest is the
question of whether patterns of comorbidity can be used as a
method for defining subtypes of antisocial behavior. Using latent
class analysis in a sample of adolescent twins, Silberg et al. (1996a)
found differences in genetic and environmental influences on dif-
ferent subtypes of antisocial behavior. Of most relevance are the re-
sults that variance in “pure” conduct-disordered behavior was
largely due to shared environmental influences, whereas varia-
tion in comorbid conduct-disordered behavior was largely ge-
netic in origin. These results again support the hypothesis that
more extreme, pathological antisocial behavior is more strongly
influenced by genetic factors than is “normative” adolescent anti-
social behavior.

Gene x Environment Interactions (G«E)
in the Study of Antisocial Behavior

In this chapter, I have largely focused on the additive roles of ge-
netic and environmental factors in the etiology of delinquent, anti-
social, aggressive, and criminal behavior. In other words, many
traditional twin and adoption models assume that genetic and en-
vironmental factors have unique and independent effects on vari-
ation in behavior. However, there is a growing consensus that
genetic and environmental influences on variation in antisocial
behavior may not operate in such a straightforward, linear fash-
ion and that studies that attempt to identify the independent effects
of genetic and environmental factors may mask the true com-
plexity of organism-environment interaction.

Promising directions for research on aggressive and criminal
behavior can be found in models that emphasize the joint influ-
ences of both environment and biology. Examples of such models
are the biosocial perspective (e.g., Raine et al. 1997a) and the di-
athesis stress model currently used in behavioral genetic research
on psychopathology (including aggressive behaviors) (e.g., Cado-
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ret et al. 1995; Kendler and Eaves 1986). What is particularly novel
about these approaches is that in addition to acknowledging that
biology, genes, and environments may contribute independently
to development of criminality, both models emphasize the point
that these factors may also interact with one another to influence
behavior. In particular, it is thought that a genetic “liability” to-
ward aggressive and criminal behavior may be expressed only in
a given environment—most often a harsh rearing environment.

For example, Raine et al. (1997b) reported that birth compli-
cations interacted with early maternal rejection to predict adult
violence. Specifically, adult violent offenders were more likely to
have experienced both birth complications and early maternal re-
jection than just one of these risk factors. The interactive effect of
birth complications and early maternal rejection was especially
strong in predicting the onset of violence before age 18 (Raine et
al. 1997b). Interestingly, the authors found that this interaction
effect did not generalize to nonviolent criminal offenses. Similar
results were reported in a large birth cohort sample from Sweden
(Hodgins et al. 2001).

Recently, studies have examined community- and family-level
risk factors as potential moderators of biological or genetic in-
dices of vulnerability to antisocial behavior. Results from the
Pittsburgh Youth Study found that the relationship between im-
pulsivity and juvenile offending was stronger for boys in poorer
neighborhood (Lynam et al. 2000). In addition, poorer environ-
ments were not associated with higher levels of juvenile offend-
ing among nonimpulsive boys, suggesting that environmental
risk has a significant effect on offending only among individuals
with potentially predisposing personality characteristics. What is
particularly impressive about this study is that the initial, cross-
sectional results from 13-year-old males were replicated at age 17
with a longitudinal design.

Using data from male American veterans, Dabbs and Morris
(1990) reported that higher levels of testosterone predicted adult
deviance and retrospective reports of childhood delinquency
only among males from a low SES background. Among adoles-
cents from higher SES backgrounds, testosterone was not related
to childhood or adult deviance. Likewise, a different study using
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the same sample found an interaction effect between testosterone
levels and a measure of social integration (defined by factors
such as educational attainment, organizational ties, job stability,
and marriage) for adult deviance (Booth and Osgood 1993). Spe-
cifically, the difference in adult deviance associated with low,
medium, and high levels of testosterone was greatest when par-
ticipants reported low levels of social integration. When social
integration was high, there was virtually no relationship between
level of testosterone and adult deviance.

There is also evidence from behavioral genetic studies for ge-
netic x environmental interactions (GxE) in the development of
antisocial behavior. For example, Cadoret and colleagues found
evidence for an “environmental trigger” in their Iowa adoption
study of aggressivity and conduct disorders (Cadoret et al. 1995,
1997). In this study, biological risk, defined as having a biological
parent with ASPD, interacted with adverse adoptive home envi-
ronments (defined by factors such as psychopathology, drug
abuse, and divorce or separation in the adoptive family) to pre-
dict diagnoses of child and adolescent aggressivity and conduct
disorder. For example, Figure 6—4 shows the relationship be-
tween number of adverse home environmental factors and num-
ber of adolescent aggressivity symptoms for adoptees with and
without a biological parent with ASPD. Among adoptees with-
out a biological parent with ASPD, there was no relationship be-
tween number of adverse adoptive home environment factors
and number of aggressivity symptoms. In contrast, among adop-
tees with a biological parent diagnosed with ASP, the number of
aggressivity symptoms increased with the number of adverse
adoptive home environmental factors. Cadoret et al. (1997) also
reported that specific environmental conditions, such as conflict
with the adoptive mother and father, interacted with biological
predisposition to predict adolescent aggressive behavior.

Finally, one of the first published studies of measured GxE for
a complex behavioral phenotype focused on the interaction be-
tween a genotype that codes for monoamine oxidase-A (MAO-A)
activity and the environmental risk of child maltreatment as a
possible explanation for why some individuals from abusive
homes do not grow up to be violent themselves (Caspi et al. 2002).
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adverse environmental experiences may trigger latent genetic
liability to antisocial behavior. This hypothesis has important im-
plications for treating individuals who exhibit antisocial behavior,
as it suggests that modifications to the environment may be an ef-
fective means of suppressing these latent liabilities.
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