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ABSTRACT

Background. Longitudinal, genetically informed, prospective data collected on a large population
of male twins (n=1037) were used to examine developmental differences in the etiology of antisocial
behavior.

Method. Analyses were carried out on both mother- and child-reported symptoms of conduct dis-
order (CD) in 10- to 17-year-old twins from the Virginia Twin Study of Adolescent Behavioral
Development (VTSABD) and self-reported antisocial behavior by the twins as young adults from
the Young Adult Follow-Up (YAFU) study.

Results. The following trends were identified: (1) a single genetic factor influencing antisocial be-
havior beginning at age 10 through young adulthood (‘ life-course persistent ’) ; (2) a shared-
environmental effect beginning in adolescence (‘adolescent-onset ’) ; (3) a transient genetic effect
at puberty; and (4) a genetic influence specific to adult antisocial behavior.

Conclusions. Overall, these etiological findings are consistent with predictions from Moffitt’s
developmental theory of antisocial behavior. The genetic effect at puberty at ages 12–15 is also
consistent with a genetically mediated influence on the timing of puberty affecting the expression of
genetic differences in antisocial outcomes.

INTRODUCTION

Antisocial behavior is markedly heterogeneous.
Because the broad class of antisocial behavior
probably conceals varied forms, studying the
manifestation, correlates and underlying etiol-
ogy of these different subtypes has important
implications for prevention and treatment. A

meaningful distinction involves antisocial be-
haviors that are, and those that are not, as-
sociated with early temperamental difficulties
(i.e. aggression and impulse-control problems),
attention deficit hyperactivity disorder (ADHD),
poor peer relations, and cognitive impairment
(Rutter et al. 1998). Moffitt (1993) delineated
two forms of antisocial behavior in her tax-
onomy: (1) lifelong persistent antisocial behav-
ior that begins in early childhood and is
characterized by major impairments continuing
into adult life, and (2) adolescence-limited
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conduct disorder, showing later onset and less
adult impairment.

Although they cannot be differentiated by
their overt behavioral manifestations, the two
forms have been shown to be etiologically het-
erogeneous, with persistent antisocial prob-
lems representing a more genetically influenced
form of the condition (DiLalla & Gottesman,
1989; Hinshaw, 1994; Lyons et al. 1995; Miles
& Carey, 1997; Rutter et al. 1997; Taylor et al.
2000). Life-course-persistent antisocial behavior
is also associated with a different set of child-
hood variables (Moffitt, 1990; Moffitt et al.
1996; Moffitt & Caspi, 2001), and antisocial
behavior co-morbid with ADHD shows a dif-
ferent profile of family risk factors (Lahey et al.
1988; Moffitt, 1990; Barkley et al. 1991;
Hinshaw, 1994; Faraone et al. 1995) and a more
severe prognosis (Moffitt, 1990). The co-morbid
type that begins earlier may also be more
strongly genetically influenced (Silberg et al.
1996).

Moffitt’s taxonomy has sometimes been mis-
interpreted as specifying a categorical differen-
tiation but that is no part of the claim. Rather,
she pointed to the evidence that some forms of
antisocial behavior began unusually early and
that these varieties were particularly likely to
persist into adult life. Strikingly, the early
onset was associated with a high rate of both
individual risk factors (such as hyperactivity
and neurodevelopmental impairment) and fam-
ily adversity, which might reflect either genetic
or environmental mediation. Both sets of
risk factors are much less frequent in the case
of antisocial behavior that begins in ado-
lescence. The only risk factor with a substantial
effect in both varieties is being part of a deviant
peer group. Moffitt (2003) noted that the impli-
cation that genetic influences were likely to be
stronger in the case of life-course-persistent
antisocial behavior had a modest amount of
support from the few studies that had relevant
data.

By contrast, the adolescence-limited variety
of antisocial behavior is much less likely to be
associated with either the individual or family
risk factors. It is not that the risk factors are
different in type from those associated with
life-course-persistent antisocial behavior, but
rather that they are much more weakly associ-
ated. The one exception concerns membership

of a deviant peer group (DiLalla & Gottesman,
1989).

Behavioral genetic studies have provided
some empirical support for these etiological
distinctions. The study by Lyons et al. (1995)
is illustrative in showing a sixfold increase in
shared-environmental factors on juvenile con-
duct disorder (recalled retrospectively) com-
pared to antisocial behavior reported in
adulthood. Whereas only 7% of individual dif-
ferences in the liability to adolescent antisocial
behavior could be explained by differences in
genetic liability, additive genetic factors ac-
counted for 43% of the variance in antisocial
behavior in adulthood. Other studies have
found similar results, with greater genetic influ-
ence demonstrated for early-onset versus later-
onset (i.e. adolescent) delinquency (Taylor et al.
2000; Jacobson et al. 2006).

Previous studies have been limited in their
reliance on retrospective assessments of ado-
lescent antisocial behavior. Retrospective re-
ports may be subject to recall bias, which may
lead to bias in the estimates of heritability
in adolescent versus adult antisocial behavior.
No study published to date has directly com-
pared retrospective and concurrent assess-
ments of antisocial behavior. More importantly,
there have yet to be sufficient data to examine
the trajectory of antisocial behavior across
specific ages from childhood through young
adulthood within a genetically informed frame-
work.

The evidence on adult-onset antisocial behav-
ior is very limited, although work by Elander
et al. (2000a, b) noted that it tended to be as-
sociated with either substance use/misuse or
the development of serious mental disorder.
Possibly, both of these might bring different
genetic influences into play.

The present report describes the analysis of
prospective and retrospective assessments of
antisocial behavior in a large, population-based,
longitudinal study of male twins from age 10
through young adulthood. The juvenile twins
and their parents were part of the Virginia Twin
Study of Adolescent Behavioral Development
(VTSABD), a longitudinal, genetically informed
study of childhood and adolescent psychopath-
ology. The twins were contacted for follow-up
as part of a Young Adult Follow-Up (YAFU)
study after the age of 18.
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METHOD

Study design and assessment

Details regarding the original ascertainment
of juvenile twins in the VTSABD are included
in previous publications (Eaves et al. 1997;
Silberg et al. 2001). In brief, the sample was
ascertained by statewide recruitment through
Virginia schools when the twins were between
ages 8 and 17; the families were then followed
across three waves of study if the twins were
younger than age 18 and still enrolled in high
school. Of the 1894 Virginia families that were
initially eligible for study, 74.5% participated
in the first wave of data collection (n=1412);
1047 out of the 1302 families that continued to
meet the age and Virginia-residence require-
ments of the study completed a second home
interview (80% participation rate), and 628 of
the 777 eligible families (81%) participated in
a third wave of assessment. The twins were
evaluated using an extensive psychiatric battery
that included the Child and Adolescent Psy-
chiatric Assessment (CAPA; Angold et al. 1995)
administered to both twins and at least one
parent. For the present analysis, the nine CAPA
symptoms comprising a DSM-III-R diagnosis
of conduct disorder (CD) as well as the diag-
nosis itself were used. Each subject was assessed
for CD between one and three times during
the course of the study. Because of the likeli-
hood of both overt- and covert-conduct symp-
toms, a CD symptom was considered to be
present if either the child or the parent indicated
that it had occurred in the previous 3 months.

Ascertainment of young adult twins

The YAFU is the outcome study of all the
twins who participated in the first wave of the
VTSABD. At 18 years or older, these twins
were recontacted and evaluated as young adults

using a telephone interview to generate DSM-
III-R diagnoses of antisocial personality dis-
order (ASPD), major depression, generalized
anxiety, eating disorders, and substance use.
A semi-structured interview format was used for
the evaluation of adult ASPD, identical to that
administered to the parents of the VTSABD
twins. As part of the assessment of adult ASPD,
the young adult twins were asked about CD
symptoms before age 16, using a protocol
identical to that used in the adolescent study.
However, as the goal of this analysis was to as-
sess the relative role of genetic and environ-
mental influences on antisocial behavior during
and across different developmental time periods,
juvenile CD was not included in the evaluation
of adult ASPD symptoms, but was entered
into the analysis separately, along with the pro-
spective assessment of CD behaviors from the
VTSABD.

Young adult sample

Of the 2824 subjects who were considered
eligible for participation in the YAFU, data
have thus far been collected on 1037 individual
male and 1245 female twins (total n=2282).
The study is ongoing. For this present analysis,
data on only male twins were analyzed, com-
prising 243 monozygotic male (MZM) pairs and
138 dizygotic male (DZM) pairs. Individual
male twins from 222 opposite sex pairs and the
53 twins from incomplete pairs were also
included. Ages of the total sample of 1037 indi-
vidual male twins during participation in the
YAFU ranged from 18 to 27 with a mean age of
21.4. Table 1 shows the number of male twins
from the YAFU and their participation in the
adolescent study. The majority of twins partici-
pated in at least two waves of the three-wave
study (76%); 45% provided data at all three
time points.

Table 1. Number of YAFU male twins participating in the waves of the VTSABD study

Wave I Wave 1–Wave II only Wave 1–Wave III only Waves I–II–III

No. of male individuals
(n=1037)a

216 317 35 469

No. of complete twin pairs
(n=603)

MZM
42

DZM
33

DZO
49

MZM
83

DZM
34

DZO
71

MZM
9

DZM
6

DZO
4

MZM
109

DZM
65

DZO
98

YAFU, Young Adult Follow-Up; VTSABD, Virginia Twin Study of Adolescent Behavioral Development ; MZM, monozygotic male twin
pairs ; DZM, dizygotic male twin pairs ; DZO, male twins from opposite sex pairs.

a Includes 53 twins from incomplete pairs.
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Six sequential age bands organized the data,
representing twins assessed at ages 10–11,
12–13, 14–15, 16, 17, and 18 years or older. The
16- and 17-year-olds were separated, given
the putative differences at these two ages (e.g.
driving behavior). Available data on 8- to 9-
year-olds were not included because of low
confidence in children’s measures of their own
behavior. The age structure of the male sample
is illustrated in Table 2 by presenting the num-
ber of individual twins in each of the six age
categories.

Descriptive statistics

Data from the three waves of assessment were
used to calculate the rate of CD symptoms
by age. We tested for differences in the rates of
CD diagnosis as a function of age at the date of
assessment, adjusting for the non-independence
of measures across waves and observations
within twin pairs using the SAS GENMOD pro-
cedure. Pearson correlations between antisocial
behavior before the onset of puberty (ages
10–13), during adolescence (ages 14–17) and
in young adulthood were also estimated using
SAS version 8 (SAS Institute, 2000).

Twin similarity in antisocial behavior

The partitioning of the total variation of a single
trait into its genetic, shared and individual-
specific environmental components was made
by comparing the within-pair association be-
tween MZ and DZ twins within a single time
point (e.g. twin 1’s and twin 2’s antisocial be-
havior in young adulthood). The relative influ-
ence of genes and environment on antisocial

behavior was estimated within single phases of
development by examining the twin correlations
within the seven sequential age groups (which
also included retrospective reports of CD).

The information for determining the extent to
which a common set of genetic and environ-
mental factors influence antisocial behavior
across development derives from the covariance
between antisocial behavior in one twin at one
age (e.g. at age 12) and antisocial behavior in
their co-twin at a subsequent age (e.g. young
adulthood). For example, if the developmental
association between symptoms of pre-pubertal
CD and young adult ASPD can be attributed to
a common set of genes acting additively, then
the correlation between CD in one twin before
age 12 (for example) and ASPD in the young
adult co-twin, will be (on average) two times
higher in MZ than DZ twins. The effect of gen-
etic non-additivity or epistasis will be reflected
in a DZ correlation less than one half the MZ
correlation. If a common shared-environmental
factor accounts for the covariance over time,
then the correlation should be approximately
the same in the two zygosity groups. Individu-
ally specific environmental factors (those influ-
ences that make one MZ twin different from
their co-twin) will be reflected in a correlation
within individuals across time but not within
MZ twins.

Modeling of antisocial behavior

To test for differences in the etiology of anti-
social behavior across multiple time points, a
series of multivariate structural equation genetic
models were fitted to the twin data using the
statistical program Mx (Neale et al. 2003). The
Cholesky decomposition model was selected as
the basis for analyzing the underlying genetic
and environmental structure of these longitudi-
nal data. The full Cholesky model does not
make any assumptions about the underlying
genetic and environmental structure in terms of
the number of factors or their rotation. In gen-
eral, the Cholesky decomposition, like principal
components, is merely a convenient saturated-
factor model for the covariance matrices.

As outlined above for a two-variable
case, the phenotypic covariance between a
series of time points can be decomposed into
latent additive-genetic covariance matrices,
shared-environmental covariance matrices, and

Table 2. Number of male twins within each age
category of the VTSABD and the YAFU (ages
18–28)

Ages
10–11

Ages
12–13

Ages
14–15

Age
16

Age
17 YAFU

Ages 10–11 367
Ages 12–13 150 404
Ages 14–15 150 147 517
Age 16 38 67 94 294
Age 17 28 87 90 64 213
YAFU 347 386 498 283 206 1037

YAFU, Young Adult Follow-Up; VTSABD, Virginia Twin Study
of Adolescent Behavioral Development.
Subjects may be represented in multiple cells if they participated in

more than one wave of the adolescent study.
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individual-specific covariance matrices. A tri-
angular Cholesky factorization decomposes the
covariance matrix into the product of the matrix
and its transpose, yielding positive, definite
maximum-likelihood (ML) estimates of the
latent genetic and environmental covariance
matrices. The three-component covariance ma-
trices are required to be positive definite. This
constraint is imposed during ML estimation by
recognizing that the covariance matrices for the
three latent sources of variation may each be
expressed by a factor model in which the load-
ings form a lower triangular matrix of the
same dimensions as the original covariance ma-
trices.

Thus, for data from three time points,
the Cholesky factors of A, when A is a 3r3
additive-genetic matrix (of occasions 1 through
3), are the product of H (a lower diagonal
additive-genetic covariance matrix) post-
multiplied by its transpose Hk, giving rise to the
following form (Neale & Cardon, 1992):

a11
H=a21 a22

a31 a32 a33

where the first Cholesky genetic factor influ-
ences time 1 through time 3 (a11–a31) ; the sec-
ond factor is specific to time 2 and 3 (a22, a32);
and the third factor unique to time 3. If there are
common genetic effects influencing more than a
single time point, the off-diagonal elements or
factor loadings (e.g. a21, a31, a32) would be
significantly different from zero. The paths or
loadings are squared to estimate the proportion
of variance in the outcome that is accounted for
by each factor. This model is depicted as a path
diagram in Fig. 1.

For present purposes, the Cholesky model
that was fitted to the twin data included seven
additive genetic factors, seven shared-environ-
mental factors, and seven individual-specific
environmental factors. The first genetic and
environmental factors influence all seven occa-
sions (i.e. CD symptoms at ages 10–11, 12–13,
14–15, 16, 17, adult ASPD symptoms, and
retrospective CD) with each subsequent factor
influencing one less variable than the preceding
one. The final path in the model is variable spe-
cific. For repeated measures such as those ob-
tained in this study, the Cholesky factors of the

covariance matrices, in which the variables are
ordered in time, have an intuitively simple and
natural developmental interpretation.

Individual parameters or ‘paths’ were drop-
ped from the model, beginning with the smallest
parameters first. Initially, we sought a simplifi-
cation of the shared-environmental structure
and then the additive-genetic structure, with the
goal of obtaining the most parsimonious
account of the data with the least number of
parameters. By eliminating single parameters at
a time, the potential problem of invalid fit
functions arising from incorrect degrees of free-
dom (Carey, 2005) in fitting Cholesky models
was circumvented.

Each reduced model’s fit was evaluated using
likelihood ratio x2 tests in which the difference
between x2(log-likelihood) of two alternative
models is distributed as a x2, with degrees
of freedom (df) equal to the difference in the
number of parameters estimated. To minimize
skewness in the scores for model fitting, the data
were first square-root transformed and the
model fitted to the transformed raw data from
the seven groups by ML.

Given the potentially large number of miss-
ing values, models were fitted to the raw-
transformed data by ML pedigree analysis
(Lange et al. 1976), which yields the correct
likelihood provided that missing values are miss-
ing at random (MAR) or missing completely at

T1 T2

A1

a21
a31

A2 A3

a22

a32

a33
a11

T3

FIG. 1. Path diagram of a three-variable case Cholesky decompo-
sition model (additive genetic factors). Paths, which are squared to
estimate the proportion of variance accounted for, are represented by
lowercase letters. The first genetic factor represents the contributions
of the first occasion (T1) to all subsequent occasions (T2, T3), the
second gives the contributions of every new source of variation at the
second occasion (T2, T3) to subsequent occasions, and the last factor
is the contribution of effects specific to the last occasion (T3).
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random (MCAR) (Little & Rubin, 1987). This is
a standard approach in the analysis of pedigree
data in which family structures are highly ir-
regular.

RESULTS

Prevalence rates

Approximately 6% of this young adult male
sample met a diagnosis of ASPD. Figure 2
shows the rates of CD by age, and by age and
adult ASPD diagnosis. The rates of CD in-
creased from 4.7% at ages 10 to 11 to 9.6%
at ages 16 to 17. The formal test of the overall
increase in CD was significant (p<0.002). The
best-fitting cubic regression of CD on age
showed the most rapid change at age 13.3 years.
As illustrated in the figure, the rates of CD in
those individuals with adult ASPD are at least
twice as high as those without a diagnosis of
ASPD across all age bands.

Phenotypic associations

The phenotypic associations between CD symp-
toms before and during adolescence, recall
of juvenile-conduct symptoms, and adult
antisociality are presented in Table 3. These
correlations showed a moderate degree of per-
sistence, particularly from childhood through
adolescence (rB0.3). Although somewhat atten-
uated, the relationship between childhood and

adolescent CD and adult ASPD remained sig-
nificant. We also note a strong correlation (0.46)
between antisocial behavior assessed within the
same point in time (retrospective CD and con-
current adult ASPD).

Twin correlations for antisocial behavior

The MZ and DZ twin correlations for the
different indices of antisocial behavior are pres-
ented in Table 4. The pattern of twin corre-
lations suggest a shift from genetic influences
before puberty (ages 10 and 11) to genetic- and
shared-environmental influences in adolescence,
and mostly genetic effects at age 17 through
young adulthood. The twin correlations for
retrospective recall of juvenile conduct symp-
toms (MZ=0.6, DZ=0.35) are consistent with
the adolescent pattern, the MZ correlation
being less than twice the DZ correlation. By
contrast, the correlation for antisocial behavior
in 17-years-olds and the young-adult sample
strongly implicate genetic effects (possibly epi-
static), given anMZ correlation more than twice
the DZ correlation.

Model fitting results

The twin correlations suggest that there may be
important differences underlying the expression
of antisocial behavior across different points in
development. A systematic test of these differ-
ences is shown by the results of model fitting.
The baseline index of fit of the full Cholesky
model minus twice the log-likelihood (x2 ln L)
was 7440.021 (df=3844). The likelihood ratio

0
2
4
6
8

10
12
14
16
18
20
22
24
26

10–11

Age (years)

12–13 14–15 16–17

FIG. 2. Rates of conduct disorder in Young Adult Follow-Up
(YAFU) subjects and in subjects diagnosed with and without adult
antisocial personality disorder (ASPD). –X –, All subjects
(n=2287) ; –&–, ASPD=0 (n=2138) ; –m–, ASPD=1 (n=149).

Table 3. Correlations between symptoms of
conduct disorder (CD) and antisocial behavior :
middle childhood through young adulthood
(number of twin pairs)

CD ages
10–11

CD ages
12–17

Adult
ASPD CDr

CD ages 10–11 1.00
(309)

CD ages 12–17 0.33 1.00
(190) (937)

Adult ASPD 0.20 0.24 1.00
(232) (785) (1037)

CDr 0.19 0.38 0.46 1.00
(232) (785) (1037) (1037)

ASPD, Antisocial personality disorder ; CDr, retrospective CD.
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test of the comparison in goodness of fit be-
tween this full model and a restricted model
(7453.022, df=3883) was not significantly dif-
ferent (x diff

2 =13.001, p>0.99). Table 5 presents
the parameter estimates and confidence inter-
vals under this best-fitting reduced-multivariate
genetic model. A path diagram of the four ad-
ditive-genetic and single shared-environmental
factors model is also shown in Fig. 3. As the
majority of the off-diagonal elements underlying
the non-shared-environmental structure were
primarily variable specific, these estimates are
not shown. The model reveals the following
pattern: (1) a genetic factor influencing anti-
social behavior through all phases of develop-
ment; (2) a transient genetic effect at puberty;
(3) a shared-environmental effect beginning in
adolescence; (4) a common genetic factor influ-
encing both current ASPD and retrospective
CD; and (5) specific genetic effects on young
adult antisociality.

DISCUSSION

The results of this study demonstrate important
etiological differences in the development of

antisocial behavior. Although the ‘best model ’
to emerge from our analysis is consistent with
Moffitt’s view of antisocial behavior, there are
methodological limitations that need to be con-
sidered. Most importantly, the problem of
relatively small sample sizes is a significant
impediment to developing reliable models for
longitudinal twin data. Clearly, these findings
require replication in other populations. Never-
theless, the overall pattern of results appears
remarkably consistent with Moffitt’s theory
in demonstrating a genetically mediated effect
that persists from childhood through adulthood
and a shared-environmental effect beginning at
adolescence (ages 14 to15). Our findings suggest
that there are etiological differences, as well as
epidemiological contrasts, between the two, in
keeping with a broad range of both categorical
and dimensional findings (Moffitt, 2003).

Our model also reveals specific genetic effects
expressed at puberty (ages 12 to 15) that do not
feature in Moffitt’s conception but may never-
theless have important implications for how we
conceive of the development of conduct dis-
order. A significant genetic effect specific to pu-
berty, in a genetic time series such as ours, is

Table 4. Twin correlations for symptoms of conduct disorder (CD) and antisocial behavior from
age 10 through young adulthood (number of twin pairs)

Age 10–11 Age 12–13 Age 14–15 Age 16 Age 17 Adult ASPD CDr

MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ

0.65 0.31 0.56 0.31 0.54 0.36 0.63 0.45 0.46 0.06 0.52 0.24 0.59 0.35
(121) (87) (144) (67) (180) (114) (93) (45) (62) (33) (297) (169) (297) (169)

ASPD, Antisocial personality disorder ; MZ, monozygotic ; DZ, dizygotic ; CDr, retrospective CD.

Table 5. Parameter estimates and confidence intervals under the best-fitting multivariate
genetic model for antisocial behavior

Additive genetic factors Shared environment

I II III IV I
Life-course
persistent

Pubertal
specific

Measurement
specific

Adult
specific

Adolescent
onset

CD age 10–11 0.43 (0.49–0.56)
CD age 12–13 0.29 (0.39–0.49) 0.11 (0.29–0.40)
CD age 14–15 0.05 (0.17–0.30) 0.18 (0.32–0.41) 0.15 (0.29 0.41)
CD age 16 0.17 (0.42–0.56) 0.14 (0.35–0.53)
CD age 17 0.16 (0.35–0.50) 0.06 (0.27–0.43)
CD retrospective 0.20 (0.29–0.39) 0.26 (0.38–0.47) 0.23 (0.34–0.45)
Young adult ASPD 0.13 (0.22–0.31) 0.21 (0.33–0.44) 0.08 (0.29–0.37) 0.11 (0.23–0.34)

CD, Conduct disorder ; ASPD, antisocial personality disorder.
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consistent with a mechanism in which the gen-
etic control of the timing of puberty interacts
with the expression of genetic differences in CD
(Eaves & Silberg, 2003). Recent work has shown
the timing of puberty to be largely genetically
mediated (Eaves et al. 2004), so that the ex-
pression of genetic differences in antisocial be-
havior may depend upon those genes that affect
the timing of puberty in boys.

The rates of CD are also consistent with other
population samples in showing a rise in the mid-
teens (Rutter et al. 1998; Maughan et al. 2006).
The estimate of age of greatest change was 13.3
years for the diagnostic outcome and 14.4 years
for total CD-symptom count. These phenotypic
results coincide with our findings from model
fitting showing a significant effect of the shared
environment at age 14.

The nature of the shared-environmental
effects is not altogether clear. It has gener-
ally been conceived to reflect the influence of
conduct-disordered peers. However, there is in-
creasing evidence that the selection of peers by
twins is strongly influenced by an individual’s
genotype (Cleveland et al. 2005). Such effects
would not be expressed as a shared-environ-
mental effect but included in the genetic

estimates. The most likely explanation is that
the shared environment is a combination of
peers’ effects as well as other shared aspects of
the family environment (e.g. lack of parental
supervision and discord, lack of family cohes-
iveness, and general family stress). However, the
degree to which such family variables represent
a consequence of a difficult child’s genotype (i.e.
evocative-genotype-environment correlation)
also needs to be considered in these general
models of risk.

The particular genes that are associated
with the life-course-persistent subtype are not
known. Persistent antisocial behavior has been
associated with a large number of risk fac-
tors including early-onset CD and co-morbid
hyperactivity. Given the strong genetic com-
monality between childhood CD and adult an-
tisociality shown here, and the association
between hyperactivity and persistent antisocial
behavior, it may be the genes for early-onset
aggression that differentiate the life-course-
persistent versus adolescent-limited subtype,
or alternatively, the genes associated with
early ADHD. Using a trajectory analysis to
contrast subgroups, Odgers et al. (in press)
found a substantial subgroup with antisocial

CD
10–11 yr

CD
12–13 yr

CD
14–15 yr

CDr
CD

16 yr
CD

17 yr
ASPD

Ac
pubertal
specific

Ac
life course
persistent

Ac
measurement

specific

As 
adult
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FIG. 3. Parameter estimates under the best-fitting multivariate genetic model for antisocial behavior. Ac, Common additive
genetic factors ; As, specific additive genetic factor ; Cc, common shared environmental factor.
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behavior that begins early but is largely limited
to childhood. One possible implication is
that the distinctive feature of life-course-
persistent antisocial behavior is not so much
that the onset is early but rather that the early
onset is associated with hyperactivity and neuro-
developmental impairment. If so, the genetic
liability might particularly apply to this con-
stellation of features. Clearly, the search for the
genes influencing the life-course-persistent form
of antisocial behavior should necessarily take
into account the co-morbid aspects of the dis-
order.

The fact that we did not find an environmen-
tal effect on persistent antisocial behavior does
not preclude the importance of shared-environ-
mental factors in its etiology. If the genetic
susceptibility to antisocial behavior is expressed
only in certain environments (a genotyper
shared environment interaction), as shown by
Caspi et al. (2002), any shared-environmental
effect on life-course-persistent behavior would
not be detected in these types of models but
would be confounded in the overall estimate of
the genetic effect (Jinks & Fulker, 1970; Eaves
et al. 1977).

Although of secondary importance, the in-
clusion of both retrospective and prospective
assessments of juvenileCD is informative.Retro-
spective CD loads on the general genetic factor
and the later shared-environmental factor but
the largest single commonality is the genetic ef-
fect shared between adult ASPD symptoms and
retrospective assessments of juvenile CD that
contain no genetic contribution from the pro-
spective CD interviews. This finding under-
scores not only the relative lack of consistency
between ratings of the same construct by differ-
ent raters but also the dangers of reading too
much into retrospective reports of child behav-
ior or concurrent behavior assessed by a single
informant.

Future directions necessarily include : (1) the
need for replication in other population
samples; (2) comparable analyses of antisocial
behavior in females ; (3) specification of the
shared environment; and (3) the search for
those genes and environments that underlie the
most persistent forms of antisociality that have
serious adverse consequences for those in-
dividuals and for the people they inevitably
effect.
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