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Abstract Previous research suggests that both genetic and
environmental influences are important for antisocial
behavior across the life span, even though the prevalence
and incidence of antisocial behavior varies considerably
across ages. However, little is known of how genetic and
environmental effects influence the development of anti-
social behavior. A total of 2,600 male and female twins
from the population-based Swedish Twin Registry were
included in the present study. Antisocial behavior was
measured on four occasions, when twins were 8-9, 13-14,
16-17, and 19-20 years old. Longitudinal analyses of the
data were conducted using structural equation modeling.
The stability of antisocial behavior over time was explained
by a common latent persistent antisocial behavior factor. A
common genetic influence accounted for 67% of the total
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variance in this latent factor, the shared environment
explained 26%, and the remaining 7% was due to the non-
shared environment. Significant age-specific shared
environmental factors were found at ages 13-14 years,
suggesting that common experiences (e.g., peers) are
important for antisocial behavior at this age. Results from
this study show that genetic as well as shared environmental
influences are important in antisocial behavior that persists
from childhood to emerging adulthood.

Keywords Antisocial behavior - Persistent -
Longitudinal - Twin - Childhood - Adulthood

The prevalence of antisocial behavior varies considerably
across the life span, typically, it increases in early adoles-
cence, peaks in mid-adolescence, and then drops sharply by
young adulthood (Moffitt 1993). Cross-sectional studies
have shown that genetic and environmental effects are impor-
tant for antisocial behavior during childhood (Arseneault et al.
2003), adolescence (Slutske et al. 1997; Taylor et al. 2000),
and in adulthood (Lyons et al. 1995). Rhee and Waldman
(2002) conducted a comprehensive meta-analysis by
summarizing 51 twin and adoption studies that focused on
different dimensions of antisocial behavior in children,
adolescents, or adults. These included studies of trait
aggression, criminal offending, and symptoms for the major
psychiatric disorders (i.e., conduct disorder, oppositional defi-
ant disorder, antisocial personality disorder), and involved a
variety of methods of assessment (e.g., self-report, parent rat-
ings, and official records). In their meta-analysis, heritable
effects explained 41% of the total variance in antisocial
behavior. Environmental effects shared by relatives accounted
for 16%, with the remaining variance (43%) being explained by
the non-shared environment (i.e., non-genetic influences that
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contribute to within-pair dissimilarity of twins). These effects
were comparable for males and females, although they differed
significantly according to definition, method of assessment of
antisocial behavior, and age of the subjects (Rhee and Waldman
2002).

Evidence from studies using a longitudinal design sug-
gests that the effect of genes and environments may be
different when studied in a developmental perspective.
Studies examining the genetic and environmental stability
of antisocial and externalizing behavior in smaller samples
(i.e., samples including less than 1,500 twins) generally
report that the stability is largely due to genetic influences
(Burt et al. 2007).

In contrast, larger studies (i.e., studies of more than 1,500
twins) report that the stability of antisocial behavior is due to
genetic as well as shared environmental influences (Bartels
et al. 2004; Jacobson et al. 2002; van Beijsterveldt et al.
2003; van der Valk et al. 2003). For example, a retrospective
study found that common genetic influences were important
for adolescent (age 15-17) and adult (>age 18 years) anti-
social behavior, but did not overlap with antisocial behavior
occurring prior to age 15. In addition, significant shared
environmental influences were found for childhood, ado-
lescent and adult antisocial behavior (Jacobson et al. 2002).
Another study examining the development of externalizing
behavior from childhood to adolescence, reported that
genetic factors explained on average 67 and 53% of the
stability in boys and girls, respectively. Shared environ-
mental influences accounted for, on average, 27 and 40% of
the stability (Bartels et al. 2004). Despite the large number of
participants in these longitudinal studies, the influence of
genetic and environmental effects on the development of
antisocial behavior has mainly been investigated at separate
time periods across development, either from childhood to
adolescence or from adolescence to adulthood. Thus, there is
a need for prospective longitudinal studies investigating the
genetic and environmental etiology of antisocial behavior
throughout the entire developmental period.

Several theories have been proposed to understand the
development of antisocial behavior. The fact that antisocial
behavior peaks in adolescence, and that age of onset is
related to persistence, provides the basis for Moffitt’s
developmental taxonomy of antisocial behavior. The the-
ory differentiates the most deviant offenders over the life
course from those likely to show temporary difficulties
during adolescence. ‘Life-course persistent’ and ‘adoles-
cent-limited’ antisocial behavior differs in terms of etiol-
ogy, developmental course, prognosis, and classification of
behavior as pathological versus normative (Moffitt 1993).
Life-course persistent antisocial behavior starts at a young
age and continues through adolescence into adulthood.
This form of antisocial behavior is thought to be associated
with early neuropsychological problems that result in
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cognitive impairment and impulsivity/hyperactivity as well
as family related risk factors. Adolescence-limited antisocial
behavior on the other hand, is less likely to be associated with
neuropsychological impairments and family adversity, and
more strongly influenced by social peer pressure (Moffitt
1993). That is, the same risk factors are important for both
types of antisocial behavior, but neuropsychological
impairments and family adversity are much more weakly
associated with adolescent-limited antisocial behavior.
Further, DiLalla and Gottesman (1989) have suggested, in
addition to early-onset or continuous antisocials and late-
onset or transitory delinquents, a third type of offenders
called ‘late bloomers’. Late bloomers are thought to begin
their offending in adulthood (DiLalla and Gottesman 1989).

Only a few studies using a genetically informative
design have reported findings that can be interpreted in
support of these developmental theories, or at least in
support of different aspects of these theories. An early
study found that shared environmental influences were
more important for adolescent antisocial behavior, whereas
genetic influences were stronger for antisocial behavior
occurring in adulthood (Lyons et al. 1995). Further, early-
onset delinquent behavior in 11 year old boys was more
strongly influenced by genetic effects than late-onset
delinquent behavior (Taylor et al. 2000). These findings
suggest that genetic etiological processes may contribute
more to early-onset or persistent antisocial behavior, than
to transitory antisocial behavior. In line with this, a recent
study found that a common genetic factor influenced
antisocial behavior lasting from age ten through young
adulthood, thus reflecting persistent antisocial behavior.
Shared environmental influences only became important
when the youth reached their adolescent years, which
would reflect adolescence-limited antisocial behavior.
These shared environmental influences are likely to reflect
a combination of peers’ effects and family environment
(e.g., poor child rearing practices) (Silberg et al. 2007).
However, one shortcoming common to these studies is the
exclusion of females. Hence, it is not clear how genetic and
environmental effects influence antisocial behavior in
females across the development.

Clearly, there is a lack of prospective studies investi-
gating the genetic and environmental etiology of antisocial
behavior in both males and females. We therefore
attempted to fill this research gap by examining how
genetic and environmental effects influence antisocial
behavior using data from a large longitudinal sample of
both male and female twins. Antisocial behavior was
measured on four occasions, when twins were 8-9, 13-14,
16-17, and 19-20 years old. In agreement with the
developmental theories of antisocial behavior (Moffitt
1993; DiLalla and Gottesman 1989) and findings from
previous longitudinal studies (Silberg et al. 2007), we
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expected that a common latent factor would explain the
covariance in antisocial behavior across development,
reflecting more persistent forms of antisocial behavior. The
variance in this latent factor would primarily be explained
by genetic influences and to a lesser extent by shared
environmental factors. We further hypothesized that any
age-specific effects would be related to adolescence-lim-
ited antisocial behavior. Specifically, we expected that age-
specific shared environmental effects would be more
influential for antisocial behavior in adolescence and fade
out toward young adulthood. Thus, reflecting the influence
that peers and other shared environmental experiences may
have for development of adolescence-limited antisocial
behavior.

Method
Participants

Ascertainment procedures for the Twin study of Child and
Adolescent Development (TCHAD) have recently been
described (Lichtenstein et al. 2007). In brief, the TCHAD
study is an ongoing prospective longitudinal twin study
concerning health and behavior in twins from childhood to
early adulthood. The study is a sub-sample of the Swedish
Twin Registry (Lichtenstein et al. 2002), and contains all
1,480 twin pairs born in Sweden between May 1985 and
December 1986. The twins and/or their parents have been
contacted on four different occasions via mailed ques-
tionnaires. During the first wave of assessment in 1994,
only parents were used as informants [response rate = 75%
(n = 1,103)]. In Wave 2 in 1999, when the twins were
13—14 years old, data was collected from both parents and
the twins [parent’s response rate = 73% (n = 1,063);
child’s response rate = 78%, (n = 2,261)]. The same pro-
cedure was reiterated at Wave 3 in 2002 [twins were
16-17 years old; parent’s response rate = 74%, (n =
1,067); child’s response rate = 82%, (n = 2,368)], and
during Wave 4 in 2005 [twins were 19-20 years old; par-
ents = 51% (n = 1,197); twin’s response rate = 59%
(n = 1,698)]. During Wave 4, consent to contact the par-
ents was obtained from the twins. The present study uti-
lized data from Waves 1-4: n = 2,600 twins (506 MZ male
twins, 363 DZ male, 431 DZ male opposite-sex twins, 534
MZ female, and 397 DZ female, and 369 DZ female
opposite-sex twins).

Fifteen percent of the families in our sample were
unskilled workers, 29% were skilled workers, 28% were
intermediate non-manual employees, and 28% were
employed and self-employed professionals, higher civil
servants or executives, which is consistent with the popu-
lation of Sweden. Middle school was completed by 7% of

the parents, high school by 29%, junior college by 18%,
and university/college by 46%. There were slightly more
parents with a college degree compared with average
Swedish population. The majority of the parents were born
in Sweden (86%), 12% were born in Europe, and 2% were
born outside Europe, North America or Australia/New
Zealand (Tuvblad et al. 2006).

The zygosity of twins was assessed by DNA testing. The
DNA was extracted from saliva samples that were col-
lected using OraGene® DNA (DNA Genotek Inc., Ontario,
Canada) self-collection kit. For twins who did not provide
DNA, zygosity was determined based on an algorithm
derived from discriminant analyses of twin’s and parents’
responses to questionnaire items. The validated question-
naire items addressed the twins’ physical similarity and the
frequency with which people confuse them. The algorithm
only classified cases that had a 95% probability of being
correctly classified as monozygotic (MZ) and dizygotic
(DZ) (Lichtenstein et al. 2002).

Measures
Antisocial behavior measured at ages 8-9 years

During the first wave of assessment, antisocial behavior was
measured using parent reports on the externalizing scale
from the Child Behavior Checklist (CBCL) (Achenbach
1991). The CBCL has been shown in several studies to be a
reliable and valid instrument for assessment of behavioral
and emotional problems in children and adolescents
(Achenbach and Rescorla 2000). The Externalizing Behav-
ior scale is comprised of both aggressive and delinquent
items. The aggressive items include such behaviors as
destroying one’s own and other’s belongings, fighting with
other children, attacking others, argues a lot, and brags and
boasts. The delinquent items include such behaviors as lying,
and stealing at home or elsewhere. The items had a three-
point response format: O if the item is not true, 1 if it is
sometimes or somewhat true and 2 if is very true or often true.
The externalizing scale was created by summing the items
(Cronbach’s alpha (o) = 0.89). The scale was skewed
(skewness: 2.04, kurtosis: 6.44), and was transformed
(log1p(x + 1)) to approximate normal distribution (skew-
ness: —0.18, kurtosis: —0.69).

Antisocial behavior measured at ages 13—14, 1617,
and 19-20 years

Antisocial behavior during Waves 2 through 4 was mea-
sured using a self-report delinquency questionnaire (Ring
1999). The questionnaire roughly covers three different
types of law-breaking behavior: (i) Property offenses and
truancy including shoplifting, breaking and entering,
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vandalism, motor vehicle theft; (ii) Violent offenses,
including simple assault, fighting, and robbery; (iii) Drug-
related offenses including the use and selling of various
types of illicit drugs. During the second and third wave of
assessment, the questionnaire was slightly revised by col-
lapsing items tapping into similar areas: Wave 2 (34 items);
Wave 3 (32 items), and Wave 4 (31 items). Factor analyses
of antisocial behavior items resulted in a single factor
solution with a high internal consistency: Wave 2:
o = 0.87; Wave 3: « = 0.92; Wave 4: « = 0.83. The three
scores were skewed, (Wave 2: skewness: 4.15, kurtosis:
22.82; Wave 3: skewness: 4.67, kurtosis: 34.26; Wave 4:
skewness: 2.87, kurtosis: 11.63), and each score was
transformed (logo(x + 1)) (Wave 2: skewness: 0.99, kur-
tosis: 0.13; Wave 3: skewness: 0.59, kurtosis: —0.44; Wave
4: skewness: 0.49, kurtosis: —0.68).

During Waves 2—4, data were also collected on ado-
lescent externalizing behavior using parent report on
CBCL. Combining parent and self-report data would
diminish possible reporter bias. However, because ado-
lescents and parents completed two different measures,
as well as no self-report data was collected during the
first wave of assessment, parent reports on antisocial
behavior were only included from the first wave of
assessment.

Reliability of the antisocial behavior questionnaire

Test—retest reliability of the antisocial behavior question-
naire was evaluated by comparing responses of a subset of
individuals who participated both in the questionnaire
survey and in a telephone interview during the third wave
of assessment: n = 72 (ages 16-17). On average, there
were 2 months between the questionnaire being completed
and returned and the telephone interview. The test-retest
reliability was reasonable: » = 0.73.

Validity of the antisocial behavior questionnaire

The items in the antisocial behavior measure were initially
derived from an instrument used in the project Delinquent
Behavior among Young People in the Western World. This
project compared self-reports of antisocial behavior in 14
studies in 13 different countries (Junger-Tas et al. 1994).
The validity of the measure has been extensively addres-
sed in each of these studies. Overall, the measure was
reported to have good psychometric properties and mod-
erate to high validity (see for example (Moffitt et al.
1994). The measure was later translated into Swedish, and
transformed from interview- to questionnaire format (Ring
1999).
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Attrition

Attrition was examined to determine whether subjects lost
to follow-up in Waves 2—4 differed from responders at
earlier waves, as it can bias the estimates in longitudinal
analyses (Heath et al. 1998). No significant difference in
antisocial behavior were found between responders and
non-responders at Wave 2 or 3 compared with Wave 1
(Tuvblad et al. 2005; Tuvblad et al. 2006). At wave 4,
when the twins were 19-20 years old, comparisons of
responders and non-responders revealed that more boys
than girls ceased to participate (OR (odds ratio) = 0.39;
95% CI: 0.32-0.48), and those scoring higher on the anti-
social behavior score at Wave 3 were more likely to drop
out at Wave 4 (OR = 1.46; 95% CI: 1.15-1.86).

We used two strategies to further explore attrition
between Waves 3 and 4: (1) analyze complete cases, i.e.,
only analyze the twins that responded at all four time
points, and (2) mean imputation (Taylor 2004). When we
compared the pattern of results between these two set of
analyses with the analyses of the full sample, they were
found to be very similar, thus, only the results from the full
sample are presented here.

Statistical analyses
Descriptive statistics

Data from four measurement occasions were used to cal-
culate mean levels and standard deviations of antisocial
behavior within each age group. As a preliminary assess-
ment of the underlying sources of variance among the
measures, comparisons were made among within-person
correlations (i.e., phenotypic correlations among antisocial
behavior Waves 1-4) and intraclass correlations (i.e.,
Twin-1 and -2 correlations within each Wave). The mag-
nitude of the intraclass correlations provides important
information about the genetic and environmental etiology
of a given trait. For example, a dizygotic (DZ) intraclass
correlation that is approximately half the value of the
monozygotic (MZ) intraclass correlation indicates the
presence of genetic effects, whereas a DZ intraclass cor-
relation that is more than half a MZ intraclass correlation
indicates the presence of both genetic and shared envi-
ronmental effects.

Genetic analyses

Univariate models were fit to estimate the relative contri-
butions of genetic (A) influences, genetic non-additivity
(i.e., dominance or epistasis) (D) or shared environmental
(C) influences, and non-shared environmental (E) influ-
ences to antisocial behavior within each wave. To test for
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sex differences, a model in which the magnitude of genetic
and environmental effects were allowed to differ between
males and females was compared to a model in which the
estimates were constrained to be equal.

Next, to investigate the genetic and environmental eti-
ology of antisocial behavior longitudinally, three multi-
variate models were tested: (I) Cholesky Decomposition
Model, (II) an Independent Pathway Model and (III) a
Common Pathway Model. These models were compared to
a saturated model, in which the means and 8 x 8 matrices
of covariances among the measures were estimated. A
Cholesky model decomposes the individual variance of
each variable, as well as the co-variances among the
variables into genetic (A), shared environmental (C) and
non-shared (E) environmental components. Cholesky
models have the same number of factors in each of the A,
C, and E components. The first genetic factor in A loads on
all four (phenotypic) measures, the second genetic factor
loads on all measures except the first measure and so on,
until the last genetic factor only loads on the last measure;
this same procedure repeats for the shared environmental
(C) and non-shared (E) environmental components. In the
Independent Pathway Model, genetic and environmental
effects are of two types: common and time-specific. The
model specifies common genetic (A), common shared
environmental (C), and common non-shared environmental
(E) factors that load on antisocial behavior at each of the
four time points, as well as genetic and environmental
effects that are specific (plus error) to each time point. In
the Common Pathway Model, the common genetic (A),
common shared environmental (C), and common non-
shared environmental (E) factors are mediated through a
shared latent factor that represents the variance in antiso-
cial behavior shared among the four time points. The
model estimates fewer parameters than the independent
pathway model and therefore is more parsimonious. In
addition to the genetic and environmental effects of the
shared latent factor, parameters that are specific to each

time point (As, Cs, and Es (plus error)) are also estimated
(McArdle and Goldsmith 1990; Neale and Cardon 1992).
All models were fit in the structural equation program Mx
(Neale et al. 2006), using a maximum likelihood estimation
procedure for raw data. The raw maximum likelihood
approach yields a goodness of fit index calculated as two
times the log-likelihood of the data given the model (—2LL).
The difference between the fit index of a full model and that
of a submodel, in which parameters are fixed to be zero or
constrained to be equal, follows a y* distribution with the
difference in the number of estimated parameters as the
degrees of freedom. A non-significant difference indicates
that the constrained model fits the data no worse than the full
model. The suitability of the models was also evaluated by
comparing the model’s Akaike Information Criterion (AIC).
The AIC represents the balance between model fit and the
number of parameters (parsimony), with lower values (i.e.,
larger negative) of AIC indicating the more suitable model.

Results
Descriptive statistics

Table 1 presents means, standard deviations and number of
participants across the four Waves. No significant mean or
variance differences were found between twin-1 and -2, or
across zygosity groups. Significant mean differences were
found between males and females, with boys showing higher
mean antisocial behavior scores at all ages (Wave 1:
t =491, df = 2094, p <0.01; Wave 2: t = 6.30, df =
2108, p < 0.01; Wave 3: t = 6.08, df = 2115, p < 0.01;
Wave 4: t = 447, df = 1633, p < 0.01).

Table 2 outlines the phenotypic correlations. There were
moderate associations across the waves, with the exception
of antisocial behavior measured at ages 8-9 years, indi-
cating that antisocial behavior is somewhat stable during
adolescence and early adulthood.

Table 1 Number of participants, means, standard deviations, by zygosity and sex

Antisocial behavior

8-9 years 13-14 years 16-17 years 19-20 years

N Means SD N Means SD N Means SD N Means SD
MZ (monozygotic) male 444 0.73 0.36 426 0.37 0.42 427 0.47 0.47 279 0.40 0.35
DZ (dizygotic) male 299 0.72 0.37 301 0.36 0.40 311 0.53 0.46 169 0.42 0.36
MZ female 430 0.62 0.40 454 0.24 0.35 484 0.38 0.38 418 0.30 0.34
DZ female 302 0.67 0.39 340 0.29 0.38 358 0.42 0.42 292 0.35 0.34
Opposite sex male 328 0.68 0.40 373 0.36 0.38 403 0.55 0.43 275 0.46 0.39
Opposite sex female 293 0.67 0.38 299 0.36 0.40 298 0.52 0.43 202 0.45 0.36

Notes: log-transformed scores
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Table 2 Phenotypic correlations for antisocial behavior at ages 8-9,
13-14, 16-17 and 19-20 years

Antisocial behavior

8-9 years 13-14 years 16-17 years 19-20 years
Boys/girls
8-9 years - 0.14* 0.12% 0.11%
13-14 years 0.11%* - 0.52%* 0.47%*
16-17 years 0.09* 0.55% - 0.37%*
19-20 years 0.01 0.40* 0.46* -

Notes: Girls above the diagonal, * p < 0.01

Table 3 Intraclass correlations for externalizing behavior at ages
8-9 years, and antisocial behavior at ages 13-14, 16-17 and
19-20 years

Antisocial behavior

8-9 years 13-14 years 16-17 years 19-20 years

MZ 0.71 0.70 0.62 0.43
(monozygotic)
male
DZ (dizygotic) 0.39 0.53 0.53 0.36
male
MZ female 0.79 0.69 0.71 0.58
DZ female 0.42 0.47 0.49 0.24
Opposite sex 0.43 0.48 0.31 0.20

Notes: * p < 0.01

As can be seen in Table 3, all the MZ intraclass corre-
lations were higher than the DZ intraclass correlations,
suggesting that genetic influences are important for anti-
social behavior. There was no evidence for genetic non-
additivity (i.e., dominance or epistasis), as none of the MZ
intraclass correlations exceeded twice the values of the DZ
intraclass correlations for the same sex-twin pairs, apart
from in girls at Wave 4. All the DZ intraclass correlations
were greater than half the MZ intraclass correlations,
suggesting shared environmental effects, again, apart from
in girls at Wave 4.

Univariate genetic analyses

The univariate model-fitting results within each Wave are
presented in Table 4. Compared to the fit of the saturated
model, a Cholesky AE model explained the data in the best
and most parsimonious way at Waves 1 and 4, whereas
ACE model was the best-fitting and most parsimonious
model at Waves 2 and 3. Genetic and environmental
influences on antisocial behavior could not be equated
across sexes: 8-9 years (A;{2 =4.295,df =2, p=0.12,
AAIC = 0.297), 13-14 years (Ay* = 6.570, df =3,
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p = 0.09, AAIC = 0.570), 16-17 years (Ay* = 41.380,
df =3, p<0.01, AAIC =35.380), or 19-20 years
(Ay* = 6.139, df = 2, p = 0.046, AAIC = 2.139).

Parameter estimates of the univariate models are pre-
sented in Table 5. Results from Wave 2, ages 13—14 years,
and Wave 3, ages 16-17 years, have previously been
reported (Tuvblad et al. 2005; Tuvblad et al. 2006).
Overall, the results from the univariate genetic analyses
indicate that genetic and non-shared environmental effects
were most influential on antisocial behavior at Waves 1 and
4, in both males and females. During Waves 2 and 3,
shared environment seemed to be more important for
antisocial behavior than genetic effects in males. In con-
trast, the genetic factors were more influential on antisocial
behavior in females.

Longitudinal genetic analyses

To investigate the genetic and environmental etiology of
antisocial behavior longitudinally, a series of multivariate
models were fitted (Model # 2—4 in Table 6). Specifically, a
saturated model (Model # 1 in Table 6) was used as a
baseline to which a Cholesky decomposition (Model # 2), an
Independent Pathway (Model # 3), and a Common Pathway
(Model # 4) were compared. Based on AIC criteria, the
Common Pathway model provided the best balance of par-
simony and fit. Both the Cholesky decomposition and the
Independent Pathway model resulted in more positive AIC
values, indicating that a common factor best account for the
genetic and environmental covariance across time in anti-
social behavior.

Next, we explored the extent to which the factor
structure and underlying genetic and environmental eti-
ology varied across sexes, using the full Common Path-
way model (Model # 4) as our comparison model. The
factor loadings could be constrained to be equal in males
and females without a significant decrease in fit (Table 6:
Model 4a, A}(z = 3.081; df = 4; p = 0.544), as could the
common genetic and environmental influences (Table 6:
Model 4b, sz = 5.730; df = 7; p = 0.572). However,
equating the age-specific genetic and environmental
effects across sexes resulted in a significant deterioration
in fit compared to the full Common Pathway model
(Table 6: Model 4c, sz = 60.102; df = 19; p < 0.01).
This suggests that there are sex differences in the under-
lying genetic and environmental etiology of antisocial
behavior, but that these are age-specific. Figure 1 displays
standardized parameter estimates from this best fitting
common pathway model.

Squaring these standardized parameter estimates pre-
sented in Fig. 1 provides the relative contributions to the
phenotypic variance. In the latent factor labeled Persistent
Antisocial Behavior, 67% (p < 0.05) of the variance was
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Table 4 Univariate model comparison results for antisocial behavior at ages 8-9, 13—-14, 16-17, and 19-20 years
Model ~ Wave 1 Wave 2 Wave 3 Wave 4
a7 p AIC e p AIC e p AIC e p AIC
Different estimates for males and females
ACE 9 451 0.875 —13.49 8.69 0466 —9.31 11.54 0.241 —6.46 7.29 0.607 —10.71
ADE 9 5.56 0.783 —12.44  23.84 0.005 5.84 27.53 0.001 9.53 8.53 0.482 —9.47
DE 11 4251  <0.001 20.51 8042  <0.001 58.42 12472 <0.001  102.72 3586 <0.001 13.86
AE 11 5.56 0901 1644 23.84 0.013 1.84 15333  <0.001  131.33  10.49 0487 —11.51
CE 11 10425  <0.001 8225 53.03 <0.001 31.03 84.75  <0.001 62.75 38.05 <0.001 16.05
Equal estimates for males and females
ACE 12 8.80 0720 —1520 15.26 0227 —-8.74 5292  <0.001 2892  16.62 0.164 —7.38
AE 13 9.86 0.706  —16.14  29.79 0.005 3.79 56.38  <0.001 3038  16.62 0.217 —9.38
CE 13 108.81  <0.001 82.09 5630 <0.001 30.30  101.68  <0.001 75.68 4354  <0.001 17.54
Note: All models at each wave were compared to the saturated model; AIC Akaike’s information criterion
Best-fitting model in bold
Table 5 Parameter estimates within each wave for antisocial behavior at ages 8-9, 13-14, 16-17 and 19-20 years
Antisocial behavior Males Females
A C E A C E
8-9 years 0.73(0.67-0.78) - 0.27(0.22-0.33) 0.79(0.75-0.83) - 0.21(0.17-0.26)
13-14 years 0.27(0.04-0.52) 0.42(0.19-0.62) 0.31(0.25-0.38) 0.40(0.14-0.56) 0.28(0.14-0.50) 0.32(0.26-0.39)
16-17 years 0.06(0.00-0.33) 0.52(0.27-0.63) 0.42(0.34-0.50) 0.59(0.38-0.79) 0.17(0.00-0.36) 0.24(0.20-0.30)
19-20 years 0.48(0.34-0.60) - 0.52(0.40-0.66) 0.59(0.50-0.67) - 0.41(0.33-0.50)

Notes: A additive genetic effects, C shared environmental effects, £ non-shared environmental effects. Univariate results on antisocial behavior
Wave 2, ages 13—14 years and Wave 3, ages 16-17 years have previously been reported on these data (Tuvblad et al. 2005, 2006)

Table 6 Longitudinal model fitting analyses for antisocial behavior at ages 8-9, 13-14, 16-17 and 19-20 years

Model # Overall fit Model-fit comparison
—2LL df AIC P Adf p 7 Adf p Compared to
model #
1 Saturated 5283.036 7988 —10692.964  — - - - - -
Cholesky ADE 5439.615 8108 —10766.385 156.579 120 0.014
Males # females
2 Cholesky ACE 5399.003 8108 —10816.997 115.967 120 0.587 - - -
Males # females
3 Independent pathway 5415.686 8120 —10824.314 132.650 132 0.468 - - -
Males # females
4 Common pathway 5432.520 8132 —10831.480 149.484 144 0.360 - - -
Males # females
4a Equate factor loadings in males and females 5435.601 8136 —10836.399 152.565 148 0.382 3.081 0.544 Model # 4
4b Equate factor loadings and common ACE in  5438.250 8138 —10837.750 155.214 150 0.368 5.730 6 0.454 Model # 4
males and females
4c Equate factor loadings, common ACE and 5492.622 8150 —10807.378 209.586 162 <0.01 60.102 19 <0.01 Model # 4

specific ACE in males and females

Notes: —2LL = —2(log-likelihood), AIC Akaike’s information criterion

due to genetic influences, 26% (p < .05) explained by
shared environmental influences, and 7% (p < 0.05) due to
non-shared environmental effects.

For males, the age specific variance was mainly due to
non-shared environmental influences, which explained
27% (p < 0.05), 30% (p < 0.05), 34% (p < 0.05), and
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Fig. 1 Standardized parameter estimates from a common pathway
model for antisocial behavior in males and females. Latent (unob-
served) factors are depicted in circle: the A refer to additive genetic
factors; the C to shared environmental factors, and the E to non-
shared environmental factors. Oval denotes a latent underlying factor
(i.e., persistent antisocial behavior). Observed variables are in
rectangular, in this case: antisocial behavior ages 8-9 years,
13—14 years, 16-17 years, and 19-20 years. As (additive genetic):

50% (p < 0.05), of the variance in antisocial behavior in
Waves 1-4, respectively. Unique genetic influences were
found at ages 8-9 years, accounting for 64% (p < 0.05) of
the variance, and at ages 13—14 years there were some
shared environmental effects, 22% (p < 0.05).

For females, age-specific variance was mainly explained
by genetic and non-shared environmental influences. Age-
specific genetic effects (A;) explained 71% (p < 0.05) and
17% (p < 0.05) of the variance in antisocial behavior at
ages 8-9 and 13-14 years, respectively. Age-specific non-
shared environmental influences (E,) accounted for 21%
(p <0.05), 24% (p <0.05), 19% (p <0.05) and 37%
(p < 0.05) of the variance in antisocial behavior in Waves
1-4, respectively. As in males, some age-specific shared

is residual variance specific to each time point, likewise for Cs
(shared environment), and Es (non-shared environment). Estimates of
the common latent factors (A, C, and E) as well as common factor
loadings were the same for both males and females. Age-specific
parameter estimates were different for males and females (presented
in italic). Significant parameter estimates are presented in bold.
“Estimates are the same for males and females

environmental influences (C,) at ages 13-14 years were
found, explaining 12% of the variance in antisocial
behavior at that age.

The breakdown of common and age-specific influences
on antisocial behavior based on the factor loadings pre-
sented in Fig. 1 is summarized in Table 7. For both males
and females, the total variance at ages 8-9 years was
mainly explained by age-specific genetic effects, with
lesser contributions of shared and non-shared environment.

For males, at ages 13-14 years the genetic, shared and
non-shared environmental influences approximately
explained a third each. At ages 16—17 years, genetic effects
were more important than shared environmental influences.
At ages 19-20 years, approximately half of the total

Table 7 Breakdown of

. . Ac As A (total) Cc Cs C (total) Ec Es E (total)

common and unique influences

for antisocial behavior at ages Males

8-9, 13-14, 16-17, and

19-20 years 8-9 years 0.01 0.64 0.65 0.01 0.07 0.08 0.00 027 0.27
13-14 years  0.30  0.03 0.33 012 022 034 0.03 030  0.33

Notes: Ac common genetic, Cc 16-17 years 042  0.00 042 0.16 0.04 0.20 004 034 038

common shared environment, 19-20 years 023 0.04  0.27 009 012 021 002 050 0.52

Ec common non—shar{:d Females

environment, As specific

genetic, Cs specific shared 8-9 years 0.01 0.71 0.72 0.01 0.06  0.06 0.00  0.21 0.21

environment, Es specific non- 13-14 years 032 0.17  0.49 012 012  0.24 0.03 024  0.27

shared environment 16-17 years 046  0.05  0.51 0.17  0.08 025 005 0.19 0.4

Total amount of influences in 19-20 years 024 026  0.50 0.09  0.00  0.09 0.03 038 041

bold
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variance in antisocial behavior was explained by the non-
shared environment. Genetic and shared environmental
contributions to the variance were of equal importance.

In females, genetic effects explained approximately half
of the variance of the antisocial behavior within each time
point. Shared and non-shared environmental influences
were of equal importance at ages 16—17 and 19-20 years.
At ages 19-20 years, shared environmental effects were
less important. The estimates presented in Table 7 slightly
differ from the univariate results (Table 5) because the data
analysed in multivariate models includes additional infor-
mation on covariances between the variables, both within-
person and across-twins.

Discussion

In the present study we examined the genetic and environ-
mental etiology of antisocial behavior measured at four time
points from childhood to early adulthood. We found that the
covariance in antisocial behavior could be explained by a
common latent factor defined as persistent antisocial
behavior. This latent persistent antisocial behavior factor had
the same structure in males and females. A common genetic
influence accounted for 67% of the total variance in this
latent factor, the shared environment explained 26%, and the
remaining 7% was due to the non-shared environment. Age-
specific genetic and environmental effects differed across
sexes.

Our finding that a common latent factor explained the
covariance in antisocial behavior across development and
that the variance in this latent factor was due to genetic as
well as shared environmental influences may be interpreted
in support of Moffitt’s developmental taxonomy of antisocial
behavior. According to the theory, persistent antisocial
behavior is associated with inherited (genetic) neuropsy-
chological impairments and family adversity (Moffitt 1993).
Early neuropsychological deficits are thought to result in
traits such as poor cognitive functioning, emotional reac-
tivity, and hyperactivity/impulsivity, which are all risk fac-
tors for antisocial behavior (Lahey et al. 2003). Further,
common adverse family experiences are likely to be
expressed as shared environmental effects in our model.
Previous research examining the relationship between par-
enting style and antisocial behavior also emphasize the
importance of parenting characteristics in the development
of antisocial behavior. Specifically, harsh and inconsistent
parenting is strongly associated with the development of
antisocial behavior (Farrington et al 1996; Farrington and
Loeber 2000; Moffitt et al. 2001).

Results from the current study suggested that the
development of persistent antisocial behavior was primar-
ily influenced by genetic factors, explaining 67% of the

total variance. Similar findings were reported in a recent
longitudinal study, in which common genetic influences
were found to account for the variance in antisocial behavior
from childhood to adulthood (Silberg et al. 2007). Common
genetic influences were also found to be important for the
development of antisocial behavior in a study using retro-
spective data. However, common genetic influences were
only important during adolescence and adulthood, and did
not overlap with antisocial behavior prior to the age of
15 years (Jacobson et al. 2002). Differences in data collec-
tion procedures (i.e., prospective versus retrospective data)
as well as inclusion of females in the present report may
explain the discrepancies between these studies. Also, a
common factor model was not tested in the previous studies,
making the comparison of their results somewhat limited.

In addition to a strong genetic influence, the shared
environment was also important for antisocial behavior that
persists from childhood to early adulthood, accounting for
26% of the total variance. This finding differs from the
results reported in Silberg et al. (2007), where the shared
environment was shown to be of minimal importance for
persistent antisocial behavior. The authors discussed their
findings in light of possible gene—environment interaction
(G x E) effects. If G x E is influential for the develop-
ment of persistent antisocial behavior, shared environ-
mental contributions would be confounded in the estimate
of genetic effects. Effects of G x E may also be present in
the current study, as suggested by substantial genetic
contributions to the latent factor of the persistent antisocial
behavior. Clearly, inconsistent findings regarding the eti-
ology of persistent antisocial behavior warrants further
research, in which gene-environment interplay is taken into
account.

Previous cross-sectional studies have reported that non-
shared environmental effects explain around 50% of the
variance in antisocial behavior (Rhee and Waldman 2002).
In the current study, these effects accounted for only 7%,
whereas familial effects (i.e., genetic and shared environ-
mental effects), explained more than 90% of the variance
in persistent antisocial behavior in both males and females.
The most likely explanation for the difference between the
moderate familial influence reported in cross-sectional
studies and the large familial influence found in the current
study is the reduced measurement error when the four time
points are considered together in multivariate analyses, and
that true non-shared environmental effects are likely to be
time-specific.

No significant sex differences were found in the etiology
of the latent persistent antisocial behavior factor. Likewise,
genetic and shared environmental influences on antisocial
behavior were reported to be similar in males and females
in another longitudinal study (Jacobson et al. 2002).
These findings together suggest that Moffitt’s theory of
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life-course-persistent antisocial behavior can be applied not
only to males, but also to females. As in males (Lyons et al.
1995; Taylor et al. 2000), persistent forms of antisocial
behavior in females seem to develop primarily due to
inherited factors.

The pattern of age-specific genetic and environmental
influences was to some extent supportive of adolescence-
limited antisocial behavior (DiLalla and Gottesman 1989;
Moffitt 1993). Age-specific shared environmental effects
were important at ages 13—-14 years in both males and
females. These shared environmental effects are likely to
reflect the influence of delinquent peers (Farrington and
Loeber 2000; Silberg et al. 2007). However, the shared
environmental effects could also include family related
factors, such as parenting style (Narusyte et al. 2007), or
other types of shared environmental experiences such as,
for example, residing in a disadvantaged neighborhood
(Sampson et al. 1997). At ages 16—17 and 19-20 years
shared environmental effects were not significant and the
age-specific variance of antisocial behavior was primarily
explained by the non-shared environment (including mea-
surement error) (Table 7, Fig. 1). This would suggest that
the influence of common environmental experiences for the
development of antisocial behavior is less important at later
ages. However, socializing with deviant peers may still be
influential through affecting each twin individually, which
would be expressed as non-shared environment.

The magnitude of age-specific genetic and environ-
mental effects was found to differ across sexes. As shown
in Table 7, age-specific genetic effects were more impor-
tant in females than in males. This suggests that genetic
liability for antisocial behavior may be higher among
females, as compared to males. Results of adoptions
studies also show that genetic risk for criminal outcome in
adult years tends to be higher for female offenders than for
male offenders (Baker et al. 1989). Despite the fact that the
prevalence of antisocial behavior generally is lower in
females, affected female probands usually have more
affected relatives than male probands (Cloninger and
Gottesman 1987; Rhee and Waldman 2002). Our finding of
a stronger genetic influence for antisocial behavior in
females than in males may also be compared to a more
recent study, which investigated all convictions for violent
crimes in Sweden between 1973 and 2004. In the study, the
risk of violent convictions among relatives of violent
individuals was compared to relatives of matched, non-
violent controls, using a nested case—control design.
Interestingly, familial risk (genetic and shared environ-
mental factors) was stronger among females, in individuals
in higher socio-economic settings, and for early onset
interpersonal violence (Frisell et al. 2011). It should also be
kept in mind, that the majority of research on antisocial
behavior has tended to focus on males only, therefore more

@ Springer

research including females examining the genetic and
environmental etiology of antisocial behavior is needed.

Limitations of the present study

The majority of the variance in antisocial behavior at ages
8-9 years was accounted by age-specific effects. There are
several possible explanations for this. First, self-report data
on antisocial behavior was not collected when the twins were
8-9 years old. Therefore, different raters were used: care-
giver reports on their twin’s antisocial behavior at ages
8-9 years and youth self-reports at ages 13—14, 16—17, and
19-20 years. Cross-informant information may endanger
reliable assessment of the continuity of risk factors since
rater-specific influences may confound the association
between early (parent-report based) and later (self-report
based) assessments. In addition, agreement between care-
giver and child ratings are usually reported to be rather low,
as was the case in the present study (Achenbach et al. 1987;
Youngstrom et al. 2000). Second, low correlations between
antisocial behaviors assessed when the twins were 8-9 years
old and when assessed at later time points may also be
explained by the use of different measures to evaluate anti-
social behavior at the different ages (i.e., externalizing
measure from CBCL at ages 8-9 years versus a self-report
delinquency measure at subsequent time points). There were
also a longer time period between Wave 1 (8-9 years) and
Wave 2 (13-14 years) compared with tighter time intervals
between later waves. Finally, a higher prevalence of anti-
social behavior in adolescence as compared to childhood
could also contribute to the low correlations. Regardless, it is
important to note that it was possible to identify a common
latent factor, suggesting that the covariance among behavior
problems at different ages is not only due to reporter artifact.

A second limitation concerns attrition. Between Wave 3
and Wave 4, the response rate went down from 82 to 51%.
During the fourth assessment, the twins were 19-20 years old,
a time when many youths are off to college, or for other rea-
sons have moved away from home. We used two strategies
(analyze complete cases and mean imputation) to explore
attrition between these waves. Even though we found that the
pattern of results between these two sets of analyses and the
results from the analyses using the full sample were very
similar, it is possible that those dropping out include a dis-
proportionate percentage with psychopathology. Thus, it is
not certain that all of the results are generalizable to individ-
uals with the most extreme externalizing behaviors.

Another limitation may be assortative mating. Assorta-
tive mating in the parent generation acts to increase the
resemblance between dizygotic twins, and thereby bias
shared environmental estimates upward and additive
genetic effects downward. A significant correlation
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between spouses for a particular trait is often interpreted as
assortative mating (Maes et al. 1998). The few studies on
antisocial behavior that have controlled for the effects of
assortative mating conclude that assortative mating
accounts for a modest part of antisocial behavior (Maes
et al. 2007; Taylor et al. 2000), for an exception see
(Krueger et al. 1998). In the present study, caregivers were
asked to retrospectively report their antisocial behavior
during their early twenties. A correlation of 0.15 (p < 0.01)
was found between mothers’ and fathers’ antisocial
behavior, indicating a small effect of assortative mating in
the current sample. The estimates of shared environment
may therefore be slightly biased upward. However, the
limited number of parents responding at Wave 4 should
also be kept in mind.

Finally, crucial to the twin design is the equal environ-
ment assumption (EEA). If this assumption is violated,
higher correlations among MZ twins may be due to envi-
ronmental factors, rather than genetic factors, and the heri-
tability estimate is overestimated. One way to test the
validity of the EEA is to examine whether a trait of interest is
influenced by perceived versus assigned zygosity. We
included the effect of perceived zygosity as a “specified”
familial environment in a univariate ACE model (Kendler
et al. 1993). The effect of perceived zygosity on antisocial
behavior was negligible and could be omitted without any
significant loss in data fit (p > 0.35). The EEA seems
therefore to hold for antisocial behavior problems in our
sample.

Conclusions

Understanding the genetic and environmental causes of
antisocial behavior is an important priority for crime pre-
vention. The current study found substantial genetic and
shared environmental factors together with a more limited
non-shared environmental influence on antisocial behavior
that persists from childhood to emerging adulthood, in both
males and females. The results of our study make an
important step towards the understanding of genetic and
environmental etiology of antisocial behavior that persists
across development.
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