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Abstract

Sex differences in the genetic and environmental influences on childhood conduct disorder and
adult antisocial behavior were examined in a large community sample of 6,383 adult male, female,
and opposite-sex twins. Retrospective reports of childhood conduct disorder (prior to age 18) were
obtained when participants were approximately 30 years old, and lifetime reports of adult
antisocial behavior (antisocial behavior after age 17) were obtained eight years later. Results
revealed that either the genetic or shared environmental factors influencing childhood conduct
disorder differed for males and females (i.e., a qualitative sex difference), but by adulthood, these
sex-specific influences on antisocial behavior were no longer apparent. Further, genetic and
environmental influences accounted for proportionally the same amount of variance in antisocial
behavior for males and females in childhood and adulthood (i.e., no quantitative sex differences).
Additionally, the stability of antisocial behavior from childhood to adulthood was slightly greater
for males than females. Though familial factors accounted for more of the stability of antisocial
behavior for males than females, genetic factors accounted for the majority of the covariation
between childhood conduct disorder and adult antisocial behavior for both sexes. The genetic
influences on adult antisocial behavior overlapped completely with the genetic influences on
childhood conduct disorder for both males and females. Implications for future twin and molecular
genetic studies are discussed.

Antisocial behavior (i.e., delinquency, criminality, aggression, conduct disorder [CD], and
antisocial personality disorder [ASPD]) is a prevalent problem in the United States and a
source of significant burden to its citizens both socially and economically (Anderson, 1999).
Despite progress in understanding the etiology of antisocial behavior, research has failed to
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unveil the mechanisms underlying one of the most basic and robust risk factors for antisocial
behavior: the male sex.

Males are more likely than females to engage in antisocial behavior at every stage in life
(Moffitt, Caspi, Rutter, & Silva, 2001). This sex difference suggests that a large etiological
component of antisocial behavior consists of factors associated with the male sex — factors
that are either biological or psychosocial in origin or both. For example, there may be sex-
specific genes influencing antisocial behavior or causative environmental circumstances that
only arise for males. Alternatively, males and females may share all of the same risk factors
for antisocial behavior, but these risk factors are, for some reason, more prevalent among
males and/or males are more vulnerable to them (Moffitt et al., 2001; Rowe, Vazsonyi, &
Flannery, 1995).

In general, the correlates of antisocial behavior seem to be the same for males and females
(Moffitt et al., 2001; Rowe et al., 1995). For example, Moffitt and colleagues (2001)
reported that there were no replicable sex-specific risk factors for antisocial behavior across
a broad array of risk predictors in the Dunedin study. These findings suggest that it is
unlikely that the risk factors for antisocial behavior are different for males and females.
However, the general consensus that risk factors for antisocial behavior are more similar
than different for males and females is based largely on studies that cannot evaluate the
possibility of sex-specific genetic influences on antisocial behavior.

A number of twin studies have examined the possibility that the genetic factors influencing
antisocial behavior differ for males and females (i.e., qualitative sex differences). In two
studies, there was evidence for sex-specific genetic influences on antisocial behavior (Derks,
Dolan, Hudziak, Neale, & Boomsma, 2007; Rose, Dick, Viken, Pulkkinen, & Kaprio, 2004).
In two other studies (Eley, Lichtenstein, & Stevenson, 1999; Vierikko, Pulkkinen, Kaprio,
Viken, & Rose, 2003), evidence of sex-specific influences on antisocial behavior emerged,
but it was difficult to determine whether these sex differences were attributable to different
genetic factors or different types of shared environmental influences for males and females.
Although several other genetically informative studies have found no evidence of sex-
specific influences on antisocial behavior (Eaves et al., 1997; Jacobson, Prescott, & Kendler,
2002; Saudino, Ronald, & Plomin, 2005; Slutske et al., 1997; Tuvblad, Eley, & Lichtenstein,
2005; Van Hulle, Rodgers, D’Onofrio, Waldman, & Lahey, 2007), the inconsistent findings
across these studies highlight the possibility that at least some of the genes influencing
antisocial behavior are different for males and females, and these genetic differences could
account for the higher prevalence of antisocial behavior among males.

Alternatively, males and females may share all of the same genetic and environmental risk
factors for antisocial behavior, but these risk factors may impinge more on one sex than the
other. If the genetic or shared environmental influences accounted for proportionally more
variance in antisocial behavior for males than females, this may (though not necessarily;
Rutter, Caspi, & Moffitt, 2003) suggest that males are more vulnerable to risk for antisocial
behavior and explain why rates of antisocial behavior are higher among males. Results have
been mixed regarding sex differences in the magnitude of genetic and environmental
influences on antisocial behavior (i.e., quantitative sex differences). While some twin and
adoption studies have not found sex differences in the magnitude of genetic and
environmental contributions to antisocial behavior (e.g., Eaves et al., 1997; Gelhorn et al.,
2005; Rhee & Waldman, 2002; Slutske et al., 1997; Taylor, McGue, & lacono, 2000), others
have (e.g., Bartels et al., 2003; Eley et al., 1999; Jacobson et al., 2002; Miles & Carey, 1997,
Rose et al., 2004; Saudino et al., 2005; Tuvblad et al., 2005). Of the studies that have found
evidence of sex differences in the magnitude of genetic and environmental influences on
antisocial behavior, the direction of the reported sex difference is inconsistent across studies,
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with nearly equal numbers of studies reporting that antisocial behavior was more heritable
for girls than boys (e.g., Eley et al., 1999; Jacobson et al., 2002; Rose et al., 2004; Tuvblad
et al., 2005; Vierikko et al., 2003) as studies reporting that antisocial behavior was more
heritable for boys than girls (e.g., Bartels et al., 2003; Miles & Carey, 1997; Saudino et al.,
2005; Silberg et al., 1994; Stevenson & Graham, 1998; van den Oord et al., 1994).

One potential explanation for the inconsistent findings regarding qualitative and quantitative
sex differences across studies is that these sex differences vary with age. For example, the
specific genes or shared environmental factors influencing antisocial behavior may change
across development, and these developmental changes may vary with sex. Furthermore, it is
fairly well established that the genetic and environmental architecture of antisocial behavior
changes across development, with shared environmental factors accounting for relatively
more variance in child antisocial behavior and genetic factors accounting for relatively more
variance in adult antisocial behavior (Lyons et al. 1995; Jacobson et al., 2002). It is quite
possible that the developmentally-based changes in the relative influences of genes and
shared environment on antisocial behavior differ for males and females.

Only a handful of studies have examined sex differences in the genetic and environmental
influences on antisocial behavior across development. Tuvblad et al. (2005) examined sex
differences in the genetic and environmental influences on parent- and subsequently self-
reported delinquent behavior for twins assessed at age 8 and again at age 13. At age 8, there
was evidence of both qualitative and quantitative sex differences: either the genetic or the
shared environmental factors contributing to delinquent behavior were different for boys and
girls, and genetic influences on delinquent behavior were greater for girls while shared
environmental influences were greater for boys (this result was first published in a previous
analysis of these data by Eley et al., 1999). By age 13, however, there was no evidence of a
qualitative genetic or shared environmental sex difference, but the heritability of delinquent
behavior remained greater among girls and shared environmental influences remained
greater among boys. In addition, there were sex differences in the sources of the continuity
of delinquent behavior from age 8 to 13. For boys, shared environmental influences
accounted for the majority of the stability of delinquent behavior across development
whereas genetic factors completely accounted for the stability of delinquent behavior among
girls. As another example, Hicks et al. (2007) found no evidence of sex differences in the
magnitude of genetic and environmental influences on adult antisocial behavior in a
longitudinal sample of twins ages 17 to 24 (qualitative sex differences were not examined in
this study, as the sample did not include opposite-sex twin pairs).

The only twin study to examine both quantitative and qualitative sex differences in the
genetic and environmental influences on antisocial behavior from childhood through
adulthood was a study by Jacobson, Prescott, and Kendler (2002). In this study, adult twins
reported on the antisocial behavior that they had engaged in as children (before age 15),
adolescents (ages 15-17) and adults (after age 17). There was no evidence of sex-specific
genetic or shared environmental influences on antisocial behavior at any point in
development. However, sex differences in the magnitude of genetic and environmental
influences on childhood antisocial behavior emerged, with stronger genetic influences found
for females and stronger shared environmental influences found for males. As expected,
heritability increased and shared environmental influences decreased from childhood to
adolescence and adulthood for both males and females, but this pattern was more
pronounced for males, resulting in almost no sex differences in the magnitude of genetic and
environmental influences on adolescent and adult antisocial behavior. Jacobson et al.
suggested that later pubertal onset among males compared to females might explain the
finding that the estimates of heritability for males caught up to those for females by late
adolescence.
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The aim of the present study was to examine sex differences in the genetic and
environmental influences on childhood conduct disorder (CD) and adult antisocial behavior
(AAB) in a large sample of same- and opposite-sex twins from the general population. This
study represents only the second study to examine both qualitative and quantitative sex
differences in the genetic and environmental influences on antisocial behavior from
childhood to adulthood.

Participants were members of the national Australian Twin Registry (ATR). Details
concerning participant recruitment are reported elsewhere (Lynskey et al., 2002; Slutske et
al., 2009). In 1996-2000, members of the ATR born between 1964-1971 were contacted to
participate in a study involving a telephone administration of a structured psychiatric
interview in which CD was assessed. The participation rate for this interview was 84.2%,
with a total of N=6,265 individuals participating. There was no evidence that participants
and non-participants in this interview differed in terms of their levels of CD
symptomotology.1 Of the 6,265 twins who participated in the 1996-2000 interview, 2%
(n=109) were excluded from the current analyses due to missing data. At the time of this
interview, the twins were between 24-36 years of age (M=30, SD=2.44).

Members of the ATR born between 1964-1971 were contacted again between 2004-2007 (or
an average of eight years after the 1996-2000 interview) to participate in another structured
telephone interview in which adult antisocial behavior (AAB) was assessed. The
participation rate for this 2004-2007 interview was 80.4% (Slutske et al., 2009). There was
some evidence that individuals with a history of conduct disorder were less likely to
participate in this interview than those without such a history, though the net effect of this
differential attrition was small (see Slutske et al., 2009 for details). A total of N=4,764
individuals participated in the 2004-2007 interview. Of the 4,764 twins who participated in
this interview, 17 twins were excluded from the current analyses due to missing data. At the
time of this 2004-2007 interview, the twins were between 32-43 years of age (M=37.66,
SD=2.30).

Combining participants from both interviews yielded a total sample size of 6,383 twins, of
which 4,520 twins (71%) completed both the 1996-2000 and the 2004-2007 interview. The
majority (73%) of twins who completed the 1996-2000 interview also completed the
2004-2007 interview, and almost all (95%) of the twins who completed the 2004-2007
interview also completed the 1996-2000 interview. The sample consisted of 1,502
monozygotic (MZ) female twins (MZF), 1,135 MZ male twins (MZM), 1,183 dizygotic
(DZ) female twins (DZF), 991 DZ male (DZM) twins, and 1,572 DZ opposite-sex twins.

Zygosity—Information on twin zygosity was ascertained via a self-report questionnaire
assessing twins’ physical similarity and the frequency with which the twins were mistaken
for each other as children. The questionnaire method of determining twin zygosity has been
found to be 95% accurate (Eaves, Eysenck, & Martin, 1989). We were able to assess the

Ipotential sample bias was examined by comparing mean levels of CD for twins who were concordant (i.e., complete twin pairs)
versus discordant (i.e., incomplete twin pairs) for participation. Assuming levels of CD are correlated for twins within a pair, if twins
from incomplete twin pairs had higher levels of CD, this would suggest that non-participants were more likely to have higher levels of
CD than participants. However, there was no difference in logged CD scores for females from complete (M = 0.22, SD = 0.42) versus
incomplete (M = 0.21, SD = 0.42; t(2,601) = -0.37, p=.71) twin pairs or males from complete (M = 0.58, SD = 0.62) versus
incomplete (M = 0.61, SD = 0.63; t(2,042) = 0.94, p = .35) twin pairs.
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accuracy of our zygosity assignments for the current study due to the availability of DNA
for 241 of the same-sex twin pairs. The error rate for zygosity determination, based on 241
same-sex twin pairs in the current sample, was 2.5% (Slutske al., 2009).

Conduct disorder—~Participants completed the Semi-Structured Assessment for the
Genetics of Alcoholism (Bucholz et al., 1994), which includes a diagnostic assessment of
DSM-IV (Diagnostic and Statistical Manual of Mental Disorders — Version 1V) CD.
Participants retrospectively reported on the 15 symptoms of CD that they had experienced
before age 18,2 and each symptom was assessed for both seriousness and pervasiveness. The
15 CD symptoms were summed to create a scale indexing the number of symptoms
participants experienced before age 18. A sample of 215 randomly selected participants
from the 1996-2000 study was selected for retest four years after the main assessment.3 The
four-year test-retest reliability for the CD scale was r=.75 (Pearson correlation coefficient),
and this test-retest reliability did not differ significantly across sex, t(214) = -0.25, p = .80.

Adult antisocial behavior—Approximately 8 years after participants reported on their
CD symptoms, they were asked to report on their adult antisocial behavior — antisocial
behavior they had engaged in since turning 18 years old. The measure of antisocial behavior
we used was based on the measure of adult antisocial behavior used by Jacobson et al.
(2002). However, whereas Jacobson et al. assessed CD and AAB via self-report
questionnaires, we collected these data via structured diagnostic telephone interview.
Participants were asked to report on the frequency with which they had engaged in 17
specific behaviors — behaviors that correspond to the 7 adult criteria for DSM-1V antisocial
personality disorder (these items can be found in Kendler & Prescott, 2006, p. 83-84). The
response options for each of the 17 behaviors were: never, 1-2 times, 3-5 times, and 6 or
more times. A computer algorithm was used to combine the responses for each of the 17
behaviors into a 7-item scale. Each of the 7 adult antisocial personality disorder criteria was
considered present if the sum of the frequency of the behaviors indexing it was greater than
or equal to 3 (i.e., often). A subsample of 166 participants from the 2004-2007 study was
selected for a retest study approximately three months after the main assessment.# The
three-month test-retest reliability for the 7-item AAB scale was r= .75 (Pearson correlation
coefficient), and there were no sex differences in the test-retest reliability of AAB, t(164) =
-0.75, p = .46.

Environmental similarity—Twin similarity of childhood and adult environments was
assessed during the 1996-2000 interview. Twin similarity of childhood environment was
measured with four items: frequency of sharing the same friends, dressing alike, being in the
same classes in primary school, and being in the same classes in high school. Responses to
each item were averaged across twins within a pair and then summed to form a composite
scale, with higher scores indicating greater similarity of environment. Twin similarity of
adult environment was measured with two items assessing frequency of seeing each other
and frequency of contacting each other by telephone, e-mail, letter, or fax. Responses to
these two items were also averaged across twins within a pair and summed to form a
composite scale, with higher scores indicating greater contact.

2As a check for potential bias introduced by retrospective reports, we obtained the correlation between age at the time of the CD
interview and the number of reported CD symptoms. This correlation was -.02, indicating that participants with longer lengths of
recall reported a similar number of CD symptoms as participants with shorter recall lengths.

Individuals randomly selected for retest reported slightly more CD symptoms (M = 0.99, SD = 1.49) than individuals who were not
selected to participate in the retest study (M = 0.78, SD = 1.36; (6,218) = 2.20, p = .03; d = 0.15).

Participants with gambling problems were oversampled for the retest study, as the retest study was part of a larger study focused on
pathological gambling (Slutske et al., 2009). Thus, individuals who participated in the retest study also reported more lifetime AAB
symptoms (M =1.32, SD = 1.49) than individuals who were not selected to participate in the retest study (M = 0.72, SD = 1.15;
t(4745) = 6.48, p <.001; d= 0.45).
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Data Analysis

Estimates of the genetic and environmental influences on CD and AAB were obtained with
standard univariate twin models (Neale & Cardon, 1992). The twin design is based on the
premise that differences in resemblance between monozygotic (MZ) twin pairs, who share
100% of their genes, and dizygotic (DZ) twin pairs, who share approximately 50% of their
segregating genes, can be used to parse variance in a trait into additive genetic (A), shared
environmental (C), and non-shared environmental influences (E). Several assumptions
underlie the twin model, namely: 1) MZ and DZ twins are equally correlated in their
exposure to trait-relevant environments (i.e, the equal environments assumption), 2) there is
no assortative mating for the trait, and 3) there are no gene-environment correlations or
interactions for the trait (see Rijsdijk & Sham, 2002).

Standard univariate twin models were extended to test for quantitative and qualitative sex
differences in the genetic and environmental influences on CD and AAB. Quantitative sex
differences refer to sex differences in the magnitude of genetic, shared environmental and
non-shared environmental influences (Figure 1: an, # af, Cm # Cf, €m 7 €f), Whereas
qualitative sex differences refer to sex differences in the actual genetic or shared
environmental factors influencing the phenotype. Qualitative genetic sex differences are
apparent when the genetic correlation (Figure 1: rA) among opposite-sex twin pairs is
estimated to be less than .50 — the expected correlation for DZ twin pairs given their genetic
relatedness. Thus, a genetic correlation of less than .50 among opposite-sex twin pairs
suggests that different genetic factors are operating for males and females. Qualitative
shared environmental sex differences are apparent when the shared environmental
correlation (Figure 1: rC) among opposite-sex twin pairs is estimated to be less than 1 — the
expected correlation for MZ and same-sex DZ twins. Thus, a shared environmental
correlation among opposite-sex twin pairs of less than 1 suggests that opposite-sex twins
have fewer shared environmental experiences than same-sex twins.

Three univariate sex-limitation models were fit to the data for CD and for AAB, considered
individually. The first model was the full sex-limitation model, which allows for both
quantitative and qualitative sex differences as well as sex differences in phenotypic
variances. In this model, seven parameters were estimated (Figure 1: ay, Cm, €m, af, Cf, and
ef and either rA or rC). Because a model estimating both rA and rC simultaneously is not
identified, these correlations were estimated separately in two different, non-nested models.
The fits of these two non-nested models, that is, a model estimating rA versus a model
estimating rC, were compared using the Akaike Information Criterion (AIC), and the model
with the smaller AIC was selected as the best fitting model. The second model was the
common effects model, which differs from the full sex-limitation model only in that
parameters rA and rC were fixed to .50 and 1, respectively. Thus, the common effects model
allows for quantitative sex differences as well as sex differences in phenotypic variances but
not qualitative sex differences. The third model was the scalar model, which allows for sex
differences only in phenotypic variances (i.e., no qualitative or quantitative sex differences).
In this model, estimates for A, C, and E are constrained to be proportionally equal for males
and females. The full sex-limitation model, the common effects model, and the scalar model
are hierarchically related (i.e., the scalar and common models are nested within the full
model, and the scalar model is nested within the common model) and were compared using
Ayx? and AIC to determine the better fitting model.

After fitting the univariate sex-limitation models for both CD and AAB considered
individually, bivariate Cholesky models of CD and AAB were fit to the data to determine
the extent to which the covariation between CD and AAB was due to genetic, shared
environmental and non-shared environmental influences. Because the results of the
univariate sex-limitation models of CD were suggestive of qualitative sex differences,
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bivariate models of CD and AAB were fitted for males and females separately. Thus,
opposite-sex twins were not included in the bivariate analyses.

All analyses were conducted in Mplus (Muthén & Muthén, 1998-2007) using Maximum
Likelihood estimation. Mplus allows for the estimation of models with missing data under
missing completely at random and missing at random conditions. Thus, twins from complete
and incomplete twin pairs as well as twins who had completed one or both of the two
interviews were included in all analyses.

Descriptive Statistics

Approximately 4% of females and 18% of males met lifetime criteria for CD, and
approximately 4% of females and 16% of males met lifetime criteria for AAB. These
prevalences of CD and AAB are consistent with prevalence estimates reported in previous
studies.®> Means and standard deviations for the symptom counts of CD and AAB are
presented in Table 1. Measures of CD and AAB demonstrated significant positive skew, and
a log transformation was performed prior to the genetic analyses in order to improve the
normality of these measures. The skew of the CD symptom count was 2.52 and 1.16 before
and after the log transformation, and the skew of the AAB symptom count was 1.89 and
0.99 before and after the log transformation.

Sex differences in the means and variances of these log-transformed variables were
examined in a series of three models of CD and AAB, separately. In the first set of models,
the means and variances for CD and AAB were constrained to be equal across sex (CD: 32
(23) = 1516.47; AAB: 42 (23) = 811.80). Next, the variances for CD and AAB were freely
estimated for each sex, which resulted in a significant improvement in model fit for both CD
and AAB (CD: Ay? (1) = 510.21, p < .05; AAB: Ay? (1) = 237.36, p < .05). In the third and
final set of models, both the means and the variances for CD and AAB were freely estimated
for each sex, and this model also resulted in a significant improvement in model fit (CD: Ay?
(2) = 1165.40, p < .05; AAB: Ax? (2) = 642.58, p < .05), indicating that the means and
variances for CD and AAB were larger for males than females. Thus, in all sex-limited
biometric models, the means and variances for CD and AAB were allowed to vary across
sex. It was because of the sex differences in phenotypic variances that a model testing exact
equality (often referred to as an ‘equality” or ‘null’ model) of A, C, and E estimates for
males and females was not considered.

Twin Correlations

Univariate and bivariate twin correlations for the CD and AAB symptom counts and the
results of tests of differences between correlations are presented in Table 2. For both CD and
AAB, the MZ twin correlations were significantly larger than the DZ twin correlations (CD:
Ay? (1) = 13.46, p < .001; AAB: Ay? (1) = 14.12, p < .001), indicating the influence of
genetic factors. The male twin correlations for CD and AAB were larger than the associated
female twin correlations (CD: Ax? (1) = 44.32, p < .001; AB: Ay? (1) = 15.92, p < .001),
suggesting the possibility of sex differences in the magnitude of genetic and environmental
influences on both CD and AAB (quantitative sex differences). There was also evidence of a

SThe prevalence of CD in our sample is consistent with the prevalence estimates reported in other studies (e.g., Gelhorn et al., 2005;
Kendler & Prescott, 2006; Rose et al., 2004; Slutske et al., 1997). Further, the prevalence of AAB in our sample falls within the range
of estimates reported by studies with similar opertionalizations of AAB. For example, the lifetime prevalence of adult antisocial
behavior was 2.4% for females and 8.3% for males in the Jacobson et al., (2002) sample (as reported by Kendler & Prescott, 2006),
and the prevalence of adult antisocial behavior was 8.5% for females and 16.5% for males in the National Epidemiological Survey on
Alcohol and Related Conditions (Compton, Conway, Stinson, Colliver, & Grant, 2005).

J Abnorm Psychol. Author manuscript; available in PMC 2012 May 1.



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

1duasnuey Joyiny vd-HIN

Meier et al.

Page 8

qualitative sex difference for CD, as the opposite-sex twin correlation for CD was
statistically significantly smaller than the same-sex DZ twin correlations (Ay2 (1) = 8.49, p
<.01). Though the opposite-sex twin correlation for AAB was smaller than the same-sex DZ
twin correlations, this difference was not statistically significant (Ay? (1) = 2.27, p = .13).

The cross-twin, cross-trait correlations were larger for MZ than DZ twins (Ax? (1) = 23.83, p
<.001), indicating the influence of genetic factors on the stability of antisocial behavior.
Further, the stability of antisocial behavior was greater for males than females, as evidenced
by the larger within-twin, cross-trait correlations for males compared to females (Ay? (1) =
61.45, p <.001). There was also evidence that the magnitude of the genetic and
environmental influences on the stability of antisocial behavior differed across sex, as the
cross-twin, cross-trait correlations were larger for males than females (A2 (1) = 34.41, p <.
001). The cross-twin, cross-trait correlations were smaller for opposite-sex compared to
same-sex DZ twins (Ay? (1) = 4.92, p < .05), indicating a qualitative sex difference in the
sources of the stability of antisocial behavior.

Univariate Model Results

Conduct disorder—The model-fitting results and squared standardized path coefficients
for CD are presented in Table 3. Both full sex-limitation models (Table 3: Full rA and Full
rC) fit better than the common effects model and the scalar model. The results of the full
sex-limitation models indicated that either the genetic or the shared environmental factors
influencing CD were different for males and females. Further, though the magnitude of
genetic, shared environmental, and non-shared environmental influences on CD was allowed
to differ for males and females in both full sex-limitation models, the proportion of variance
in CD accounted for by A, C, and E was quite similar for males and females. The parameter
estimates for A, C, and E could be constrained to be proportionally equal across sex in both
full models without a resultant deterioration in model fit (Full rA: Ay? (2) = 2.13, p = .34;
Full rC: Ay? (2) = 2.04, p = .36; results not shown in Table 3).

In summary, the results of the univariate model fitting suggested that there were qualitative
sex differences in the genetic or shared environmental influences on CD but no quantitative
sex differences. Whether these qualitative sex differences were attributable to sex-specific
genetic influences (Full rA) or sex-specific shared environmental influences (Full rC) was
difficult to resolve. In the Full rA model, the genetic correlation among opposite-sex twin
pairs was initially estimated to be negative, likely because of insufficient covariance
information in the data. This estimate was then constrained to be positive, resulting in the
parameter being fixed at the lower bound (r = 0) of plausible values. In the Full rC model,
the shared environmental correlation among opposite-sex twin pairs was estimated to be r =.
23, which can be compared to the expected correlation, given no qualitative shared
environmental sex difference, of 1. The Full rC model was selected as the best fitting model
due to its slightly smaller AIC compared to the full rA model. Notably, estimates for A, C,
and E obtained from the Full rC model matched the estimates obtained from separate models
of each sex (results not shown).

Adult antisocial behavior—The results of the univariate model fitting for AAB are
presented in Table 3. A full sex-limitation model allowing for sex-specific shared
environmental influences was not fitted, as results from both the Full rA model as well as
separate models of AAB for each sex (not shown) indicated no effect of shared environment
for females and a small, non-significant effect of shared environment for males. The best-
fitting model was the scalar model, which indicated that genetic and environmental
influences accounted for proportionally the same amount of variance in AAB for males and
females.
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Bivariate Model Results

Bivariate Cholesky models of CD and AAB were fit for males and females separately,
because the univariate sex-limitation models indicated sex-specific effects on CD. The
standardized path coefficients and 95% confidence intervals from the full bivariate model
are presented in Figure 2 for each sex. The estimates of genetic, shared environmental and
non-shared environmental influences on CD and AAB from the bivariate models (which can
be obtained by squaring the standardized path coefficients) were nearly identical to those
obtained from the full univariate sex-limitation models. Slight differences between the
univariate and bivariate models can occur because the bivariate models take into account the
cross-twin, cross-trait correlations.

Genetic influences common to both CD and AAB accounted for the majority of the
covariation between CD and AAB for both males and females. For females, the correlation
between CD and AAB was r = .34, with genetic, shared environmental, and non-shared
environmental influences accounting for 67%, 3%, and 30% of this correlation, respectively.
For males, the correlation between CD and AAB was r = .41, with genetic, shared
environmental, and non-shared environmental influences accounting for 58%, 23%, and
19% of this correlation, respectively.

Sex Differences and the Equal Environment Assumption

The equal environments assumption (EEA) refers to the assumption that MZ and DZ twins
are equally correlated in their exposure to trait-relevant environments. A violation of this
assumption could result in inflated estimates of heritability and deflated estimates of the
effect of shared environment. Furthermore, a violation of this assumption among one sex but
not the other could account for sex differences (or the lack thereof) in the magnitudes of A,
C, and E. For example, a violation of this assumption among females could artificially
inflate heritability estimates for females. This could result in either a finding of higher
heritability among females than males, or it could increase the heritability of females to be
equal to that of males.

We examined sex differences in the veracity of the EEA in both childhood and adulthood.
There was no evidence of a sex by zygosity interaction in predicting similarity of twin
childhood environments (t(2,080) = -0.76, p = .45), indicating that the difference between
MZ and DZ twins in similarity of childhood environments was not different for males and
females. Further, after controlling for zygosity, twin similarity of childhood environment
was not related to twin concordance for CD (scored dichotomously) for females (OR = 1.20,
95% CI: 1.00, 1.44). For males, greater similarity of childhood environment decreased the
odds of twin concordance for CD, after controlling for zygosity (OR = 0.78, 95% CI: 0.64,
0.96). Thus, for males there was evidence that the more dissimilar the childhood
environment, the greater the likelihood of twin concordance for CD. Overall, these results
suggested that the EEA was not violated for either sex for CD.

There was evidence of a significant sex by zygosity interaction in predicting the frequency
of adult contact (b = 0.24; t(2,024) = 2.54, p = .01). The greater frequency of adult contact
among MZ compared to DZ twins was more apparent for males than females. Further, the
frequency of adult contact was related to twin concordance (scored dichotomously) for AAB
for females (OR = 1.22, 95% CI: 1.05, 1.41) but not males (OR = 1.14, 95% CI: 0.96, 1.36),
though this difference was not significant (b = -.07, p = .56). Overall, these results could
suggest a violation of the EEA among females. However, a relationship between frequency
of adult contact and adult antisocial behavior among females is causally ambiguous — it is as
consistent with the interpretation that more adult contact causes female twins to be more
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alike in their antisocial behavior as the interpretation that similarity in antisocial behavior
leads to more frequent contact (Lykken, McGue, Bouchard, & Tellegen, 1990).

Discussion

The purpose of this study was to examine sex differences in the genetic, shared
environmental and non-shared environmental influences on antisocial behavior in childhood
and adulthood. We found that the genetic or shared environmental factors influencing
antisocial behavior were different for males and females in childhood (i.e., a qualitative sex
difference) but not adulthood. Further, genetic and environmental influences accounted for
proportionally the same amount of variance in antisocial behavior for males and females
both in childhood and adulthood (i.e., no quantitative sex difference). The stability of
antisocial behavior from childhood to adulthood was slightly greater for males than females,
and genetic factors accounted for the majority of the covariation between CD and AAB for
both sexes. However, familial factors accounted for more of the stability of antisocial
behavior for males than females. Finally, the genetic influences on AAB overlapped
completely with the genetic influences on CD for both sexes.

Qualitative Sex Differences

Reports of qualitative sex differences in the genetic or environmental influences on
antisocial behavior are somewhat rare in the extant literature, with only a few twin studies
finding evidence of sex-specific genetic or shared environmental effects on antisocial
behavior (Derks et al., 2007; Eley et al., 1999; Vierikko et al., 2003; Rose et al., 2004). Part
of the reason for the isolated nature of these findings is that relatively few studies have
examined qualitative sex differences. Additionally, qualitative sex effects may be small and
require large samples, and, in particular, large samples of antisocial females, in order to be
detected. Thus, some studies reporting null findings may not have had adequate power to
detect this type of sex effect. Of the six studies that reported null findings for qualitative sex
differences and reported opposite-sex and same-sex twin (or sibling) correlations (Eaves et
al., 1997; Jacobson et al., 2002; Saudino et al., 2005; Slutske et al., 1997; Tuvblad et al.,
2005; Van Hulle et al., 2003), five reported twin/sibling correlations that were suggestive of
sex-specific etiologic influences. In the present study, the correlation for CD was
significantly smaller among opposite-sex twin pairs (.15) than among same-sex female (.28)
and male (.33) DZ twin pairs, and the correlation for AAB was also smaller (but not
significantly) among opposite-sex twin pairs (.08) than among same-sex female (.12) and
male (.25) DZ twin pairs. In Eaves et al. (1997) the corresponding correlations obtained
were .27, .43, and .35, in Saudino et al. (2005) they were .26, .48, and .43 for same-teacher-
reported conduct problems, and in Jacobson et al (2002) they were .21, .34. and .35 for
AAB. In addition, Van Hulle et al. (2003) reported that opposite-sex sibling correlations for
self-reported aggressive delinquency were smaller than same-sex sibling correlations.
Smaller correlations among opposite-sex twin or sibling pairs compared to same-sex pairs
suggest that the genetic or shared environmental risk factors for antisocial behavior differ for
males and females. If one focuses on effect sizes (that is, the actual estimates of ra and rc
derived from comparisons of same-sex and opposite-sex twin correlations) rather than the
results of null hypothesis significance tests, the results of the twin and sibling literature on
qualitative sex differences are not as inconsistent as they may appear.

In our study, it was difficult to resolve whether the qualitative sex difference observed for
CD was genetic or shared environmental in origin. It should be noted that twin designs are
generally not well-suited to resolving the source of a qualitative sex difference. Nonetheless,
our finding of a smaller correlation among opposite-sex compared to same-sex twin pairs for
CD is clear evidence of factors (whether they are genetic or environmental or both) that are
having an impact on one sex but not the other. If sex-specific genetic effects on CD exist,
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there are several possible mechanisms by which these sex-specific genetic risk factors could
emerge (Prescott, Aggen, & Kendler, 1999). For example, sex differences in genetic
background, gene-environment interaction, or gene-environment correlation could account
for a finding of a qualitative genetic sex difference. An alternative, but not mutually
exclusive, explanation is that antisocial behavior is associated with X-linked genes. There is
some evidence from molecular genetic studies that antisocial behavior is associated with X-
linked genes. A particular variant of the MAOA gene, an X-linked gene, appears to confer
risk for antisocial behavior, at least in the presence of adverse environmental circumstances
(Caspi et al., 2002; Kim-Cohen et al., 2006).

Quantitative Sex Differences

Genetic, shared environmental, and non-shared environmental influences accounted for
proportionally the same amount of variance in antisocial behavior for males and females in
both childhood and adulthood. Two other studies examined quantitative sex differences in
the genetic and environmental influences on antisocial behavior from childhood to
adulthood — one reached a similar conclusion about quantitative sex differences whereas the
other did not. In Hicks et al. (2007), there was no evidence of a quantitative sex difference
either in childhood or adulthood. In Jacobson et al. (2002), the heritability was greater for
females and shared environmental influences were greater for males in childhood, and no
sex differences were apparent in adolescence. In adulthood, though shared environmental
influences were small, these influences were greater for males than females. Notably,
Jacobson et al. distinguished between child and adolescent antisocial behavior, whereas
Hicks et al. (and the present study) did not, which could account for the differences between
studies.

The results of this study also highlight another possible explanation for the inconsistent
findings across studies regarding quantitative sex differences for antisocial behavior. Table 3
shows that estimates of genetic and environmental influences on antisocial behavior and the
difference in these estimates for males and females can change fairly dramatically when
qualitative sex differences exist but are not taken into account. For example, had the
qualitative genetic or shared environmental sex difference in CD not been modeled, it might
have been concluded that CD was significantly more heritable for males than females. This
suggests that when qualitative sex differences cannot be detected because of low statistical
power or have just not been modeled, spurious sex differences in the magnitude of genetic
or environmental influences on behavior may emerge.

Changes in the Genetic and Environmental Architecture of Antisocial Behavior Across
Development

Genetic influences on antisocial behavior increased and shared environmental influences
decreased from childhood to adulthood for both males and females, consistent with the
findings of Lyons et al. (1995) and Jacobson et al., (2002). However, whereas Jacobson et
al. (2002) found that the increase in heritability across development was attributable to new
genetic influences emerging in adolescence and adulthood, the results from both our study
and Lyons et al. suggested that the genetic influences on adult antisocial behavior
completely overlap with the genetic influences on childhood antisocial behavior, and the
magnitude of genetic influences on antisocial behavior simply increases with age. Jacobson
et al.’s intriguing finding of unique genetic influences on antisocial behavior emerging in
adulthood still awaits replication. The increasing influence of genes and decreasing
influence of shared environment across development demonstrated across studies could
simply reflect an adult’s greater control over their environment relative to a child, and
therefore may be the outcome of an active genotype-environment correlation.
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A limitation of this study is that childhood antisocial behavior was assessed retrospectively.
Henry, Moffitt, Caspi, Langley, and Silva (1994) found that when participants were asked to
retrospectively report on delinquent acts, participants tended to both under- and over-report
these acts. However, Henry et al. noted that participants may have been quite accurate in
recalling whether or not they had engaged in a delinquent act - they just did not accurately
recall the age when they began to engage in the behavior. Thus, retrospective recall may not
have unduly biased reports of CD in our study, as participants were not asked to report
precise dates for their antisocial acts. Nonetheless, it is possible that there is a genetic
component to retrospective recall, which could have resulted in over-estimates of the
heritability of CD. However, as Jacobson et al. (2002) noted, if retrospective recall is
genetically influenced, then the heritability of antisocial behavior might be expected to
increase as the length of the recall time increases. This pattern was not observed in our
study, as the heritability of antisocial behavior was greater in adulthood than in childhood.
Furthermore, our variance component estimates for CD closely match the estimates obtained
from population-based studies of child and adolescent self-reported delinquency and
conduct disorder (Eaves et al., 1997; Taylor, McGue, & lacono, 2000). For the purposes of
our study, though, the main threat of retrospective reporting is that sex differences in recall
might account for our finding of sex-specific genetic or shared environmental influences on
CD. This is unlikely because the accuracy of retrospective reports of delinquent behavior
tend to be similar for males and females (Henry et al., 1994, and the present study).

Another limitation of this study is that the assessment of childhood CD and AAB did not
take into account the considerable heterogeneity in antisocial behavior over the life course.
The most accurate understanding of sex differences in antisocial behavior and the sources of
this sex difference would come from a study that could take into account the heterogeneous
nature of antisocial behavior.

Conclusions

The risk factors for antisocial behavior differed for males and females in childhood but not
adulthood, and genetic and environmental influences accounted for proportionally the same
amount of variance in antisocial behavior for males and females both in childhood and
adulthood. The types of risk factors for antisocial behavior that differ among the sexes may
be genetic or environmental in origin. If there are sex-specific effects on antisocial behavior,
they are likely to be small and may not account for much of the sex difference in the
prevalence of antisocial behavior. Nonetheless, our findings of sex-specific effects on child
antisocial behavior, combined with the replicated finding of a role for the X-linked MAOA
gene in the etiology of antisocial behavior, suggest that molecular genetic studies aimed
toward identifying the genes involved in the development of antisocial behavior may have
some success if they focus on the X chromosome, or at minimum, conduct analyses
separately by sex. Developing an understanding of the sources of the sex difference in the
prevalence of antisocial behavior is likely to be quite complicated, involving research that
takes into account the different developmental trajectories of antisocial behavior as well as
the interplay between genes and environment.
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Figure 1.

Univariate sex-limitation model for childhood conduct disorder. The magnitude of additive
genetic (A), shared environmental (C), and non-shared environmental (E) influences may
differ for males and females (ay, # af, Cm 7 Ct, f # €m), and/or the genetic (rA) or shared-
environmental (rC) correlation among opposite-sex twins may fall below the expected
genetic (.50) and shared-environmental (1) correlations for same-sex DZ twins. The same
univariate sex-limitation model was used for adult antisocial behavior.

J Abnorm Psychol. Author manuscript; available in PMC 2012 May 1.



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

1duasnuey Joyiny vd-HIN

Meier et al. Page 17

Figure 2.

Standardized path coefficients and 95% confidence intervals for the bivariate twin model of
childhood conduct disorder (CD) and adult antisocial behavior (AAB). Estimates for males
are on the top, and estimates for females are on the bottom.
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