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Abstract
The present study uses a population-based sample of 6,806 adult twins from same-sex and opposite-sex twin pairs to
examine sex differences in the underlying genetic and environmental architecture of the development of antisocial
behavior (AB). Retrospective reports of AB during three different developmental periods were obtained: prior to age
15 years (childhood), age 15–17 years (adolescent), and age 18 years and older (adult). Structural equation modeling
analyses revealed that there was no evidence for sex-specific genetic or sex-specific shared family environmental
influences on the development of AB; that is, the types of genetic and environmental influence were similar for
males and females. For both sexes, a model that allowed for genetic influences on adolescent and adult AB that
were not shared with childhood AB fit better than a model with a single genetic factor. In contrast, shared
environmental influences on adolescent and adult AB overlapped entirely with shared environmental influences on
childhood AB. Genetic factors played a larger role in variation in childhood AB among females, whereas shared
environmental factors played a larger role among males. However, heritability of AB increased from childhood to
adolescence and adulthood for both sexes, and the magnitude of genetic and environmental influences on adolescent
and adult AB was approximately equal across sex. We speculate that sex differences in timing of puberty may
account for the earlier presence of genetic effects among females.

One of the more intriguing results from re- vergence of findings between studies of
childhood and adolescent AB (e.g., conductsearch on genetic and environmental influ-

ences on antisocial behavior (AB) is the di- disorder [CD] and delinquency) and studies of
adult AB (e.g., antisocial personality disorder
and criminality). Research using children and
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ronmental influences (Miles & Carey, 1997). Segal, & Lykken, 1990). However, the 95%
confidence intervals surrounding these esti-Specifically, genetic and shared environmen-

tal influences contributed about equally to mates were large, and results from this small
and rather unusual sample were not replicatedvariation in aggression among studies of chil-

dren and adolescents, whereas, among studies in a second, large-scale study that used retro-
spective reports of AB from a sample of 3,226of adults, the average heritability was substan-

tial, accounting for upwards of 50% of varia- male twin pairs from the Vietnam Twin Reg-
istry (Lyons, True, Eisen, Goldberg, Meyer,tion, and no shared environmental influences

were detected. Faraone, Eaves, & Tsuang, 1995). This sec-
ond study supported the hypothesis of increas-
ing genetic effects on AB. Genetic influences

Developmental Changes in Genetic
on juvenile antisocial traits were quite mod-

Influence on Antisocial Behavior
est, explaining only 7% of the variance, com-
pared to 43% of variance explained by geneticHowever, the drawing of conclusions about

developmental changes in the relative influ- factors for adult antisocial traits. Conversely,
shared environmental influences explainedence of genetic and shared environmental fac-

tors on AB from cross-study comparisons is 31% of the variation in juvenile antisocial
traits, but only 5% of the variation in adultproblematic, because studies use different

samples and different measures of AB. These antisocial traits.
In the Lyons et al. (1995) study, the corre-differences in methodologies may introduce

systematic biases. In addition, studies that fo- lation between juvenile and adult antisocial
traits was .44, and genetic and shared environ-cus on only one time point (i.e., childhood,

adolescence, or adulthood) cannot determine mental influences each accounted for approxi-
mately one-third of this correlation. This studythe source of potential increases in genetic in-

fluence. For example, heritability of AB may also found that the same set of genetic and
shared environmental factors accounted forincrease in adulthood because of the presence

of new genetic influences on adult AB that variation in both juvenile and adult antisocial
traits; that is, there were no genetic or sharedare not shared with child and adolescent AB.

Alternatively, the same set of genetic factors environmental influences specific to either ju-
venile or adult antisocial traits. Thus, themay influence AB at all time points, but the

magnitude of the genetic influence may in- greater heritability estimate for adult antiso-
cial traits was due to an increase in the magni-crease with age. Finally, genetic influences

might remain constant across time while envi- tude of the genetic influence on adult antiso-
cial traits, rather than to the presence of newronmental influences decrease in importance.

This too would account for an increase in her- genetic influences.
However, this study had two importantitability. Ideally, prospective, longitudinal, ge-

netically informative studies of AB are needed limitations: first, only two points in time were
used with a cutoff point of age 15, so the mea-to disentangle these effects. Although several

longitudinal twin and adoption studies are sure of “adult” antisocial traits included be-
haviors during middle and late adolescence,in progress (Hewitt et al., 1997; Plomin &

DeFries, 1983), none currently have data from as well as adult behaviors. Because most ado-
lescent twin siblings live together until ageboth childhood and adulthood. Thus, a second

strategy is to collect retrospective reports of 18, combining behavior from ages 15 to 17
with the behavior after age 18 may have over-child and adult AB using the same adult

sample. stated the continuity of shared environmental
factors between juvenile and adult AB. Like-At least two prior studies have used this

method. A study of 32 monozygotic twin wise, combining adolescent and adult behav-
iors may have obscured any new genetic in-pairs reared apart reported heritability esti-

mates of .41 and .28 for childhood and adult fluence that occurs after age 18. Second,
because the Vietnam Twin Registry was re-antisocial personality disorder (APD), respec-

tively (Grove, Eckert, Heston, Bouchard, stricted to male twins, sex differences could
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not be examined. It is possible that the genetic Bohman, & Knorring, 1982) Thus, evidence
for sex differences in the heritability of AB isand environmental architecture underlying the

development of AB differs for males and fe- equivocal. In addition, no published study has
investigated sex differences in the underlyingmales. There is substantial evidence for sex

differences in mean levels of both childhood genetic and environmental influences on the
development of antisocial behavior over time.CD and adult ASP (Cohen, Cohen, Kasen,

Velez, Hartmark, Johnson, Rojas, Brook, &
Streuning, 1993; Kessler, McGonagle, Zhao,

The Present Study
Nelson, Hughes, Eshleman, Wittchen, & Ken-
dler, 1994; Robins & Reiger, 1991; Rutter, The present study uses data on behavior from

three different developmental periods (prior toGiller, & Hagell, 1998; Simonoff, Pickles,
Meyer, Silberg, Maes, Loeber, Rutter, Hew- age 15, between the ages of 15 and 17, and

age 18 and older) to examine four primaryitt, & Eaves, 1997), but it is less clear whether
sex differences in mean level are associated questions concerning sex differences in the

genetic and environmental architecture under-with sex differences in the sources of individ-
ual differences in AB. lying the development of AB. First we test

whether the genetic and shared environmental
influences that impact AB are the same for

Sex Differences
males and females (a qualitative sex differ-
ence). For example, it has been suggested thatTo date, only a few studies have examined

sex differences in genetic and environmental the greater prevalence of AB among males
may be due to genes related to sex-specificinfluences on AB. One of the first studies of

behavioral deviance using an unselected sam- hormones such as testosterone. If so, genetic
factors influencing AB should overlap onlyple of 13-year-old twins found stronger evi-

dence for genetic influences among males partially, if at all, for males and females, be-
cause these genes would be expressed onlythan among females (Graham & Stevenson,

1985). A more recent large-scale study using among males. Similarly, we can test whether
the shared environmental factors that influ-two separate samples of adolescent twins

found that the heritability of nonaggressive ence AB are the same for males and females.
Second, we examine whether genetic and en-delinquent behavior was higher among fe-

males than among males, although no sex dif- vironmental factors exert similar magnitudes
of influence on AB for males and females (aferences emerged for aggressive delinquent

behavior (Eley et al., 1999). Still other twin quantitative sex difference). For example, if
genes activated at puberty are an importantstudies have failed to find evidence for signif-

icant sex differences in the heritability of AB influence on AB, genetic influences on early
adolescent AB might be stronger for females(e.g., Slutske, Heath, Dinwiddie, Madden,

Bucholz, Dunne, Statham, & Martin, 1997). than for males, given the earlier age of pu-
berty experienced by females. Third, we in-Results from adoption studies are similarly

conflicting. A recent adoption study found vestigate the underlying structure of genetic
and shared environmental influences on thethat CD among adopted males was predicted

by adoptive family environment alone, while development of AB. Specifically, we test
whether a single genetic factor, and/or a sin-biological background and gene–environment

interactions predicted CD among females, gle shared environmental factor, can account
for the variation in AB at all three time pointssuggesting greater genetic influence on CD

among females (Langbehn, Cadoret, Yates, and, conversely, whether genetic influences
on antisocial behavior at the three time pointsTroughton, & Stewart, 1998). However, re-

sults from earlier adoption studies suggested are completely independent. Finally, we ex-
amine whether the same underlying geneticthat the same genetic factors predicted antiso-

cial behavior in both males and females (e.g., and environmental structure can account for
continuity and change in AB for both malesBaker, Mack, Moffitt, & Mednick, 1989; Ca-

doret & Cain, 1980; Sigvardsson, Cloninger, and females.
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Previous analyses using the same-sex fe- least partly heritable (Plomin & McClearn,
1993; Rowe, 1994). To the extent that thesemale twins from the present study found that

the heritability of CD symptoms up to age 18 characteristics also influence the development
of AB, one might predict that a common setwas .41, and shared environmental influences

did not significantly differ from zero (Gold- of genes would influence AB at all three time
points. Thus, models constraining genetic in-stein, Prescott, & Kendler, 2001). In contrast,

a paper using a two-wave measurement model fluences on antisocial behavior to be indepen-
dent across time periods should not fit theto assess genetic and environmental influ-

ences on CD among the same-sex male twins data well. In contrast to LCP antisocial behav-
ior, AL delinquency is considered to be nor-in the present study reported that genes and

shared environments both explained approxi- mative, particularly among males, and may be
most strongly influenced by factors such asmately one third of the variation in CD, and

both estimates were significantly greater than peer group composition, parental discipline
and monitoring, and structural factors at thezero (Jacobson, Prescott, & Kendler, 2000).

However, it should be noted that these reports family, school, and community level (Moffitt,
1993). This would suggest that environmentalwere independent analyses of the same-sex

pairs only, and thus cannot answer the ques- influences, both shared and nonshared, would
be more important for variation in child andtion of sex differences directly.

Results from the present study may have adolescent AB than for adult AB.
However, it should be noted that the designimplications for developmental taxonomies of

antisocial behavior such as those proposed by of the present study does not directly test
hypotheses concerning developmental taxo-Moffitt (1993) and DiLalla and Gottesman

(1989). Longitudinal research has shown that nomies. Predictions pertaining to different ge-
netic and environmental etiologies of LCPalthough the majority of individuals diag-

nosed with adult APD met criteria for CD in and AL individuals require either person-cen-
tered analyses that focus on group differenceschildhood and adolescence, most individuals

diagnosed with CD do not go on to become or growth curve analyses. Thus, although re-
sults from this study might be consistent withantisocial adults (Robins, 1978). This unidi-

rectional effect, coupled with the finding that predictions based on developmental typolog-
ies, they do not test them directly. Instead, thedelinquent behavior in adolescence is a nearly

universal phenomenon (e.g., West & Farring- present study focuses on a different develop-
mental issue, namely, estimating the timington, 1973) has led a number of researchers to

propose the existence of two major types of and relative importance of genetic and envi-
ronmental influences on the development ofdelinquents: “transitory” or “adolescent-lim-

ited” (AL) delinquents, whose antisocial be- AB and testing whether these influences are
similar for males and females.havior is limited to the adolescent years, ver-

sus “continuous” or “life-course-persistent”
(LCP) delinquents, whose antisocial behavior

Methods
begins at a younger age and continues from
adolescence into adulthood (DiLalla & Gottes-

Sample and procedure
man, 1989; Moffit, 1993). In addition to
showing different patterns of AB across the Data are from two longitudinal studies of psy-

chiatric disorders in adult twins: a four-wavelife span, these two groups of individuals are
further surmised to have different genetic and longitudinal study of female–female twins

(the FF study; Kendler, Neale, Kessler,environmental etiologies (Rutter, MacDonald,
Le Couteur, Harrington, Bolton, & Bailey, Heath, & Eaves, 1992) and an ongoing three-

wave study of male–male and male–female1990; Wilson & Herrnstein, 1985).
In particular, the antisocial behavior of twins (the MMMF study; Kendler & Prescott,

1999). Twins were ascertained via the Vir-LCP individuals is thought to be influenced,
in part, by relatively stable cognitive and per- ginia Twin Registry (VTR, now part of the

Mid-Atlantic Twin Registry). The VTR wassonality characteristics, many of which are at
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formed by a systematic search of all Virginia In total, we received SRQs from 6,823 in-
dividual twins. Eight twins were eliminatedbirth certificates since 1918. Twins were eli-

gible for participation if one or both twins because of missing information concerning
zygosity, and 9 twins were eliminated becausecould be successfully matched to state rec-

ords, they were Caucasian, and they were of missing data for all three measures of anti-
social behavior. The remaining 6,806 twinsborn between 1934 (FF) or 1940 (MMMF)

and 1974. Inclusion in the FF study also re- included the following: 2,580 twin pairs in
which both twins had data on antisocial be-quired that both twins in a pair return a mailed

questionnaire, whereas MMMF participants havior (346 monozygotic female–female
[MZF] pairs, 212 dizygotic female–femalewere first recruited by a telephone interview.

Initial response rates were 64% (FF) and 73% [DZF] pairs, 635 monozygotic male–male
[MZM] pairs, 432 dizygotic male–male(MMMF). Both studies were approved by the

local Institutional Review Board, and subjects [DZM] pairs, and 955 dizygotic male–female
[DZOS] pairs), 8 sets of triplets (creating 1were informed about the goals of the study

and provided verbal consent prior to phone in- DZF, 9 MZM, 4 DZM, and 10 DZOS pairs),
and 1,622 twins whose cotwins did not haveterviews and written consent prior to in-per-

son interviews and collection of DNA sam- valid data on antisocial behavior (206 MZF,
169 DZF, 299 MZM, 322 DZM, and 626ples.

Data for the present study come from self- DZOS). Twins had an average of 13.5 (SD =
2.7, males) and 14.0 (SD = 2.5, females) yearsreport questionnaires (SRQ) that were part of

the wave 4 (FF) or wave 2 (MMMF) data col- of education at the time of the SRQ. Female
twins were slightly younger than male twinslection. The FF study includes 2,164 twins

originally interviewed at the first wave of data (Mfemale = 36.7, SD = 8.7; Mmale = 37.1, SD =
9.1), F (1, 6,792) = 6.5, p < .05, and MZ twinscollection in 1988–1989 and 275 twins who

were ascertained and studied subsequently. Of were younger than DZ twins (MMZ = 36.1,
SD = 8.9; MDZ = 37.4 SD = 8.9), F (1, 6,792) =these 2,439 twins, 1,934 (79%) were success-

fully reinterviewed via telephone at the fourth 36.2, p < .001. However, the interaction be-
tween sex and zygosity for age was not signif-wave of data collection in 1996–1997. Wave

4 participants were also sent an SRQ and were icant, F (1, 6,792) = 0.02, p > .50, indicating
that the difference in age between MZ and DZasked to fill it out and mail it back later. We

received SRQs from 1,497 (77%) twins inter- twins was similar for males and females.
Thus, our results concerning sex differencesviewed at wave 4. The majority of SRQs

(85%) were returned within 3 months of the in estimates of heritability and shared envi-
ronmental influences should not be biased bywave 4 interview. A minority of SRQs (1%)

were answered orally. the slight age differences between males and
females.The MMMF study includes 6,847 twins

originally interviewed in 1993–1996. Eighty-
three percent (N = 5,651) completed a second
wave interview in 1994–1998, and 5,326 Measures
(94%) of those interviewed at wave 2 also
completed an SRQ. The majority (80%) of Zygosity. Zygosity of same-sex twin pairs

who both participated at the initial assessmentwave 2 interviews were conducted face-to-
face, with the SRQ filled out during the mid- was determined by a combination of twins’

responses to standard questions regarding twindle of the interview. An additional 1.8% com-
pleted the SRQ prior to the wave 2 interview similarity, photographs, and DNA typing. As-

signment of zygosity for twins whose same-([M] = 8.6 days, SD = 19.7), and 18.2% re-
turned it after the wave 2 interview (M = 3.53 sex cotwins did not cooperate at wave 1 was

done using a discriminant function analysis ofmonths, SD = 8.9). In approximately one-
quarter of cases, the SRQ was answered items regarding physical similarity and twin

self-report of zygosity, with DNA-typed twinsorally, most often because the wave 2 inter-
view was given over the phone. as the comparison group.
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Child and adolescent antisocial behavior. sent (0) if none of the criteria were met.
Symptoms were then summed to create a con-Items concerning antisocial behavior were

identical in the FF and MMMF studies. Three tinuous measure, with a possible range of
0–9.measures of antisocial behavior (AB) were

used: AB prior to age 15 years (child), AB For all three measures of AB, if a respon-
dent had missing data for a particular item,age 15–17 years (adolescent), and AB age 18

years and older (adult). For AB prior to age then he or she was given a score of 0 for that
particular item. Twins with 50% or more items15 years, twins were asked to report how of-

ten they had engaged in 11 specific antisocial missing for a particular scale were given
scores of missing for that scale (0.91% forbehaviors, corresponding to 11 of the 13

symptoms used to establish conduct disorder child AB, 1.03% for adolescent AB, and
0.31% for adult AB). Ninety-five percent ofin the DSM-III-R (American Psychiatric As-

sociation [APA], 1987; the DSM-III-R item the sample (N = 6,464) did not have missing
data for any of the items. Only four individu-regarding forced sex was eliminated, given its

low prevalence in other samples and potential als had more than two missing items for any
of the three scales.offensiveness, and two of the DSM-III-R

items regarding theft behavior were combined Table 1 presents the proportion of twins
with each symptom count at each of the threeinto a single item). Responses ranged from 0

(never) to 3 (6 or more times [or often]). Nine age points, separately by zygosity and sex.
The prevalence of AB at all three time pointsof the 11 items were repeated for AB age

15–17 years. (Two of the items, frequency was similar across zygosity, although a
greater proportion of males than females re-with which the respondent lied and started

fights, were only asked for the period prior ported one or more AB symptoms. Given the
small proportion of cases with more than fiveto age 15 years.) A computer algorithm was

applied to the frequencies for each item to in- childhood AB symptoms, more than four ado-
lescent symptoms, and more that six adultdicate whether a given symptom was present

(1) or absent (0). The algorithm was designed symptoms, categories were combined so that
the number of symptoms ranged from 0 to ≥5to match the wording of the DSM-III-R crite-

rion as closely as possible. Summary scores (childhood), 0 to ≥4 (adolescent), and 0 to ≥6
(adult); all variables were treated as ordinal inof symptom counts were then calculated, and

there was a possible range of 0–11 for AB the structural equation modeling; and thresh-
olds corresponding to each category were esti-prior to age 15 years and 0–9 for AB ages

15–17 years. mated.

Statistical analysis. Structural equation mod-Adult antisocial behavior. The SRQ also in-
cluded 17 items relating to 9 of the 10 symp- eling analyses were conducted using the sta-

tistical package Mx (Neale, 1999). Modelstoms for adult antisocial personality disorder
(ASPD; APA, 1987), such as frequency of be- were fit to correlation matrices (shown in Ap-

pendix A) created from the raw data.1 The fulling irresponsible at work, frequency of arrest,
and frequency of fighting. (Questions relating sex-limitation trivariate Cholesky model

(Neale & Cardon, 1992) is shown in Figure 1.to the 10th adult symptom, failure to establish
a monogamous relationship for at least 1 year, The diagram is shown for DZOS twin pairs,

with the parameters for male twins on the leftwere not included.) All items were asked for
the period age 18 years and older, and the (designated by the subscript m), and those for

female twins on the right (designated by thescale for each item ranged from 0 (never) to
3 (often). For adult AB, a computer algorithm subscript f). The model allows for 3 underly-
was used that combined these 17 items into
the 9 possible symptoms. A given symptom

1. Models were fit to correlation matrices, rather than to
was coded as present (1) if respondents met covariance matrices, because the variables were ordi-
criteria for one or more of the behaviors that nal, and it is assumed that ordinal variables have vari-

ance = 1.0.represented that particular symptom and ab-
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ing genetic (A1, A2, A3), shared environmental DZ twins (rg1–rg3 in Figure 1) because identi-
cal twins share 100% of their genes, and fra-(C1, C2, C3), and nonshared environmental fac-

tors (E1, E2, E3) that represent influences that ternal twins, like nontwin siblings, share 50%
of their segregating genes (on average). Non-appear during childhood, adolescence, and

adulthood, respectively.2 In this full model, shared environmental influences, by defini-
tion, are not correlated across twins. Theearlier influences are assumed to persist into

later stages, although this is a testable as- model shown in Figure 1 is sex limited in two
ways. First, the model estimates each of thesumption.

Variation in scores at a given time point is individual parameters separately for males
and females. Thus, the absolute magnitude ofcalculated as the sum of the squared parame-

ters that point to that particular time point. For genetic and environmental influences on AB
can vary across sex (a quantitative sex differ-example, variation in childhood AB is a1

2 +
c1

2 + e1
2, and the heritability of childhood AB ence).3 Second, this model can estimate the

degree to which genetic influences are sharedis simply a1
2. For adolescent and adult AB

however, variation arises both from influ- across males and females (a qualitative sex
difference) by allowing each of the rg coeffi-ences specific to that time point as well from

influences that are shared with previous time cients to vary from 0.5 among DZOS twins.
Similarly, the degree to which shared environ-points. For example, the total variation in

adult AB is a3
2 + a5

2 + a6
2 + c3

2 + c5
2 + c6

2 + mental influences are the same for males and
females is tested or by allowing each of the rce3

2 + e5
2 + e6

2, and the heritability of adult AB
is a3

2 + a5
2 + a6

2. Thus, the heritability of adult coefficients to vary from 1.0 among DZOS
twins. Because of constraints imposed by theAB can be decomposed into new genetic in-

fluences specific to adult AB (a6
2), genetic in- twin design, qualitative sex differences in ge-

netic and shared environmental influencesfluences that are common to adolescent but
not childhood AB (a5

2), and genetic influences cannot be tested simultaneously.
The absolute fit of the model shown in Fig-that are common to AB at all three time points

(a3
2). Total shared environmental influences ure 1 is obtained by comparing the likelihood

of this model to the likelihood of a model thatare calculated by c3
2 + c5

2 + c6
2 and can be

similarly decomposed. The hypothesis that a fits the raw data perfectly (i.e., a saturated
model), using the likelihood ratio test statisticsingle set of genetic factors influences varia-

tion in behavior at all three time points is (LRC), which is calculated as twice the differ-
ence in log-likelihoods (Neale & Cardon,tested by fitting a nested submodel that con-

strains the paths a4, a5, and a6 to zero, thereby 1992). The LRC is distributed as a chi-square
value and is an indication of model fit, and aeliminating any genetic influence on variation

in adolescent or adult AB that is not shared nonsignificant LRC indicates that the model
fits the raw data well. Similarly, the relativewith the genetic influence on child AB. Like-

wise, the hypothesis that there is a single set fit of nested submodels can be obtained by
calculating the LRC from the difference inof shared environmental factors that influence

AB is tested by a submodel constraining the log-likelihoods between the full model shown
in Figure 1 and the particular submodel. Whenpaths c4, c5, and c6 to be zero. In contrast, the

hypothesis that genetic influences on AB are two competing, nonnested submodels both
have nonsignificant LRCs, Akaike’s Informa-completely independent across time is tested

by constraining the paths a2, a3, and a4 to zero.
Among same-sex twin pairs, each of the 3. Because of the inclusion of DZOS twin pairs, the pa-

three shared environment factors is correlated rameters specific to each of the three time points (i.e.,
those with the subscripts 1, 4, and 6) were constrained1.0 across twins (rc1–rc3 in Figure 1), regard-
to be nonnegative to avoid a situation in which param-less of zygosity. Each of the three genetic fac-
eters were estimated as negative for one sex but posi-tors is correlated 1.0 for MZ twins and 0.5 for
tive for the other. It should be noted that this constraint
still allows genetic and environmental influences on
covariation between time points to be negative in one2. All latent factors were constrained to have a variance

of unity. sex and nonnegative in the other.
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tion Criteria (AIC; Akaike, 1987) can be used. to assess AB, should be lower in magnitude
than the correlations between child and ado-The AIC indicates the balance of goodness of

fit and parsimony (Williams & Holahan, lescent AB, which use the same items.
1994), and models with more negative AIC
values are preferred.

Twin correlations

Inspection of the twin correlations presented
Results

in Appendix A can provide some expectation
of what results from the structural equation

Reliability
modeling analyses may be.4 For example, if
MZ correlations are greater than DZ correla-A subset of twins (N = 127 from the FF study;

N = 172 from the MMMF study) completed a tions, genetic influences are suggested. To the
extent that DZ correlations are greater thansecond SRQ an average of 28 days after the

initial SRQ. The intraclass correlations for one-half the MZ correlation, shared environ-
mental influences are suggested. Finally, aAB prior to age 15, age 15–17, and age 18

years and older were .77, .71, and .67, respec- comparison of the same-sex and opposite-sex
twin correlations can give some indication oftively, among the FF sample and .72, .71, and

.69, respectively, among the MMMF sample. the likelihood of significant sex differences.
Examination of the correlations suggests aThe age of the twins used for reliability varied

from 21 to 57. Therefore, we were able to ex- few general patterns. First, DZOS correlations
are not substantially lower than the same-sexamine whether age affected short-term reli-

ability by taking the absolute difference be- DZ correlations, suggesting that there are no
qualitative differences in genetic or shared en-tween the number of symptoms obtained from

the original SRQ and the number of symp- vironmental influences on AB. To take the
most extreme example, if the genetic and en-toms obtained from the reliability SRQ and

regressing this difference score onto age. This vironmental influences on AB were com-
pletely different for males and females, corre-was done for each of the three variables, sepa-

rately by gender. Age did not significantly lations among DZOS twins would be zero.
Instead, correlations among DZOS twinspredict any of the absolute difference scores

for either males or females (t range = −1.22– range from approximately .10 to .25. How-
ever, there is some suggestion of quantitative0.20; all p > .20).
sex differences (i.e., sex differences in the
magnitudes of genetic and environmental in-

Within-person correlations
fluences on AB). Most notably, for child AB,
the MZF correlation (.39) is substantiallyWithin-person polychoric correlations were

calculated using SAS v.8.01. The correlation
between childhood and adolescent AB was

4. Formal structural equation modeling programs such as.56 for males and .51 for females. Correla-
Mx are preferred to a visual inspection of correlations

tions between childhood and adult AB were for three primary reasons. First, standard errors on cor-
.39 (males) and .42 (females), and the correla- relations can vary widely across zygosity group, mak-

ing determinations of statistically significant differ-tions between adolescent and adult AB were
ences difficult. Mx takes into account sample size.56 and .49 for males and females, respec-
when estimating parameters and calculates confidencetively. The fact that the correlations between
intervals around the parameters. Relatedly, Mx pro-

adolescent and adult AB were nearly identical vides fit statistics that indicate the goodness of fit of
to the correlations between child and adoles- each model and allows for specific hypothesis testing.

Finally, in multivariate models, both cross-twin,cent AB demonstrates the cross-time validity
within-trait (e.g., Child_1 with Child_2) and cross-of our measures of AB. Specifically, if mea-
twin, cross-trait (e.g., Child_1 with Adol_2) correla-sures of adult AB were tapping a different
tions are taken into account simultaneously when esti-

construct than that measured by child and ad- mating parameters. Thus, simple visual comparisons of
olescent AB, the correlations between adoles- pairs of correlations can sometimes yield misleading

results.cent and adult AB, which use different scales
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greater than the DZF correlation (.09), indi- in fit compared to Model 1 (LRCs < 1.0, df =
1, all p > .50). We ran a similar series of mod-cating strong genetic influence and no shared

environmental influence among females. In els estimating the rc among DZOS twins, and
again, none of the models offered a signifi-contrast, the MZM correlation (.34) is only

slightly greater than the DZM correlation cant improvement in fit compared to Model 1
(LRC < 1.00, df = 1, all p > .50, results not(.30), suggesting that the primary sources of

familial resemblance for child AB among shown). Thus, there was no evidence for qual-
itative sex differences in genetic and environ-males are shared environmental influences.

Second, especially among male twins, mental influences on the development of AB.
In contrast, Model 2, which tested the hypoth-MZ correlations increase from childhood to

adulthood, while the DZ twin correlations are esis that there were no quantitative sex differ-
ences, did fit the data significantly moresimilar across developmental periods. This

suggests that the heritability of AB increases poorly than Model 1 (LRC = 33.91, df = 15,
p < .003), indicating that the magnitude of thewith age. Finally, a comparison of MZ and

DZ cross-twin, cross-trait correlations (e.g., genetic and environmental influences on the
development of AB varied significantlyChild_1 with Adol_2) shows that MZ cross-

twin, cross-trait correlations are uniformly across males and females. Thus, parameters
were allowed to vary across males and fe-higher than their DZ counterparts, indicating

some overlap of genetic influence. males in all subsequent models.
Models 3–6 tested whether the develop-

ment of AB could be explained by a single
Trivariate Cholesky analyses

set of genetic factors (Models 3 and 5) and/or
by a single set of shared environmental fac-Prior to beginning our primary analyses, we

examined whether thresholds were signifi- tors (Models 4 and 6). These analyses were
first conducted separately by sex. Amongcantly different across Twin 1 and Twin 2

(same-sex pairs only), across zygosity, or males, the hypothesis that there was a single
set of genetic factors that influenced variationacross sex. Based on the LRC statistic, neither

equating thresholds across Twin 1 and Twin 2 in AB at all three time points could be re-
jected (Model 3) because the fit of this modelamong same-sex pairs nor equating thresholds

across zygosity within sex resulted in a signif- was significantly worse than Model 1 (LRC =
8.63, df = 3, p < .05). In contrast, the modelicant deterioration in fit (LRC = 42.85, df =

60, p = .95; LRC = 110.63, df = 120, p = .72, that allowed for a single set of shared environ-
mental influences on AB among malesrespectively). In contrast, equating thresholds

across sex resulted in a highly significant de- (Model 4) did not fit the data significantly
more poorly than Model 1 (LRC = 3.86, df =terioration in fit (LRC = 982.05, df = 135,

p < .001), indicating that the prevalence of 3, p = .28). Among females, neither the model
with a single genetic factor (Model 5) nor theAB varied significantly across sex. Therefore,

thresholds were constrained to be equal model with a single shared environmental fac-
tor (Model 6) fit the data significantly morewithin genders but were allowed to vary

across sex for all subsequent analyses. poorly than Model 1 (LRC = 6.07, df = 3,
p = .11, Model 5; LRC = 4.50, df = 3, p = .21,Results from the primary model-fitting

analyses are presented in Table 2. Model 1 is Model 6). However, a model simultaneously
testing for a single set of genetic and a singlethe full trivariate Cholesky shown in Figure

1, with parameters allowed to vary across sex, set of shared environmental factors (Model 7)
did fit the data significantly more poorlybut with rg = 0.5 and rc = 1.0 among the

DZOS twins. This model fit the data very well (LRC = 28.18, df = 6, p < .001), indicating
that there was some familial influence on ado-(p = .82). Next we ran three models estimat-

ing each of the three rg parameters in DZOS lescent and/or adult AB among females that
was not shared with the familial influence ontwins (data not shown). For all three models,

the rg was estimated at close to 0.50, and none childhood AB. Model 6 had a more negative
AIC value, indicating that the model with aof the models was a significant improvement
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single shared environmental factor among series of post hoc analyses equating the heri-
tabilities and shared environmental estimatesfemales was a better fit than the model of a

single set of genetic factors among females. at each time point across sex. In this case, a
significant LRC in comparison with Model 8Thus, the next model (Model 8) tested

whether a single set of shared environmental indicates that estimates cannot be equated
across sex. The heritability of childhood ABinfluences could be used to explain the devel-

opment of AB for both males and females si- was significantly different for males and fe-
males (LRC = 4.09, df = 1, p < .05), althoughmultaneously. This model fit the data as well

as Model 1 (LRC = 5.01, df = 6, p = .54), and heritabilities for adolescent and adult AB
were not (LRC = 0.71, df = 1, p = .40 forbased on the AIC criteria it was the best-fit-

ting, most parsimonious model. adolescents; LRC = 0.15, df = 1, p = .70 for
adults). Shared environmental estimates dif-Finally, we tested whether we could con-

strain the genetic influences on AB to be inde- fered significantly across sex for both child
and adult AB (LRC = 4.27, df = 1, p < .05;pendent (i.e., uncorrelated) across time peri-

ods. Compared with Model 8, eliminating LRC = 6.16, df = 1, p < .01, respectively), but
not for adolescent AB (LRC = 0.03, df = 1,genetic influence on covariation across time

resulted in a significant deterioration in fit for p = .82). Thus, post hoc analyses confirmed
that genetic influences were in fact strongerboth males (LRC = 18.30, df = 3, p < .001)

and females (LRC = 9.20, df = 3, p < .03; among females than among males for child-
hood AB and that shared environmental influ-results not shown), indicating that genetic fac-

tors did account for at least some of the stabil- ences on childhood AB were stronger for
males than for females.ity of AB from childhood to adolescence to

adulthood.
Figure 2 presents the standardized parame-

Equal environments
ter estimates from Model 8. Parameters for
males are shown on the left; those for females The equal environments (EE) assumption in

twin studies is that MZ and DZ twins areare shown on the right. Table 3 presents the
heritability and estimates of shared and non- equally correlated in their exposure to envi-

ronmental influences that impact the behaviorshared environmental influences at each of the
three time points based on the parameters or trait in question. If this assumption is vio-

lated, higher correlations among MZ twinsshown in Figure 2. As can be seen in Table
3, heritability estimates for both sexes were may be due to environmental factors, rather

than genetic factors, and heritability may besubstantially lower for childhood AB than for
adolescent or adult AB (.06 vs. .41 and .40 overstated. To examine whether the higher

heritability of childhood AB among femalesfor males; .29 vs. .50 and .42 for females). In
addition, the heritability estimate for child- may be due to violations of the EE assump-

tion, we used multiple regression to examinehood AB was greater for females (.29 [95%
confidence interval {CI} = .10; .34]) than for whether similarity of childhood environment

predicted within-pair differences in childhoodmales (.06 [95% CI = .00; .24]). In contrast,
the estimate of shared environmental influ- AB once zygosity was controlled for. The EE

variable was a composite of four standardence on childhood AB was greater among
males (.28 [95% CI = .09; .38]) than among questions asking “how often while growing

up . . . ”: “ . . . did you share a room,” “ . . .females (.09 [95% CI = .02; .26]). Nonshared
environmental influences on AB ranged from did you have the same classroom at school,”

“ . . . did you have the same friends,” and “ . . ..43 to .66, indicating that approximately one-
half of the variation in AB at each of the three did you dress alike.” These questions were

asked during the wave 1 interview (FF) ortime points was explained by nonshared envi-
ronmental factors. This was true for both sexes. wave 2 (MMMF) interview. Possible compos-

ite scores ranged from 4 to 16, with higherTo test the significance of the sex differ-
ences in the heritability and shared environ- scores indicating less equal environments.

Scores were averaged across twins to create amental influences on childhood AB, we ran a
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Table 3. Estimates of genetic and environmental influences from
best model

h2 c2 e2

Males Females Males Females Males Females

Child .06 .29 .28 .09 .66 .62
95% CI .00; .24 .10; .34 .09; .38 .02; .26 .62; .72 .61; .75
Adolescent .41 .50 .06 .07 .53 .43
95% CI .31; .53 .34; .55 .01; .15 .00; .19 .46; .59 .30; .58
Adult .40 .42 .11 .01 .49 .57
95% CI .28; .52 .33; .50 .05; .21 .00; .65 .46; .53 .56; .66

Note: h2, heritability; c2, estimate of shared environmental influence; e2, estimate of
nonshared environmental influence.

single score, and analyses were restricted to and (b) shared environmental influences on
AB are most important during childhood.same-sex twin pairs with complete data on

both the EE variable and childhood AB (N Among males, heritability increased from .06
to approximately .40; for females, heritabilitypairs = 298 MZF, 199 DZF, 642 MZM, 433

DZM). increased from .28 to .42–.50. Among males,
shared environmental influences accountedMZ twins did report more similar child-

hood environments than DZ twins (MMZ = for over one-quarter of the variation in child-
hood AB but only about 10% of the variation7.70, SD = 1.8; MDZ = 8.75 SD = 1.8), F (1,

1,571) = 112.91, p < .001, and females re- in adolescent and adult AB. Shared environ-
mental influences among females were weakported more similar childhood environments

than males (Mfemale = 7.88, SD = 1.9; Mmale = overall, explaining less that 10% of the
variance in childhood and adolescence and8.23, SD =1.9), F (1, 1,571) = 11.92, p < .001.

However, the interaction between zygosity less than 1% of the variation in adult AB.
This pattern of increasing heritability and de-and sex was not significant, F (1, 1,571) =

0.25, p = .62, indicating that the difference creasing shared environmental influences sup-
ports the conclusions drawn from previousbetween MZ and DZ twins was similar for

males and females. Moreover, when the cross-sectional studies of juvenile and adult
AB (e.g., Cadoret, 1974; Cloninger & Gottes-within-pair, absolute difference score for

childhood AB was regressed onto the EE vari- man, 1987; Crowe, 1974; DiLalla & Gottes-
man, 1989; Edelbrock et al., 1995; Eley et al.,able and zygosity, EE did not predict twin

pair differences for either females (t = 0.75, 1999; Mednick et al., 1984; Rowe, 1986) and
is consistent with results both from a meta-p = .45) or males (t = 0.47, p = .64). Thus,

the higher heritability of childhood AB analysis (Miles & Carey, 1997) and a prior
retrospective study of adult male twinsamong females was not due to violations of

the EE assumption among females. (Lyons et al., 1995).
Although the sample contained nearly

1,000 DZOS twin pairs, we could find no evi-
Discussion

dence that the specific genes and shared envi-
ronments that influence AB were qualitativelyOur results demonstrate both similarities and

differences across sex in the genetic and envi- different across sex. This is consistent with
evidence that the psychosocial risks associ-ronmental architecture underlying the devel-

opment of antisocial behavior (AB) from ated with problem behavior are qualitatively
similar for males and females (Rowe, Vaz-childhood to adulthood. For both sexes, this

study supports two primary hypotheses: (a) sonyi, & Flannery, 1994). In addition, our re-
sults indicate that there are similarities acrossgenetic factors increase in relative importance

from childhood to adolescence and adulthood, sex in the underlying structure of genetic and
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environmental influences on the development (1989) have suggested that these “late bloom-
ers” may have an even higher heritability ofof AB. For both males and females, the best-

fitting model allowed for unique genetic in- AB than the LCP delinquents. Thus, the new
genetic influence on adult AB may be relatedfluences on adolescent and adult AB, in addi-

tion to those that persist from child AB, and to this “late bloomer” effect. In addition, ge-
netic influences on many phenotypes turn onfor a single set of shared environmental influ-

ences. These results are partly consistent with and off throughout the life span, and to date,
little is known about the mechanisms that maythe prior study of male twins from the Viet-

nam Registry, which found that both the ge- responsible for age-related genetic effects.
Finally, our results may be supportive ofnetic and shared environmental factors that in-

fluenced adult AB overlapped completely the concept of LCP antisocial behavior be-
cause a single set of genetic factors did influ-with those factors that influenced juvenile AB

(Lyons et al., 1995). ence the development of AB across time, and
a model suggesting completely independent
genetic factors was rejected. Thus, there is ev-
idence that certain genetically influencedGenetic and environmental influences on the
characteristics are related to antisocial behav-development of antisocial behavior
ior during both adolescence and adulthood.
Possible characteristics include both physio-In our study, the finding of unique genetic in-

fluences on adolescent AB that are not shared logical factors and personality characteristics,
such as impulsivity and sensation seeking,with child AB may reflect the influence of ge-

netically influenced biological processes that both of which are to some degree heritable
(Zuckerman, 1994). Nevertheless, it should beare first activated at puberty. For example,

there is evidence from animal and human reiterated that the present study cannot di-
rectly address hypotheses driven from devel-studies that hormone levels, such as testoster-

one, are related to aggression among males opmental theories such as those expounded by
Moffitt (1993) and DiLalla and Gottesman(Albert, Jonik, Watson, Gorzalka, & Walsh,

1990; Brooks & Reddon, 1996; Dabbs & (1989) because this study focused on changes
in genetic and environmental influences overMorris, 1990; Olweus, Mattson, Schalling, &

Löw, 1988; Wagner, Beuving, & Hutchinson, time, not on how genetic and environmental
factors may vary across different typologies1979), although it should be noted that studies

of hormonal effects on aggression among hu- of antisocial individuals. Such questions are
of considerable interest, however, and work ismans are inconsistent (see Archer, 1991; Ja-

cobson & Rowe, 2000, for review). A second currently under way to test these hypotheses
using more appropriate statistical methods.explanation is that by middle to late adoles-

cence, adolescents have greater latitude in se-
lecting environments, such as peer groups,
that are more consistent with their genetically Sex differences in the development
influenced characteristics (Scarr & McCart- of antisocial behavior
ney, 1983). Because there is evidence that
peer selection in adolescence is heritable Although the present study suggests that the

underlying structure of genetic and environ-(Rowe, 1989), the new genetic influence on
adolescent AB may be related to these genetic mental influences on AB is similar across sex

and that genetic and environmental factorsinfluences on peer selection.
The explanation for the unique genetic in- that influence AB are not qualitatively differ-

ent among males and females, there was evi-fluences on adult AB is somewhat less cer-
tain. There is evidence, both in our sample dence for sex differences in the magnitudes of

genetic and environmental influences on theand others, that some antisocial adults do not
report childhood or adolescent AB. Although development of AB (i.e., a quantitative sex

difference). Based on post hoc analyses, thethese individuals are not discussed in Mof-
fitt’s (1993) typology, DiLalla and Gottesman primary sex difference was in the magnitude
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of genetic and environmental influences on males. By adolescence, childhood genetic fac-
tors contributed about equally to heritabilitychild AB. Specifically, the heritability of

child AB was significantly greater for females across sex, although the magnitude of unique
genetic influences arising during adolescence(.29) than for males (.06). Conversely, shared

environmental factors accounted for 28% of was somewhat greater among females, again
accounting for the slightly higher heritabilitythe variation in child AB among males, but

only 9% of the variation among females. estimate. By adulthood, however, total herita-
bility estimates were similar for males and fe-This result is consistent with a recent study

using two separate, large-scale twin samples males. Moreover, the proportion of the herita-
bility due to unique genetic factors arisingthat found higher heritabilities and lower esti-

mates of shared environmental influences on during adulthood was approximately equal
across sex. The striking sex difference was inadolescent delinquent behavior for females

(Eley et al., 1999). The finding that shared the magnitude of childhood and adolescent
genetic influences on adult AB.environmental factors may be more important

for males than for females is also consistent For females, childhood genetic factors
played a larger role in the heritability of adultwith the hypothesis that although the types of

psychosocial and environmental risk factors AB than did genetic factors arising during ad-
olescence. For males, the converse was true:for adolescent problem behavior are similar

across sex, males may have greater vulnera- genetic factors first present during adoles-
cence played a larger role in the heritabilitybility to these factors (Rutter et al., 1998).

Further, male twins may be more likely to of adult AB than did childhood genetic factors
(see Figure 3). These results indicate that ge-commit antisocial activities jointly during

childhood and early adolescence, which might netic influences on AB appear earlier among
females than among males and have greateralso account for an additional source of

shared environment (Rowe, 1983). This sex impact on the continuity of antisocial behav-
ior into adulthood. This finding is consistentdifference may extend to adult AB as well be-

cause our study showed significantly higher with the above hypothesis that certain genetic
influences on antisocial behavior are first acti-estimates of shared environmental influences

on adult AB among males. However, it should vated at puberty because females reach pu-
berty earlier, on average, than males (Crock-be restated that shared environmental influ-

ences on adult AB were relatively weak for ett & Petersen, 1987; Tanner, 1968).
Finally, the present study also found evi-both sexes.

What is perhaps most intriguing about dence for significant sex differences in the
mean level of AB. Although thresholds forthese results is that the sex differences, par-

ticularly the sex differences in heritability AB did not vary across zygosity, constraining
thresholds to be equal across male and femaleestimates, diminish with age, as depicted in

Figure 3. The pattern of decreasing sex twins resulted in a highly significant deterio-
ration in fit. This is consistent with the nearlydifferences in heritability estimates suggests

that the genetic factors that influence AB universal finding that being male is one of the
strongest predictors of antisocial behaviorthroughout the life course simply become

penetrant at a later age among males than (Cohen et al., 1993; Kessler et al., 1994; Rob-
ins & Reiger, 1991; Rutter et al., 1998; Simo-among females. To clarify this phenomenon,

Figure 3 has apportioned each heritability es- noff et al., 1997).
timate into the proportion due to genetic fac-
tors arising during childhood, adolescence,
and adulthood. As discussed previously, the Strengths and limitations
heritability of child AB is due solely to ge-
netic influences present during childhood, and The present study has a number of different

strengths, such as the use of data from boththese influences were stronger for females
than for males; hence, the higher heritability males and females from a large, population-

based sample of twins. Moreover, the inclu-of child AB among females than among
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sion of opposite-sex twins allowed us to dif- 1999), further suggesting that retrospective re-
porting is not biasing our results. Finally, it isferentiate between qualitative and quantitative

sex differences in genetic and environmental unclear how biases due to the use of retro-
spective reports could account for the sex dif-influences on AB. A second strength is the

use of self-report questionnaires to assess AB. ferences in estimates of heritability found
here because the average age difference be-Evidence suggests that individuals are more

willing to report negative behaviors in self- tween males and females in this study was
less than 6 months.report questionnaires than in structured face-

to-face interviews (Siemiatycki, 1979), and A second limitation relating to the use of
retrospective reports is that although we wereindividuals can also be seen as more valid re-

porters of their own behavior, as compared to able to classify behavior into three distinct pe-
riods (prior to age 15, between ages 15 andparent or teacher reports (Rutter et al., 1998).

Finally, the present study was able to use the 17, and age 18 years and older), we did not
have information as to the precise ages insame sample to assess antisocial behavior dur-

ing three different time periods, suggesting which individuals engaged in antisocial be-
havior (we do have information concerningthat the higher heritability of adult AB typi-

cally found in cross-sectional research is not age of initiation of AB in the first wave of
the MMMF study, but parallel information islikely to be due to differences in methodolo-

gies or sample composition. lacking for females). In the study of reliability
of retrospective reporting mentioned above,One limitation, however, is the use of ret-

rospective reports from adult twins to assess Henry et al. (1994) suggested that individuals
likely remember a delinquent event truthfully,childhood and adolescent AB. Although retro-

spective reports have some advantages, such but may have more difficulty identifying the
precise age in which the event occurred. Thisas the fact that all individuals have passed

through the age of risk so developmental dif- may make the distinction between childhood
and adolescent AB in the present study some-ferences in rates of CD cannot bias results, a

prospective study of adolescents found that what blurred. As with above, however, it is
unclear how this possible bias might manifestself-reports of delinquent activities up to age

13 years that are assessed at age 13 correlated itself as the differential pattern of sex differ-
ences seen here. Nevertheless, prospectiveonly weakly with similar reports obtained

when subjects were 18 years old (Henry, Mof- longitudinal studies that sample twins on a
more systematic basis will be better able tofitt, Caspi, Langley, & Silva, 1994). Thus,

factors relating to recall may be biasing esti- determine more exactly the developmental pe-
riods in which the etiology of AB differsmates of heritability and shared environmen-

tal influences. For instance, it is likely that across sex and the ages in which genetic influ-
ences increase. Longitudinal studies begin-genetic factors influence accuracy of recall.

Thus, the heritability of AB may be partly due ning with preadolescents might be particularly
helpful for testing the hypothesis that the ob-to genetic influences on memory, rather than

to genetic influences on antisocial behavior served sex difference in the timing of genetic
influences found in the present study is due toper se. However, if genetic influences on

memory were confounded with genetic influ- sex differences in the timing of puberty.
A third limitation may be the broad ageences on antisocial behavior, one might ex-

pect that heritability would increase with range of the sample, because twins in the
present study ranged in age from 20 to 62length of time since the behavior. Yet the

present study indicates that heritability is years. Thus, some of the younger twins may
still be at risk for the development of symp-higher for more recent events (i.e., adult AB),

which is opposite of that prediction. In addi- toms relating to adult AB. Age may also in-
fluence accuracy of recall. However, we didtion, our estimates of heritability at each age

are consistent with estimates obtained from not find evidence of aging effects on short-
term reliability among either males or fe-other samples using concurrent measures of

adolescent and adult AB (e.g., Eley et al., males, and a previous analysis of long-term
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reliability among the same-sex male twins in hood. Nevertheless, prospective longitudinal
studies following a single birth cohort ofthis sample found that, if anything, older

twins were more reliable reporters of their an- twins are sorely needed.
A final limitation is that results are based ontisocial behavior than younger twins (Jacob-

son, Prescott, & Kendler, 2000). On the other a population of Caucasian twins born in Vir-
ginia. Thus, results may not generalize to sam-hand, there is some evidence among the same-

sex male twins that the magnitude of shared ples from different cultures or in different eth-
nic groups. Despite these limitations, this is oneenvironmental influences on variation in juve-

nile AB has increased with more recent co- of the first published studies to examine genetic
and environmental influences on the develop-horts (Jacobson, Prescott, Neale, & Kendler,

2000), and cohort differences in mean levels ment of antisocial behavior within the same
sample, and it is the first study, to our knowl-of antisocial behavior for both males and fe-

males are commonly observed (Bureau of Jus- edge, to look at sex differences. A better under-
standing of how these genetic and environmen-tice Statistics, 1999; Robins, 1998). However,

it is difficult to conceive how any potential tal factors vary in timing and importance across
sex may shed light on similarities and dissimi-cohort effects might account for the differen-

tial sex differences in heritability estimates of larities of etiologic factors important in the de-
velopment of antisocial behavior.AB across childhood, adolescence, and adult-
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Appendix

Table A.1. Observed twin correlations

Child_1 Adol_1 Adult_1 Child_2 Adol_2 Adult_2

Female–female MZ twins
Child_1 1.0000
Adol_1 0.4537 1.0000
Adult_1 0.2791 0.4134 1.0000
Child_2 0.3939 0.2394 0.2226 1.0000
Adol_2 0.2664 0.5331 0.1865 0.5212 1.0000
Adult_2 0.2518 0.3025 0.3609 0.4664 0.5424 1.0000

Female–female DZ twins
Child_1 1.0000
Adol_1 0.3472 1.0000
Adult_1 0.3947 0.4104 1.0000
Child_2 0.0905 0.3708 0.0728 1.0000
Adol_2 0.0875 0.2704 0.1582 0.5599 1.0000
Adult_2 0.1959 0.0700 0.3447 0.3545 0.4973 1.0000

Male–male MZ twins
Child_1 1.0000
Adol_1 0.5812 1.0000
Adult_1 0.4706 0.5822 1.0000
Child_2 0.3363 0.2116 0.1808 1.0000
Adol_2 0.2730 0.4642 0.3420 0.5780 1.0000
Adult_2 0.2583 0.3699 0.4981 0.3557 0.5657 1.0000

Male–male DZ twins
Child_1 1.0000
Adol_1 0.5717 1.0000
Adult_1 0.4427 0.5965 1.0000
Child_2 0.3020 0.1968 0.1428 1.0000
Adol_2 0.1715 0.2809 0.1564 0.5676 1.0000
Adult_2 0.2369 0.2498 0.3451 0.4076 0.5308 1.0000

Male–female DZ twins
Child_1 1.0000
Adol_1 0.5249 1.0000
Adult_1 0.3593 0.5685 1.0000
Child_2 0.2431 0.1922 0.1016 1.0000
Adol_2 0.1901 0.3123 0.2498 0.5282 1.0000
Adult_2 0.1037 0.1809 0.2143 0.4568 0.5052 1.0000

Note: MZ, monozygotic; DZ, dizygotic.


