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Maternal Depression
and Children’s Antisocial Behavior

Nature and Nurture Effects
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Background: Children of depressed mothers have el-
evated conduct problems, presumably because mater-
nal depression disrupts the caregiving environment. Al-
ternatively, the association between maternal depression
and children’s antisocial behavior (ASB) may come about
because (1) depressed women are likely to have comor-
bid antisocial personality traits, (2) depressed women are
likely to mate and bear children with antisocial men, or
(3) children of depressed mothers inherit a genetic li-
ability for psychopathology.

Method: We used data from the E-Risk Study, a repre-
sentative British cohort of 1116 twin pairs assessed at 5
and 7 years of age. We tested for environmental media-
tion of the association between maternal depression dur-
ing the children’s first 5 years of life and children’s ASB
at age 7 years, free from familial liability for ASB.

Results: Maternal depression occurring after, but not be-
fore, the twins’ birth was associated with child ASB and
showed a significant dose-response relationship with child

ASB at 7 years of age. Parental history of ASPD symp-
toms accounted for approximately one third of the ob-
served association between maternal depression and chil-
dren’s ASB, but maternal depression continued to
significantly predict children’s ASB. Intraindividual change
analyses indicated that children exposed to their moth-
er’s depression between ages 5 and 7 years showed a sub-
sequent increase in ASB by age 7 years. The combina-
tion of depression and ASPD symptoms in mothers posed
the greatest risk for children’s ASB.

Conclusions: Studies ignoring genetic transmission over-
estimate social transmission effects because both ge-
netic and environmental processes are involved in cre-
ating risk for ASB in children of depressed mothers.
Interventions for depressed mothers aiming to reduce con-
duct problems in their children should address parents’
antisocial personality, as well as mothers’ depression.
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C HILDREN OF DEPRESSED

mothers are at increased
risk of developing emo-
tional and behavioral prob-
lems,1-6 including antiso-

cial behavior (ASB).7-12 Psychosocial theories
posit that the link between maternal de-
pression and children’s ASB represents en-
vironmental causation via “nurture.” That
is, depressed mothers provide inadequate
parenting,13 poor-quality interactions,8 and
stressful family contexts7,14 that promote be-
havioral problems in their children. If this
psychosocial account is correct, it would im-
ply that treating maternal depression should
improve parenting and family functioning
and, consequently, improve children’s be-
havior. However, there are at least 3 alter-
native explanations for the association be-
tween maternal depression and children’s
ASB: (1) maternal comorbidity for antiso-
cial traits, (2) cross-trait assortative mat-

ing with antisocial fathers, and (3) genetic
transmission of risk. Although these alter-
native hypotheses pose a considerable chal-
lenge to the psychosocial account that ma-
ternal depression causes children’s ASB, to
our knowledge, they have not been tested.
Using data from a longitudinal, population-
based sample of 7-year-old twins and their
mothers, we tested whether each of these
alternative hypotheses could be ruled out
to show that the effect of maternal depres-
sion on children’s ASB is transmitted envi-
ronmentally.

The first alternative hypothesis is that
the association between maternal depres-
sion and children’s ASB comes about be-
cause depressed women are significantly
more likely than nondepressed women to
have comorbid conduct disorder and/or
antisocial personality traits.15-21 Further-
more, maternal ASB is associated with poor
parenting22,23 and children’s conduct prob-
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lems.24 According to this comorbidity hypothesis, it may
be depressed mothers’ antisocial history and not their de-
pression per se that explains their children’s elevated ASB,
implying that treating mothers for depression would not
necessarily reduce their children’s ASB. Instead, treat-
ment should target antisocial mothers and unskilled
parenting.

The second alternative explanation is that the asso-
ciation between mothers’ depression and their chil-
dren’s ASB results because depressed women are likely
to mate and bear children with antisocial men at rates
greater than expected by chance.25-27 According to this
cross-trait assortative mating hypothesis, the associa-
tion between maternal depression and children’s ASB may
come about because dually affected couples, regardless
of specific psychiatric diagnoses, create more dysfunc-
tional family environments for their children.27,28 More-
over, antisocial fathers often provide conflictual, abu-
sive, and socioeconomically disadvantaged family
environments that increase the likelihood of children’s
antisocial outcomes.29,30 If children of depressed moth-
ers behave antisocially because of the influence of anti-
social fathers, this would imply that treating mothers for
depression alone would not improve their children’s an-
tisocial problems. Treatment should focus on the dys-
functional family milieu that results from an antisocial
father.

The association between mothers’ and fathers’ anti-
social personality and maternal depression raises the third
alternative hypothesis that children of depressed moth-
ers behave antisocially because they inherit a genetic li-
ability for ASB (ie, via “nature”). We know of no studies
that have tested this hypothesis but raise it for several
reasons. First, broad-spectrum internalizing and exter-
nalizing disorders, in general,31 and depressive and ASB
disorders, in particular,32,33 share some common genetic
liability, suggesting that depressed women may trans-
mit this common genetic liability to their children. Sec-
ond, research shows that antisocial fathers transmit a ge-
netic liability for ASB to their children even when they
are absent from their children’s lives34 and indepen-
dently of maternal parenting.35 Third, adoption studies
have shown that genetic risk on the basis of antisocial
personality in biological mothers predicts ASB in chil-
dren adopted and reared by prosocial parents.36,37 If chil-
dren of depressed mothers have ASB problems because
they inherit a genetic liability, then this would discredit
the psychosocial hypothesis that children of depressed
mothers behave antisocially because of the poor caregiv-
ing they receive.

In the present study, we applied a rigorous test of en-
vironmental mediation by using a prospective, longitu-
dinal design of twins and their mothers, who were in-
terviewed for DSM-IV38 diagnosis of major depression.
If mothers’ depression is found to significantly predict
children’s ASB, after controlling for mothers’ and fa-
thers’ antisocial traits, this would validate efforts to treat
depressed mothers to reduce their children’s conduct
problems and provide renewed support for investigat-
ing which environmental processes can most effectively
be modified.

METHODS

PARTICIPANTS

Participants were members of the Environmental Risk (E-
Risk) Longitudinal Twin Study, which investigates how ge-
netic and environmental factors shape children’s develop-
ment. The E-Risk sampling frame was 2 consecutive birth cohorts
(1994 and 1995) in a birth register of twins born in England
and Wales.39 Of the 15906 twin pairs born in these 2 years, 71%
joined the register.

The E-Risk Study probability sample was drawn using a high-
risk stratification sampling procedure. High-risk families were
those in which the mother had her first birth when she was 20
years of age or younger. We used this sampling (1) to replace
high-risk families who were selectively lost to the register via
nonresponse and (2) to ensure sufficient base rates of families
at risk. Age at first childbearing was used because it was pres-
ent for virtually all families in the register, is relatively free of
measurement error, and is a known risk factor for children’s
problem behaviors.40,41 The sampling strategy resulted in a fi-
nal sample in which one third of study mothers (younger only)
constituted a 160% oversample of mothers who were at high
risk based on their young age at first birth (15-20 years). The
other two thirds of study mothers accurately represent all moth-
ers in the general population (aged 15-48 years) in England and
Wales in 1994 and 1995 (estimates derived from the General
Household Survey42). To provide unbiased statistical esti-
mates that can be generalized to the population of British fami-
lies with children born in the 1990s, the data reported in this
article were corrected with weighting to represent the propor-
tion of young mothers in that population.

The E-Risk Study sought a sample size of 1100 families to
allow for attrition in future years of the longitudinal study while
retaining statistical power. An initial list of families who had
same-sex twins was drawn from the register to target for home
visits, with a 10% oversample to allow for nonparticipation. Of
the families from the initial list, 1116 (93%) participated in home-
visit assessments when the twins were aged 5 years, forming
the base sample for the study; 4% of families refused, and 3%
could not be reached after many attempts. Written informed
consent was obtained from mothers. With parents’ permis-
sion, questionnaires were posted to the children’s teachers, and
teachers returned questionnaires for 94% of cohort children.
A follow-up home visit was conducted 18 to 24 months after
the children’s age-5 assessment (hereafter called the age-7 follow-
up). Follow-up data were collected for 98% of the 1116 E-
Risk Study families, and teacher questionnaires were obtained
for 91% of the 2232 E-Risk Study children (93% of those par-
ticipating in the follow-up). The E-Risk Study has received ethi-
cal approval from the Maudsley Hospital ethics committee, Lon-
don, England.

Zygosity was determined using a standard zygosity ques-
tionnaire, which has been shown to have 95% accuracy.43 Am-
biguous cases were zygosity-typed using DNA. The sample in-
cluded 56% monozygotic and 44% dizygotic twin pairs. All twin
pairs were same-sex, and sex was evenly distributed within zy-
gosity (49% male).

MEASURES

Maternal Depression

At the age-5 assessment, mothers’ major depressive disorder
(MDD) was assessed using the Diagnostic Interview Sched-
ule44 according to DSM-IV 38 criteria. Unweighted, the preva-
lence of maternal lifetime MDD was 35% (n=390; weighted to
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represent the population, it was 33%). Using a life-event cal-
endar to aid recall,45 mothers who met criteria for MDD speci-
fied whether they experienced episodes of depression at any
time before the twins’ birth, during the twins’ first year of life,
between the twins’ first and fourth birthdays, and in the past
year since the twins’ fourth birthday. Unweighted, 317 (28%)
mothers had MDD during the twins’ first 5 years of life (26%,
weighted to represent the population). The timing of mothers’
depression was classified as never depressed (n=728), de-
pressed only before twins’ birth (n=68), depressed only after
twins’ birth (n=193), and depressed both before and after twins’
birth (n=124). The number of periods (ranging from 0-3) dur-
ing which mothers were depressed since the twins’ birth was a
count of developmental periods (ie, during first year, between
ages 1-4 years, and between ages 4-5 years) that mothers re-
ported having had a depressive episode. Mothers were, on av-
erage, aged 33 years at the age-5 assessment (SD=5 years, 10
months). In a separate 1-month test-retest study of 10-year ret-
rospective reporting of psychiatric symptoms, we found that the
reliability for accurate recall of the timing of depressive epi-
sodes, using the Life History Calendar method,45 was 92.5%.
Mothers’ 12-month MDD was assessed at the age-7 assessment
using the same method. Unweighted, 13% (n=139) of mothers
had interim MDD (10% weighted to represent the population).

Mothers’ and Fathers’
Antisocial Personality Disorder Symptoms

At the age-5 assessment, mothers reported on their own and
on the twins’ biological fathers’ antisocial history. Questions
were derived from the Diagnostic Interview Schedule for DSM-
IV44 and assessed the lifetime presence of antisocial personal-
ity disorder (ASPD) symptoms, supplemented by items from
the Young Adult Behavior Checklist,46 to total 25 questions. The
DSM-IV 38 symptom criteria for ASPD covered illegal behavior
(5 items), deceitfulness (4 items), impulsivity (4 items), ag-
gressiveness (4 items), recklessness (2 items), and irresponsi-
bility (5 items). The seventh symptom, “lack of remorse,” was
asked only about fathers (1 item) and not of mothers about them-
selves because valid self-reports of remorse are difficult to ob-
tain. A symptom was considered to be present if the mother
reported any 1 behavioral item representing a symptom as being
“very true or often true.” Symptom counts ranged from 0 to 6
for mothers (mean±SD, 0.57±1.05) and from 0 to 7 (mean±SD,
1.16 ± 1.83) for fathers. Although fathers were not inter-
viewed, a methodological study of mother-father agreement
about men’s ASPD in a representative subset of this study sample
showed that women provide reliable information about their
children’s fathers’ antisocial personality. The latent correla-
tion between men’s and women’s reports about the men’s num-
ber of ASPD symptoms was 0.76 (95% confidence interval, 0.55-
0.97).47 (Of the fathers, 4.5% had never resided with their
children, and 74% had always resided with their children.34)

Children’s ASB

Children’s ASB at ages 5 and 7 years was assessed using the
Achenbach family of instruments. Items from the Delinquent
Behavior (eg, lying, swearing, stealing) and Aggressive Behav-
ior (eg, physically attacks people, hot temper) scales of the Child
Behavior Checklist48 and the Teacher’s Report Form49 were supple-
mented with DSM-IV38 items assessing conduct disorder.

Some researchers have cautioned that depressed mothers
may overreport their children’s problems, which artificially in-
flates the statistical association between their depression and
their children’s behavior problems.50-55 We used 2 strategies to
address this potential problem: (1) we measured children’s ASB

at the age-7 assessment, 2 years after maternal depression was
assessed, and (2) we report findings using teacher reports of
children’s ASB to corroborate mothers’ reports. The ASB scale
was derived by (1) summing items from mother and teacher
reports, and (2) using teacher reports only. For 5% of children
with missing teacher reports, their mother’s score was used to
impute the combined mother/teacher report.

Mother and teacher reports of ASB correlated 0.30 and 0.38
(P�.001) at ages 5 and 7 years, respectively, which is typical
of interrater agreement about children’s behavioral prob-
lems.56 Antisocial behavior at ages 5 and 7 years were corre-
lated 0.69 and 0.52 (P�.001) for mother/teacher and teacher
reports, respectively. The internal consistencies of the mother/
teacher and teacher report scores ranged from 0.94 to 0.95.
Means are reported as z scores.

STATISTICAL ANALYSIS

First, we used ordinary least squares regression to test the as-
sociation between maternal depression and children’s ASB, ad-
justed for sex. We compared children of mothers who did and
did not meet diagnostic criteria for MDD during the twins’ first
5 years of life. The baseline model was estimated as

ModelI:CHILDASB=β0+β1(MATDEP)+e,

where CHILDASB refers to the child’s ASB, β0 refers to the in-
tercept, MATDEP refers to the mother’s MDD diagnosis (yes
or no), and e refers to error. Regression results are based on
the sandwich or Huber/White variance estimator,57,58 a method
available in Stata 8.0,59 which adjusts estimated standard er-
rors to account for the dependence in the data due to analyz-
ing sets of twins and provides results that are robust to model
assumptions.60

Second, planned contrast analyses61 were used to test the
association between children’s ASB and (1) the timing and (2)
the number of periods of maternal depression.

Third, we tested the maternal comorbidity hypothesis by re-
estimating model I after entering a measure indexing mothers’
ASPD symptoms,

ModelII:CHILDASB=β0+β1(MATDEP)+β2(Mother’sASPD)+e.

Fourth, we tested the cross-trait assortative mating model
by reestimating model I after entering a measure of biological
fathers’ ASPD symptoms,

ModelIII:CHILDASB=β0+β1(MATDEP)+β2(Father’sASPD)+e.

Fifth, we tested the combination of maternal comorbidity and
cross-trait assortative mating by reestimating model I after en-
tering measures of both mothers’ and fathers’ ASPD symptoms.

Model IV: CHILDASB=β0 + β1(MATDEP) + β2(Mother’s ASPD)
+ β3(Father’s ASPD) + e.

Sixth, we used DeFries-Fulker (DF) regression analyses to
estimate the heritability of children’s ASB at age 7 years. DeFries-
Fulker analysis uses kinship-pair data (eg, twin data) to sepa-
rate genetic and environmental influences in a regression frame-
work.62 The sandwich variance estimator was used to correct
for the nonindependence of twin observations.63 The equation
for the basic DF regression model is:

ASBtwin1=β+β1(R)+β2(ASBtwin2)+β3(R�ASBtwin2)+e,

where ASBtwin1 represents twin 1’s ASB score, β0 represents the
intercept, R represents the coefficient of genetic relatedness (1.0
for monozygotic twins; 0.5 for dizygotic twins), and ASBtwin2

represents twin 2’s ASB score; β3 represents the population heri-
tability estimate (h2), because when it is statistically signifi-
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cant, it demonstrates that twin 1 and twin 2’s resemblance for
ASB is conditioned on their degree of genetic relatedness; and
β2 estimates shared environmental variation, because it repre-
sents the twins’ resemblance for ASB independent of genetic
resemblance.64

The basic DF model can be expanded as:

ModelV:ASBtwin1=β0+β1(R)+β2(ASBtwin2)+β3(R×ASBtwin2)

+β4(MATDEP)+β5(Mother’sASPD)+
β6(father’sASPD)+e.

Next, longitudinal bivariate Cholesky models were fitted to
the data on children’s ASB (adjusted for sex of child) to assess
genetic and environmental contributions to stability and change
in children’s ASB. We used Mx65 to fit models to the data using
maximum likelihood estimation. Regression analysis con-
trolled for ASB at age 5 years to test the association between
interim exposure to mothers’ MDD and children’s new ASB at
age 7 years.

Finally, we classified children into 4 groups according to
the combination of maternal MDD diagnosis (yes or no) and
the presence of any ASPD symptoms (0 or �1) that mothers
had. We used contrast analyses to compare groups of children
on their ASB.

RESULTS

IS THERE AN ASSOCIATION BETWEEN
MATERNAL DEPRESSION AND CHILDREN’S ASB?

Children of mothers who were depressed during the child’s
first 5 years of life had significantly elevated levels of ASB
at age 7 years, according to combined mother/teacher and
teacher-only reports (Table 1). We found no significant
interaction of maternal depression by child sex on child
ASB. Ordinary least squares regression models, control-
ling for child sex, showed that maternal depression sig-
nificantly predicts child ASB (Table2, model I). This pat-
tern was replicated when teachers alone were the source
of data about child ASB (Table 3, model I).

IS THERE A TIMING EFFECT OF MATERNAL
DEPRESSION ON CHILDREN’S ASB?

Figure 1 shows maternal depression occurring after the
children’s birth was associated with children’s ASB, but

Table 1. Comparing Antisocial Behavior in Children of Mothers Who Were or Were Not Depressed
in the Child’s First 5 Years of Life

Mother Not Depressed Mother Depressed
Group Comparison

tdf*Sample Size Mean ± SD Sample Size Mean ± SD

Child antisocial behavior (z score) at 7 y of age†
Mother and teacher report 1544 −0.20 ± 0.85 620 0.17 ± 1.04 6.231,1081‡
Teacher report 1452 −0.13 ± 0.81 559 0.12 ± 1.12 3.881,1019‡

*Degrees of freedom are based on number of families rather than number of children to account for the dependence in the data due to analyzing 2 children in
the same family.57,58

†Differences between groups can be interpreted in terms of standard deviation units (SDs), where SD=0.2 is considered a small effect size; SD=0.5, a medium
effect size; and SD=0.8, a large effect size.66

‡P�.001.

Table 2. The Association Between Maternal Depression and Combined Mother and Teacher Reports of Children’s Antisocial Behavior
at 7 Years of Age, Controlling for Maternal Comorbidity and Cross-trait Assortative Mating*

Model I:
Baseline

Model II:
Maternal

Comorbidity

Model III:
Cross-trait

Assortative Mating

Model IV:
Maternal Comorbidity

and Cross-trait
Assortative Mating

Model V:
Heritability

Constant −0.36 (−0.42 to −0.31) –0.43 (–0.49 to –0.37) –0.46 (–0.52 to –0.40) –0.48 (–0.54 to –0.42) –0.32 (–0.41 to –0.24)
Sex of child 0.34 (0.25 to 0.44)† 0.34 (0.24 to 0.43)† 0.34 (0.24 to 0.43)† 0.34 (0.24 to 0.43)† 0.15 (0.11 to 0.20)†
Maternal depression during child’s

first 5 y
0.35 (0.23 to 0.46)† 0.25 (0.13 to 0.37)† 0.27 (0.15 to 0.38)† 0.23 (0.11 to 0.34)† 0.10 (0.04 to 0.16)†

Maternal comorbidity
Maternal ASPD symptoms 0.17 (0.11 to 0.24)† 0.06 (0.03 to 0.10)†

Assortative mating
Biological father ASPD symptoms 0.10 (0.07 to 0.13)† 0.03 (0.01 to 0.05)†

Genetic transmission
R 0.12 (0.05 to 0.19)† 0.13 (0.04 to 0.22)‡
R � ASB (h 2 ) 0.07 (0.04 to 0.10)† 0.69 (0.63 to 0.76)†
ASBtwin2 (estimate of

shared environment)

Abbreviations: ASB, child antisocial behavior; ASBtwin2, ASB score for twin 2; ASPD, antisocial personality disorder; CI, confidence interval; h 2, heritability;
R, coefficient of genetic relatedness (1.0 for monozygotic twins; 0.5 for dizygotic twins).

*Values are expressed as � (95% CI). The 95% CIs are based on estimates of standard errors adjusted to account for the dependence in the data due to
analyzing 2 children in the same family.57,58 When family socioeconomic disadvantage was included in the models as a covariate, maternal depression remained a
significant predictor of ASB in models I through IV.

†P�.001.
‡P�.01.
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maternal depression before the children’s birth was not.
Planned contrast analyses revealed 3 notable findings.
First, children whose mother was depressed only before
the child’s birth did not have significantly more ASB com-
pared with children whose mother was never depressed
(�=−0.03; SE=0.09; t(1,1085)=0.36; P=.72 for mother/
teacher report; �=−0.11; SE=0.07; t(1,1023)=1.49; P=.14
for teacher report). Second, children whose mother was
depressed only after the child’s birth had significantly more
ASB compared with children whose mother was de-
pressed only before the child’s birth (�=0.38; SE=0.10;
t(1,1085)=3.62; P�.001 for mother/teacher report; �=0.34;
SE=0.10; t(1, 1023)=3.48; P�.001 for teacher report). Third,
children whose mother was depressed both before and
after the child’s birth and children whose mother was de-
pressed only after the child’s birth had similarly el-
evated ASB (�=0.07; SE=0.11; t(1,1085)=0.62; P=.54 for
mother/teacher report; �=0.02; SE=0.12; t(1,1023)=0.17;
P=.87 for teacher report).

IS THERE A DOSE-RESPONSE RELATIONSHIP
BETWEEN MATERNAL DEPRESSION

AND CHILDREN’S ASB?

Figure 2 shows a dose-response relationship between
the number of developmental periods in the child’s first
5 years of life during which mothers experienced a de-
pressive episode and children’s ASB at age 7 years. Or-
dinary least squares regression analysis revealed a sig-
nificant increase in children’s ASB according to the
increasing number of periods when mothers experi-
enced depression (�=0.21; SE=0.04; t(1,1081)=5.43; P�.001
for mother/teacher report; �=0.13; SE=0.04; t(1,1019)

=3.55; P�.001 for teacher-only report).

IS THE ASSOCIATION
BETWEEN MATERNAL DEPRESSION

AND CHILDREN’S ASB ACCOUNTED FOR
BY MATERNAL COMORBIDITY?

Maternal depression was significantly associated with ma-
ternal ASPD symptoms (dichotomized, � 2

1 = 38.74;
P�.001), and maternal ASPD symptoms were signifi-
cantly associated with children’s ASB at age 7 years
(�=0.21; SE=0.03; t(1,1085)=6.74; P�.001 for mother/
teacher report; �=0.10; SE=0.03; t(1, 1023)=3.41; P�.001
for teacher report). After controlling for maternal ASPD
symptoms, maternal depression continued to predict chil-
dren’s ASB at age 7 years (Table 2 and Table 3, model
II). Maternal comorbidity accounted for 29% and 18%
of the effect of maternal depression on children’s ASB,
according to mother/teacher report and teacher report,
respectively.

IS THE ASSOCIATION
BETWEEN MATERNAL DEPRESSION

AND CHILDREN’S ASB ACCOUNTED FOR
BY CROSS-TRAIT ASSORTATIVE MATING?

Maternal depression was significantly associated with bio-
logical fathers’ ASPD symptoms (dichotomized, �2

1=45.17;
P�.001), and fathers’ ASPD symptoms were signifi-
cantly associated with children’s ASB at age 7 years
(�=0.12; SE=0.01; t(1,1082)=7.77; P�.001 for mother/
teacher report; �=0.06; SE=0.02; t(1,1020)=3.86; P�.001
for teacher report). After controlling for biological fa-
thers’ ASPD symptoms, maternal depression continued
to predict children’s ASB at age 7 years (Table 2 and
Table 3, model III). Cross-trait assortative mating ac-

Table 3. The Association Between Maternal Depression and Teacher-Only Reports of Children’s Antisocial Behavior
at 7 Years of Age, Controlling for Maternal Comorbidity and Cross-trait Assortative Mating*

Model I:
Baseline

Model II:
Maternal

Comorbidity

Model III:
Cross-trait

Assortative Mating

Model IV:
Maternal Comorbidity

and Cross-trait
Assortative Mating

Model V:
Heritability

Constant –0.29 (–0.34 to –0.23) –0.32 (–0.37 to –0.26) –0.33 (–0.38 to –0.27) –0.34 (–0.39 to –0.28) –0.26 (–0.34 to –0.17)
Sex of child 0.33 (0.24 to 0.43)† 0.33 (0.23 to 0.42)† 0.33 (0.23 to 0.43)† 0.33 (0.23 to 0.42)† 0.14 (0.09 to 0.19)†
Maternal depression during child’s

first 5 y
0.22 (0.10 to 0.34)† 0.18 (0.05 to 0.30)‡ 0.19 (0.06 to 0.31)‡ 0.17 (0.04 to 0.29)‡ 0.06 (0 to 0.13)§

Maternal comorbidity
Maternal ASPD symptoms 0.08 (0.02 to 0.14)‡ 0.04 (0 to 0.07)§

Assortative Mating
Biological father ASPD symptoms 0.05 (0.02 to 0.08)‡ 0.01 (–0.01 to 0.03)

Genetic transmission
R 0.06 (−0.02 to 0.13) 0.13 (0.04 to 0.22)‡
R � ASB (h 2) 0.03 (0 to 0.07) 0.69 (0.61 to 0.77)†
ASBtwin2 (estimate of

shared environment)

Abbreviations: ASB, child’s antisocial behavior; ASBtwin2, ASB score for twin 2; ASPD, antisocial personality disorder; CI, confidence interval; h 2, heritability;
R, coefficient of genetic relatedness (1.0 for monozygotic twins; 0.5 for dizygotic twins).

*Values are expressed as � (95% CI). The 95% CIs are based on estimates of standard errors adjusted to account for the dependence in the data due to
analyzing 2 children in the same family.57,58 When family socioeconomic disadvantage was included in the models as a covariate, maternal depression remained a
significant predictor of ASB in models I through IV.

†P�.001.
‡P�.01.
§P�.05.
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counted for 23% and 14% of the effect of maternal de-
pression on children’s ASB according to mother/teacher
report and teacher report, respectively.

IS THE ASSOCIATION
BETWEEN MATERNAL DEPRESSION

AND CHILDREN’S ASB ACCOUNTED FOR
BY MATERNAL COMORBIDITY AND

CROSS-TRAIT ASSORTATIVE MATING?

After controlling for mothers’ and fathers’ ASPD symp-
toms, maternal depression continued to predict chil-
dren’s ASB at age 7 years (Table 2 and Table 3, model
IV). Maternal comorbidity and cross-trait assortative mat-
ing accounted for 34% and 23% of the effect of maternal
depression on children’s ASB according to mother/
teacher report and teacher report, respectively.

IS CHANGE IN CHILDREN’S ASB FROM AGE 5
TO AGE 7 YEARS A FUNCTION OF EXPOSURE

TO MATERNAL DEPRESSION IN THE INTERIM?

The final models in Table 2 and Table 3 show that chil-
dren’s ASB was highly heritable (69% for both reports).
Cholesky models showed strong genetic contributions
to continuity (81%-90% of the longitudinal phenotypic
correlation in children’s ASB). However, change in ASB
from age 5 to age 7 years was accounted for by nonge-
netic influences (and some new genetic influences). In-
traindividual analyses showed that exposure to mater-
nal depression in the interim from age 5 to age 7 years
was significantly associated with some part of this change;
ASB increased more among exposed children than among
nonexposed children (�=0.29; SE=0.07; t(1,1087)=4.03;
P�.001 for mother/teacher report; �=0.16; SE=0.08;
t(1,974)=1.92; P=.056 for teacher report).

HOW DOES THE ASSOCIATION
BETWEEN MATERNAL DEPRESSION

AND CHILDREN’S ASB VARY ACCORDING
TO MATERNAL ASPD SYMPTOMS?

If maternal depression has an effect on child ASB, inde-
pendently of maternal ASPD symptoms (as indicated by
our model fitting), we reasoned that ASB should be greater
in children of depressed mothers vs children of nonde-
pressed mothers, whether mothers have any APSD symp-
toms. We tested this association by creating 4 groups of
children: (1) mother had no depression and no symp-
toms of ASPD (n=1144); (2) mother had depression but
no symptoms of ASPD (n=330); (3) mother had no de-
pression but had 1 or more symptoms of ASPD (n=434);
and (4) mother had both depression and 1 or more symp-
toms of ASPD (n=304) (Table 4). The results revealed
3 notable findings. First, among children whose mothers
had no symptoms of ASPD, children with a depressed
mother had significantly more ASB at age 7 years com-
pared with children with a nondepressed mother (group
2 vs group 1 in Table 4). Second, among children whose
mother had 1 or more ASPD symptoms, children with a
depressed mother had significantly more mother/teacher-
reported ASB at age 7 years compared with children with
a nondepressed mother (group 4 vs group 3). Third, chil-
dren at risk because of both maternal depression and ASPD
symptoms had significantly higher mother/teacher-rated
ASB than children at risk because of maternal depression
or maternal ASPD symptoms alone (group 4 vs groups 2
and 3; �=−0.19; SE=0.09; t(1,1078)=2.09; P�.05 for mother/
teacher report; β=−0.11; SE=0.10; t(1,1016)=1.12; P=.27 for
teacher-only report). These findings document that ma-
ternal depression in children’s first 5 years of life makes a
unique and additive contribution to children’s risk for con-
duct problems over maternal ASPD symptoms.
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Figure 1. Mean child antisocial behavior (z score) at 7 years of age as a
function of the timing of maternal depression relative to the child’s birth and
within the first 5 years of life. Three families had missing data on the timing
calendar. Degrees of freedom are based on number of families rather than
number of children to account for the dependence in the data due to
analyzing 2 children in the same family.57,58 Degrees of freedom for
mother/teacher report=3,1085; for teacher report=3,1023.
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Figure 2. Dose-response relationship between children’s antisocial behavior
(z score) at 7 years of age and the number of developmental periods in
children’s first 5 years of life during which mothers were depressed. Seven
families had missing data on periods of maternal depression. Degrees of
freedom are based on number of families rather than number of children to
account for the dependence in the data due to analyzing 2 children in the
same family.57,58 Degrees of freedom for mother/teacher report=1,1081; for
teacher report=1,1019.
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COMMENT

Using a population-based twin design, this study was the
first, to our knowledge, to assess the relative contribu-
tion of nature and nurture in the intergenerational trans-
mission of risk for ASB in young children of depressed
mothers. We found that familial liability for ASB ac-
counted for approximately one third of the observed as-
sociation between maternal depression and children’s ASB.
However, our findings also suggested that children ex-
posed to maternal depression were significantly likely to
have conduct problems through a risk process that op-
erates environmentally over any contributions of their
parents’ antisocial personality.

Five features of this study establish strong support for
the role of nurture in the transmission of risk for ASB from
depressed mothers to their children. First, maternal de-
pression occurring after the twins’ birth was linked with
children’s ASB, but depression occurring only before the
twins’ birth was not. Second, the number of developmen-
tal periods during which mothers were depressed showed
a dose-response relationship with children’s ASB. Third,
maternal depression continued to make a unique contri-
bution to the prediction of children’s ASB, independently
of parental ASPD symptoms, which is a statistical control
for passive gene-environmental correlation. Fourth, a lon-
gitudinal analysis controlled for prior child ASB to age 5
years that could have provoked maternal depression; chil-
dren whose mothers were depressed in the interim showed
a subsequent increase in ASB by age 7 years. Fifth, the re-
sults are not an artifact of maternal reporting bias, be-
cause although effect sizes were smaller when using teacher-
only ratings than when using combined mother/teacher
ratings of children’s ASB, the findings overall remained sig-
nificant either way. Although relying only on teachers as
informants of child behavior eliminates potential distor-
tion of ratings by depressed mothers, this may be apply-
ing an overly stringent control. The effect of maternal bias
has been shown to account for only a small proportion of
the variance in ratings of child behavior,55 and maternal

ratings may reflect the reality that children might behave
more disruptively at home with a mother who is func-
tionally impaired by depression than they do at school.66

Three methodological features limit the study’s find-
ings. First, research has indicated the significance of fa-
thers’ psychopathology in children’s behavior prob-
lems,67 but we could not examine risk to children of
depressed fathers because fathers’ depression was not as-
sessed. Second, researchers have indicated that rates of
depression may be higher in mothers of twins than of
singletons,68 and in our sample of mothers, the lifetime
prevalence rate for MDD was higher than rates reported
in some epidemiological samples.69 However, a recent
study found no significant difference in levels of depres-
sion between mothers of twins vs singletons.70 More-
over, the lifetime prevalence rate we report for E-Risk
Study mothers in their early 30s (33%) is comparable with
that reported by Kendler et al71 in a population-based
sample of women in their mid 30s (40%). Third, we can-
not be certain that our findings, based on a sample of twins
and their mothers in England and Wales, generalize to
mothers and their singletons elsewhere. However, the as-
sociation between maternal depression and children’s ASB
in our study (effect sizes, 0.25 to 0.37) is similar to that
in studies of singletons in other countries (effect sizes,
0.25 to 0.46).2,8,72

This research has implications for etiological theory,
research methods, and clinical practice. First, our find-
ings suggest that mediators of the maternal depression–
child behavior problem association that have been iden-
tified in the literature, such as maladaptive parenting13

or disadvantaged family contexts,7,14 reflect more than pas-
sive gene–environment correlations.73 Our research pro-
vides evidence of unique environmental mediation that
is free from familial liability, and this should encourage
further investigation into causal environmental pro-
cesses more proximal to the child than his or her moth-
er’s depression diagnosis.

Second, our results revealed that the combination of
maternal depression and ASPD symptoms had the worst

Table 4. Children’s Antisocial Behavior (Weighted z Scores) at 7 Years of Age by Maternal Depression in Child’s First 5 Years
and Maternal Lifetime Antisocial Personality Disorder (ASPD) Symptom Status*

Child Antisocial Behavior
(z Score) at 7 y of Age

Mother Has No ASPD Symptoms Mother Has �1 ASPD Symptoms

Fdf†
Group 1:

No Depression
Group 2:

Has Depression Group 2 vs 1
Group 3:

No Depression
Group 4:

Has Depression Group 4 vs 3

Mother/teacher report
Sample size 1114 324 424 296
Mean ± SD –0.29 ± 0.80 0.10 ± 1.01 4.83‡ 0.07 ± 0.92 0.27 ± 1.08 2.10§ 25.683,1078‡

Teacher report
Sample size 1046 296 400 263
Mean ± SD –0.17 ± 0.77 0.09 ± 1.09 3.15|| 0 ± 0.87 0.16 ± 1.15 1.53 7.683, 1016‡

*Differences between groups can be interpreted in terms of standard deviation units (SDs), where SD=0.2 is considered a small effect size; SD=0.5, a medium
effect size; and SD=0.8, a large effect size.65

†Degrees of freedom are based on number of families rather than number of children to account for the dependence in the data due to analyzing 2 children in
the same family.57,58

‡P�.001.
§P�.05.
||P�.01.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 62, FEB 2005 WWW.ARCHGENPSYCHIATRY.COM
179

©2005 American Medical Association. All rights reserved.



effect on children’s conduct disorder. The life contexts
of children whose mothers are both depressed and an-
tisocial are likely to be highly stressful and disorga-
nized,22 yet very little research has investigated the risks
to these children, in part, because the prevalence of the
ASPD diagnosis in women is low (�1%).74 However, a
lifetime history of even a single ASPD symptom in com-
bination with depression in our study mothers resulted
in a significant increase in children’s ASB, relative to the
risk posed to children by maternal depression alone. The
developmental risks faced by children of depressed moth-
ers who are also antisocial, as identified in the present
study, warrant further investigation.

With respect to research methods, one third of the as-
sociation between maternal depression and child ASB was
spurious and disappeared when genetic risk for ASB was
statistically controlled. The effect sizes before vs after con-
trolling for parental antisocial traits and familial liabil-
ity traits were 0.35 vs 0.23 for mother/teacher reports and
0.22 vs 0.17 for teacher reports of children’s ASB. There-
fore, estimates of attributable risk derived from unad-
justed bivariate associations may overestimate how much
children’s ASB can be reduced solely by treating moth-
ers’ depression.

Regarding treatment, our findings suggest that inter-
ventions designed to reduce risk for conduct problems
in children of depressed mothers are not misguided and
are worthwhile. For some depressed mothers, effective
treatment for depression should lead to secondary ben-
efits for their children.75 However, because women with
an antisocial history are likely to be unskilled (and even
abusive/neglectful) parents,22 medication and/or psycho-
therapy to lift mothers’ depression may be inadequate for
improving their parenting skills and decreasing their chil-
dren’s behavior problems. Clinicians who treat behav-
iorally disordered children should consider screening their
mothers for depression and an antisocial history to iden-
tify treatment needs for the family.

Submitted for Publication: December 29, 2003; final re-
vision received April 28, 2004; accepted June 10, 2004.
Correspondence: Julia Kim-Cohen, PhD, Social, Ge-
netic, and Developmental Psychiatry Centre, Box PO80,
Institute of Psychiatry, De Crespigny Park, London SE5
8AF, England (julia.kim@iop.kcl.ac.uk).
Funding/Support: This study was supported by grant T32-
MH18931 from the National Institute of Mental Health
Training Program in Emotion Research, Bethesda, Md (Dr
Kim-Cohen), and a Royal Society-Wolfson Research Merit
Award (Dr Moffitt). The E-Risk Study is funded by grant
G9806489 from the UK Medical Research Council, Lon-
don, England.
Acknowledgment: We thank Robert Plomin, PhD; Mi-
chael Rutter, MD; Meagan Stephenson, MA; and Naomi
Fisher, PhD, for their contributions; Thomas Achen-
bach, PhD, for kind permission to adapt the Child Be-
havior Checklist; Hallmark Cards Inc, Kansas City, Mo,
for their support; and members of the E-Risk team for
their dedication and hard work. We are grateful to the
study families and teachers for their participation.

REFERENCES

1. Anderson CA, Hammen C. Psychosocial outcomes of children of unipolar de-
pressed, bipolar medically ill, and normal women: a longitudinal study. J Con-
sult Clin Psychol. 1993;61:448-454.

2. Brennan PA, Hammen C, Anderson MJ, Bor W. Chronicity, severity, and timing
of maternal depressive symptoms: relationships with child outcomes. Dev Psychol.
2000;36:759-766.

3. Cummings EM, Davies PT. Maternal depression and child development. J Child
Psychol Psychiatry. 1994;35:73-112.

4. Downey G, Coyne JC. Children of depressed parents: an integrative review. Psy-
chol Bull. 1990;108:50-76.

5. Goodman SH, Gotlib IH. Risk for psychopathology in the children of depressed
mothers: a developmental model for understanding mechanisms of transmission.
Psychol Rev. 1999;106:458-490.

6. Goodman SH, Gotlib IH. Children of Depressed Parents. Washington, DC: Ameri-
can Psychological Association; 2002.

7. Fergusson DM, Lynskey MT. The effects of maternal depression on child con-
duct disorder and attention-deficit behaviors. Soc Psychiatry Psychiatr Epidemiol.
1993;28:116-123.

8. Harnish JD, Dodge KA, Valente E. Mother-child interaction quality as a partial
mediator of the roles of maternal depressive symptomatology and socioeco-
nomic status in the development of child behavior problems. Child Dev. 1995;
66:739-753.

9. Hay DF, Pawlby S, Angold A, Harold GT, Sharp D. Pathways to violence in chil-
dren of mothers who were depressed postpartum. Dev Psychol. 2003;39:1083-
1094.

10. Radke-Yarrow M, Nottlemann E, Martinez P, Fox MB, Belmont B. Young chil-
dren of affectively ill parents: a longitudinal study of psychosocial development.
J Am Acad Child Adolesc Psychiatry. 1992;31:68-77.

11. Radke-Yarrow M. Children of Depressed Mothers. Cambridge, England: Cam-
bridge University Press; 1998.

12. Warner V, Weissman MM, Mufson L, Wickramaratne P. Grandparents, parents
and grandchildren at high risk for depression: a three-generation study. J Am
Acad Child Adolesc Psychiatry. 1999;38:289-296.

13. Johnson JG, Cohen P, Kasen S, Smailes E, Brook JS. Association of maladap-
tive parental behavior with psychiatric disorder among parents and their offspring.
Arch Gen Psychiatry. 2001;58:453-460.

14. Hammen C, Gordon G, Burge D, Adrian C, Jaenicke C, Hiroto G. Maternal affec-
tive disorders, illness, and stress: risk for children’s psychopathology. Am J
Psychiatry. 1987;144:736-741.

15. Fergusson DM, Woodward LJ. Educational, psychosocial, and sexual outcomes
of girls with conduct problems in early adolescence. J Child Psychol Psychiatry.
2000;41:779-792.

16. Kendler KS, Gardner CO, Prescott CA. Toward a comprehensive developmental
model for major depression in women. Am J Psychiatry. 2002;159:1133-1145.

17. Kim-Cohen J, Caspi A, Moffitt TE, Harrington HL, Milne BJ, Poulton R. Prior ju-
venile diagnoses in adults with mental disorder: developmental follow-back of a
prospective-longitudinal cohort. Arch Gen Psychiatry. 2003;60:709-717.

18. Moffitt TE, Caspi A, Rutter M, Silva P. Sex Differences in Antisocial Behaviour.
Cambridge, England: Cambridge University Press; 2001.

19. Pajer KA. What happens to “bad” girls? a review of the adult outcomes of anti-
social adolescent girls. Am J Psychiatry. 1998;155:862-870.

20. Robins LN. The consequence of conduct disorder in girls. In: Olweus D, Block J,
Radke-Yarrow M, eds. Development of Antisocial and Prosocial Behavior. New
York, NY: Harcourt Brace Jovanovich; 1986:385-414.

21. Zoccolillo M. Co-occurrence of conduct disorder and its adult outcomes with de-
pressive and anxiety disorders: a review. J Am Acad Child Adolesc Psychiatry.
1992;31:547-556.

22. Serbin L, Karp J. Intergenerational studies of parenting and the transfer of risk
from parent to child. Curr Dir Psychol Sci. 2003;12:138-142.

23. Serbin L, Cooperman JM, Peters PL, Lehoux PM, Stack DM, Schwartzman AE.
Intergenerational transfer of psychosocial risk in women with childhood histo-
ries of aggression, withdrawal, or aggression and withdrawal. Dev Psychol. 1998;
34:1246-1262.

24. Frick PJ, Loney BR. Understanding the association between parent and child an-
tisocial behavior. In: McMahon RJ, Peters R, eds. The Effects of Parental Dys-
function on Children. New York, NY: Kluwar Academic/Plenum Publishers; 2002:
105-126.

25. Guze SB, Goodwin DW, Crane JB. A psychiatric study of the wives of convicted
felons: an example of assortative mating. Am J Psychiatry. 1970;126:1773-1776.

26. Maes HH, Neale MC, Kendler KS, Hewitt JK, Silberg JL, Foley DL, Meyer JM, Rut-
ter M, Simonoff E, Pickles A, Eaves LJ. Assortative mating for major psychiatric

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 62, FEB 2005 WWW.ARCHGENPSYCHIATRY.COM
180

©2005 American Medical Association. All rights reserved.



diagnoses in two population-based samples. Psychol Med. 1998;28:1389-
1401.

27. Merikangas K, Weissman M, Prusoff B, John K. Assortative mating and affec-
tive disorders: psychopathology in offspring. Psychiatry. 1988;51:48-57.

28. Dierker LC, Merikangas KR, Szatmari P. Influence of parental concordance for
psychiatric disorders on psychopathology in offspring. J Am Acad Child Ado-
lesc Psychiatry. 1999;38:280-288.

29. Jaffee S, Moffitt TE, Caspi A, Belsky J, Silva PA. Why are children born to teen
mothers at risk for adverse outcomes in young adulthood? results from a 20-
year longitudinal study. Dev Psychopathol. 2001;13:377-397.

30. Thornberry TP, Smith CA, Howard GJ. Risk factors for teenage fatherhood. J Mar-
riage Fam. 1997;59:505-522.

31. van den Oord EJ, Boomsma DI, Verhulst FC. A study of genetic and environ-
mental effects on the co-occurrence of problem behaviors in three-year-old
twins. J Abnorm Psychol. 2000;109:360-372.

32. Fu Q, Heath AC, Bucholz KK, Nelson E, Goldberg J, Lyons MJ, True WR, Jacob
T, Tsuang MT, Eisen SA. Shared genetic risk of major depression, alcohol de-
pendence and marijuana dependence. Arch Gen Psychiatry. 2002;59:1125-
1132.

33. O’Connor TG, McGuire S, Reiss D, Hetherington EM, Plomin R. Co-occurrence
of depressive symptoms and antisocial behavior in adolescence: a common ge-
netic liability. J Abnorm Psychol. 1998;107:27-37.

34. Jaffee SR, Moffitt TE, Caspi A, Taylor A. Life with (or without) father: the ben-
efits of living with two biological parents depend on the father’s antisocial behavior.
Child Dev. 2003;74:109-126.

35. Frick PJ, Lahey B, Loeber R, Stouthamer-Loeber M, Christ MAG, Henson K.
Familial risk factors to oppositional defiant disorder and conduct disorder: pa-
rental psychopathology and maternal parenting. J Consult Clin Psychol. 1992;
60:49-55.

36. Cadoret RJ, Yates WR, Troughton E, Woodworth G, Stewart MA. Genetic-
environmental interaction in the genesis of aggressivity and conduct disorders.
Arch Gen Psychiatry. 1995;52:916-924.

37. Ge X, Best KM, Conger RD, Simons RL. Parenting behaviors and the occurrence
and co-occurrence of adolescent depressive symptoms and conduct problems.
Dev Psychol. 1996;32:717-731.

38. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition. Washington, DC: American Psychiatric Association;
1994.

39. Trouton A, Spinath FM, Plomin R. Twins Early Development Study (TEDS): a mul-
tivariate, longitudinal genetic investigation of language, cognition, and behavior
problems in childhood. Twin Res. 2002;5:444-448.

40. Maynard RA. Kids Having Kids: Economic Costs and Social Consequences of
Teen Pregnancy. Washington, DC: Urban Institute Press; 1997.

41. Moffitt TE; E-Risk Study Team. Teen-aged mothers in contemporary Britain.
J Child Psychol Psychiatry. 2002;43:727-742.

42. Bennett N, Jarvis L, Rowlands O, Singleton N, Haselden L. Living in Britain: Re-
sults from the General Household Survey. London, England: HMSO; 1996.

43. Price TS, Freeman B, Craig I, Petrill SA, Ebersole L, Plomin R. Infant zygosity
can be assigned by parental report questionnaire data. Twin Res. 2000;3:129-
133.

44. Robins LN, Cottler L, Bucholz KK, Compton W. Diagnostic Interview Schedule
for DSM-IV. St Louis, Mo: Washington University School of Medicine; 1995.

45. Belli RF, Shay WL, Stafford FP. Event history calendars and question list sur-
veys: a direct comparison of interviewing methods. Public Opin Q. 2001;65:
45-74.

46. Achenbach TM. Manual for the Young Adult Self-Report and Young Adult Be-
havior Checklist. Burlington: University of Vermont Department of Psychiatry;
1997.

47. Caspi A, Taylor A, Smart M, Jackson J, Moffitt TE. Can women provide reliable
information about their children’s fathers? cross-informant agreement about men’s
lifetime antisocial behaviour. J Child Psychol Psychiatry. 2001;42:915-920.

48. Achenbach TM. Manual for the Child Behavior Checklist/4-18 and 1991 Profile.
Burlington: University of Vermont Department of Psychiatry; 1991.

49. Achenbach TM. Manual for the Teacher’s Report Form and 1991 Profile. Burl-
ington: University of Vermont Department of Psychiatry; 1991.

50. Boyle MH, Pickles AR. Influence of maternal depressive symptoms on ratings of
childhood behavior. J Abnorm Child Psychol. 1997;25:399-412.

51. Chilcoat HD, Breslau N. Does psychiatric history bias mother’s reports? an ap-
plication of a new analytic approach. J Am Acad Child Adolesc Psychiatry. 1997;
36:971-979.

52. Fergusson DM, Lynskey MT, Horwood LJ. The effect of maternal depression on
maternal ratings of child behavior. J Abnorm Child Psychol. 1993;21:245-269.

53. Najman JM, Williams GM, Nikles J, Spence S, Bor W, O’Callaghan M, Le Brocque
R, Andersen MJ, Shuttlewood GJ. Bias influencing maternal reports of child be-
haviour and emotional state. Soc Psychiatry Psychiatr Epidemiol. 2001;36:
186-194.

54. Richters JE. Depressed mothers as informants about their children: a critical-
review of the evidence for distortion. Psychol Bull. 1992;112:485-499.

55. Youngstrom E, Izard C, Ackerman B. Dysphoria-related bias in maternal ratings
of children. J Consult Clin Psychol. 1999;67:905-916.

56. Achenbach TM, McConaughy SH, Howell CT. Child/adolescent behavioral and
emotional problems: implications of cross-informant correlations for situ-
ational specificity. Psychol Bull. 1987;101:213-232.

57. Rogers WH. Regression standard errors in clustered samples. Stata Tech Bull
Reprints. 1993;3:88-94.

58. Williams RL. A note on robust variance estimation for cluster-correlated data.
Biometrics. 2000;56:645-646.

59. StataCorp. Stata Statistical Software: Release 8.0. College Station, Tex: Stata Corp;
2003.

60. Lumley T, Diehr P, Emerson S, Chen L. The importance of the normality assump-
tion in large public health data sets. Annu Rev Public Health. 2002;23:151-
169.

61. Rosenthal R, Rosnow RL, Rubin DB. Contrasts and Effect Sizes in Behavioral
Research: A Correlational Approach. Cambridge, England: Cambridge Univer-
sity Press; 2000.

62. DeFries JC, Fulker DW. Multiple regression analysis of twin data. Behav Genet.
1985;15:467-473.

63. Kohler HP, Rodgers JL. DF-analysis of heritability with double-entry twin data:
asymptotic standard errors and efficient estimation. Behav Genet. 2001;31:
179-191.

64. Rodgers JL, Rowe DC, Li C. Beyond nature versus nurture: DF analysis of non-
shared influences on problem behaviors. Dev Psychol. 1994;30:374-384.

65. Neale MC, Boker SM, Xie G, Maes HH. Mx: Statistical Modeling. 6th ed. Rich-
mond: Virginia Commonwealth University Dept of Psychiatry; 2003.

66. Cohen J. A power primer. Psychol Bull. 1992;112:155-159.
67. Conrad M, Hammen C. Role of maternal depression in perceptions of child

maladjustment. J Consult Clin Psychol. 1989;57:663-667.
68. Connell AM, Goodman SH. The association between psychopathology in fathers

versus mothers and children’s internalizing and externalizing behavior prob-
lems: a meta-analysis. Psychol Bull. 2002;128:746-773.

69. Thorpe K, Golding J, MacGillivray I, Greenwood R. Comparison of prevalence of
depression in mothers of twins and mothers of singletons. BMJ. 1991;302:
875-878.

70. Kessler RC, McGonagle KA, Swartz M, Blazer DG, Nelson CB. Sex and depres-
sion in the National Comorbidity Survey, I: lifetime prevalence, chronicity and
recurrence. J Affect Disord. 1993;29:85-96.

71. Thorpe K, Rutter M, Greenwood R. Twins as a natural experiment to study the
causes of mild language delay, II: family interaction risk factors. J Child Psychol
Psychiatry. 2003;44:342-355.

72. Kendler KS, Prescott CA, Myers J, Neale MC. The structure of genetic and envi-
ronmental risk factors for common psychiatric and substance use disorders in
men and women. Arch Gen Psychiatry. 2003;60:929-937.

73. Civic D, Holt VL. Maternal depressive symptoms and child behavior problems in
a nationally representative normal birthweight sample. Matern Child Health J.
2000;4:215-221.

74. Scarr S, McCartney K. How people make their own environments: a theory of
genotype to environment effects. Child Dev. 1983;54:424-435.

75. Robins LN, Tipp J, Przybeck T. Antisocial personality. In: Robins LN, Regier DA,
eds. Psychiatric Disorders in America: The Epidemiologic Catchment Area Study.
New York, NY: The Free Press; 1991:258-290.

76. Gelfand DM, Teti DM, Seiner SA, Jameson PB. Helping mothers fight depres-
sion: evaluation of a home-based intervention program for depressed mothers
and their infants. J Clin Child Psychol. 1996;25:406-422.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 62, FEB 2005 WWW.ARCHGENPSYCHIATRY.COM
181

©2005 American Medical Association. All rights reserved.


