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ABSTRACT

Background. To examine the familial associations of overt and covert antisocial behavior within
the diagnosis of conduct disorder (CD) in families ascertained by referred children with attention-
deficit hyperactivity disorder (ADHD), and to test if these familial associations differed between
male and female probands.

Method. Subjects were clinically-referred male and female ADHD children (n=273) and their first-
degree biological relatives (n==807). Scores for overt and covert conduct problems were calculated
by summing the DSM-III-R conduct disorder symptoms, as derived from structured diagnostic
interviews. Familial aggregation analyses were conducted with multivariate regression modeling
methodology.

Results. Proband overt scores significantly predicted the overt scores of their relatives, and proband
covert scores significantly predicted the covert scores of their relatives. There was no evidence of
covert symptom scores predicting overt scores or vice versa. There was some evidence that the
aggregation of covert symptoms was stronger in the families of female probands.

Conclusions. These results provide preliminary evidence that overt and covert conduct disorder
symptoms are independently transmitted through families and may represent distinct familial
syndromes.

INTRODUCTION Because CD, like other psychiatric disorders,

is likely to be highly heterogeneous, several ap-

Conduct disorder (CD) is a DSM-IV Axis |
childhood onset mental disorder. It is charac-
terized by a chronic pattern of behavior that
violates the fundamental well-being of other
people and is in conflict with accepted social
standards of conduct (APA, 1994). The per-
vasive public health burden of CD and its
associated antisocial behaviors has been repeat-
edly recognized (Institute of Medicine, 1989;
Beitchman ez al. 1992; APA, 1994; Moore et al.
1994 ; Offord & Bennett, 1994).
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proaches have been made to help identify more
homogeneous subtypes. One such approach is to
subtype CD youth based on the nature of the
CD symptoms into overt or covert CD (Loeber
& Schmaling, 1985). Covert CD symptoms refer
to clandestine or stealthy behaviors, such as
burglary, theft and lying. In contrast, overt CD
symptoms are confrontational and apparent,
such as starting fights, robbery and violence.
There is empirical evidence supporting the
notion that CD symptoms tend to cluster into
these covert and overt domains. For example,
in a meta-analytic review, Frick et al. (1993)
examined 60 factor analyses of youth behavior
problems from 44 published studies. Using
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multi-dimensional scaling techniques, their re-
sults suggest that antisocial behaviors in chil-
dren could be plotted along two dimensions, a
destructive/non-destructive pole and an overt/
covert pole. Two of the quadrants created by the
intersection of these axes were labeled covert
property violations and overt aggression. Also,
Fergusson et al. (1994) performed a confirma-
tory factor analysis on reports of behavior
problems in a sample of 739 New Zealand youth
and found evidence that CD symptoms could
be parceled into an overt domain and a covert
domain. Achenbach et al. (1991), in a large
study of parent-reported problems in a national
sample of 2600 clinically referred 4- to 16-year-
olds and 2600 demographically matched non-
referred children, presented evidence supporting
a distinction between overt CD and covert CD
symptoms.

In one of the earliest works empirically de-
monstrating the heuristic value of dividing CD
symptoms into overt and covert subtypes,
Loeber & Schmaling (1985) suggested that these
two sets of symptoms may represent different
clinical disorders. However, because these sets
of aberrant symptoms tend to co-occur, un-
certainties remain as to whether overt and cov-
ert CD symptoms are separate but co-occurring,
or diverse manifestations of the same disorder.
However, it has been argued that observing high
rates of co-occurring disorders in the study of
child psychopathology does not preclude the
consideration that each condition may represent
a separate entity, in terms of developmental
course and causation (Loeber & Stouthamer-
Loeber, 1998). Based on this argument, it is
reasonable to hypothesize that overt and covert
CD symptoms may represent distinct, yet cor-
related, disorders. If overt and covert CD symp-
toms do in fact represent separate disorders,
there may be different associations between risk
factors for CD and each of its symptomatic
subtypes. For example, there is some evidence
that maladaptive parenting practices and
measures of cortisol activity may have such dis-
cordant associations (Loeber & Stouthamer-
Loeber, 1998).

One important risk factor in CD is genetics
(Simonoff, 2001). Genetic risk factors have been
associated with antisocial behavior (Raine, 1993)
and CD (Wamboldt & Wamboldt, 2000). It has
also been suggested that genetic risk factors may
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have a differential influence on covert and overt
CD symptoms (Edelbrock et al. 1995; Simonoff
et al. 1998). Although there are no criteria with
which to define overt and covert CD ‘cases’,
several studies have empirically examined the
genetic influence on these symptomatic sub-
types using forensic categories or dimensional
measures. A pair of large adoption studies evalu-
ating criminal behavior found that criminal con-
victions in biological parents were significantly
associated with property crime in their adopted-
away offspring, but not with violent crimes
(Bohman et al. 1982; Mednick et al. 1984). In
contrast to these findings, a family study found
that parents of early-onset, aggressive CD chil-
dren had more antisocial behaviors than the
parents of late-onset, less aggressive CD children
(Lahey et al. 1998). In an adoption study of 197
males and females (Cadoret et al. 1995), anti-
social personality disorder in the biological
parents was significantly associated with dimen-
sional measures of aggression and DSM-III
conduct disorder symptoms in the adopted-
away offspring. Likewise, in a study of 181 twin
pairs aged 7-15, Edelbrock et al. (1995) found
significant genetic effects on a dimensional
measure of aggressive behavior, but not for a
measure of non-violent delinquent behavior.
This putative genetic effect on aggressive behav-
ior is consistent with a prior report, which
studied younger (aged 4-7 years) children
(Ghodsian-Carpey & Baker, 1987).

A recent molecular genetic study found an
association between the tryptophan hydroxy-
lase gene, which codes for an enzyme involved
in serotonin biosynthesis, and measures of
aggression and anger (Manuck et al. 1999).
Another study has found an association between
the gene for monoamine oxidase-A (MAO-A)
and aggression (Manuck et a/l. 2000). However,
a twin study of a community sample of 434 male
twin pairs aged 816 years found a genetic liab-
ility for both property violations (covert) and
aggression (overt) (Simonoff et al. 1998). In
summary, while studies that examined overt CD
symptoms are consistent in regards to finding
genetic effects (Cadoret er al. 1995; Manuck
et al. 1999, 2000), studies that examined both
constructs are inconsistent, with some reporting
effects for covert CD symptoms only (Bohman
et al. 1982; Mednick et al. 1984), and others
for overt only (Ghodsian-Carpey & Baker,
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1987; Edelbrock et al. 1995) and others for both
(Simonoff et al. 1998). Questions of statistical
power notwithstanding, it is not clear from these
findings how genetic risk operates in the patho-
genesis of CD symptoms.

A major drawback to these studies and a
challenge to research efforts investigating the
differential correlates of overt and covert CD
symptoms is that there are other sources of
heterogeneity in CD beyond the overt-covert
symptomatic dichotomy. For example, there
have been suggestions of defining subtypes of
CD by co-morbidity with attention-deficit
hyperactivity disorder (ADHD; Loeber et al.
2000). The high degree of co-morbidity between
ADHD and CD has been extensively docu-
mented in several studies, as well as the poor
long-term prognosis for children with both
disorders (Moffitt, 1990; Hinshaw et al. 1993;
Mannuzza et al. 1993 ; Loeber et al. 2000). While
methodological flaws and nosological short-
comings could explain high rates of co-
morbidity (Caron & Rutter, 1991), the ICD-10
endorsed the conclusion that this overlap rep-
resents a separate condition labeled hyper-
kinetic conduct disorder (WHO, 1986). This
view is supported by work showing ADHD and
CD to be a distinct familial subtype (Faraone
et al. 1997, 2000; Smalley et al. 2000). Further-
more, a large twin study by Silberg et al. (1996)
found that the covariation between hyper-
activity and conduct/oppositional problems is
attributable to genetic factors, suggesting that
the co-morbid condition is a distinct subtype
that is genetically mediated.

Also, several studies have found that males
are three to four times more likely to manifest
CD than females (Earls, 1994; Biederman et al.
2002). In a review of studies examining gender
effects in overt behavior, Loeber & Hay (1997)
concluded that gender differences in aggression
and violence emerge in the preschool years and
persist throughout the lifespan, with boys being
more likely to engage in these behaviors and
also to perpetrate serious violent acts. In con-
trast, antisocial behavior in females tends to
onset in adolescence, and tends to be more cov-
ert than overt (Loeber & Stouthamer-Loeber,
1998). In a longitudinal cohort study of children
in New Zealand, the prevalence rates of CD
in males and females at age 15 years were very
similar (7-2% for males; 7-4% for females).
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However, rates of aggressive CD (3-1% for
males; 0% for females) and non-aggressive CD
(4-1% for males; 7-4% for females) revealed
stark gender differences (McGee et al. 1990).
Furthermore, a large adoption study found the
biological parents of female property criminals
to have a higher proportion of property of-
fenders compared to the biological parents of
male property criminals. This finding suggests
that genetic effects for criminal behavior differ
by gender, being stronger in females than in males
(Sigvardsson et al. 1982; Brennan et al. 1991).
Another interpretation compatible with these
data predicts weaker environmental factors
operating on females relative to males. Contrary
to this finding, a recent review of twin studies of
CD did not find evidence of gender differences
in genetic liability (Simonoff, 2001). Considering
these conflicting results, research attempting
to clarify the genetic risk for overt and covert
subtypes of CD should attend to both the co-
morbidity with ADHD and gender effects.

The purpose of this study was to examine the
familial risk for overt and covert CD subtypes in
a sample of families ascertained through an
ADHD proband with and without co-morbid
CD, attending to gender. First, we hypothesized
that overt and covert CD symptoms represent
distinct familial disorders. This hypothesis
predicts that both symptomatic subtypes will
aggregate in families, and these symptom sub-
types will not coaggregate, meaning they will be
independently transmitted. Secondly, based on
the literature (Sigvardsson et al. 1982; Brennan
et al. 1991; Simonoff et al. 1998), we hypoth-
esized that familial effects for CD symptoms
differ by gender, being stronger in females.
This hypothesis predicts a significant proband
gender-by-symptom interaction, in that the fam-
ilial risk will be greater in the families of female
probands compared to male probands.

METHOD
Subjects

Data from two identically designed case-control
family studies of ADHD in male and female
probands were combined. Both studies ascer-
tained families on the basis of a case (ADHD)
or control (non-ADHD) child aged 6-17 years
at time of ascertainment. The study of boys
(Biederman et al. 1992) with ADHD was
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composed of 140 ADHD probands (with 174
siblings and 280 parents) and 120 non-ADHD
control probands. The study of girls (Biederman
et al. 1999) ascertained families on the basis of
a female case or control proband child also aged
6—17 years at time of ascertainment. In this study
of girls with ADHD, there were 140 ADHD
probands (with 143 siblings and 274 parents)
and 120 non-ADHD control probands. Since
control probands and families were not used in
this study, they will not be described further.
Potential probands were excluded if they had
been adopted, or if their nuclear family was not
available for study. We excluded subjects if they
had major sensorimotor handicaps (paralysis,
deaf-ness, blindness), psychosis, autism, inad-
equate command of the English language, or a
Full Scale IQ estimate (Wechsler, 1974) less than
80. We also excludled ADHD probands if
they did not have complete CD symptom data
(n=17). Thus, the final sample used in this analy-
sis included 273 ADHD probands (138 boys and
135 girls) and their 807 first-degree relatives (171
siblings and 252 parents of male probands
and 134 siblings and 250 parents of female
probands).

All of the ADHD subjects met full DSM-
III-R diagnostic criteria for ADHD according
to clinical assessment at the time of the clinical
referral; at the time of recruitment for this study
they all had active symptoms of the disorder.
Parents provided written informed consent for
their children. In addition, children and ado-
lescents provided written assent to participate.

Two independent sources provided the index
children. We selected psychiatrically referred
ADHD probands from consecutive referrals
to a pediatric psychopharmacology clinic at the
Massachusetts General Hospital. Pediatrically
referred ADHD subjects consisted of pediatric
patients from a Health Maintenance Organiz-
ation. A three-stage ascertainment procedure
was used to select the subjects. The first stage
was the ascertainment of patients referred to a
psychiatric or pediatric clinic. The second stage
confirmed the diagnosis of ADHD by screening
all children using a telephone questionnaire
administered to the mother. The questionnaire
asked about the 14 DSM-III-R symptoms of
ADHD and questions regarding study exclusion
criteria. The third stage further confirmed the
diagnosis made via the telephone questionnaire
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with face-to-face structured interviews with the
mother. Only patients who received a positive
diagnosis at all three stages were included in the
final analysis.

Assessments

Psychiatric assessments of probands and their
siblings were made with the Schedule for Affect-
ive Disorders and Schizophrenia for School-age
Children: Epidemiologic Version (K-SADS-E;
Orvaschel & Puig-Antich, 1987). Data were
based on independent interviews with the
mothers and the children. For children 12 years
of age and older, interviews were combined
by considering a diagnostic criterion positive
if it was endorsed in either interview. Children
younger than 12 years of age (51 % of all off-
spring) were not interviewed directly, so diag-
noses in these children were based solely on the
maternal report. Diagnostic assessments of
parents and siblings over age 18 were based on
direct interviews with each parent using the
Structured Clinical Interview for DSM-III-R
(SCID; Spitzer et al. 1990). To assess childhood
diagnoses in the parents, we administered
modules from the K-SADS-E covering child-
hood diagnoses. Raters were blind to the child’s
diagnosis (ADHD or non-ADHD control) and
ascertainment site. Socio-economic status (SES)
was assessed with the Hollingshead four-factor
scale (Hollingshead, 1975). The scale measures
SES on a 5-point ordinal scale, with 1 corre-
sponding to the highest level of SES and 5 cor-
responding to the lowest level of SES.

Statistical methods

Typical family study methodology would dictate
the categorization of probands into discrete
groups, allowing for the comparison of rates
across groups of first-degree relatives (Faraone
& Tsuang, 1995). However, as noted above,
there are no accepted criteria with which to
categorize children into overt CD cases and
covert CD cases. Coupled with this hurdle are
other drawbacks associated with categorizing
a latent dimensional variable, namely, loss of
information and efficiency and difficulties of
interpretation stemming from the arbitrary
distinction between ‘cases’ and ‘non-cases’
(Dunn, 2000). These considerations prompted
us to adopt an alternate method utilized by
Alsobrook & Pauls (2002), where the symptoms
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of the disorder are consolidated into continuous
measures. Then, associations are examined
between the probands’ symptom score and the
relatives’ symptom score.

Based on the extensive factor analyses in the
literature (Loeber & Schmaling, 1985; Frick
et al. 1993), we divided the DSM-III-R CD
symptoms into two classes, one representing
overt behavior and the other representing covert
behavior. Overt symptoms include: (1) often
starts physical fights; (2) used a weapon in more
than one fight; (3) physically cruel to animals;
(4) physically cruel to other people; and (5)
stolen with confrontation of the victim. Covert
symptoms include: (1) destroyed property of
others; (2) deliberately set fires; (3) often lies;
(4) has broken into someone’s house, car, etc;
and (5) stolen without confrontation of the vic-
tim. These symptoms are coded 0 for an absent
symptom, 0-5 for a subthreshold symptom, or 1
for a full symptom. A subthreshold designation
was assigned to a symptom if the behavior was
present but lacked the frequency or duration to
warrant full symptom status. Using the ADHD
probands with complete data (n=273), we
aggregated each proband’s covert symptoms
and overt symptoms, generating two symptom
total scores. We excluded symptoms that docu-
ment status offenses (i.e. is often truant, ran
away from home overnight). This decision was
motivated by the desire to study behaviors
captured by CD symptoms that, perpetrated by
individuals across a population, are harmful
to society, such as violence (US Department
of Health and Human Services, 2001) and
property crimes (Moore et al. 1994). Also, a
meta-analysis of factor analyses suggests that
status offense CD symptoms, overt CD symp-
toms and covert CD symptoms aggregate
in three distinct domains (Frick et al. 1993).
Although we recognize that status offenses are a
subtype of CD symptoms that are problematic
and worthy of legal and clinical attention, we
focus here on the two subtypes of CD symp-
toms, overt and covert, that generates victims
and thus has a detrimental impact on the public
health.

While factor analytic studies of disruptive
behavior disorders included symptoms of both
CD and oppositional defiant disorder (ODD;
Frick et al. 1993), we chose to focus on only the
symptoms of CD for this family study. This
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decision was motivated by the recognition that
CD and ODD are separate disorders (APA,
1994) and, as stated above, the widely docu-
mented heterogeneity within CD. Given these
conditions, we choose to limit our investigation
to the familiality of symptomatic subtypes of
CD. The inclusion of ODD symptoms would
have introduced a great deal of complexity to
the interpretation of the results and hindered the
assessment of our hypotheses.

We adopted the methods of multivariate
logistic regression for the familial aggregation
of two disorders as developed by Hudson et al.
(2001 a, b). As described by Hudson et al., this
method has several advantages over more
traditional familial aggregation techniques, such
as increased power to detect coaggregation and
enhanced interpretability of estimated par-
ameters. In the Hudson analysis (Hudson et al.
20015), regression models were performed using
the logit link and Bernoulli distribution, because
the outcomes in this study were binary disorder
indicators. However, since our measures are
not dichotomous, the use of the logit link and
Bernoulli distribution was not appropriate. We
modified the model described in the above-
referenced papers to accommodate overt and
covert CD symptom scores by using the Gaus-
sian distribution and identity link. The identity
link was chosen because the outcome and the
linear predictor vector have a direct, or ‘ident-
ical’ relationship (Hardin & Hilbe, 2001). To
enhance the interpretability of the regression
coefficients that are produced by this model,
they were transformed into a commonly used
and readily understood statistic, the partial
correlation coefficient (r), using the following
formula (Kleinbaum et al. 1988):

r=(Sx/Sy)B,

where Sy is the standard deviation of the inde-
pendent variable, Sy is the standard deviation of
the dependent variable, and f is the estimated
regression coefficient.

Multivariate regression, as stated above, de-
scribes the familial aggregation of two disorders,
say disorder A and disorder B. In this model, the
relatives of the probands are the units of analy-
sis. Each relative is represented by two ob-
servations in the dataset, so, if there are 100
relatives, the data will contain 200 observations.
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Table 1. Competing hypotheses of the familial aggregation of overt and covert conduct
disorder symptoms
Predicted within Predicted overt Predicted covert Predicted coaggregation
person estimate aggregation estimate aggregation estimate estimate
Description of parameter ... Association of A and  Association between Association between Association between
B within a given proband A score and a proband B score and a proband A(B) score and a
relative given relative A score  given relative B score  given relative B(A) score

Competing hypotheses

1 Neither subtype is familial NP N.S. N.S. N.S.

2 Only the overt subtype is familial NP SIG N.S. N.S.

3 Only the covert subtype is familial NP N.S. SIG N.S.

4  Conduct disorder symptoms exhibit SIG SIG SIG SIG

a non-specific familial risk
5 Subtypes of antisocial behavior NP SIG SIG N.S.

exhibit specific familial risk

A, overt; B, covert; N.s., not significant; siG, positive significant association; Np, not predicted; both N.s. and siG are consistent with

hypothesis.

For the first observation of a given relative, his
or her disorder A status is designated as the
dependent variable. For the second observation
of that same relative, his or her disorder B is
designated as the dependent variable. So, the
model has a single dependent variable, but is
unique in that this dependent variable actually
consists of two outcomes, relatives’ disorder A
status and relatives’ disorder B status.

The model provides estimates for four par-
ameters: (1) the association between disorder A
and disorder B in relatives; (2) the aggregation
of relative disorder A and proband disorder A;
(3) the aggregation of relative disorder B and
proband disorder B; (4) and the coaggre-
gation of discordant proband/relative disorders.
Specifically, coaggregation refers to the com-
bined association between: (1) proband disorder
A and relative disorder B, and (2) proband dis-
order B and relative disorder A. Conceptually,
the second and third parameters estimate the
degree to which the symptom subtypes inde-
pendently breed true in families, while the fourth
parameter estimates the degree to which there is
non-specific familial transmission. See Table 1
for the formal interpretations of these par-
ameters and their predicted estimates based on
competing hypotheses about the familial aggre-
gation of overt and covert CD subtypes.

In observations where relative disorder A is
the dependent variable, the first, second and
fourth of the independent variables are coded as
follows: (1) the given relative’s disorder B status
(i.e. association between disorders A and B
within relatives); (2) the proband’s disorder A

status (i.e. familial aggregation of disorder A);
(4) the proband’s disorder B status (i.e. coag-
gregation of relative disorder A and proband
disorder B). The third independent variable is
coded as a nuisance variable with a value fixed
at zero. This nuisance variable is coded as zero
when relative disorder A is the dependent vari-
able and is coded as the proband’s disorder B
status when relative disorder B is the dependent
variable. As will be described in the next para-
graph, this variable provides the estimate of the
familial aggregation of disorder B.

Likewise, in observations where relative dis-
order B is the dependent variable, the first, third
and fourth of the independent variables are
coded as follows: (1) the given relative’s disorder
A status (i.e. association between disorders B
and A within relatives); (3) the proband’s dis-
order B status (i.e. familial aggregation of dis-
order B); (4) the proband’s disorder A status
(i.e. coaggregation of relative disorder B and
proband disorder A). The second independent
variable is coded as a nuisance variable with a
value fixed at zero. This nuisance variable is
coded as zero when relative disorder B is the de-
pendent variable and is coded as the proband’s
disorder A status when relative disorder A is
the dependent variable. As was described in the
previous paragraph, this variable provides the
estimate of the familial aggregation of disorder
A. See Hudson et al. (2001a,b) for a more
detailed description of the model.

Based on the literature, we decided a priori
to present the results in the full sample as well
as stratified by the gender of the proband.
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Table 2. Demographic characteristics of probands and relatives, stratified by proband gender

Families ascertained by male probands

Families ascertained by female probands

Probands Relatives Probands Relatives

(n=138) (n=423) (n=135) (n=384)
Age 10-6+3-0°+ 29-8+ 147 11-2+34 31-8+ 1472
Gender (male)t 138 (100) 211 (50)2+b+ 0(0) 195 (51)2+b+
SESi 19+1:0 1:9+1-0°+ 1:94+09 1:940-92+b+

Values in table represent mean +standard deviation or frequency (%).

1 Positive associations with symptom scores indicate higher scores in males.

1 Smaller values indicate high SES, larger values indicate low SES.

a+ Significant positive association with overt score, p<0-05; *~ significant negative association with overt score, p <0-05.
b+ Significant positive association with covert score, p<0-05; °~ significant negative association with covert score, p <0-05.

However, we assessed the interaction between
proband gender and the overt and covert aggre-
gation parameters. This analysis will explicitly
test whether the familial risk for overt and cov-
ert behaviors are statistically different for males
versus females.

As secondary analyses, we repeated the ana-
lytical plan outlined above using dichotomized
measures of overt and covert CD symptoms.
This analysis, while losing information and thus
precision by collapsing data, allows for more
readily interpretable estimates (i.e. odds ratios)
of familial aggregation. These binary variables
are coded positive if the symptom score is
greater than or equal to 0-5, and zero otherwise.
While this dichotomization provides a low
threshold for defining a “case’, it is useful in that
the risk estimates provided by the resulting odds
ratios are in reference to the complete absence of
symptoms. For example, we can say that the
odds of having at least one overt CD symptom
in relatives of probands with least one overt CD
symptom is some quantity times the odds of
relatives of probands with no overt symptoms.
This analytical plan provided more meaningful
estimates of effect compared to those that would
result from using an arbitrary cut-off some-
where along the symptom distribution. While
other psychiatric diagnoses employ this ap-
proach (i.e. ADHD), these cut-offs are validated
with statistical and clinical consensus. In the
absence of any validated criteria with which to
define overt and covert CD cases, we considered
the use of a liberal threshold to be a reasonable
trade-off in exchange for interpretability.

Because we are analyzing relatives, the as-
sumption that each observation is independent

of all other observations is violated in these
data. To account for correlation among family
members, we used robust sandwich estimates of
variance in all regression models so that p values
would not be underestimated. Associations
between binary and continuous demographic
variables and the CD symptom scores were
assessed using Wilcoxon rank-sum tests and
Spearman correlations, respectively. All stat-
istical tests were two-tailed and alpha was set
at 0-05, with statistical trends recognized at
alpha=0-10.

RESULTS

The demographic characteristics of the probands
and relatives are presented in Table 2, stratified
by the gender of the proband. Age was positively
associated with the covert CD symptom score in
male probands and negatively associated with
overt CD symptoms in relatives of female pro-
bands. Gender was significantly associated with
both overt and covert CD symptom scores in
the relatives of both male and female probands,
with higher scores in males across all groups.
Also, SES was significantly associated with both
overt and covert CD symptom scores in the
relatives of female probands, indicating increas-
ing CD symptoms as SES decreases. A similar
significant relationship with SES was found
for covert CD symptom score in relatives of
male probands. Thus, all familial analyses were
adjusted for relative gender and SES.

Table 3 presents the frequencies of each symp-
tom, stratified by proband and relative gender.
As shown, males typically had higher symptom
frequencies and mean symptom scores compared
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Prevalence of selected DSM-I1I-R conduct disorder symptoms used to generate overt

and covert symptom counts

Families of male ADHD probands

Families of female ADHD probands

Probands Male relatives Female relatives Probands Male relatives Female relatives
(n=138) (n=211) (n=212) (n=135) (n=195) (n=189)
Overt symptoms
Often starts physical fights 52 (38) 32 (15) 12 (6) 28 (21) 25 (13) 13(7)
Used a weapon in more than 23(17) 15(7) 3(1) 6(4) 12 (6) 3(2)
one fight
Physically cruel to animals 13(9) 7(3) 0 (0) 3(2) 13.(7) 1(1)
Physically cruel to people 20 (14) 11(5) 5(2) 7(5) 8 (4) 2(1)
Stolen with confrontation 2(1) 2(1) 2(1) 0 (0) 4(2) 0(0)
Mean overt symptom count 0:72+1-0 0-304+0-6 0:09+0-3 027406 0-314+0-7 0-09+0-4
Covert symptoms
Destroyed property of others 34 (25) 30 (14) 8 (4) 22 (16) 27 (14) 6(3)
Deliberately set fires 28 (20) 21 (10) 6 (3) 7 (5) 22 (11) 3(2)
Often lies 50 (36) 32 (15) 25(12) 46 (34) 32 (16) 22 (12)
Broken into house, car or 8 (6) 21 (10) 3 54 14 (7) 4(2)
building
Stolen without confrontation 21 (15) 34 (16) 25(12) 21 (16) 36 (18) 24 (13)
Mean covert symptom count 091411 0:604+1-0 0-29+06 0:69+1-1 0-62+1-0 0-304+0-7

ADHD, attention-deficit hyperactivity disorder.

Values for individual symptoms represent frequency (%) of subjects with a full or subthreshold symptom.
Values for means of symptom counts represent mean + standard deviation.
Percentages may not be consistent with total n because of missing data.

to females. Also, covert symptoms were more
common than overt symptoms. The most fre-
quently occurring overt symptom across all
strata was ‘often starts physical fights’, while
the most common covert symptoms were ‘often
lies’ and ‘stolen without confrontation of the
victim”’.

To determine whether the familial risk for
overt and covert CD symptom scores signifi-
cantly differed by the gender of the proband,
we tested the interaction between gender and
the symptom scores. The overt CD symptom
score-by-proband gender interaction term was
not significantly different from zero (z=1-03,
p=0-30). However, we found evidence that the
covert CD symptom score-by-proband gender
interaction term was significantly different from
zero (z=2-81, p=0-01). Consequently, we esti-
mated the main effects both in the full sample of
all relatives as well as in the subsamples strati-
fied by proband gender, as exhibited in Table 4.

In the full sample of all relatives, there was
a significant within-person association of overt
and covert CD scores. This parameter was
transformed into a partial correlation coefficient
of 0-42, indicating a moderate degree of associ-
ation between overt and covert CD symptoms
within relatives. Also, there was a significant,

positive association between proband overt
CD symptoms and relative overt CD symptoms,
with a modest partial correlation coefficient of
0-14. We also found significant aggregation of
the covert CD score, with a partial correlation
coefficient of 0-10. However, the coaggregation
term yielded a non-significant, negative co-
efficient. These results remained the same after
additional statistical adjustment for relative age.
Also, these results were identical when repeated
in siblings only and parents only, with the ex-
ception of the overt aggregation estimate in the
parent sample, which failed to reach statistical
significance.

In the relatives of male probands, there was
a significant within-person association of overt
and covert CD scores. When transformed, we
found a partial correlation coefficient of 0-41.
In addition, there was a significant, positive
association between male proband overt CD
scores and relative overt CD scores, indicating
aggregation. This estimate yielded a modest
partial correlation coefficient of 0-16. The covert
CD score in the relatives of male probands,
although recognized as a trend (p =0-08) did not
pass our threshold for statistical significance.
Additionally, the coaggregation term yielded a
non-significant, negative coefficient.
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Table 4.  Bivariate familial aggregation models of covert and overt conduct disorder
symptom scores

All relatives
Estimates of (n=807)

familial

Relatives of male probands

Relatives of female probands

(n=423) (n1=384)

aggregation B (95% CI) Adjusted r B (95% CI) Adjusted r B (95% CI) Adjusted r
Within person 0-26 (0-18-0-34) 0-416 0-27 (0-17-0-36) 0-408 0-26 (0-14-0-39) 0-423
Overt aggregation 0-09 (0-02-0-16) 0-144 0-08 (0-02-0-15) 0-156 0-12 (—0-08-0-33) 0-132
Covert aggregation 0-08 (0-03-0-13) 0-101 0-06 (—0-01-0-12) 0-074 0-11 (0-04-0-18) 0-128
Coaggregation —0:02 (—0:06-0-02) —0-032 —0:02 (—0-07-0-03) —0-039 —0:03 (—0:09-0-04) —0-031

Values in table represent 3 [95% confidence interval (CI)]; significant effects are in bold font.
All analyses adjusted for SES and relative gender.
All parameter estimates conditional on the overt and covert scores of the proband.

Table 5.

Bivariate familial aggregation models of dichotomized covert and overt

conduct disorder symptoms

All relatives
(n=807)
OR (95% CI)

Estimates of familial
aggregation

Relatives of female
probands (n=2384)
OR (95% CI)

Relatives of male
probands (n=423)
OR (95% CI)

Within person
Overt aggregation
Covert aggregation
Coaggregation

456 (3-02-690)
1-69 (1-04-2-75)
169 (1-17-2-45)
0-79 (0-59-1-07)

5-41 (3-03-9-68)
2-18 (1-09-4-37)
1-39 (0-82-2-36)
0-76 (0-49-1-18)

3-87 (210-7-11)
1-19 (0-57-2-47)
2:05 (120-3-50)
0-83 (0-55-1-26)

All values are for odds ratios (OR) and 95 % confidence intervals (CI); significant effects are in bold font.
All analyses adjusted for socio-economic status and relative gender.
All parameter estimates conditional on the overt and covert scores of the proband.

In relatives of female probands, there again
was a significant within-person association of
overt and covert CD scores, with a partial cor-
relation coefficient of 0-42. The overt CD aggre-
gation estimate was not significant, although of a
similar magnitude to that of the overt parameter
in the relatives of male probands (r=0-16 and
0-13, for relatives of male and female probands,
respectively). However, there was a significant,
positive association between the female proband
covert CD score and the relative covert CD
score, indicating familial aggregation of this
measure, with a correlation coefficient of 0-13.
There was no significant coaggregation in rela-
tives of female probands.

To further explore the potential role of gender
as a moderator in the familial aggregation of
overt and covert CD symptoms, we examined
the interaction between relative gender and each
aggregation term. We did not find significant
evidence that familial aggregation differed by
relative gender for either the overt CD symp-
toms (z=1:67, p=0-09) or covert symptoms
(z=0-75, p=0-45).

As secondary analyses we used dichotomized
measures of overt and covert CD symptoms and
repeated the analyses described above. First, we
tested the interaction between proband gender
and the binary symptom indicator variables.
The overt CD symptom indicator-by-proband
gender interaction term was not significantly
different from zero (z=0-27, p=0-79). The cov-
ert CD symptom indicator-by-proband gender
interaction term was identified as a statistical
trend (z=1-92, p=0-006).

Next, using these binary measures, we esti-
mated the main effects both in the full sample as
well as in the subsamples stratified by proband
gender, as exhibited in Table 5. In all three
instances, the pattern of statistical significance
was identical to that of analyses using symptom
scores. For example, the odds of a relative
having at least one overt CD symptom, given
that the proband has at least one overt CD
symptom, was 1-7 times the odds of a relative
with a proband lacking any overt symptoms, a
significant effect. Similarly, the odds of a relative
having at least one covert CD symptom, given
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that the proband has at least one covert CD
symptom, was 1-7 times the odds of a relative
with a proband lacking any covert symptoms.

For relatives of male probands, the analysis
of binary symptom indicators, as in the analysis
of symptom scores, yielded a significant estimate
of overt aggregation. The odds of a relative
having at least one overt CD symptom, given
that the male proband has at least one overt CD
symptom, was 2-2 times the odds of a relative
with a male proband lacking any overt symp-
toms.

Analyses using binary symptom indicators in
the relatives of female probands, parallel to the
analysis of symptom scores, found a statistically
significant relationship between proband covert
CD symptoms and relative covert CD symp-
toms. The odds of a relative having at least one
covert CD symptom, given that the female pro-
band has at least one covert CD symptom, are
2-1 times the odds of a relative with a female
proband lacking any covert CD symptoms.

DISCUSSION

In a large sample of families ascertained by male
and female ADHD probands with and without
CD, we found evidence for the familial aggre-
gation of both overt and covert CD symptoms.
Also, there was evidence that the aggregation of
covert symptoms was conditional on the gender
of the proband, being stronger in the families
of females. In addition, there was no statistical
evidence of coaggregation between the two be-
havioral constructs, indicating that they are
independently transmitted. While these results
cannot speak to genetic effects, taken together
they are most consistent with Hypothesis 35,
which states that overt and covert CD symp-
toms, within the context of an ADHD sample,
are distinct from a familial perspective.

Findings in families of male probands

The familial aggregation of overt CD symptoms
in families of male probands is consistent with
several studies that found familial influences
on aggressive or violent behavior in samples of
adults (Lappalainen et al. 1998; Manuck et al.
1999, 2000; Samochowiec et al. 1999) and chil-
dren (Edelbrock et al. 1995; Lahey et al. 1998).
However, our findings are inconsistent with a
twin study of a community sample of 434 male
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twin pairs (Simonoff et al. 1998) that found a
genetic effect for both aggression and property
offenses. This discrepancy may be explained
by sampling differences, as that study used a
community sample and our study a referred
ADHD sample with and without co-morbid
CD. However, it should be noted that the fam-
ilial effect for overt CD symptoms in our study
was greater than the familial effect for covert
CD symptoms, and that the aggregation of cov-
ert CD symptoms approached statistical signifi-
cance (p=0-08). Also, the proportion of genetic
variance was greater for overt behavior than for
covert behavior in the Simonoff study. Thus, it
may be that both patterns of antisocial behaviors
are familial in boys with the overt effect being of
greater magnitude, but our study did not have
the statistical power to detect weaker familial
loading of covert CD symptoms.

In another twin study, Edelbrock et al. (1995)
did not find a genetic effect for delinquent
(covert) behavior in a community sample of
181 same-sex twin pairs, approximately half of
which were male. This null finding is difficult to
interpret in light of our results, due to the mix-
ture of male and female subjects. However, it
should be noted that the p value of the genetic
effect for delinquent behavior in that study
was identified as a trend (p<0-10). Perhaps a
re-analysis stratified by gender would have re-
vealed a pattern of results more consistent with
our findings. Also, it is difficult to reconcile our
findings with the European adoption studies
that found a significant effect for property
crimes, but not for violent crimes (Bohman ef al.
1982 ; Mednick et al. 1984). Several factors could
account for this discrepancy, including different
sampling schemes (community sample v. referred
sample), age of subjects (adults v. children), and
measures of antisocial behavior (criminal con-
victions v. DSM criteria for CD).

Findings in families of female probands

Our results partially support the hypothesis of a
greater familial risk in families of female pro-
bands but the predicted interaction was found
only for covert CD symptoms. These results
are consistent with a large adoption study that
found biological parents of female property
criminals to have a higher proportion of prop-
erty offenders compared to the biological
parents of male property criminals (Sigvardsson
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et al. 1982; Brennan et al. 1991). Also, the
rate of repeated convictions in that study was
significantly greater in parents of female crimi-
nals relative to the parents of male criminals
(Bohman, 1996). Based on these and similar
data, it has been suggested that the threshold for
genetic liability for developing criminality was
higher in women than in men. That is, women
require a greater genetic risk to manifest crimi-
nality as compared to men (Bohman, 1996). This
idea is partially consistent with our findings,
which showed stronger familial risks for covert
behavior in families of female probands com-
pared to families of male probands. These
results are also consistent with findings that
demonstrated increased rates of covert CD
symptoms in female adolescents relative to males
(McGee et al. 1990).

The failure to detect a greater magnitude
of familial risk for overt CD symptoms in the
families of female probands may be due to the
low base rate of such behaviors in females. Evi-
dence for this notion can be found in the wide
confidence interval for the overt aggregation
parameter in relatives of female probands in
Table 4, indicating an imprecise estimate.
Another reason for the failure to detect aggre-
gation of overt CD symptoms in families of
female probands could be that aggression was
manifested differently in females. For example,
in a review of gender differences in patterns of
aggression, it was noted that women tend to use
indirect or verbal assaults such as alienation
and character deformation, as opposed to physi-
cal aggression (Loeber & Stouthamer-Loeber,
1998). Also, aggression in girls may take a
similar, non-physical form, and may be more
verbal and relational in nature, such as spread-
ing derogatory rumors and excluding peers from
play groups (Crick, 1995; Crick & Grotpeter,
1995). Thus, it may be that the measurement of
overt CD symptoms in females may have been
incomplete, hampering our ability to detect
familial aggregation. This potential measure-
ment error, coupled with the imprecision noted
above, suggests that this null finding should be
interpreted cautiously.

Overt and covert CD as distinct familial
disorders

Given the statistical trend for covert aggre-
gation in families of males and the measurement
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issues hampering the precision of the overt
aggregation estimate in families of females, the
aggregation results taken as a whole coupled
with the null coaggregation results are compat-
ible with the hypothesis that overt and covert
subtypes of CD may represent distinct familial
conditions, each independently transmitted.
This is consistent with research that has shown
differential associations between these two
constructs and other risk factors such as birth
complications (Raine et al. 1994, 1997), cortisol
(Virkkunen, 1985; McBurnett ef a/. 2000) and
serotonin (Moffitt er al. 1998) levels. However,
this observed statistical specificity does not rule
out other, more complex causal models (Garber
& Hollon, 1991). For example, the familial
risk for covert CD symptoms in families of
male probands may become statistically evident
when interacting with another, unmeasured
factor. These results, if replicated, need to be
incorporated into a more comprehensive causal
model that explains the association between
important risk factors and subtypes of CD.

The strong within person association between
overt and covert CD symptoms is not incom-
patible with the hypothesis that these symptom
subtypes are distinct disorders. For instance,
the two subtypes of CD may share a common
causal factor, perhaps environmental in origin,
yet have distinct genetic causes. Such a scenario
could produce etiologically separate, yet corre-
lated, disorders (Garber & Hollon, 1991). To
develop this notion in the context of the present
study, it is important to note that ADHD is
associated with early-onset CD (Moffitt, 1990;
Loeber et al. 1995), marked by both overt and
covert symptoms (Lahey ez al. 1998, 1999). We
can therefore hypothesize that a common
environmental etiologic factor of the two behav-
ioral subtypes may be prevalent within ADHD
families. Thus, although overt and covert CD
symptoms may have distinct genetic risks, the
causal chain of each may be completed by a
common environmental factor that could be
widespread in families of ADHD children,
leading to etiologically distinct yet commonly
co-occurring CD symptom patterns in ADHD
children.

Finally, it should be noted that while the
within person correlation was moderately sized
and highly significant, there were many rela-
tives who exhibited only one subtype of CD
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symptoms. Out of all the relatives with at least
one CD symptom (n=296), only 27% had at
least one symptom of each subtype. Thus, the
great majority of relatives with CD symptoms
had either overt symptoms (15%) or covert
symptoms (58 %), but not both. Thus, the
degree of symptomatic overlap may not be as
extensive as the within person correlations may
suggest, and does not rule out the hypothesis
of overt and covert CD symptoms as distinct
disorders.

Dimensional measures of psychiatric disorders

This study, like that of Alsobrook & Pauls
(2002), is distinct from other studies examining
familial aggregation of disorders in the use of
continuous measures, rather than the conven-
tional binary disorder indicators. This approach
avoids the loss of information, inefficiency,
and difficulty in interpretation resulting from
dichotomizing (Dunn, 2000). Also, it has been
suggested that CD symptoms should be analyzed
as a continuous measure because of the linear
association found between symptom counts and
measures of impairment (Robins & Price, 1991).
However, the clinical relevance and general-
izability of results derived from continuous
measures could be questioned, compared to
similar analyses using binary indicators, which
provide odds ratios as a measure of association.

In comparing the two methods, it was found
that a dimensional approach to the measurement
of child psychopathology performed roughly
as well as a categorical approach in terms of
agreement with external validators (Jensen et al.
1996). However, as noted by Kasius et al. (1997),
the divergence between the two approaches may
be enough to warrant use of both to attain the
most information about child psychopathology.
As such, the strength of our results is enhanced
by the identical pattern of results found using
the two methods, although the cut-point used
here (no symptoms v. any symptoms) was not
empirically based. Future research should define
clinically and nosologically meaningful cut-offs
to define overt CD and covert CD “cases’.

Limitations

These findings should be considered in the light
of some methodological limitations. First, these
analyses were conducted with data from an
ADHD family study, not in families ascertained
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on the basis of proband CD. However, studies of
CD youth document a very high co-morbidity
with ADHD (Offord et al. 1986; Lahey et al.
1998). CD co-morbid with ADHD is marked
by a poor long-term outcome (Moffitt, 1990;
Hinshaw er al. 1993; Mannuzza et al. 1993;
Loeber et al. 2000) and tends to onset in early
childhood (Loeber et al. 1995; Lahey et al.
1998). Early-onset CD cases also tend to exhibit
more overt symptoms (Lahey et al. 1998, 1999)
that are more heritable (DiLalla & Gottesman,
1989). In contrast, late-onset CD is charac-
terized by lower rates of ADHD (Lahey et al.
1998), an acute course (Moffitt, 1993), and a
lesser degree of heritability (Lyons et al. 1995).
In addition, Moffitt (1993) predicts that late-
onset CD cases primarily commit covert acts
and status offenses, a hypothesis supported by
empirical work (Lahey et al. 1998, 1999). Thus,
it is reasonable to speculate that a sample as-
certained through CD probands would contain
a greater degree of late-onset CD cases relative
to a sample ascertained via ADHD probands. If
s0, then such a study may not detect the familial
aggregation of overt and covert CD symptoms
found in the present study. Considering this,
the generalization of our results must be limited
to ADHD families until further research extends
the findings to other samples. Another limit to
the generalizability of these results is the racial
distribution of the sample since the probands
were 97 % Caucasian.

Also, it should be noted that the symptoms of
CD used in this analysis represent a limited
sampling of the total set of antisocial behaviors.
While symptoms as taken from the DSM rep-
resent behaviors deemed clinically relevant, a
more exhaustive sampling of antisocial behav-
iors could vyield different results, especially
for females. Additionally, while we did not find
evidence that familial aggregation differed by
relative gender, this analysis may have been
underpowered. Considering the borderline
significance of the overt interaction term, there
may be meaningful differences between males
and females in the familial aggregation of overt
symptoms that could be detected with larger
samples. Future studies should explore this issue
while taking the methodological difficulties as-
sociated with the measurement of overt symp-
toms in females described above into account.
It should also be noted that the estimates of
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familial aggregation, while statistically signifi-
cant, yielded rather modest correlations. Al-
though the results could indicate that the
familial transmission of CD symptom subtypes
is weak, it is also possible that the relationship
between proband and relative symptom scores
deviates to some degree from linearity. If the
assumption of linearity is not met, our models
may underestimate the size of the effect. While
our analysis of dichotomized measures of the
symptom scores avoids this problem and pro-
vides effect sizes that are statistically and clini-
cally significant, future studies with more power
are needed to clarify the nature of the familial
aggregation of CD symptom subtypes.

Another concern stems for the use of maternal
interviews for children younger than 12 years
old, which may have decreased the sensitivity
of detecting CD symptoms. However, children
younger than 12 years old are less likely than
older children to spend a great deal of time
beyond the watch of adult supervision. Thus,
the loss of information suffered through the use
of maternal reports should be minimal. Also,
there is evidence that young children have
limited expressive and receptive language abili-
ties, questioning the reliability of their self-
report (Loeber ez al. 1991). A study of interview
techniques for young children also casts doubt
on the reliability of their reports (Achenbach
et al. 1987). Another related limitation is that
younger siblings may not have passed through
the age of risk for some of the CD symptoms,
leading to the misclassification of their symp-
tom status and a reduction of statistical pre-
cision. Thus, the estimates of overt and covert
aggregation may be stronger than found here.

Finally, it should be noted that the results
document familiality and do not necessarily
imply genetic causality. Conclusions about the
genetic influence on overt and covert CD symp-
toms await twin, adoption, and molecular
genetic studies.

Conclusions

Despite these limitations, familial risk analysis
in a large sample of male and female ADHD
probands found evidence for the independent
familial aggregation of overt and covert CD
symptoms. While not implying genetic influ-
ences, these findings support the hypothesis
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that, in an ADHD sample, overt and covert
CD symptoms represent distinct disorders. If
replicated in other samples with differing ascer-
tainment strategies, these results could inform
twin, adoption and molecular genetic studies
searching for the genetic liability for subtypes of
CD symptoms, calling attention to the idea the
subtype of CD symptom should be considered
when conducting research on CD and related
constructs. Ultimately, intervention and preven-
tion programs charged with decreasing CD and
antisocial behavior in children may need to be
tailored to the symptomatic subtype.
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