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Abstract Inattentive–hyperactive and oppositional behav-
ior have been hypothesized to be developmental precursors
to conduct problems. We tested these hypotheses using a
longitudinal sample of 6,466 offspring of women selected
from nationally representative US households. Conduct
problems across 8–13 years were robustly predicted by
conduct problems at 4–7 years, but also were indepen-
dently predicted to a small extent by both inattentive–
hyperactive and oppositional behaviors at 4–7 years.
Longitudinal multivariate behavior genetic analyses
revealed that the genetic and environmental factors that
influence conduct problems at both 4–7 and 8–13 years

also influence the putative precursors at 4–7 years. After
genetic and environmental influences on conduct problems
at 4–7 years were taken into account, however, inatten-
tive–hyperactive and oppositional behavior at 4–7 years
shared causal influences with conduct problems 8–13 years
to a negligible extent. These findings suggest that after
early conduct problems are controlled, little is gained in
terms of prediction or understanding genetic and environ-
mental influences on later child conduct problems by
treating early inattentive–hyperactive and oppositional
behavior as developmental precursors to later conduct
problems.
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Developmental precursors

An important goal of developmental psychopathology is the
description of regular developmental progressions from
early precursors to more serious problems later in develop-
ment. This is because it would be both theoretically
revealing and practically useful if milder problems (a)
typically emerge earlier than more serious problems, and
(b) reliably predict later serious problems. In such cases, it
should be possible to identify factors that govern the
developmental progression from milder to more serious
problems and find ways to prevent serious problems.
Therefore, considerable effort has been made to identify
the developmental precursors to serious conduct problems
in older children and adolescents.

The behaviors that define attention-deficit/hyperactivity
disorder (ADHD) and oppositional defiant disorder (ODD)
have long been hypothesized to be developmental precur-
sors to serious conduct problems (Lahey et al. 2000).
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ADHD refers to developmentally inappropriate levels of
attention problems, motor hyperactivity, and impulsive
behavior. ODD is defined by developmentally inappropriate
levels of irritability, defiance, and the intentional annoyance
of others.

Do ADHD and ODD Precede Conduct Problems?

By definition, developmental precursors must precede the
more serious problem in development. Unfortunately, there
appears to be only one study in which the ages of onset of
symptoms of ADHD, ODD, and conduct problems were
directly compared in the same sample. A clinic study of 7-
to 12-year-old males, which retrospectively assessed age of
onset of all symptoms that were reported during the clinic
assessment, found that most symptoms of ADHD and ODD
emerged early in life, with half of their symptoms having
median ages of onset by 5 years of age (Loeber et al. 1992).
The median ages of emergence for the remaining symptoms
of ADHD and ODD were later, however, with the last
symptoms of each disorder emerging around 11 years
(Loeber et al. 1992). In the same study, most symptoms of
conduct disorder (CD) were reported to emerge only
slightly later than those of ADHD and ODD, with the
median age of onset for half of CD symptoms reported by
6 years. On the other hand, a number of serious conduct
problems, such as forced sex, theft by confrontation,
running away from home, and truancy, did not emerge
until late childhood or adolescence (Loeber et al. 1992).
Thus, this study suggested that many symptoms of all three
disorders are present before 6 years of age, even though
some CD symptoms emerge later than those of ADHD and
ODD. This study is of limited value, however, because it is
based on retrospective reports from a clinic sample that was
not representative. Nonetheless, the ages of onset found in
this study for ADHD, ODD, and CD symptoms are similar
to those found in other clinic-based (Applegate et al. 1997)
and population-based studies (Lahey et al. 1998; Wil-
loughby et al. 2000) that did not compare ages of onset of
across disorders.

Furthermore, recent longitudinal studies that began
during toddler and preschool ages clearly indicate that
many young children already exhibit serious conduct
problems during the early childhood years when most
symptoms of ADHD and ODD are first evident (Keenan et
al. 2007; Tremblay 2004). Thus, although there may be a
longer developmental window for the emergence of some
serious conduct problems than most ADHD and ODD
symptoms, it seems likely that many conduct problems
emerge in early childhood concurrently with symptoms of
ADHD and ODD. This raises a question about the extent to
which early symptoms of ADHD or ODD function as

independent developmental precursors to later child con-
duct problems.

Does Childhood ADHD Predict Later Conduct
Problems?

Seminal prospective longitudinal studies (Hechtman et al.
1984; Loney et al. 1981) showed that children with ADHD
symptoms are at increased risk for exhibiting serious
conduct problems in adolescence. These studies did not
control for conduct problems in childhood, however. Some
more recent longitudinal studies did not support the
hypothesis that childhood ADHD symptoms predict later
conduct problems when early childhood conduct problems
were controlled (Lahey et al. 2000; Lilienfeld and Waldman
1990; Loeber 1988; Loeber et al. 1995; Magnusson 1984;
Satterfield and Schell 1997). Firm conclusions cannot be
reached, however, as other longitudinal studies suggest that
ADHD predicts later conduct problems even in the apparent
absence of high levels of childhood conduct problems
(Lambert 1988; Mannuzza et al. 2004; Mannuzza et al.
1993; Mannuzza et al. 1991).

Does Childhood ODD Predict Later Conduct Problems?

Several studies suggest that childhood ODD predicts later
serious conduct problems. A longitudinal study of 7- to 12-
year-old clinic-referred boys found that ODD in the first
assessment was a significant predictor of meeting criteria for
CD for the first time during the next 7 years (Lahey et al. 2000;
Loeber et al. 1995). Another longitudinal study of clinic-
referred 6- to 17-year-old males who met criteria for ADHD
found that ODD in the first assessment did not predict
meeting criteria for CD over the next 3 years (Biederman et
al. 1996). When the prevalence of new cases of CD among
males who met criteria for ODD in the baseline assessment
was compared to all youth who did not meet criteria for
ODD at baseline in this sample (those with only ADHD and
the normal controls), however, CD was significantly more
likely to emerge at follow-up among youths with ODD
(Biederman et al. 1996). Similarly, a longitudinal study of a
representative sample reported that meeting criteria for ODD
in the first assessment predicted meeting criteria for CD for
the first time in later assessments in males but not females
(Rowe et al. 2002). These studies suggest that meeting
criteria for ODD at an early age means that a child is at
increased risk for later meeting criteria for CD for the first
time. This does not necessarily mean that the emergence of
all symptoms of ODD preceded the emergence of all
symptoms of CD in development, however. It only refers
to the sequence of meeting criteria for the two disorders.
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Are There Genetic and Environmental Links
Between Conduct Problems and Earlier ADHD
and ODD?

If children with high levels of ADHD or ODD symptoms
prove be at high risk for future serious conduct problems, it
would be very important to know why this occurs. For
example, if early ADHD and/or ODD symptoms are early
manifestations of the same genetic or environmental influen-
ces that will influence conduct problems later in childhood,
knowing that is the case should facilitate the design of early
interventions to reduce antisocial outcomes. This is clearly a
possibility, as many cross-sectional studies suggest that
concurrently assessed ADHD, ODD, and conduct problems
are largely influenced by the same genetic factors (Dick et al.
2005; Nadder et al. 2002; Waldman et al. 2001) and perhaps
the same environmental factors (Burt et al. 2005).

The critical question, however, is whether early childhood
ADHD and ODD share genetic or environmental influences
with later conduct problems, over and above the genetic and
environmental influences that later conduct problems share
with earlier conduct problems. If so, obtaining measures of
ADHD and ODD in early childhood would allow prevention
researchers to identify children who are at risk for later
conduct problems for reasons not revealed by their early
conduct problems. If early ADHD and ODD do not share
genetic and environmental influences with later conduct
problems beyond those shared with early conduct problems,
the focus of prevention research probably should be on early
childhood conduct problems rather than on ADHD and ODD.

Therefore, we conducted two kinds of analyses of longitu-
dinal data from a large and diverse sample of the offspring of a
representative sample of mothers. First, we used regression
analyses to test the predictive hypotheses that inattentive-
hyperactive behaviors resembling symptoms of ADHD and
oppositional behaviors resembling symptoms of ODD at 4–
7 years of age predict conduct problems at 8–13 years of age,
controlling for demographic factors and conduct problems
at 4–7 years of age. Second, we used longitudinal
multivariate behavior genetic analyses to test the hypoth-
eses that inattentive-hyperactive and oppositional behavior
at 4–7 years share genetic or environmental influences with
those on conduct problems at 8–13 years, over and above
the genetic and environmental influences shared by the
putative precursors with conduct problems at 4–7 years.

Method

Sample

The National Longitudinal Survey of Youth (NLSY) was
funded by the Bureau of Labor Statistics to study the US

workforce. A nationally representative household sample of
9,763 14- to 22-year-old male and female youth who were
not in the military was selected in 1979 using a complex
survey design, with an oversample of African American
and Hispanic youth. To date, 4,926 NLSY females (1,472
African American, 977 Hispanic, and 2,477 non-Hispanic
European American and other groups) have given birth to
children who have participated in the assessments of
offspring. Biennial assessments of all biological offspring
of each NLSY woman have been conducted during 1986–
2004 on the Children of the NLSY (CNLSY; Chase-Lansdale
et al. 1991), with participation in these assessments
averaging ≈90%. In order to conduct longitudinal analyses
on the same children at different ages, the present analyses
were conducted on 6,994 offspring of 2,256 mothers who
were assessed at least once during 4–7 years and at least
once during 8–13 years of age. Because total family
income is an important covariate in the regression anal-
yses, and the variable with the greatest amount of missing
data in survey research, the present regression analyses
were limited to the 6,466 offspring of women who
reported income data. Descriptive statistics on the sample
are presented in Table 1.

Because the longitudinal behavior genetic analyses could
only be conducted on children with at least one sibling,
both of whom were assessed at both 4–7 and 8–13 years,
5,281 sibling pairs were included in these analyses
(Table 1). Because only biological children of NLSY
mothers participated, all CNLSY siblings are at least half
siblings. Algorithms were developed to classify offspring
pairs as either twins, full siblings, or half siblings, with
some pairs classified as ambiguous siblings because they
share a biological mother, but their sharing of the same
biological father is uncertain (Rodgers et al. 2005, 1994).
The CNLSY kinship links (including for ambiguous
siblings) used in the present and previous analyses of this
data set (Van Hulle et al. 2007) were validated by
demonstrating that the heritability of physical height is
0.90, consistent with twin studies (Rodgers et al. 1994).
Because ambiguous siblings are either full or half siblings,
they were assigned a genetic coefficient of rg=0.375,
intermediate between full (rg=0.5) and half siblings (rg=
0.25). There were too few identical twin pairs (n=11) to
include them in these analyses, but the 23 fraternal twin
pairs were included with other full siblings.

Measures of Child Problem Behavior

In each assessment across 4–13 years of age, mothers rated
their children’s behavior using the behavior problem index
(BPI; Peterson and Zill 1986) The BPI was created for the
CNLSY by selecting items from the Child Behavior
Checklist (Achenbach 1978) that were strongly correlated
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with factor scores. The mean of 3 BPI items rated on a 3-
point scale were used to define inattentive–hyperactive
behavior: has difficulty concentrating, cannot pay attention
for long; impulsive, or acts without thinking; and restless or
overly active, cannot sit still. The mean of three BPI items
define oppositional behavior: argues too much; stubborn,
sullen, or irritable; and has a strong temper and loses it
easily. The mean of seven BPI items rated on a three-point
scale define child conduct problems at each age: cheats or
tells lies; has trouble getting along with teachers; disobe-
dient at home; disobedient at school; bullies or is cruel or
mean to others; breaks things on purpose or deliberately
destroys things; and does not seem to feel sorry after
misbehaving. Confirmatory factor analysis of these 15
items supported the distinction of these three dimensions
of problem behaviors (D’Onofrio et al. 2008). Each mean
problem behavior score was multiplied by the number of
items in the scale. The median alpha coefficients over
ages 4–13 years for inattentive–hyperactive behavior,
oppositional behavior, and conduct problems was 0.70,
0.73, and 0.74, respectively. These definitions of problem
behaviors overlap substantially with those used in
previous longitudinal studies of population-based samples
(Fergusson and Horwood 2002; Lahey et al. 2000; Moffitt
et al. 1996). The CNLSY measure of child conduct
problems is valid in the sense of robustly predicting
convictions for nontrivial offenses during adolescence in
the CNLSY (Lahey et al. 2006). Similarly, the inattentive–
hyperactive score predicts tested academic achievement

controlling for oppositional behavior and conduct problems
(D’Onofrio et al. 2007).

Demographic Covariates

Mothers classified their offspring using mutually exclusive
categories as African American, Hispanic, or all other race-
ethnic groups. Total family income was assessed in the
wave when the mothers were closest to 30 years old to
index earning capacity, expressed as the logarithm of
1986 inflation-adjusted dollars. This includes all income
received by the woman and her spouse (if married),
including food stamps and other forms of governmental
support. Income from any cohabiting partner was not
included, but there are few substantive differences when
this source of income is included in economic analyses
(Avellar and Smock 2005).

Statistical Analysis

Predictive Regression Analyses We first tested the roles of
inattentive–hyperactive and oppositional behavior at 4–
7 years as predictors of conduct problems at 8–13 years in
the same children using predictive regression analyses,
controlling for conduct problems at 4–7 years. Because the
response variable of conduct problems at 8–13 years was
highly skewed and kurtotic with a mode of zero, log-linear
regression was conducted specifying Poisson working
distributions in SAS PROC GENMOD. In order to take

Table 1 Descriptive Data

Demographic characteristics of the full sample
Sex Females Males

3,194 3,272
Race-Ethnicity African American Hispanic Non-Hispanic white and othera

1,972 1,340 3,154
Total family incomeb Mean Standard deviation

31,789 72,469
Number of sibling pairs of each degree of genetic relatedness in the behavior genetic analyses

rg Male pairs Female pairs Different-sex pairs
Half siblings 0.25 259 255 572
Ambiguous siblings 0.375 177 193 361
Full siblings (blended) 0.5 190 184 313
Full siblings (non-blended) 0.5 711 644 1,422
Intra-class correlations between siblings on each measure of child problems behavior among each sibling type

Half Ambiguous Full blended Full non-blended
Hyperactive–inattentive 4–7 0.21 0.24 0.33 0.30
Oppositional-defiant 4–7 0.32 0.31 0.38 0.36
Conduct problems 4–7 0.34 0.30 0.41 0.43
Conduct problems 8–13 0.36 0.37 0.42 0.46

a Almost exclusively non-Hispanic European American, but includes some Asian and Native American children
b In 1986 dollars
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the clustering of children within families into account, these
regressions were conducted in generalized estimating equa-
tions using robust standard errors (Zeger and Liang 1986).

Longitudinal Multivariate Behavior Genetic Analyses To
determine if genetic and environmental influences on
conduct problems at 8–13 years were shared with those
on inattentive–hyperactive and oppositional behavior at 4–
7 years, after genetic and environmental influences on
conduct problems at 8–13 years shared with conduct
problems at 4–7 years were taken into account, two
separate series of multivariate behavior genetic analyses
were conducted. Total observed variance in each of the four
measures of child problem behavior based on the correla-
tions among siblings of difference genetic relatedness
(Table 1) was partitioned into estimates of variance
attributable to latent additive genetic influences, shared
environmental influences (i.e., shared experiences such as
neighborhood factors that make siblings more similar), and
nonshared environmental influences (i.e., either only one
sibling experiencing an event such as bullying, or events
experienced by both siblings that influence them in
different ways, plus measurement error) based on differ-
ences in correlations between sibling pairs of differing
genetic relatedness. Separate multivariate Cholesky decom-
positions (Neale and Cardon 1992) were fit for the two
putative precursors, one for inattentive–hyperactive behav-
ior and one for oppositional behavior. Cholesky decompo-
sition is a saturated model with as many potential
underlying additive genetic and environmental influences
as measured variables (Loehlin 1996).

In the first series of Cholesky decompositions, the order
of the three phenotypes was conduct problems at 4–7 years,
oppositional behavior at 4–7 years, and conduct problems
at 8–13 years. As illustrated in Fig. 1, the first genetic factor
specified (A1) influenced conduct problems at 4–7 years
(path coefficient a11), oppositional behavior at 4–7 years
(a21), and conduct problems at 8–13 years (a31). The second
genetic factor (A2) influenced oppositional behavior at 4–
7 years (a22) and potentially conduct problems at 8–13 years
(a32). If path a32 from A2 to conduct problems at 8–13 years
can not be dropped from the model without a significant
loss of fit, that would indicate that there are genetic
influences on oppositional behavior at 4–7 years that
influence conduct problems at 8–13 years that are distinct
from the genetic influences on conduct problems at 4–
7 years. The shared environmental factors (C1 and C2) and
nonshared environmental factors (E1 and E2) have same
interpretations as A1 and A2, but for these environmental
influences. The same tests for pathways from these shared
and nonshared environmental factors (i.e., paths c32 and e32
in Fig. 1) were conducted separately for each factor to
determine if early oppositional behavior shares environ-
mental influences with conduct problems at 8–13 years that
are distinct from the environmental influences on conduct
problems at 4–7 years. A second series of models
conducted the same tests for the relevant genetic and
environmental parameters for inattentive–hyperactive be-
havior at 4–7 years.

In previous analyses of this sample, we found that
variances for conduct problems at all ages were greater for
children from blended families (those with at least one half
sibling) than non-blended families (all full siblings) and the
term for shared environmental influences in non-blended
families was nonsignificant, even though a shared environ-
mental influence term specific to blended families was
significant (Waldman et al., under review). Therefore, a term
for shared environmental influences was specified only for
blended families in the present biometric models.

In each of the two series of Cholesky decompositions,
omnibus tests were conducted to determine if there were sex
differences in the structure of genetic and environmental
influences on developing antisocial behavior. Model 1 (sex
equal) constrained all parameters to be equal for females and
males. Model 2 (scalar sex differences) constrained all
parameters to be equal between sexes, but allowed the total
variation/covariation in males to be a scalar multiple of the
total variation/covariation in females (Neale and Cardon
1992). If model 2 were the best fitting model, that would
imply that the total influence of genetic and environmental
influences on conduct problems is proportionally less in one
sex than the other. Model 3 (quantitative sex differences)
allowed all parameters to vary between sexes, but the
underlying factors were the same for both sexes.

A1 C1

E1

A2 A3C2 C3

E2 E3

Conduct 
Problems
4-7 Years

Oppositional-
Defiant

4-7 Years

Conduct 
Problems

8-13 Years

e11 e21 e31 

e22 e32 e33

a11 a21 a31

a22 a32 a33
c11 c21 c31 c22 c32 c33

Fig. 1 Illustration of the full Cholesky decomposition model for
oppositional behavior at 4–7 years and conduct problems at both 4–7
and 8–13 years. The same model was used for inattentive–hyperactive
behavior at 4–7 years, substituting that phenotype for oppositional
behavior. Please see text under “Longitudinal Multivariate Behavior
Genetic Analyses” for definitions of A1–A3, C1–C3, and E1–E3
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Because the distributions of the three phenotypes were
non-normal at all ages, models were fitted in Mplus 4.2
using robust maximum likelihood estimation, taking the
clustering of children within families into account (Muthén
and Muthén 2007). The significance of model parameters
was determined by comparing the fit of alternative models.
The overall fit of each model was expressed as a means-
adjusted Satorra–Bentler χ2 and differences between
models were tested using the Satorra–Bentler scaled-
difference χ2 (Satorra and Bentler 2001) and χ2 tests. A
non-significant change in χ2 would indicate that the model
with fewer parameters fits the data equally well and would
be preferred based on parsimony. Because concerns have
been raised about fitting Cholesky models (Carey 2005;
Dominicus et al. 2006), we present fit statistics in addition
to the Satorra–Bentler χ2. Lower values of the Bayesian
information criterion (BIC) reflect better fit and/or greater
parsimony. The root mean square error of approximation
(RMSEA) reflects the discrepancy between observed and
predicted covariances per degree of freedom. Values of
RMSEA <0.05 are indicative of a close fit and values <0.08
indicate a good fit to the data (MacCallum et al. 1996).

Tests of Sample Bias

The 6,994 offspring used in the present analyses are a
subset of the total 11,428 identified CNLSY offspring.
Some offspring were excluded from the present analyses
because they were too old when assessments of offspring
began in 1986 to be assessed at 4–7 years of age. Most
excluded youth were too young in 2004 to have been
assessed at 8–13 years of age, and some had missing
data in one age range due to non-participation. Compared
to the 4,437 CNLSY offspring whose data were not used,
the offspring who participated in the present analyses
were not significantly more likely at p<0.05 to be boys
and did not differ in log family income when the mother
was 30 years old, but were more likely to be Hispanic,
odds ratio=1.46 (95% confidence interval, 1.32–1.61)
and more likely to be African American, odds ratio=1.52
(95% confidence interval, 1.40–1.66). These demographic
variables were used as covariates in the predictive
regression analyses to estimate population parameters
more accurately.

Results

The means and standard deviations of each measure of
child problem behavior at 4–7 years and conduct problems
at 8–13 years are presented in Table 2. As is typical for
maternal ratings of problem behaviors across these ages
(Leve et al. 2005), there was a slight decrease in conduct

problems at the older ages. The Spearman rank correlation
between inattentive–hyperactive behavior and oppositional
behavior at 4–7 years was ρ=0.55 (n=3,559, p<0.0001) for
boys and ρ=0.52 (n=3,443, p<0.0001) for girls. The
correlation between inattentive–hyperactive behavior and
conduct problems at 4–7 years was ρ=0.58 (n=3,559, p<
0.0001) for boys and ρ=0.52 (n=3,433, p<0.0001) for
girls. The correlation between oppositional behavior and
conduct problems at 4–7 years was ρ=0.62 (n=3,560, p<
0.0001) for boys and ρ=0.58 (n=3,433, p<0.0001) for
girls. The only significant sex difference in correlations
among the measures of disruptive behavior at 4–7 years
was between oppositional behavior and conduct problems,
p<0.01.

Prospective Prediction Analyses

Formal Predictive Tests

The first set of analyses formally tested the extent to which
child conduct problems, inattentive–hyperactive behavior,
and oppositional behavior at 4–7 years predict conduct
problems at 8–13 years using log-linear regression. As
shown in Table 3, when each early putative precursor and
early conduct problems were tested in separate regression
models, controlling the child’s sex, ethnicity (two contrasts
for African American versus other and Hispanic versus
other), and log family income, each early putative predictor
accounted for significant variance in conduct problems at
8–13 years. When early inattentive–hyperactive behavior,
oppositional behavior, and conduct problems were all
entered simultaneously with the demographic covariates,
each behavioral predictor still accounted for significant
variance in conduct problems at 8–13 years, although the
magnitudes of the beta coefficients for inattentive–
hyperactive and oppositional behavior dropped by more
than 67%. When interactions between child sex and each
of the three early behavioral predictors were tested in this
joint model, only the sex-by-early conduct problems
interaction was significant, β=−0.05, z=−2.07, p<0.04,
reflecting a slightly stronger prediction in girls.

Explained Variance

In order to provide easily interpreted estimates of effect
sizes, correlations between each predictor at 4–7 years and
conduct problems at 8–13 years are presented in Table 4.
Because the distributions of the behavior problem scores
were not normal, Spearman rank correlations were calcu-
lated. Sex differences in the magnitudes of all of the
predictive zero-order correlations between earlier and later
problem behaviors in Table 4 were small, but statistically
significant in each case in this large sample.
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To reveal the extent to which inattentive–hyperactive
and oppositional behaviors independently predicted con-
duct problems at 8–13 years after the correlation with
conduct problems at 4–7 years was taken into account, two
sets of partial correlations also were calculated to estimate
predictive effect sizes for each predictor at 4–7 years (1)
controlling the demographic covariates only, and (2)
controlling the demographic covariates and both of the
other two behavioral predictors at 4–7 years.

The zero-order Spearman correlations show that conduct
problems at 4–7 years explained 28–37% of the variance in
conduct problems at 8–13 years. Similarly, inattentive–
hyperactive and oppositional behaviors at 4–7 years each
explain 17–23% of the variance in conduct problems at 8–
13 years. When the demographic covariates were partialled,
there was little reduction in the variance in conduct
problems at 8–13 years explained by the three predictors.
In contrast, when inattentive–hyperactive and oppositional
behaviors were tested partialling both the demographic
covariates and conduct problems at 4–7 years, opposition-
al behavior explained only 2% of the variance in conduct
problems at 8–13 years in both sexes and inattentive–
hyperactive behavior explained 2–4% of the variance in
conduct problems at 8–13 years. Thus, inattentive–
hyperactive and oppositional behavior each explained little

variance in future conduct problems after early conduct
problems were taken into account.

Genetic and Environmental Influences Shared With Early
Oppositional Behavior

Tests of Omnibus Sex Differences

The first series of Cholesky decompositions tested for
omnibus sex differences in the sharing of genetic and
environmental influences among oppositional behavior and
conduct problems. As reported in Table 5, the scalar sex-
differences model fit significantly better than the model
allowing no sex differences, but the quantitative sex-
differences model did not fit significantly better than the
scalar sex-differences model. Therefore, the scalar sex-
differences model was used as the basis for the tests of
specific genetic and environmental parameters to provide a
standard of reference.

Tests of Hypotheses Regarding Specific Genetic
and Environmental Parameters

As reported in Table 6, a second series of Cholesky
decompositions was conducted to test hypotheses regarding

Table 2 Means and Standard Deviations of Each Measure of Child Problem Behavior at 4–7 Years and Conduct Problems at 8–13 Years Among
Females and Males (N=6,466)

Males Females Tests of sex differences
in meansa

Test of sex differences
in variancesb

M SD M SD χ2 F

Conduct problems (4–7 years) 2.53 2.07 2.01 1.72 130.51 1.45
Oppositional behavior (4–7 years) 1.73 1.39 1.61 1.34 12.87 1.07
Inattentive hyperactive behavior (4–7 years) 1.94 1.41 1.50 1.29 184.82 1.20
Conduct problems (8–13 years) 2.47 2.20 1.80 1.74 201.59 1.60

a Tested using Poisson regression; all p<0.001
b All sex differences in variances p<0.001

Table 3 Formal Tests of Mean Inattentive–Hyperactive Behavior, Oppositional Behavior, and Conduct Problems at 4–7 Years as Predictors of
Mean Conduct Problems at 8–13 Years Using Log-Linear Regression in Generalized Estimating Equations

Predictor at 4–7 Years β z p

Separate models: in which each single predictora and the demographic covariates were entered simultaneously in three separate models
Inattentive–hyperactive behavior 0.34 33.82 <0.0001
Oppositional behavior 0.36 35.74 <0.0001
Conduct problems 0.39 36.74 <0.0001
Single model: in which all three early predictors and demographic covariates were entered simultaneously in one model
Inattentive–hyperactive behavior 0.11 8.84 <0.0001
Oppositional behavior 0.10 7.75 <0.0001
Conduct problems 0.27 20.36 <0.0001

a Each predictor was converted to a standardized z score to facilitate comparisons.
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specific genetic and environmental pathways from opposi-
tional behavior at 4–7 years to conduct problems at 8–
13 years. The base model for this series was Model 2
(scalar sex differences) in Table 5. Because pathway a33
from genetic factor A3 (see Fig. 1) was estimated to be 0 for
both sexes in model 2, we first determined if a33 (unique
genetic influences on conduct problems at 8–13 years)
could be dropped by eliminating pathway a33 from model 2.
The lack of a significant Wald χ2 between model 3 and
model 2 indicated that a33 could be dropped without
significant loss in fit, indicating that model 2 was preferred
on the basis of parsimony. Therefore, the key hypotheses
regarding the specific pathways relevant to the sharing of
genetic and environmental influences between the putative
developmental precursor of oppositional behavior at 4–
7 years and conduct problems at 8–13 years (a32, c32, and
e32) were tested by comparing the fits of models 5, 6, and 7
(in which specific pathways were dropped) to model 2.

In model 5, parameter a32 (genetic influences shared by
oppositional behavior and later conduct problems, separate
from genetic factor A1) was dropped from model 2 (along

with a33). Comparison of model 5 to model 2 revealed that
dropping genetic parameter a32 did not result in a
statistically significant decrease in fit, indicating that model
5 was preferred. BIC for model 5 was slightly lower than
for model 2, reflecting its greater parsimony.

In model 6, parameter c32 (shared environmental
influences shared by oppositional behavior and later
conduct problems, separate from shared environmental
factor C1) was dropped from model 2 (along with a33).
Comparison of model 6 with model 2 revealed that it was
possible to drop c32 without significant loss in fit,
indicating that model 6 was preferred. BIC for model 6
was slightly lower than for model 2, reflecting its greater
parsimony.

In model 7, parameter e32 (nonshared environmental
influences shared by oppositional behavior and later
conduct problems, separate from nonshared environmental
factor E1) was dropped from model 2 (along with a33).
Comparison with model 4 revealed that was possible to
drop the nonshared environmental parameter e32 without
significant loss in fit, indicating that model 7 was preferred.

Table 4 Spearman Correlations and Partial Spearman Correlations Between Each Problem Behavior at 4–7 Years and Conduct Problems at 8–
13 Years Among Females and Males in the Full Sample

Spearman
correlations
(and r2)

Partial Spearman correlations
(and r2): Demographic covariates

Partial Spearman correlations
(and r2): demographic covariates
and conduct problems at 4–7)

Conduct problems (4–7 years)
Malesa 0.61b (0.37) 0.58 (0.34) –
Females 0.53 (0.28) 0.52 (0.27)
Oppositional behavior (4–7 years)
Males 0.45 (0.20) 0.45 (0.20) 0.14 (0.02)
Females 0.41 (0.17) 0.41 (0.17) 0.16 (0.02)
Inattentive–hyperactive behavior (4–7 years)
Males 0.48 (0.23) 0.46 (0.21) 0.19 (0.04)
Females 0.41 (0.17) 0.38 (0.14) 0.16 (0.02)

a Sex differences in correlations between each measure of early problem behavior were tested by testing the sex-by-early predictor in Poisson
regression
b All correlations and partial correlations significantly different from zero, p<0.0001

Table 5 Results of Multivariate Cholesky Decompositions Testing for Sex Differences in the Sharing of Genetic and Environmental Influences
Among Oppositional Behavior and Conduct Problems at 4–7 Years and Conduct Problems 8–13 Years

SB χ2 df BIC RMSEA SB Δχ2 df P

Model 1 (no sex differences) 858.66 282 113,544 0.068
Model 2 (scalar sex differences) 574.71 279 113,115 0.049 100.73 3 <0.0001
Model 3 (quantitative sex differences) 567.84 264 113,189 0.051 18.9 15 n.s.

Model 2 (scalar sex differences) constrained all parameters to be equal between sexes, but allowed the total variation/covariation in males to be a
scalar multiple of the total variation/covariation in females. Model 3 (quantitative sex differences) allows quantitative sex differences in the
structure of genetic and environmental influences. The Satorra–Bentler scaled-difference χ2 is based on a comparison of each model with the
model above it.
SB χ2 Satorra–Bentler chi-square, SB Δχ2 Satorra–Bentler scaled-difference χ2 , df degrees of freedom, BIC Bayesian information criterion,
RMSEA root mean square error of approximation. Model 1 (No Sex Differences) constrained all parameters to be equal between sexes.
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Again, BIC for model 7 was lower than for model 2,
reflecting its greater parsimony.

Squared standardized coefficients for each path in model
4 are presented in Fig. 2. Based on the comparative tests of
the alternative models reported in Table 6, paths a32, c32,
and e32 were omitted from Fig. 2. Path e33 was not omitted
even though its 95% confidence interval included 0 because
it includes the estimate of error in conduct problems at 8–
13 years. Overall, Fig. 2 shows that genetic factor A1

robustly influences conduct problems at both ages (a11 and
a31) and early oppositional behavior (a21). Indeed, there
were no genetic influences on conduct problems at 8–
13 years that were not shared with earlier conduct

problems. In contrast, genetic factor A2, which also
influences early oppositional behavior, did influence later
conduct problems. There also appeared to be very limited
common environmental influence on early and later
problem behaviors.

Genetic and Environmental Influences Shared With Early
Inattentive–Hyperactive Behavior

Tests of Omnibus Sex Differences

As shown in Table 7, the scalar sex-differences model fit
significantly better than the model allowing no sex differ-
ences, but the quantitative sex-differences model fit
significantly better than the scalar sex-differences model.
Therefore, the quantitative sex-differences model was used
as the basis for the tests of specific genetic and environ-
mental parameters. As a result, separate path coefficients
for the two sexes are presented in Fig. 3.

Tests of Hypotheses Regarding Specific Genetic
and Environmental Parameters

The base model for the series of Cholesky decompositions
to test hypotheses regarding specific genetic and environ-
mental pathways from inattentive–hyperactive behavior at
4–7 years to conduct problems at 8–13 years was model 3
in Table 7. Because pathway a33 from genetic factor A3 (see
Fig. 1) was estimated to be essentially 0 for both sexes, we
first determined if a33 (unique genetic influences on
conduct problems at 8–13 years) could be dropped from
Model 3 for inattentive–hyperactive behavior. The non-
significant Wald χ2 (Satorra and Bentler 2001) between
model 3 and model 4 indicated that a33 could be dropped
without significant loss in fit. Therefore, model 4 was
preferred on the basis of parsimony, which is reflected in
the slightly lower BIC for model 4 than for model 3. Thus,

Table 6 Results of Multivariate Cholesky Decompositions Testing Specific Parameters in the Sharing of Genetic and Environmental Influences
Among Oppositional Behavior and Conduct Problems at 4–7 Years and Conduct Problems 8–13 Years

SB χ2 df BIC RMSEA Wald test df P

Model 2 (full model) 574.71 279 113,115 0.049
Model 4 (drop a33) 576.77 280 113,106 0.049 2.63 2 0.27
Model 5 (drop a33 and a32) 577.33 281 113,098 0.049 0.18 2 0.92
Model 6 (drop a33 and c32) 576.39 281 113,100 0.049 0.65 2 0.72
Model 7 (drop a33 and e32) 576.71 281 113,101 0.049 0.76 2 0.68

All models allow for scalar sex differences. Pathway labels are shown in Fig. 1. Model 2 is the full model illustrated in Fig. 1. Model 4 is the same
as the full model but dropping a33, which was estimated to be 0. The fits of models 5–7 are compared to model 4. In model 5, genetic pathways
a32 and a33 were dropped. In model 6, genetic pathway a33 and environmental pathway c32 were dropped. In model 7, genetic pathway a33 and
environmental pathway e32 were dropped. The Satorra–Bentler scaled-difference χ2 is based on a comparison of each model with model 4.
SB χ2 Satorra–Bentler chi-square, SB Δχ2 Satorra–Bentler scaled-difference χ2 df degrees of freedom, BIC Bayesian information criterion,
RMSEA root mean square error of approximation

A1 C1

E1

A2 A3C2 C3

E2 E3

Conduct 
Problems
4-7 Years

Oppositional-
Defiant

4-7 Years

Conduct 
Problems

8-13 Years

.23                            .03                           (-).08

.27                                                .07

.57                     .31                  .60

.23
.21         .08          .09

.08                                                .14

Fig. 2 Squared standardized coefficients for each path in Model 4 for
females and males together in a sex-scalar model. Path a33 was set to 0
in this model; paths were omitted for each sex if their 95% confidence
interval included 0 for that sex. The coefficient for path e33 is shown
even though its 95% confidence interval included 0 because it
includes the estimate of error in conduct problems at 8–13 years.
Please see text under “Longitudinal Multivariate Behavior Genetic
Analyses” for definitions of A1–A3, C1–C3, and E1–E3
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the hypotheses regarding specific pathways relevant to the
sharing of genetic and environmental influences between
the putative developmental precursor of inattentive–
hyperactive behavior at 4–7 years and conduct problems
at 8–13 years (a32, c32, and e32) were tested by comparing
models with each dropped pathway to model 4 (from which
a33 was dropped).

In model 5, parameter a32 (genetic influences shared by
inattentive–hyperactive behavior and later conduct prob-
lems, separate from genetic factor A1) was dropped (along
with a33). As shown in Table 8, the comparison of model 5
to model 4 showed that it was possible to drop genetic
parameter a32 without a significant decrease in fit. Corre-
spondingly, the BIC for the more parsimonious model 5
was slightly smaller than for model 4. In model 6,
parameter c32 (shared environmental influences shared by
inattentive–hyperactive behavior and later conduct prob-
lems, separate from shared environmental factor C1) was
dropped (along with a33). Comparison of model 6 with
model 4 revealed that it was not possible to drop parameter
c32 (shared environmental influences in blended families
that are common to both inattentive–hyperactive behavior
at 4–7 years and to conduct problems at 8–13 years)
without a significant loss in fit. This reflects the sex
difference in paths from C2. As shown in the two panels
of Fig. 3, either c22 or c32 is negligible for one of the
sexes. Either way, the implication is that there are no
appreciable shared environmental influences common to
both inattentive–hyperactive behavior at 4–7 years and
conduct problems at 8–13 years independent of conduct
problems at 4–7 years.

In model 7, parameter e32 (nonshared environmental
influences shared by inattentive–hyperactive behavior and
later conduct problems, separate from nonshared environ-
mental factor E1) was dropped (along with a33). Compar-
ison of model 7 with model 4 revealed that it was possible
to drop e32 without significant loss in fit. BIC for model 7
was slightly lower than for model 4, reflecting its greater
parsimony.

Table 7 Results of Multivariate Cholesky Decompositions Testing for Sex Differences in the Sharing of Genetic and Environmental Influences
Among Inattentive–Hyperactive Behavior and Conduct Problems at 4–7 Years and Conduct Problems 8–13 Years

SB χ2 df BIC RMSEA SB Δχ2 df p

Model 1 (no sex differences) 910.40 282 113,938 0.083
Model 2 (scalar sex differences) 631.91 279 113,517 0.064 101.11 3 <0.001
Model 3 (quantitative sex differences) 585.50 264 113,550 0.061 42.00 15 <0.001

Model 1 (no sex differences) constrained all parameters to be equal between sexes. Model 2 (scalar sex differences) constrained all parameters to
be equal between sexes, but allowed the total variation/covariation in males to be a scalar multiple of the total variation/covariation in females.
Model 3 (quantitative sex differences) allows quantitative sex differences in the structure of genetic and environmental influences. The Satorra–
Bentler scaled-difference χ2 is based on a comparison of each model with the model above it.
SB χ2 Satorra–Bentler chi-square, SB Δχ2 Satorra–Bentler scaled-difference χ2 df degrees of freedom, BIC Bayesian information criterion,
RMSEA root mean square error of approximation
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Conduct 
Problems
4-7 Years

Inattentive-
Hyperactive
4-7 Years

Conduct 
Problems

8-13 Years

.20                            .02                          (-).08

.37                                                .04

.57                      .29                  .59

.23
.23         .08          .10 .01                                               .15

males

A1 C1

E1

A2 A3C2 C3

E2 E3

Conduct 
Problems
4-9 Years
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Hyperactive
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.26 

.39 

.55                      .29                  .59

.24
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.20
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.02

Fig. 3 Squared standardized coefficients for each path in model 4 for
females (top) and males (bottom). Path a33 was set to 0 in this model;
paths were omitted for each sex if their 95% confidence interval
included 0 for that sex. The coefficient for path e33 is shown even
though its 95% confidence interval included 0 because it includes the
estimate of error in conduct problems at 8–13 years. Please see text
under “Longitudinal Multivariate Behavior Genetic Analyses” for
definitions of A1–A3, C1–C3, and E1–E3
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Squared standardized coefficients for each path in model
4 for each sex are presented in Fig. 3, except that
parameters were omitted for each sex when their 95%
confidence intervals included 0 for that sex. Coefficient a32
was not presented in Fig. 3 for either sex because it could
be dropped without significant loss in fit and its 95%
confidence intervals included 0 for both sexes. Path e33 was
not omitted from Fig. 3 even though its 95% confidence
interval included 0 because it includes the estimate of error
in conduct problems at 8–13 years.

Discussion

As inmany previous studies (Lahey et al. 2000; Lilienfeld and
Waldman 1990), conduct problems at 8–13 years were
significantly predicted by both inattentive–hyperactive and
oppositional behaviors at 4–7 years in the present sample.
This suggests that the measures of these putative precursors
used in the CNLSY are prospectively related to conduct
problems at 8–13 years in the much same way as the various
measures of these constructs used in other studies. When
conduct problems at 4–7 years were added as a simultaneous
predictor to the prediction models, however, inattentive–
hyperactive and oppositional behaviors at 4–7 years each
accounted for very little independent variance in later
conduct problems. This suggests that knowing that young
children exhibit inattentive–hyperactive or oppositional
behaviors adds very little to our ability to predict conduct
problems in middle and late childhood after early conduct
problems are considered.

In addition, the longitudinal multivariate behavior genetic
analyses revealed that the same genetic and environmental
factors that influence conduct problems at both 4–7 and 8–
13 years also influence the putative early precursors at 4–
7 years. After the genetic and environmental influences that
the putative precursors share with early conduct problems

(genetic factor A1) were taken into account, however,
inattentive–hyperactive and oppositional behavior each
shared little or no additional genetic influences with later
conduct problems (genetic factor A2). This suggests that,
after early conduct problems are considered, early inatten-
tive–hyperactive and oppositional behavior do not function
as useful early manifestations of additional genetic and
environmental influences that later give rise to conduct
problems in middle and late childhood.

These findings argue for a reconceptualization of the early
childhood manifestations of later conduct problems. Prospec-
tive longitudinal studies beginning in early childhood have
revealed that young children engage in serious conduct
problems to a much greater extent than previously suspected
(Keenan et al. 2007; Tremblay 2004). This is important, as
the present findings reveal that the best indicator that a child
will exhibit conduct problems at 8–13 years is his or her
conduct problems at 4–7 years. Indeed, early inattentive–
hyperactive and oppositional behaviors are almost entirely
redundant predictors of later conduct problems after early
conduct problems are controlled. Thus, inconsistent with
their hypothesized role as developmental precursors, early
inattentive–hyperactive and oppositional behaviors do not
function as informative early behavioral manifestations of
future conduct problems after early conduct problems are
considered. Similarly, the longitudinal Cholesky models
revealed that early inattentive–hyperactive and oppositional
behaviors only minimally reflect the same genetic and
environmental influences that will give rise to later conduct
problems after the genetic and environmental influences on
early conduct problems are considered. Thus, little is gained
by viewing inattentive–hyperactive and oppositional behav-
iors as developmental precursors to later conduct problems.
Rather than focusing on early inattentive–hyperactive or
oppositional behavior, early interventions designed to prevent
conduct problems in late childhood should focus on children
who already exhibit conduct problems in early childhood.

Table 8 Results of Multivariate Cholesky Decompositions Testing Specific Parameters in the Sharing of Genetic and Environmental Influences
Among Inattentive–Hyperactive Behavior and Conduct Problems at 4–7 Years and Conduct Problems 8–13 Years

SB χ2 df BIC RMSEA Wald test df p

Model 3 (full model) 585.50 264 113,550 0.053
Model 4 (drop a33) 589.75 266 113,533 0.053 0.83 2 0.66
Model 5 (drop a32 and a33) 593.31 268 113,521 0.053 3.38 2 0.18
Model 6 (drop a33 and c32)

a 644.43 268 113,563 0.057 64.0 2 <0.001
Model 7 (drop a33 and e32) 596.91 268 113,530 0.053 2.9 2 0.22

All models allow for quantitative sex differences. Pathway labels are shown in Fig. 1. Model 3 is the full model illustrated in Fig. 1. Model 4 is the
same full model but dropping a33, which was estimated to be 0. The fits of models 5–7 are compared to model 4. In model 5, genetic pathways a32
and a33 were dropped. In model 6, genetic pathway a33 and environmental pathway c32 were dropped. In model 7, genetic pathway a33 and
environmental pathway e32 were dropped.
SB χ2 Satorra–Bentler chi-square, SB Δχ2 Satorra–Bentler scaled-difference chi-square, df degrees of freedom, BIC Bayesian information
criterion, RMSEA root mean square error of approximation
a A Wald test indicates that dropping c32 from the model results in a significant loss in fit.
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This is not to say that inattentive–hyperactive and
oppositional behaviors are unimportant, however. Each is
a significant dimension of psychopathology in its own right
that is associated with different forms of functional
impairment (August and Garfinkel 1993; Lahey et al.
2004a, b). The present findings are consistent with previous
cross-sectional studies of shared genetic and environmental
influences on ADHD, ODD, and conduct problems (Burt et
al. 2005; Dick et al. 2005; Nadder et al. 2002; Waldman et
al. 2001) in revealing that inattentive–hyperactive behav-
iors, oppositional behaviors, and conduct problems at 4–
7 years are all influenced to a substantial extent by the
same genetic and environmental influences. Nonetheless,
Figs. 2 and 3 indicate that inattentive–hyperactive and
oppositional behaviors each have some unique genetic (a22)
and environmental influences (c22 for males and a22 for
both sexes).

Limitations and Future Research

Like most previous longitudinal studies of the predictive
associations of inattentive–hyperactive and oppositional
behaviors with later conduct problems (Hechtman et al.
1984; Lambert 1988; Loney et al. 1981; Magnusson 1984;
Mannuzza et al. 1993; Mannuzza et al. 1991), the present
analyses were not based on DSM measures of ADHD or
ODD. The present findings were quite consistent with the
smaller set of previous studies that did use DSM-based
measures in terms of the predictive associations found
between inattentive–hyperactive and oppositional behaviors
and later conduct problems (Biederman et al. 1996; Lahey
et al. 2000; Loeber et al. 1995; Rowe et al. 2002), however.
This suggests that the present findings are relevant to DSM
conceptualizations of these disorders. Nonetheless, it is
important to note that different results might have been
found had DSM measures been used. For this reason,
longitudinal studies of large representative samples using
DSM-based measures would be very useful.

It also will be very important for future studies to examine
links between early inattentive–hyperactive and oppositional
behaviors and delinquency during adolescence, as relations
between adolescent delinquency and early problem behav-
iors could be quite different. In particular, the present
findings do not rule out the possibility that inattentive–
hyperactive and oppositional behaviors could play roles as
developmental precursors to childhood-onset delinquency
(Moffitt 1993, 2006). Because childhood-onset delinquency
is characterized by high levels of early child conduct
problems, however, it is possible that early inattentive–
hyperactive and oppositional behaviors do not indepen-
dently predict childhood-onset delinquency trajectories
after early conduct problems are controlled. Fortunately, it
will be possible to test this hypothesis when enough

children in the present sample have completed assessments
from early childhood through adolescence in the future.

References

Achenbach, T. M. (1978). The child behavior profile: I. Boys aged 6–
11. Journal of Consulting and Clinical Psychology, 46, 478–488.
doi:10.1037/0022-006X.46.3.478.

Applegate, B., Lahey, B. B., Hart, E. L., Biederman, J., Hynd, G. W.,
Barkley, R. A., et al. (1997). Validity of the age of onset criterion
for attention-deficit/hyperactivity disorder: A report from the
DSM-IV field trials. Journal of the American Academy of Child
and Adolescent Psychiatry, 36, 1211–1221. doi:10.1097/
00004583-199709000-00013.

August, G. J., & Garfinkel, B. D. (1993). The nosology of attention-
deficit hyperactivity disorder. Journal of the American Academy
of Child and Adolescent Psychiatry, 32, 155–165. doi:10.1097/
00004583-199301000-00023.

Avellar, S., & Smock, P. J. (2005). The economic consequences of the
dissolution of cohabiting unions. Journal of Marriage and the
Family, 67, 315–327. doi:10.1111/j.0022-2445.2005.00118.x.

Biederman, J., Faraone, S. V., Milberger, S., Jetton, J. G., Chen, L.,
Mick, E., et al. (1996). Is childhood oppositional defiant disorder
a precursor to adolescent conduct disorder? Findings from a four-
year follow-up of children with ADHD. Journal of the American
Academy of Child and Adolescent Psychiatry, 35, 1193–1204.

Burt, S. A., McGue, M., Krueger, R. F., & Iacono, W. G. (2005).
Sources of covariation among the child-externalizing disorders:
Informant effects and the shared environment. Psychological
Medicine, 35, 1133–1144. doi:10.1017/S0033291705004770.

Carey, G. (2005). Cholesky problems. Behavior Genetics, 35, 653–
665. doi:10.1007/s10519-005-5355-9.

Chase-Lansdale, P. L., Mott, F. L., Brooks-Gunn, J., & Phillips, D. A.
(1991). Children of the National Longitudinal Survey of Youth:
A unique research opportunity. Developmental Psychology, 27,
918–931. doi:10.1037/0012-1649.27.6.918.

Dick, D. M., Viken, R. J., Kaprio, J., Pulkkinen, L., & Rose, R. J.
(2005). Understanding the covariation among childhood exter-
nalizing symptoms: Genetic and environmental influences on
conduct disorder, attention deficit hyperactivity disorder, and
oppositional defiant disorder symptoms. Journal of Abnormal Child
Psychology, 33, 219–229. doi:10.1007/s10802-005-1829-8.

Dominicus, A., Skrondal, A., Gjessing, H. K., Pedersen, N. L., &
Palmgren, J. (2006). Likelihood ratio tests in behavioral genetics:
Problems and solutions. Behavior Genetics, 36, 331–340.
doi:10.1007/s10519-005-9034-7.

D’Onofrio, B. M., Van Hulle, C. A., Waldman, I. D., Rodgers, J. L.,
Harden, K. P., Rathouz, P. J., et al. (2008). Smoking during
pregnancy and offspring externalizing problems: An exploration of
genetic and environmental confounds. Development and Psycho-
pathology, 20, 139–164. doi:10.1017/S0954579408000072.

D’Onofrio, B. M., Van Hulle, C. A., Waldman, I. D., Rodgers, J. L.,
Rathouz, P. J., & Lahey, B. B. (2007). Causal inferences
regarding exposure to prenatal alcohol and childhood conduct
problems. Archives of General Psychiatry, 64, 1296–1304.
doi:10.1001/archpsyc.64.11.1296.

Fergusson, D. M., & Horwood, L. J. (2002). Male and female
offending trajectories. Development and Psychopathology, 14,
159–177. doi:10.1017/S0954579402001098.

Hechtman, L., Weiss, G., & Perlman, T. (1984). Hyperactives as
young adults: Past and current substance abuse and antisocial
behavior. The American Journal of Orthopsychiatry, 54, 415–425.

56 J Abnorm Child Psychol (2009) 37:45–58

http://dx.doi.org/10.1037/0022-006X.46.3.478
http://dx.doi.org/10.1097/00004583-199709000-00013
http://dx.doi.org/10.1097/00004583-199709000-00013
http://dx.doi.org/10.1097/00004583-199301000-00023
http://dx.doi.org/10.1097/00004583-199301000-00023
http://dx.doi.org/10.1111/j.0022-2445.2005.00118.x
http://dx.doi.org/10.1017/S0033291705004770
http://dx.doi.org/10.1007/s10519-005-5355-9
http://dx.doi.org/10.1037/0012-1649.27.6.918
http://dx.doi.org/10.1007/s10802-005-1829-8
http://dx.doi.org/10.1007/s10519-005-9034-7
http://dx.doi.org/10.1017/S0954579408000072
http://dx.doi.org/10.1001/archpsyc.64.11.1296
http://dx.doi.org/10.1017/S0954579402001098


Keenan, K., Wakschlag, L. S., Danis, B., Hill, C., Humphries, M.,
Duax, J., et al. (2007). Further evidence of the reliability and
validity of DSM-IV ODD and CD in preschool children. Journal
of the American Academy of Child and Adolescent Psychiatry,
46, 457–468. doi:10.1097/CHI.0b013e31803062d3.

Lahey, B. B., Applegate, B., Waldman, I. D., Loft, J. D., Hankin, B. L.,
& Rick, J. (2004a). The structure of child and adolescent
psychopathology: Generating new hypotheses. Journal of Abnor-
mal Psychology, 113, 358–385. doi:10.1037/0021-843X.113.3.358.

Lahey, B. B., Loeber, R., Quay, H. C., Applegate, B., Shaffer, D.,
Waldman, I., et al. (1998). Validity of DSM-IV subtypes of
conduct disorder based on age of onset. Journal of the American
Academy of Child and Adolescent Psychiatry, 37, 435–442.

Lahey, B. B., McBurnett, K., & Loeber, R. (2000). Are attention-
deficit hyperactivity disorder and oppositional defiant disorder
developmental precursors to conduct disorder? In A. Sameroff,
M. Lewis, & S. Miller (Eds.), Handbook of developmental
psychopathology (pp. 431–446, 2nd ed.). New York: Plenum.

Lahey, B. B., Pelham, W. E., Loney, J., Kipp, H., Ehrhardt, A.,
Lee, S. S., et al. (2004b). Three-year predictive validity of
DSM-IV attention deficit/hyperactivity disorder in children
diagnosed at 4–6 years of age. The American Journal of
Psychiatry, 161, 2014–2020. doi:10.1176/appi.ajp.161.11.2014.

Lahey, B. B., Van Hulle, C. A., Waldman, I. D., Rodgers, J. L.,
D’Onofrio, B. M., Pedlow, S., et al. (2006). Testing descriptive
hypotheses regarding sex differences in the development of
conduct problems and delinquency. Journal of Abnormal Child
Psychology, 34, 737–755. doi:10.1007/s10802-006-9064-5.

Lambert, N. M. (1988). Adolescent outcomes for hyperactive
children: Perspectives on general and specific patterns of
childhood risk for adolescent educational, social, and mental
health problems. The American Psychologist, 43, 786–799.
doi:10.1037/0003-066X.43.10.786.

Leve, L. D., Kim, H. K., & Pears, K. C. (2005). Childhood temperament
and family environment as predictors of internalizing and external-
izing trajectories from ages 5 to 17. Journal of Abnormal Child
Psychology, 33, 505–520. doi:10.1007/s10802-005-6734-7.

Lilienfeld, S. O., & Waldman, I. D. (1990). The relation between
childhood attention-deficit hyperactivity disorder and adult
antisocial behavior reexamined: The problem of heterogeneity.
Clinical Psychology Review, 10, 699–725. doi:10.1016/0272-
7358(90)90076-M.

Loeber, R. (1988). Behavioral precursors and accelerators of delin-
quency. In W. Buikhuisen, & S. A. Mednick (Eds.), Explaining
criminal behavior (pp. 51–67). Leiden, NE: Brill.

Loeber, R., Green, S. M., Keenan, K., & Lahey, B. B. (1995). Which
boys will fare worse? Early predictors of the onset of conduct
disorder in a six-year longitudinal study. Journal of the American
Academy of Child and Adolescent Psychiatry, 34, 499–509.

Loeber, R., Green, S. M., Lahey, B. B., Christ, M. A., & Frick, P. J.
(1992). Developmental sequences in the age of onset of
disruptive child behaviors. Journal of Child and Family Studies,
1, 21–41. doi:10.1007/BF01321340.

Loehlin, J. C. (1996). The Cholesky approach: A cautionary note.
Behavior Genetics, 26, 65–69. doi:10.1007/BF02361160.

Loney, J., Kramer, J., & Milich, R. S. (1981). The hyperactive child
grows up: Predictors of symptoms, delinquency, and achievement
at follow-up. In K. D. Gadow, & J. Loney (Eds.), Psychosocial
aspects of drug treatment for hyperactivity (pp. 381–415).
Boulder, CO: Westview.

MacCallum, R. C., Browne, M. W., & Sugawara, H. M. (1996). Power
analysis and determination of sample size for covariance
structure modelling. Psychological Methods, 1, 130–149.
doi:10.1037/1082-989X.1.2.130.

Magnusson, D. (1984). Early conduct and biological factors in the
developmental background of adult delinquency. Henry Tajfel

Memorial Lecture, Oxford University. Cited in Loeber, R.
(1988). Behavioral precursors and accelerators of delinquency.
In W. Buikhuisen, & S. A. Mednick (Eds.), Explaining criminal
behavior (pp. 51–67). Leiden: Brill.

Mannuzza, S., Klein, R. G., Abikoff, H., & Moulton, J. L. (2004).
Significance of childhood conduct problems to later develop-
ment of conduct disorder among children with ADHD: A
prospective follow-up study. Journal of Abnormal Child
Psychology, 32, 565–573. doi:10.1023/B:JACP.0000037784.
80885.1a.

Mannuzza, S., Klein, R. G., Bessler, A., Malloy, P., & LaPadula, M.
(1993). Adult outcome of hyperactive boys: Educational achieve-
ment, occupational rank, and psychiatric status. Archives of
General Psychiatry, 50, 565–576.

Mannuzza, S., Klein, R. G., Bonagura, N., Malloy, P., Giampino, T. L.,
& Addalli, K. A. (1991). Hyperactive boys almost grown up:
Replication of psychiatric status. Archives of General Psychiatry,
48, 77–83.

Moffitt, T. E. (1993). Adolescence-limited and life-course-persistent
antisocial behavior: A developmental taxonomy. Psychological
Review, 100, 674–701. doi:10.1037/0033-295X.100.4.674.

Moffitt, T. E. (2006). Life-course persistent versus adolescence-
limited antisocial behavior. In D. Cicchetti, & D. Cohen (Eds.),
Developmental Psychopathology, 2nd Edition (pp. 570–598).
New York: Wiley.

Moffitt, T. E., Caspi, A., Dickson, N., Silva, P., & Stanton, W. (1996).
Childhood-onset versus adolescent-onset antisocial conduct
problems in males: Natural history from ages 3 to 18 years.
Development and Psychopathology, 8, 399–424.

Muthén, B., & Muthén, L. (2007). Mplus 4.2. Los Angeles: Muthén &
Muthén.

Nadder, T. S., Rutter, M., Silberg, J. L., Maes, H. H., & Eaves, L. J.
(2002). Genetic effects on the variation and covariation of
attention deficit-hyperactivity disorder (ADHD) and opposition-
al-defiant disorder/conduct disorder (ODD/CD) symptomalogies
across informant and occasion of measurement. Psychological
Medicine, 32, 39–53.

Neale, M. C., & Cardon, L. R. (1992). Methodology for genetic
studies of twins and families. Boston: Kluwer.

Peterson, J. L., & Zill, N. (1986). Marital disruption, parent–child
relationships, and behavior problems in children. Journal of
Marriage and the Family, 48, 295–307. doi:10.2307/352397.

Rodgers, J. L., Johnson, A., & Bard, D. E. (2005). NLSY-children/
young adult (1986–2002) kinship linking algorithm. Norman,
OK: University of Oklahoma.

Rodgers, J. L., Rowe, D. C., & Li, C. (1994). Beyond nature versus
nurture: DF analysis of nonshared influences on problem
behaviors. Developmental Psychology, 30, 374–384. doi:10.
1037/0012-1649.30.3.374.

Rowe, R., Maughan, B., Pickles, A., Costello, E. J., & Angold, A.
(2002). The relationship between DSM-IV oppositional defiant
disorder and conduct disorder: Findings from the Great Smoky
Mountains Study. Journal of Child Psychology and Psychiatry,
and Allied Disciplines, 43, 365–373. doi:10.1111/1469-
7610.00027.

Satorra, A., & Bentler, P. M. (2001). A scaled difference chi-square
test statistic for moment structure analysis. Psychometrika, 66,
507–514. doi:10.1007/BF02296192.

Satterfield, J. H., & Schell, A. M. (1997). A prospective study of
hyperactive boys with conduct problems and normal boys:
Adolescent and adult criminality. Journal of the American
Academy of Child and Adolescent Psychiatry, 36, 1726–1735.
doi:10.1097/00004583-199712000-00021.

Tremblay, R. E. (2004). Decade of behavior distinguished lecture:
Development of physical aggression during infancy. Infant
Mental Health Journal, 25, 399–407. doi:10.1002/imhj.20015.

J Abnorm Child Psychol (2009) 37:45–58 5757

http://dx.doi.org/10.1097/CHI.0b013e31803062d3
http://dx.doi.org/10.1037/0021-843X.113.3.358
http://dx.doi.org/10.1176/appi.ajp.161.11.2014
http://dx.doi.org/10.1007/s10802-006-9064-5
http://dx.doi.org/10.1037/0003-066X.43.10.786
http://dx.doi.org/10.1007/s10802-005-6734-7
http://dx.doi.org/10.1016/0272-7358(90)90076-M
http://dx.doi.org/10.1016/0272-7358(90)90076-M
http://dx.doi.org/10.1007/BF01321340
http://dx.doi.org/10.1007/BF02361160
http://dx.doi.org/10.1037/1082-989X.1.2.130
http://dx.doi.org/10.1023/B:JACP.0000037784.80885.1a
http://dx.doi.org/10.1023/B:JACP.0000037784.80885.1a
http://dx.doi.org/10.1037/0033-295X.100.4.674
http://dx.doi.org/10.2307/352397
http://dx.doi.org/10.1037/0012-1649.30.3.374
http://dx.doi.org/10.1037/0012-1649.30.3.374
http://dx.doi.org/10.1111/1469-7610.00027
http://dx.doi.org/10.1111/1469-7610.00027
http://dx.doi.org/10.1007/BF02296192
http://dx.doi.org/10.1097/00004583-199712000-00021
http://dx.doi.org/10.1002/imhj.20015


Van Hulle, C. A., Rodgers, J. L., D’Onofrio, B. M., Waldman, I. D., &
Lahey, B. B. (2007). Sex differences in the causes of self-
reported adolescent delinquency. Journal of Abnormal Psychol-
ogy, 116, 236–248. doi:10.1037/0021-843X.116.2.236.

Waldman, I. D., Rhee, S. H., Levy, F., & Hay, D. A. (2001). Causes of the
overlap among symptoms of ADHD, oppositional defiant disorder,
and conduct disorder. In F. Levy, & D. A. Hay (Eds.), Attention,
genes, and ADHD (pp. 115–138). New York: Brunner-Routledge.

Willoughby, M. T., Curran, P. J., Costello, E. J., & Angold, A. (2000).
Implications of early versus late onset of attention-deficit/
hyperactivity disorder symptoms. Journal of the American
Academy of Child and Adolescent Psychiatry, 39, 1512–1519.
doi:10.1097/00004583-200012000-00013.

Zeger, S. L., & Liang, K.-Y. (1986). Longitudinal data analysis for
discrete and continuous outcomes. Biometrics, 42, 121–130.
doi:10.2307/2531248.

58 J Abnorm Child Psychol (2009) 37:45–58

http://dx.doi.org/10.1037/0021-843X.116.2.236
http://dx.doi.org/10.1097/00004583-200012000-00013
http://dx.doi.org/10.2307/2531248

	Are Oppositional-Defiant and Hyperactive–Inattentive Symptoms Developmental Precursors to Conduct Problems in Late Childhood?: Genetic and Environmental Links
	Abstract
	Do ADHD and ODD Precede Conduct Problems?
	Does Childhood ADHD Predict Later Conduct Problems?
	Does Childhood ODD Predict Later Conduct Problems?
	Are There Genetic and Environmental Links Between Conduct Problems and Earlier ADHD and ODD?
	Method
	Sample
	Measures of Child Problem Behavior
	Demographic Covariates
	Statistical Analysis
	Tests of Sample Bias


	Results
	Prospective Prediction Analyses
	Formal Predictive Tests
	Explained Variance

	Genetic and Environmental Influences Shared With Early Oppositional Behavior
	Tests of Omnibus Sex Differences
	Tests of Hypotheses Regarding Specific Genetic and Environmental Parameters

	Genetic and Environmental Influences Shared With Early Inattentive–Hyperactive Behavior
	Tests of Omnibus Sex Differences
	Tests of Hypotheses Regarding Specific Genetic and Environmental Parameters


	Discussion
	Limitations and Future Research

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


