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Abstract
Several studies suggest that a two-factor model positing internalizing and externalizing factors
explains the interrelationships among psychiatric disorders. However, it is unclear whether the
covariation between internalizing and externalizing disorders is due to common genetic or
environmental influences. We examined whether a model positing two latent factors, internalizing
and externalizing, explained the interrelationships among six psychiatric disorders (major
depressive disorder, generalized anxiety disorder, separation anxiety disorder, attention-deficit/
hyperactivity disorder, oppositional defiant disorder, and conduct disorder) in adolescents, and
whether there are common genetic and environmental influences on internalizing and
externalizing latent factors. Multivariate behavior genetic analyses of data from 1162 twin pairs
and 426 siblings ascertained from the general population via the Colorado Center for Antisocial
Drug Dependence (CADD) were conducted. We found support for a model positing two latent
factors (internalizing and externalizing). These factors were moderately heritable and influenced
by significant common genetic and nonshared environmental influences. These findings suggest
that co-occurrence of internalizing and externalizing psychopathology in adolescents results from
both genetic and environmental influences.
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Psychiatric comorbidity, or co-occurrence of disorders, is commonly observed in general
population samples, and alternative theoretical models explaining the causes of comorbidity
have been proposed (Angold, Costello, & Erkanli, 1999). Many behavioral genetic studies
have examined the etiology of psychiatric comorbidity in adolescents and adults, as
increased knowledge regarding the etiology of comorbidity informs the understanding of the
etiology, course, and treatment of psychiatric disorders.

An Internalizing-Externalizing Model for Co-Occurring Disorders
An internalizing-externalizing model has received considerable attention as a potential
theoretical framework for understanding co-occurring psychiatric disorders (Krueger, 1999).
Internalization is the propensity to express distress inwards; common internalizing disorders
include mood disorders (e.g., major depressive disorder, dysthymia) and anxiety disorders
(e.g., generalized anxiety disorder, separation anxiety disorder, phobias, obsessive-
compulsive disorder). In contrast, externalization describes the propensity to express distress
outwards; commonly recognized externalizing disorders include attention-deficit/
hyperactivity disorder, oppositional defiant disorder, conduct disorder, antisocial personality
disorder, and substance use disorders.
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Factor analytic studies of psychiatric disorders have found support for two factors,
internalizing and externalizing, underlying common psychopathology in adults (e.g.,
Krueger, Caspi, Moffitt, & Silva, 1998, Krueger, 1999; Krueger, McGue, & Iacono, 2001).
Support for an internalizing-externalizing model for psychopathology has also been
observed in adolescent samples. Hewitt et al. (1997) conducted factor analyses on major
depressive disorder (MDD), separation anxiety disorder (SAD), overanxious disorder
(OAD), oppositional defiant disorder (ODD), conduct disorder (CD), and attention-deficit/
hyperactivity disorder (ADHD) in a sample of 8- to 16-year-olds and found evidence
supporting the distinction between internalizing and externalizing disorders. Although
ADHD symptoms were relatively independent of other domains, there were moderate to
high correlations among separation anxiety disorder, overanxious disorder, and major
depressive disorder as well as a high correlation between oppositional defiant disorder and
conduct disorder.

Although the above-mentioned evidence suggests that internalizing and externalizing
psychopathology are distinctive, there is also evidence of co-occurrence between
internalizing and externalizing disorders. For example, moderate correlations were observed
between internalizing and externalizing latent factors in the factor-analytic studies with
adults cited above (e.g., r = .45 in Krueger et al., 1998; r = .51 in Krueger, 1999), and
modest correlations between internalizing and externalizing disorders were observed in
Hewitt et al.’s (1997) study of adolescents. Another report (Burcusa, Iacono, & McGue,
2003) examined the prevalence of comorbidity between major depression and other DSM-
defined, psychiatric disorders in 624 17-year-old twin pairs. Depression co-occurred with
other internalizing disorders as well as externalizing disorders with similar frequencies.
Finally, a meta-analysis (Angold et al., 1999) examined diagnostic co-occurrence in children
and adolescents. While the highest levels of comorbidity were observed between ADHD and
CD/ODD and between anxiety and depression, statistically significant comorbidity was also
observed between internalizing (anxiety and depression) and externalizing (ADHD and CD/
ODD) disorders.

Alternative theoretical models have suggested further division within internalizing disorders.
Multiple reports have found evidence for two subfactors within internalizing disorders,
Anxious-Misery (e.g., major depressive episode, dysthymia, generalized anxiety disorder)
and Fear (e.g., social phobia, simple phobia, agoraphobia, and panic disorder) (Krueger,
1999; Kendler, Prescott, Myers, & Neale, 2003). The tripartite model (Clark &Watson,
1991) proposes that while anxiety and depression share elevated negative affect, depressed
individuals exhibit low positive affect and anxious individuals display high physiological
hyperarousal. One report (Cole, Truglio, & Peeke, 1997) found evidence for the tripartite
model in adolescents (i.e., 6th graders).

Etiology of Internalizing, Externalizing, and Co-occurring Disorders
Behavioral genetic studies estimate the magnitude of genetic and environmental influences
on the variance of psychiatric disorders in the population by taking advantage of the fact that
monozygotic (MZ) twin pairs share 100% of their genes while dizygotic (DZ) twin pairs and
ordinary sibling pairs share 50% of their segregating genes. Multivariate behavioral genetic
studies are conducted to examine the etiology of co-occurring psychopathology. We review
evidence for the magnitude of genetic and environmental influences on psychopathology in
three domains: internalizing disorders, externalizing disorders, and co-occurring
internalizing and externalizing disorders.
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Internalizing Disorders
A comprehensive review of bivariate behavior genetic studies by Middeldorp, Cath, van
Dyck, and Boomsma (2005) compiled the results of 23 twin studies and 12 family studies
examining the comorbidity between anxiety and depression. They concluded that overlap
between genetic influences on anxiety and depression was greater than overlap between
nonshared environmental influences, with little evidence of common shared environmental
influences. The correlation between genetic influences on MDD and generalized anxiety
disorder (GAD) was high and ranged from .86 to 1.00. Silberg and Bulik (2005) also
reported that there is a common genetic factor influencing separation anxiety, overanxious
disorder, depression, and eating disorders.

Externalizing Disorders
There have been several studies examining the etiology of comorbidity among externalizing
disorders. Young et al. (2000) found evidence of a highly heritable (h2 = .84) behavioral
disinhibition common factor that explained the covariance among novelty seeking,
substance use, conduct disorder, and ADHD, suggesting that vulnerability to these
externalizing disorders may result from a general inability to regulate impulses. Twin studies
have supported evidence for genetic influences on the co-occurrence between ADHD and
CD (e.g., Nadder et al., 1998; Nadder et al., 2002; Silberg et al., 1996; Thapar et al., 2001),
and the co-occurrence among CD, ADHD, and ODD (Waldman et al., 2001; Dick, Viken,
Kaprio, Pulkkinen, and Rose, 2005). At least one study found strong evidence of shared
environmental influences on the co-occurrrence among the externalizing disorders (Burt,
Krueger, McGue, and Iacono, 2001).

Co-occurring Internalizing and Externalizing Disorders
As noted above, there is significant comorbidity between internalizing and externalizing
disorders (Harrington, Fudge, Rutter, Pickles, & Hill, 1991; Puig-Antich, 1982; Zoccolillo,
1992). Results of behavior genetic studies examining the etiology of co-occurrence between
internalizing and externalizing disorders are inconsistent. Kendler and colleagues (2003)
examined the etiology of co-occurrence among multiple, DSM-III and -IV psychiatric
disorders (MDD, GAD, phobia, alcohol dependence, drug abuse and dependence, antisocial
behavior, and CD) in a genetically informative sample of adults. They concluded that two
genetic risk factors predisposed both men and women to two broad groups of internalizing
and externalizing disorders. A latent internalizing genetic risk factor loaded on MDD, GAD,
and phobia, and a latent externalizing genetic risk factor loaded on alcohol dependence, drug
abuse and dependence, adult antisocial behavior, and CD. Interestingly, the internalizing
genetic factor did not have significant loadings on any of the externalizing disorders, and the
externalizing genetic factor did not have significant loadings on any of the internalizing
disorders. Although the distinction between genetic influences on internalizing and
externalizing disorders was clear, distinctions between shared and nonshared environmental
influences on internalizing vs. externalizing disorders were not found.

Several reports find evidence for genetic and environmental factors influencing the
development of co-occurring psychopathology in adolescents. Gjone and Stevenson (1997)
examined the etiology of internalizing and externalizing behavior, assessed by the parent-
rated Child Behavior Checklist (CBCL; Achenbach, 1991), in children and adolescents.
They concluded that there are both common genetic and shared environmental influences on
internalizing and externalizing behavior, but that the magnitude of common shared
environmental influences was larger for both younger (age 5-9 years) and older (age 12-15
years) children. They also found little evidence of nonshared environmental influences
common to internalizing and externalizing behavior.
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O’Connor and colleagues (O’Connor, McGuire, Reiss, Hetherington, & Plomin, 1998)
examined the covariation between depression and antisocial behavior in adolescents using a
composite of parent- and self-report questionnaires and observers’ reports. They concluded
that there were significant genetic, shared environmental, and nonshared environmental
influences (h2= .45, c2=.30, e2=.25) on the covariation between depression and antisocial
behavior. Recently, Subbarao et al. (2008) examined the covariance between DSM-IV MDD
and CD in the same sample of adolescents examined in the present study, and found
statistically significant genetic and nonshared environmental influences on the co-
occurrence between MDD and CD.

The Current Study
In the present study, we examined the co-occurrence among three psychiatric disorders
within the internalizing spectrum (MDD, GAD, SAD) and three psychiatric disorders within
the externalizing spectrum (ADHD, CD, and ODD) in adolescents. These six psychiatric
disorders were chosen because of availability and adequate prevalence in the Colorado
Center for Antisocial Drug Dependence (CADD). Data for posttraumatic stress disorder
(PTSD) and eating disorders were also available in CADD; however, low prevalence rates
and lack of whole life data precluded their inclusion in our analyses.

The present study is a follow-up to Ehringer et al.’s (2006) study, which examined the
magnitude of genetic and environmental influences on these six psychiatric disorders
separately, and Subbarao et al.’s (2008) study, which examined the covariance between
MDD and CD in the same sample. Goals of the present study were threefold. First, we
examined the factor structure of adolescent psychiatric disorders. We hypothesize that our
data will be well-represented by a two-factor model positing internalizing and externalizing
factors. Second, we examined the etiology of these common internalizing and externalizing
factors. Given previous reports, we believe that internalizing and externalizing factors are
substantially influenced by genetic and nonshared environmental influences. Finally, we
examined the magnitude of genetic and nonshared environmental influences on the
covariation between the internalizing and externalizing factors in adolescents.

The present study is the first to examine whether an a priori internalizing-externalizing
model underlies co-occurrence among multiple DSM-IV psychiatric disorders (and compare
this model to alternative hypotheses) in a multivariate behavior genetic study of adolescents.
This study makes a unique contribution to the existing literature for several reasons. Its
focus is on adolescence, a period of development distinctive from early childhood and
adulthood. Understanding patterns of co-occurring disorders during specific developmental
periods such as adolescence informs clinical understanding of illness progression. Kendler
and colleagues (2003) identified distinctive genetic influences on internalizing and
externalizing factors in adults; however, the influence of genes and the environment on
psychopathology may differ in adolescents. The expression of psychopathology across
development often changes in intensity and nature (Hudziak et al., 2007). For example,
Moffitt (1993) noted that antisocial behavior increases almost ten-fold during adolescence,
and proposed the distinction between life-course-persistent antisocial behavior, which is
more likely to be genetically influenced, and adolescence-limited antisocial behavior, which
is hypothesized to be mimicked from antisocial models. Also, Hicks et al. (2007) examined
the development of externalizing disorders from late adolescence to early adulthood, and
reported an increasing heritability for men but a trend toward decreasing heritability for
women. Furthermore, a developmental twin study examining anxiety and depression from
childhood to early adulthood found evidence of new genetic risk factors in early
adolescence, late adolescence, and early adulthood (Kendler, Gardner, & Lichtenstein,
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2008). Given these findings, it is important to consider the possibility that the etiology of the
co-occurrence of psychiatric disorders may be unique during adolescence.

Additionally, research examining the etiology of adolescent psychopathology may inform
the development of prevention efforts. Increased understanding of the etiology of adult
psychopathology has led to the development of effective, evidence-based pharmacological
and psychological interventions designed to treat already-developed symptoms.
Comprehensive understanding of co-occurring adolescent psychopathology may inform
prevention enterprises designed to stave off initial onset of symptoms.

Finally, previous studies have utilized behavioral phenotypes such as CBCL factor scores
rather than DSM-IV psychiatric symptoms and diagnoses. Examining DSM-defined
psychopathology in adolescents is important because the DSM is the standard for
identification and treatment of mental illness across clinical settings and age groups. This
standardization allows for comparisons between adults and adolescents, possibly exposing
unique experiences of internalizing and externalizing psychopathology during adolescence.

Method
Participants

The Center for Antisocial Drug Dependence (CADD) is an ongoing, multi-component,
collaborative study underway at the Institute for Behavioral Genetics (IBG) at the University
of Colorado. In the present study, 2750 individual adolescents from the Center for Antisocial
Drug Dependence (CADD) were assessed. The participants were 1162 twin pairs (570 MZ
pairs, 370 same sex DZ pairs, and 222 opposite sex DZ pairs) and 426 non-twin siblings of
twins (one sibling nearest in age to the twins per family) from two community-based
samples: the Colorado Longitudinal Twin Sample (LTS) and Community Twin Sample
(CTS). Detailed information regarding recruitment and sample description of both samples
can be found in Rhea et al. (2006). In brief, LTS and CTS are two samples recruited into the
CADD from the Colorado Twin Registry (CTR), a population-based registry housed at IBG
at the University of Colorado. The CTR is comprised of twins born in Colorado between
1968 and 2004 recruited with help from the Division of Vital Statistics at the Colorado
Department of Health. The LTS is a sample of twins whose development has been studied
since birth, and the CTS is a sample of twins recruited for the first time by the CADD.
Males (48%) and females (52%) were approximately equally represented among the sample
of adolescents aged 12 to 18 years (mean 14.84 ± 2.08). The ethnic composition of the
sample consisted of 85% White, 2% African-American, 8% Hispanic, 3% Asian, 2% Native
American, and 1% unknown, as reported by the subjects on a questionnaire.

Procedure
Zygosity of same-sex twin pairs was measured in two ways in order to ensure accuracy
(Hannelius et al., 2007). First, a nine-item assessment of physical characteristics was
completed by interviewers and compared to the concordance of the twin pairs’ genotype at
11 highly informative short tandem repeat polymorphisms. Twin pairs with similar physical
characteristics and concordant genotypic markers were classified as MZ pairs. Those with
disparate physical features and genotypes were classified as DZ pairs. Among these, only
nine had discordant 9-item assessments and DNA data. These discordances were re-
examined and resolved.

In the present study, three internalizing spectrum disorders, MDD, GAD, and SAD, and
three externalizing spectrum disorders, ADHD, CD, and ODD, were assessed via adolescent
interviews using the Diagnostic Interview Schedule for Children – IV (DISC-IV; Shaffer,
Fisher, Lucas, Dulcan, & Schwab-Stone, 2000). The DISC has shown moderate to good

Cosgrove et al. Page 5

J Abnorm Child Psychol. Author manuscript; available in PMC 2011 February 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



validity (Schwab-Stone, Shaffer, Dulcan et al., 1996) and reliability (Shaffer, Fisher, Dulcan
et al., 1996; Shaffer, Fisher, Lucas et al.., 2000) across multiple diagnoses. The DISC-IV is a
structured psychiatric interview assessing DSM-IV (American Psychiatric Association,
1994) symptoms and diagnoses for Axis I disorders and includes questions about symptoms
of psychiatric disorders over the past year as well as over the lifetime. Ehringer et al. (2006)
noted that the prevalence rates for ADHD, CD, ODD, GAD, SAD, and MDD in the present
sample are comparable to those reported in the Methods for the Epidemiology of Child and
Adolescent Mental Disorders Study (Schaffer et al., 1996). Computer algorithms were
developed to determine the presence or absence of symptoms and diagnoses for each
disorder in accordance with instructions from the instrument’s authors. Individuals were
categorized as having no symptoms, one or more symptoms, or a diagnosis of a disorder
during the lifetime.

Analyses
The twin-sibling design allows us to decompose phenotypic variance into genetic and
environmental components. With this design, genetic influence (A) is estimated by
comparing the extent to which MZ twins are more similar than DZ twins or regular non-twin
siblings. Shared environmental influences (C) comprise the excess of observed twin
resemblance after accounting for genetic influences, and represent non-genetic influences
that contribute to similarity among relatives. Non-shared environmental influences (E) are
environmental influences that lead to differences between sibling pairs, and also includes
measurement error (Plomin, DeFries, & McClearn, 1990). Including non-twin siblings in the
analyses is beneficial in two ways. First, adding non-twin siblings increases power to detect
genetic and shared environmental influences (Posthuma & Boomsma, 2000). Second, the
inclusion of non-twin siblings enables us to assess the magnitude of twin-specific shared
environmental influences (T), or environmental influences specific to twin pairs that lead
them to be more similar than non-twin siblings (e.g., environmental influences that siblings
of the same age are more likely to share, such as having more friends in common).

A thorough examination of psychopathology during adolescence should account for the fact
that the prevalence of many disorders varies by age and sex (see Table 1). Thresholds
accounting for age and sex trends were estimated for each disorder for every participant.
Then, these age- and sex-specific thresholds were used as definition variables in all
analyses; they allow us to account for the fact that not all respondents have passed through
the age of risk and that prevalence levels vary by sex.

Raw data were analyzed using the statistical package Mx (Neale, Boker, Xie, & Maes,
2002). Data were analyzed assuming that a normal continuous liability distribution underlies
the ordinal variables (i.e., 0 = no symptoms, 1 = one or more symptoms, and 2 = diagnosis),
given that DSM-IV symptom counts for psychiatric disorders are highly skewed. This is an
optimum approach, because it retains the statistical advantages conferred by the normality
assumptions for the underlying liability, retains an explicit mapping between the underlying
liability and observed behavior, and correctly recovers the underlying correlations and
parameter estimates (Derks et al., 2004; Stallings et al., 2001).

Preliminary Gender and Age Analyses—The present research follows up that of
Ehringer et al. (2006), who conducted separate univariate analyses to examine the
magnitude of genetic and environmental influences on GAD, SAD, MDD, ADHD, CD, and
ODD in the identical CADD sample of 1,162 twin pairs and 426 non-twin siblings of twins.
They found evidence for genetic and non-shared environmental influences for all six
disorders as well as evidence for shared environmental influences on MDD and GAD. Our
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analyses build on their univariate models by considering multivariate models examining the
interrelationships among the six psychiatric disorders in twins and siblings.

Ehringer et al. (2006) found little evidence of sex differences in the magnitude of genetic
and environmental influences in their study. We also conducted preliminary analyses
comparing the fit of the model where parameters were free to vary across male and female
twin pairs, and the fit of the model where parameters were constrained to be equal across
male and female twin pairs. For the Cholesky model (AIC = −8449.55 vs. −8386.90; BIC =
−31417.43 vs. −31248.00; sample size adjusted BIC = −13595.71 vs. −13516.79), the
bivariate common pathway model (AIC = −8460.18 vs. −8425.80; BIC = −31500.28 vs.
−31422.52; sample size adjusted BIC = −13627.74 vs. −13589.68), and the single common
pathway model (AIC = −8437.37 vs. −8412.79; BIC = −31500.99 vs. −31440.24; sample
size adjusted BIC = −13620.51 vs. −13591.52), the model constraining the parameters
across the two sexes had lower model fit indices and better fit than the model where
parameters were free to vary across the two sexes. Therefore, data for males and females
was combined in the present study.

Similarly, for the Cholesky model (AIC = −10176.55 vs. −10055.70; BIC = −40098.84 vs.
−39750.35; sample size adjusted BIC = −18101.17 vs. −17933.73) , the bivariate common
pathway model (AIC = −10182.74 vs. −10113.73; BIC = −40182.82 vs. −40021.94; sample
size adjusted BIC = −18134.33 vs. −18052.85), and the univariate common pathway model
(AIC = −10156.70 vs. −10104.09; BIC = −40182.44 vs. −40055.04; sample size adjusted
BIC = −18126.01 vs. −18062.14), a model constraining parameters across three age groups
(i.e., young - age 12 to 14, middle - age 15 to 16, old - age 17 to 18) had lower model fit
indices and better fit than a model where parameters were free to vary across the three age
groups. Therefore, data for individuals of all ages were combined in the present study. All
analyses were conducted while using age- and sex-specific thresholds to address age and sex
differences in the prevalence of internalizing and externalizing disorders. Also, the present
study examined only lifetime data, given very similar patterns of results for past year and
lifetime data in Ehringer et al. (2006).

Correlations—Polychoric phenotypic correlations were estimated for the six internalizing
and externalizing disorders (GAD, SAD, MDD, ADHD, CD, ODD). Also, within-trait
cross-sibling correlations and cross-trait cross-sibling correlations were estimated for MZ
and DZ twin pairs and for twin-sibling trios (i.e., twin1-twin2-sibling).

Multivariate Models—A full biometrical model includes additive genetic effects (A),
nonadditive genetic effects (D), shared environmental influences (C), nonshared
environmental influences (E), and special twin-specific environmental influences (T). C
comprises environmental influences shared by all siblings, whereas T comprises
environmental influences shared only by twin pairs. C and D cannot be estimated
simultaneously, as estimation of both C and D rely on the same information (i.e., the
difference between the MZ and DZ correlations).

We conducted preliminary analyses utilizing Cholesky models in order to establish
appropriate starting points for our analyses. In these Cholesky models, the number of
genetic, shared environmental, and nonshared environmental factors are equal to the number
of disorders. The first set of factors influences all six disorders, the second set of factors
influences only the last five disorders, the third set of factors influences only the last four
disorders, and so on. The Cholesky model was the most saturated and unconstrained model
tested here.
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Five alternative multivariate Cholesky models were tested: the ACTE model (AIC =
−11606.33; BIC = −47333.57, sample size adjusted BIC = −21252.69), the ADTE model
(AIC = −11606.73; BIC = −47333.77, sample size adjusted BIC = −21252.89), the ACE
model (AIC = −11643.10; BIC = −47405.06, sample size adjusted BIC = −21290.82), the
ADE model (AIC = −11643.16; BIC = −47405.09, sample size adjusted BIC = −21290.86),
and the AE model (AIC = −11685.07; BIC = −47479.15, sample size adjusted BIC =
−21331.57). Twin environmental influences (T) could be dropped from both the ACTE
model (Δχ2 (21) = 5.24, p = .99) and the ADTE model (Δχ2 (21) = 5.57, p = .99). Similarly,
shared environmental influences could be dropped from the ACTE model (Δχ2 (42) = 5.26,
p = .99) or the ACE model (Δχ2 (21) = 0.02, p = .99), and nonadditive genetic influences
could be dropped from the ADTE (Δχ2 (42) = 5.66, p = .99) or ADE (Δχ2 (21) = 0.09, p = .
99) models. Overall, the best fitting, most parsimonious model was the AE model.

Ehringer et al.’s (2006) univariate results suggested that non-additive genetic effects and
special twin-specific environmental influences do not contribute significantly to the variance
of the internalizing and externalizing disorders examined. Shared environmental influences
contributed to the variance of MDD and GAD. Based on these results, and the results of our
multivariate Cholesky models, our analyses started with models including additive genetic
(A), shared environmental (C), and non-shared environmental (E) effects, but excluding
non-additive genetic (D) effects and the twin environment (T).

Three alternative multivariate models were tested (see Figure 1). The first model, the
Cholesky model (see Figure 1A), described above, is our most saturated and unconstrained
model. (In Figure 1A, the AE model, rather than the ACE model, is shown for the sake of
simplicity.) The second model, the bivariate common factor model (Figure 1B), suggests
that a single latent internalizing factor explains the covariation among MDD, GAD, and
SAD and that a single latent externalizing factor explains the covariation among ADHD,
ODD, and CD. Furthermore, the bivariate common factor model proposes an overlap
between the genetic and environmental influences on the latent internalizing and
externalizing factors, and disorder-specific genetic and environmental influences. The third
model, the single common factor model (Figure 1C), is the most constrained model. It
suggests that a single latent psychopathology factor explains the covariation among all six
psychiatric disorders, and that there are disorder-specific genetic and environmental
influences. The fit of the three alternative models were compared using the Akaike
Information Criterion (AIC; i.e., −2 log likelihood minus 2df), the Bayesian Information
Criterion (BIC), and the sample size adjusted BIC, which takes into account both model fit
and parsimony. Lower values of AIC, BIC, and sample size adjusted BIC indicate better fit.

Results
Correlations

Table 2 presents the phenotypic correlations among the six internalizing and externalizing
disorders. The correlations among internalizing disorders range from .29 to .38, the
correlations among externalizing disorders range from .33 to .49, and the correlations
between internalizing and externalizing disorders range from .16 to .45. On average, the
correlations between internalizing disorders and externalizing disorders are lower (.28) than
the correlations among internalizing disorders (.33) or the correlations among the
externalizing disorders (.41), supporting the distinction between internalizing and
externalizing disorders. A model allowing the correlations between internalizing disorders
and externalizing disorders, the correlations among internalizing disorders, and the
correlations among the externalizing disorders to differ (χ2 (12) = 270.81, p < .01; CFI = .92;
RMSEA = .09) and a model constraining these correlations to be equal (χ2 (14) = 443.50, p
< .01; CFI = .86; RMSEA = .11) were tested; the difference between these models was
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significant (χ2 (2) = 172.69, p < .01). Overall, internalizing disorders’ correlations with other
internalizing disorders were higher than those with externalizing disorders, whereas
externalizing disorders’ correlations with other externalizing disorders were higher than
those with internalizing disorders. An exception was phenotypic correlations between MDD
and other disorders; MDD’s correlations with ADHD (r = .34) and ODD (r = .45) were
higher than those with GAD (r = .33) and SAD (r = .29).

Results of an exploratory factor analysis (conducted in Mplus, Muthén & Muthén,
1998-2004) suggest that a two-factor model (χ2 (4) = 30.83, p < .01; CFI = .99; RMSEA = .
05) fits better than a one-factor model (χ2 (9) = 311.88, p < .01; CFI = .90; RMSEA = .11).
Factor loadings for MDD, GAD, and SAD are .29, .71, and .50 on the internalizing factor
and .41, −.01, and .12 on the externalizing factor. Factor loadings for CD, ADHD, and ODD
are .08, .20, and −.01 on the internalizing factor and .46, .51, and .84 on the externalizing
factor. GAD and SAD have higher loadings on the internalizing factor, and CD, ADHD, and
ODD have higher factor loadings on the externalizing factor. Although MDD’s loading on
the externalizing factor is higher than its loading on the internalizing factor, both loadings
were statistically significant. Also, our goal was to test an a priori, two-factor model
supported by the literature, which suggests that MDD is an internalizing disorder (e.g.,
Kendler, Prescott, Myers, & Neale, 2003; Krueger, Caspi, Moffitt, & Silva, 1998, Krueger,
1999; Krueger, McGue, & Iacono, 2001). Therefore, we chose to have MDD load on the
internalizing factor rather than the externalizing factor in subsequent analyses (i.e., the
bivariate common pathway model described below).

The within-trait, cross-sibling correlations for MDD, GAD, SAD, CD, ADHD, and ODD in
the MZs, DZs, and siblings are presented in Table 3. With the exception of GAD, the MZ
correlations are larger than the DZ and sibling correlations, suggesting genetic influences.
There is not a clear pattern of DZ correlations being larger than sibling correlations; this
result is consistent with Ehringer et al.’s finding that twin-specific environmental influences
were not statistically significant for any of the disorders. The cross-trait, cross-sibling
correlations (e.g. the correlation between twin 1’s MDD and twin 2’s SAD) are also
presented in Table 3. Again, in general, the MZ correlations are larger than the DZ and
sibling correlations, suggesting genetic influences on the covariance between childhood
psychiatric disorders.

Multivariate Models
The Cholesky model (Figure 1A) had a −2 log likelihood of 21242.92 with 16443 degrees of
freedom (AIC = −11643.08; BIC = −47405.05; sample size adjusted BIC = −21290.82), the
bivariate common factor model (Figure 1B) had a −2 log likelihood of 21295.87 with 16475
degrees of freedom (AIC = −11654.13; BIC = −47491.50; sample size adjusted BIC =
−21326.45), and the single common factor (Figure 1C) had a −2 log likelihood of 21349.43
with 16480 degrees of freedom (AIC = −11610.57; BIC = −47482.36, sample size adjusted
BIC = −21309.37). The bivariate common factor model had a lower AIC, BIC, and sample
size adjusted BIC than the Cholesky model, indicating that it does not fit worse than the
Cholesky model. In contrast, the single common factor model had a higher AIC (but lower
BIC and sample size adjusted BIC) than the Cholesky model.

The results of the full bivariate common factor model are presented in Figure 2A. The
parameter estimates that could be dropped from the model without causing a significant
decrement in fit are in regular, non-bolded font. Figure 2B presents the results of the final
bivariate common factor model, where the statistically non-significant parameter estimates
were dropped. The final bivariate common factor model fit slightly better (AIC =
−11658.51; BIC = −47526.57, sample size adjusted BIC = −21340.87) than the full
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bivariate common factor model AIC = −11654.13; BIC = −47491.50; sample size adjusted
BIC = −21326.45).

The internalizing disorders latent factor explained 41% of the variance of MDD, 32% of the
variance of SAD, and 30% of the variance of GAD. The externalizing disorders latent factor
explained 44% of the variance of ADHD, 26% of the variance of CD, and 52% of the
variance of ODD. There were moderate genetic influences (h2 = .60) and nonshared
environmental influences (e2 = .40) on the latent internalizing disorders factor, and moderate
genetic influences (h2 = .65) and nonshared environmental influences (e2 = .35) on the latent
externalizing disorders factor. There was a significant correlation between the genetic
influences on internalizing and externalizing disorders (rA = .72) and a significant
correlation between the genetic influences on the nonshared environmental influences (rE = .
74). However, neither the rA (Δχ2 (1) = 7.10, p < .01) nor the rE (Δχ2 (1) = 4.00, p = .05)
could be constrained to 1.0. The correlation between the two latent factors was .72, and the
percentage of covariance between internalizing and externalizing disorders explained by
common genetic and common nonshared environmental influences was 62% and 38%,
respectively. There were moderate disorder-specific nonshared environmental influences on
each disorder, but little evidence of disorder-specific familial influences, with the exception
of MDD (disorder-specific c2 = .11) and CD (disorder-specific h2 = .38).

Given that some of the correlations between MDD and externalizing disorders were higher
than those between MDD and the other internalizing disorders, we repeated the analyses
omitting MDD (i.e., examining GAD and SAD as manifestations of the latent internalizing
factor and ADHD, CD, and ODD as manifestations of the latent externalizing factor). The
pattern of results was similarly to those from analyses including MDD. The bivariate
common factor model (AIC = −8363.82, BIC = −38899.32, sample size adjusted BIC =
−17096.96) had a lower AIC, BIC, and sample size adjusted BIC than the Cholesky model
(AIC = −8348.41, BIC = −38846.09, sample size adjusted BIC = −17072.32), indicating
that it does not fit worse than the Cholesky model, whereas the single common factor model
had a higher AIC (but lower BIC and sample size adjusted BIC; AIC = −8306.68, BIC =
−38883.40, sample size adjusted BIC = −17073.10) than the Cholesky model. The overall
correlation between the internalizing and externalizing latent factors was .61, the rG was .66,
the rC was .00, and the rE was .55.

Discussion
We examined whether a two-factor model positing internalizing and externalizing factors
represented the structure and co-occurrence of six psychiatric disorders (MDD, SAD, GAD,
ODD, ADHD, and CD) in adolescents. Additionally, we examined the etiology (i.e., the
magnitude of genetic and environmental influences) of the latent internalizing and
externalizing factors and the covariation between the internalizing and externalizing factors.
Phenotypic correlations suggested significant covariation among all six psychiatric
disorders. Correlations among internalizing disorders and among externalizing disorders
were higher on average than correlations between the two sets of disorders, and the results
of factor analyses confirmed that there are two latent factors (internalizing and
externalizing) underlying these common psychiatric disorders. In general, within-trait/cross-
sibling correlations and cross-trait/cross-sibling correlations were higher in the MZ twin
pairs than in DZ twin pairs or sibling pairs, suggesting genetic influences on the variations
in individual disorders as well as on covariation between disorders.

The latent internalizing and externalizing factors explained 30% to 41% of the variance of
the individual internalizing disorders and 26% to 52% of the variance of the individual
externalizing disorders, respectively. These results are consistent with prior reports that
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found evidence for a two-factor model positing internalizing and externalizing factors
(Achenbach, 1991; Krueger, Caspi, Moffitt, & Silva, 1998; Krueger, McGue, & Iacono,
2001).

The etiology of the common internalizing and externalizing factors was best explained by
additive genetics and non-shared environment (h2 = .60 and e2 = .40 for the internalizing
factor and h2 = .65, e2 = .35 for the externalizing factor). The common internalizing and
externalizing factors have higher heritabilities than each of the six individual disorders and
are not influenced by shared environmental influences. In contrast, Ehringer et al.’s (2006)
univariate study of the same sample reported heritabilities of .36, .31, .56, and .30 for SAD,
ADHD, CD, and ODD, respectively and was unable to distinguish between genetic and
shared environmental influences on GAD and MDD because of inadequate power.

Most of the familial influences on the six psychiatric disorders examined were those on the
latent internalizing and externalizing factors (see Figure 3). There was little evidence of
disorder-specific familial influences, with the exception of shared environmental influences
on MDD (disorder-specific c2 = .11) and additive genetic influences on CD (disorder-
specific h2 = .38). Disorder-specific influences were limited to nonshared environmental
influences (i.e., environmental influences leading to differences in sibling pairs or
measurement error) for SAD, GAD, ADHD, and ODD.

The correlation between latent internalizing and externalizing factors (r = .72) was due to
both common genetic (62%) and nonshared environmental (38%) influences. Although our
results provide strong support for two separate internalizing and externalizing factors,
common genetic and environmental factors confer risk across internalizing and externalizing
factors. Since this result suggests the presence of a broad child psychopathology factor, we
tested a broad childhood psychopathology model with a single latent psychopathology
factor. This model did not represent psychopathology in our sample as well as the model
including two correlated but separate internalizing and externalizing factors.

Of studies examining comorbidity between internalizing and externalizing disorders, our
results most resemble those of O’Connor and colleagues (1998) who found strong evidence
for a common genetic liability underlying comorbidity between depression and antisocial
behavior in adolescents. However, our results are inconsistent with those of Gjone and
Stevenson (1997), who concluded that covariation between internalizing and externalizing
behavior in childhood mainly results from common shared environmental influences.

As noted above, there are several methodological differences (e.g., the construct examined,
the assessment method, and the age of the participants; see Introduction) that may have led
to discrepancies in the results of these studies. First, it is possible that the use of parent
report in Gjone and Stevenson (1997) may have increased the estimate of common shared
environmental influences. Parental ratings may be subject to rater biases (i.e., overestimating
or underestimating scores consistently), and if such biases inflate the correlations for both
MZ and DZ twin pairs, the evidence of shared environmental influences will be inflated
(Hewitt et al., 1992). Second, the statistically significant common nonshared environmental
influences found in the present study may be inflated given the use of self-report interviews
in the present study. Rater biases or measurement error specific to individuals may have
increased the correlation between nonshared environmental influences on internalizing and
externalizing disorders. Third, some studies have noted problems with the reliability and
validity of the DISC (McMahon & Frick, 2005; Silverman & Ollendick, 2005), which was
used in the present study. Specifically, the test-retest reliability kappa coefficient for MDD (.
92) is higher than that for SAD (.46) and GAD (.58), suggesting that the DISC may be a
better assessment of depressive than anxiety-related symptomatology (Shaffer et al., 2000).
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If diagnoses made with the DISC in the present study are unreliable, the estimates of the
comorbidity between internalizing and externalizing also may be unreliable. Furthermore,
symptoms for diagnoses assessed earlier in a DISC interview may be more valid than those
assessed later because endorsement of symptoms tends to diminish over the course of an
interview (Jensen et al., 1999). The degree to which methodological differences explain the
discrepancies in the results is unclear, as systematic studies examining whether these
methodological differences lead to differing conclusions regarding the etiology of the
covariance between internalizing and externalizing disorders have not been conducted.

Our findings also differ from those of Kendler et al. (2003), and there are notable
methodological differences between our study and Kendler et al.’s. Their internalizing factor
included fear disorders and their externalizing factor included substance use disorders,
whereas in the present study, the internalizing factor did not include fear disorders and the
externalizing factor included ADHD and ODD. Kendler et al. examined an adult sample,
whereas the present study examined an adolescent sample. Third, their multivariate model
was quite different, with orthogonal internalizing and externalizing genetic factors.

Genetic contributions to developmental psychopathology are well recognized in
contemporary research. Our results suggest that internalizing and externalizing disorders
may in part share genetic influences. In other words, adolescents genetically predisposed to
internalizing disorders may also be predisposed to externalizing psychopathology. Based on
similar assumptions, recent reports have examined multiple genes as candidates for both
internalizing and externalizing disorders (e.g., serotonin transporter gene – Caspi et al.,
2003; Sakai et al., 2006, serotonin 2A receptor gene – Eley et al., 2004; Mik et al., 2007;
dopamine D4 receptor gene – Lopez Leon et al., 2005; Rowe et al., 2001). While definitive
roles for specific genes in the development of internalizing, externalizing, or co-occurring
disorders have not yet been established, these candidate genes may confer risk for both
classes of psychopathology.

Nonshared environment influenced latent internalizing and externalizing psychopathology
factors as well as their covariation significantly. Nonshared environment includes
measurement error and all influences that result in differences between individuals growing
up in the same family. Possible sources of common non-shared environmental influences
affecting development include family composition, sibling interactions, and peer influences
(e.g., Plomin et al., 2001).

Environmental conditions that are not shared between siblings appear to contribute more to
the development of psychopathology than shared environment. Our findings of minimal
shared environmental influences on either latent internalizing or externalizing factors are
consistent with many behavioral genetics findings of psychopathology (Turkheimer et al.,
2000) and are not surprising. Shared environment seems to be particularly influential in
high-risk environments such as disadvantaged neighborhoods or unstable family life (Burt,
2009). However, ours is a community-based sample where prevalence rates for internalizing
and externalizing psychopathology are relatively low and a majority of children were likely
being raised in safe, stable environments.

On average, we observed higher correlations between MDD and externalizing disorders than
between MDD and the other internalizing disorders (although MDD was also significantly
correlated with the other internalizing disorders). In contrast, GAD and SAD were more
highly correlated with the other internalizing disorders than with the externalizing disorders.
This result is somewhat consistent with results from Hewitt et al. (1997), who reported
higher factor correlations between MDD and ADHD, CD, and ODD (.34, .25, and .37,
respectively) than between SAD or overanxious disorder and externalizing disorders (.07 to .
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22) in a sample of 8- to 16-year-olds. Similarly, Angold et al.’s (1999) meta-analysis
concluded that the odds ratio for the comorbidity between depression and CD/ODD (OR =
6.6) and between depression and ADHD (OR = 5.5) was higher than that between anxiety
and externalizing disorders (OR = 3.0 to 3.1). It is possible that the higher than expected
correlation between MDD and externalizing disorders is spurious or due to measurement
error. Another hypothesis for the higher comorbidity between MDD and externalizing
disorders is that in children and adolescents, irritability is a symptom common to both major
depression as well as externalizing psychopathologies. Ideally, we would have tested a
model examining whether MDD is still highly correlated with externalizing
psychopathology after symptoms of “irritability” are removed. However, we could not test
this hypothesis, as we did not have information regarding all symptoms for all CADD
participants since the DISC-IV was stopped after diagnosis was established (i.e., enough
symptoms were present).

Limitations
The results of the present study should be interpreted while considering the following
limitations. The present study examined only three internalizing disorders, MDD, GAD, and
SAD, and did not examine any of the fear and panic disorders. Therefore, we were not able
to test the validity of models making finer distinctions among the internalizing disorders,
such as the distinction between the Anxious-Misery and Fear subfactors (Kendler et al.,
2003; Krueger, 1999). Additional behavior genetic studies examining a larger number of
internalizing disorders in children and adolescents are needed.

The data analyzed were collected from the general population, where the prevalence of
psychiatric disorders is low (especially for internalizing disorders in males; see Ehringer et
al, 2006). Caution should be used when interpreting prevalence rates (see Table 1) for CD
and ADHD diagnoses in our sample since they do not reflect DSM-IV criteria with respect
to age of onset of symptoms or symptom clustering. The data were based on self-report
interviews, which may have led to underestimates of heritability (Eaves et al., 1997). For
example, the heritability of .31 for ADHD in the present sample is lower than those reported
by researchers examining parent reports (although there is evidence that rating bias may be
present in parent reports of ADHD symptoms [Simonoff et al., 1998]).

As noted above, the DISC may have imperfect reliability and validity (McMahan & Frick,
2005; Silverman & Ollendick, 2005), leading to incorrect estimates of comorbidity between
internalizing and externalizing disorders. However, it is important to note that significant
covariances were observed among internalizing and externalizing disorders, and that these
covariances were stronger within than between internalizing and externalizing disorders.
Furthermore, there were significant genetic influences on the latent internalizing and
externalizing factors (which would not be possible with an unreliable, invalid measure).
These findings suggest that the DISC was reliable and valid in the assessment of these
disorders.

Conclusion and Future Directions
This is the first study to examine alternative behavioral genetic models of co-occurrence
among DSM-IV psychiatric disorders in a genetically informative sample of adolescents.
We found support for a model positing two latent internalizing and externalizing factors
explaining interrelationships among six psychiatric disorders in adolescents. Latent
internalizing and externalizing disorder factors were moderately heritable and were
influenced by common genetic and nonshared environmental factors.
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Krueger (1999) suggested that comorbidity in psychiatric disorders results from common,
underlying core psychopathological processes and argued for “focusing research on these
core processes themselves, rather than on their varied manifestations as separate disorders”
(p. 921). The present study’s results (i.e., the higher heritabilities for the latent internalizing
and externalizing factors than for individual disorders and the relative lack of familial
disorder-specific influences) support Krueger’s statements. Personality and temperament
may underlie some of these core processes. Varying levels of constructs such as negative
emotionality, neuroticism, effortful control, and low fear response (e.g., Krueger et al.,
2001; Lahey & Waldman, 2003; Lilienfeld, 2003; Nigg, 2006; Muris & Ollendick, 2005)
may confer particular risk for development of psychopathology in adolescents. For example,
Lahey and Waldman suggest that negative emotionality is a risk factor common to
internalizing and externalizing disorders, whereas daring is a risk factor specific to
externalizing disorders. Similarly, Wolff and Ollendick’s (2006) developmental model of
comorbid conduct problems and depression suggest a set of common risk factors such as
negative emotionality and unique risk factors such as undercontrol of emotions for conduct
problems and negative self-concept for depression.

These findings have significant implications for ongoing research examining developmental
risk factors contributing to adolescent liability for internalizing, externalizing, and co-
occurring psychopathology. First, research efforts must identify specific genes or
combinations of genes that place adolescents at risk for the development of one or more
psychiatric disorders. Simultaneous research efforts must continue to identify temperament
and personality dimensions that predispose particular individuals to psychopathology.
Finally, environmental risk factors common and specific to internalizing and externalizing
disorders must be identified. Greater understanding of genetic and environmental influences
that increase the risk of onset of psychopathology in adolescents may inform the
development of effective intervention and prevention efforts (Jaffee & Price, 2007; Knapp &
Mastergeorge, 2009).
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Figure I.
Three alternative multivariate models. A = additive genetic influences; E = nonshared
environmental influences; MDD = major depressive disorder; SAD = separate anxiety
disorder; GAD = generalized anxiety disorder; ADHD = attention-deficit/hyperactivity
disorder; CD = conduct disorder; ODD = oppositional defiant disorder.
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Figure II.
Results of the full bivariate common factor model (Figure 2A) and results of the final
bivariate common factor model (Figure 2B). A = additive genetic influences; C = shared
environmental influences; E = nonshared environmental influences; rA = correlation
between genetic influences on internalizing and externalizing disorders; rC = correlation
between shared environmental influences on internalizing and externalizing disorders; rE =
correlation between nonshared environmental influences on internalizing and externalizing
disorders; MDD = major depressive disorder; SAD = separate anxiety disorder; GAD =
generalized anxiety disorder; ADHD = attention-deficit/hyperactivity disorder; CD =
conduct disorder; ODD = oppositional defiant disorder.
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Table 3

Within-trait, cross-sib correlations and cross-trait, cross-sib correlations

MZs (570 Pairs) DZs (592 Pairs) Twin-Sibs (426 Trios)

MDD 0.32 0.09 0.29

GAD 0.21 0.21 0.11

SAD 0.39 0.14 0.18

CD 0.57 0.32 0.20

ADHD 0.35 0.16 0.12

ODD 0.38 0.14 0.06

MDD-SAD 0.25 −0.01 0.08

MDD-GAD 0.21 −0.04 0.09

MDD-ADHD 0.20 0.13 0.12

MDD-CD 0.19 0.05 0.11

MDD-ODD 0.20 0.17 0.07

SAD-GAD 0.16 0.13 0.08

SAD-ADHD 0.19 0.11 0.01

SAD-CD 0.14 0.06 0.04

SAD-ODD 0.23 0.04 0.04

GAD-ADHD 0.13 0.11 0.07

GAD-CD 0.10 0.07 0.03

GAD-ODD 0.13 0.09 0.07

ADHD-CD 0.26 0.15 0.09

ADHD-ODD 0.26 0.19 0.12

CD-ODD 0.27 0.14 0.04

Note. MZs = monozygotic twin pairs; DZs = dizygotic twin pairs; MDD = major depressive disorder; GAD = generalized anxiety disorder; SAD =
separation anxiety disorder; CD = conduct disorder; ADHD = attention-deficit/hyperactivity disorder; ODD = oppositional defiant disorder.
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