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Abstract

Background—Research has documented high levels of co-morbidity among childhood
externalizing disorders, but its etiology remains in dispute. Specifically, although all behavior genetic
studies of the etiology of the co-occurrence of attention deficit-hyperactivity disorder (ADHD),
oppositional defiant disorder (ODD), and conduct disorder (CD) agree that genetic factors are
important, differences exist across studies in the relative weight assigned to genetic, shared
environmental factors (i.e. factors that increase similarity among family members), and non-shared
environmental factors (i.e. factors that decrease similarity among family members). Because
heritability estimates can vary across informants, we used a biometric informant-effects model to
determine whether these discrepancies were a function of systematic differences in maternal and
child informant reports of ADHD, CD, and ODD.

Method—We studied 1782 11-year-old twins from the Minnesota Twin Family Study. Symptom
counts for each disorder were obtained from interviews administered to twins and their mothers. We
fit a model that allowed us to examine, both across and within informants, the genetic and
environmental contributions to the co-occurrence among ADHD, CD, and ODD.

Results—The results revealed that the co-occurrence among the disorders common to maternal and
child informant reports was influenced largely by shared environmental forces. Genetic factors also
contributed, though their impact was only marginally significant. In contrast, the co-occurrence
unique to each informant was influenced exclusively by either genetic or non-shared environmental
factors.

Conclusions—Such findings offer additional evidence that shared environmental factors are
important to the co-morbidity among ADHD, CD, and ODD, and highlight the necessity of
considering informant effects when drawing conclusions about the origins of co-morbidity from
analyses of genetically informative data.

INTRODUCTION

There is extensive evidence of ‘co-morbidity °, or co-occurrence at greater than chance levels
(ranging between 29 and 71%), among attention deficit-hyperactivity disorder (ADHD),
oppositional defiant disorder (ODD), and conduct disorder (CD; Simono. et al. 1997;
Waschbusch, 2002). Moreover, these high rates of co-morbidity have important ramifications,
as those with multiple disorders have more serious clinical courses with poorer outcomes, more
peer difficulties and behavioral aggression, more negative parent-child relationships, more
severe psychopathology, and in adulthood, higher rates of psychiatric in-patient admissions
than do individuals with single disorders (Dalsgaard et al. 2002; Waschbusch, 2002).
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Understanding the origins of this co-morbidity is therefore critical. One useful tool for such an
exploration is that of twin studies, which enables us to identify etiological contributions to co-
morbidity. Using this approach, a handful of studies have found that the co-morbidity among
the child-externalizing disorders is primarily genetically mediated (Silberg et al. 1996; Nadder
et al. 1998; Young et al. 2000; Thapar et al. 2001). However, these studies have used only a
single informant to assess disorder or symptom presence, rather than a combined informant
approach. In contrast, analyses of combined mother- and child-reported symptom counts of
ADHD, CD, and ODD revealed that genetic factors contributed only a moderate amount
(roughly 30%) to disorder covariation, while a single shared environmental factor (i.e. those
environmental forces that increase similarity among family members) accounted for the
majority (53%) of the covariation (Burt et al. 2001).

Importantly, these different conclusions have distinct ramifications. In one case, future research
would seek only to identify specific genes that predispose one to co-morbid disorders. In the
other, future research would also explore phenomena within the child’s familial and contextual
environmental (i.e. negative parent-child relationships, etc.) and their contributions to co-
morbidity.

Accordingly, there is a need to examine whether informant effects could account for the
disparate twin study results noted above. Recently, investigators have argued that the use of a
single informant for studies of childhood psychiatric disorders may bias estimates of genetic
and environmental contributions (Eaves et al. 1997; Sherman et al. 1997; Simono. et al. 1998;
Eaves et al. 2000). Specifically, maternal informant reports appear to consistently yield
substantially larger genetic effects than do child reports across multiple childhood disorders
(Eaves et al. 1997). For ADHD in particular, such findings may be the result of rater contrast
effects (Simono. et al. 1998; Eaves et al. 2000), in which mothers tend to overemphasize the
hyperactivity differences in their twins. As this contrast effect appears to be particularly
pronounced in the case of dizygotic (DZ) twins (Simono. et al. 1998), acting to suppress DZ
correlations, heritability estimates of ADHD are correspondingly inflated. For CD and ODD,
however, it may be that mothers over-report the similarities between their monozygotic (MZ)
twins, thereby increasing their correlation and similarly acting to artifactually inflate
heritability estimates. In both cases, however, the central issue is one of shared method
variance, in that the same informant (i.e. the mother) is reporting on symptom presence in both
twins, which may act to distort heritability estimates.

Child self-reports, however, may also be troublesome owing to the limited capacity of children
to comprehend the questions and give insightful answers. In behavioral genetic studies, such
increased unreliability would be expected to manifest as substantially higher estimates of the
non-shared environment (Eaves et al. 1997) which includes measurement error. These issues
notwithstanding, however, children have firsthand knowledge of particular clinically
meaningful acts that their parents do not. For example, adolescent males report twice as many
symptoms of CD as do their parents (Hewitt et al. 1997). Consistent with this, subsequent
empirical examinations of informant-effects, particularly for CD, have supported the use of
both parent and child informant reports (Bird et al. 1992; Hart et al. 1994; Jensen et al.
1999).

However, though there is now extensive evidence that individual disorder variance estimates
vary by informant (Simono. et al. 1995; Eaves et al. 1997; Sherman et al. 1997; Simono. et
al. 1998), very few studies have evaluated the impact of different informants on disorder co-
occurrence. The two exceptions (Eaves et al. 2000; Nadder et al. 2002) both found that while
there was evidence of extensive genetic overlap within informant-reports for CD and ODD,
and for ADHD and conduct problems, respectively, these genetic factors were largely unique
to each informant. However, because these studies explored only these particular disorder
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pairings, the impact of informant effects on co-morbidity among all three disorders has yet to
be examined. Furthermore, there is a need to better understand the impact of single-informant
ratings versus composite ratings of multiple informants, given that researchers typically adopt
one approach or the other. ‘Rater bias’ or informant-effects models, which examine the genetic
and environmental etiology of both the variance common to all informants and the variance
unique to each informant (Neale & Stevenson, 1989; Hewitt et al. 1992) allowed us to address
both of these concerns.

The sample was drawn from participants in the ongoing Minnesota Twin Family Study
(MTFS). Detailed information regarding the design, recruitment procedures, participation
rates, and zygosity determination of the MTFS has been provided in lacono et al. (1999). The
participants in the current research ranged in age from 10 to 12, averaging age 11, at the time
of their intake visit. The original sample consisted of 753 same-sex, reared-together twin pairs:
373 male (npz=253, npz=120) and 380 female (npz=233, npz=147) twin pairs. In addition,
we have recently initiated efforts to increase our sample size. To date, we have added 138
additional twin pairs, bringing the total sample to: 415 male (npz=281, npz=134) and 476
female (npz=295, npz=181) pairs of twins.

During their intake visit, all participants and their parents were assessed in-person by
separate bachelor- and masters-level interviewers for lifetime DSM-111-R mental disorders
(the current manual at the study’s onset). ADHD, CD, and ODD were assessed using the
Diagnostic Interview for Children and Adolescents—Revised (DICA-R; Reich & Welner,
1988). The MTFS version of this instrument contained supplementary probes and questions,
which were added after consultation with one of the DICA-R’s authors to ensure complete
coverage of each symptom. Mothers reported on symptom presence first in one twin and then
in the other, while twins reported only on themselves.

Prior to the assignment of mental disorder symptoms, a clinical case conference was completed
in which the evidence for every symptom was discussed by at least two advanced clinical
psychology graduate students. Only symptoms that were judged to be clinically significant in
both severity and frequency were considered present. After symptoms were assigned, computer
algorithms were used to create symptom counts corresponding to DSM-I111-R criteria. Criteria
were included in the symptom count only if they referred to symptoms of the disorders (i.e.
symptom duration and hierarchical exclusionary rules were not included), although age of onset
information was included. These variables corresponded to (1) the nine criterion-A symptoms
of ODD, (2) 12 of the 13 criterion-A symptoms of CD (the exception, ‘has forced someone
into sexual activity with him or her ’, was not assessed to avoid potential mandated reporting),
and (3) the 14 criterion-A symptoms of ADHD listed in the DSM-I11-RT

Symptom counts, rather than diagnoses, were chosen primarily to increase power. Considerable
power and information are lost when sub-and supra-threshold variation in diagnostic status is
collapsed into a dichotomous variable (Krueger & Finger, 2001). In addition, the relatively
low prevalence of diagnosed disorders in a non-clinical sample such as this one would

Friterion-A symptoms for each of these disorders have changed somewhat from DSM-111-R to the current manual, DSM-IV. ADHD
has been subtyped into nine possible symptoms of inattentivity and hyperactivity-impulsivity (yielding 18 possible symptoms for the
combined subtype). Of these, six symptoms are needed for a diagnosis of either ADHD subtype, and 12 are required for the combined
subtype. CD now includes up to 15 symptoms, of which three are needed for a diagnosis. ODD now includes only eight symptoms, of
which four are needed for a diagnosis.
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considerably lower our statistical power and potentially obscure relationships among the
disorders.

Data analyses

Twin methodology uses the difference in the proportion of genes shared between MZ twin
pairs, who share 100%of their genetic material, and dizygotic DZ twin pairs, who share an
average of 50% of their segregating genetic material, to estimate the relative genetic, shared
environmental, and non-shared environmental contributions to variance within and covariance
among observed behaviors or characteristics (phenotypes). The additive genetic component is
the independent effect of individual genes summed over loci, and when acting alone, creates
MZ correlations double those of DZ correlations. The shared environment indexes
environmental effects (e.g. familial and contextual experiences) common to both members of
a twin pair that act to increase their similarity. Non-shared environment encompasses
environmental factors unique to each twin within a pair (as well as measurement error) that
differentiates the siblings, making them less similar. (Readers interested in twin study
methodology are referred to Plomin et al. 2001, for more detail.)

MXx, a structural-equation modeling program (Neale, 1997), uses maximum-likelihood model-
fitting techniques to fit models to observed variance-covariance matrices. The 2 test statistic
provides a goodness-of-fit index of the fit of the model, which is then converted to the Bayesian
information criterion (BIC; BIC= y2—df (In N) ; N=891 pairs). BIC measures model fit relative
to parsimony to determine the best-fitting model among nested models. Better-fitting models
have more negative values. Importantly, Markon & Krueger (in press) found that BIC is
generally more robust to distributional misspecification than the traditional behavioral genetic
index-of-fit, Akaike’s information criterion (AIC; Akaike, 1987) (AIC=,2-2 df). In addition,
in larger samples and when comparing complex models (such as in the present study), BIC
was better able to identify the true model relative to AIC.

Fitting an informant-effects model (see Fig. 1) with Mx allowed us to investigate the co-
occurrence among externalizing disorders and their relationship with informant effects via
three sets of analyses. First, we examined genetic and environmental contributions to a cross-
informant index of co-morbidity, the general Ext factor. This primary factor comprises the
variance in ADHD, CD, and ODD that is common across disorders and across informants, or
the portion of co-occurrence among the disorders upon which mothers and twins agree.
Secondly, we examined genetic and environmental contributions to morxer and cwio factors,
which are composed of the variance in ADHD, CD, and ODD that is common across disorders
but unique to each informant. Accordingly, evaluation of the wor+er and cuio factors revealed
whether heritability estimates for co-occurrence within informants differed systematically
from each other and from co-occurrence across informants. Of note, these factors are secondary
to the general Ext factor, as they are in effect estimated after accounting for disorder co-
occurrence common to both informants. Thirdly, the variance remaining for each measured
variable, once the effects of the general Ext factor and the relevant informant-specific factor
(i.e. either wmorer OF crio) have been accounted for, was also decomposed into its genetic and
environmental components. These variable-specific residuals index the variance unique to each
variable and can be thought of as variance that is both informant- and disorder-specific. Of
note, measurementerror is contained in the non-shared environmental portion of these variable-
specific residuals. Thus, by examining informant-reports of the disorders in these three ways,
the informant-effects model allowed us to make inferences regarding the sources of co-
occurrence among ADHD, CD, and ODD and the impact of different informants on these
sources.

Prior to interpretation of the informant-effects model, however, we evaluated its overall
appropriateness for our data. That is, we fit a Cholesky model, in which minimal structure is
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imposed on the data and heritability estimates are freely estimated (i.e. variables are not
constrained to covary within higher order factors). Importantly, the informant-effects model
is nested within the Cholesky model, allowing a direct comparison of model fit statistics,
thereby enabling us statistically to evaluate the fit of the general Ext and informant-specific
factors. Accordingly, we were able to determine whether there was meaningful covariation
among the disorders within and across informants. Finally, the moderating effects of gender
were also examined in these analyses, as it is well known that male children generally display
a higher frequency of externalizing behaviors than do female children (Hewitt et al. 1997).

Descriptive statistics

Correlations

In order to index the severity of externalizing symptomatology, mean maternal and child
symptom counts were computed separately by sex (see Table 1). Independent-samples t tests
indicated that the mean symptom counts differed significantly by sex (p<0.001, two-tailed),
with males having higher symptom counts than females for all six disorder informant-reports,
collectively indicating that the boys in this sample are more symptomatic than are the girls.
Because exclusionary rules and duration requirements were omitted from our symptom count
variables, these rates are upper estimates of disorder prevalences in our sample. Consistent
with other studies of this age range (Achenbach et al. 1987), maternal and child reports were
correlated 0.24, 0.26, and 0.25 for ADHD, CD, and ODD, respectively. Given these
correlations, it appears that while maternal and child informant-reports do overlap, much of
the variance is unique to each informant.

The symptom count distributions were positively skewed for each disorder. In order to better
approximate normality, the symptom count variables were individually Blom-transformed and
rank-normalized prior to model-fitting, a procedure which was recently found to optimize
model selection (van den Oord et al. 2000). This procedure involved replacing raw symptom
counts with their rank values. Ties were assigned the mean rank of the tied values. The
adjustments were conducted separately by sex, but without regard to zygosity. However, due
to the level of positive skew in the data prior to transformation, particularly for child informant-
reports, the data remained somewhat skewed even after normalization.

Prior to multivariate model-fitting analyses, intra-class and cross-twin, cross-trait correlations
were calculated for each sex-zygosity cohort, as well as pooled across sex (see Table 2). These
correlations were calculated using the double-entry method, which removes the variance
associated with the arbitrary ordering of the twins within each pair. Maternal reports and child
self-reports are presented separately. Intra-class correlations were computed for each zygosity
between, for example, the ADHD symptom counts of Twin A and Twin B. The MZ and DZ
intra-class correlations were then compared to obtain a preliminary indication of the extent to
which genetic and environmental factors influenced a specific informant-report of a disorder.
In contrast, the cross-twin, cross-trait correlations offer a preliminary indication of the sources
of co-occurrence among the disorders for both maternal and child informants. They were
computed separately for MZ and DZ twins using, for example, the CD symptom count of one
twin and the ODD symptom count of his or her co-twin. For both intra-class and cross-twin,
cross-trait correlations, MZ correlations that are double those of DZ correlations implicate
genetic effects, whereas MZ correlations that are not double, but are still greater than those of
DZ correlations implicate both genetic and shared environmental effects. However, if the
correlation among MZ twin pairs is equivalent to that of the DZ twin pairs, primarily shared
environmental mediation is indicated.

Psychol Med. Author manuscript; available in PMC 2008 February 13.
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Intra-class—For maternal reports of both males and females, the MZ correlations for ADHD,
CD, and ODD were significantly greater than the DZ correlations (p<0.01), suggesting that
genetic influences make important contributions to the individual variance in maternal reports
of each disorder. Moreover, for ADHD in males and CD in females, MZ correlations are more
than double DZ correlations, suggesting the presence of either non-additive genetic variance
or contrast effects. In contrast, for ODD in females and CD in males, the MZ twin correlations
were less than double those of the DZ twins, suggesting that shared environmental components
are also contributing to maternal reports of these disorders. When males and females are pooled,
the results were quite similar. Specifically, genetic effects are implicated for all three disorders,
shared environmental effects are suggested for CD and ODD, and non-additive genetic
variance or contrast effects are again suggested for ADHD.

In contrast, child self-reports of the disorders did not suggest such strong genetic effects.
Specifically, only the reports of ADHD and CD in females and ODD in both males and females
revealed evidence of genetic mediation. Genetic effects did appear somewhat stronger in the
pooled correlations, likely because pooling across sex increases power to detect effects as
significant. Of note, MZ twin correlations obtained using child self-reports did not replicate
the very high correlations obtained with the maternal reports, suggesting that maternal reports
may be hampered by an inability to discriminate between their MZ twins.

Cross-twin, cross-trait—For maternal reports, there was evidence of genetic influence on
the relationship between ADHD and CD for both males and females, and between ADHD and
ODD for males. However, MZ/DZ differences for maternal reports of CD/ODD were
uniformly non-significant, implicating shared environmental factors. In contrast, for child self-
reports, only the difference between MZ and DZ correlations for CD/ODD in females was
significant. All other MZ/DZ differences were non-significant, highlighting the role of shared
environmental factors. When pooled across sex, the correlations continued to suggest genetic
influence on the co-occurrence of ADHD and CD, irrespective of informant, as well as on the
co-occurrence among CD and ODD.

Multivariate modeling

We tested an ACE Cholesky and an ACE informant-effects model, in which the variance
attributable to genetic (A), shared environmental (C), and unique environmental plus
measurement error (E) factors were all estimated. It should be noted that, although the models
were fit to variance-covariance matrices, standardized estimates are being reported. The
Cholesky and the informant-effects models were fit both allowing for sex differences in
variance parameter estimates (Cholesky: y2=322.90 on 186 df, BIC=—940.416; informant-
effects: y2= 399.505 on 240 df, BIC=—1230.575), and constraining variance parameter
estimates to be equal across sex (Cholesky: »?=431.83 on 249 df, BIC=—1259.38; informant-
effects : y2= 490.208 on 276 df, BIC=—1384.384). The best-fitting model (i.e. that which
resulted in the most negative BIC value), was the informant-effects no-sex-differences model
(presented in Fig. 2), indicating that there is meaningful co-occurrence across the disorders,
both within and across informants. The improved fit of the no-sex-differences model is
consistent with other studies (Burt et al. 2001;Rhee & Waldman, 2002), and suggests that
although boys are more symptomatic than girls, the genetic and environmental architecture
underlying the disorders does not vary across Sex.

Factor loadings—The general Ext factor is composed of the common variance underlying
and uniting the maternal and child informant-reports of ADHD, CD, and ODD. The worer and
crio factors are composed of the remaining variance common to the disorders, but that is unique
to each informant. Factor loadings (as seen in Fig. 2; e.g. f11, f1») are squared to index the
percentage of variance in the variable (e.g. ADHDmother) accounted for by that factor. To
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facilitate interpretation of the results, the percentages of variance accounted for by the factors
are presented in Table 3. Though small to moderate in magnitude, the factor loadings are
uniformly significant at p<0.05, indicating that they do make a significant contribution. Such
findings reveal the presence of significant co-occurrence among ADHD, CD, and ODD, both
across and within informants, a finding that serves to highlight the importance of considering
informant effects in examinations of co-morbidity. Of note, the relatively small amounts of
variance accounted for by the general Ext factor are not unexpected given the modest
correlations between maternal and child self-reports (0.24 — 0.26).

Genetic and environmental influences—Genetic (A), shared (C), and non-shared (E)
environmental contributions to the factors and unique to each variable (i.e. the variable-specific
residuals) can be obtained by squaring their path coefficients, as presented in Fig. 2. To ease
facilitation, the proportions of variance obtained via this method are presented in Table 4. These
results indicated that the general Ext factor was influenced primarily by shared environmental
forces, though the unique environment also contributed. Though moderate in magnitude, the
genetic effect was only marginally significant (Ay2=2.76 on 1 df, p<0.10). Such findings serve
to highlight the contribution of shared environmental factors to the co-morbidity among
ADHD, CD, and ODD. In contrast, the variance contained in the mor+er factor was uniformly
attributed to genetic factors (i.e. 98%). The variance contained in the cio factor was also
influenced by genetic forces, though unlike the vomer factor, non-shared environmental
influences were also quite influential. Of note, because factors do not contain measurement
error (error is encapsulated within the residuals), the large non-shared environmental influences
on the cuio factor likely index that part of the child’s experience and perspective that is not
shared with his or her co-twin, but that serves to increase covariation among the disorders.

The variance in the variable-specific residuals was also decomposed into its genetic and
environmental components (see Table 4). Of note, the shared environmental residuals was
estimated to be zero in five of six cases, and for the only exception, maternal reports of CD, it
did not approach statistical significance (Ay< = 0.381 on 1 df, p>0.25). These results thus
strongly suggest that all shared environmental effects were held in common by the disorders.
In contrast, the non-shared environmental-disorder-specific residuals were uniformly
significant. Moreover, the non-shared residuals for the child self-reports of the disorders were
quite large, accounting for between 41 and 77% of the variance. As measurement error is
contained in the non-shared environmental residuals, such results highlight the likelihood of
increased measurement error in child self-reports. It should be noted, however, that true
disorder-specific unique environmental experiences are confounded with measurement error
within the non-shared environmental residuals. As such, we cannot be certain of the magnitude
of child measurement error. Finally, the genetic residuals were significant for maternal reports
of ADHD and ODD, but were noted to be particularly pronounced in the case of ADHD, a
finding which may reflect previously found rater contrast effects on maternal reports of ADHD
(Simonoff et al. 1998;Eaves et al. 2000).

DISCUSSION

These results warrant several interrelated conclusions. First, both the morwer factor and the
cnio factor were significantly influenced by moderate to strong genetic forces. However, when
informant-reports were combined in the general Ext factor, genetically-mediated disorder co-
occurrence was only marginally significant. Such findings strongly suggest that, when using
only maternal or child informant-reports, the co-occurrence among the disorders will appear
more genetic in origin than when using a combined informant approach. In this way, these
findings shed light on the different conclusions reached in various studies (Silberg et al.
1996; Nadder et al. 1998; Young et al. 2000; Burt et al. 2001, 2003; Thapar et al. 2001),
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suggesting that many of the differences in the relative weight assigned to genetic influences
may be due to the use of a single (usually maternal) informant.

Of note, however, informants are not the only variable that differs across twin studies. The age
range of the current sample and that in Burt et al. (2001) was quite narrow (ages 10-12);
however, the samples in Silberg et al. (1996), Nadder et al. (1998), Thapar et al. (2001), and
Young et al. (2000) all assessed broader age ranges (ages 10-18, 7-13, 5-17, and 12-18,
respectively). Because estimates of genetic influence may increase from childhood to
adulthood (McGue et al. 1993; Lyons et al. 1995), age may also contribute to the larger
proportion of variance assigned to genetic influences in some studies. Regardless, our results
suggest that informant effects are critical to understanding variability in genetic estimates
across studies.

Next, when viewed in conjunction with the intra-class correlations, which approached unity
solely for maternal MZ reports, the primarily genetic mediation of the maternal reports suggests
that mothers of twins may accentuate the similarity of their MZ twins, artifactually inflating
maternal heritability estimates relative to child heritability estimates. Such findings suggest
that heritability estimates obtained using maternal-only reports should be interpreted
cautiously. Similarly, the very large non-shared environmental residuals found for child-only
reports also implicate (though not conclusively) increased measurement error in child reports,
limiting their usefulness when examined in isolation.

Although the results of this study suggest that conclusions based solely on one informant should
be made only tentatively, conclusions obtained solely from the perspective common to
informants may also be less than ideal. Specifically, parent—child agreement is notoriously low,
with cross-informant correlations hovering near 0.3 (Achenbach et al. 1987), indicating that
studies that center on cross-informant agreement will explain relatively little of the variance
in a given disorder or across disorders. In the present study, for example, the general Ext factor
accounted for only 6-21% of the variance in any given informant-report. Furthermore,
evidence indicates that in spite of potential informant biases, each informant also provides
unique and incrementally valid information. For example, we reported previously that both
mother and child provide predictive information not provided by the other when evaluated
against externally-collected teacher reports of behavior problems and grades (Burt et al.
2001), findings that are supported by numerous other studies (Bird et al. 1992; Hart et al.
1994; Angold & Costello, 1996; Jensen et al. 1999). Collectively, these findings suggest that
examining only that which is common to informants, without also considering that which is
unique to each informant, yields an incomplete picture. Instead, combining multiple informants
via the ‘OR’ rule (i.e. symptom is assigned if it is endorsed by either the mother or the child)
may provide the most valid indication of the disorders (Bird et al. 1992; Hart et al. 1994;
Angold & Costello, 1996), and therefore, their heritability estimates.

Consistent with this conclusion, it may be that shared environmental contributions to ADHD
have been prematurely dismissed. Specifically, though our results are consistent with studies
of maternal reports of ADHD in suggesting that ADHD is largely (60-80%) genetic in origin
(Silberg et al. 1996; Eaves et al. 1997; Sherman et al. 1997; Nadder et al. 1998), the finding
of a significant shared environmental influence on ADHD is unusual, perhaps reflecting the

combined informant nature of the general Ext factor.

Finally, our findings provide additional evidence that shared environmental effects are a critical
source of co-morbidity among the childhood externalizing disorders. Consistent with the
findings in Burt et al. (2001), the shared environmental contributions to the disorders were
contained solely within the general Ext factor, indicating that they are not informant-specific,
and accounted for the majority of its variance. (The path estimates in Fig. 2 are similar in

Psychol Med. Author manuscript; available in PMC 2008 February 13.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

BURT et al.

Page 9

magnitude when based on only the original 753 MTFS twin pairs used in Burt et al. (2001).
Thus, adding the recently collected 138 twin pairs acted primarily to increase power.)

In addition, genetic contributions to comorbidity appeared largely unique to each informant.
As noted, however, such informant-specific information is likely to optimize, rather than
distort, our understanding of the child’s psychopathology. Together, such findings suggest that,
rather than focusing solely on specific genes, we should look to factors within the child’s
familial and contextual environment (Burt et al. 2003), as well as to common genes, when
attempting to identify the psychopathological processes linking these disorders (Clark et al.
1995; Krueger, 1999, 2002).
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Fig. 1.

Path diagram of a full ACE informant-effects model for maternal and child informant-reports
of attention deficit-hyperactivity disorder (ADHD), conduct disorder (CD), and oppositional
defiant disorder (ODD). To promote ease of presentation, this path diagram represents only
one twin in a pair (though the results are identical for the co-twin). General Ext represents the
primary general factor loading onto both mother and child informant-reports. vorer and cuio
represent the secondary relevant informant-specific factors. The variance in each factor is
parsed into that which is due to additive genetic effects (A), shared environmental effects (C),
and non-shared environmental effects (E). Paths are represented by uppercase letters followed
by two subscript numerals (e.g. A11, A, and Ag3). Factor loading paths are represented by a
lowercase * f’, followed by two subscript numerals. The first numeral corresponds to variable
‘number’ and the second to the factor that is loading on the variable. The variable-specific
residual paths load directly onto each disorder, and are indicated by a lowercase letter followed
by a single subscript numeral (e.g. a;).
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MOTHER

Fig. 2.

Standardized path diagram of informant-effects model for maternal and child informant-reports
of attention defici-thyperactivity disorder (ADHD), conduct disorder (CD), and oppositional

defiant disorder (ODD). Standardized path estimates of the genetic and shared environmental
contributions to the covariance within each factor and the variance unique to each informant-
report of the disorders are illustrated. The paths that are significant at p<0.05 are indicated by
an asterisk. ~Indicates path is marginally significant at p<0.10. All paths are squared to estimate
the proportion of variance accounted for.
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Percentages of variance in attention deficit hyperactivity disorder (ADHD), conduct disorder (CD), and

oppositional defiant disorder (ODD) accounted for by factor loadings

General Ext MOTHER CHILD
ADHDmother 17.6 4.4
CDynother 6.3 51.8
mother 21.2 9.6
ADHD 14 10.9 — 4.0
CDqhilg 6.8 — 221
ODDygilg 16.0 — 38.4

ADHDmother, CDmother, and ODDmother represent maternal reports and ADHDchild, CDchild, and ODDchild represent child self-reports. The

general Ext factor is composed of the common variance uniting the maternal and child informant-reports of ADHD, CD, and ODD. The maternal and
child factors are composed of the remaining co-occurrence among the disorders that is unique to each informant. Factor loadings have been squared to

index the percentage of variance in the variable accounted for by that factor.

All percentages of variance are significant at p<0.05.
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Percentages of variance in attention deficit hyperactivity disorder (ADHD), conduct disorder (CD), and
oppositional defiant disorder (ODD) accounted for by genetic (A), shared environmental (C), and non-shared

environmental (E) influences

Genetic (A) Shared (C)environment Non-shared (E) environment
General Ext 32.5T 53,3* 13_7*
Maternal factor 98.0" 14 0.0
Child factor 36.0* 0.0 64.0*
Variable-specific residuals . .
ADHDmmher 60.8 0 17.6*
CDpother 25.0* 7.3 9.0 .
ODDmother 56.3 0 13.0*
ADHD,iiq 7.8 0 77,4*
CD¢hilg 10.9 0 eo_g*
ODDhilg 4.8 0 41.0

The general Ext factor is composed of the common variance uniting the maternal and child informant reports of ADHD, CD, and ODD. The maternal and
child factors are composed of the remaining co-occurrence among the disorders that is unique to each informant. Each factor was decomposed into its
genetic and environmental components, and therefore each row sums to 100% of the variance within that factor. Within the variable-specific residuals,
ADHDmother, CDmother, and ODDmother represent maternal reports of attention deficit-hyperactivity disorder, conduct disorder, and oppositional

defiant disorder, respectively. ADHDchild, CDchild, and ODDchild represent child self-reports. Because these estimates index the genetic and

environmental contributions to the variance remaining in each variable after that contributed by the factors is accounted for, these rows do not sum to
100%. However, when the variance contributed by the factors (see Table 3) is added, 100% of the variance (allowing for some rounding error) in each
variable should be recovered. Thus, for example, the variance in ADHDmother Was broken down into that contributed by general Ext (17.6%), that

contributed by moTHER (4.4%), and that contributed by the variable-specific residuals (60.8%, 0%, and 17.6%). Accordingly, ADHDmother=17.6%+4.4%
+60.8%+17.6%=100.4%. Factor loadings that account for a significant proportion of the variance are indicated in bold (

*
significant at p<0.05;

7Lmarginally significant at p<0.10).
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