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A community sample of 373 8 to 18 year-old twin pairs in which at least one twin in each pair
exhibited a history of learning difficulties was utilized to examine the etiology of inattention and
hyperactivity/impulsivity (hyp/imp). Symptoms of attention-deficit/hyperactivity disorder (ADHD)
were assessed by the DSM-III Diagnostic Interview for Children and Adolescents. Inattention and
hyp/imp composite scores were created based on results of a factor analysis. Results indicated that
extreme ADHD scores were almost entirely attributable to genetic influences across several increas-
ingly extreme diagnostic cutoff scores. Extreme inattention scores were also highly heritable whether
or not the proband exhibited extreme hyp/imp. In contrast, the heritability of extreme hyp/imp in-
creased as a linear function of the number of inattention symptoms exhibited by the proband. This
finding suggests that extreme hyp/imp may be attributable to different etiological influences in in-
dividuals with and without extreme inattention. If this result can be replicated in other samples,
it would provide evidence that the hyp/imp symptoms exhibited by individuals with Combined
Type ADHD and Predominantly Hyp/Imp Type ADHD may be attributable to different etiological
influences.
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Previous twin studies of attention-deficit/hyperacti-
vity disorder (ADHD) have suggested that individual
differences in symptoms of ADHD are largely attribut-
able to genetic influences (Edelbrock, Rende, Plomin, &
Thompson, 1995; Eaveset al., 1997; Gjone, Stevenson, &
Sundet, 1996; Levy, Hay, McStephen, Wood, & Waldman,
1997; Nadder, Silberg, Eaves, Maes, & Meyer, 1998;
Schmitz, Fulker, & Mrazek, 1995; Sherman, Iacono, &
McGue, 1997, Thapar, Hervas, and McGuffin, 1995). Es-
timates of heritability (h2), the proportion of individual
differences in ADHD symptoms attributable to the in-
fluence of genes, have been consistently high in mul-
tiple samples utilizing different measures (meanh2 ≈
0.75). Moreover, studies of selected groups have indicated
that extreme ADHD scores are also largely attributable to
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genetic influences, with group heritability estimates (h2
g=

0.76–0.92) similar to the estimates obtained for individual
differences across the entire symptom dimension (Gillis,
Gilger, Pennington, & DeFries, 1992; Gjoneet al., 1996;
Levy et al., 1997; Stevenson, 1992). The similarity of
these estimates is consistent with the hypothesis that the
same genetic influences may be associated with both ex-
treme ADHD scores and individual differences across the
entire distribution of symptoms.

All but one (Shermanet al., 1997) of these studies
utilized broad-band measures that combine symptoms of
inattention, hyperactivity, and impulsivity to create a sin-
gle ADHD score. In contrast to this unidimensional con-
ceptualization, exploratory and confirmatory factor anal-
yses have indicated consistently that symptoms of ADHD
comprise separate but correlated dimensions of inatten-
tion and hyperactivity/impulsivity (Bauermeister, 1992;
Burns, Walsh, Patterson,et al., 1997; Burns, Walsh, Owen,
and Snell, 1997; Conners, Sitarenios, Parker, & Epstein,
1998a, 1998b; DuPaulet al., 1997, 1998; Healeyet al.,
1993; Hudziaket al., 1998; Pelham, Gnagy, Greenslade, &
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Milich, 1992; Shermanet al., 1997; Willcutt & Pennington,
in press). Consequently, the fourth edition of theDiagnos-
tic and Statistical Manual of Mental Disorders(4th ed.)
(DSM-IV; American Psychiatric Association, 1994) de-
scribed three subtypes of ADHD based on elevations of
inattention and hyperactivity/impulsivity (hyp/imp). The
Predominantly Inattentive Type describes individuals
with significant elevations of inattention in the absence
of significant hyp/imp; the Predominantly Hyperactive/
Impulsive Type (Hyp/Imp Type) includes children with
significant elevations of hyp/imp but not inattention; and
the Combined Type describes individuals with elevations
of both inattention and hyp/imp.

The single twin study (Shermanet al., 1997) that sub-
divided symptoms of ADHD into factors of inattention and
hyp/imp found that individual differences in symptoms of
inattention and hyp/imp were each highly heritable. In ad-
dition, this study found significant bivariate heritability
for the two dimensions, suggesting that the same genetic
influences contribute to individual differences in symp-
toms of inattention and hyp/imp. These results provide
preliminary evidence consistent with theDSM-IVmodel
of ADHD. However, the sample utilized by Sherman and
colleagues was not large enough to examine the etiology
of extreme inattention or hyp/imp, an analysis which has
essential implications for the validity of the diagnostic
taxonomy ofDSM-IVADHD.

The Current Study

This report describes a study that replicates and ex-
tends previous research in several ways. First, multiple
diagnostic cutoff scores for ADHD were utilized to test if
the etiology of extreme ADHD scores varied as a function
of severity. Symptoms of ADHD were then subdivided
into dimensions of inattention and hyp/imp, facilitating
the comparison of the etiological influences that contribute
to extreme scores on these symptom dimensions. Finally,
a series of analyses were conducted to test whether the
etiology of extreme inattention or hyp/imp differed as a
function of scores on the other dimension. Results of these
analyses have implications for the validity of the three sub-
types ofDSM-IVADHD. Because theDSM-IVsubtypes
are proposed to represent variations of the same disorder,
similar etiological influences would be expected to con-
tribute to extreme inattention or hyp/imp scores regard-
less of the child’s score on the other dimension (e.g., the
etiology of extreme hyp/imp would be similar among in-
dividuals with the Hyp/Imp Type or the Combined Type).
On the other hand, if the etiology of extreme scores on
one dimension (e.g., inattention) is different among chil-
dren with extreme hyp/imp (Combined Type) and children

with solitary elevations of inattention (Inattentive Type),
this finding would be consistent with the hypothesis that
the Combined Type and Inattentive Type were attributable
to different etiological influences.

METHOD

Participants

A total of 373 same-sex pairs of 8 to 18-year-old
twins from the ongoing Colorado Learning Disabilities
Research Center (DeFrieset al., 1997) were included in
these analyses. The total sample included 215 MZ twin
pairs (100 female, 115 male) and 158 DZ pairs (70 fe-
male, 88 male) selected because at least one member of
the pair exhibited evidence of reading or mathematics dif-
ficulties in their school records. Such evidence included
low standardized test scores, referrals for academic tu-
toring, or special education placement. Because children
with learning difficulties are at increased risk for ADHD
(Fergusson & Horwood, 1992; McGee & Share, 1988;
Willcutt & Pennington, in press), we anticipated that the
prevalence of ADHD would be higher in this enriched
sample than in the general population.

Measures

Zygosity Determination

Zygosity of the twins was determined using a modi-
fied version of the Nichols and Bilbro zygosity question-
naire (1966), which has been shown to reliably classify
96% of twins. If zygosity classification was ambiguous
based on the questionnaire, DNA polymorphisms obtained
from blood plasma or cheek samples were compared be-
tween twins in order to ensure accurate categorization.

Measure of ADHD

The DSM-III (American Psychiatric Association,
1980) version of the Diagnostic Interview for Children
and Adolescents, Parent Report Version (DICA, Reich
& Herjanic, 1982), was utilized to assess symptoms of
ADHD. The Attention Deficit Disorder subscale of the
DICA consists of dichotomous items that ask parents to
indicate whether or not their child exhibits each of the six-
teen symptoms ofDSM-III ADHD. The inter-interview re-
liability of the DICA is reported to be 0.82, and diagnoses
based on the DICA have been shown to be concordant with
blind clinical assessments approximately ninety percent of
the time (Welner, Reich, Herjanic, Jung, & Amado, 1987).
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Table I. Factor Loading of the DSM-III Symptoms and Comparison to DSM-IV Symptoms

Factor DSM-IV
DSM-III item loadinga ComparableDSM-IV item factor

Inattention Factor
Often fails to finish things he or she starts .79 Often does not follow through on instructions and fails to finish Inattention

schoolwork, chores, or duties in the workplace
Often doesn’t seem to listen .71 Often does not seem to listen when spoken to directly Inattention
Easily distracted .72 Is often easily distracted by extraneous stimuli Inattention
Has difficulty concentrating on schoolwork .79 Often has difficulty sustaining attention in tasks or play activities Inattention
Shifts excessively from one activity to another .74 No directly comparable item
Has difficulty organizing work .71 Often has difficulty organizing tasks and activities Inattention
Needs a lot of supervision .70 No directly comparable item
Has difficulty sticking to a play activity .35b Often has difficulty sustaining attention in tasks or play activities Inattention

Hyperactivity/Impulsivity Factor
Often acts before thinking .60 No directly comparable item
Frequently calls out in class .58 Often blurts out answers before the questions have been Hyp/Imp

completed
Has difficulty awaiting turn .62 Often has difficulty awaiting turn Hyp/Imp
Runs about or climbs excessively .72 Often runs about or climbs excessively in situations in which it is Hyp/Imp

inappropriate
Has difficulty sitting still or fidgets excessively .78 Often fidgets with hands or feet or squirms in seat Hyp/Imp
Has difficulty staying seated .70 Often leaves seat in the classroom or in other situations in which Hyp/Imp

staying seated is expected
Is always “on the go,” or acts as if “driven by a motor” .76 Is often “on the go” or often acts as if “driven by a motor” Hyp/Imp
Moves about excessively during sleep .42b No directly comparable item

aFactor loadings from principal axis factor analysis with direct oblimin rotation.
bThese two symptoms did not load significantly on either factor, and were not included in either composite score.

Because maternal report was available for many more
children than paternal report (93% of all twins vs. 46% of
all twins), maternal report was utilized for the analyses
described in this report. The DICA was administered as
an interview to approximately the first 50% of the partic-
ipants in the present study (n = 380). Because of time
constraints, the DICA was administered as a parent ques-
tionnaire to the remainder of the participants (n = 366).
The wording of all items remained identical across these
two methods of administration. At the time that this tran-
sition was made, 42 mothers completed the interview and
the rating scale approximately one month apart. The to-
tal number of ADHD symptoms endorsed during these
two administrations was highly correlated (r = .84), pro-
viding support for both the test-retest reliability of the
measure and the comparability of these two methods of
administration. Additional support for the reliability of the
DICA is provided by the high correlation between mater-
nal report and paternal report in the subset of families for
whom paternal report was available (r = .79).

Assessment of the Symptom Dimensions of ADHD

Results of a principal axis factor analysis reported in
a previous paper (Willcutt & Pennington, in press) indi-

cated that symptoms ofDSM-III ADHD as assessed by
the DICA comprise two factors (summarized in Table I).
The first factor included seven symptoms similar to the
symptoms of inattention described inDSM-IV, and the
second component included seven symptoms similar to
theDSM-IVhyp/imp dimension. Based on these results,
inattention and hyp/imp composite scores were created
by summing the number of positive symptoms among the
seven on each component. Estimates of internal reliability
were high for both the inattention composite (Cronbach’s
α = .88) and the hyp/imp composite (α = .84).

Consistent withDSM-III criteria, a cutoff score of
eight positive symptoms was utilized as the diagnostic
criterion for the overall diagnosis of ADHD. This criterion
selected 9.6% of a separate control sample of 542 twins
without evidence of learning difficulties in their academic
records. In the sample of twins with learning difficulties,
this cutoff score selected 84 MZ pairs (27 female, 57 male)
and 78 DZ pairs (28 female, 50 male). Extreme cutoff
scores were then derived for the inattention and hyp/imp
composites by determining the number of symptoms of
inattention (6 symptoms) and hyp/imp (3 symptoms) that
would also identify the same proportion of the control
sample without learning problems. The inattention cutoff
selected 83 MZ pairs (32 female, 51 male) and 75 DZ
pairs (30 female, 45 male) from the sample of twins with
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learning difficulties, and the hyp/imp cutoff selected 71
MZ pairs (49 male, 22 female) and 72 DZ pairs (49 male,
23 female) from this sample.

Measures of Cognitive Ability

The revised version of the Wechsler Intelligence
Scale for Children (WISC-R; Wechsler, 1974) was uti-
lized to assess the Full Scale IQ (FSIQ) of participants
16 years of age or younger, and the Wechsler Adult In-
telligence Scale (WAIS, Wechsler, 1981) was utilized for
participants who were 17 or 18 years of age.

Measure of Reading Achievement

The Peabody Individual Achievement Test (PIAT;
Dunn & Markwardt, 1970) was utilized to assess academic
achievement in reading and spelling.

Data Analyses

Concordance Rates

Monozygotic (MZ) twins share all of their genes,
whereas dizygotic (DZ) twins share half of their segre-
gating genes on average. Therefore, if a disorder is at-
tributable to genetic influences, the rate of concordance
between twins in a pair would be expected to be signifi-
cantly higher for MZ twins than for DZ twins. However,
the method used to calculate concordance rates depends
upon the manner in which the sample was ascertained.

Two different selection procedures can be utilized to
ascertain twin pairs in which at least one twin is affected
with a disorder (e.g., DeFries & Alarcon, 1996; McGue,
1992). Thesingle selectionprocedure randomly identi-
fies one twin from each pair (e.g., the first-born member
of the pair), and only those pairs in which that individ-
ual has the disorder are selected. In contrast, thetruncate
selectionprocedure allows all twins who fall above the
cutoff score to be selected as probands, so if both twins
in a pair fall above the cutoff they are both considered as
probands. Truncate selection was utilized to identify the
present sample, with all twins who met criteria for ADHD
(or inattention or hyp/imp) selected as probands.

With single selection, only twin pairs in which Twin 1
meets criteria for the diagnosis are included in the sample
(the first two rows in Table II), thereby providing a total
sample of C+ D. The “pairwise” concordance rate es-
timated from a sample ascertained in this manner would
equal C/(C + D). In contrast, truncate selection also as-
certains pairs in which Twin 2 has the disorder but Twin 1

Table II. Calculation of Concordance Rates

Pairs Twin 1 Twin 2 Number

Concordant ADHD ADHD C
Discordant ADHD Not ADHD D
Discordant Not ADHD ADHD D

does not (third row of Table II). Therefore, truncate se-
lection identifies a total sample of C+ 2D. In order to
compensate for the greater number of discordant pairs as-
certained through truncate selection, the “probandwise”
concordance rate is computed by counting each concor-
dant pair twice, once when Twin 1 is the proband and once
when Twin 2 is the proband. By including both twins in
the first row as probands, this “double entry” procedure
effectively increases the sample to 2C+ 2D, equating
the probandwise concordance rate obtained through trun-
cate selection (i.e., 2C/[2C+ 2D]) and the pairwise con-
cordance rate estimated using single selection. Because
our sample was ascertained using truncate selection, this
double-entry procedure was used to estimate probandwise
concordance rates for the present study.

The DeFries-Fulker Multiple Regression Method

Whereas a comparison of the rates of concordance
in MZ and DZ twin pairs provides a conceptually simple
appraisal of the etiology of a discrete disorder, the multiple
regression method proposed by DeFries and Fulker (1985,
1988) provides a more powerful and versatile test of the
etiology of extreme scores on a continuous dimension.
The DeFries and Fulker model (DF model) is based on
the regression of MZ and DZ cotwin scores toward the
population mean when probands are selected because of
extreme scores on a phenotype (e.g., ADHD). Although
scores of both MZ and DZ cotwins would be expected to
regress toward the population mean, scores of DZ cotwins
should regress further toward the mean of the unselected
population than scores of MZ cotwins to the extent that
extreme ADHD scores are influenced by genes.

Similar to the concordance analyses, all twins who
scored above the cutoff on the ADHD measures were se-
lected as probands for the regression analyses. Because
the double entry of concordant pairs artificially inflates
the sample size, the standard errors of the regression coef-
ficients were corrected prior to tests of significance (e.g.,
Stevenson, Pennington, Gilger, DeFries, & Gillis, 1993).
In order to facilitate the estimation ofh2

g, standardized
scores were created prior to conducting the multiple re-
gression analysis based on the mean and standard de-
viation of the separate control sample of twins without
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a history of significant learning problems. The obtained
standardized scores of the selected sample of MZ probands
and cotwins were then divided by the MZ proband mean,
and the DZ proband and cotwin scores were divided by the
DZ proband mean. This procedure ensures that the MZ and
DZ probands are equally divergent from the mean score
of the controls prior to the regression analysis.

The basic regression model is as follows:

C = B1P + B2R+ K (1)

whereC is the expected cotwin score,P is the proband
score,R is the coefficient of relationship (1 for MZ pairs,
0.5 for DZ pairs), andK is the regression constant. TheB1

coefficient represents the partial regression of the cotwin’s
score on the proband score, and provides a measure of
twin resemblance irrespective of zygosity. TheB2 param-
eter represents the partial regression of the cotwin’s score
on the coefficient of relationship, and after appropriate
transformation of the data, provides a direct estimate of
the heritability of extreme scores on the trait under con-
sideration (h2

g). After adjustment of the standard errors of
the regression coefficients to correct for the double entry
of concordant pairs, the significance of theB2 parameter
provides a statistical test of the extent to which extreme
scores are attributable to genetic influences.

Evaluation of the Relation Between Extreme Inattention
and hyp/imp

The DF model can be elaborated to test for the influ-
ence of other independent variables on the etiology of the
extreme score under consideration. For the current anal-
yses, extended DF models were utilized to test whether
the etiology of extreme inattention or hyp/imp varied as
a function of the proband’s score on the other dimension.
For example, the extended model to test whether the heri-
tability of inattention varied as a function of hyp/imp was
as follows:

CIN = B1PIN + B2R+ B3PHYP+ B4PIN ∗ PHYP

+ B5R ∗ PHYP+ K (2)

whereCIN is the number of inattention symptoms exhib-
ited by the cotwin,PIN is the number of inattention symp-
toms exhibited by the proband,R is the coefficient of
relationship,PHYP is a dummy code indicating whether
or not the proband fell above the extreme score cutoff for
hyp/imp, PIN ∗ PHYP is the product of the proband’s inat-
tention score and the hyp/imp dummy code, andR∗ PHYP

is the product of the coefficient of relationship and the
hyp/imp dummy code. When scores below the hyp/imp
cutoff are coded as−0.5 and scores above the hyp/imp

cutoff are coded as 0.5, theB5 parameter estimates the dif-
ference between the heritabilities for inattention obtained
in individuals with high versus low hyp/imp. Thus, in this
case, the significance of theB5 parameter tests whether the
heritability of inattention is significantly different between
individuals with high versus low hyp/imp. Alternatively,
the actual number of symptoms of hyp/imp can be used
as thePHYP covariate in Equation 2 to test if the heritabil-
ity of inattention differs as a linear function of hyp/imp
symptoms.

RESULTS

Demographic Characteristics in the Overall Sample

Table III presents mean scores for the overall sam-
ple by zygosity for age, socioeconomic status (SES), IQ,
and symptoms of ADHD. MZ and DZ twins did not dif-
fer in age or SES as assessed by the Hollingshead (1975)
2-factor inventory. The mean number of ADHD symptoms
was also not significantly different by zygosity in the total
sample of MZ and DZ twins, and the MZ and DZ vari-
ances were virtually identical. The ethnic composition of
the overall sample was 84.8% Caucasian, 7.9% Non-white
Hispanic, 4.0% African American, 1.7% Asian American,
and 1.1% Native American. There were no significant dif-
ferences in ethnic composition by zygosity.

Etiology of ADHD

When probands were selected for ADHD, MZ cot-
wins (78%) were significantly more likely than DZ cotwins
(38%) to also meet criteria for ADHD,χ2 = 47.02, p <
.001, suggesting that ADHD is substantially the result of
genetic influences. These MZ and DZ concordance rates
are similar to those obtained using another DSM-III mea-
sure of ADHD in an unselected twin sample (Levyet al.,

Table III. Mean Scores by Zygosity on Demographic Measures and
Dimensions of ADHDa

MZ Twins DZ Twins

Measure M SD M SD

Age 11.4 2.6 11.3 2.4
Socioeconomic status 37.5 14.6 35.0 14.9
Full Scale IQ 99.2 10.8 101.2 11.9
Hyp/imp symptoms 1.4 1.9 1.5 2.0
Inattention symptoms 3.4 2.6 3.2 2.5
Total ADHD symptoms 5.1 4.3 5.0 4.3

aMZ and DZ means were not significantly different for any variable.
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Fig. 1. Heritability of extreme ADHD scores based on a range of diagnostic cutoff scores.

1997), providing support for the generalizability of the
current findings.

Whereas concordance analyses provide a rough in-
dex of the extent to which genetic and environmental
influences contribute to extreme ADHD scores, the DF
method provides a more powerful test of the etiology of
this condition, and facilitates the comparison of the rela-
tive influence of genetic and environmental factors. When
probands with eight or more symptoms of ADHD were
selected, the mean standardized DICA scores of the MZ
and DZ probands fell approximately two and one-half
standard deviations above the mean of the comparison
sample of twins without learning difficulties (MZM =
2.45,SD = 0.68; DZ M = 2.59,SD = 0.73). As ex-
pected, the scores of MZ and DZ cotwins both regress
toward the control mean, but the difference between the
mean scores of the MZ cotwins (2.19 standard deviations
above the control mean) and DZ cotwins (1.02 standard
deviations above the mean of the comparison sample)
suggests that extreme ADHD scores are highly herita-
ble. Indeed, results of the multiple regression analysis
indicated that extreme scores on the DICA are signifi-
cant and almost entirely attributable to genetic influences,
h2

g = 0.98(.16), t = 6.12, p < .001.

Etiology of ADHD at Different Diagnostic Cutoff Scores

In order to test whether the etiology of ADHD dif-
fered depending on severity, a series of DF analyses were
conducted utilizing a range of diagnostic cutoff scores. As

noted previously, the cutoff score of eight positive symp-
toms specified in theDSM-III and the DICA manual se-
lected 9.6% of the separate control sample of twins with-
out evidence of learning difficulties. Additional cutoffs
were then derived that selected 25% (5 symptoms), 20%
(6 symptoms), 15% (7 symptoms), and 5% (10 symptoms)
of the same control sample. Results of analyses using each
of these cutoffs indicated that extreme ADHD scores were
highly heritable for all five cutoff scores (Fig. 1). More-
over, the similarity of these heritability estimates is consis-
tent with the hypothesis that the same genetic influences
contribute to ADHD across a range of diagnostic severity.

Etiology of Extreme Inattention and
Hyperactivity/Impulsivity

The rates of concordance for extreme inattention and
hyp/imp were both significantly higher for MZ pairs than
DZ pairs (Table IV), suggesting that extreme scores on
these dimensions are both significantly attributable to ge-
netic influences. Similarly, group heritability estimates
(Table V) were significant and substantial for both extreme
inattention (h2

g = 0.94) and extreme hyp/imp (h2
g = 0.78).

The Relation Between Extreme Inattention and
Hyperactivity/Impulsivity

Analyses of the overlap between extreme hyp/imp
and inattention were conducted in order to test whether
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Table IV. Probandwise Concordance Rates by Zygosity for Extreme
Inattention and Hyperactivity/Impulsivity

Number of Probandwise
pairs concordance

Measure MZ DZ MZ DZ χ2

Extreme inattention
Total sample 83 75 76% 30% 61.71∗∗∗
High hyp/imp probands 43 30 83% 30% 44.04∗∗∗
Low hyp/imp probands 40 45 65% 20% 21.65∗∗∗

Extreme hyperactivity/
impulsivity

Total sample 71 72 72% 46% 23.88∗∗∗
High inattention probands 29 31 80% 42% 24.00∗∗∗
Low inattention probands 42 41 56% 50% 2.71

∗∗∗= p < .001.

extreme scores on the two dimensions co-occurred signif-
icantly more frequently than would be expected by chance.
Results revealed a substantial correlation between the con-
tinuous dimensions of inattention and hyp/imp symptoms
(r = .59). Similarly, individuals who scored above the
extreme score cutoff on the inattention dimension were
significantly more likely also to score above the hyp/imp
cutoff (54%) than were individuals who scored below
the inattention cutoff score (13%), and individuals with
extreme hyp/imp scores exhibited a significantly higher
prevalence of extreme inattention (61%) than individuals
without significant hyp/imp symptoms (15%).

Because the finding that extreme inattention and hyp/
imp scores overlapped significantly, follow-up analyses
were conducted to test if the etiology of extreme scores
on either dimension varied as a function of the proband’s
score on the other dimension. When probands were se-
lected due to extreme inattention (Table IV), the rate of
extreme inattention was significantly higher among MZ
cotwins than DZ cotwins whether or not the proband also

Table V. Heritability of Extreme Scores on the Inattention and Hyperactivity/Impulsivity Composites

# Pairs
MZ Proband DZ Proband MZ Cotwin DZ Cotwin

Sample MZ DZ Mean (SD) Mean (SD) Mean (SD) Mean (SD) h2
g (SE) t

Extreme inattention
Total sample 83 75 2.35 (0.23) 2.31 (0.24) 1.96 (0.89) 0.84 (1.11) 0.94 (.15) 6.27∗∗
Proband high H/I 40 45 2.43 (0.23) 2.37 (0.25) 2.19 (0.74) 0.91 (1.13) 1.04 (.19) 5.47∗∗
Proband low H/I 43 30 2.26 (0.24) 2.22 (0.23) 1.73 (0.98) 0.73 (1.08) 0.88 (.28) 3.14∗∗

Extreme hyperactivity/impulsivity
Total sample 71 72 2.71 (1.05) 2.80 (0.95) 2.31 (1.44) 1.28 (1.64) 0.78 (.22) 3.54∗∗
Proband high Inatt. 42 41 2.87 (1.08) 3.21 (0.97) 2.56 (1.42) 1.08 (1.51) 1.10 (.23) 4.78∗∗
Proband low Inatt. 29 31 2.34 (0.90) 2.29 (0.61) 1.75 (1.34) 1.65 (1.76) 0.08 (.32) 0.24

∗∗= p < .01.

exhibited extreme hyp/imp. This result suggests that the
etiology of extreme inattention is similar whether the pro-
band exhibits both inattention and hyp/imp (e.g., the Com-
bined Type) or inattention alone (the Inattentive Type).
The probandwise concordance rate for extreme hyp/imp
was also significantly higher among MZ pairs than DZ
pairs when probands exhibited both extreme inattention
and extreme hyp/imp. In contrast, the probandwise con-
cordance for extreme hyp/imp was almost identical in MZ
and DZ pairs when the proband scored above the hyp/imp
cutoff in the absence of significant inattention. This unex-
pected finding suggests that whereas extreme hyp/imp is
attributable to genetic influences in individuals that also
have significant attention problems, environmental influ-
ences largely account for extreme hyp/imp in individuals
without significant inattention.

Two sets of analyses were conducted to test if the
heritability of extreme inattention or hyp/imp varied sig-
nificantly as a function of the proband’s score on the other
dimension. First, a dummy code indicating whether or
not the proband exhibited an extreme score on the other
dimension was included in an extended DF model (see
Equation 2). Results indicated that extreme inattention
was highly heritable whether or not the proband also ex-
hibited extreme hyp/imp (Table V). In order to test whether
this finding might be limited to the specific cutoff for
hyp/imp utilized in this study, the extended model was
also fit to the inattention data using the entire dimension
of hyp/imp symptoms. The heritability of extreme inatten-
tion did not vary significantly as a function of the number
of hyp/imp symptoms exhibited by the proband (p > .50).
In contrast, the heritability of extreme hyp/imp was sub-
stantially higher when selected probands also met criteria
for inattention (h2

g = 1.10) than when probands fell below
the extreme score cutoff for inattention (h2

g = 0.08). The
inclusion of a dummy code for the inattention diagnosis
in the extended multiple regression model revealed that
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the difference between the twoh2
g estimates for hyp/imp

is significant (B5 = 1.02± 0.38, t = 2.72, p < .01),
suggesting that the etiology of extreme hyp/imp is differ-
ent in children who also exhibit extreme inattention versus
children with high hyp/imp alone. Moreover, results of the
extended model revealed that the heritability of extreme
hyp/imp increased as a linear function of the number of
symptoms of inattention (p < .01), suggesting that this
relation is not restricted to a single arbitrary cutoff for
extreme inattention.

The Influence of Academic Achievement, FSIQ,
and Gender on the Etiology of ADHD

As a final test of the etiology of extreme ADHD
symptomatology, the influence of reading and mathemat-
ics achievement, FSIQ, and gender was tested by including
each of these variables in a separate extended DF model.
None of the findings discussed previously differed sig-
nificantly as a function of academic achievement or FSIQ
(p > .50). Although none of the heritability estimates dif-
fered significantly as a function of gender, the difference
between the heritability of hyp/imp in males (h2

g = 0.92)
and females (h2

g = 0.50) suggested that extreme hyp/imp
might be more heritable among males than among females
in a larger sample.

DISCUSSION

This study examined the etiology of ADHD in a sam-
ple of twins selected because at least one twin in each pair
had a history of learning difficulties. Results revealed that
extreme scores on a measure ofDSM-III ADHD were al-
most entirely attributable to genetic influences, with sim-
ilar heritability estimates across a range of diagnostic cut-
off scores (h2

g = 0.92–0.98). These heritability estimates
are similar to those obtained in a different study (Levy
et al., 1997) that utilized the same analytical technique
to examine the etiology of symptoms ofDSM-III ADHD
(h2

g = 0.91), suggesting that the current findings are com-
parable to results from unselected community samples.
The finding that heritability estimates are similar across
multiple diagnostic cutoff scores is also consistent with
two previous studies (Gjoneet al., 1996; Levyet al., 1997),
providing converging evidence suggesting that genetic in-
fluences account for a similar proportion of the variance
in symptoms of ADHD across a range of severity.

Based on the results of a factor analysis (Willcutt
& Pennington, in press), symptoms of ADHD were sub-
divided to form inattention and hyp/imp symptom com-
posites. Extreme inattention scores were highly heritable

whether or not the proband also exhibited extreme hyp/
imp, consistent with the hypothesis that the etiology of
symptoms of inattention is similar whether or not the in-
dividual also exhibits elevations of hyp/imp. In contrast,
whereas extreme hyp/imp was highly heritable (h2

g =
1.10) when probands exhibited scores above the cutoff for
both hyp/imp and inattention, the heritability of extreme
hyp/imp was nonsignificant (h2

g = 0.08) when probands
with extreme hyp/imp did not also exhibit extreme inat-
tention. This unexpected finding suggests that the etiology
of extreme hyp/imp may be different for individuals with
and without concomitant elevations of inattention.

Implications for the DSM-IV Model of ADHD

Although these results should be interpreted with
caution until they can be replicated in other community
samples, the finding that the etiology of hyp/imp varies
as a function of the number of symptoms of inattention
may have important implications for theDSM-IV model
of ADHD. If this finding can be replicated using a mea-
sure of the specificDSM-IVADHD symptoms, this would
suggest that the Combined Type and Hyp/Imp Type of
ADHD are attributable to different etiological influences.
Although such a finding would not provide definitive in-
formation regarding the relation between the subtypes,
it would provide evidence consistent with the hypothesis
that the Hyp/Imp Type and Combined Type may be better
conceptualized as separate disorders with largely distinct
etiologies.

Interpretation of this finding is complicated by the
paucity of empirical data regarding children with specific
elevations of hyp/imp in the absence of inattention. Prior
to the field trials forDSM-IV (Lahey et al., 1994), the
Hyp/Imp Type had never been described in previous em-
pirical or clinical literature with the exception of a single
cluster analytic study (Bauermeister, 1992). Subsequent
studies have suggested that the Hyp/Imp Type is associ-
ated with significant elevations of other disruptive symp-
toms (e.g., Gaub & Carlson, 1997; Faraone, Biederman,
Weber, & Russell, 1998; McBurnettet al., 1999; Willcutt,
Pennington, Chhabildas, Friedman, & Alexander, 1999),
but may be associated with lower levels of functional im-
pairment than the Combined Type on measures of cogni-
tive functioning (Faraoneet al., 1998; Laheyet al., 1998;
Willcutt et al., 1999), academic achievement (Laheyet al.,
1994), and some facets of social functioning (Laheyet al.,
1994; Laheyet al., 1998). These differences in the profile
of functional impairment associated with the Combined
Type and Hyp/Imp Type could be associated with the
differences in etiology obtained in the present study, but
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additional studies with larger samples will be necessary
to provide definitive information about the etiology and
correlates of the Hyp/Imp subtype and its relation to the
other subtypes ofDSM-IVADHD.

Limitations and Direction for Future Research

1. The sample utilized in this study was recruited
because at least one twin in each pair exhibited
evidence of learning difficulties in their school
records. Because learning difficulties are signifi-
cantly associated with ADHD (Fergusson &
Horwood, 1992; McGee & Share, 1988; Semrud-
Clikeman et al., 1992; Willcutt & Pennington,
in press), this method of ascertainment yielded
a larger number of twins with ADHD than would
be expected in an unselected sample. Although the
utilization of a sample enriched for ADHD pro-
vided greater statistical power for the behavioral
genetic analyses, this could limit the applicabil-
ity of the current findings to unselected popula-
tions. For example, it is possible that the etiology
of ADHD differs depending on the presence or
absence of comorbid RD. However, a previous
study of the etiology ofDSM-III ADHD in an un-
selected population yielded heritability estimates
similar to those obtained in the present sample
(Levy et al., 1997). Moreover, the heritability of
ADHD symptoms did not vary significantly as a
function of the proband’s reading achievement in
the present sample. Taken together, these results
suggest that ADHD may be highly heritable re-
gardless of comorbidity with RD. Nevertheless,
the current findings should be interpreted with
caution until they can be replicated in a separate
sample of unselected twins.

2. Previous studies of unselected samples have sug-
gested that the high heritability estimates obtained
for ADHD may be at least partially attributable
to contrast effects (Goodman & Stevenson, 1989;
Thaparet al., 1995). Contrast effects occur if par-
ents describe MZ twins as more similar or DZ
twins as more distinct based on their knowledge
of the twins’ zygosity, rather than actual behav-
ioral similarities or differences exhibited by the
twins. Two findings in the present sample pro-
vide tentative evidence against the hypothesis that
the present findings are attributable to contrast ef-
fects. First, significant contrast effects are typi-
cally reflected in significantly higher means and
variances for DZ twins than MZ twins (e.g., Carey,

1986). Therefore, the similarity of the MZ and DZ
means and variances for all measures of ADHD
argues against this hypothesis. Second, twin cor-
relations between pairs in which the mother re-
ported that she was unsure of the twin’s zygos-
ity were compared to correlations between pairs
in which the mother reported that she knew the
zygosity of her children. MZ twin correlations
were similar whether the mother reported that
she knew the twins’ zygosity (n = 237;r = .84
for ADHD, r = .87 for hyp/imp,r = .75 for
inattention) or was unsure of the zygosity of the
pair (n = 90;r = .87 for ADHD, r = .79 for
hyp/imp,r = .84 for inattention), suggesting that
knowledge of the children’s zygosity does not in-
fluence ratings of MZ twins. Unfortunately, the
mothers of only nine DZ pairs reported that they
were unsure about their twins’ zygosity; there-
fore, it was not possible to test the hypothesis
that parents may exaggerate the difference be-
tween DZ twins based on their knowledge of the
twins’ zygosity (e.g., Simonoffet al., 1998). We
are currently collecting reports from both parents
and teachers as another method to address this
issue.

3. When probands were selected for hyp/imp in the
presence of extreme inattention, the heritability
estimate for extreme hyp/imp was above the math-
ematically defined limit of 1.0. Several explana-
tions may explain this finding, including contrast
effects or significant nonadditive genetic influ-
ences. However, because heritability estimates ob-
tained from the DF method are unconstrained, a
heritability estimate slightly above 1.0 may sim-
ply reflect the range of sampling error around the
true estimate (95% CI= 0.65− 1.55).

4. The version of the DICA utilized in the current
study was designed to assess theDSM-III symp-
toms of ADHD. While the factor analysis reported
in a previous paper (Willcutt & Pennington, in
press) is quite consistent with the findings of one
study using the same measure (Shermanet al.,
1997) and numerous studies using different mea-
sures of ADHD (Bauermeister, 1992; Burnset al.,
1997; Connerset al., 1998a, 1998b; Healeyet al.,
1993; Hudziaket al., 1998; Pelhamet al., 1992),
the current findings warrant replication with a
measure of the specific symptoms of inattention
and hyp/imp described inDSM-IV.

5. The prevalence of ADHD in the present normal
control sample of twins (9.6%) is somewhat higher
than the average prevalence of approximately 5%
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obtained in previous epidemiological studies us-
ingDSM-III criteria (see Barkley, 1998 for a sum-
mary). The reasons for the higher prevalence in
the present sample are unclear, but may have re-
sulted in an ADHD sample that is less extreme
than samples ascertained in other studies. There-
fore, future studies of larger samples should test
if the present findings can be replicated using a
more stringent cutoff score for ADHD.

6. Results of previous family studies have suggested
that the presence or absence of comorbid psy-
chopathology may represent a marker for differ-
ent etiological subtypes of ADHD (e.g., Faraone
et al., 1991; Sprich-Buckminsteret al., 1993).
Analyses of the influence of comorbid psycho-
pathology were not possible in the current sample
because data were available for only a subset of
the participants. Therefore, future studies utilizing
larger samples could provide a valuable extension
of the current findings by testing directly if the eti-
ology of ADHD differs as a function of comorbid
disorders.

7. Finally, although the overall sample utilized for
this report is fairly large, the statistical power to
detect gender differences in the etiology of ADHD
was low. Therefore, future studies utilizing larger
samples should continue to test whether ADHD
is attributable to different etiological influences in
boys and girls.

ACKNOWLEDGMENTS

The present research was supported in part by NICHD
grants HD-11681 and HD-27802. Erik Willcutt was sup-
ported in part by NIMH grant F32 MH12100 during the
preparation of this report. Bruce Pennington was sup-
ported in part by NIMH grant MH00419 and NIMH grant
MH38820. We wish to extend our gratitude to the
Colorado Learning Disabilities Research Center staff and
to the school personnel and families that participated in
the study.

REFERENCES

American Psychiatric Association. (1980).Diagnostic and Statistical
Manual of Mental Disorders(3rd ed.). Washington, DC: Author.

American Psychiatric Association. (1994).Diagnostic and Statistical
Manual of Mental Disorders(4th ed.). Washington, DC: Author.

Barkley, R. A. (1998).Attention-deficit hyperactivity disorder: A hand-
book for diagnosis and treatment(2nd ed.). New York: Guilford
Press.

Bauermeister, J. (1992). Factor analyses of teacher ratings of attention-
deficit hyperactivity and oppositional defiant symptoms in children

aged four through thirteen years.Journal of Clinical Child Psychol-
ogy, 21, 27–34.

Burns, G. L., Walsh, J. A., Owen, S. M., & Snell, J. (1997). The internal
validity of the DSM-III-R and DSM-IV disruptive behavior disorder
symptoms: Implications from teacher ratings for a dimensional ap-
proach to symptom validity.Journal of Clinical Child Psychology,
26, 266–275.

Burns, G. L., Walsh, J. A., Patterson, D. R., Holte, C. S., Sommers-
Flanagan, R., & Parker, C. M. (1997). Internal validity of the dis-
ruptive behavior disorder symptoms: Implications from parent rat-
ings for a dimensional approach to symptom validity.Journal of
Abnormal Child Psychology, 25, 307–320.

Carey, G. (1986). Sibling imitation and contrast effects.Behavior Ge-
netics, 16, 319–341.

Conners, C. K., Sitarenios, G., Parker, J. D., & Epstein, J. N. (1998a).
Revision and restandardization of the Conners Parent Rating Scale
(CPRS-R): Factor structure, reliability, and criterion validity.Jour-
nal of Abnormal Child Psychology, 26, 257–268.

Conners, C. K., Sitarenios, G., Parker, J. D., & Epstein, J. N. (1998b).
Revision and restandardization of the Conners Teacher Rating Scale
(CTRS-R): Factor structure, reliability, and criterion validity.Jour-
nal of Abnormal Child Psychology, 26, 279–291.

DeFries, J. C., & Alarcon, M. (1996). Genetics of specific reading disabil-
ity. Mental Retardation and Developmental Disabilities Research
Review, 2, 39–47.

DeFries, J. C., Filipek, P. A., Fulker, D. F., Olson, R. K., Pennington, B. F.,
Smith, S. D., & Wise, B. (1997). Colorado Learning Disabilities
Research Center.Learning Disabilities, 8, 7–19.

DeFries, J. C., & Fulker, D. F. (1985). Multiple regression analysis of
twin data.Behavior Genetics, 15, 467–473.

DeFries, J. C., & Fulker, D. F. (1988). Multiple regression analysis of
twin data: Etiology of deviant scores versus individual differences.
Acta Geneticae Medicae et Gemellologiae: Twin Research, 37, 205–
216.

Dunn, L. M., & Markwardt, F. C. (1970).Examiner’s manual: Peabody
Individual Achievement Test. Circle Pines, MN: American Guid-
ance Service.

DuPaul, G. J., Anastopoulos, A. D., McGoey, K. E., Power, T. J., Reid,
R., & Ikeda, M. J. (1997). Teacher ratings of attention deficit hy-
peractivity disorder symptoms: Factor structure and normative data.
Psychological Assessment, 9, 436–444.

DuPaul, G. J., Anastopoulos, A. D., Power, T. J., Reid, R., Ikeda,
M. J., & McGoey, K. E. (1998). Parent ratings of attention
deficit/hyperactivity disorder symptoms: Factor structure and nor-
mative data.Journal of Psychopathology and Behavioral Assess-
ment, 20, 83–102.

Eaves, L. J., Silberg, J. L., Meyer, J. M., Maes, H. H., Simonoff, E.,
Pickles, A., Rutter, M., Neale, M. C., Reynolds, C. A., Erickson,
M. T., Heath, A. C., Loeber, R., Truett, K. R., & Hewitt, J. K.
(1997). Genetics and developmental psychopathology: 2. The main
effects of genes and environment on behavioral problems in the Vir-
ginia Twin Study of Adolescent Behavioral Development.Journal
of Child Psychology and Psychiatry, 38, 965–980.

Edelbrock, C., Rende, R., Plomin, R., & Thompson, L. A. (1995). A
twin study of competence and problems behavior in childhood and
early adolescence.Journal of Child Psychology and Psychiatry, 36,
775–785.

Faraone, S. V., Biederman, J., Keenan, K., & Tsuang, M. T. (1991). Sep-
aration of DSM-III attention deficit disorder and conduct disorder:
Evidence from a family-genetic study of American child psychiatric
patients.Psychological Medicine, 21, 109–121.

Faraone, S. V., Biederman, J., Weber, W., & Russell, R. L. (1998). Psy-
chiatric, neuropsychological, and psychosocial features of DSM-IV
subtypes of attention-deficit/hyperactivity disorder: Results from a
clinically referred sample.Journal of the American Academy of
Child and Adolescent Psychiatry, 37, 185–193.

Fergusson, D. M., & Horwood, L. (1992). Attention deficit and reading
achievement.Journal of Child Psychology and Psychiatry, 33, 375–
385.



P1: FHR/FGO P2: FhN

Journal of Abnormal Child Psychology PL115-57 March 22, 2000 14:27 Style file version June 09, 1999

Twin Study of ADHD Dimensions 159

Gaub, M., & Carlson, C. L. (1997). Behavioral characteristics of DSM-
IV ADHD subtypes in a school-based population.Journal of Ab-
normal Child Psychology, 25, 103–111.

Gillis, J. J., Gilger, J. W., Pennington, B. F., & DeFries, J. C. (1992).
Attention deficit disorder in reading disabled twins: Evidence for a
genetic etiology.Journal of Abnormal Child Psychology, 20, 303–
315.

Gjone, H., Stevenson, J., & Sundet, J. M. (1996). Genetic influence on
parent-reported attention-related problems in a Norwegian general
population twin sample.Journal of the American Academy of Child
and Adolescent Psychiatry, 35, 588–596.

Goodman, R., & Stevenson, J. (1989). A twin study of hyperactivity—II.
The aeteological role of genes, family relationships, and perinatal
adversity.Journal of Child Psychology and Psychiatry, 30, 691–
709.

Healey, J. M., Newcorn, J. H., Halperin, J. M., Wolf, L. E., Pascualvaca,
D. M., Schmeidler, J., & O’Brien, J. D. (1993). The factor struc-
ture of ADHD items in DSM-III-R: Internal consistency and ex-
ternal validation.Journal of Abnormal Child Psychology, 21, 441–
453.

Hollingshead, A. (1975). Two-factor index of social status. Unpublished
manuscript.

Hudziak, J. J., Heath, A. C., Madden, P. F., Reich, W., Bucholz, K. K.,
Slutske, W., Beirut, L. J., Neuman, R. J., & Todd, R. D. (1998).
Latent class and factor analysis of DSM-IV ADHD: A twin study
of female adolescents.Journal of the American Academy of Child
and Adolescent Psychiatry, 37, 848–857.

Lahey, B. B., Applegate, B., McBurnett, K., Biederman, J., Greenhill, L.,
Hynd, G. W., Barkley, R. A., Newcorn, J., Jensen, P., Richters, J.,
Garfinkel, B., Kerdyk, L., Frick, P. J., Ollendick, T., Perez, D., Hart,
E. L., Waldman, I., & Shaffer, D. (1994). DSM-IV field trials for At-
tention Deficit Hyperactivity Disorder in children and adolescents.
American Journal of Psychiatry, 151, 1673–1685.

Lahey, B. B., Pelham, W. E., Stein, M. A., Loney, J., Trapani, C.,
Nugent, K., Kipp, H., Schmidt, E., Lee, S., Cale, M., Gold, E.,
Hartung, C. M., Willcutt, E. G., & Baumann, B. (1998). Validity of
DSM-IV Attention-deficit/Hyperactivity Disorder for young chil-
dren.Journal of the American Academy of Child and Adolescent
Psychiatry, 37, 695–702.

Levy, F., Hay, D. A., McStephen, M., Wood, C., & Waldman, I. (1997).
Attention-Deficit Hyperactivity Disorder: A category or a contin-
uum? A genetic analysis of a large-scale twin study.Journal of the
American Academy of Child and Adolescent Psychiatry, 36, 737–
744.

McBurnett, K., Pfiffner, L. J., Willcutt, E., Tamm, L., Lerner, M., Ottolini,
Y. L., & Furman, M. B. (1999). Experimental cross-validation of
DSM-IV types of Attention-Deficit Hyperactivity Disorder.Journal
of the American Academy of Child and Adolescent Psychiatry, 38,
17–24.

McGee, R., & Share, D. (1988). Attention Deficit Disorder-Hyperactivity
and academic failure: Which comes first and which should be
treated?Journal of the American Academy of Child and Adoles-
cent Psychiatry, 27, 318–325.

McGue, M. K. (1992). When assessing twin concordance, use the
probandwise and not the pairwise rate.Schizophrenia Bulletin, 18,
171–176.

Nadder, T. S., Silberg, J. L., Eaves, L. J., Maes, H. H., & Meyer, J. M.
(1998). Genetic effects on ADHD symptomatology in 7- to 13-year-

old twins: Results from a telephone survey.Behavior Genetics, 28,
83–99.

Nichols, R., & Bilbro, W. (1966). The diagnosis of twin zygosity.Acta
Genetica et Statistica Medica, 16, 265–275.

Pelham, W. E., Gnagy, E. M., Greenslade, K. E., & Milich, R. (1992).
Teacher ratings of DSM-III-R symptoms for the disruptive behavior
disorders.Journal of the American Academy of Child and Adoles-
cent Psychiatry, 31, 210–218.

Reich, W., & Herjanic, B. (1982).Training Manual for the Diagnostic In-
terview for Children and Adolescents. Unpublished manuscript, De-
partment of Psychiatry, Washington University School of Medicine.

Schmitz, S., Fulker, D. W., & Mrazek, D. A. (1995). Problem behavior
in early and middle childhood: An initial behavior genetic analysis.
Journal of Child Psychology and Psychiatry, 36, 1443–1458.

Semrud-Clikeman, M., Biederman, J., Sprich-Buckminster, S., Lehman,
B. K., Faraone, S. V., & Norman, D. (1992). Comorbidity between
ADDH and LD: A Review and report in a clinically referred sam-
ple. Journal of the American Academy of Child and Adolescent
Psychiatry, 31, 439–448.

Sherman, D. K., Iacono, W. G., & McGue, M. K. (1997). Attention-
deficit/hyperactivity disorder dimensions: A twin study of inat-
tention and impulsivity/hyperactivity.Journal of the American
Academy of Child and Adolescent Psychiatry, 36, 745–753.

Simonoff, E., Pickles, A., Hervas, A., Silberg, J. L., Rutter, M., & Eaves,
L. (1998). Genetic influences on childhood hyperactivity: Contrast
effects imply parental rating bias, not sibling interaction.Psycho-
logical Medicine, 28, 825–837.

Sprich-Buckminster, S., Biederman, J., Milberger, S., Faraone, S. V., &
Krifcher Lehman, B. (1993). Are perinatal complications relevant
to the manifestation of ADD? Issues of comorbidity and familiality.
Journal of the American Academy of Child and Adolescent Psychi-
atry, 32, 1032–1037.

Stevenson, J. (1992). Evidence for a genetic etiology in hyperactivity in
children.Behavior Genetics, 22, 337–344.

Stevenson, J., Pennington, B. F., Gilger, J. W., DeFries, J. C., & Gillis,
J. J. (1993). Hyperactivity and spelling disability: Testing for shared
genetic aetiology.Journal of Child Psychology and Psychiatry, 14,
1137–1152.

Thapar, A., Hervas, A., & McGuffin, P. (1995). Childhood hyperactivity
scores are highly heritable and show sibling competition effects:
Twin study evidence.Behavior Genetics, 25, 537–544.

Wechsler, D. (1974).Examiner’s manual: Wechsler Intelligence Scale
for Children-Revised. New York: The Psychological Corporation.

Wechsler, D. (1981).Manual for the Wechsler Adult Intelligence Scale—
revised. San Antonio: The Psychological Corporation.

Welner, Z., Reich, W., Herjanic, B., Jung, K. G., & Amado, H. (1987).
Reliability, validity, and parent-child agreement studies of the di-
agnostic interview for children and adolescents (DICA).Journal
of the American Academy of Child and Adolescent Psychiatry, 26,
649–653.

Willcutt, E. G., & Pennington, B. F. (in press). Comorbidity of reading
disability and attention-deficit/hyperactivity disorder: Differences
by gender and subtype.Journal of Learning Disabilities(in press).

Willcutt, E. G., Pennington, B. F., Chhabildas, N. A., Friedman, M. C.,
& Alexander, J. (1999). Psychiatric comorbidity associated with
DSM-IV ADHD in a nonreferred sample of twins.Journal of the
American Academy of Child and Adolescent Psychiatry, 38, 1355–
1362.


