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Objective: Attention deficit hyperactivity
disorder (ADHD) is a highly heritable but
clinically heterogeneous syndrome. The
study examined the familiality and herita-
bility of ADHD subtypes as defined by
DSM-IV and by latent-class analysis in a
population sample of adolescent female
twins.

Method: To determine which elements
of ADHD cluster together, latent-class
analysis was applied to data obtained
from parents on the 18 DSM-IV ADHD
symptoms in 4,036 female twins age 13–
23 years in a population sample identi-
fied from the registry of all births in Mis-
souri for the years 1968–1996. Relative
risk and odds ratios were used to assess
within-subtype and between-subtype fa-
miliality and heritability of both DSM-IV
and latent-class ADHD subtypes.

Results: Latent-class analysis was most
compatible with the existence of three
mild and three severe classes of ADHD
symptoms in the general population. The
three severe classes showed moderate
overlap with DSM-IV ADHD subtypes. The
primarily inattentive and combined sub-
types of DSM-IV ADHD co-clustered within
families. The primarily hyperactive/im-
pulsive DSM-IV subtype and the individ-
ual latent-class analysis subtypes did not
co-cluster. Subtypes defined by both ap-
proaches were highly heritable.

Conclusions: Unlike DSM-IV subtypes of
ADHD, latent-class ADHD subtypes appear
to be independently transmitted in fami-
lies. These classes may be more appropri-
ate targets for molecular genetic studies
of ADHD.

(Am J Psychiatry 2001; 158:1891–1898)

The familial nature of attention deficit hyperactivity
disorder (ADHD) has been recognized since the turn of the
last century (1). Subsequent twin studies from several
countries have estimated the heritability of ADHD to be
between 0.6 and 0.9 (reviewed in references 2, 3). Despite
the overwhelming evidence for genetic influences on
ADHD, there is controversy regarding how to conceptual-
ize ADHD symptoms in genetic studies (for example, ref-
erences 2, 4, 5). Because of high rates of comorbidity and
concerns about the validity of DSM-IV ADHD subtypes (2,
3, 6), it is possible that alternative ways of conceptualizing
the ADHD phenotype may identify more “pure” pheno-
types.

A major step in elucidating the genetic elements con-
tributing to a disorder is determining what aspects of the
disorder are heritable. Despite the almost universal reli-
ance of current candidate gene and genetic linkage studies
of ADHD on DSM-IV nosology, very little evidence has
been presented regarding the relative heritabilities or fa-
milial specificities of DSM-IV ADHD subtypes. Recently,
three studies have tested for family specificity of DSM-IV
ADHD in first-degree relatives of subjects with ADHD
identified from clinics or by advertisement (7–9). All these
studies failed to identify significant family clustering of
DSM-IV ADHD subtypes and concluded that symptom

variability is largely a function of nongenetic, nonfamilial
causes. To our knowledge, no similar analyses of commu-
nity or population-based families have been published.

In previous studies we have attempted to address whether
DSM-IV ADHD subtypes are an appropriate nosology for
ADHD by applying clustering techniques to population-
and family-based data on the prevalence of individual
ADHD symptoms (5, 10, 11). One such technique is latent-
class analysis, which assumes categorical rather than con-
tinuous latent variables (“classes”) (12). In this approach
the observed pattern of symptom clustering is assumed to
be explained by the existence of discrete groups with dif-
ferent symptom profiles. This approach has three specific
advantages for analysis of the nature of ADHD. First, if
there are multiple independent types of ADHD, then the
patterns of endorsement of the 18 DSM-IV ADHD symp-
toms associated with each independent ADHD subtype
will be grouped together within independent classes. Sec-
ond, the probability of endorsement of individual symp-
toms given membership in a latent class is quantified. If
the underlying nature of the phenotype is a continuum of
problems with inattention, hyperactivity/impulsivity, or
both, then symptom endorsement profiles of the observed
classes will reflect differences in severity or frequency of
the reporting of symptoms only. Finally, on the basis of
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the most likely class, individuals can be assigned to indi-
vidual latent classes to allow the identification of specific
groups for further analyses, such as analyses of family
clustering. With this approach we have been able to dem-
onstrate that latent class analysis results in a limited num-
ber of classes of ADHD symptoms in both general popula-
tion twin (5) and family-based (10) samples. The observed
latent classes to some extent recapitulate the DSM-IV cat-
egorization because classes resembling DSM-IV inatten-
tive, hyperactive/impulsive, and combined subtypes of
ADHD are identified. However, these classes do not con-
tain all individuals with DSM-IV ADHD and also include
many individuals who do not meet DSM-IV criteria for
ADHD. More recently, we have been able to demonstrate
that the majority of comorbid problems associated with
ADHD are found in a single latent class corresponding to,
but defined somewhat more broadly than, the DSM-IV
combined subtype of ADHD (11). Our initial conclusion
about the underlying nature of ADHD on the basis of these
analyses was that there were three continua representing
domains of problems with inattention, problems of hyper-
activity/impulsivity, and combined problems (5). How-
ever, the observed concordance for same-class member-
ship between monozygotic and dizygotic twins is also
compatible with there being discreet clinically significant
subtypes that have high heritability in each of these
domains (10).

In the current study we test two hypotheses in a popula-
tion sample of female twins drawn from birth records.
First, DSM-IV ADHD subtypes do not “breed true,” that is
to say that there is no tendency for particular subtypes to
cluster exclusively in some families. Second, latent-class
ADHD subtypes do “breed true.” Both hypotheses are

tested by computing the within-class and between-class
concordance rates for monozygotic and dizygotic twin
pairs. Our results are most compatible with the presence
of independent, familial forms of ADHD defined by latent-
class analysis that are imperfectly operationalized by
DSM-IV criteria, giving rise to the familial coaggregation
of different DSM-IV subtypes that others have reported
(7–9). The results suggest that the current DSM-IV sub-
types may not be optimal for use as phenotypes for molec-
ular genetic studies.

Method

Subjects

The current data represent an expanded sample of our original
report (5) consisting of parent reports on 4,036 female twins aged
13–23 years at the time of the interview. Twin births were identi-
fied from the registry of all births in the state of Missouri for the
years 1968 through 1996 as a part of an ongoing prospective study
of alcohol problems and associated behavioral problems in
young women (13). After the study was explained and written
consent was obtained, diagnostic interview data were collected
by telephone from parents about their twins as described by Hud-
ziak et al. (5). The parent interview about their twins was adapted
for telephone administration from the Diagnostic Interview for
Children and Adolescents—Revised (14), the Semi-Structured
Assessment for the Genetics of Alcoholism (15), and the child
version of the Semi-Structured Assessment for the Genetics of Al-
coholism (15). The test-retest kappas for individual ADHD symp-
toms and for DSM-IV ADHD subtype diagnoses were ≥0.9 for this
interview (unpublished 2001 paper of A. Heath, et al.). DSM-IV di-
agnoses were derived by computer algorithm. For the current
sample, the biological mother was the reporting parent for 93.7%
of interviews, and the biological father for 5.2% of interviews;
1.1% of the interviews were with a close nonparental relative or
guardian of the twins. Determinations of zygosity were based on a
standard series of questions about zygosity (13).

TABLE 1. Frequency of Criterion A Symptoms of DSM-IV Attention Deficit Hyperactivity Disorder (ADHD) in a Population
Sample of Adolescent Female Twins (N=4,036) Grouped by DSM-IV ADHD Subtypes and Latent Classes

DSM-IV ADHD Subtype

DSM-IV ADHD Criterion A Symptomsa
No Diagnosis 

(N=3,775)
Inattentive 

(N=152)
Combined 

(N=80)
Hyperactive/Impulsive 

(N=29)
1. Lacks attention to detail 0.142 0.934 0.938 0.345
2. Has difficulty sustaining attention 0.052 0.618 0.813 0.207
3. Does not listen 0.086 0.658 0.863 0.207
4. Fails to finish 0.088 0.895 0.913 0.172
5. Can’t organize 0.121 0.888 0.950 0.103
6. Avoids tasks requiring concentration 0.151 0.908 0.938 0.241
7. Loses things 0.143 0.849 0.900 0.276
8. Is easily distracted 0.230 0.934 1.000 0.517
9. Is forgetful 0.146 0.868 0.938 0.207

10. Fidgets 0.083 0.290 0.938 0.828
11. Leaves seat 0.063 0.270 0.938 0.897
12. Runs or climbs 0.094 0.145 0.825 0.690
13. Has difficulty playing quietly 0.085 0.178 0.825 0.655
14. Always on the go 0.173 0.270 0.888 0.931
15. Talks excessively 0.199 0.263 0.775 0.828
16. Blurts out 0.083 0.099 0.663 0.828
17. Can’t wait turn 0.074 0.230 0.888 0.793
18. Interrupts 0.135 0.388 0.975 0.931
a Symptoms endorsed by parents in interviews about their children.
b Latent classes fitted to data provided by parents on their children’s DSM-IV ADHD criterion A symptoms by using maximum likelihood meth-

ods implemented by the EM algorithm in the software program LCAP (10).



Am J Psychiatry 158:11, November 2001 1893

TODD, RASMUSSEN, NEUMAN, ET AL.

Latent-Class Analysis

Latent-class models were fitted to the parent’s responses about
their offspring for the 18 DSM-IV ADHD symptoms (10–12). The
latent-class analysis software program LCAP (10), in which maxi-
mum likelihood methods were implemented by the EM algo-
rithm, was used to fit solutions with one to 10 classes to these
data. The parameters of the latent-class model are fully described
elsewhere (10, 11) but for the reader’s convenience are presented
briefly here. As in previous analyses, the final choice of latent-
class model was based on several criteria, including improvement
in likelihood ratios, the stability of class membership, and the
prevalence of new classes when solutions that estimate higher
numbers of classes are used. Latent-class analysis estimates two
types of parameters: 1) the prevalence of each class (that is, the
prior probability that randomly chosen individuals will be in each
latent class) and 2) the conditional probabilities describing the
distribution of the responses to each symptom within a class. La-
tent-class analysis as applied here does not attempt to model
twin pair resemblance and thus does not impose constraints on
whether or not sibling concordance that is greater than chance
assignment of sibling pairs to the same class occurs. When the
best model was determined, each twin was allocated to the most
probable latent class given the twin’s symptom profile. Owing to
space constraints, only the summary characteristics of the best
latent-class solution are reported here. The estimated endorse-
ment probabilities for each symptom by latent class are shown in
Table 1 and are not substantively different from those reported by
Hudziak et al. (5).

Family and Genetic Modeling

The importance of family/genetic contributions to DSM-IV
ADHD subtype and latent-class membership was estimated in
several ways. First, whether ADHD, per se, was familial and
whether DSM-IV or latent-class ADHD subtypes represented dis-
tinct familial entities were estimated by testing whether both
monozygotic and dizygotic co-twins were assigned to the same
ADHD subtype or latent class more frequently than expected by
chance. Fisher’s exact test was used for these analyses. Second,
whether the DSM-IV or latent-class ADHD subtypes represent in-

dependent genetic entities was tested by computing the odds ra-
tios for having a given subtype for monozygotic versus dizygotic
pairs (with 95% confidence intervals). If one or more genetically
independent classes are found, the odds ratio for being assigned
to the same latent class conditioned on zygosity should be signif-
icantly greater than 1 and the odds ratio for cross-class member-
ship should be nonsignificant or less than 1. Finally, the recur-
rence risk ratio (λ; the probability of a twin having a given ADHD
subtype conditional on the co-twin having that subtype relative
to the sample probability of any twin having that subtype [16])
was computed and 95% confidence intervals [CIs] were deter-
mined. Separate recurrence risk ratios were calculated for
monozygotic (λMZ) and dizygotic (λDZ) pairs. Because of the fa-
milial nature of our data, a bootstrap approach was used to com-
pute confidence intervals for the odds ratios by using 1,000 boot-
strapped samples. Ninety-five percent confidence intervals were
derived by using the bias-corrected intervals described by Efron
and Tibshirani (reference 17, pp. 184–188), with the bias correc-
tion parameter determined by the proportion of bootstrap repli-
cates that were less than the original estimate of the odds ratio
(17, p. 186) and the acceleration parameter equal to 0.

Results

The data consist of parent reports on 4,036 adolescent
female twins in 1,127 monozygotic pairs and 891 dizygotic
pairs identified through birth records of the state of Mis-
souri. African Americans constituted 13.3% of the sample.
The majority of the sample was European American; less
than 1% were Hispanic, Asian American, Native American,
or of other self-identified ancestries. The average age of
the twins at time of the parental interview was 14.9 years
(SD=2.7).

Table 1 presents the frequencies of the DSM-IV and la-
tent-class ADHD subtypes as well as the frequencies with
which parents endorsed the DSM-IV inattention and hy-
peractive/impulsive symptoms for their children. The

ADHD Latent Classb

Few
Symptoms
(N=2,264)

Mild
Inattentive

(N=520)

Talkative/
Impulsive 
(N=343)

Mild
Combined 
(N=352)

Mild Hyperactive/
Impulsive
(N=179)

Severe
Inattentive 

(N=145)

Severe
Combined 
(N=143)

Severe Hyperactive/
Impulsive

(N=90)
0.019 0.411 0.046 0.491 0.105 0.925 0.901 0.237
0.003 0.115 0.012 0.218 0.040 0.591 0.732 0.115
0.005 0.196 0.033 0.304 0081 0.653 0.888 0.210
0.006 0.237 0.000 0.310 0.032 0.959 0.922 0.142
0.007 0.415 0.012 0.413 0.001 0.933 0.934 0.115
0.014 0.437 0.080 0.489 0.048 0.948 0.943 0.384
0.020 0.386 0.120 0.436 0.111 0.831 0.825 0.345
0.045 0.555 0.213 0.752 0.124 0.949 1.000 0.579
0.030 0.356 0.057 0.477 0.164 0.918 0.892 0.202
0.003 0.062 0.052 0.299 0.367 0.127 0.858 0.795
0.001 0.030 0.018 0.260 0.261 0.084 0.808 0.830
0.011 0.026 0.039 0.349 0.550 0.077 0.631 0.738
0.004 0.026 0.169 0.348 0.282 0.064 0.643 0.658
0.035 0.073 0.383 0.545 0.606 0.101 0.764 0.954
0.043 0.093 0.672 0.544 0.371 0.159 0.735 0.869
0.013 0.011 0.326 0.298 0.000 0.022 0.578 0.589
0.004 0.000 0.215 0.313 0.074 0.094 0.743 0.771
0.013 0.080 0.394 0.514 0.141 0.211 0.885 0.907
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prevalences of DSM-IV inattentive, combined, and hyper-
active/impulsive ADHD subtypes were 3.8%, 2.0%, and
0.7%, respectively. Latent-class models of one to 10 classes
were fitted, with significant improvement in likelihood ra-
tios as additional classes were added (data available on re-
quest). Estimated prevalences of latent classes became
stable while progressing from an eight- to a nine-class so-
lution, with additional classes representing less than 1% of
the study population. Similarly, few twins were reassigned
to different classes when the number of classes increased
from an eight- to a nine-class solution. Consequently, the
eight-class solution was selected as the best-fitting model
for further analyses. The class prevalences and the en-
dorsement frequencies of inattentive and hyperactive/im-
pulsive symptoms are remarkably similar to those in our
previous latent-class analysis, which included a smaller
sample (5). There are classes that have mild or marked en-
dorsement frequencies of inattentive symptoms (mild in-
attentive and severe inattentive classes), hyperactive/
impulsive symptoms (mild hyperactive-impulsive and se-
vere hyperactive-impulsive classes), or both types of
symptoms (mild combined and severe combined classes).
The talkative/impulsive class was characterized by fre-
quent endorsement of the symptom of “talks excessively”
(67.2%) but relatively low levels of endorsement of inat-
tentive and hyperactive ADHD symptoms. The “few symp-

toms” class was characterized by infrequent (<5%) en-
dorsement of all symptoms.

Table 2 displays the cross-tabulation of DSM-IV and la-
tent-class ADHD subtypes. As in our previous latent-class
analysis with a smaller sample (5), there was almost com-
plete assignment of the DSM-IV combined subtype to the
severe combined latent class (79 of 80 subjects with the
DSM-IV ADHD combined subtype). However, approxi-
mately 21% (N=32 of 152) of those diagnosed with the
DSM-IV inattentive subtype were also assigned to this la-
tent class as were 32 individuals with no DSM-IV ADHD
diagnosis (0.8% of 3,775). About 63% of DSM-IV inatten-
tion subtype diagnoses were assigned to either mild or se-
vere inattention classes, and about 37% were assigned to
either mild or severe combined classes. About 86% of the
subjects with the DSM-IV hyperactive/impulsive subtype
were assigned to the severe hyperactive/impulsive latent
class, and 14% were assigned to other latent classes. In
contrast to the severe combined latent class, which in-
cluded subjects with both the DSM-IV inattentive and the
DSM-IV combined ADHD subtypes, the severe inattentive
latent class contained only subjects with the DSM-IV inat-
tentive subtype and the severe hyperactive/impulsive la-
tent class contained only subjects with the DSM-IV hyper-
active/impulsive subtype. The three severe latent classes
also contained many individuals with no DSM-IV ADHD

TABLE 2. Distribution of DSM-IV Attention Deficit Hyperactivity Disorder (ADHD) Subtypes and Latent Classes in a Popula-
tion Sample of Adolescent Female Twins (N=4,036)

DSM-IV ADHD Subtype

Inattentive Combined Hyperactive/Impulsive No Diagnosis

Latent Class N % N % N % N %
Few symptoms (N=2,264) 0 0.0 0 0.0 0 0.0 2,264 100.0
Mild inattentive (N=520) 17 3.3 0 0.0 0 0.0 503 96.7
Talkative/impulsive (N=343) 0 0.0 0 0.0 1 0.3 342 99.7
Mild combined (N=352) 25 7.1 1 0.3 3 0.9 323 91.8
Mild hyperactive/impulsive (N=179) 0 0.0 0 0.0 0 0.0 179 100.0
Severe inattentive (N=145) 78 53.8 0 0.0 0 0.0 67 46.2
Severe combined (N=143) 32 22.4 79 55.2 0 0.0 32 22.4
Severe hyperactive/impulsive (N=90) 0 0.0 0 0.0 25 27.8 65 72.2
Total (N=4,036) 152 3.8 80 2.0 29 0.7 3,775 93.5

TABLE 3. Subtypes of DSM-IV Attention Deficit Hyperactivity Disorder (ADHD) Within Twin Pairs in a Population Sample of
Adolescent Female Twins (N=4,036)

Co-Twin DSM-IV ADHD Subtype

No Diagnosis Inattentive Combined Hyperactive/Impulsive

Twin DSM-IV ADHD Subtype N pa N pa N pa N pa

No diagnosis <0.0001 <0.0001 <0.0001 <0.03
Monozygotic (N=2,145) 2,110 21 6 8
Dizygotic (N=1,630) 1,512 67 37 14

Inattentive <0.0001 <0.0001 <0.07 0.44
Monozygotic (N=67) 21 40 6 0
Dizygotic (N=85) 67 14 3 1

Combined <0.0001 <0.07 <0.001 0.10
Monozygotic (N=32) 6 6 20 0
Dizygotic (N=48) 37 3 6 2

Hyperactive/impulsive <0.03 0.44 0.19 0.36
Monozygotic (N=10) 8 0 0 2
Dizygotic (N=19) 14 1 2 2

a Fisher’s exact test for comparison of the number of monozygotic versus dizygotic twins in a given subtype combination with the number of
monozygotic versus dizygotic twins in all other subtype combinations, with Bonferroni correction for multiple comparisons.
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diagnosis. Individuals with no DSM-IV ADHD diagnosis
constituted 46% of the subjects in the severe inattentive
latent class, 22% in the severe combined class, and 72% in
the severe hyperactive/impulsive class. For the severe in-
attentive and the severe hyperactive/impulsive latent
classes, there were no significant differences in the aver-
age number of endorsed inattentive and hyperactive/im-
pulsive symptoms or in probability of class assignment for
class members with and without a DSM-IV ADHD diagno-
sis. Compared with the severe combined latent class
members without an ADHD diagnosis, class members
with a DSM-IV ADHD diagnosis had somewhat more inat-
tentive symptoms (a mean of 8.3 [SD=0.9] versus 7.4 [SD=
1.1]) (Wilcoxon-Mann-Whitney χ2=16.9, df=1, p<0.001)
and a slightly higher probability of class assignment (0.95
versus 0.90) (Wilcoxon-Mann-Whitney χ2=15.6, df=1,
p<0.001).

In its most general form, the familiality of DSM-IV
ADHD can be estimated by comparing the concordance of
sibling pairs for the presence or absence of any ADHD
subtype. Since this study included a population sample,
each subject with ADHD was treated as a proband in this
analysis. Sixty-eight percent of monozygotic twin pairs
and 22% of dizygotic twin pairs were concordant for DSM-
IV ADHD of any subtype (Table 3). These proportions rep-
resent an odds ratio of having a second sibling with ADHD
of 127.5 (95% CI=75.6–215.0, p<0.001, Fisher’s exact test)
and 3.7 (95% CI=2.4–5.6, p<0.001, Fisher’s exact test) for
monozygotic and dizygotic siblings, respectively. Familial-

ity was also significant when DSM-IV subtypes were indi-
vidually analyzed. The odds ratios of having a sibling with
any type of DSM-IV ADHD were 73.9 (95% CI=41.6–131.1,
p<0.001, Fisher’s exact test) and 3.1 (95% CI=1.8–5.4,
p<0.001, Fisher’s exact test), for monozygotic and dizy-
gotic siblings, respectively, for the inattentive subtype;
111.7 (95% CI=44.8–278.6, p<0.001, Fisher’s exact test) and
3.4 (95% CI=1.7–6.7, p<0.001, Fisher’s exact test), respec-
tively, for the combined subtype; and 5.0 (95% CI=1.1–
23.8, p<0.02, Fisher’s exact test) and 3.9 (95% CI=1.4–11.1,
p<0.005, Fisher’s exact test), respectively, for the hyperac-
tive/impulsive subtype.

The hypothesis of a lack of familial specificity of DSM-
IV subtypes can be tested by comparing the concordance
of sibling pairs for ADHD subtype. In more than 75% of
the instances when an affected monozygotic twin had an
affected co-twin, the twins had the same DSM-IV ADHD
subtype. Co-twins of a twin with the inattentive subtype
were significantly more likely to have the inattentive and
the combined subtypes (p<0.0001, Fisher’s exact test, for
both comparisons) but not the hyperactive/impulsive
subtype (p=0.99, Fisher’s exact test). Similarly, co-twins
of a twin with the combined subtype were significantly
more likely to have the combined subtype (p<0.0001,
Fisher’s exact test) and the inattentive subtype (p<0.001,
Fisher’s exact test) but not the hyperactive/impulsive
subtype (p<0.99, Fisher’s exact test). Monozygotic twins
with the hyperactive/impulsive subtype were more likely
to have a co-twin with the hyperactive/impulsive sub-

TABLE 4. Latent-Class Subtypes of Attention Deficit Hyperactivity Disorder (ADHD) Within Twin Pairs in a Population Sam-
ple of Adolescent Female Twins (N=4,036)

Number of Co-Twins in Latent-Class ADHD Subtype

Twin Latent-Class 
ADHD Subtype

Few 
Symptoms

Mild
Inattentive

Talkative/
Impulsive

Mild
Combined

Mild
Hyperactive/
Inattentive

Severe
Inattentive

Severe 
Combined

Severe
Hyperactive/

Impulsive
Few symptoms

Monozygotic (N=1,318) 1,190a 79 29 6 7 5 2 0
Dizygotic (N=946) 682a 90 38 36 26 28 30 16

Mild inattentive
Monozygotic (N=293) 79 184a 8 13 2 6 0 1
Dizygotic (N=227) 90 68a 20 21 8 4 9 7

Talkative/impulsive
Monozygotic (N=211) 29 8 144a 15 5 3 3 4
Dizygotic (N=132) 38 20 24a 20 11 12 7 0

Mild combined
Monozygotic (N=173) 6 13 15 122a 6 3 6 2
Dizygotic (N=179) 36 21 20 70a 6 7 11 8

Mild hyperactive/impulsive
Monozygotic (N=91) 7 2 5 6 68a 0 0 3
Dizygotic (N=88) 26 8 11 6 30a 4 3 0

Severe inattentive
Monozygotic (N=62) 5 6 3 3 0 40a 5 0
Dizygotic (N=83) 28 4 12 7 4 16a 8 4

Severe combined
Monozygotic (N=62) 2 0 3 6 0 5 44a 2
Dizygotic (N=81) 30 9 7 11 3 8 10a 3

Severe hyperactive/impulsive
Monozygotic (N=44) 0 1 4 2 3 0 2 32a

Dizygotic (N=46) 16 7 0 8 0 4 3 8a

a Significant difference from all other subtype combinations in proportions of monozygotic and dizygotic twins (p<0.001, Fisher’s exact test
with Bonferroni correction for multiple comparisons).
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type (p<0.0001, Fisher’s exact test) but not the inattentive
or the combined subtype (p=0.14 and p=0.54, respec-
tively, Fisher’s exact test). For dizygotic pairs, concor-
dance for same subtype was significantly more likely for
the inattentive DSM-IV subtype (p<0.005, Fisher’s exact
test), but there was no significant concordance for the
combined or the hyperactive/impulsive subtypes (p=
0.11 and p=0.14, respectively, Fisher’s exact test). These
findings are compatible with a lack of family specificity
for the DSM-IV combined and inattentive subtypes and
suggest that the hyperactive/impulsive subtype may be
independent of the other two subtypes.

The hypothesis that latent-class ADHD subtypes are
family specific can also be tested by comparing the con-
cordance of sibling pairs for the same or different latent-
class ADHD subtypes. The probability that co-twins are of
the same latent-class ADHD subtype ranged from 63% to
90% for monozygotic pairs (range of odds ratios=28.7–
488.4) and from 12% to 72% for dizygotic pairs (range of
odds ratios=3.2–14.6) (Table 4). The concordance rates
were highly significant (p≤0.001, Fisher’s exact test) for all
monozygotic and dizygotic same-class comparisons
(analyses not shown but easily computable from the data
in Table 4). There were no significant positive associations
for cross-class pairs for either monozygotic or dizygotic
twins (p>0.1, Fisher’s exact test). These findings are com-
patible with a high level of family specificity for all of the
latent-class ADHD subtypes.

To test whether the phenotypically distinct DSM-IV and
latent-class ADHD subtypes represent independent ge-
netic forms of ADHD phenotypes, we compared the fre-
quencies of the same subtype in monozygotic versus dizy-
gotic twins (Table 3, Table 4, and Table 5). For all eight
latent classes and for the inattentive and combined DSM-
IV ADHD subtypes there were significantly more monozy-
gotic twins in the same class than dizygotic twins in the
same class (Table 3 and Table 4). As shown in Table 5, the

odds ratios for monozygotic twins in the same class versus
dizygotic twins in the same class ranged from 3.6 to 17.4.
These results are consistent with a genetic basis for mem-
bership in both DSM-IV and latent-class ADHD subtypes.
We similarly compared frequencies and odds ratios for
monozygotic versus dizygotic twins for all six possible
DSM-IV ADHD cross-subtype combinations and all 28
possible cross-subtype combinations of latent-class sub-
type. For DSM-IV subtypes, there was a significant cross-
subtype odds ratio greater than 1 for the inattentive and
combined subtypes (odds ratio=6.9, 95% CI=1.6–29.1). All
other cross-subtype comparisons were nonsignificant or
had odds ratios less than 1. Of the 28 possible latent-class
combinations, only the combination of the mild inatten-
tive subtype with the few symptoms subtype had an odds
ratio above 1 (odds ratio=2.2, 95% CI=1.6–3.2). This later
finding is of questionable significance owing to the num-
ber of comparisons across latent classes. These findings
suggest that ADHD latent classes approximate pure ge-
netic categories and that the inattentive and combined
DSM-IV ADHD subtypes do not.

To allow comparison of our findings with those of other
studies, we calculated the sibling recurrence risk ratio (λS)
(16) for the three DSM-IV ADHD subtypes and the eight la-
tent-class subtypes (Table 5). This ratio is an estimate of
familiality adjusted for the population prevalence of a
given disorder. For both DSM-IV and latent-class analysis
approaches, the values of λS are greater for monozygotic
than for dizygotic twins, consistent with a genetic contri-
bution to liability. The magnitudes of the observed values
for λDZ for the DSM-IV ADHD subtypes are similar to
those reported for nontwin siblings (18). It should be
noted, however, that because of the low base rate of ADHD
in girls, even in a population sample of this size, the 95%
confidence intervals for several DSM-IV subtypes and la-
tent classes in dizygotic twins are large and include 1.

TABLE 5. Recurrence of DSM-IV and Latent-Class Attention Deficit Hyperactivity Disorder (ADHD) Subtypes in Monozygotic
and Dizygotic Twin Pairs in a Population Sample of Adolescent Female Twins

Recurrence in Monozygotic 
Twins Relative to Recurrence 
in Dizygotic Twins (N=4,036)

Recurrence in Monozygotic 
Twins (N=2,254)

Recurrence in Dizygotic Twins 
(N=1,782)

DSM-IV or Latent-Class 
ADHD Subtype Odds Ratio 95% CI Risk Ratio (λMZ) 95% CI Risk Ratio (λDZ) 95% CI
DSM-IV ADHD subtype

Any ADHD diagnosis 5.4 4.4–6.4 12.2 9.4–15.1 2.2 1.4–3.1
Inattentive 8.1 5.8–10.4 18.9 12.7–25.2 2.8 1.0–4.6
Combined 15.3 7.3–21.3 41.4 19.8–63.0 5.7 1.3–10.1
Hyperactive/impulsive 19.2 2.3–36.1 41.7 0.0–85.8 6.7 0.0–20.0

Latent-class ADHD subtype
Few symptoms 3.6 2.8–4.6 1.5 1.4–1.7 1.3 1.3–1.4
Mild inattentive 3.9 2.4–6.3 4.8 3.8–7.1 2.4 1.5–2.9
Talkative/impulsive 9.7 4.9–19.1 7.3 5.2–12.7 2.5 0.7–3.6
Mild combined 3.7 2.2–6.3 9.2 6.2–12.2 3.9 2.6–5.9
Mild hyperactive/impulsive 5.7 2.6–12.4 23.5 16.9–37.7 4.1 2.1–7.9
Severe inattentive 7.6 2.9–19.7 18.5 9.9–104.0 6.9 3.6–20.0
Severe combined 17.4 5.8–52.1 25.8 17.6–40.2 2.7 0.5–6.4
Severe hyperactive/impulsive 12.7 3.5–45.3 37.3 9.6–99.3 6.7 0.0–24.0
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Discussion

The current study of a large sample of female twins se-
lected from birth records replicates and expands on our
previous findings (5, 10, 11). The inclusion of a larger sam-
ple allowed us to estimate the familiality and heritability of
latent-class and DSM-IV ADHD subtype membership. In
contrast to our previous findings (5), the current data are
most compatible with the presence of distinct and herita-
ble ADHD phenotypes that differ in the relative contribu-
tions of individual inattentive and hyperactive/impulsive
symptoms.

The analyses of DSM-IV ADHD subtypes in this popula-
tion-based sample replicate the findings of the nonspeci-
ficity of DSM-IV subtypes in families from clinically re-
ferred or volunteer samples (7–9). In a study of families
recruited through clinics, Faraone et al. (7, 8) refuted the
prediction of specificity of the DSM-IV inattentive and
combined subtypes. In contrast, for the hyperactive/im-
pulsive subtype of DSM-IV ADHD in boys they found al-
most complete exclusivity of hyperactive/impulsive sub-
jects among relatives of hyperactive/impulsive probands
(8). Smalley et al. (9) also found no specificity of the inat-
tentive and combined subtypes but could not test for
specificity of the hyperactive/impulsive subtype since
they pooled together data from the families of probands
with the combined and hyperactive/impulsive subtypes.
In the current study we support the lack of family specific-
ity of the DSM-IV inattentive and combined subtypes and
also support the specificity of the DSM-IV hyperactive/
impulsive subtype. When twin families were subtyped
with latent-class criteria, however, the nonspecificity of
the DSM-IV subtypes was resolved into specific familial
conditions. These results are most compatible with the
presence of independent, familial forms of ADHD that are
approximated by latent-class analysis and are imperfectly
operationalized by DSM-IV criteria.

A variety of previous studies have also attempted to de-
fine more heritable forms of ADHD by examining comor-
bid psychiatric disorders or other medical conditions (re-
viewed in references 2, 3, 6). In particular, Faraone et al.
(18) suggested that restriction of cases to persistent ADHD
(the full diagnosis persists into young adulthood) or re-
stricting cases to ADHD with comorbid conduct disorder
or bipolar affective disorder leads to findings of a higher
prevalence of recurrence of the illness among family
members, relative to the general population. Although
conduct disorder was rare and mania was not assessed in
the current population sample of female twins, the major-
ity of subjects with mood disorders and other disruptive
behavior disorders that were comorbid with DSM-IV
ADHD were included in the combined latent-class sub-
type (11).

These results have implications for the design of molec-
ular genetic studies to identify specific DNA sequences in-
volved in the etiology of ADHD. Most ADHD candidate

gene and genetic linkage studies use probands identified
through clinical sampling or advertisement who meet
DSM-IV criteria for ADHD. If the results of the current
study are correct, then such recruitment strategies com-
bine several genetically independent forms of ADHD
while excluding many individuals with heritable ADHD
subtypes who do not meet DSM-IV criteria. Such sampling
strategies greatly reduce the power of both association
and linkage studies to detect causative genes. Such mixing
of heritable types of ADHD may explain the equivocal re-
ports of the association of ADHD with candidate genes. It
is interesting to note that two studies have reported that
restricting findings to inattentive symptoms or subtypes
increases the association of ADHD with polymorphisms of
the DRD4 locus (19, 20). Such family samples could be di-
vided into more homogenous groups by application of the
current types of analyses.

Although the ADHD classes described here have been
demonstrated in both family (10) and community twin
samples (5), the current study has several limitations, in-
cluding the use of a twin sample, the restriction of data to
parents’ reports about their children, and the restriction of
the sample to adolescent females. The observed distribu-
tion of DSM-IV ADHD subtypes and the risk ratios for fe-
male dizygotic twins, as previously reported for male and
female siblings in nontwin families (7–9, 18), suggests that
any biases introduced by including only female twins are
minor. In addition, the frequencies of dizygotic twins be-
ing in the same latent class are similar to those found for
male and female nontwin siblings (10). Most studies of the
heritability of ADHD have used parents’ reports about
male children. It is of obvious interest to expand the cur-
rent findings by including twins’ self-reports and teachers’
reports. Critical tests of the familiality of these classes in
male subjects, as well as the prevalence of individual
classes in a nontwin community sample, await the appli-
cation of these analytic approaches to other data sets.

Presented in part at the 1999 World Congress on Psychiatric Genet-
ics, Monterey, Calif., Oct. 14–18, 1999. Received Dec. 4, 2000; revision
received May 4, 2001; accepted June 1, 2001. From the Department
of Psychiatry, Washington University School of Medicine; and the De-
partment of Psychiatry, University of Vermont, Burlington. Address
reprint requests to Dr. Todd, Department of Psychiatry, Washington
University School of Medicine, Box 8134, 660 S. Euclid, St. Louis, MO
63110; toddr@psychiatry.wustl.edu (e-mail).

Supported by grants MH-52813 and MH-31302 from NIMH; grants
AA-10111, AA-11998, AA-12239, and AA-07728 from the National In-
stitute on Alcohol Abuse and Alcoholism; and grants DA-00272 and
DA-12540 from the National Institute on Drug Abuse. The Missouri
Adolescent Female Twin Study (MOAFTS) is supported by grant AA-
09022 from the National Institute on Alcohol Abuse and Alcoholism.

References

1. Still GF: Some abnormal psychical conditions in children. Lan-
cet 1902; 1:1008–1012, 1077–1082, 1163–1168

2. Todd RD: Genetics of attention deficit/hyperactivity disorder:
are we ready for molecular genetic studies? Am J Med Genet
Neuropsychiatry Genet 2000; 96:241–243



1898 Am J Psychiatry 158:11, November 2001

SUBTYPES OF ADHD

3. Faraone SV, Biederman J: Neurobiology of attention-deficit hy-
peractivity disorder. Biol Psychiatry 1998; 44:951–958

4. Levy F, Hay D, McStephen M, Wood C, Waldman I: Attention-
deficit hyperactivity disorder. a category or a continuum? ge-
netic analysis of a large-scale twin study. J Am Acad Child Ado-
lesc Psychiatry 1997; 36:737–744

5. Hudziak JJ, Heath AC, Madden PF, Reich W, Bucholz KK, Slutske
W, Bierut LJ, Neuman RJ, Todd RD: Latent class and factor anal-
ysis of DSM-IV ADHD: a twin study of female adolescents. J Am
Acad Child Adolesc Psychiatry 1998; 37:848–857

6. Hudziak JJ, Todd RD: Familial subtyping of attention deficit hy-
peractivity disorder. Curr Opin Psychiatry 1993; 6:489–493

7. Faraone SV, Biederman J, Mick E, Williamson S, Wilens T, Spen-
cer T, Weber W, Jetton J, Kraus I, Pert J, Zallen B: Family study of
girls with attention deficit hyperactivity disorder. Am J Psychia-
try 2000; 157:1077–1083

8. Faraone SV, Biederman J, Friedman D: Validity of DSM-IV sub-
types of attention deficit/hyperactivity disorder: a family per-
spective. J Am Acad Child Adolesc Psychiatry 2000; 39:300–307

9. Smalley SL, McGough JJ, Del’Homme M, NewDelman J, Gordon
E, Kim T, Liu A, McCracken JT: Familial clustering of symptoms
and disruptive behaviors in multiplex families with attention-
deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychia-
try 2000; 39:1135–1143

10. Neuman RJ, Todd RD, Heath AC, Reich W, Hudziak JJ, Bucholz
KK, Madden PAF, Begleiter H, Porjesz B, Kuperman S, Hessel-
brock V, Reich T: The evaluation of ADHD typology in three
contrasting samples: a latent class approach. J Am Acad Child
Adolesc Psychiatry 1999; 38:25–33

11. Neuman RJ, Heath AC, Hudziak JJ, Reich W, Bucholz KK, Mad-
den PAF, Todd RD: Latent class analysis of ADHD and comorbid

symptoms in a population sample of adolescent female twins.
J Child Psychol Psychiatry (in press)

12. McCutcheon AL: Latent Class Analysis. Newbury Park, Calif,
Sage Publications, 1987

13. Heath AC, Madden PAF, Bucholz KK: Ascertainment of a twin
sample by computerized record matching with assessment of
possible sampling biases. Behav Genet 2000; 29:209–219

14. Reich W: Diagnostic Interview for Children and Adolescents
(DICA). J Am Acad Child Adolesc Psychiatry 2000; 39:59–66

15. Bucholz KK, Cadoret R, Cloninger CR, Dinwiddie SH, Hessel-
brock VM, Nurnberger JI Jr, Reich T, Schmidt I, Schuckit MA: A
new, semi-structured psychiatric interview for use in genetic
linkage studies: a report of the reliability of the SSAGA. J Stud
Alcohol 1994; 55:149–158

16. Risch N: Linkage strategies for genetically complex traits, I:
multilocus models. Am J Hum Genet 1990; 46:222–228

17. Efron B, Tibshirani RJ: An Introduction to the Bootstrap. Bos-
ton, Chapman & Hall, 1993

18. Faraone SV, Biederman J, Monuteaux M: Toward guidelines for
pedigree selection in genetic studies of attention deficit hyper-
activity disorder. Genet Epidemiol 2000; 18:1–16

19. Rowe DC, Stever C, Giedinghagen LN, Gard JM, Cleveland HH,
Terris ST, Mohr JH, Sherman S, Abramowitz A, Waldman ID:
Dopamine DRD4 receptor polymorphism and attention deficit
hyperactivity disorder. Mol Psychiatry 1998; 3:419–426

20. McCracken JT, Smalley SL, McGough JJ, Crawford L, Del’Homme
M, Cantor RM, Liu A, Nelson SF: Evidence for linkage of a tan-
dem duplication polymorphism upstream of the dopamine D4
receptor gene (DRD4) with attention deficit hyperactivity disor-
der (ADHD). Mol Psychiatry 2000; 5:531–536


