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Attention-deficit hyperactivity disorder (ADHD)
is a clinical disorder characterized by a persis-

tent pattern of overactivity, inattention, and impul-
sivity that is severe, developmentally inappropriate,
and accompanied by impaired function at home and
school.  ADHD is also one of the most common dis-
orders in child clinical populations.  Mannuzza et
al.(1) reported that children with ADHD are at height-
ened risk for lower educational attainment, lower
income, and underemployment.  Moreover, they suf-
fer higher risks of dropping out of school, adult

criminality, and substance abuse.(1-3) Longitudinal
studies indicate that over 1/3 of children with ADHD
go on to have significant behavioral and psychiatric
problems in adulthood.  ADHD is associated with a
variety of adverse environments, many of these fac-
tors involving parent-child relationships.(4)

Despite the seriousness of ADHD, little is
known about its causes.  In recent years, it has
become apparent that genetic influences are an
important part of the etiology of ADHD.(5) Family(6,7)

and adoption(8) studies have suggested that ADHD is
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familial, and that a genetic influence may contribute
to its etiology.  Data on twin are used to estimate her-
itability, which measures the degree to which a disor-
der is influenced by genetic factors.  By analyzing
twin data, Gillis et al.(9) concluded that ADHD is
highly heritable.

The effectiveness of stimulants, along with ani-
mal models of hyperactivity, point to catecholamine
dysregulation as at least 1 source of ADHD brain
dysfunction.(10) Several molecular genetic studies of
ADHD have focused on the genes that are involved
in dopaminergic function, because of the central role
of dopamine in motor activity and reward-seeking
behaviors.  For the known dopaminergic markers
that are currently reported to be associated with
ADHD, odds ratios have been estimated at 1.4 and
1.16 for the dopamine D4 receptor gene (DRD4)(11)

and dopamine transporter gene (DAT1)(12), respec-
tively, on the basis of meta-analyses of available
data.

Cook et al.(13) revealed an association between
ADHD and the 480-bp allele of DAT1 using a fami-
ly-based association study.  This finding was repli-
cated by Waldman et al.(5) and Gill et al.(14).  The asso-
ciation of DAT1 and ADHD is of particular interest,
given that the psychostimulant medications that are
the most frequent treatments of choice for ADHD
exert their pharmacological effects in part by inhibit-
ing the dopamine transporter and thus keeping a
greater quantity of dopamine active in the synaptic
cleft for a longer period of time.(15) To date, there
have been 10 published association studies of ADHD
with a 480-bp allele of a variable-number tandem
repeat polymorphism in the 3'-untranslated region of
the gene, 6 support an association with the 10-repeat
allele and 4 do not.(12) Recently we analyzed DAT1
polymorphisms in a Taiwanese sample of ADHD
proband-parent trios.(16) Interestingly, we found con-
siderable evidence for linkage and association with
excess transmission of the 10-repeat allele from het-
erozygous parents.

The human dopamine D2 receptor (DRD2) gene
is located on chromosome 11q22-23, and consists of
8 exons separated by 7 introns.(17) The DRD2 is a
binding site of many psychoactive drugs, and it has
been proposed to be a genetic risk factor for psychi-
atric disorders.  Several polymorphisms were identi-
fied shortly after the gene was cloned, 3 of which are
TaqI restriction fragment length polymorphisms.

The first, termed TaqI A, has been the most com-
monly studied in association with psychiatric dis-
eases.  There is also considerable variation in the dis-
tribution of TaqI A alleles in different ethnic and
racial populations.(18)

Comings(19) suggested that the A1 allele of the
DRD2 gene is associated with a number of behav-
ioral disorders in which it may act as a modifying
gene rather than as the primary etiological agent.
The DRD2 gene appears to be one of these, since
variants at this locus are significantly increased in
frequency in Tourette syndrome, ADHD, conduct
disorder, and drug abuse.(20) Rowe et al.(21) reported
that heritability from the DRD2 locus was estimated
to be 4.27% for hyperactive-impulsive symptoms
and 2.12% for inattentive symptoms, and that chil-
dren with the A2A2 genotype had the highest mean
level of symptoms.  However, results of a study by
Todd et al.(22) did not support the DRD2 gene con-
tributing to susceptibility for ADHD.  In this study,
we attempted to investigate the association of the
DRD2 gene with ADHD in Taiwanese children in a
family-based sample.

METHODS

In total, 98 subjects (83 males and 15 females)
were recruited from children being assessed and/or
treated for ADHD at the Department of Child
Psychiatry, Chang Gung Children's Hospital, Taipei.
Written informed consent was obtained from their
parents after introduction to this study.  All subjects
were assessed with (1) the Conners Child Activity
Rating Scale completed by a caretaker and teacher;
(2) a clinical diagnosis by a board-certificated child
psychiatrist; (3) and a clinical interview or structured
interview with the Schedule for Affective Disorder
and Schizophrenia for School-Age Children,
Adolescent Version (K-SADS-E) by an experienced
child psychiatrist.  The collected information was
incorporated into the operational instrument,
"Hypescheme International".(23)

Buccal cells were collected from subjects and
their parents by the cheek swab method.  DNA
extraction was performed using commercial kits.
Restriction fragment length polymorphism analysis
of TaqI A polymorphism of the DRD2 gene was car-
ried out using a polymerase chain reaction (PCR)-
based restriction analysis according to the method
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described by Grandy et al.(24) In brief, the sequences
of sense and antisense primers were 5'-CCG TCG
ACG GCT GGC CAA GTT GCT CTA-3' and 5'-
CCG TCG ACC CTT CCT GAG TGT CAT CA-3'
respectively.  The 30-µl volume PCR mixture con-
tained 1X PCR buffer, 1.5 mM MgCl2, 0.25 mM
dNTPs, 1 µM of each sense and antisense primer,
1 unit of DNA Tag polymerase, and 50 ng of genom-
ic DNA.  After initial denaturation at 94˚C for 5 min,
30 cycles of the PCR reaction were performed under
conditions of denaturation at 95 ˚C for 30 sec,
annealing at 56˚C for 30 sec, and extension at 72˚C
for 1 min, with a final extension of 10 min at 72˚C.
Ten microliters of the PCR products was then digest-
ed with 5 units of TaqI restriction enzyme in buffer
with a total volume of 20 µl at 65˚C for at least 8
hours.  Digested PCR products were separated by
electrophoresis in a 2% agarose gel, and visualized
with ethidium bromide staining under ultraviolet
light.  The A1 allele was characterized by a band of
310 bp, whereas for the A2 allele, this band was
digested into 2 bands of 180 and 130 bp.

Analysis of allele associations was performed
using a haplotype-based haplotype relative-risk
method (HHRR).(25) By reference to the proband's
genotype, each parental allele was scored as to
whether it was or was not transmitted.  The total col-
lections of transmitted and non-transmitted alleles
were considered as 2 independent case-control sam-
ples.  We also analyzed the association after stratify-
ing the probands into sporadic cases and familial
cases, i.e., those with at least 1 sibling with ADHD.

RESULTS

The sample consisted of 98 children with
ADHD and 154 of their parents. The age of the sub-
jects ranged from 5 to 15 years, with a mean of 8.8
(SD=2.5) years. Among the subject, 83 (84.7%) were
male and 16 (15.3%) were female.  The mean gesta-
tional age of these probands when they were born
was 38.3 (SD=1.5) weeks.  The details are shown in
Table 1.  Among these 98 probands, 16 had siblings
with ADHD, and were grouped as familial cases.

Information on the transmission of alleles was
obtained from 56 trios and 42 parent/proband pairs.
Twelve of the parent/proband pairs were doubly het-
erozygous and thus informative.  As shown in Table
2, the transmission rate was 53.3% for the A1 allele

and 49.7% for the A2 allele.  There was no signifi-
cant difference in the transmission rates between
these 2 alleles.  There was no significant association
between Taq I A polymorphism and ADHD when
the probands were stratified into male and female
groups, or into sporadic cases and familial cases.

DISCUSSION

Among our subjects, there was no significant
association between Taq I A polymorphism and
ADHD.  Sixteen probands among our subjects
(16.3%) had at least 1 sibling with a diagnosis of
ADHD.  Our subjects were not randomly sampled,
and this rate cannot represent the actual concurrent
rate among siblings in the ADHD population.
Previous reports(6,7) demonstrated that familial or
genetic factors greatly contribute to the etiology of
ADHD.

Table 1. Demographics of the Probands with Attention-Deficit
Hyperactivity Disorder

Sporadic cases Familial cases Total 
N = 82 N = 16 N = 98

Age (years) 8.6 2.3 9.5 3.0 8.8 2.5
Gestational age (weeks) 38.3 1.6 38.3 1.0 38.3 1.5

≤ 38 34 (41.5) 5 (31.2) 39 (39.8)
> 38 37 (45.1) 9 (56.3) 46 (46.9)
Missing 11 (13.4) 2 (12.5) 13 (13.3)

Gender
Male 73 (89.0) 10 (62.5) 83 (84.7)
Female 9 (11.0) 10 (37.5) 16 (15.3)

Percentages are given in parentheses.

Table 2. Haplotype Relative-Risk Analysis

Transmitted Not transmitted X 2 p

Total A1 56 (53.3) 49 (46.7) 0.3 0.557
A2 89 (49.7) 90 (50.3)

Sporadic cases A1 47 (51.6) 44 (48.4) 0.04 0.842
A2 77 (50.3) 76 (49.7)

Familial cases A1 9 (64.3) 5 (35.7) 1.2 0.273
A2 12 (46.2) 14 (53.8)

Male A1 47 (53.4) 41 (46.6) 0.4 0.544
A2 76 (49.4) 78 (50.6)

Female A1 9 (52.9) 8 (47.1) 0.004 0.952
A2 13 (52.0) 12 (48.0)

Percentages are given in parentheses.
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The strategies for exploring the location of sus-
ceptible genes that are available for polygenetic dis-
orders are genetic linkage and association studies.
Linkage studies look for evidence for co-segregation
between diseases and genetic markers in families
with multiple affected individuals.(26) However, since
most psychiatric disorders may reflect the operation
of many genes each with small effects, the linkage
approach requires very large samples of families to
have adequate power to detect the genes.(26,27)

Fortunately the sample sizes required for association
studies are feasible even if the disease allele con-
tributes only a small effect size.(26,28,29) Association
studies attempt to determine whether a genetic vari-
ant is more common among affected than among
non-affected individuals, but they have their own
limitations.  For example, they are prone to false
positives due largely to population stratification and
multiple testing.(29) Family-based association meth-
ods can avoid the effects of population stratifica-
tion.(30) Therefore, in this study, we attempted to
obtain DNA samples from probands and their par-
ents. The common statistical methods for association
analysis using cases and parental controls are the
haplotype relative risk (HRR)(31) and the transmission
disequilibrium test (TDT)(32).  The sampling unit of
the HRR is a family with 2 parents and a single
affected offspring.  Each unit contributes a case
genotype (the genotype of the affected offspring) and
an artificially constructed 'control genotype' made up
of 2 remaining alleles of the 2 parents not transmit-
ted to the affected offspring.  The original HRR con-
siders the case genotypes and the control genotypes
as        2 independent samples, and uses a standard
methodology for unmatched case-control studies.
The method we used in this study is a popular varia-
tion of the HRR, called haplotype-based HRR
(HHRR), which considers the allele rather than the
genotype as the unit of observation.  The HRR or
HHRR ignores the fact that transmitted and non-
transmitted alleles contributed by a parent can be
regarded as paired observations, and may be mis-
leading under the situation of non-random mating.
The TDT, a McNemar test for matched-pair data,
considers only parents whose transmitted and non-
transmitted alleles differ, and assesses the evidence
for preferential transmission of 1 allele over the
other.  In some circumstances, the TDT may lose

some of the information available in the sample.
The negative results observed in this study

should not necessarily be considered a failure to
replicate previous studies that reported significant
associations of the DRD2 with ADHD.  The term
'failure to replicate' should be reserved for studies of
the same population using similar ascertainment and
diagnostic practices.  Discrepant results may be real
and reflect heterogeneity with a genetic risk factor
playing a quantitatively or qualitatively different role
in different diagnostic or ethnic groups.(29) For con-
ducting association studies in psychiatric genetics,
Owen et al.(29) made some recommendations.  First
and most importantly, they suggested studying sam-
ples of adequate size.  With a sample composed of
56 trios and 30 informative parent/proband pairs, this
study might not have had sufficient power to detect
small to moderate effects of the markers we studied
for ADHD.  Nevertheless, the results of this study
suggest that DRD2 plays no major role in Taiwanese
children with ADHD.

Although Rowe et al.(21) estimated that the heri-
tability from the DRD2 locus was 4.27% for hyper-
active-impulsive symptoms and 2.12% for inatten-
tive symptoms, their results were non-significant in
tests that controlled for population heterogeneity.(21)

Using groups of individuals who met the diagnostic
criteria for DSM-IV-defined ADHD subtypes, as
well as recently defined latent class criteria for pure
familial forms of ADHD, Todd et al.(22) reported that
no coding region sequence variations in the DRD2
gene were identified to contribute to susceptibility
for ADHD.

Morrison and Stewart(33) and Faraone and
Biederman(10) suggested that ADHD may be caused
by several interacting genes with modest effects.
Like many physical diseases and virtually all psychi-
atric disorders, ADHD can be considered a complex
trait from a genetic perspective.(34) Given its non-
Mendelian transmission pattern, the lack of a simple
1-to-1 genotype-phenotype relationship, reduced
penetration of any putative liability-increasing alle-
les, and the presence of phenocopies, ADHD must be
approached by using contemporary molecular genet-
ic analytic methods.(5) New technologies that allow
the rapid screening in association studies may be
applied to these samples in the future.
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