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A Family-Based Association Study of Attention-Deficit
Hyperactivity Disorder and Dopamine D2 Receptor
TaqI A Alleles
Yu-Shu Huang, MD; Shih-Ku Lin1, MD; Yu-Yu Wu, MD; Chia-Chen Chao, MD;
Chih-Ken Chen2, MD, PhD
Background: Over the past 5 years, considerable progress has been made in the identification of polymorphic variation within monoamine system genes that are associated with the attention-deficit hyperactivity disorder (ADHD) phenotype.
In this study, we investigated the association of the dopamine D2 receptor
(DAD2) TaqI A and ADHD in a Taiwanese sample.
Methods:
The sample consisted of 98 children with ADHD and 154 of their parents.
ADHD cases were ascertained from the Child Psychiatric Clinics at Chang
Gung Memorial Hospital in the Taipei area, Taiwan. A diagnosis of ADHD
was made following clinical interviews plus completion of a standard maternal interview and Conner's revised rating scales by a parent and teacher.
Association of DRD2 TaqI A polymorphism in this sample was investigated
using a haplotype-based haplotype relative-risk method.
Results:
Among our subjects, there was no significant difference in transmission rates
between DRD2 TaqI A1 and A2 alleles.
Conclusion: The results of this study do not support DRD2 playing a major role in
Taiwanese children with ADHD.
(Chang Gung Med J 2003;26:897-903)
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A

ttention-deficit hyperactivity disorder (ADHD)
is a clinical disorder characterized by a persistent pattern of overactivity, inattention, and impulsivity that is severe, developmentally inappropriate,
and accompanied by impaired function at home and
school. ADHD is also one of the most common disorders in child clinical populations. Mannuzza et
al.(1) reported that children with ADHD are at heightened risk for lower educational attainment, lower
income, and underemployment. Moreover, they suffer 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 factors 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 heritability, which measures the degree to which a disorder 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 animal 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), respectively, 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 family-based association study. This finding was replicated by Waldman et al.(5) and Gill et al.(14). The association 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 inhibiting 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 considerable evidence for linkage and association with
excess transmission of the 10-repeat allele from heterozygous 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 psychiatric disorders. Several polymorphisms were identified shortly after the gene was cloned, 3 of which are
TaqI restriction fragment length polymorphisms.
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The first, termed TaqI A, has been the most commonly studied in association with psychiatric diseases. There is also considerable variation in the distribution 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 behavioral 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 children 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 contributing 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 carried 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 contained 1X PCR buffer, 1.5 mM MgCl 2, 0.25 mM
dNTPs, 1 µM of each sense and antisense primer,
1 unit of DNA Tag polymerase, and 50 ng of genomic 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 digested 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 collections of transmitted and non-transmitted alleles
were considered as 2 independent case-control samples. We also analyzed the association after stratifying 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 subjects 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 gestational 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 heterozygous and thus informative. As shown in Table
2, the transmission rate was 53.3% for the A1 allele
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and 49.7% for the A2 allele. There was no significant 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.
Table 1. Demographics of the Probands with Attention-Deficit
Hyperactivity Disorder
Sporadic cases Familial cases Total
N = 82
N = 16
N = 98
Age (years)
8.6Ų2.3
9.5Ų3.0
8.8Ų2.5
Gestational age (weeks) 38.3Ų1.6
38.3Ų1.0 38.3Ų1.5
≤ 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
Total

A1 56 (53.3)
A2 89 (49.7)
Sporadic cases A1 47 (51.6)
A2 77 (50.3)
Familial cases A1
9 (64.3)
A2 12 (46.2)
Male
A1 47 (53.4)
A2 76 (49.4)
Female
A1
9 (52.9)
A2 13 (52.0)
Percentages are given in parentheses.

49 (46.7)
90 (50.3)
44 (48.4)
76 (49.7)
5 (35.7)
14 (53.8)
41 (46.6)
78 (50.6)
8 (47.1)
12 (48.0)

X2

p

0.3

0.557

0.04

0.842

1.2

0.273

0.4

0.544

0.004 0.952

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.
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The strategies for exploring the location of susceptible genes that are available for polygenetic disorders 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 contributes only a small effect size.(26,28,29) Association
studies attempt to determine whether a genetic variant 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 methods can avoid the effects of population stratification.(30) Therefore, in this study, we attempted to
obtain DNA samples from probands and their parents. 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 transmitted to the affected offspring. The original HRR considers 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 variation 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 nontransmitted alleles contributed by a parent can be
regarded as paired observations, and may be misleading under the situation of non-random mating.
The TDT, a McNemar test for matched-pair data,
considers only parents whose transmitted and nontransmitted alleles differ, and assesses the evidence
for preferential transmission of 1 allele over the
other. In some circumstances, the TDT may lose
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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 conducting association studies in psychiatric genetics,
Owen et al.(29) made some recommendations. First
and most importantly, they suggested studying samples 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 heritability from the DRD2 locus was 4.27% for hyperactive-impulsive symptoms and 2.12% for inattentive 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 psychiatric disorders, ADHD can be considered a complex
trait from a genetic perspective.(34) Given its nonMendelian transmission pattern, the lack of a simple
1-to-1 genotype-phenotype relationship, reduced
penetration of any putative liability-increasing alleles, and the presence of phenocopies, ADHD must be
approached by using contemporary molecular genetic analytic methods.(5) New technologies that allow
the rapid screening in association studies may be
applied to these samples in the future.

Yu-Shu Huang, et al
Association study of DRD2 and ADHD

Acknowledgments

This study was supported by research grants
from Chang Gung Memorial Hospital, Taiwan. We
would like to thank Ms. Su-Lien Chen for her help
with genotyping, and all those who participated in
this study.

REFERENCES
1. Mannuzza S, Klein RG, Bessler A, Malloy P, LaPadula
M. Adult outcome of hyperactive boys. Educational
achievement, occupational rank, and psychiatric status.
Arch Gen Psychiatry 1993;50:565-76.
2. Loeber R, Dishion T. Early predictors of male delinquency: a review. Psychol Bull 1983; 94:68-99.
3. Lilienfeld SO, Waldman ID. The relation between childhood attention-deficit hyperactivity disorder and adult
antisocial behavior reexamined: the problem of heterogeneity. Clin Psychol rev 1990;10:699-725.
4. Woodward L, Taylor E, Dowdney L. The parenting and
family functioning of children with hyperactivity. J Child
Psychol Psychiatry 1998;39:161-9.
5. Waldman ID, Rowe DC, Abramowitz A, Kozel ST, Mohr
JH, Sherman SL, Cleveland HH, Sanders ML, Gard JM,
Stever C. Association and linkage of the dopamine transporter gene and attention-deficit hyperactivity disorder in
children: heterogeneity owing to diagnostic subtype and
severity. Am J Hum Genet 1998;63:1767-76.
6. Faraone SV, Biederman J. Is attention deficit hyperactivity disorder familial? Harv Rev Psychiatry 1994;1:271-87.
7. Biederman J, Faraone SV, Keenan K, Knee D, Tsuang
MT. Family-genetic and psychosocial risk factors in
DSM-III attention deficit disorder. J Am Acad Child
Adolesc Psychiatry 1990;29:526-33.
8. Morrison JR, Stewart MA. The psychiatric status of the
legal families of adopted hyperactive children. Arch Gen
Psychiatry 1973;28:888-91.
9. Gillis JJ, Gilger JW, Pennington BF, DeFries JC.
Attention deficit disorder in reading-disabled twins: evidence for a genetic etiology. J Abnorm Child Psychol
1992;20:303-15.
10. Faraone SV, Biederman J. Neurobiology of attentiondeficit hyperactivity disorder. Biol Psychiatry 1998;44:
951-8.
11. Faraone SV, Doyle AE, Mick E, Biederman J. Metaanalysis of the association between the 7-repeat allele of
the dopamine D4 receptor gene and attention deficit
hyperactivity disorder. Am J Psychiatry 2001;158:1052-7.
12. Curran S, Mill J, Tahir E, Kent L, Richards S, Gould A,
Huckett L, Sharp J, Batten C, Fernando S, Ozbay F,
Yazgan Y, Simonoff E, Thompson M, Taylor E, Asherson
P. Association study of a dopamine transporter polymorphism and attention deficit hyperactivity disorder in UK

901

and Turkish samples. Mol Psychiatry 2001;6:425-8.
13. Cook EH, Jr., Stein MA, Krasowski MD, Cox NJ, Olkon
DM, Kieffer JE, Leventhal BL. Association of attentiondeficit disorder and the dopamine transporter gene. Am J
Hum Genet 1995;56:993-8.
14. Gill M, Daly G, Heron S, Hawi Z, Fitzgerald M.
Confirmation of association between attention deficit
hyperactivity disorder and a dopamine transporter polymorphism. Mol Psychiatry 1997;2:311-3.
15. Amara SG, Kuhar MJ. Neurotransmitter transporters:
recent progress. Annu Rev Neurosci 1993;16:73-93.
16. Chen CK, Chen SL, Mill J, Huang YS, Lin SK, Curran S,
Purcell S, Sham P, Asherson P. The dopamine transporter
gene is associated with attention deficit hyperactivity disorder in a Taiwanese sample. Mol Psychiatry. 2003;8:3936.
17. Grandy DK, Litt M, Allen L, Bunzow JR, Marchionni M,
Makam H, Reed L, Magenis RE, Civelli O. The human
dopamine D2 receptor gene is located on chromosome 11
at q22- q23 and identifies a TaqI RFLP. Am J Hum Genet
1989;45:778-85.
18. Barr CL, Kidd KK. Population frequencies of the A1
allele at the dopamine D2 receptor locus. Biol Psychiatry
1993;34:204-9.
19. Comings DE, Comings BG, Muhleman D, Dietz G,
Shahbahrami B, Tast D, Knell E, Kocsis P, Baumgarten R,
Kovacs BW. The dopamine D2 receptor locus as a modifying gene in neuropsychiatric disorders. JAMA 1991;
266:1793-800.
20. Comings DE. Genetic factors in substance abuse based on
studies of Tourette syndrome and ADHD probands and
relatives. I. Drug abuse. Drug Alcohol Depend 1994;35:116.
21. Rowe DC, den Oord EJ, Stever C, Giedinghagen LN,
Gard JM, Cleveland HH, Gilson M, Terris ST, Mohr JH,
Sherman S, Abramowitz A, Waldman ID. The DRD2
TaqI polymorphism and symptoms of attention deficit
hyperactivity disorder. Mol Psychiatry 1999;4:580-6.
22. Todd RD, Lobos EA. Mutation screening of the dopamine
D2 receptor gene in attention-deficit hyperactivity disorder subtypes: preliminary report of a research strategy.
Am J Med Genet 2002;114:34-41.
23. Curran S, Newman S, Taylor E, Asherson P. Hypescheme:
an operational criteria checklist and minimum data set for
molecular genetic studies of attention deficit and hyperactivity disorders. Am J Med Genet 2000;96:244-50.
24. Grandy DK, Zhang Y, Civelli O. PCR detection of the
TaqA RFLP at the DRD2 locus. Hum Mol Genet 1993;2:
2197.
25. Terwilliger JD, Ott J. A haplotype-based 'haplotype relative risk' approach to detecting allelic associations. Hum
Heredity 1992;42: 337-46.
26. Sham P. Statistics in Human Genetics. London: Arnold,
1998.
27. Owen MJ, Cardno AG. Psychiatric genetics: progress,

Chang Gung Med J Vol. 26 No. 12
December 2003

902

Yu-Shu Huang, et al
Association study of DRD2 and ADHD

problems, and potential. Lancet 1999;354 Suppl 1:SI11-4.
28. Nothen MM, Propping P, Fimmers R. Association versus
linkage studies in psychosis genetics. J Med Genet 1992;
30:634-7.
29. Owen MJ, Holmans P, McGuffin P. Association studies in
psychiatric genetics [editorial]. Mol Psychiatry 1997;
2:270-3.
30. Schaid DJ, Sommer SS. Comparison of statistics for candidate-gene association studies using cases and parents.
Am J Hum Genet 1994;55:402-9.
31. Falk CT, Rubinstein P. Haplotype relative risk: an easy

Chang Gung Med J Vol. 26 No. 12
December 2003

reliable way to construct a proper control sample for risk
calculations. Ann Hum Genet 1987;51:227-33.
32. Spielman RS, McGinnis RE, Ewens WJ. Transmission
test for linkage disequilibrium: the insulin gene region
and insulin-dependent diabetes mellitus (IDDM). Am J
Hum Genet 1993;52:506-16.
33. Morrison JR, Stewart MA. Bilateral inheritance as evidence for polygenicity in the hyperactive child syndrome.
J Nerv Ment Dis 1974;158:226-8.
34. Lander ES, Schork NJ. Genetic dissection of complex
traits. Science 1994;265:2037-48.

903

D2

TaqI A

1

2

D2

(DRD2) TaqI A
98

154
"Conner's

"
"Hypescheme International"
haplotype-based haplotype relative risk
DRD2 TaqI A
DRD2 TaqI A1 A2 allele
DRD2 TaqI A
(طܜᗁᄫ 2003;26:897-903)

D2

TaqI A

طܜආᗁੰ έΔੰડ ආ͕ംࡊĂ1έΔξϲᒚዳੰ јᝒ֨ࡊڼĂ2هࡔطܜᗁੰ ૄษੰડ ჟৠࡊ
͛͟צഇĈϔ઼92ѐ2͡18͟ćତצΏྶĈϔ઼92ѐ8͡13͟Ą
৶פ٩ОώĈౘԠॲᗁरĂهࡔطܜᗁੰ ჟৠࡊĄૄษξщሄડ౪ྮܛ222ཱིĄTel.: (02)24313131; Fax: (02)24313161;
E-mail: kenchen@cgmh.org.tw

