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ABSTRACT Attention Deficit Hyperactivity Disorder (ADHD) is a disorder with a strong genetic background, and genetic
factors are thought to play a crucial role in its aetiology and developmental course. In this study the researchers investigated the
correlation of ADHD with the dopamine receptor D4 (DRD4) gene. Fifty patients (6–10 years of age) diagnosed between 1994
and 2001 and followed up 7–14 years until their adolescence and young adulthood (16–25 years of age) were included in the
study. Fifty healthy individuals of the same age were included as the control group. DRD4 gene analysis of patients was
performed after detailed clinical evaluation. The researchers found that 88% of patients continued to meet the criteria of ADHD
in adolescence and young adulthood. The most frequent DRD4 gene alleles among the ADHD and control groups were 4-, 8-
and 2-repeat alleles. While the frequency of the 8-repeat allele was higher than reported global estimations, none of the three
alleles were found to be significant for ADHD. However, in the presence of the 2-repeat allele for the combined subtype of
ADHD diagnosed in childhood, the persistence ratio was found to be statistically significant in adolescence and young adulthood.
The DRD4 gene may play a role in the developmental course of ADHD in the Turkish population.
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INTRODUCTION

Attention deficit hyperactivity disorder
(ADHD) is a neurobehavioral disorder that be-
gins during early childhood and negatively af-
fects the functionality at various levels (Goldman
et al. 1998). ADHD has a strong genetic back-
ground, and many different factors play a cru-
cial role in its aetiology and course (Faraone
and  Mick 2010).

The dopamine D4 receptor (DRD4) gene is
the most extensively studied gene located on the

11p15.5 chromosome (Thapar et al. 2005). The
DRD4 gene contains a 48-base pair (bp) vari-
able number of tandem repeats (VNTR) in exon
3, with lengths varying from 2 to 11 repeats;
three of these have common variants of 2, 4,
and 7 repeats (Van Tol et al. 1992; Rohde and
Halpern 2004). In terms of binding of adenyl
cyclase, the DRD4 7-repeat receptor is two to
three times less potent than 4-repeat or 2-re-
peat receptors (Oak et al. 2000). After in vitro
studies demonstrated that the 7-repeat allele of
the 48-bp repeat polymorphism leads to a
blunted response to dopamine, studies focused
on this VNTR polymorphism (Van Tol et al.
1992; Asghari et al. 1995).

The majority of studies investigating an as-
sociation between a dopamine-4 receptor poly-
morphism and ADHD in children and adults
have shown a significant correlation between
ADHD and the 7-repeat allele (Holmes et al.
2000; Tahir et al. 2000; Curran et al. 2001;
Roman et al. 2001). However, some studies have
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not found any relationship between the DRD4
gene and ADHD (Castellanos et al. 1998;
Marino et al. 2003; Johansson et al. 2008;
Ribasés et al. 2012; Ji et al. 2013). It is not
known whether the negative results stem from
the differences in sample groups, genetic or di-
agnostic heterogeneities, or statistical weakness
or whether they reflect real differences between
the communities.

It is important to determine the genetic fac-
tors affecting the outcome of ADHD in order to
provide comprehensive intervention and take the
necessary measures from the early stages of de-
velopment. Studies to determine the role of ge-
netic factors on the developmental course of
ADHD have frequently focused on the effect of
the 7-repeat allele. In addition to studies that
indicate the 7-repeat allele is related to a better
clinical outcome of ADHD (Gornick et al. 2007),
some studies have shown that the clinical out-
come is worse in these patients (Langley et al.
2009). Barkley et al. (2006), however, reported
no differences between the 7-repeat allele carri-
ers and non-carriers in terms of the severity of
behavioural symptoms, academic or work per-
formance, and the results of neuropsychologi-
cal tests in adulthood.

While the results of studies that have assessed
the role of genetic factors on the developmental
course of ADHD are controversial, it has been
claimed that the effect of risky genes is more
prominent in adolescent and adulthood periods
compared to childhood (Langley et al. 2009).

Objectives

As the frequency of repeat alleles of VNTR
in the DRD4 gene varies among different eth-
nic groups, the first aim of this study is to in-
vestigate the frequency of these repeat alleles in
the Turkish population.

The second aim of this study is to explore
the relationship between DRD4 alleles and
ADHD and investigate the effect of the DRD4
gene on progression and outcome of ADHD in
the Turkish population.

MATERIAL  AND METHODS

Sampling of Patients and Controls

Fifty adolescent and young adults who were
diagnosed with ADHD in childhood were in-

cluded in this study. The diagnosis of ADHD
was based on the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) ADHD
criteria between the years 1994 and 2001. Pa-
tients were followed in the Child and Adoles-
cent Psychiatry Department of Gazi University
Medical Faculty for 7–14 years, and they com-
pleted this follow-up period. The control group
consisted of 50 adolescent and young adults who
were healthy physically and mentally.

Informed consent was obtained from the ado-
lescents and young adults and from parents of
adolescents under the age of 18 years.

Exclusion criteria were as follows: presence
of pervasive developmental disorder, psychotic
disorder, neurological or genetic disorder, and
an intelligence quotient (IQ) level below 80,
evaluated between 1994 and 2001.

Genetic Analysis

Polymerase Chain Reaction (PCR)

Ten millilitres of blood was taken from each
participant. DNA isolation was performed with
the high salt concentration method. Regarding
VNTR polymorphism, located at the third exon
of the DRD4 gene, 5' GGTCTGCGGTGG-
AGTCTG 3' and 5 ‘GCGACTACGTGG-
TCTACT 3’ primers were used (Curran et al.
2001).

The PCR results were evaluated as follows:
2T, 3T, 4T, 5T, 6T 7T, 8T, and 10T alleles were
visualized at 323 bp, 371 bp, 419 bp, 467 bp,
515 bp, 563 bp, 611 bp, and 707 bp, respec-
tively, after running on 2% agarose gel electro-
phoresis. An agarose gel image of a 48-bp VNTR
polymorphism is shown in Figure 1.

Statistical Analysis

Statistical Packages for the Social Sciences
(SPSS) for Windows 11.5 was used for the sta-
tistical analysis. Categorical variables were
analysed with chi-square and Fisher-exact tests,
while the independent t-test was used for con-
tinuous variables for two-category variables and
one-way analysis of variance was used for more
than two categorical variables. Numbers and
percentages were used in categorical variables,
and mean ± standard deviation for continuous
variables as descriptive data. Statistical signifi-
cance was accepted as a p value of <0.05.
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Fig. 1. Agarose gel image of a 48 base-pair VNTR polymorphism
B: marker (a 50 base-pair of DNA Leader);
1, 2, 4, 5, 6, 7, 8, 9=4/8; 3= 3/8;  10=2/2;  11=2/3;  12=2/4;  13,14=4/4;  15= negative control

RESULTS

Socio-demographic Features

The researchers  evaluated 50 adolescents and
young adults (39 male, 11 female) who were
diagnosed with ADHD during childhood (age
range at the time of diagnosis 6–10 years, mean
age 7.98 years) and 50 healthy adolescents and
young adults (33 male, 13 female). In the ADHD
group, the mean age of the adolescents and
young adults was 17.52 years (2.22 SD, range
16–25 years), while the control group’s mean
age was 18.22 years (2.18 SD, 16–25 years).
There was no difference between groups for
mean age (t = –1.58, p=0.116) or gender
(χ2=1.786, p=0.181).

During childhood of the ADHD group, the
most common subtype of ADHD was the com-
bined subtype (n=38, 76%), followed by inat-
tention (n=9, 18%) and hyperactivity/impulsiv-
ity (n=3, 6%). A diagnosis of ADHD remained
in 44 (88%) cases, whereas six (12%) had re-
mission after the 7–14-year follow-up. Among
the ADHD sustained cases, 15 (34.1%) were
diagnosed as combined subtype ADHD, whereas
29 (65.9%) fulfilled the criteria for inattention
subtype.

Relationship of the DRD4 Gene with
Clinical Findings in the ADHD Group

The frequency of the genotype and alleles of
the DRD4 exon 3 VNTR polymorphism is sum-
marized in Table 1.

Table 1: The frequency of genotypes and alleles of DRD4
in ADHD and control group

DRD4

Genotypes
4/4
4/8
2/4
2/2
2/3
2/8
3/4
3/10
4/6
4/10
Alleles
4T
8T
2T
3T
6T
10T

ADHD
(n=50)

n,%
26 (52%)
16 (32%)
  5 (10%)
  1 (2%)
  1 (2%)
  - (0%)
  - (0%)
  1 (2%)
  - (0%)
  - (0%)
%
73
16
  8
  2
  -
  1

Control
(n=50)

n,%
27 (54%)
  9 (18%)
  9 (18%)
  1 (2%)
  - (0%)
  1 (2%)
  1 (2%)
  - (0%)
  1 (2%)
  1 (2%)
%
75
10
12
  1
  1
  1

There was no statistically significant differ-
ence between groups in terms of the frequency
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of 4/4, 4/8, 2/4, or other genotypes (χ2=3.622,
p=0.30). There was also no statistical signifi-
cance between ADHD and control groups in
terms of the frequency of the 4-, 8-, 2-, 3-, 6-,
and 10-repeat alleles of the DRD4 gene (χ2=3.93
p=0.56).

Both ADHD and control groups were classi-
fied according to the carried long allele (6-10
repeat alleles) since all subjects were carriers of
at least one short allele (2-4 repeat alleles). The
frequency of carrying the long allele in both
groups is shown in Table 2. There was no dif-
ference between ADHD and control groups in
terms of the frequency of the long allele (χ2

=1.214, p=0.18).

Table 2: The comparison of frequency of long allele in
ADHD and control groups

DRD4 ADHD Control
(n=50) (n, %) (n=50) (n,%)

Long allele - 33 (66%) 38 (76%)
Long allele + 17 (34%) 12 (24%)

Table 3: The distribution of the genotypes of DRD4 gene
in terms of persistence or remission of ADHD diagnosis
in ADHD group

DRD4 Adolescent and Remission Total
adults with group

ADHD (n=44) (n=6)

4/4 21 (80.8%) 5 (19.2%) 26 (100%)
4/8 15 (93.8%) 1(6.3%) 16 (100%)
2/4   5 (100%) 0 (0%) 5 (100%)
Others   3 (100%) 0 (0%) 3 (100%)

The distribution of genotypes belonging to
the DRD4 gene in terms of persistence or re-
mission of ADHD in the ADHD group is shown
in Table 3.

There was no statistical significance between
genotypes, determined in the ADHD group as
4/4, 4/8, 2/4, and other rare genotypes, and the
diagnostic status during adolescence or adult-

hood (χ2=2.879, p=0.41). Nonetheless, 83.3%
of patients (n=5) in remission during adoles-
cence or adulthood had the 4/4 genotype, 16.6%
of these patients (n=1) had the 4/8 genotype. In
the ADHD group, there was no significant dif-
ference between homozygous, heterozygous car-
riers and non-carriers of the 4-repeat allele in
terms of diagnostic status during adolescence
or adulthood (χ2 =2.738, p=0.25). There was no
significant difference between the long-allele
carriers and non-carriers in terms of diagnostic
status during adolescence or adulthood
(χ2=0.913, p=0.32). The distribution of remis-
sion over the adolescence and early adulthood
period of patients with ADHD carrying each
allele of the DRD4 gene is summarized in Table
4.

In the ADHD group, there were no signifi-
cant differences between 4-repeat allele carri-
ers (n=47, 94%) and non-carriers (n=3, 6%)
(χ2=0.435, p=0.67), 8-repeat allele carriers
(n=16, 32%) and non-carriers (n=34, 40%)
(χ2=0.737, p=0.36), 2-repeat allele carriers (n=7,
14%) and non-carriers (n=43, 86%) (χ2=1.110,
p=0.38), 3-repeat allele carriers (n=2, 4%) and
non-carriers (n=48, 96%) (χ2=0.284, p=0.77),
or 10-repeat allele carriers (n=1, 2%) and non-
carriers (n=49, 98%) (χ2=0.139, p=0.88) in
terms of persistence of ADHD or status of re-
mission during adolescence or early adulthood.

When the relationship between each allele
and subtype of ADHD diagnostic status over the
adolescence–adulthood period was investigated,
the researchers found that the incidence of the
combined subtype of ADHD was higher than
the inattention subtype in patients who were
carriers of the 2-repeat allele (χ2=6.849,
p=0.033). Five (71.4%) children who were car-
riers of the 2-repeat allele and diagnosed with
the combined subtype of ADHD during child-
hood met the criteria of the combined subtype
of ADHD over adolescence and adulthood; 2
(28.6%) children met the criteria for the inat-

Table 4: The distribution of remission over the adolescence and early adulthood period in patients with ADHD
carrying each repeat allele of DRD4 gene

Adolescent and adults
with ADHD (n=44)

  3 (100%)41 (87.2%)
29 (85.3%)15 (93.8%)
37 (86 %)7 (100%)
42 (87.5%)2 (100%)
43 (87.8%)1 (100%)

Remission group
(n=6)

0 (0%)6 (12.8%)
5 (14.7%)1 (6.3%)
6 (14%)0 (0%)
6 (12.5%)0 (0%)
6 (12.2%)0 (0%)

DRD4

4 allele -4 allele +
8 allele -8 allele +
2 allele -2 allele +
3 allele -3 allele +
10 allele -10 allele +

Total

  3 (100%)47 (100%)
34 (100%)16 (100%)
43 (100%)7 (100%)
48 (100%)2 (100%)
49 (100%)1 (100%)
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tention subtype of ADHD. In the non-carrier
group of the 2-repeat allele, 64.5% of the chil-
dren diagnosed with the combined subtype of
ADHD fulfilled the criteria of the inattention
subtype of ADHD during adolescence or adult-
hood and 32.2% were diagnosed with the com-
bined subtype of ADHD over the adolescent or
adulthood period.

Children diagnosed with the combined type
of ADHD who were carriers of the 2-repeat al-
lele had a significantly higher rate of persistence
of the combined type of ADHD during the ado-
lescence and adulthood period than those who
were not carriers of the 2-repeat allele (χ2=7.213,
p=0.02).

There was no significant relationship be-
tween ADHD subtype during adolescence–adult-
hood and the 4-repeat allele (χ2=2.148, p=0.34),
8-repeat allele (χ2=2.813, p=0.24), 3-repeat al-
lele (χ2=5.510, p=0.75) and 10-repeat allele
(χ2=0.739, p=0.69).

DISCUSSION

ADHD is one of the most common disorders
in childhood (Adler et al. 2007) and so it is
important to determine what causes the disor-
der, to what extent the disorder continues into
adolescence or adulthood, and the risk factors
that directly or indirectly affect the outcome.
Genetic factors have generally been acknowl-
edged in the aetiology and course of ADHD.

Since DRD4 is commonly located in the fron-
tal-subcortical networks of the brain that have
been implicated in ADHD, studies have focused
on the DRD4 gene and a 48-bp VNTR poly-
morphism in exon 3 because of its high vari-
ability (Van Tol et al. 1992; Asghari et al. 1995).
The most common variants, 4-, 7-, and 2-re-
peat alleles, have been reported worldwide with
frequencies of 64.3%, 20.6%, and 8.2%, respec-
tively (Chang et al. 1996). The frequency of the
4-allele is highly variable between 0.16 and 0.96
and that of the 7-allele is between 0.01 and 0.78.
The frequency of both alleles shows large varia-
tions among different ethnic groups and between
communities (Chang et al. 1996; Qian et al.
2004; Swanson et al. 2007). In studies of popu-
lations in the United States and Europe, the most
frequent allele is the 4-repeat allele, while the
second most frequent is the 7-repeat allele de-
spite the fact that the frequency of alleles is dif-
ferent in children with ADHD compared to

healthy controls (Szekely et al. 2004; Shaw et
al. 2007). In Asia, the frequency of the 7-repeat
allele is much lower (Chang et al. 1996). So
far, there is no accepted exact explanation for
this variability at the DRD4 locus (Turic et al.
2010).

Studies on ADHD have focused on the 7-re-
peat allele after showing its mediator effect on
dopamine, which causes blunted receptor re-
sponses in invitro studies (Asghari et al. 1995).
In some studies carried out with both adults and
children, ADHD and the 7-repeat allele were
shown to be interrelated (Holmes et al. 2000;
Tahir et al. 2000; Curran et al. 2001; Roman et
al. 2001), while in other studies no such rela-
tionship was shown (Castellanos et al. 1998;
Marino et al. 2003; Johansson et al. 2008). Most
studies reporting a relationship between ADHD
and the 7-repeat allele have been conducted in
the United States and Europe (Faraone et
al.1999; Holmes et al. 2000; Curran et al. 2001).
In studies carried out in Asian populations (such
as China, Korea, Taiwan), the frequency of the
7-repeat allele was found at a fairly low level,
and no relationship was reported between
ADHD and the 7-repeat allele (Qian et al. 2004;
Brookes et al. 2005; Kim et al. 2005; Leung et
al. 2005). In most of these Asian studies, the
presence of a 7-repeat allele was not shown
(Qian et al. 2004; Kim et al. 2005; Leung et al.
2005). Thus, the alleles were divided into two
groups, long and short repeats, and were
analysed, which also yielded negative results
(Qian et al. 2004). The researchers found no 7-
repeat allele during this study. Although this
result is consistent with studies carried out in
Asian populations (Qian et al. 2004; Kim et al.
2005; Leung et al. 2005), it is in contradiction
with studies carried out in the United States or
Europe, which reported the 7-repeat allele as a
risk factor for ADHD (Comings et al. 1999;
Holmes et al. 2000). The lack of a 7-repeat al-
lele in this study can be explained by ethnic di-
versity or the limited sample size. Comings et
al. (1999) reported that if the role of the DRD4
gene is limited to the 7-repeat allele, the effects
of other repeat alleles or genotypes can be ne-
glected and thus a significant proportion of the
phenotypic effect of the DRD4 gene could be
lost. Therefore differences between studies have
been attributed to ethnicity and methodological
differences.
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Leung et al. (2005) reported a case-control
study that showed a significant relationship be-
tween the 2-repeat allele and ADHD. Wang et
al. (2004) argued that the 2-repeat allele, like
the 7-repeat allele, may be responsible for the
blunted receptor response to dopamine; they
found the level of response located between the
7-repeat allele and the 4-repeat allele. Conse-
quently, Leung et al. (2005) claimed that the
increased frequency of the 2-repeat allele in
Chinese children is compatible with the 7-re-
peat allele hypothesis. Several researchers have
hypothesised that an increase in the frequency
of any allele, except for the 4-repeat allele, would
explain the relationship between the DRD4 gene
and ADHD, which would have a pattern of vari-
ability across ethnic groups and continue
through ethnic origins (Wang et al. 2004; Leung
et al. 2005). However, in some studies, a rela-
tionship between the 2-repeat allele and ADHD
has not been detected (Qian et al. 2004; Cheuk
et al. 2006).

In this study, the most common alleles were
4-, 8-, and 2-repeat alleles in the ADHD group.
The frequencies of alleles were 73% for the 4-
repeat, 16% for the 8-repeat, and 8% for the 2-
repeat allele. In the control group, however, the
frequency of alleles was 75%, 10%, and 12%,
respectively. Similar to previous studies (Qian
et al. 2004; Kim et al. 2005; Cheuk et al. 2006),
the most commonly detected allele in our study
was the 4-repeat allele. However, the research-
ers found the frequency of the 8-repeat allele,
which was the second most common repeat al-
lele, at a higher rate compared to other studies
(Qian et al. 2004; Kim et al. 2005). In various
Asian studies, the 8-repeat allele was not found
(Kim et al. 2005; Cheuk et al. 2006; Ji et al.
2013). A study of a European population indi-
cated that the frequency of the 8-repeat allele is
less than 1% (Chang et al. 1996). The frequency
of the 2-repeat allele in this study was less than
that reported for Asian populations (15–33%)
(Kim et al. 2005; Leung et al. 2005), whereas it
was consistent with the rest of the world (Chang
et al. 1996).

The researchers found no significant relation-
ship between each determined allele and ADHD.
Although the frequency of the 8-repeat allele
was higher than that reported worldwide, there
was no significant relationship with ADHD.
Thus, the hypothesis of Leung et al. (2005) sug-
gesting that the increased rate of any allele other

than the 4-repeat allele in different ethnic groups
can be assumed to show that the DRD4 gene is
associated with ADHD was not supported in this
study. The recearcher found no significant rela-
tionship between carriers of long alleles (6–10
repeats) and ADHD.

The course of ADHD from childhood to ado-
lescence and early adulthood is assumed to have
a highly genetic feature, and genes are equally
responsible both for the development and the
persistence of the symptoms in children with
ADHD (Rietveld et al. 2004). While the re-
searchers found no 7-repeat allele in this study,
the effect of the 7-repeat allele on the develop-
mental course and outcome of ADHD has been
frequently studied when evaluating the role of
the DRD4 gene. In this study they found no re-
lationship with clinical outcome of ADHD when
the 8-repeat allele was analysed alone or with
long alleles. In case-control studies, the DRD4
4-repeat allele levels have been lower in chil-
dren with ADHD compared to healthy controls.
Thus, Li et al. (2006) proposed that the 4-re-
peat allele may have a protective effect. How-
ever, recent studies have indicated that the 4-
repeat allele is significantly associated with a
higher ADHD symptom severity (Bidwell et al.
2011; Grizenko et al. 2012). Although the ef-
fect on symptom severity and an association with
ADHD risk are different issues, there is obvi-
ously a need for further research to address these
topics.

The researchers found the presence of the 4-
repeat allele to be ineffective on the clinical
outcome of disorder. Nevertheless, 83.3% of
patients who were in remission during adoles-
cence and adulthood were found to have a 4/4
genotype, and 16.6% of these patients were
found to have a 4/8 genotype. No patient who
was a non-carrier for the 4-repeat allele was in
remission. However, it is possible that this re-
sults were affected by the limited number of
patients who were non-carriers for the 4-repeat
allele and who were in remission. This finding
may suggest that carrying the 4 repeat allele,
especially in the case of homozygosity, can be
related to positive clinical outcomes, but fur-
ther studies with a larger sample size are needed.
The researchers found that children with the
2-repeat allele had a greater frequency of the
combined type of ADHD during their adole-
scence or adulthood.  The presence of 2-repeat
allele portended a significantly higher risk for
permanent combined subtype of ADHD. In the
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2-repeat allele carrier group, 71.4% of children
diagnosed with the combined type of ADHD in
childhood met the criteria of the combined type
of ADHD, and 28.6% of them were diagnosed
with the inattention subtype of ADHD during
adolescence and adulthood. The corresponding
rates for 2-repeat non-carriers were 32.2% and
64.5%, respectively. During the follow-up
period, there was no remission in any 2-repeat
allele carrier. These findings are important in
terms of showing that the presence of the 2-
repeat allele is related to worse clinical out-
comes.

CONCLUSION

The most commonly detected alleles in the
DRD4 gene have been reported as 2-, 4-, and 7-
repeat alleles in different populations. In this
study, the most commonly detected alleles were
4-, 8-, and 2-repeat alleles. Interestingly, the
frequency of the 8-repeat allele was higher than
that of previous studies, although in both ADHD
and control groups no 7-repeat allele was de-
tected.

No allele was significantly related to ADHD.
The presence of the 2-repeat allele caused the
childhood combined subtype of ADHD to per-
sist into adolescence or adulthood at a signifi-
cantly higher rate. During the follow-up period,
there was no remission in any 2-repeat allele
carrier. This result is important in terms of show-
ing that 2-repeat alleles might be associated with
a poor clinical outcome of ADHD.

LIMITATIONS OF THE STUDY

The small sample size is the major limita-
tion of this study. As sample size is not suffi-
cient, our results cannot be generalized to all
ADHD children in Turkey. Future studies com-
paring clinical differences in a larger number
of ADHD patients are required, along with tak-
ing into account gene–gene and gene–environ-
ment interactions.
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