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Objective  Attention deficit hyperactivity disorder (ADHD) is common disorder of the school-age population. ADHD is familial and ge-
netic studies estimate heritability at 80-90%. The aim of the present study was to investigate the association between the genetic type and
alleles for gamma-aminobutyric acid receptor subunit beta-3 (GABA3) gene in Korean children with ADHD.

Methods The sample consisted of 180 ADHD children and 159 control children. We diagnosed ADHD according to DSM-IV. ADHD
symptoms were evaluated with Conners’ Parent Rating Scales and Dupaul Parent ADHD Rating Scales. Blood samples were taken from
the 339 subjects, DNA was extracted from blood lymphocytes, and PCR was performed for GABA3 rs2081648, rs1426217 and rs981778
Polymorphism. Alleles and genotype frequencies were compared using the chi-square test. We compared the allele and genotype fre-
quencies of GABA3 gene polymorphism in the ADHD and control groups.

Results  This study showed that there was a significant correlation among the frequencies of the rs2081648 (OR=0.71, 95% CI=0.51-0.98,
p=0.040) of alleles of MAO, but the final conclusions are not definite. Follow up studies with larger patient or pure subgroups are expected.

Conclusion These results suggested that GABA3 might be related to ADHD symptoms. Psychiatry Investig 2017;14(5):693-697
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a com-
mon childhood neuropsychiatric disorder characterized by
behavioral problems such as attention deficit, hyperactivity
and impulsivity.' It has a prevalence of 2-7.6% among chil-
dren of school age in Korea.>” Family studies reported that
ADHD showed a heredity as high as 80-90%,* and molecu-
lar genetic studies are actively carried out accordingly. Re-
cent genetic studies on ADHD have usually been conducted
on the dopamine receptors and related neurotransmitters.

GABRB3 gene encodes a member of the ligand-gated ion
channel family. The encoded protein is one of at least 13 dis-
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tinct subunits of a multisubunit chloride channel that serves
as the receptor for gamma-aminobutyric acid, the major in-
hibitory transmitter of the nervous system. This gene is located
on the long arm of chromosome 15 in a cluster with two genes
encoding related subunits of the family (Figure 1).

The GABRB3 gene deficient mouse has been proposed as
a model of autism spectrum disorder.’ The genes encoding for
GABA, receptor subunits have been identified on chromo-
some 15q11-q13 which contains GABA, receptor f3 (GAB-
ARB3), o5 (GABRA5), and y3 (GABRG3) subunit genes which
appear to be a cluster. Recently, McCauley et al.° reported the
likely existence of one or more autism risk SNP alleles in the
GABA , receptor subunit cluster, especially GABRB3.

Studies of ADHD on GABAergic dysfunction have very
few. The GABAergic system plays a crucial role in early neu-
ral development.” A study found that the y-aminobutyric acid
(GABA) level in the blood increased and the ratio of excitato-
ry/inhibitory mediatory amino acids decreased significantly
in children with minimal cerebral dysfunction;* GABA con-
centration is reduced in children with ADHD compared with
typically developing control subjects.” Moreover, the GAB-
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Figure 1. The drawing of the GABA3 receptor subunit gene.
Table 1. Epidemiological characteristics between the ADHD group and the control group
ADHD group (N=180) Control group (N=159)
Rating scale Fory? value
& Mean+SD Mean=SD X P
Age* 8.6710.84 8.5910.79 0.06 0.813
Sex (N, %)t 3.79 0.052
Female 48 (26.7) 59 (37.1)
Male 132 (73.3) 100 (62.9)

These data represent meantSD, by independent t test*, or N (%),
peractivity disorder

Aergic agent extended-release valproate (EVA) could decrease
ADHD symptoms.'*"" Whether GABAergic dysfunction has
direct or indirect importance in ADHD is unclear, and an as-
sociation study between the GABAergic genes and ADHD
may be able to clarify its role in the susceptibility to ADHD.
To date, the correlation of polymorphisms in GABAergic genes
to ADHD has not been reported. GABRB3 encodes the B3
subunit of the GABA, receptor. GABA, receptor is an iono-
tropic, ligand-gated receptor, which is part of the inhibitory
synapses in the adult brain, and selectively conducts Cl ions.
During development, GABRB3 is an important molecule for
neuronal growth and differentiation, and mediates excitatory
signaling.'>"?

Wang et al."* conducted a study with 54 subjects having
ADHD and 67 healthy control members residing in China.
The result showed that GABA rs1805057 SNP only did not
have a significant correlation with ADHD. Kim et al."* conduct-
ed a study with 104 autism patients and trio family members
by performing rs2081648, rs1426217, rs890317, and rs981778
SNP. The result showed that an allele at rs2081648 showed
preferential transmission (p=0.027). But this study was the
association of GABA and Autism in Korea. No study has been
conducted in Korea to show the correlation between GABA3
gene polymorphism and ADHD.

The aim of the present study was to investigate the associa-
tion between the genetic type and alleles for GABA3 gene in
Korean children with ADHD.
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by chi-square test', significant p value<0.05. ADHD: attention-deficit/hy-

METHODS

Subjects

A questionnaire was conducted with about 16,000 elementa-
ry school students in a city whose population is about 500,000
from September 2008 and August 2010. A interview was per-
formed randomly with the children whose Korean version of
the DuPaul Attention Deficit Hyperactivity Disorder Rating
Scale (K-ARS)'¢ score was 19 or higher, and 180 ADHD chil-
dren who consented to the genetic study were selected. For the
control group, 159 children in the same area were selected by
matching the sex and age of the subjects in the patient group.
For both of the patient and control groups, a clinical evalua-
tion and the DSM-IV diagnosis' were performed by a child psy-
chiatrist. The number of ADHD children was 180, including
132 boys (73.3%) and 48 girls (26.7%), and the mean age was
8.6710.84. The number of the children in the control group
was 159, including 100 boys (62.9%) and 59 girls (37.1%), and
the mean age was 8.5910.79. There was no significant differ-
ence in the sex and age between the two groups (Table 1). Sub-
jects were excluded from the study if there was any evidence
of conduct disorder, mood disorder, anxiety disorder, To-
urette’s disorder, pervasive developmental disorder, mental
retardation (IQ <70) and neurological disorders including ep-
ilepsy. None of the children who participated in the study has
ever undergone drug treatment before the evaluation. Informed
consent was obtained prior to study entry. The study was also
approved by the Hospital Ethics Committee. None of the chil-



dren was taking psychostimulants at the time of the study.

On the day of visiting the hospital, the child psychiatrist per-
formed a clinical interview as well as Kovac’s Childrens De-
pression Inventory (CDI)," State Anxiety Inventory for chil-
dren (SAIC)," Trait Anxiety Inventory for children (TAIC) and
DuPaul Attention Deficit Hyperactivity Disorder Rating Sales
(K-ARS),” computerized ADHD Diagnostic System (ADS)
as well as completing a questionnaire survey regarding the preg-
nancy, infancy, developmental history and anamnesis of the
children with their parents. Subjects were included from our
sample if they had a score over two standard deviations from
the norm on the tests for ADS (T-score >70). ADHD had a lot
of comorbid disorders, such as depressive disorder and anxi-
ety disorder. So we excluded children with the high score of
depressive symptoms and anxiety symptoms. Subjects with
high anxiety scores (a Spielberger trait/state anxiety scale score
>47/49) on the Korean version of Spielberger trait-state anxi-
ety scale for children were excluded, and subjects with high
depression scores (Kovacs depression inventory score >29) on
Kovacs depression inventory for children were also excluded.
In addition, a professional clinical psychologist performed a
comprehensive psychological test, including an intelligence
test, on each subject.

DNA extraction and genotyping

DNA was extracted from leukocytes using a commercial
DNA extraction kit, the Wizard Genomic DNA purification
kit (Promega, Madison, W1, USA). The GABA3 SNP was gen-
otyped by polymerase chain reaction (PCR) according to the
protocol described by studies'> GABA3 rs2081648, rs1426217
and rs981778 were genotyped by Illumina, Inc. (San Diego,
CA, USA) through the use of their Integrated Bead Array
System (Table 2). We supplied Ilumina with barcoded DNA
microtiter plates containing the DNA quantified with Pico
Green to be at 100 ng/mL and Ilumina delivered genotypes with
quality scores calculated by proprietary Ilumina algorithms.
Genotyping methods for the Korean samples were previously
reported.”

Statistical analysis
We performed independent t tests for age, chi-square tests
for sex, and chi-squre tests to compare the results of the con-

Table 2. SNPs considered in this study
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trol group and the ADHD group through the frequency of the
genotypes and alleles. SPSS PC software (version 15.0; SPSS
Inc., Chicago, IL, USA) was used for the statistical analysis and
the significance level was set to the p value being less than 0.05.
Our study was conducted with 339 subjects and the power was
97.41%. This indicates that the association of the GABA3 gene
polymorphism and ADHD can be sufficiently accounted for
by the results in this study. However, we performed the power
program analysis for the chi-square test with 339 subjects and
the result showed that the effect size was 0.43 (moderate level).

RESULTS

Demographic characteristics of the subjects

The subjects were a total of 339 children. The children in both
of the ADHD group and the control group had never taken
any psychostimulants in advance. There was no difference in
the age (F=0.06, p=0.813) and sex (F=3.79, p=0.052) between
the control group and the ADHD children group (Table 2).

Comparison of the frequency of the genotypes and
alleles with genetic polymorphism of GABA3
between the control group and the ADHD group

The GABA3-152081648 genotypes of the 159 subjects in the
control group and the 180 subjects in the ADHD group were
G/G (56.18% vs. 41.77%), G/A (35.39% vs. 49.37%) and A/A
(8.43% vs. 8.86%), and there was a significant difference in the
frequency between the two groups (y*=-2.63, df=2, p=0.009)
(Table 3).

The GABA3-152081648 allele of the 159 subjects in the con-
trol group and the 180 subjects in the ADHD group were G
alleles (73.88% vs. 66.46%) and A alleles (26.12% vs. 33.54%),
and there was a significant difference in the frequency of allele
between the two groups (y*=-2.06, df=1, p=0.040) (Table 3).

Odds ratio of the genotypes and alleles with genetic
polymorphism of GABA3 between the control group
and the ADHD group

The odds ratio of the GABA3-rs2081648 genotypes was sig-
nificant at 0.56 (confidence interval: 0.36-0.86, p=0.009) and
the odds ratio of the GABA3-rs2081648 allele of was significant
at 0.71 (confidence interval: 0.51-0.98, p=0.040) (Table 3).

SNP ID Chromosome Location Position (coordinate) Distance Alleles
GABA3
152081648 15 Intron 24349291 -4918 G/A
rs1426217 15 Intron 24372217 -4341 T/C
rs981778 15 3UTR 24508332 -60309 G/A

GABA3: y-aminobutyric acid gene, NCBI gene ID (Accession) is 2562 (NM00081 and NM02191). SNP: single nucleotide polymorphism
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Table 3. Multivariate model for genotype distributions and allele frequencies of the ADHD group and the control group

Control

ADHD

Characteristics OR 95% CI X p
N % N %
GABA-152081648 (G/A)
Genotype 0.56 0.36-0.86 -2.63 0.009
GG 100 56.18 66 41.77
GA 63 35.39 78 49.37
AA 15 8.43 14 8.86
Allele 0.71 0.51-0.98 -2.06 0.040
A 263 73.88 210 66.46
C 93 26.12 106 33.54
GABA-1s1426217 (T/C)
Genotype 0.92 0.55-1.54 -0.32 0.751
TT 140 78.65 122 77.21
TC 36 20.22 35 22.15
CC 2 1.12 1 0.63
Allele 0.97 0.61-1.55 -0.114 0.909
T 316 88.76 279 88.29
C 40 11.24 37 11.71
GABA-1s981778 (G/A)
Genotype 1.03 0.66-1.62 0.13 0.900
GG 116 65.17 104 65.82
AG 51 28.65 49 35.01
AA 11 6.18 5 3.16
Allele 1.13 0.77-1.65 0.64 0.522
G 283 79.49 257 81.33
A 73 20.51 59 18.67

These data represent N (%) by chi-square test, significant p value <0.05. ADHD: attention deficit hyperactivity disorder, GABA: y-aminobutyric acid

DISCUSSION

This study is a case-controlled study in which the frequen-
cy of the genotypes and alleles of GABA3 were compared be-
tween the ADHD children and the control group in Korea. The
correlation between the genotypes and alleles of one candidate
GABA3 SNPs was investigated. This study showed that there
was a significant correlation between the frequencies of the
GABA3-rs2081648, this result is first report for the association
between GABA3 and ADHD children. This study showed that
there was a significant correlation between the frequencies of
the GABA3-rs2081648 and ADHD. To our knowledge, this
result is first report on the association between the GABA3
polymorphism and ADHD. In the study of Korean children,
reported which is the only previous study about the associa-
tion between autism and GABA3, Kim et al."” reported the
association between rs2081648 genetic polymorphism of the
GABA3 gene and Autism was reported first in Korea. But in this
study, the correlation between ADHD and GABA3-1s2081648
genetic polymorphism was found in this study firstly.
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Combining the results about the correlation between the
GABA3-1s2081648 and ADHD, it can be understood that the
failure of GABA3 regulation may cause the changes in cate-
cholamine and may be correlated with the vulnerability of var-
ious psychiatric diseases including ADHD and movement
disorder. These receptors can affect the catecholamine medi-
ating action, which is related with the symptoms found in the
children with ADHD.

This study also suggests that the failure to regulate the GABA3
expression causes changes in the catecholamine expression
and the structural development of the brain regions related
with nerve activity, attention and impulsivity. In this study, we
assumed that the variation of the GABA3 gene affect these
SNPs that are the cause of ADHD. Hence, the correlation be-
tween the GABA3 gene and ADHD should be carefully han-
dled and the result of our study should be verified in the fu-
ture study with a large number of independent samples.

The limitations of this study are as follows: first, the num-
ber of subject children was small. The subjects of this study
were 180 ADHD children and 159 children in the control group.



Second, the results of this study may not be generalized for
the cases of other racial or ethnic groups since the frequency
of alleles can vary due to local or racial differences. The dis-
tribution of the allele frequency in the ADHD patient chil-
dren and parents group in this study was also different from
that of other countries. Third, only a few SNPs were investi-
gated in this study among the many genes related with the
various ADHD phenotypes. Although it is clear that not just
one genetic factor causes the increased ADHD vulnerability,
we did not consider the interaction with other risk factors.

Despite the methodological limitations described before,
this study has several advantages. First, the patient group and
the control group had no difference in the frequency of sex
and age. The prevalence of ADHD is higher among males and
in adolescence; thus, the sex and age characteristics can have
a great effect. Considering this, our study was evaluated by
matching the age and sex of the patient group and the con-
trol group with each other. Second, this study used popula-
tion-based samples. Previous studies in Korea were hardly
considered to represent the general population because the
subjects were usually ADHD children who visited hospitals
for their clinical symptoms. In this study, the subjects in the
risk group were selected by the questionnaire survey from
the whole population in a region and the patient and control
samples were obtained by random contact. Thus, the subjects
in this study may be more appropriate to the characteristics
of general population than those of the study performed with
the patients who visited hospitals. Third, this study might
have compared relatively homogenous groups that had the
characteristics of Koreans, different from the studies con-
ducted in other countries with subjects from various ethnic
groups and nations. Fourth, both the patient group and con-
trol group in this study underwent clinical evaluation and
DSM-1IV diagnosis by children psychiatrists, applying the in-
clusion and exclusion criteria strictly, and thus the patient
group was composed of pure ADHD diagnosed subjects.

We expect that different allele distribution results may be
produced from future studies on the quantitative correlation
of the ADHD performance in the pure ADHD group from
which co-existing diseases are excluded, the patients group
composed of only boys or girls, the subtype groups such as
hyperactivity dominant group and attention deficiency dom-
inant group, and the drug response group.
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