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Is there a correlation between GAD2 gene -243 A>G 
polymorphism and obesity?
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Abstract
Introduction: GAD2 gene encodes the glutamate decarboxylase enzyme which catalyses the transformation of 
glutamate into γ-aminobutyric acid, GABA. It is suggested that some polymorphic alleles of GAD2 gene, such as 
-243A>G, have an increased transcriptional effect compared with the wild type, which results in an increase of 
GABA in the hypothalamus with the subsequent increase of the neuropeptide Y, thus exacerbating the hunger centre 
and the appetite. The aim of this study was to observe an association between the -243A>G polymorphism with 
obesity, comparatively studying a group of obese patients and a group of patients with normal weight.
Patients and method: 127 patients were clinically evaluated in the Genetic and Endocrine Department of Chil-
dren’s Emergency Clinical Hospital, Cluj. The patients were included in two study groups, case group, with obesity 
(BMI higher than 97 kg/m2) and control group, with normal weight (BMI less than 97 kg/m2). Genotyping for 
GAD2 -243A>G polymorphism was performed using PCR-RFLP technique, the two groups being compared re-
garding the genotypes and phenotypes. 
Results and conclusions: In the obesity group, there is a statistically significant difference in BMI (kg/m2) between 
the subgroups with different genotypes (p=0.01), the AA genotype being less severely affected than AG and GG gen-
otypes. In the normal weight group there is no association between BMI and different genotypes (AA, AG or GG). 
Also, there is a greater distribution of GG genotypes and G allele in the obesity group compared with the control 
group, with an odds ratio which suggest that -243A>G polymorphism is a risk factor in obesity development (GG 
genotype OR=3.76, G allele OR=1.73, p=0.04).
The finding of our study is important in explaining the multifactorial model of obesity, our research demonstrating 
that the GAD2 -243 A> G variant could be a risk factor that added to other obesogenic factors would potentiate 
their effect.
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Introduction

GAD2 gene (glutamate decarboxylase 2), locat-
ed on the short arm of chromosome 10 (10p12.1) 
encodes the glutamate decarboxylase enzyme, 
which catalyses the transformation of glutamate 
into γ-aminobutyric acid (GABA). GABA acts 
on the neuropeptide Y, in the arcuate nucleus of 
the hypothalamus, neuropeptide Y being con-
sidered the most potent stimulator of the hunger 
centre (1). Glutamate decarboxylase has two 
isoforms, encoded by two different genes, one 
of 67kDa (GAD1 gene) and the other of 65kDa 
(GAD2 gene). Glutamate decarboxylase is an 
enzyme which is particularly studied because of 
its ability to become an autoantigen in 2 auto-
immune diseases, type 1 diabetes mellitus and 
stiff man syndrome (2-3) GAD2 gene (10p12.1, 
OMIM 138275) is very structurally similar to 
GAD1 gene (2q31, OMIM 605363), but GAD1 
gene is expressed only in the central nervous 
system (CNS), while GAD2 gene is expressed 
at both pancreatic and CNS level (2-7). Cere-
bral and insular autoimmune damage will lead to 
stiff man syndrome, respectively type 1 diabetes. 
Autoantigenicity of GAD2 appears to be due to 
molecular mimicry, with similarities to a viral 
polypeptide (possibly the P2-C protein of the 
Coxsackie virus) (8). On the other hand, these 
anti-GAD2 autoantibodies were also observed in 
a subgroup of patients with type 2 diabetes (9), 
this condition being known as LADA (latent au-
toimmune diabetes in adults).  
Since GAD2 enzyme is required for GABA syn-
thesis, animal studies suggest that the GAD2 
gene could play a central role in influencing 
GABAergic neurons linked to sensitive termina-
tions and thus would influence presynaptic inhi-
bition (10). On the other hand, increasing GABA 
amount in the hypothalamus causes a subsequent 
increase in the neuropeptide Y, thus excessively 
stimulating the hunger centre and appetite (11-
13). Animal model studies have also demonstrat-

ed that the GAD2 gene polymorphism causes an 
increase in GABA in the β cells, thus altering 
the first phase of insulin secretion and increasing 
glycemia (1,14).
Several single nucleotide polymorphism (SNPs) 
were identified in GAD2 gene in correlation with 
obesity, some of them located in the promoter 
region: -243 A>G, c.61450C> A, c.83897T> A, 
c.8473A> C (15).
Wild allele has a protective role in obesity. Pol-
ymorphic alleles have an increased transcrip-
tional effect compared with the wild type, which 
results in an increase of GABA in the hypothal-
amus with subsequent increase of neuropeptide 
Y, thus exacerbating the activation of the hunger 
centre and appetite (16). The -243 A>G poly-
morphism in the promoter region was studied in 
a French cohort and an association with obesity 
and possibly lower birth weight was revealed 
(17). Also, polymorphism was related to some 
metabolic risk factors and possibly to a certain 
eating behaviour in correlation with the effect of 
insulin (17). However, few studies, sometimes 
contradictory, have evaluated the link between 
genetic variants in GAD2 and obesity (16-19).
The aim of this study is to observe an associa-
tion of the -243 A>G polymorphism with obesi-
ty, by comparing a group of obese patients with 
a group of patients with normal weight.

Patients and method

This study was observational, analytical, pro-
spective, case-control.
The main inclusion criterion in case group was 
the presence of obesity, according to the defini-
tion of World Health Organisation (WHO) (20). 
Therefore, in case group the inclusion criterion 
was the weight for height greater than 3 standard 
deviation (SD) above the WHO Child Growth 
Standards median for the patients under 5 years 
of age and a body mass index  (BMI) greater than 
2 SD above WHO Growth Reference median for 
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the patients over 5 years of age. For the control 
group, the inclusion criterion in patients under 
5 years of age was a weight for height less than 
3SD below the WHO Child Growth Standards 
median and in children above 5 years of age, a 
BMI less than 2SD below WHO Growth Refer-
ence median. Exclusion criteria were: absence of 
the inclusion criteria, absence of biological ma-
terial for genetic testing or absence of informed 
consent.
For each patient, an informed consent from the 
parents was obtained to participate in the study. 
The study was approved by the Ethics Commit-
tee of “Iuliu Hatieganu” University of Medicine 
and Pharmacy, Cluj-Napoca.
One hundred twenty-seven patients were evalu-
ated in the Genetic and Endocrine Department 
of Children’s Emergency Clinical Hospital, Cluj, 
between 1st October 2013 and 1st October 2017. 
The age of these patients was between 1 and 18 
years. Sixty patients were diagnosed with obesi-
ty, they were included in the case group, and 67 
patients were of normal weight, being included 
in the control group. Patients in the case group 
were evaluated, clinically and by laboratory in-
vestigations, the phenotype data being evaluated 
and submitted in a database by the investigator 
physician. The evaluated phenotype included the 
auxology. Z score for weight, height and BMI 
was calculated according to WHO growth stand-
ards and reference for age and sex.
An amount of 3 mL of blood in a vacutain-
er containing EDTA was collected for each of 
these patients. DNA extraction was performed 
using the DNA extraction kit (Wizard Genom-
ic DNA Purification Kit, Promega, Madison, 
WI, USA). Genotyping for GAD2 -243 A>G 
polymorphism was performed using PCR-
RFLP technique, as previously described. 
Briefly, performing PCR, a 203 bp amplicon 
was obtained, using the primers: GAD2-243-F: 
5′-AGCTCCCTCCCTCTCTCGTGTTT-3′ and 
GAD2-243-R: 5′-TATGCGAGCTGGAGA-

CAGGGTTTA-3′. Enzymatic digestion with 
DraI led, in the case of A allele, to 2 fragments 
of 144 bp and 59 bp, and in case of G allele, an 
undigested amplicon, of 203 bp.
Statistical analysis was performed using the 
IBM SPSS Statistics software (IBM Corp., Ar-
monk, NY, USA). Quantitative variables were de-
scribed as mean and standard deviations, qual-
itative variables were described as frequencies. 
To compare the quantitative variables, Student 
(t) test was used. For the verification of the Har-
dy-Weinberg equilibrium with respect to the al-
lelic frequency, Chi square test (χ2) was used. To 
compare the frequency of genotypes and alleles 
between groups, Chi square test (χ2) was used. 
We estimated the odds of the association calcu-
lating the odds ratio (OR) at a 95% confidence 
interval (CI). P value under 0.05 was considered 
statistically significant.

Results

The demographic and auxological characteris-
tics of the two studied groups are described in 
Table 1. In terms of age and sex, the two groups 
are comparable.
The correlation study between genotypes and 
auxological traits for obesity group is presented 
in Tables 2. 
In the obesity group, there is a statistically sig-
nificant difference in BMI (Z score) between the 
subgroups with different genotypes (p = 0.04) if 
the dominant model is considered, AG and GG 
genotypes being more severely affected than AA 
genotype. A recessive model does not exceed a 
significant statistical threshold (p = 0.36). In or-
der to observe a more important correlation in 
case group between the auxology and the geno-
type, we selected two subgroups of patients, ac-
cording to age. One, group A, including patients 
from obesity group with age between 5 and 10 
years, and the other, group B, including patients 
with age over 10 years. No  important statistical 
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significance in either of these groups regarding 
the correlation between the auxological traits 
and the genotype (table II) was noted.

In the normal weight group, there is no association 
between BMI (Z score) and different genotypes, 
AA n=51(76.1%) (BMI, Zscore, -0.008±2.82), 

Table 1. Characteristics of patients with obesity vs controls 

Variable
Obesity group Control group

pn (%) n (%)
60 (47.2%) 67 (52.8%)

Age (years) 11.46±3.39 11.12±4.62 0.66
BMI (kg/m2) 29.03±5.56 20.39±4.21 <0.001
BMI (Z score) Total group 2.23±0.61 0.14±2.3 <0.001
	 A Group(>5 yrs and ≤10yrs) 2.55±1.01 0.61*
	 B Group(>10yrs) 2.18±0.23
Weight (Z score) 2.31±0.62 0.12±2.04 <0.001
	 A Group(>5 yrs and ≤10yrs) 2.66±0.90 0.07*
	 B Group(>10yrs) 2.35±0.45
Height (Z score) 0.8±1.50 -0.5±1.82 <0.001

*A group with B group were compared

Table 2. Characteristics of the patients correlated with genotypes in obesity group

Variable

AA AG GG
p

(dominant 
model)

Total Group Total Group Total Group
n=33(55%) n=19(31.7%) n=8(13.3%)

A Group n=11 A group n=4 A group n=2
B Group n=22 B group n=13 B group n=6

BMI(kg/m2) 27.78±4.58 31.02±6.85 29.46±5.09 0.05
BMI (Z score) 2.12±0.24 2.52±1.02 2.24±0.17 0.04
Weight (Z score) 2.23±0.43 2.52±0.93 2.16±0.32 0.36
Height (Z score) 0,9±1.63 0.85±1,18 0.26±1,70 0.58
Age (years) 10.89±2.64 11.71±4.36 13.18±3.34 0.15
BMI(kg/m2) 
	 A group(>5 yrs and ≤10yrs) 24.51 27.05 29.55 0.12
	 B group(>10yrs) 29.42 32.85 29.43 0.16
BMI (Z score) Obesity Group
	 A group(>5 yrs and ≤10yrs) 2.2 3.09 2.4 0.09
	 B group(>10yrs) 2.09 2.14 2.11 0.56
Weight (Z score) Obesity Group
	 A group(>5 yrs and ≤10yrs) 2.35 3.06 2.01 0.47
	 B group(>10yrs) 2.17 2.27 2.31 0.26
Height (Z score) Obesity Group
	 A group(>5 yrs and ≤10yrs) 1.22 1.33 -1.58 0.51
	 B group(>10yrs) 0.73 0.64 0.87 0.95
Age (years) Obesity Group
	 A group(>5 yrs and ≤10yrs) 7.92 6.45 9.85 0.44
	 B group(>10yrs) 12.38 14.14 14.3 0.01
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AG n=14(20.9%) (BMI, Z score 0.38±1.13) and 
GG n=2(3%) (BMI, Z score 1.06±0.89) (p=0.58, 
dominant model) and also between weight (Z 
score) and genotypes (p=0.27, dominant model). 
Bringing together the patients of the two groups 
in a single large group, there is no statistically 
significant association between genotypes and 
BMI (Table 3). 
Analysing the genotype and allelic distribution, 
there is statistically significant difference for GG 
genotypes distribution and G allele frequency 
between obesity group and control group with an 
odds ratio of 4.94 (p=0.01), respectively of 2.64 
(p=0.001) (Table 4). We also observed a pro-
tective effect against obesity for AA genotype, 
compared with AG+GG genotype, odds ratio 
0.38 (p=0.006). It was also observed that there 
was a difference regarding G allele frequency 
between A group - 8/34 alleles (23.5%) and B 

group – 25/60 (41.7%) (p=0.04), thus indicating 
a higher frequency of G alleles in obese children 
aged over 10 years.

Discussions

Our study has shown that GAD2 -243 A>G is 
associated with weight gain and BMI in obese 
patients. G allele is more frequent in patients 
with obesity compared with those in the control 
group, an odds ratio of 2.64 indicating it as risk 
factor for obesity development. Also, it was ob-
served that there was a greater G allele frequen-
cy over the age of 10 years, indicating the possi-
bility that this factor could be a more important 
risk factor beginning with puberty towards the 
adulthood.  
Hager et al. demonstrated for the first time in 
1998, through genetic linkage studies, the ex-
istence of a major susceptibility locus on chro-

Table 3. Characteristics of the patients correlated with genotypes in all patients (obesity and normal weight 
group)

Variable Total n=127
AA AG GG p  

(dominant 
model)n=84(66.1%) n=33(26%) n=10(7.9%)

BMI (kg/m2) 25.24±6.59 24.26±5.72 26.54±7.99 26.97±6.03 0.063
BMI (Z score) 1.32±1.93 1.09±2.24 1.6±1.51 1.82±0.76 0.131
Weight (Z score) 1.29±1.91 1.19±1.99 1.3±2.57 1.88±0.79 0.46
Height (Z score) 0.27±1.77 0.32±1.67 0.08±2.01 0.51±1.55 0.679
Age (years) 11.34±3.97 11.05±3.21 11.35±5.15 12.93±3.63 0.367

Table 4. Genotype distribution and alleles frequencies in GAD2 gene in patients with obesity and controls

Variant Obesity group Control group OR (95%CI) pn=60 n=67
Genotype AA  33 (55%) 51 (76.1%)    
vs AG+GG 0.386 (0.177-0.822) 0.006
Genotype AG 

19 (31.7%) 14(20.9%)
   

vs AA+GG 1.747 (0.780-3.969) 0.087
vs AA 2.084 (0.917-4.813) 0.039
Genotype GG 

8 (13.3%) 2(3%)
   

vs AA+AG 4.942 (1.088-35.34) 0.018
vs AG 3.248 (0.560-22.52) 0.113
G allele frequency 35 (29.2%) 18 (13.4%) 2.643 (1.409-5.069) 0.001A allele frequency 85 (70.8%) 116 (86.6%)
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mosome 10, considered at the time very im-
portant for the development of obesity (21). In 
this region, GAD2 gene was for the first time 
mentioned in association with obesity in 2003 
by Boutin et al. (16), because, by its catalytic 
function in GABA formation, the latter interacts 
with the neuropeptide Y in the paraventricular 
nucleus and contributes to the regulation of food 
intake. Also, the level of anti-GAD2 autoanti-
bodies correlates with islet cell function and in-
sulin secretion. Thus, GABA is known to have 
an orexigenic effect, and genes involved in its 
metabolism can control food intake and are thus 
responsible for the development of obesity (16).
Meyre et al. demonstrated on a cohort of chil-
dren with severe obesity that GAD2 is correlated 
with obesity and also asserts in the study the hy-
pothesis of the insulin role on foetal growth and 
not that of the foetal programming (17,22).  
The data obtained in our study were also ob-
served in the recent study of Prakash et al (18), 
which also indicated the role of GAD2 in the 
development of obesity. On the other hand, the 
study of Swarbrick et al. did not find an asso-
ciation between this polymorphism and morbid 
obesity (19).
However, additional data is needed to better un-
derstand the role of GAD2 both at pancreatic 
level and insulin secretion and also the GABA 
action at the level of the lateral hypothalamus and 
hunger centre. Very recent data further suggest 
the role of GAD2 in physical activity level pro-
gramming, data currently observed in mice (23).
Our research brings important and necessary 
data to support the role of GAD2, our different 
approach, compared with other studies, being 
given by the case-control study type and also 
by the uniformly, monocentric research. Only 
few clinical trials were done in this field, not al-
ways concordant, indicating the need for future 
research. On the other hand, the limitation of 
this study could be due to the quite small num-
ber of analysed patients. Also, it must be taken 

into account that in obesity there are studies that 
indicate other genetic or epigenetic factors that 
isolated or associated are proved as risk factors 
for obesity (24,25).  
In conclusion, the findings of our study are im-
portant in explaining the multifactorial model 
of obesity, our research demonstrating that the 
GAD2 -243 A>G variant is a risk factor which 
added to other obesogenic factors could potenti-
ate their effect.
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