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Glucokinase gene promoter -30G>A
polymorphism: a cross-sectional association
study with obesity, diabetes Mellitus,
hyperlipidemia, hypertension and
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ABSTRACT
Objective
A -30G>A single nucleotide polymorphism in the promoter region of the glucokinase gene has been previously
associated with obesity, insulin resistance and diabetes. The present study aimed to evaluate the association of
this polymorphism with obesity and its comorbidities in a population from Northeast Iran.
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Methods
Five hundred and forty-two subjects aged 18 to 65 years were included in the study and divided into normal
(BMI<25, n=220), overweight (25<BMI<30, n=135) and obese (BMI>30, n=187) groups. All subjects were
genotyped for the -30G>A polymorphism using the polymerase chain reaction-restriction fragment length
polymorphism technique.
Results
The genotypes and allele frequencies of the three groups did not differ significantly (p>0.05). When the study
population was categorized according to diabetes mellitus, hyperlipidemia, hypertension and metabolic syndrome
status, no significant difference in -30G>A genotypes and alleles was found between the subgroups with and
without these disorders (p>0.05), apart from a significantly higher frequency of the G allele in the hyperlipidemic
vs. non-hyperlipidemic subgroup (p<0.05).
Conclusion
The findings of the present study do not support an association between the -30G>A polymorphism and high
body mass index in the Iranian population.
Indexing terms: Body mass index. Glucokinase. Metabolic syndrome. Obesity. Single nucleotide polymorphism.

RESUMO
Objetivo
O polimorfismo de nucleotídeo único -30G>A, na região promotora do gene da glucoquinase, já foi associado
à obesidade, resistência insulínica e diabete. O objetivo deste estudo foi avaliar a associação deste polimorfismo
com a obesidade e suas comorbidades em uma população do nordeste iraniano.
Métodos
Quinhentos e quarenta e dois indivíduos com idades entre 18 e 65 anos foram divididos em três grupos:
normal (BMI<25, n=220), sobrepeso (25<BMI<30, n=135) e obeso (BMI>30, n=187). Todos os indivíduos
foram genotipados para o polimorfismo -30G>A através da técnica da reação em cadeia da polimerase polimorfismo do comprimento do fragmento de restrição.
Resultados
As frequências dos genótipos e alelos dos 3 grupos não diferiram entre si (p>0,05). Quando a população de
estudo foi categorizada de acordo com a presença de diabete, hiperlipidemia, hipertensão arterial e síndrome
metabólica, os genótipos e alelos -30G>A dos subgrupos com e sem essas doenças não diferiram entre si
(p>0,05), exceto por uma frequência maior do alelo G no grupo de hiperlipidêmicos quando comparados aos
não hiperlipidêmicos (p<0,05).
Conclusão
Os achados do presente estudo não confirmam uma associação entre o polimorfismo -30G>A e excesso de
peso na população iraniana.
Termos de indexação: Índice de massa corporal. Glucoquinase. Síndrome metabólica. Obesidade. Polimorfismo
de nucleotídeo único.

INTRODUCTION
Obesity is a major risk factor for some
diseases such as atherosclerosis, diabetes,
cardiovascular disease and cancer. Several factors
have been identified as determinants of obesity,
including life style, socioeconomic status and food
intake 1,2. Genetic factors may also play an
important role in the pathophysiology of obesity3,4.
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In addition, the potential role of hormonal factors,
like leptin and adiponectin, has been determined
by different studies5,6. Glucokinase (EC 2.7.1.1)
gene mutations are the first recognized disorders
of glucose metabolism. Glucokinase is expressed
in pancreatic cells and hepatocytes. Its expression
is controlled by tissue-specific promoters. This
enzyme acts as a glucose sensor in pancreatic
cells, regulating insulin secretion7. Glucokinase is
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also implicated in neuroendocrine glucose sensing
and regulation of hormone secretion and appetite,
both being important contributors to the
pathogenesis of obesity8-10. Genetic studies have
shown that mutations in this gene are responsible
for glucose metabolism disorders11. A -30G>A
Single Nucleotide Polymorphism (SNP) in the
promoter region of the glucokinase gene
(rs1799884) has been associated with obesity,
insulin resistance and diabetes. Yamada et al.
found that the glucokinase gene -30G>A
polymorphism in individuals with BMI>25 was
significantly and inversely related to obesity12. In
another study, Marz et al. found an association
of the -30G>A polymorphism with type 2
diabetes13. Chiu et al.14 found an association
between this polymorphism and insulin resistance
in the Asian Indian population. In another study
with a general Caucasian population, Rose et al.15
found an association of this polymorphism with
hyperglycemia. The associations between glucokinase
gene polymorphisms and obesity have been
hypothesized to be due to linkage disequilibrium
with obesity-regulating genes10. However, there
has been no report of this polymorphism in the
Iranian population. Therefore, the present study
aimed to investigate a possible association
between the -30G>A SNP and obesity and its
comorbidities, including diabetes Mellitus,
hyperlipidemia, hypertension and the metabolic
syndrome, in a Northeast-Iranian population.

for investigating the association between the -30G>A
polymorphism and obesity: normal (BMI<25,
n=220), overweight (25<BMI<30, n=135) and
obese (BMI>30, n=187). Secondly, the genotype
and allele frequencies of the -30G>A
polymorphism were compared between subgroups
of patients with and without the metabolic
syndrome (defined according to the International
Diabetes Federation, IDF, criteria), diabetes Mellitus,
hypertension and hyperlipidemia.
This project was approved by the Ethics
Committee of Mashhad University of Medical
Sciences (MUMS) under protocol number 87478.
All participants signed a free and informed
consent form.

Routine biochemical analysis
A full fasting lipid profile was performed
for each subject. Serum lipid and Fasting Blood
Glucose (FBG) concentrations were measured by
enzymatic methods using commercial kits (Pars
Azmoon Co. (for FBS and High Density Lipoprotein
-cholesterol [HDL-c] assays; Pishtaz Teb Co. (for
Low Density Lipoprotein-cholesterol [LDL-c]
assay; and Biosystems Co. (for total cholesterol
and triglycerides assays). Serum High-Sensitivity
C-Reactive Protein (hs-CRP) was measured by
the Polyethylene Glycol (PEG) enhanced
immunoturbidimetry method16,17.

Glucokinase G(-30)A genotype
METHODS

Study design and participants
This study included 542 subjects aged 18
to 65 years, recruited at the Nutrition Clinic of
the Ghaem Hospital (Mashhad, Iran). Anthropometric
parameters including weight, height, Body Mass
Index (BMI) (obtained by dividing the weight in
kilograms by the square of the height in meters),
waist circumference, hip circumference and waistto-hip ratio, and systolic and diastolic blood
pressures were measured in all participants. The
study population was divided into three groups

Genomic Deoxyribonucleic Acid (DNA) was
isolated from blood by the salting-out method
described elsewhere18. The -30G>A polymorphism
was assessed by the polymerase chain ReactionRestriction Fragment Length Polymorphism (RFLPPCR) technique. The primers used for amplification
were 5´-GGGGGTTAGGGATGTGAGAT-3´ as
forward and 5´-TGTGGGGCTTAGTGTCCTTC-3´
as reverse. The amplification products were
digested by MwoI (Fermentas) and analyzed by
polyacrylamide gel electrophoresis.
On digestion of the amplified fragment
(amplicon) by MwoI restriction endonuclease, the
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G allele yielded 169, 176, 149 and 48 base pairs
(bp) and A allele 224, 169 and 149 bp. The
molecular weight of the fragments and G and A
alleles were determined by molecular weight
markers.

Statistical treatment
All statistical analyses were done by the
software Statistical Package for the Social Sciences
(SPSS) for Windows™, version 11.5 (SPSS Inc.,
Chicago, Illinois, USA). Data were expressed as
Means (M) Standard Deviation (SD). The statistical
differences in genotype and allele frequencies
among the different Body Mass Index (BMI) groups
(BMI<25, 25<BMI<30 and BMI>30) and Diabetes
Mellitus (DM), Hypertension (HTN) and
Hyperlipidemia (HLP) subgroups were assessed by
the 2 test. Other contributing variables were
compared by one-way Analysis of Variance
(ANOVA) or the Kruskall-Wallis test. Binary logistic
regression analysis was also performed to assess
a possible association between the study
polymorphism and obesity using dominant,
codominant and recessive models. Compliance of
genotypes with the Hardy-Weinberg equilibrium
in each group was assessed by the 2 test with
one degree of freedom. A two-sided p-value<0.05
was considered statistically significant.
RESULTS

Study participants
Two hundred and eighty-six females and
256 males, aged 18 to 65 years, were divided
into 3 groups based on their BMI. The first group
(BMI<25) consisted of 111 females and 109 males
with a mean BMI of M=22.30, SD=1.95. In the
second group (25<BMI<30), there were 77
females and 58 males with a mean BMI of
M=27.78, SD=1.37. Finally, in the third group
(BMI>30), there were 98 males and 89 females
with a mean BMI of M=35.05, SD=4.64.
There were significantly higher rates of
diabetes Mellitus in the overweight and obese
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groups compared with the normal weight group.
However, the prevalences of hypertension and
hyperlipidemia did not differ among the three
groups (p>0.05). The three groups did not differ
with respect to gender distribution but the normal
BMI group was significantly older than the
overweight and obese groups (p<0.05). The rates
of current or past smoking habit were highest in
the obese and lowest in the normal BMI group
(p<0.001). There was no significant difference
among the three groups regarding waist-to-hip
ratio and systolic and diastolic blood pressure,
apart from significantly higher diastolic blood
pressure in the obese vs. normal BMI group
(p<0.01). With regard to lipid profile, the
overweight and obese groups had significantly
lower serum levels of HDL-c and higher triglyceride
levels than the normal BMI group, while there was
no significant difference in total cholesterol and
LDL-c (p>0.05). Serum hs-CRP levels were
significantly different among the three groups,
with them being highest in the normal and lowest
in the overweight group. Finally, the obese group
had significantly higher FBG than the overweight
(p=0.001) and normal (p=0.001) groups (Table1).

-30G>A polymorphism and obesity
The frequency of the AA, GA and GG
genotypes were 25.9%, 2.7% and 71.4% in the
normal group, 22.2%, 6.7% and 71.1% in the
overweight group, and 21.9%, 9.1% and 69.0%
in the obese group, respectively. A significant
deviation of genotype distribution from the HardyWeinberg equilibrium was observed in all three
groups (p<0.001). No significant difference was
observed between the three groups, neither in
genotype nor in allele frequencies (p>0.05,
Table 2).
In the binary logistic regression analysis,
there was no significant association between the
-30G>A polymorphism and obesity in any of the
dominant (GG vs GA + AA), codominant (additive)
or recessive (GG + GA vs AA) models (p>0.05).
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Table 1. Clinical and biochemical characteristics of different body mass index groups.
BMI <25

p-value

BMI >30

25 <BMI <30

a
N
Gender (F/M)
Age (years)
Weight (kg)
BMI (kg/m2)
Waist (cm)
Hip (cm)
Waist / Hip
Smoker (%)
FBS (mg/dL)
TC (mg/dL)
LDL-c (mg/dL)
HDL-c (mg/dL)
TG (mg/dL)
Hs-CRP (mg/L)
SBP (mmHg)
DBP (mmHg)
DM
HTN
HLP

b

c

220

135

187

111/109

77/58

98/89

<0.228 <0.695 <0.410

M=46.05, SD=9.85

M=39.78, SD=11.27

M=38.44, SD=10.33

<0.001 <0.001 <0.486

M=61.11, SD=11.18

M=75.64, SD=14.53

M=92.27, SD=17.45

<0.001 <0.001 <0.001

M=22.30, SD=1.95

M=27.78, SD=1.37

M=35.05, SD=4.64

<0.001 <0.001 <0.001

M=84.52, SD=8.99

M=94.98, SD=9.02

M=107.11, SD=12.36

<0.001 <0.001 <0.001

M=95.37, SD=6.52

M=105.37, SD=5.43

M=118.68, SD=10.50

<0.001 <0.001 <0.001

M=0.887, SD=0.080

M=0.901, SD=0.082

M=0.905, SD=0.084

<0.304 <0.080 <0.903
<0.001 <0.001 <0.001

8 (3.7%)

20 (14.9%)

41 (22.0%)

M=80.81, SD=15.40

M=90.89, SD=28.40

M=87.18, SD=24.21

<0.001 <0.014 <0.318

M=178.13, SD=37.76

M=179.74, SD=38.10

M=175.90, SD=40.46

<0.925 <0.837 <0.666

M=112.89, SD=32.01

M=112.57, SD=30.10

M=110.14, SD=33.42

<0.996 <0.677 <0.791

M=45.98, SD=11.24

M=42.01, SD=9.41

M=40.09, SD=9.71

<0.002 <0.001 <0.238

100 (27-379)

124 (22-354)

130 (40-340)

<0.001 <0.001 <0.083

4.5 (0.26-171)

2.8 (0.20-22)

4.0 (0.21-49.56)

<0.014 <0.001 <0.007

M=115.22, SD=16.41

M=114.43, SD=17.14

M=113.78, SD=14.96

<0.928 <0.744 <0.926

M=74.77, SD=10.29

M=77.06, SD=10.75

M=78.69, SD=9.58

<0.211 <0.005 <0.546

2 (0.9%)

8 (6.1%)

5 (2.8%)

<0.007 <0.149 <0.160

14 (6.5%)

6 (7.8%)

4 (4.0%)

<0.710 <0.367 <0.279

10 (4.6%)

13 (8.4%)

15 (8.4%)

<0.050 <0.115 <0.651

Values are expressed as Mean (M), Standard Desviation (SD) or median and interquartile range. Comparisons were made by the

2

test, one-way

ANOVA and Kruskal-Wallis test. BMI: Body Mass Index; TC: Total Cholesterol; TG: Triglycerides; HDL-c: High-Density Lipoprotein cholesterol; LDL-c:
Low-Density Lipoprotein cholesterol; FBS: Fasting Blood Sugar; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; Hs-CRP: High-Sensitivity
C-Reactive Protein; DM: Diabetes Mellitus; HTN: Hypertension; HLP: Hyperlipidemia; a: Comparison Between BMI <25 vs 25<BMI <30; b: Comparison
Between BMI <25 vs BMI>30; c: Comparison Between 25 <BMI<30 vs BMI>30.

Table 2. Genotype and allele frequencies of -30G>A polymorphism in different body mass index groups.
BMI<25

25<BMI<30

n

%

n

%

BMI>30

p-value

n

%

Genotypes
AA
GG
GA

57

25.9

30

22.2

41

21.9

157

71.4

96

71.1

129

69.0

6

02.7

9

06.7

17

9.1

120

27.3

69

25.6

99

26.5

320

72.7

201

74.4

275

73.5

0.091

Alleles
A
G

<0.88

BMI: Body Mass Index.

-30G>A polymorphism and diabetes
Mellitus, hypertension, hyperlipidemia
and metabolic syndrome
Overall, there was no significant difference
in genotype and allele frequencies between the
subgroups of patients having or not hyperlipidemia

(Table 3), diabetes Mellitus (Table 4), hypertension
and metabolic syndrome defined according to
the IDF criteria (Table 5), (p>0.05). The only
exception was a significantly higher frequency of
the G allele in the hyperlipidemic subgroup
(p<0.05).
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Table 3. Genotype and allele frequencies of -30G>A polymorphism between hyperlipidemic and non-hyperlipidemic subjects.
HLP-

HLP+

p-value

n

%

n

%

122

24.5

6

15.8

30

06.0

1

02.6

345

69.4

31

81.6

274

27.6

13

17.1

720

72.4

63

82.9

Genotypes
AA
GA
GG

0.382

Alleles
A
G

0.047

Values are expressed as number (%). HLP: Hyperlipidemia.

Table 4. Genotype and allele frequencies of -30G>A polymorphism in diabetic and non-Diabetic subjects.
DM-

DM+

n

%

n

122

23.6

5

29.4

30

05.8

1

05.9

364

70.5

11

64.7

274

26.6

11

32.4

758

73.4

23

67.6

p-value

%

Genotypes
AA
GA
GG

0.753

Alleles
A
G

0.452

DM: Diabetes Mellitus.

Table 5. Genotype and allele frequencies of -30G>A polymorphism in hypertensive and non-hypertensive subjects.
Metabolic Syndrome

Hypertenson
HTN-

MS-

HTN+

n

%

n

%

99

26.3

4

16.7

17

04.5

0

0

261

261

20

83.3

215

215

8

16.7

539

539

40

83.3

p-value

MS+

n

%

n

%

91

24.3

38

23.5

24

06.4

7

04.3

260

69.3

117

72.2

206

27.5

83

25.6

544

72.5

241

74.4

p-value

Genotypes
AA
GA
GG

0.399

0.603

Alleles
A
G

0.076

0.530

Values are expressed as number (%). MS: Metabolic Syndrome; HTN: Hypertension.

DISCUSSION
To our knowledge, there have not been
any other study on the association between the 30G>A polymorphism and obesity in the Iranian
population. The results of the present study
contrast the previous reports. An earlier survey
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by Yamada et al. 19 and colleagues on 147
polymorphisms of 124 candidate genes for obesity
in 3,906 Japanese found nine polymorphisms, and
the -30G>A polymorphism was found to be
inversely associated with obesity19. In another
study with southern Spaniards, the researchers
found an almost similar association and reported
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that -30G>A allele carriers have lower risk of
obesity and lose weight more easily10. These
associations may be partly due to the impact of
this polymorphism on insulin sensitivity, as an
association with high insulin resistance has been
reported for the -30G>A allele15. However, this is
not a universal finding since Elbein et al found no
significant influence of this polymorphism on the
insulin sensitivity index20. In the present study on
Iranian subjects, an association between this
polymorphism and BMI was not found. Likewise,
in another study on British Caucasians, fetal
genotypes of this polymorphism were not found
to be significantly related to the child’s birth
weight, but a significant association between
maternal A allele and birth weight was reported21.
In a study by Tam et al.22 on healthy Chinese adults
and adolescents, no significant association was
found between the -30G>A SNP and BMI22. In
another comprehensive study on a large population
of middle-aged Danish Caucasian subjects, no
significant association was found between this
SNP and anthropometric indices, including BMI,
waist circumference and waist-to-hip ratio.
However, when the population of the latter study
was grouped according to the presence of
metabolic syndrome components, a significant
association was found between the -30G>A allele
and obesity indices15.
The lack of association between the -30G>A
variant and diabetes Mellitus in the current study
confirms most of the previous studies in this
regard12,23-26. On the other hand, Marz et al.13
reported a significant association of the -30G>A
SNP with high risk of type 2 diabetes in patients
with Coronary Artery Disease (CAD), but not in
controls. With regard to diabetes-related traits,
there are also some previous reports indicating
an association between this polymorphism and
Fasting Plasma Glucose (FPG)21,27 or low cell
function (mainly in Japanese subjects) 12,27-29.
However, these findings are challenged by those
of other studies12,24,30-32 and so are not consistent.
Furthermore, previous studies have failed to find

any significant effect of this polymorphism on
insulin secretion20,24. Nevertheless, Rose et al.15
found that the -30G>A allele is associated with
high FPG and Post-Oral Glucose Tolerance Test
(OGTT) glycemia, as well as impaired glucose
regulation and other features of WHO-defined
metabolic syndrome15.
As for hyperlipidemia, a significantly higher
frequency of the G allele was found in the
hyperlipidemic group. Such an effect could be
secondary to the possible modulatory impact of
this SNP on insulin resistance. There is a pile of
evidence on the close nexus between insulin
resistance and dyslipidemia. The suggested
mechanisms include high hepatic triglyceride
production, high secretion of Very Low-Density
Lipoprotein (VLDL) and low lipoprotein lipase
activity33,34. However, the genotypes did not differ
between the hyperlipidemic and non-hyperlipidemic
groups. Given the close relationship between lipid
and glucose metabolism, the absence of genotype
differences between the subgroups with and
without hyperlipidemia could support some
previous studies that found no significant effect
on diabetes-related factors, such as FPG, glucose
effectiveness, insulin sensitivity and secretion.
Additionally, this SNP was not found to be significantly
related to serum lipids or dyslipidemia15.
Yamada et al.35 in a population-based
study comprised of 4,853 unrelated Japanese,
found that the -30G>A polymorphism was
significantly associated with hypertension. They
also reported that this polymorphism was
significantly related to the systolic and diastolic
blood pressures of men and women. They suggested
that Genetic Polymorphisms in Glucokinase (GCK)
is the susceptibility locus for hypertension in
Japanese individuals35. In a 6-year populationbased longitudinal cohort study on 2233 subjects,
the -30G>A SNP was associated with hypertension
in women36. However, this relationship was not
found in the present-study population. As
mentioned earlier, the failure of the present study
to find a significant association between the study
SNP and diabetes Mellitus, hyperlipidemia,
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hypertension and metabolic syndrome could be
justified by the small number of subjects with
these conditions.
In summary, the findings of the present
study do not support an association between the
-30G>A SNP and high BMI in Iranian subjects.
However, future prospective studies would be
helpful to confirm this finding.
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