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Abstract

Aims: The KCNJ11 gene has a strong effect on glucose-stimulated insulin secretion. Common
polymorphism KCNJ11 E23K has been reported to be associated with type 2 diabetes in various
European-descent populations. However, there were inconsistent results in previous studies in
Asian populations, and no study has been carried out in the Iranian population. We examined
the contribution of KCNJ11 E23K variant in the susceptibility to type 2 diabetes in the Iranian
population. Methods: We undertook a population-based association study between type 2
diabetes and E23K mutation using 400 people with type 2 diabetes and 420 controls.
Genotyping was performed using TaqMan technology on an ABI7300 system. Results: No
significant difference was observed in either genotype distribution (p¼ 0.71) or allele frequency
(p¼ 0.88) between individuals with and without type 2 diabetes. After adjusting for the
confounding effects of age, gender and body mass index (BMI), no significant effect of
genotypes on type 2 diabetes was found regarding any genetic models tested (recessive,
dominant or co-dominant models). Following subgroup analysis of individuals with and
without diabetes based on BMI, a nominal significant association was observed between type 2
diabetes in the presence of obesity and E23K genotype in the recessive model (p¼ 0.03).
Conclusion: The KCNJ11 E23K polymorphism is not associated with genetic susceptibility to
type 2 diabetes in the Iranian population; however, it may play a role in disease progression
in the presence of obesity.
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Introduction

Type 2 diabetes mellitus (T2DM) is a very common endocrine

and metabolic disorder (1). It is characterized by both

impaired insulin secretion and peripheral insulin

resistance (2).

Many studies around the world have documented that

genetic factors play a key role in the incidence of T2DM

(3–5). Identification of these genetic elements relies primarily

on genome wide linkage studies or candidate gene approach

for the most common forms of T2DM. Previously, numerous

candidate genes have been identified in the predisposition to

T2DM; however, only a few have been replicated in different

populations with various racial backgrounds (6).

Among these, the KCNJ11 gene, which encodes the Kir6.2

subunit of the adenosine triphosphate (ATP)-sensitive potas-

sium (KATP) channel, is one of the most promising candidate

gene for T2DM in different populations, and its association

was also repeatedly confirmed recently by more robust

genome wide association studies (7–9). KATP channels in

pancreatic b-cells comprise two sub-units: a pore-forming,

K-inward rectifier Kir6.2 (KCNJ11) and a sulfonylurea

receptor (SUR1; ABCC8), which is a target of sulfonylurea

drugs (10). Elevation of blood glucose level leads to an

increase in the ATP to ADP ratio and a decrease in KATP

channel permeability that in turn leads to membrane

depolarization, activation of voltage-dependent calcium chan-

nels and Ca2_ influx into the cell, leading into insulin

exocytosis (11).

A polymorphism at codon 23 of the KCNJ11 gene results

in a glutamic acid to lysine amino acid changes

(E23K;rs5219) in the NH2-terminal tail of Kir6.2 (12,13),

and this polymorphism alters function by inducing spontan-

eous over-activity of pancreatic b-cells, causing modest

reductions in ATP sensitivity and insulin secretion (14).

Although there is general concord that this polymorphism is a

risk factor for T2DM in several populations, the data are still

inconsistent (13–21). Therefore, genetic studies of this

polymorphism will be a key step not only for replication of

these findings but also for assessing its effect in pathogenesis

Correspondence: Parvaneh Keshavarz, Cellular and Molecular Research
Center, School of Medicine, Guilan University of Medical Sciences,
10Km Tehran road, Guilan University Campus, Rasht, Guilan,
Iran. Tel: +98-131-6690007. Fax: +98-131-6690036. E-mail:
keshavarz@gums.ac.ir

E
nd

oc
r 

R
es

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

5.
23

5.
19

8.
10

3 
on

 0
2/

03
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://informahealthcare.com/erc
mailto:keshavarz@gums.ac.ir


of T2DM in populations with different genetic backgrounds

and environment.

This study was aimed to investigate the prevalence of

E23K polymorphism of KCNJ11 gene in a population in Iran

and to consider whether the E23K polymorphism is

associated with an increased risk of T2DM in the study

subjects. We performed a case-control association using

sample size of 400 patients with T2DM and 420 controls

without diabetes.

Patients and methods

Patients

A total of 820 un-related participants, comprising 400

individuals with T2DM and 420 control groups were involved

in this study. The sample size calculations showed that 308

cases and 308 controls were sufficient for 80% power

(a¼ 0.05) to detect an association with an effect size (odds

ratio; OR) of 1.5 at this locus. Allele frequencies from

previous studies on Asian and Caucasian populations were

used for this calculation.

All volunteers who met the inclusion criteria for

participating in this study were Iranian and resided in

Guilan province. Patients with T2DM having glycosylated

hemoglobin value (HbA1c) ranging from 53 to 108 mmol/mol

(7.0–12.0%) and a fasting blood sugar (FBS) level ranging

from 7.8 to 14.0 mmol/l (140–252 mg/dl) were recruited from

the outpatient clinics at Razi Hospital Diabetes Center of

Guilan University of Medical Science. All patients were

diagnosed based on the World Health Organization criteria or

using medication for diabetes treatment (22). The subjects

underwent routine medical check-ups, and individuals with no

clinical evidence of major diseases were enrolled as the

control group. The selection criteria for subjects without

T2DM were as follows: subjects older than 50 years who had

FBS levels lower than 5.6 mmol/l (100 mg/dl), normal HbA1c

level less than 42 mmol/mol (6%) and no family history of

T2DM. This case-control study was approved by the ethical

committee for human genome/gene research at the Guilan

University of Medical Science, and a written informed

consent was obtained from each participant. High molecular

weight genomic DNA was isolated from peripheral blood

according to standard salting-out method (23).

E23K genotyping

The E23K KCNJ11 variant (rs5219) was genotyped through

TaqMan technology on an ABI7300 system (Applied

Biosystems, Foster City, CA). The probe and primers were

designed by the assay-on-demand service of Applied

Biosystems (ABI). All TaqMan primers and probes are

available upon request. Standard total polymerase chain

reaction (PCR) reaction volume of 12.5 ml was performed

using TaqMan 2� Universal PCR Master Mix, NO

AmpErase UNG kits under the following conditions: denatur-

ation at 95 �C for 10 min for enzyme activation, followed by

45 cycles of denaturation at 94 �C for 15 s, annealing at 60 �C
for 1 min. Each 96-well plate includes 94 samples of

unknown genotype and 2 samples of no-template control.

After PCR reaction, the fluorescence of VIC and FAM dyes

was detected using an ABI Prism 7300 HT sequence detector

system with SDS software (ver.2.1). Genotype data were

obtained from more than 99% of the DNA samples. The

duplicate quality control samples (50 samples) were included

and genotyped with 100% concordance.

Statistical analysis

All statistic analyses were performed using either the SPSS

for windows version 12.0 (SPSS Inc., Chicago, IL), Web-

Assotest program (http://www.ekstroem.com) or the

SNPAlyze software version 8.0 (Dynacom, Tokyo, Japan).

The statistical differences in allele and genotype frequen-

cies of E23K polymorphism between different groups were

compared by Pearson chi-square test. The Hardy–Weinberg

equilibrium was computed based on the expected genotype

distribution with goodness-of-fit (p40.05). To estimate both

unadjusted and age, gender and body mass index (BMI) and

adjusted ORs, logistic regression analysis was performed.

Differences in clinical parameters between the two groups

were evaluated by t-test. Analysis of variance (ANOVA) test

was also employed to test the differences of the means of

continuous variables between the genotypes. Data are shown

as means�SD. Models of inheritance was also assessed.

In all cases, a p value of less than 0.05 was considered

statistically significant.

Results

Clinical characteristics of study population

The clinical characteristics of the study population are

summarized in Table 1. A total of 400 patients with T2DM

and 420 individuals without T2DM were enrolled in this

study. The sex and some important clinical features such as

FBS, BMI, HbA1C, etc., for T2DM are compared between

two groups. Besides the elevated concentration of glucose,

patient with T2DM had significantly higher FBS, BMI,

Table 1. Baseline characteristics of subjects with T2DM and control
subjects.

Subject without
T2DM (control)

Subject with
T2DM (case)

Number of subjects
(females/males)

420 (313/107) 400 (292/108)a

Age (years) 56.8� 12.4 52.4� 9.1a

Body mass index (kg/m2) 27.2� 12.7 28.5� 5a

Fasting blood
sugar (mmol/l)

5.1� 0.3 8.4� 2.5a

Systolic blood
pressure (mmHg)

124.8� 17.2 124.9� 14.8a

Diastolic blood
pressure (mmHg)

77.5� 9.2 75.5� 8.7b

HbA1c [mmol/mol (%)] 32� 14 (5.1� 1.3) 59� 19 (7.5� 1.7)a

Age of onset (years) – 44.7� 12.2
First-degree relatives

with T2D (%)
– 265 (66.2)

Insulin therapy (%) – 272 (68.2)
Positive retinopathy (%) – 64 (16)
Positive neuropathy (%) – 98 (24.5)
Positive nephropathy (%) – 122 (30.5)

Data are presented as means� SD for variables with normal distribution.
ap50.0001.
bp50.05.
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HbA1c and systolic blood pressure as compared with subjects

without T2DM (for systolic blood pressure: p50.05 and for

three others: p50.0001). Furthermore, the two study groups

did not show agreements on sex and age distributions

(p50.0001). The mean value for age of subjects with

T2DM was 52.44� 9.1 (range 35–67) and for control

groups was 56.8� 12.4 (range 40–78). Among the 400

patients with T2DM, more than 70% of them showed

nephropathy (30.5%), neuropathy (24.5%) or retinopathy

(16%). Diabetic nephropathy was much more frequent

among patients with T2DM.

Comparison of E23K polymorphisms between patients
with T2DM and control groups

The E23K polymorphism in the KCNJ11 gene was analyzed in

820 participants in this study. The distribution of genotype and

allele frequencies of the E23K variant was in accordance with

Hardy–Weinberg equilibrium in both the case and control

groups. Allele and genotype frequency were calculated by a

Chi-square (�2) test with a standard 2� 2 and 2� 3 frequency

contingency table, respectively, and summarized in Table 2.

The K allele frequency for case and control subjects were 0.361

and 0.357, respectively, and no statistically significant differ-

ence was observed between two groups (K versus E OR¼ 1.02,

95% CI: 0.83–1.25, p¼ 0.86). The genotype frequencies in the

patients and group with and without diabetes were as follows:

EE 40 and 41.2%, EK 48.2 and 46.2% and KK 11.8 and 12.6%,

respectively. The �2 analysis indicated that there was no

significant difference for the genotypic distributions between

the two groups (KK versus EE OR¼ 0.99, 95% CI: 0.63–1.54,

p¼ 0.67). In addition, no significant effect of genotypes on

T2DM was found for any of the genetic models (recessive,

dominant or additive model) that were tested. We also used

multivariate logistic regression analysis to exclude the con-

founding effects of age, gender and BMI differences on the

genotypic expression between cases and controls. Similarly, no

significant differences were found for any of the genotypic

models tested.

The clinical characteristics of the subjects with and

without T2DM are summarized according to three genotypes

of KCNJ11 E23K polymorphism suing one-way ANOVA test

in Table 3. No statistically significant differences were

observed among these genotypes in terms of any phenotypic

measurement (BMI, FBS, systolic BP, diastolic BP, age at

onset and first degree of relatives with T2DM), although the

FBS levels in individuals with T2DM carrying KK genotype,

seemed to be slightly higher than those with EE genotype.

Among the patients with diabetes carrying KK genotypes, a

significantly higher HbA1c level was observed compared with

two other genotypes (p¼ 0.03).

Comparison of E23K polymorphisms between patients
with T2DM and control groups in presence of obesity

In order to assess the influence of obesity on increasing the

effect of E23K in development of T2DM, we divided our

study subjects in a sub-analysis to two separate BMI

Table 3. Clinical and biochemical characteristic of study subjects according to the genotype of KCNJ11 E23K polymorphism.

Subject with T2DM Subject without T2DM

EE EK KK EE EK KK

Female (%) 122 (42) 136 (46.4) 34 (11.6) 140 (44.8) 135 (43.1) 38 (12.1)
Number of subjects
Male (%) 37 (34.3) 57 (52.7) 14 (13) 38 (35.8) 57 (52.9) 12 (11.3)
Age (years) 51� 8.8 53� 8.8 54� 10.7a 57.5� 12.8 56.9� 12.3 54.5� 11.7
Body mass index (kg/m2) 28.6� 4.6 28.7� 5.6 28.5� 5 26.9� 5.4 27.8� 1.8 25.7� 2.7
Fasting blood sugar (mmol/l) 8.3� 3.9 8.1� 3 9.4� 4.6 5.1� 0.3 5.1� 0.3 5.1� 0.4
Systolic blood pressure (mmHg) 125.0� 14 126.9� 16 127.0� 18 125.0� 15 126.0� 18 122.0� 17
Diastolic blood pressure (mmHg) 76.0� 8.0 76.0� 9.6 76.0� 9.5 77.0� 9.0 76.0� 9.1 76.0� 9.0
HbA1c [mmol/mol (%)] 57� 20

(7.4� 1.8)
57� 16

(7.4� 1.5)
68� 21

(8.4� 1.9)a
32� 13

(5.1� 1.2)
32� 16

(5.1� 1.5)
33� 20

(5.2� 1.8)
Age at onset (years) 44� 9.9 44.31� 9.3 44.9� 9.7 – – –
First-degree relatives with T2D (%) 103 (38.6) 137 (64.8) 27 (10.1) – – –

Data are presented as means� SD for variables with normal distribution.
ap50.05.

Table 2. Allele and genotype distribution of the KCNJ11 E23K polymorphism in subjects with T2DM and control subjects.

Subject with T2DM (%) Subject without T2D (%) p Value OR (95% CI)

E 511 (63.9) 540 (64.3)
Allele (%) 0.86 1.02 (0.83–1.25)

K 289 (36.1) 300 (35.7)
Genotype (%) EE 159 (40) 173 (41.2) Reference

EK 193 (48.2) 194 (46.2) 0.60 1.08 (0.8–1.45)
KK 48 (11.8) 53 (12.6) 0.67 0.99 (0.63–1.54)

Heriditary model
Codominant (KK versus EK) 0.86 1.02 (0.83–1.25)
Dominant (KKþEK versus EE) 0.67 1.06 (0.80–1.4)
Recessive (KK versus EKþEE) 0.79 0.94 (0.62–1.43)

Significant levels: p50.05; OR: odds ratio; CI 95%: confidence interval.
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categories according to WHO international classification of

obesity in Asians (24): non-obese (BMI530 kg/m2) and

obese individuals (BMI� 30 kg/m2). We then divided both

obese and non-obese individual into groups with and without

diabetes. The clinical characteristics of obese and non-obese

individuals regarding T2DM status is showed in Table 4.

In both obese and non-obese groups, there are significant

differences in age and FBS levels between subjects with and

without diabetes. Only in non-obese individuals, the systolic

blood pressure was significantly different in the groups with

and without diabetes. Then, we evaluated the association of

the KCNJ11 E23K variant with progression of T2DM in

both obese and non-obese groups. Genotype distribution

differed significantly between obese with and without T2DM

subjects under a recessive model after adjusting for age and

gender (OR: 0.23; 95% CI: 0.08–0.75; p¼ 0.03) (Table5).

In addition, testing the association between the E23K

polymorphism on development of T2DM among non-obese

individuals, in both allelic and genotypic comparison, showed

no significant association between those two groups (Table 6).

Discussion

The results of our study demonstrated that the allelic and

genotype distribution of KCNJ11 E23K polymorphism is not

associated with T2DM in the Iranian population. To the best

of our knowledge, this study is the first report to revile the

impact of this variant in the Iranian population. We analyzed

the general distribution of allele and three genotypes of

KCNJ11 E23K polymorphism in both case and control

groups. No significant effect of genotypes on T2DM was

found for any of the three models of genotype distribution

between the two groups. No significant effect was also found

after adjusting for age, gender and BMI.

The association between KCNJ11 E23K polymorphisms

and T2DM is a matter of controversy. Some studies have also

Table 6. Type 2 diabetes association analysis results by lack of obesity status.

Non-obese (BMI530)
With T2DM Without T2DM p Value OR (95% CI)

Allele (%) E 386 (62.7) 207 (62.1) 0.84 0.97 (0.76–1.25)
K 236 (37.3) 168 (37.9)

Genotype (%) EE 87 (38.7) 122 (39.2) Reference
EK 108 (48) 142 (45.7) 0.51 1.07 (0.74–1.55)
KK 30 (13.3) 47 (15.1) 0.68 0.89 (0.52–1.53)

Hereditary model
Codominant (KK versus EK) 0.84 0.97 (0.76–1.25)
Dominant (KKþEK versus EE) 0.89 1.02 (0.72–1.46)
Recessive (KK versus EKþEE) 0.56 0.86 (0.53–1.42)

Significant level: p50.05, OR: odds ratio, CI 95%: confidence interval.

Table 5. Type 2 diabetes association analysis result by obesity status.

Obese (BMI� 30)

With T2DM Without T2DM p Value OR (95% CI)

Allele (%) E 174 (65.4) 112 (72.7) 0.12 1.4 (0.91–2.18)
K 92 (34.6) 42 (27.3)

Genotype (%) EE 55 (41.4) 37 (48.1) Reference
EK 64 (48.1) 38 (49.4) 0.67 1.13 (0.64–2.02)
KK 14 (10.5) 2 (2.6) 0.04 4.7 (1.01–21.9)

Hereditary model
Codominant (KK versus EK) 0.10 1.48 (0.93–2.36)
Dominant (KKþEK versus EE) 0.35 1.31 (0.75–2.31)
Recessive (KK versus EKþEE) 0.03 0.23 (0.08–0.75)

Significant level: p50.05, OR: odds ratio, CI 95%: confidence interval.

Table 4. Clinical characteristic of obese and non-obese individuals by diabetic status.

Obese (BMI� 30) Non-obese (BMI530)

With T2DM Without T2DM With T2DM Without T2DM

Number (male/female) 133 (111/22) 77 (60/17) 311 (165/146) 255 (150/75)
Age (year) 51.7� 8.9 55.3� 11a 56.7� 12.6 53.07� 9.3a

Fasting blood sugar (mmol/L) 8.4� 3.6 5.23� 0.3a 8.3� 3.6 5.11� 0.3
HbA1c [mmol/mol (%)] 59� 18 (7.5� 1.6) – 59� 20 (7.5� 1.8) –
Systolic blood pressure (mmHg) 125.5� 16 127� 17.3 124.0� 17 125.0� 15a

Diastolic blood pressure (mmHg) 76.0� 9 80.0� 10 77.0� 9 76.0� 9
BMI(Kg/m2) 33.0� 3.4 33.7� 3.2 25.4� 2.3 25.7� 2.4

Data are presented as means� SD for variables with normal distribution.
ap50.05.
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reported no association from their genetic analysis (14,17,18).

Love Gregory, et al., found no significant association between

KCNJ11 and risk of T2DM in Caucasians population

(p¼ 0.097), but they observed a strong impact of variant in

their association study after performing the meta-analysis

with participation of 1153 cases with T2DM and 1076 control

subjects (25). On the other hand, several studies showed very

significant effect of KCNJ11 E23K on occurrence of T2DM

(14–16,20,21). These ambiguous findings documented in

prior reports by others, prompted us to embark a study to

elucidate the role of KCNJ11 E23K polymorphism in a

population in Iran. Although we failed to find any impact of

this variant on the risks of T2DM in our population, the

results of our study (OR¼ 1.01) are similar to those

calculated by meta-analysis of European population-based

study (26). These results indicate the consistency of our

finding to previous studies.

The results of the present and previous investigations have

suggested a small difference in the frequency of KCNJ11

E23K allele according to ethnicity and geographic locations.

The reported prevalence of K23 allele in Chinese Han

population were 41% (15), 37% in a UK population (18), 39%

in Danish population (20), 36% in a Japanese population (21),

39% in a French subjects (27) and 39.2% in Caucasians

T2D of European origin (28). In this study, we found a

relatively similar E23K allele frequency (36%) in our Iranian

population as compared to the above mentioned allele

frequency. Furthermore, a slightly lower E23K allele

frequency of 30.5% was reported in an Arabic population

from Tunisian (29).

The pancreatic KATP channel comprises two subunits, the

inwardly rectifying potassium channel KIR6.2 and the

sulfonylurea receptor SURJ (30). Both of these subunits

(KCNJ11 and ABCC8) are encoded by the two adjacent

chromosome 11p15.1 genes. Interestingly, the KCNJ11,

genetic association with variants in these genes has been

reported in E23K variant is in strong linkage disequilibrium

with the upstream missense single nucleotide polymorphism

(SNP) A1369S in ABCC8 gene (19,31). In fact many studies

with conflicting results (18,19,21). Thus, in all examined

populations, lysine carriers at KCNJ11 E23K almost carry the

alanine allele at ABCC8 Al369S, and it remains possible that

either or both variants are actually required to insert these

effects. As we did not consider the effect of ABCC8 variants

on promoting T2DM, this can be considered a limitation in

this study.

Another limitation of our study is the sample size, as we

included 820 individuals (400 cases and 420 controls), which

is relatively small. Therefore, due to inadequate statistical

power of the test, the impact of KCNJ11 E23K variant on the

risk of T2DM might not be detected in our study. Therefore,

further large-scale investigations and cohort studies will be

able to provide more information on the effect of E23K

variants in the pathogenesis of T2DM in the Iranian

population.

The lack of reproducibility in this study might also be due

to phenotypic heterogeneity, population stratification, mul-

tiple hypothesis testing, population bias and some environ-

mental factors such as diet s and life style. T2DM is a

complex disease and several genetic factors and

environmental elements are involved in the etiology of this

disease. Moreover, the same genetic factors such as E23K

variants might have different contributions when interacting

with various environmental factors in different population. A

meta-analysis of all published and unpublished data will have

greater accuracy to determine the modest effect of this variant

in the development of T2DM.

In genotype–phenotype association test, although a sig-

nificant difference was found for the mean values of age

between three genotypes of KCNJ11 E23K variants in

patients with T2DM, it appears that the EE genotype could

not delay the onset of T2DM.

Obesity and insulin resistance are major risk factors for

developing T2DM and have strong impact in the pathogeneses

of T2DM (32). Obesity may also influence the contribution of

KCNJ11 E23K on development of T2DM in different ethnic

groups. We therefore, conducted a stratified analysis on the

base of BMI and divided our study groups to obese and non-

obese individuals and classified each group to subjects with

and without T2DM. To examine the association of E23K

variant with T2DM, we adjusted our study groups for age and

gender and a nominal significant association was observed

between T2DM in the presence of obesity and the E23K

genotypes in the recessive model (OR: 0.23; 95% CI: 0.08–

0.75; p¼ 0.03). Previously, Nielsen et al. (20) found that the

E23K variant is associated with a significant increase in BMI.

Recently, it has been reported by Evliyaoglu et al. that the

ABCC8 R1273R polymorphism is significantly associated

with progression of T2DM in the obese individuals in Turkish

population (33). KATP channels are normally formed as an

octamer consisting of four Kþ inward rectifier Kir6.2 and four

regulatory SUR1 subunits. It suggests mutation in both

KCNJ11 and ABCC8 variants causing the development of

T2DM in obese subjects. Although we did not analyze the

ABCC8 variants in our study subjects, the positive association

of ABCC8 variant with progression of T2DM in obese

subjects is in consistency with our result and highlights the

key role of the polymorphism in genes encoding the

pancreatic ATP-channel subunits in the risk of T2DM in

presence of obesity. On the other hand, Cauchi et al. (34)

failed to find any effect of KCNJ11 E23K variants on the risk

of T2DM by obesity status. They suggested that ‘‘the

magnitude of the variant’s effect on T2DM susceptibility is

moderated by both obesity status and SNP function. In more

details, variants effecting insulin function have a more

significant impact on T2DM susceptibility in obese individ-

uals while variants effecting insulin secretion confer greater

T2DM risk in non-obese individuals’’. According to their

findings, KCNJ11 E23K is a variant that influences insulin

secretion and therefore it might have more impact on of

T2DM in non-obese individuals.

In summary, our study found no evidence to state that the

KCNJ11 E23K variant plays a key role as a risk factor for

T2DM in the Iranian population. Because of some limitations

in our study, we believe that these findings do not clearly

support such a role and a meta-analysis of all the available

data about this variant should be performed to verify the

modest effect of this variant on T2DM incidence. On the other

hand, this variant showed a consistent association with

development of T2DM among obese individuals.
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Noticeably, a more comprehensive assessment of genetic

variation in and around the KCNJ11 would be necessary to

fully assess the role of this gene in the occurrence or

progression of T2DM in obese individuals.
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