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Introduction: The KCNQ1 gene has been known to play a role in insulin secretion
and has shown association with Type 2 diabetes mellitus (T2D). The aim of the study was
to investigate the association of the KCNQ1 polymorphisms rs2237892 and rs2237895
with T2D and related clinical quantitative traits.
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Methods: We genotyped two single nucleotide polymorphisms (SNPs) in KCNQ1
gene, rs2237892 and rs2237895, in 230 patients with T2D and 234 controls that had
no other metabolic traits in a sample obtained from Mexican population. Genotypic
and allelic frequencies were evaluated, and logistic regression was used to evaluate the
association between the SNPs and T2D risk.
Results: The KCNQ1 polymorphism rs2237892 was associated with T2D (odds
ratio, OR: 1.58 (95% CI (1.200-2.074, P= 0.001). Also, polymorphism rs2237892 was
associated with LDL-C levels (P = 0.044) in T2D patients in comparison to the control
group. No significant difference in genotypic frequencies of rs2237895 was observed
between T2D patients and controls.
Conclusion: This study confirms that the KCNQ1 polymorphism rs2237892 is
associated with type 2 diabetes and that it influences LDL-C levels in the Mexican
population.

Introduction
T2D is the most common form of diabetes and has become one
of the greatest health problems worldwide [1]. It has been documented that the population with Hispanic ancestry has a higher incidence of T2D than Caucasian population in the US [2,3]. In Mexico,
according to the updated information of the International Diabetes
Federation, the T2D prevalence in the population is 15.6% and it is
increasing. Around 10.6 million people have T2D, 3.45 million are
undiagnosed, and 7 million have impaired glucose tolerance [4]. In
fact, a sharp increase of T2D has occurred due to a higher prevalence in obesity, bad dietary habits and physical inactivity. It is noteworthy to mention that the genetic background of Mexican mestizo

population is complex, as it is integrated with an indigenous component and a Caucasian one, in different proportions among several
country regions [5]. In northern Mexico, the European ancestry is
40-50% and the indigenous ancestry goes from 38-43%. In southern Mexico indigenous ancestry is 60-75% and European ancestry
is around 10-30% [6]. Several genetic studies have been conducted
in order to elucidate the molecular basis of T2D in several populations, especially in those of Caucasian background.
In Mexicans, there have been reports in which some genes
showed association with early onset T2D (MODY) and with typical
T2D [7-19]. However, they are present only in a small proportion of
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the families under study. For this reason, there is a need to search
and analyze more genes that can explain the genetic basis of T2D
in the Mexican population. Several reports have been published
concerning the finding of KCNQ1 as a new T2D susceptibility gene.
KCNQ1 encodes for a voltage-gated potassium channel expressed in
pancreatic beta cells and some of its variants have been related to a
decreased insulin secretion. KCNQ1 expression has also been found
in cardiac muscle, intestine, and kidney. There is association of
several KCNQ1 SNPs in populations in Japan, Singapore, Denmark,
China, Korea, Germany, Malasya, Sweden, Finland and even
Mexico [20-29]. However, in Mexican population, no analysis was
made of the KCNQ1 polymorphisms with the anthropological and
biochemical traits in T2D patients. Additionally, polymorphisms in
this gene have been associated to gestational diabetes (GD) in China
and Korea [30-32]. Our group performed some GWAS studies in
populations from Starr County, Texas, and Mexico City and reported
the association of several genes to T2D in these populations,
including KCNQ1 gene [33-35]. In this study we analyzed if the
KCNQ1 SNPs rs2237892 and rs2237895 are associated with the
susceptibility to develop T2D and with the metabolic traits related
to T2D in a Mexican population.

Materials and Methods
Subjects

The study included 230 unrelated Mexican-Mestizo patients
with Type 2 diabetes mellitus attending the National Health Center
XXI Century of IMSS in Mexico City, ranging from 30-75 years of
age, according to the American Diabetes Association criteria (ADA)
[36]. To reduce the probability of including control individuals who
may develop T2D in later life, a group of 234 unrelated subjects
without Type 2 diabetes mellitus, with no family history of diabetes
and between the ages of 35–65 years made up the control group.
Absence of T2D was defined as no medical history of T2D and
fasting glucose levels ≤100 mg/dl. Only individuals born in Mexico
whose parents and grandparents identified themselves as MexicanMestizos were included. The project was approved by the Ethics
Committee of the National Health Center IMSS. All participants
signed an informed consent before their inclusion in the study. A
complete physical examination and clinical file was compiled from
every participant. Weight was measured with a standardized BAME
scale, model 420 and height was obtained with a standardized
stadiometer in all participants.

Waist perimeter (WP) was measured in the middle point
between the iliac crest and the lower rib with a flexible measure
tape. Body mass index (BMI) was calculated as kilograms per
meters squared. Blood pressure (BP) was measured in the
right arm by the same research nurse, after sitting for at least 5
minutes, using a standard aneroid sphygmomanometer (American
Diagnostic Corp.). The Korotkoff sound V was taken as the
diastolic BP. Three measurements were performed within 5 min
intervals and the definite value was the average of the second
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and third. Blood samples were taken from all individuals after
fasting for 12 hours in order to determine fasting glucose, total
cholesterol, HDL, LDL and triglycerides with a ILab 320 equipment
(Instrumentation Laboratory SpA, Spain). Insulin was measured by
chemoluminiscence with a Immulite 2000 equipment (Euro/DPC,
Llanberis, UK). Insulin resistance was calculated using HOMA-IR, as
insulin (UI/l) x fasting glucose (mg/dl)/22.5.

DNA Extraction

Using peripheral blood samples from patients and controls,
genomic DNA extraction was performed with the commercial kit
QIAamp®DNA (QIAamp DNA Blood Midi/ Kit, Qiagen, Germany)
according to the manufacturer´s instructions. Purity of the samples
was evaluated by spectrophotometry and the DNA integrity in
electrophoresis in agarose gels at 0.8%.

SNP Genotyping

Two SNPs in the KCNQ1 gene previously reported to be associated with T2D in several populations (rs2237892 and rs2237895)
were genotyped by using Taqman probes (Applied Biosystems,
Carlsbad, CA, USA) for the two SNPs. Allelic discrimination was
done using the fluorogenic Taqman assay, analyzed with an automated Applied Biosystems 7900 HT Real Time equipment (Applied
Biosystems, Carlsbad, CA, USA). All assays were performed in duplicate and were analyzed and determined by graphic visualization
using the Sequencing Detection System (SD 1.1.1., Applied Biosystems). The concordance between duplicate genotypes was greater
than 90% and for quality control a call rate of 0.99 for cases and
controls was used.

Statistical Analysis

Data between cases and controls was compared using chi
square or Student t test for categorical and continuous variables,
respectively. Hardy Weinberg equilibrium was assessed for
each SNP. We evaluated the additive model for the rs2237892
and the dominant model for the rs2237895. A bivariate logistic
regression was performed to calculate OR (Odds ratio) with their
respective 95% CI for each one of the possible genotypic variants.
The reference variant was the homozygous of the most common
variant. A multivariate analysis was included to determine potential
predictors of T2D risk (age, BMI and sex). In all cases, a value of p
<0.05 was considered to set the statistical significance. All analyses
were done using the version 11 SPSS for Windows.

Results

464 individuals were analyzed in this study, divided in 234
controls and 230 patients with T2D. The anthropometric and
biochemical characteristics of the study population are described
in Table 1. Significant differences were observed between cases and
controls for the variables concerning BMI, waist perimeter, systolic
and diastolic blood pressure, fasting glucose, triglycerides, HDL and
LDL cholesterol, insulin and HOMA IR. Table 2 shows a descriptive
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analysis of the SNPs in the study, including genotypic frequencies,
risk allele frequency (RAF) and Hardy Weinberg equilibrium in
control individuals and patients. A greater frequency of the CC allele
was observed between cases (66%) than controls (45%), although,
the values turned out to be not significantly different. We did not
find significant deviations from Hardy Weinberg equilibrium among
controls in any of the genotyped SNPs. There were no significant
differences of the genotype frequencies between the T2D group
and control group without T2D or among the RAFs in these Mexican
populations in comparison to the international data reported to
date. In contrast, the RAF for rs2237892 in T2D patients (0.77)
was significantly different to that of the control group (p= 0.001).
However, the RAF in our Mexican population from both SNPs
(rs2237892 and rs2237895) is slightly different when compared
to RAFs reported in other populations, which shows the genetic
distinctive feature of Mexican mestizos. Compared to controls,
we found association between the rs2237892 polymorphism and
T2D with an OR of 1.58 for the dominant model (95% CI 1.2002.074) estimated through conditional logistic regression (Table 2).
Additionally, metabolic traits were evaluated with both SNPs and
rs2237892 showed a significant association with LDL-C increase
(p= 0.044) through the additive model (Table 3). There were no
associations of the rs2237895 with the metabolic traits analyzed.

Table 1: General characteristics of the study population.
Characteristics

T2D (230)

Controls (234)

p value

Age (y)

58 (10)

44 (7)

<0.0001

Male

66

73

-

29 (4)

26.1 (2.7)

<0.0001

120 (17)

113 (8)

<0.0001

a

Sex (%)
Female

34

BMI (kg/m )

2 a

27

Waist perimeter (cm)

96.8±10.4

Diastolic blood pressure
(mmHg)a

76 (8)

Systolic blood pressure
(mmHg)a

Fasting glucose (mg/dl)a
Triglycerides (mg/dl)

175 (80)

a

HDL-Cholesterol (mg/dl)

a

LDL-Cholesterol (mg/dl)a
Fasting Insulina
HOMA-IR

a

87.4±7.7

<0.0001

86 (8)

<0.0001

105 (26)

143 (35)

128 (31)

5.36 (3.8)

1.50 (0.85)

12.6 (7.3)

<0.0001

70 (7)

232 (177)
50 (14)

-

<0.0001

55 (13)

<0.0001
<0.0001

7.1 (3.8)

<0.0001
<0.0001

Note: Data reported in mean and standard deviation.

Table 2: Allelic and genotypic frequencies, Hardy-Weinberg equilibrium and association of KCNQ1 SNPs with Type 2 Diabetes in
patients. (conditional logistic regression corrected by BMI, age and gender).
Genotypic frequency (%)

Allelic frequency (%)

T2D n=230

Control n= 230

CC

66

45

TT

11

CT

23

AA

26

CC

27

AC

rs2237892

44
rs2237895

47

11
28
50
22

T2D n=230

Control n=230

77&

67&

Ca
T

A

Ca

HWE P Value

23

49.5

50.5&

33
53

47&

0.76

1.00

OR (95% IC)

p value

1.578 (1.200-2-074)

0.001

1.167 (0.906-1.502)

0.232

Note: HWE= Hardy-Weinberg Equilibrium with 2 test. a Risk allele. &= Risk allele frequency.
Table 3: Correlation analysis of metabolic traits with the genotypes of rs2237892 in T2D and control subjects.
rs2237892 Phenotype

T2D CC (Frequency)

CT (Frequency)

TT (Frequency)

p value

BMI (kg/m )

27.7 ± 4.1

27.5 ± 3.6

27.0 ± 3.6

0.256

SBP (mmHg)

116 ± 14

116 ± 13

115 ± 12

0.587

2

Waist (cm)

DBP (mmHg)
FPG (mg/dl)

92.4 10.8
73 ± 8

91.5 ± 9.9
73 ± 8

137 ± 76

119 ± 67

HOMA-IR

3.69 ± 3.54

3.05 ± 3.15

TC (mmol/L)

216 ± 53

211 ± 54

FINS (mU/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)

10.1 ± 6.5

173 ± 145
53 ± 14

137 ± 33

90.9 ± 8.7
73 ± 8

127 ± 62

9.5 ± 7.1

9.62 ± 4.63

155 ± 135

186 ± 150

52 ± 13

136 ± 35
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3.68 ± 3.32
205 ± 55
50 ± 12

126 ± 35

0.388
0.815
0.731
0.691
0.650
0.359
0.257

0. 119

0.044*
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Note: BMI: body mass index; SBP: systolic blood pressure; DBP:
diastolic blood pressure; FPG: fasting plasma glucose; FINS:
fasting insulin; HOMA-IR: homeostatic model assessment;
TG: triglycerides; TC: total cholesterol; HDL-C: high density
lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol.
* Statically significant.

Discussion
The molecular mechanism in which the KCNQ1 channel is
related to the pathogenesis of T2D has not been fully elucidated.
However, this channel has been localized in pancreatic islets
and the selective blockade of this K+ channel stimulates insulin
secretion [37]. Association of the KCNQ1 gene to susceptibility to
develop T2D has been reported in several GWAS studies. In fact,
the two KCNQ1 SNPs analyzed in the present work (rs2237892 and
rs2237895) have been found to be associated with T2D in several
Asian [20-26] and European populations. These polymorphisms
have also been associated to gestational diabetes (GD) in Asian
populations [32,36,37]. Additionally, some KCNQ1 allelic variants
(rs2237892 and rs2237895 inclusive) have associations to
decreased insulin secretion, increased fasting plasma glucose and
reduction of function of the beta pancreatic cells [24-31]. In this
study, we observed a 0.77 RAF (C) for rs2237892 in T2D patients,
which was significantly different in comparison to that in the
control group (p= 0.001). Concerning the rs2237892 RAF, our
Mexican population rendered the second highest value (0.95), only
below that of Asian-Indians and European.

Also, we found the association of the rs2237892 SNP to T2D
(OR= 1.58, p=0.001) in Mexican population through the additive
model. This is interesting, as this is the highest OR score reported
for this polymorphism in relation to T2D, as other OR scores range
from 1.53 in China to 1.14 in several countries as Sweden, Finland,
Japan, Asian and European. The OR score obtained with this Mexican population is even higher than the most recently reported for
Mexican mestizo (OR= 1.37, p=0.001) [19]. This latter value was
obtained using the additive model with adjustments for ancestry.
The OR without ancestry adjustment in this population was weaker
(OR= 1.18, p=0.062). Reasons for the differences among the OR values in the previous report and the one obtained in this study could
be the inclusion criteria for the selection of T2D patients, whereas
the study by Gamboa-Melendez included individuals with early onset of diabetes, as well as obese and non-obese T2D patients; in our
study, all patients were confirmed for typical adult onset T2D, were
non hypertensive, obese or with overweight (BMI= 29±4).
Also, the subjects in the control group were included in the
study only after they were confirmed for not having any of the metabolic traits that are considered to be diagnostic for metabolic syndrome or T2D. According to this, our data confirms the previous
reported association of the SNP to T2D. We further analyzed the
association that these genetic variants could have with metabolic
traits. The rs2237892 polymorphism was found to be associated to
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increased levels of L-HDL (p= 0.044) in T2D patients in comparison
to controls (Table 2). In this case, a multivariated adjusted additive
model was employed. There are only two previous reports on the
analysis of KCNQ1 polymorphisms in relation to lipid parameters.
van Vliet-Ostaptchouk et al. describes the association of the risk
C-allele of rs2237892 with higher LDL-C and total cholesterol levels in T2D patients (P= 0.015 and 0.003, respectively Chen Z et al.
[30] reports the association of the genotypes CC at KCNQ1 polymorphisms rs2283228 and TT at rs2237892 with higher levels of
TG (P= 0.007 and 0.026, respectively) in coronary artery disease
(CAD) [37].
Also, subjects with the CC genotype at rs2283228 had lower
levels of HDL-C (P = 0.052). In this case, our results agree with
those reported by vanVliet-Ostapchouk regarding LDL-C, although
we did not see higher values of cholesterol associated with the
SNPS we studied. Concerning the results by Chen Z, they are
different from the values of TG and HDL-C, we observed; however,
they studied patients with CAD and excluded patients with diabetes
and metabolic syndrome. Even though CAD and T2D are different
disorders, we realize that KCNQ1 polymorphisms show association
with disturbances in lipid parameters. It is also important to remark
that individuals in the control group were included in the study
group only if they had normal values of BMI, blood pressure and
all metabolic traits studied. This condition stresses the importance
of the results obtained in this work. For rs2237895, no association
with T2D was found (OR= 0.887, p=0.341). Nevertheless, this SNP
RAF in Mexicans happened to be the highest of all (0.50), when
compared to those reported in several other populations [31-38].

It is worth mentioning, that in other populations different KCNQ1
genotypes were associated with a reduction in insulin secretion,
nonetheless, we did not find such association with fasting insulin
levels. In conclusion, our data reveals the association of rs2237892
to T2D in a Mexican population, which confirms the association
of some KCNQ1 genetic variants to the T2D susceptibility already
reported in other populations in the world. This constitutes the first
report concerning the KCNQ1 gene in Mexican mestizos and even in
any Hispanic population. This is very relevant, as T2D is extremely
frequent in Mexico, where the general frequency of T2D is 9.2%,
although it can be as high as 19.2% in the age group of 50-59-yearolds and 25% in 60-79-year-olds. These high frequencies denote
the high susceptibility that Mexicans have towards T2D, from which
the genetic component should have an important role. In general,
the risk allele frequencies of both rs2237892 and rs2237895 are
among the highest of all RAFs reported in other populations that
range from Caucasian from Europe as well as several Asian ones. It
is worth mentioning that Mexican mestizos arose from the mixture
from Amerindian and Caucasian in varying proportions. To be
able to have a better understanding of these SNPs RAFs nature,
confirmation of the association between these alleles in indigenous
Mexican populations is yet to be obtained.
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