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Background. Previous studies have examined the role of the KQT-like subfamily Qmember1 (KCNQ1) gene polymorphisms on the
risk of type 2 diabetes mellitus (T2DM), but the findings are inconclusive. Objective. To examine the association between the
KCNQ1 gene polymorphisms and the risk of T2DM using an updated meta-analysis with an almost tripled number of studies.
Methods. Five electronic databases, such as PubMed and Embase, were searched thoroughly for relevant studies on the
associations between seven most studied KCNQ1 gene polymorphisms, including rs2237892, rs2237897, rs2237895, rs2283228,
rs231362, rs151290, and rs2074196, and T2DM risk up to September 14, 2019. The summary odds ratios (ORs) with their 95%
confidence intervals (CIs) were applied to assess the strength of associations in the random-effects models. We used the trial
sequential analysis (TSA) to measure the robustness of the evidence. Results. 49 publications including 55 case-control studies
(68,378 cases and 66,673 controls) were finally enrolled. In overall analyses, generally, increased T2DM risk was detected for
rs2237892, rs2237895, rs2283228, rs151290, and rs2074196, but not for rs231362 under all genetic models. The ORs and 95%
CIs for allelic comparison were 1.23 (1.14-1.33) for rs2237892, 1.21 (1.16-1.27) for rs2237895, 1.27 (1.11-1.46) for rs2237897,
1.25 (1.09-1.42) for rs2283228, 1.14 (1.03-1.27) for rs151290, 1.31 (1.23-1.39) for rs2074196, and 1.16 (0.83, 1.61) for rs231362.
Stratified analyses showed that associations for rs2237892, rs2237895, rs2283228, and rs151290 were more evident among
Asians than Caucasians. TSA demonstrated that the evidence was sufficient for all polymorphisms in this study. The genotypes
of the three SNPs (rs2237892, rs2283228, and rs231362) were significantly correlated with altered KCNQ1 gene expression.
Conclusion. This meta-analysis suggested that KCNQ1 gene polymorphisms (rs2237892, rs2283228, rs2237895, rs151290, and
rs2074196) might be the susceptible factors for T2DM, especially among Asian population.

1. Introduction

The global epidemic of diabetes is a major public health
problem, and the number of cases has increased four times

in the past 30 years [1]. Incredibly, 1 in 11 adults suffered
diabetes globally. It is estimated that about 463 million adults
were living with diabetes mellitus worldwide in 2019, and
most of them had type 2 diabetes mellitus (T2DM).
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Moreover, this number is expected to increase to 642 million
by 2040 [2]. Considering its high prevalence and rapid
increasing speed, there are increasing numbers of investiga-
tions focusing on risk factors and susceptibilities for T2DM.
However, the underlying etiology of T2DM remains unclear.
Therefore, we conducted this meta-analysis to further
demonstrate whether genetic factors play a vital role in
the pathogenesis of T2DM [3] or not.

KQT-like subfamily Q member1 (KCNQ1) is a family of
voltage-gated potassium channels, and the KCNQ1 gene
located on 11p15.5 encoded the protein [4]. Although
KCNQ1 is mainly expressed in the tissues or cells in the
heart, it is also expressed in other tissues or organs such as
pancreas islets [5]. Blockading the channels with KCNQ1
inhibitors, 293B might stimulate secretion of insulin in pan-
creas, suggesting the effect of KCNQ1 on the regulation of
insulin secretion [6].

Unoki et al. [7], firstly, noted that populations with
KCNQ1 gene polymorphisms were susceptible to T2DM.
Since then, many studies have explored the roles of KCNQ1
gene polymorphisms on T2DM risk, but their findings were
inconsistent. These discrepancies might be attributable to
the various types of research populations and different
sample sizes across studies. The statistical testing power of
a single study may not be enough to detect the small effect.
Therefore, it is necessary to conduct a comprehensive analy-
sis on the association between the KCNQ1 polymorphisms
and the risk of T2DM. Therefore, in 2013, a meta-analysis
of Liu et al. [8] consequently suggested that KCNQ1
rs2237892, rs2237897, rs2237895, rs2283228, and rs231362
polymorphisms were associated with increased T2DM risk.
Nevertheless, this meta-analysis only paid attention to the
risk of alleles for type 2 diabetes, lacking evidence to clarify
the risk for T2DM in different genetic models. Furthermore,
31 additional related papers [9–39] have been published after
the publication of this meta-analysis; hence, the sample size
became three times more.

Thus, this updated meta-analysis with trial sequential
analysis (TSA) of all eligible studies was performed to assess
the effect of the KCNQ1 polymorphisms on T2DM risk. With
49 eligible articles included, we aimed to assess the associa-
tions between the 7 most studied polymorphisms of KCNQ1
(rs2237892, rs2237895, rs2237897, rs2283228, rs231362,
rs151290, and rs2074196) and the T2DM risk.

2. Methods and Analysis

2.1. Study Identification. Five electronic databases (PubMed,
Embase, Web of Science, China National Knowledge Infra-
structure (CNKI), and Wanfang databases) were systemati-
cally searched up to July 3, 2019, using combinations of the
following keywords: Diabetes Mellitus[MESH]/diabetes and
KCNQ1 and Polymorphism[MESH]/polymorphism/var-
iant/genotype without language restriction. Some references
might be inevitably missing during the database searching.
Therefore, the corresponding items generated by PubMed
have been recovered. The reference lists of the main related
studies and review studies were reviewed to identify potential
missing articles which are related to this topic.

2.2. Selection Criteria. Two authors (X-XY and M-QL)
independently reviewed and selected the studies. The fol-
lowing inclusion criteria were used to select studies for this
meta-analysis: (1) case-control study as study design; (2)
T2DM as outcome; (3) evaluation of at least one of the
following seven polymorphisms: rs2237892, rs2237895,
rs2237897, rs2283228, rs231362, rs151290, and rs2074196;
and (4) enough genotype information for data analysis.
Studies with gestational diabetes or postoperative diabetes
as the endpoint were excluded. Only the studies with the
largest sample size were included when there were dupli-
cate studies with overlapping data.

2.3. Data Extraction. For the included studies, the data were
abstracted by two authors (XY and ML) using the same data
extraction form as follows: first author, year of publication,
country of origin or ethnicity of study participants, source
of control groups, sample size of cases and controls, mean
age and percentage of male of cases and controls, genotyping
method, T2DM diagnostic criteria used, matching variables,
and genotype and allele distributions of cases and controls.

2.4. Quality Assessment. The method, derived from a
meta-analysis by Thakkinstian et al. [40] in 2011, was used
to assess the methodological quality of the included case-
control studies. The quality assessment criteria are shown
in Supplementary Table 1. The quality for each included
study based on their criteria was evaluated and given a
score from 0 to 15. If a study was given a score of 9 or
above, it was classified as a high-quality study. The same
two authors mentioned above scored each study separately
and independently, and the controversy about each study
was discussed to reach a consensus.

2.5. Quantitative Synthesis. The chi-squared goodness-of-fit
test was used to assess whether the gene frequency in controls
was consistent with the Hardy-Weinberg equilibrium
(HWE). The associations of seven polymorphisms of KCNQ1
(rs2237892, rs2237895, rs2237897, rs2283228, rs231362,
rs151290, and rs2074196) with the T2DM risk were evalu-
ated by the collected odds ratios (ORs) and their 95% con-
fidence intervals (95% CIs) according to the following five
genetic models: (1) allele genetic model: M vs. W (“W” is
the wild allele and “M” is the mutant allele); (2) homozy-
gote genetic model: MM vs. WW; (3) heterozygote genetic
model: WM vs. WW; (4) dominant genetic model: MM
+WM vs. WW; and (5) recessive genetic model (MM vs.
WM+WW). Heterogeneity between studies was assessed
using Cochran’sQand theI2statistics. The random-effects
model by the DerSimonian and Laird method was used
in all analyses regardless of I2 values because it provides
more conservative estimates [41].

The stratified analyses and metaregression analyses were
performed by races (Asian, Caucasian, or Mixed), HWE (yes
or no), control sources (population or hospital), quality
scores (<9 or ≥9 points), year of publication (<2015 or
≥2015), and number of participants (<500 or ≥500), respec-
tively. Sensitivity analysis by sequentially removing each
study was also applied to verify the robustness of our findings
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[42]. The published bias was tested by Egger’s and Begg’s
regression asymmetry, as well as the funnel plots [43, 44].

All analyses mentioned above were conducted using Stata
11.0 software, and the test level was a P < 0:05 on two sides.

2.6. Trial Sequential Analysis. The TSA tool was used to
evaluate whether the quantitative results are reliable, and
the required information size (RIS) was calculated to
reduce type I error [45, 46]. TSA was performed for T2DM
by anticipating a 20% relative risk reduction, a 5% of type I
error, and an 80% of statistical test power [45].

2.7. Genotype-Based mRNA Expression Analysis. The
KCNQ1 mRNA expression data was retrieved for KCNQ1
SNPs from the GTEx Portal database (https://www.gtexportal
.org/home/). These data were used to evaluate the correlation
between SNP genotypes and KCNQ1 mRNA expression level
alteration.

3. Results

3.1. Study Selection and Characteristics. In total, 942 articles
were identified through the literature search (Figure 1). After
the removal of duplicated articles and articles that did not
meet the inclusion criteria, ultimately, 49 articles [7, 9–39,
47–63] (68,378 T2DM cases and 66,673 controls) were
included in the qualitative synthesis.

The main characteristics for each included study are
presented in Table 1, including studies from 15 different
countries published from 2008 to 2018. The sample sizes
ranged from 60 to 15,577 (median 900). There are 42,096
population-based controls and 24,577 hospital-based controls.
The mean ages studied were 50.6 and 51.6 years for cases and
controls, respectively. The proportions of male were 51.2% in
the case group and 45.4% in the control group. Controls in 29
(52.7%) studies werematched at least by one variable (e.g., age,
gender). Supplementary Table 2 shows the genotype
distributions and HWE status of each polymorphism of all
included studies.

Forty-two studies (50,747 cases and 50,023 controls)
were included in the meta-analysis for rs2237892, 23 studies
(42,127 cases and 38,276 controls) for rs2237895, 12 studies
(18,808 cases and 18,847 controls) for rs2237897, and 10
studies (13,188 cases and 12,191 controls) for rs2283228.
Besides, there are less than ten studies focused on rs231362,
rs151290, and rs2074196, respectively.

3.2. Quantitative Synthesis. The summary of pooled estimates
for the association between KCNQ1 polymorphisms and
T2DM risk is provided in Table 2 and Supplementary
Fig. 1. Overall, the increased T2DM risks were generally
found for rs2237892, rs2237895, rs2237897, rs2283228,
rs151290, and rs2074196 under allele comparison, as well
as all genetic models. For allele comparison, the ORs and
their 95% CIs were 1.23 (1.14, 1.33) for the allele C of
rs2237892, 1.21 (1.16, 1.27) for the allele C of rs2237895,
1.27 (1.11, 1.46) for the allele C of rs2237897, 1.25 (1.09,
1.42) for the allele A of rs2283228, 1.14 (1.03, 1.27) for
the allele C of rs151290, and 1.31 (1.23, 1.39) for the allele
G of rs2074196, respectively. On the contrary, no associa-

tion was found for rs231362 G/A polymorphism under
any genetic model (OR: 1.16-1.51; P ranges: 0.12-0.39).
Moderate to significant heterogeneity was observed for
most of these polymorphisms (e.g., I2 for allelic compari-
son ranged from 39.7% to 94.7%).

The results of subgroup analyses were revealed in Supple-
mentary Table 3. When stratified by race, with studies
conducted only among Asians for rs2237897, the risk effect
was more evident among Asians than among Caucasians
for rs2237892, rs2237895, rs2283228, and rs151290. All the
risks persisted after excluding studies that deviated from
HWE. When stratified by the sources of controls, the
significant risk effects were only noticed in a population-
based subgroup for rs2237892 and rs151290, whereas
similar associations were observed for rs2237895 and
rs2237897. In the subgroup analyses by quality scores and
sample size, in general, the statistically significant results
tended to occur in studies with high quality score and
larger sample size. For rs2237892, rs2237895, and rs151290,
the interaction of race on the association between KCNQ1
polymorphisms and T2DM has been demonstrated by
metaregression analyses (P for regression: 0.041, 0.008, and
0.057, respectively; Supplementary Table 4).

3.3. Sensitivity Analysis. The sensitivity analysis indicated
that most of our results in all genetic models for the 7
included polymorphisms were robust after excluding any
single study, except for the results for the heterozygote com-
parison of rs2237897, the allelic comparison and recessive
genetic model of rs231362, and the allelic comparison and
recessive genetic model of rs151290, after excluding the study
byWang et al. [17], Ohshige et al. [59], and Yasuda et al. [48],
respectively.

3.4. Publication Bias. Possible publication bias was assessed
by Begg’s and Egger’s test, as well as the funnel plots.
Begg’s funnel plots of seven polymorphisms were basically
symmetrical, and all P values for Egger’ test were greater
than 0.05. Our results indicated that publication bias does
not appear in any comparison (Supplementary Fig. 2 and
Supplementary Table 5).

3.5. Trial Sequential Analysis Results. The TSA was performed
to investigate the relevance of KCNQ1 seven gene polymor-
phisms with T2DM susceptibility. The allelic comparison
was used to study all these polymorphisms. We noticed that
the total number of cases and controls for all current relevant
studies has exceeded the amount of information required for
rs2237892, rs2237895, rs2283228, rs151290, and rs2074196
but insufficient for rs2237897 or rs231362 (Supplementary
Fig. 3). Although the RIS has not yet been reached, the cumu-
lative Z-curve crossed the monitoring boundary for
rs2237897. Thus, the effect of rs2237897 on T2DM risk was
stable. For rs231362, the RIS of 29011 has not yet been
reached, but the limit of futility has been reached.

3.6. Genotype-Based KCNQ1 mRNA Expression Analysis
Results. Through the GTEx Portal website, mRNA expres-
sion data of three genotypes of rs2237892, rs2283228, and
rs231362 were obtained. We found that the genotypes of
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the three SNPs were significantly correlated with altered
KCNQ1 gene expression (rs2237892 C/T: P = 3:8 ∗ 10−5;
rs2283228 A/C: P = 6:3 ∗ 10−5; and rs231362 G/A: P =
3:5 ∗ 10−5) (Supplementary Figs. 4–6).

4. Discussion

To our knowledge, this meta-analysis is the most compre-
hensive study of the association between the KCNQ1 seven
gene polymorphisms and the T2DM risk. Our results provide
evidence that six KCNQ1 polymorphisms (rs2237892,
rs2237897, rs151290, rs2283228, rs2074196, and rs2237895)
might be significantly associated with increased T2DM risk.
These significant associations are more pronounced among
Asian populations and can be further confirmed by TSA.

Two previous meta-analyses [8, 64] focusing on the
association between the KCNQ1 polymorphisms and the
risk of T2DM were published in 2013 and 2014, respec-
tively. However, only the allele genetic model was analyzed
in the meta-analysis by Liu et al. [8] and only one SNP of
KCNQ1 was studied in the meta-analysis by Li et al. [64].
But, seven SNPs of KCNQ1 according to not only the
allele genetic model but also the genetic models of the
homozygote, heterozygote, dominant, and recessive com-

parison were performed in this meta-analysis. In the
meta-analysis by Liu et al. [8], significantly increased
T2DM risks were found for C allele of rs2237892
(OR = 1:31; P < 0:001), C allele of rs2237895 (OR = 1:24;
P < 0:001), C allele of rs2237897 (OR = 1:34; P < 0:001),
A allele of rs2283228 (OR = 1:23; P < 0:001), and G allele
of rs231362 (OR = 1:10; P < 0:001). Compared to the study
by Liu et al. [8], 31 new articles [9–39] have been added
to this meta-analysis, and the significant risks for
rs151290 and rs2074196 were firstly found by us. Our
results confirmed the effects of rs2237892, rs2237895,
rs2237897, and rs2283228 on T2DM risk, but the result for
rs231362 contradicted previous studies [8]. The following rea-
sons may explain this discrepancy. First, the meta-analysis by
Liu et al. [8] used a random-effects model only when there was
heterogeneity; otherwise, a fixed-effects model was used. In
this study, we always use the random-effects model, so our
results are conservative. But for rs231362, with actual hetero-
geneity, that is, a random-effects model should be used.
Second, Liu et al. [8] only studied the allele comparisons of
KCNQ1 polymorphisms (rs2237892, rs2237895, rs2237897,
rs2283228, and rs231362) and did not conduct research on
genotype distribution. Therefore, correspondingly, its litera-
ture selection criteria are more lenient. The inclusion of the

Potentially relevant articles for retrieval (n = 413)

Excluded duplicates by endnote (n = 529)

Articles retrieved for more detail evaluation (n = 101)

Excluded by screening of titles and abstracts (n = 312)
Reviews, meta-analysis and editorial (n = 17)
Not case-control studies (n = 295)

Case-control studies included in the meta-analysis (n = 49) 
Studies on rs2237892 (n = 38)
Studies on rs2237895 (n = 19)
Studies on rs2237897 (n = 10)
Studies on rs2283228 (n = 8)
Studies on rs231362 (n = 8)
Studies on rs151290 (n = 7)
Studies on rs2074196 (n = 2)

Duplicates (n = 8)
Not report genotypes (n = 27)
Studies for gestational diabetes or postoperative diabetes (n = 13)
Cannot be quantitatively synthesized (n = 3)
Unreliable data (n = 1)

Excluded after full-text review (n = 52)

Articles identified (n = 942)
PubMed (n = 181)
Embase (n = 367)
Web of Science (n = 144)
CNKI (n = 152)
Wanfang (98)

Figure 1: Flow diagram of the literature search and selection process.
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literature not included in this article may lead to statistically
significant results for the rs231362 allele. Finally, the results
of the study by Liu et al. [8] of Asians with rs231362 are
consistent with this article—there is no significant association;
significant association only occurred among Caucasians. For
rs231362, the meta-analysis of Liu et al. [8] included only
one study of Caucasians, which was a large-sample study.
Therefore, we suspect that it caused the bias of the results of
the overall population in the meta-analysis of Liu et al. [8].
There was no statistically significant association in the Cauca-
sian subgroup in this meta-analysis, most likely because our
relatively strict selection criteria—enough genotype informa-
tion was required—did not allow the study to be included.
Another study by Li et al. [64], with 9 studies included (6707
cases and 8129 controls), was only performed for rs2237892.
They found a significant association between KCNQ1
rs2237892 T polymorphism and T2DM in the Asian popula-
tion under the allelic (OR = 1:350; P < 0:001), recessive
(OR = 0:650; P < 0:001), dominant (OR = 1:450; P < 0:001),
and additive genetic models (OR = 1:346; P < 0:001). The
result of recessive genetic models contradicted with this
meta-analysis (OR = 1:39; P < 0:001). Similarly, compared to
the study by Li et al. [64], 28 new articles [10, 13, 15–22, 24,
26, 27, 30–39, 48, 52, 60, 62, 63] have been added into the pres-
ent meta-analysis; therefore, the existence of the inconsistent
results between their study and ours is reasonable.

There is biological evidence supporting the hypothesis
that KCNQ1 might play a role in the susceptibility of
T2DM. KCNQ1, encoding the alpha subunit of the IKsK+

channel, is mainly expressed in the tissues or cells of the heart
[65], as well as in pancreas islets, which plays an important
role in the regulation of insulin secretion [7, 66]. The variants
of KCNQ1 are associated with impaired fasting glucose, beta-
cell function, and impaired metabolic traits [7, 48]. Studies in
INS-1 cells indicated that KCNQ1, assembling with KCNE2
in insulin-secreting cells, could block the KCNQ1 K+ channel
with the sulfonamide analogue 293B and reduce 60% of
whole beta-cell outward currents and that the presence of
both 293B and tolbutamide could significantly increase the
insulin secretion [6]. Animal studies revealed that increased
KCNQ1 protein expression could limit insulin secretion in
pancreatic beta-cells through regulating potassium channel
currents [67]. The previous study in vitro indicated that risk
SNPs increase KCNQ1 expression in pancreatic beta-cells,
which increased the risk of T2DM [68]. And the research
by Zeng et al. [69] showed that mutation of KCNQ1 impaired
capacity to maintain glucose homeostasis in vivo. A previous
population-based study has indicated that the three polymor-
phisms of KCNQ1 (rs2237892, rs2237895, and rs2237897)
were significantly associated with the OGTT-derived insulin
secretion index [70]. In addition, the rs151290 gene polymor-
phism was significantly related with the 30-minute C-peptide
level during OGTT, the first-stage insulin secretion, and the
proinsulin index [70]. It was also suggested that the methyl-
ation difference of KCNQ1 was associated with insulin sensi-
tivity and that CpG site-specific genetic variation predicted
the methylation difference [71]. The molecular mechanism
by which KCNQ1 is associated with the risk of T2DM may
be explained by the reasons mentioned above. We also found

that under different genotypes of rs2237892, rs2283228, or
rs231362, the expression level of KCNQ1 gene was signifi-
cantly different. However, more research studies should be
conducted to test the association between other SNPs with
KCNQ1 gene expression levels.

After stratified by race, the estimated risks were more evi-
dent among Asians than among Caucasians for rs2237892,
rs2237895, rs2283228, and rs151290. Metaregression analy-
ses also confirmed these phenomena. According to our data,
the significantly lower proportion in the frequency of minor
alleles in controls for KCNQ1 polymorphisms was observed
among Asians and Caucasians (e.g., in rs2237892, 5.6% vs.
34.6%; in rs2283228, 6.5% vs. 37.5%; and in rs151290,
25.1% vs. 41.8%), which might have led to a difference in
the results between the two ethnicities.

Since 2008, many related original studies or meta-
analyses on the association of KCNQ1 and T2DM have been
published. However, none of these meta-analyses has
conducted the TSA, suggesting the lack of support from
TSA. Accompanied with our results, the TSA in our study
showed that the RIS had been achieved in each SNP. Thus,
the findings of the present meta-analysis are suggested to be
robust.

Following the PRISMA guidelines, our meta-analysis was
carried out through conducting a comprehensive literature
search, using Egger’s and Begg’s regression asymmetry test
and funnel plot to assess potential publication bias, and
exploring the potential sources of heterogeneity by sub-
group and sensitivity analyses. Our findings persisted after
excluding studies that deviated from HWE. This meta-
analysis had included the largest number of existing original
studies in this area; therefore, the statistical testing power was
relatively higher than before. In addition, a TSA method has
been used to test the robustness of our findings, which might
further ensure our results.

The findings of the present study should be mentioned
with some limitations. Firstly, we noted the heterogeneity
in the overall effect estimated for most of the SNPs which
have been quantitatively synthesized. However, we had tried
to explore the potential sources of heterogeneity by subgroup
or metaregression analyses, and we found that ethnicity
might be the main potential source of between-study hetero-
geneity in rs2237892, rs2237895, rs2283228, and rs151290.
Secondly, in the sensitivity analysis, we found that the results
of two genetic models for rs231362 would reach significance
after removing the study by Ohshige et al. [59]. Nevertheless,
the sample size of this study by Ohshige et al. [59] is the
largest for rs231362, indicating that this result was needed
to be further confirmed. Thirdly, the number of pooled
studies for the subgroup analyses was relatively small for
rs2074196 (n = 4), and it might have attenuated the statistical
power and confined the conduction of subgroup analyses.
Fourthly, all the included studies for rs2237897 are derived
from Asians, and more studies with diverse race are needed
to confirm its role on T2DM risk. Finally, due to the lack
of information about the age of onset of a large number
of studies, we cannot assess the effect of the KCNQ1 polymor-
phism on the T2DM according to the age at baseline, which
may also affect the further interpretation of our study.
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In conclusion, our results demonstrate that the C allele of
rs2237892, rs2237895, and rs151290, the A allele of
rs2283228, and the G allele of rs2074196, but not C allele of
rs231362 of KCNQ1 gene, might play significant roles in
the susceptibility of T2DM, especially among Asian popula-
tion. Still, larger and well-designed studies including other
risk factors are warranted to validate the findings from the
present analysis.
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