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Abstract 

Objectives:  Previous studies have analyzed the potential effect of KCNQ1 rs2237892 polymorphism on the predis‑
position to type 2 diabetes mellitus, but the findings are inconclusive and the subject of debate. The purpose of our 
study was to provide further insight into the potential association between KCNQ1 rs2237892 polymorphism and the 
risk of type 2 diabetes mellitus.

Methods:  In total, 50 articles (60 studies) with 77,276 cases and 76,054 controls were utilized in our analysis. The 
pooled odds ratio (OR), 95% confidence interval (95% CI), and p value were used to evaluate the significance of our 
findings. Funnel plots and Beggar’s regression tests were utilized to determine the presence of publication bias.

Results:  Our meta-analysis results indicated that KCNQ1 rs2237892 polymorphism could be correlated with the risk 
of type 2 diabetes mellitus under the C allelic, recessive, and dominant genetic models (OR = 1.25, 95%  1.19–1.32, 
p < 0.001; OR = 1.50, 95% CI  1.34–1.68, p < 0.001; OR = 1.26, 95% CI  1.14–1.40, p < 0.001, respectively). Additionally, eth‑
nicity analysis revealed that the source of control, case size, and Hardy–Weinberg Equilibrium status were correlated 
to the polymorphism in the three genetic models.

Conclusions:  Our meta-analysis demonstrated significant evidence to support the association between KCNQ1 
rs2237892 polymorphism and predisposition to type 2 diabetes mellitus.
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Background
The worldwide prevalence of type 2 diabetes mellitus 
(T2DM) is increasing, along with associated comorbidi-
ties such as cardiovascular disease [1]. The International 
Diabetes Federation (IDF) reports that there were 9.3% 
(463 million) adults with diabetes in 2019, and 700 mil-
lion people will have diabetes by 2045 [2]. Researchers 
consider T2DM to be a polygenic metabolic disorder 
with genetic heterogeneity that is affected by nongenetic 

(environmental), genetic, and lifestyle factors. However, 
the pathogenesis of T2DM still remains unclear [3].

Previous studies have reported that the potassium 
voltage-gated channel KQT-like sub-family, member 1 
gene (KCNQ1) is associated with T2DM in Japanese, 
Korean, Chinese, Indian, and European populations 
[4–7]. Case–control studies investigating the role of 
KCNQ1 polymorphisms in T2DM, have indicated that 
rs2237892, a single nucleotide polymorphism (SNP) 
located on intron 15, has a strong association with 
T2DM. Therefore, rs2237892 has been widely investi-
gated in subsequent studies. However, there are disa-
greements between the different studies, and their 
validity has been limited by insufficient sample size and 
lack of ethnic diversity in the study populations [8–11]. 
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Although a previous meta-analysis in 2012 investigated 
the association between KCNQ1 rs2237892 polymor-
phism and T2DM risk, the authors only utilized 25 
articles [12]. Therefore, our objective in the present 
meta-analysis, was to further examine and elucidate the 
connection between KCNQ1 rs2237892 polymorphism 
and an increased risk of T2DM.

Methods
Publication search
We systematically searched for relevant publications pub-
lished through March 11, 2021 using Cochrane Library, 
PubMed, EMBASE, Web of Science, and China National 
Knowledge Infrastructure. We used the following search 
terms: (“KCNQ1”, OR “potassium voltage-gated channel”, 
OR “KQT-like subfamily, member 1”, OR “rs2237892”) 
AND (“variant”, OR “polymorphism”, OR “mutation”) 
AND (“T2DM”, OR “type 2 diabetes mellitus”, OR “type 
2 diabetes”, OR “T2D”). Two investigators independently 
checked the references of retrieved articles to select the 
publications they would include in the analysis.

Selection criteria
Studies were selected according to the following inclu-
sion criteria: full text could be found; the case–control 
studies focused on the relevance of KCNQ1 rs2237892 
polymorphism and T2DM risk; the KCNQ1 rs2237892 
genotype was obtained, and association between the 
KCNQ1 rs2237892 SNP and T2DM prevalence was 
assessed. Studies were excluded if they met the follow-
ing exclusion criteria: they were repetitions of other 
articles; they were not case–control studies; they were 
unpublished studies, conference articles, meta-analyses, 
systematic evaluations, and they were pedigree studies. 
We consulted the Preferred Reporting Project (PRISMA) 
Guide for Systematic Evaluation and Meta-Analysis to 
comply with standards for conducting and presenting 
results from meta-analyses [13].

Data extraction
Referring to the inclusion/exclusion criteria, two inves-
tigators independently extracted data that included: first 
author, country, publication year, amount of cases and 
controls, Hardy–Weinberg equilibrium (HWE), control 
group source, and the availability of KCNQ1 rs2237892 
genotype. Only articles with maximum sample size were 
selected when similar data appeared in multiple publi-
cations. A third investigator reviewed the final results 
to ensure data accuracy, and discussions were held to 
resolve any conflicts.

Study quality assessment
Two investigators performed independent quality 
assessments for each eligible article according to the 
9-point Newcastle–Ottawa Scale [14]. The third inves-
tigator resolved any conflicting results produced by the 
two investigators. The assessment score included these 
criteria: case and control selection (4 points); con-
founding factor quality corrected in cases and controls 
(2 points), exposure ascertainment (3 points). The total 
scores ranged from 0 to 9, and scores > 6 were indica-
tive of high-quality articles.

Statistical analysis
We estimated the significance of the data describ-
ing KCNQ1 rs2237892 SNP and T2DM risk using the 
OR and 95% CI. The Chi-Square-Based Q-test and 
I-Squared test were utilized to analyze the heterogene-
ity with p < 0.1 suggesting heterogeneity [15, 16]. We 
estimated the pooled OR by fixed effect model (Man-
tel–Haenszel) when no heterogeneity existed, or by 
the DerSimonian and Laird random effects model [17, 
18]. We performed the Chi-squared test in controls, to 
examine HWE. To estimate the influence of the pooled 
ORs caused by an individual data set, we performed 
sensitivity analysis for each of the comparison mod-
els. The publication bias was tested by Funnel plot and 
Begg linear regression (19, 20), and Stata 12.0 was used 
to perform all analyses.

Results
Study characteristics
Figure  1 shows flowcharts of the selection of publica-
tions for the present study. There were 535 publications 
located in several electronic databases. After examin-
ing the research title, content, and abstract of the pub-
lications, the two investigators excluded 169 duplicate 
documents, 298 irrelevant papers, and examined the 
remaining 68 articles in full. Finally, our meta-analysis 
included 50 (60 case–control) publications. Among 
the 60 case–control studies, 51 included Asian popula-
tions, 4 included Caucasian, and 5 involved other pop-
ulations. Of the studies in our meta-analysis, 24 were 
based on population (PB), 19 were based on hospital 
(HB), and 17 studies were based on no report (NR). The 
sample group of 21 studies was less than 500 patients, 
10 studies included between 500 and 1000 patients, 4 
studies included between 1001 and 2000 patients, and 
the remaining 6 studies had a sample group of greater 
than 2000. HWE balance (p < 0.05) was not met in 
5 of the control groups. Due to lack of control group 
descriptions, 19 studies did not meet HWE assessment. 
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Table  1 shows the main features of the study and the 
genotype distribution results of the HWE test.

Meta‑analysis results
The meta-analysis included 153,330 participants (77,276 
cases and 76,054 controls). KCNQ1 rs2237892 polymor-
phism was significantly associated with T2DM risk under 
the C allelic, recessive, and dominant genetic models 
(OR:1.25, 1.50 and 1.26; 95% CI  1.19–1.32, 1.34–1.68, 
and 1.14–1.40; p < 0.001, respectively). In ethnic sub-
group analysis shown in Table 2, KCNQ1 rs2237892 poly-
morphism was correlated with increased risk of T2DM 
in the dominant genetic model of East Asians, in the C 
allelic genetic model of East Asians, and in the C allelic 
genetic model of West Asian populations (OR = 1.39, 
1.32 and 1.25; 95% CI  1.31–1.49, 1.27–1.37 and 1.19–
1.32; p < 0.001, respectively). In the stratified analysis by 
source of control, marked correlation was found in the 
C allelic genetic model (HB, PB, and NR: OR = 1.24, 1.25 
and 1.16; 95% CI  1.14–1.37, 1.19–1.32 and 1.02–1.32; 
p < 0.001, respectively) and the dominant genetic model 
(HB and PB: OR = 1.25 and 1.48; 95% CI  1.08–1.46 and 
1.38–1.59, p < 0.05, respectively). In the case size stratifi-
cation, the C allelic genetic model (OR = 1.23, 1.14, 1.25 
and 1.33; 95% CI  1.09–1.38, 0.88–1.48, 1.19–1.32 and 
1.27–1.39; p < 0.001, respectively), the dominant genetic 

model (OR = 1.24, 1.13, 1.41 and 1.43; 95% CI  1.05–1.46, 
0.81–1.58 and 1.33–1.53; p < 0.001, respectively) and the 
recessive genetic model (500–1000: OR = 1.32, 95% CI  
0.91–1.91, p < 0.001) found notable association between 
KCNQ1 rs2237892 polymorphism and increased 
T2DM risk. Finally, we stratified by sample size—sig-
nificant correlation was found in the C allelic genetic 
model (< 500, 1001–2000 and > 2000: OR = 1.23, 1.25 
and 1.33; 95% CI  1.09–1.38, 1.19–1.32 and 1.27–1.39; 
p < 0.001, respectively) and the dominant genetic model 
(< 500, 1001–2000 and > 2000: OR = 1.24, 1.41 and 1.43; 
95% CI  1.05–1.46, 1.14–1.75 and 1.33–1.53; p < 0.001, 
respectively).

Discussion
The association of KCNQ1 rs2237892 polymorphism 
with T2DM has been reported in many previous stud-
ies [21–62]. In 2008, two independently conducted 
genome-wide association studies (GWAS) in Japa-
nese populations identified KCNQ1 as a novel T2DM 
susceptibility gene [5, 6, 8]. Subsequently, the SNP 
locus rs2237892 of this gene was found to be cor-
related with the incidence of T2DM in Korean popu-
lation [15]. In our present meta-analysis, there were 
60 studies, 77,276 cases and 76,057 controls, that we 
evaluated for the possible association between KCNQ1 

Relevant studies identified (n=535) 

Duplicate studies were removed (n=169) 

298 of records exclude, with reasons: 

Reviews and meta-analysis (n=17) 

Not correlation with KCNQ1 or T2DM 

(n=281) 

18 of full-text articles exclude, with reasons: 

Not case-control study (n=8) 

Not have sufficient data of rs2237892 (n=7) 

Publications were duplicated (n=3) 

Studies screened by title and abstract (n=366) 

Full text articles assessed for eligibility (n=68) 

Articles included in the meta-analysis (n=50) 

Fig. 1  The flow sheet of identification of eligible studies
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rs2237892 polymorphism and T2DM risk. Our results 
showed that KCNQ1 rs2237892 polymorphism could 
be associated with T2DM in the dominant (CC vs 
CT + TT), recessive (CC + CT vs TT) and allele mod-
els (C vs T). In a stratified analysis based on ethnicity, 
source of control, and case size, we found that KCNQ1 
rs2237892 polymorphism was significantly associated 
with T2DM in the dominant model, the allele model 
of East Asians, and in the allele model of West Asian 
populations. In Southeast Asian, South Asian, Cauca-
sian, and other populations, KCNQ1 rs2237892 poly-
morphism was not significantly related to T2DM. In 
the stratified analysis according to the source of con-
trol, we found that KCNQ1 rs2237892 polymorphism 
was significantly correlated with T2DM in the domi-
nant model and the allele model of HB and PB group, 
and in the allele model of NR group. But the correlation 
between KCNQ1 rs2237892 polymorphism and T2DM 
in children lacked corresponding evidence. The strati-
fied analysis of the sample size showed that the corre-
lation between populations occurred when the number 
of samples in the case group was less than 500, within 
1001–2000, and > 2000. The above analysis shows that 
the ethnicity, the source of the control group, and the 

sample size of the case group may be the factors in the 
association occurred (Fig. 2).

Previously, a meta-analysis was performed in 2012 to 
investigate the association between KCNQ1 rs2237892 
polymorphism and T2DM risk; however, only 25 articles 
were included in the analysis. Recently, a meta-analysis 
was performed to investigate the relationship between 
several KCNQ1 SNPs and T2DM risk, and a significant 
relationship between KCNQ1 polymorphism rs2237892 
and T2DM risk was found [63]. However, the analysis 
was limited to 38 articles and incomplete sample size 
as well as selective bias are potential limitations of that 
study [63] (Fig. 3).

Compared to previous studies, our results demonstrate 
robust evidence to support a correlation between KCNQ1 
rs2237892 polymorphism and T2DM risk. Scientists do 
not currently understand the biological mechanisms that 
cause an association between KCNQ1 and T2DM. There 
is biological evidence supporting the hypothesis that 
KCNQ1 might play a role in the predisposition to T2DM. 
KCNQ1, encoding the alpha subunit of the IKsK + chan-
nel, is expressed in the tissues or cells of the heart [64], as 
well as in pancreas islets, which play an important role in 
the regulation of insulin secretion [23] (Fig. 4).

Table 2  Pooled ORs and 95% CIs of the association between KCNQ1 rs2237892 polymorphism and T2DM

Total and subgroups Studies CC vs CT + TT CC + CT vs TT C VS T

OR 95%CI I2 P OR 95%CI I2 P OR 95%CI I2 P

Total 41/60 1.26 1.14 –1.40 87.2%  < 0.001 1.50 1.34–1.68 66.6%  < 0.001 1.25 1.19 –1.32 86.6%  < 0.001

Ethnicity

 East Asian 30/42 1.39 1.31–1.49 61.4%  < 0.001 1.59 1.50–1.68 0.0% 0.575 1.32 1.27–1.37 69.4%  < 0.001

 Southeast Asian 3/4 1.43 1.20 –1.72 0.00% 0.453 1.79 1.27–2.52 0.0% 0.712 1.30 1.17–1.45 20.0% 0.290

 South Asian 1/2 1,53 0.94–2.48 − − 1.26 0.08–20.27 – – 2.07 1.03 –4.17 64.6% 0.093

 West Asian 3/3 0.64 0.26–1.57 82.3% 0.003 1.50 1.39–1.68 68.5% 0.075 1.25 1.19 –1.32 83.0% 0.003

 Caucasian 2/4 1.00 0.56–1.76 79.0% 0.029 0.44 0.18–1.08 – – 1.19 1.02–1.38 36.7% 0.192

 Other 2/5 0.91 0.52–1.61 43.5% 0.184 0.68 0.27–1.70 0.0% 0.677 1.06 0.90–1.25 75.1% 0.003

Source of control

 HB 17/19 1.25 1.08–1.46 59.2% 0.001 1.68 1.44–1.97 10.6% 0.335 1.24 1.14–1.37 63.4%  < 0.001

 PB 11/24 1.48 1.38–1.59 47.4% 0.040 1.50 1.34–1.68 0.0% 0.984 1.25 1.19–1.32 67.6%  < 0.001

 NR 13/17 1.13 0.87–1.42 94.6%  < 0.001 1.21 0.91–1.62 86.2%  < 0.001 1.16 1.02–1.32 95.0%  < 0.001

Case size

  < 500 21 1.24 1.05–1.46 63.6%  < 0.001 1.77 1.50 –2.08 0.0% 0.483 1.23 1.09–1.38 71.5%  < 0.001

 500 –1000 10 1.13 0.81–1.58 95.3%  < 0.001 1.32 0.91–1.91 88.5%  < 0.001 1.14 0.88–1.48 95.7%  < 0.001

 1001–2000 4 1.41 1.14–1.75 82.4% 0.001 1.44 1.26–1.65 0.0% 0.670 1.25 1.19 –1.32 67.3%  < 0.001

  > 2000 6 1.43 1.33–1.53 58.0% 0.036 1.56 1.41–1.72 35.2% 0.173 1.33 1.27–1.39 80.1%  < 0.001

HWE status

 Yes 36/36 1.36 1.28–1.45 57.3%  < 0.001 1.57 1.48 –1.67 2.9% 0.420 1.32 1.26–1.38 53.2%  < 0.001

 No 5/5 0.95 0.46–1.96 97.8%  < 0.001 0.99 0.45 –2.18 94.0%  < 0.001 1.25 1.19–1.32 98.1%  < 0.001

 NK 0/19 – – – – – – – – 1.25 1.18 –1.34 82.8%  < 0.001
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This meta-analysis has several limitations. Firstly, 
most of the articles included in the meta-analysis 
involved the Asian population, while there were few 
articles involving Caucasian and other populations. 
Therefore, we could not perform the analysis grouped 
by different populations, and the ability to apply 
our results to a more general population is subse-
quently limited. Secondly, T2DM is caused by complex 

interactions between genetic, lifestyle, and environ-
mental factors. Our study focused exclusively on the 
impact of genetic factors on T2DM risk. In the future, 
further studies should be conducted to determine 
interconnection between KCNQ1 rs2237892, lifestyle 
factors, and environmental factors on T2DM.

a:CC vs CT + TT

NOTE: Weights are from random effects analysis
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Fig. 2  Forest plots of the KCNQ1 rs2237892 polymorphism under different genetic models. a is the model of CC vs CT + TT; b is the model of 
CC+CT vs TT; c is the model of C
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b:CC+CT vs TT

NOTE: Weights are from random effects analysis
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Fig. 2  continued
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c:C vs T

NOTE: Weights are from random effects analysis
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Fig. 3  Sensitivity analysis examining the association between the KCNQ1 rs2237892polymorphism and risk of stroke under these model. aCC vs CT 
+ TT,  b CC+CT vs TT,  c C vs T
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Fig. 3  continued
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Fig. 3  continued

Conclusion
Our meta-analysis demonstrated an association 
between KCNQ1 rs2237892 polymorphism and the 
predisposition to T2DM. There was notable correla-
tion between KCNQ1 rs2237892 and T2DM in East 
Asian populations and West Asian populations. How-
ever, for the Southeast Asian, South Asian, Caucasian, 
and other populations, the relevance of the KCNQ1 
rs2237892 SNP was not confirmed because of the rel-
atively limited sample size and the sparse amount of 
research into this subject. In addition, the source of the 

control group and the sample size of the case would 
also have an impact on the study results in the strati-
fied analysis of this study. Therefore, in future research, 
we suggest exploring the relationship between KCNQ1 
rs2237892 polymorphism and T2DM in a wide vari-
ety of populations. Although two meta-analyses were 
performed previously, the number of articles included 
in these was less than that in our study. Therefore, we 
believe that our study is superior than the two previous 
meta- studies.
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