
Association of TCF7L2 (rs7903146) and KCNQ1 (rs2237892) 

Polymorphisms with Type 2 Diabetes Mellitus and Plasma Glucose 

Levels in an Andhra Pradesh Population 

 

Vedatrayi B1, Sudhakar G2, Bhargavi Ch1 

1. Research Scholar, Department of Human Genetics, Andhra University, Visakhapatnam -530003 

2. Professor, Department of Human Genetics, Andhra University, Visakhapatnam -530003 

Abstract 

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder influenced by both genetic and 

environmental factors. Variants in genes involved in glucose metabolism, including TCF7L2 and 

KCNQ1, have been widely implicated in T2DM susceptibility. The present study aimed to 

evaluate the association of TCF7L2 rs7903146 (C/T) and KCNQ1 rs2237892 (C/T) 
polymorphisms with T2DM and to examine their correlation with plasma glucose levels in the 

Andhra Pradesh population. A case–control study was conducted on 136 T2DM patients and 

136 healthy controls. Genomic DNA was isolated from peripheral blood samples, and 

genotyping was performed using allele-specific PCR for TCF7L2 and tetra-ARMS PCR for 

KCNQ1. Genotype and allele frequencies were analyzed using chi-square tests, odds ratios and p-

values. Plasma glucose levels were measured by the GOD–POD method, and genotype–

phenotype associations were assessed using one-way ANOVA followed by Tukey’s HSD post 

hoc test. The TT genotype and T allele of TCF7L2 rs7903146 were significantly associated 

with increased T2DM risk, while the CC genotype showed a protective effect. In contrast, 

KCNQ1 rs2237892 did not show a significant association with T2DM at the genotype or allele 

level. Genotype–phenotype analysis revealed that CT genotype carriers of TCF7L2 

rs7903146 exhibited significantly higher plasma glucose levels in both T2DM patients and 

healthy subjects. For KCNQ1 rs2237892, a significant genotype-dependent variation in plasma 

glucose levels was observed only among T2DM patients, particularly between CT and TT 

genotypes, while no such association was noted in healthy controls. The findings suggest a 

strong role of TCF7L2 rs7903146 in T2DM susceptibility and glucose dysregulation, 

whereas KCNQ1 rs2237892 may influence plasma glucose levels primarily in diabetic 

individuals. These results highlight the importance of population-specific genetic markers 

in understanding T2DM pathophysiology. 
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1. Introduction 

 Type 2 Diabetes Mellitus (T2DM) is a complex illness defined by impaired insulin 

resistance, insulin secretion, and disturbances in lipid and protein metabolism, resulting from a 

combination of genetic predisposition and environmental influences (1). Globally, there has been 

considerable emphasis on examining the immune response and genetic factors that may elevate 

the risk of diabetes. Gene mutations, especially polymorphisms in the promoter region, can 

influence gene transcription, resulting in abnormal expression of the corresponding mRNAs and 

dysfunction of the synthesized proteins. Moreover, these modifications can potentially influence 

people' susceptibility to diabetes. Researchers have discovered that genetic variations in immune-

related genes influence several diseases. Consequently, researchers are increasingly concentrating 

on discovering gene variants, including single nucleotide polymorphisms (SNPs), associated with 

an elevated risk of T2DM. Identifying these genes may aid in the recognition of risk factors and 

the development of targeted therapies for patients in the future (2). Nonetheless, many questions 

concerning gene polymorphism and its correlation with disease remain unanswered. Moreover, 

the results differ among various groups. Potential complicating factors may include ethnicity, age, 

and regional distribution. Diverse ethnic groups display differing levels of variation in SNPs. 

TCF7L2 (rs7903146) and KCNQ1 (rs2237892) are among the most significantly correlated 

genetic loci for T2DM across diverse populations. Examining their polymorphisms elucidates the 

genetic factors influencing susceptibility to and progression of T2DM. 

TCF7L2 (Transcription Factor 7-Like 2) serves as the transcriptional activator in the canonical 

Wnt-signaling pathway, which regulates incretin hormone synthesis, pancreatic β-cell growth, 

vascular growth, and may participate in insulin signalling (3). The TCF7L2 rs7903146 mutation, 

which is commonly linked to T2DM, has been linked with hypertension (4), diabetic retinopathy, 

coronary artery disease (CAD) (5), and nephropathy (6).  
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The KCNQ1 (Potassium Voltage-Gated Channel Subfamily Q Member 1) gene encodes a pore-

forming subunit of the voltage-gated potassium (K+) channel, referred to as Kv7.1, which is 

physiologically significant in various tissues, particularly the cardiovascular system, pancreas, 

and kidneys (7.Liin et al., 2015). Genetic variants in KCNQ1 are significantly linked to T2DM, 

insulin production, and impaired fasting blood glucose (8). Polymorphisms in KCNJ11 have been 

primarily linked to T2DM (9) and later to hypertension (10), CAD (11), and diabetic retinopathy 

(12).  

While the correlation of polymorphisms in the TCF7L2 and KCNQ1 genes with T2DM has been 

repeatedly validated across several ethnicities, its relationship with vascular problems remains 

inconclusive (6). The impact of individual SNPs on the likelihood of diabetic complications is 

often minimal; thus, the aggregate effect of numerous risk alleles as a genetic risk score may 

serve as a more effective instrument for assessing the risk of T2DM-related problems (13). 

Hence, the present study sought to examine the relationship between the polymorphisms of 

TCF7L2 C/T (rs7903146) and KCNQ1 C/T (rs2237892) withT2DM development.  

Despite strong evidence linking TCF7L2 (rs7903146) and KCNQ1 (rs2237892) 
polymorphisms with T2DM globally, region-specific genetic data from South India are also 

scarce. The Andhra Pradesh population, characterized by distinct genetic and environmental 

backgrounds, remains underrepresented in existing association studies. Therefore, population-

based evaluation of genotype and allele frequency distributions is essential to elucidate the role of 

these variants in T2DM susceptibility in this region. 

To address these gaps, the present study was designed to investigate the genotype and allele 

frequency distribution of TCF7L2 (rs7903146) and KCNQ1 (rs2237892) polymorphisms in 

T2DM patients and healthy controls from the Andhra Pradesh population. 

2. Materials and Methods      

 The identification of TCF7L2 C/T (rs7903146) and KCNQ1 C/T (rs2237892) 

polymorphisms from the T2DM patients, performed by the experimentation includes genomic 

DNA extraction, PCR amplification of TCF7L2 and KCNQ1 promoter regions, and agarose gel 

electrophoresis. 

2.1 Genomic DNA Extraction 

 Genomic DNA was isolated from peripheral blood samples of 136 individuals (T2DM 

patients and healthy controls) using the salting-out method, which involves protein 

precipitation with a saturated sodium chloride solution followed by DNA recovery from the 

supernatant. This method provides high-quality DNA suitable for downstream molecular analyses 

(14). 

2.2 Qualitative analysis of DNA                                                                                                                          

 Genomic DNA quality was evaluated using 1% agarose gel electrophoresis in 1× 

TAE buffer. DNA samples were electrophoresed at 100 V, visualized under a UV 

transilluminator, and documented to assess DNA integrity. 

2.3 Amplification of TCF7L2 and KCNQ1 polymorphisms by ARMS-PCR 

 For the designing of primers,the genomic sequences surrounding the target SNPs, 

TCF7L2 C/T (rs7903146) and KCNQ1 C/T (rs2237892), were obtained from the National Center 

for Biotechnology Information (NCBI) database. The two special set of forward and reverse 

primers were designed for each SNP identification by using the primer1 

program(http://primer1.soton.ac.uk/public_html/primer1.html) (15). The details of the 

primers are summarized in Table 1. 

Table 1.List of Forward and Reverse Primers (Inner and Outer) Applied for 

Detection of SNPs 

SNP 

Forward & 

Reverse primer 

(Outer & 

Inner) 

Primer sequence 

TCF7L

2 C/T 

(rs7903

146) 

FP - TCF7L2-C 
GAACAATTAGAGAGCTAAGCACTTT

TTAGAAAC 

FP - TCF7L2-T 
GAACAATTAGAGAGCTAAGCACTTT

TTAGAGAT 

Common RP – 

TCF7/L2R 
AGATGAAATGTAGCAGTGAAGTGC 
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KCNQ

1 C/T 

(rs2237

892) 

FO-P – KCNQ1 CTGTGGGTACACAGCTTCCCT 

RO-P – KCNQ1 CCTGGGTCATCAGACTAGGGTAG 

F-IP – KCNQ1 

(C) 
GTCACAGGACTTTGCCAACC 

RI-P – KCNQ1 

(T) 
TTTCTAGGCCCCTCACCACA 

 The DNAamplification was carried out using ALLELE SPECIFIC for TCF7L2 and 

TETRA-ARMS PCR for KCNQ1. 

 For TCF7L2, allele specific PCR amplification (Table 2) was used taking 5 µL of PCR 

taq mixture which contain MgCl2, and dNTPs,  1 µL  each of reverse primer, 1µL forward primer 

(C allele) and 1 µL  of forward primer (T allele), in seperate tubes for each allele.  

 For KCNQ1 amplifications (Table 3), the PCR reaction mixture was prepared by taking 1 

µL of template DNA, 1μL forward outer primer, 1 μL reverse outer primer, 2 μL forward inner 

primer, 2 µL reverse inner primer (all the primers at 10 pmol/mL concentration), 5 µL of PCR taq 

mixture.  

Table 2.PCR Thermal Profile for TCF7L2 (rs7903146) 

TCF7L2(rs7

903146) 

STEP TEMP. TIME NUMBER OF 

CYCLES 

STEP 1 Initial 

denaturation 

94°C 3 min 1 

 

STEP 2 

 

Denaturation 

Annealing 

Extension 

94°C 

50°C 

72°C 

1 min 

1 min 

5 min 

 

32 

STEP 3 Final extension 72°C 5 min 1 

Table 3.PCR Thermal Profile for KCNQ1 (rs2237892) 

KCNQ1(rs22

37892) 

STEP TEMP. TIME NUMBER OF 

CYCLES 

STEP 1 Initial 

denaturation 

95°C 5 min 1 

 

STEP 2 

 

Denaturation 

Annealing 

Extension 

94°C 

59°C 

72°C 

45s 

45s 

45s 

 

40 

STEP 3 Final extension 72°C 5 min 1 

2.4 Estimation of plasma glucose                                                                                                             

 The serum plasma glucose levels in CC, CT, and TT genotypes of TCF7L2 and KCNQ1 

in both case subjects and control individuals were quantified using the GOD-POD method, which 

relies on the concept that glucose is oxidised by GOD, resulting in the production of gluconic 

acid and hydrogen peroxide. Subsequently, the hydrogen peroxide undergoes a process of 

decomposition, facilitated by the enzyme peroxidase, resulting in the formation of water and 

nascent oxygen. Following that, the newly formed oxygen reacts with the chromogenic oxygen 

acceptor, 4-aminophenazone, in the presence of phenol, resulting in the production of a 

pigmented compound called quinoneimine. This compound may be quantified using a 

spectrophotometer. The colour intensity generated id directly proportional to the glucose content 

in the sample. To determine the glucose concentration, 10 μL of serum from each blood sample 

was taken into separate test tubes, and to this, 1 mL of a glucose reagent containing GOD-POD 

was added. Simultaneously, blank and standard were maintained by taking 10 μL of distilled 

water and 100 mg/dL concentrated glucose solutions. The contents were mixed thoroughly and 

allowed to incubate for 10-15 minutes at a temperature of 37ºC. The colour intensity was 

quantified at a wavelength of 505 nm using spectrophotometry. The glucose concentration in the 

test sample was determined using the following formula:     

𝐺𝑙𝑢𝑐𝑜𝑠𝑒(𝑚𝑔 𝑑𝐿⁄ ) =
𝐴𝑏𝑜𝑓𝑡𝑒𝑠𝑡 − 𝐴𝑏𝑜𝑓𝑏𝑙𝑎𝑛𝑘

𝐴𝑏𝑜𝑓𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
𝑋100 

2.5 Statistical Analysis 

 The number and frequency of genotypes are obtained by counting and percent. The 

distribution of the genotype frequencies of TCF7L2 (rs7903146) and KCNQ1 (rs2237892) 
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polymorphisms and Hardy-Weinberg Equilibrium among patients and control subjects were 

calculated using the chi-squared test. The odd ratio (OR) and its corresponding 95% confidence 

interval (CI) were also measured to assess the vulnerability of the disease. The OR and 95% CI 

were calculated for the homozygous, heterozygous, and recessive models, and allele models. P 

value < 0.05 was considered as statistically significant. A Turkey’s HSD test was performed to 

find the association between the plasma glucose quantities with the respective polymorphic 

genotypes of TCF7L2 (rs7903146) and KCNQ1 (rs2237892)in T2DM patients as well as healthy 

subjects.  

3. Results 

3.1 Molecular Analysis of TCF7L2 C/T (rs7903146) polymorphism 

 Genotyping of the TCF7L2 rs7903146 (C/T) polymorphism was successfully 

performed using a single-tube allele-specific PCR approach employing three primers (one 

common reverse primer and two allele-specific forward primers). The amplification yielded a 

distinct fragment of 205 bp, which was used for genotype determination. Individuals showing 

amplification (Figure 1) with only the C-allele–specific primer were classified as CC 

genotype, those with amplification only for the T-allele–specific primer were classified as TT 

genotype, while samples exhibiting amplification for both allele-specific reactions were 

identified as CT heterozygotes. The clear and reproducible 205 bp bands enabled unambiguous 

discrimination of all three genotypes. 

Figure 1. Amplified TCF7L2 C/T (rs7903146) gene on 2% agarose gel 

 

 

 

 

 

 

 

   

 

 

 The genotype distribution (Table 4) of TCF7L2 rs7903146 differed significantly between 

T2DM patients and healthy controls. The TT genotype was significantly more frequent in 

T2DM subjects compared to controls (p = 0.007; OR = 2.05), while the CC genotype showed 

a protective association (p = 0.014; OR = 0.41). The CT genotype did not show a significant 

association with T2DM. 

Table 4. 

Genotype Distribution and Association Analysis of TCF7L2 (rs7903146) C/T 

Polymorphism in T2DM Cases and Healthy Controls 

Statistical parameter TCF7L2 C/T (rs7903146) 

Genotypes CC CT TT 

T2DM subjects 

(N = 136) 

No. 26 69 41 

% 19.11 50.74 30.15 

Frequency 0.19 0.51 0.3 

Healthy subjects 

(N = 136) 

No. 64 52 20 

% 47.06 38.24 14.71 

Frequency 0.47 0.38 0.15 

χ2value 6.041 2.388 7.229 

Fisher ‘s exact test 0.406 1.327 2.05 

p value 0.014 0.122 0.007 

df 1 1 1 
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OR (95% CI) 

0.4063  

(0.243-0.679) 

1.3269  

(0.8620-2.0425) 

2.050  

(1.1420-

3.6799) 

 Allelic analysis (Table 5) revealed a significantly higher frequency of the T allele among 

T2DM patients than controls (p = 0.048; OR = 2.20), whereas the C allele showed no 

significant association. These findings indicate that the T allele and TT genotype of TCF7L2 

rs7903146 are associated with increased susceptibility to T2DM in the Andhra Pradesh 

population. 

Table 5. 

Allele Frequency Distribution and Association Analysis of TCF7L2 (rs7903146) C/T 

Polymorphism in T2DM Cases and Healthy Controls 

Statistical parameter TCF7L2 C/T (rs7903146) 

Alleles C T 

T2DM subjects  

(N = 136) 

No. 114 22 

% 83.5 16.5 

Frequenc

y 
0.835 0.165 

Healthy subjects  

(N = 136) 

No. 126 10 

% 92.5 7.5 

Frequenc

y 
0.925 0.075 

χ2value 0.600 4.50 

Fisher ‘s exact test 0.9048 2.2 

p value 0.4386 0.0488 

df 1 1 

OR (95% CI) 
0.9048 (0.6392-

1.1281) 

2.20 (1.0041 -

4.8204) 

3.2 Molecular Analysis of KCNQ1 C/T (rs2237892) polymorphism  

 Genotyping of the KCNQ1 C/T (rs2237892) polymorphism was successfully carried 

out using the tetra-ARMS PCR technique. Agarose gel electrophoresis (Figure 2) showed a 

consistent outer control fragment of 467 bp in all samples, confirming successful 

amplification.  

Figure 2. 

Amplified KCNQ1 C/T(rs2237892) on 3% agarose gel 

 

 

 

 

 

 

 

 

 

Allele-specific inner fragments were observed at 267 bp for the T allele and 239 bp for the C 

allele, allowing clear discrimination of genotypes. Samples displaying the 239 bp fragment 

along with the control band were classified as CC homozygotes, whereas samples showing the 

267 bp fragment were identified as TT homozygotes. Individuals exhibiting both 239 bp and 

267 bp fragments in the presence of the 467 bp control band were designated as CT 

heterozygotes.  
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The genotype distribution of the KCNQ1 rs2237892 (C/T) polymorphism in T2DM patients 

and healthy controls is presented in Table 6. The CC genotype was predominant in both groups, 

with no significant difference between T2DM subjects and controls (p = 0.662). The CT 

genotype showed a higher frequency in T2DM patients compared to controls; however, this 

association did not reach statistical significance (p = 0.052; OR = 3.33). The TT genotype was 

rare in both groups and showed no significant association with T2DM. 

Table 6. 

Statistics of genotypes from KCNQ1 C/T gene polymorphism in T2DM cases and 

healthy individuals 

Statistical parameter KCNQ1 C/T(rs2237892) 

Genotypes CC CT TT 

T2DM subjects 

(N = 136) 

No. 125 10 1 

% 91.9 7.35 0.74 

Frequ

ency 
0.919 0.073 0.0074 

Healthy 

subjects  

(N = 136) 

No. 132 3 1 

% 97.05 2.21 0.74 

Frequ

ency 
0.975 0.022 0.0074 

χ2value 0.1907 3.7692 - 

Fisher ‘s exact test 0.947 3.33 - 

p value 0.6624 0.0522 0.502 

df 1 1 - 

OR (95% CI) 

0.9470  

(0.6733-

1.3319) 

3.333  

(0.8977-

12.377) 

3.0 

(0.0121-

74.23) 

 Allelic distribution analysis (Table 7) revealed comparable frequencies of the C and T 

alleles in both T2DM patients and healthy individuals, with no significant association observed 

(p > 0.05). These results indicate that the KCNQ1 rs2237892 polymorphism was not 

significantly associated with T2DM in the studied Andhra Pradesh population. 

Table 7. 

Allele frequencies and statistics of KCNQ1 C/Tgene polymorphism in T2DMand 

healthy individuals 

Statistical parameter KCNQ1 C/T(rs2237892) 

Alleles C T 

T2DM subjects (N = 

136) 

No. 135 1 

% 99.63 0.37 

Frequen

cy 
0.9963 0.0037 

Healthy subjects (N 

= 136) 

No. 135 1 

% 99.63 0.37 

Frequen

cy 
0.9963 0.0037 

χ2value 0.0 0.0 

Fisher ‘s exact test 0.947 0.0 

p value 0.6624 0.502 

df 1 1 

OR (95% CI) 
1.0 (0.7141-

1.4004) 

1.0 (0.0619 -

16.1518) 

3.3 Genotype–Phenotype Correlation Analysis of TCF7L2 and KCNQ1 Polymorphisms with 

Plasma Glucose Levels 

3.3.1 Correlation of Plasma Glucose Levels with TCF7L2 rs7903146 Genotypes 

 The descriptive statistics of plasma glucose levels stratified by TCF7L2 rs7903146 

(C/T) genotypes in T2DM patients and healthy subjects are presented in Table 8. Among T2DM 

patients, individuals carrying the CT genotype exhibited the highest mean plasma glucose levels 

(155 mg/dL), followed by TT (142 mg/dL) and CC genotypes (137.7 mg/dL). In healthy 

subjects, plasma glucose levels were comparatively higher in CT genotype carriers (98.5 

mg/dL) than in CC (86.1 mg/dL) and TT (90.6 mg/dL) genotypes. 
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 One-way ANOVA analysis demonstrated a statistically significant difference in 

plasma glucose levels among TCF7L2 genotypes in T2DM patients (F = 6.21, Table 9). 

Post hoc Tukey’s HSD analysis (Table 10) revealed a significant increase in plasma glucose 

levels in CT genotype carriers compared to CC (p = 0.006) and TT (p = 0.043) genotypes, 

whereas the difference between CC and TT genotypes was not statistically significant (p > 

0.05). 

 Similarly, in healthy subjects, one-way ANOVA showed a significant genotype-

dependent variation in plasma glucose levels (F = 8.39, Table 11). Tukey’s HSD post hoc 

analysis (Table 12) indicated that individuals with the CT genotype had significantly higher 

plasma glucose levels compared to CC (p = 0.001) and TT (p = 0.040) genotypes, while no 

significant difference was observed between CC and TT genotypes. 

 Overall, the analysis demonstrates a significant association between the CT genotype 

of TCF7L2 rs7903146 and elevated plasma glucose levels in both T2DM patients and 

healthy individuals, indicating a genotype-dependent influence of this polymorphism on glucose 

regulation 

Table 8. 

Descriptive statistics of plasma glucose levels in T2DM patients and healthy subjects with 

CC, CT, and TT genotypes of TCF7L2 C/T (rs7903146) polymorphism 

S.N

o 

Statistical parameter T2DM patients  Healthy subjects 

CC CT TT CC CT TT 

1 Mean 137.7 155 142 86.1 98.5 90.6 

2 Standard deviation 8.88 13.61 11.30 6.87 5.04 8.26 

3 Standard error 2.81 4.30 3.57 2.17 1.59 2.61 

4 Variance 78.9 185.11 127.78 47.21 25.38 68.26 

5 Kurtosis -0.854 0.209 -0.541 -

0.975 

2.442 0.053 

6 Skewness 0.294 0.296 0.527 -

0.524 

-1.241 0.380 

7 Range 26 47 35 19 18 27 

8 Minimum 127 132 128 75 87 78 

9 Maximum 153 179 163 94 105 105 

10 Confidence level 

(95%) 

6.354 9.733 8.086 4.915 3.604 5.911 

Table 9. 

One way ANOVA analysis of plasma glucose levels in T2DM subjects with CC, CT, and TT 

genotypes of TCF7L2 C/T (rs7903146) polymorphism 

Source SS df Ms F 

Treatment (between groups) 1622.6 2 811.3 6.21 

Within groups 3526.1 27 130.5963  

Total 5148.7 29   

Table 10. 

Tukey’s HSD analysis of plasma glucose levels in T2DM subjects with CC, CT, and 

TT genotypes of TCF7L2 C/T (rs7903146) polymorphism 

Pairwise comparisons Tukey’s HSD Q value P value 

CC : CT 17.30 4.79 0.00601 

CC : TT 4.30 1.19 0.68102 

CT : TT 13.0 3.60 0.0435 

Table 11. 

One way ANOVA analysis of plasma glucose levels in healthy subjects with CC, CT, 

and TT genotypes of TCF7L2 C/T (rs7903146) polymorphism 

Source SS df Ms F 

Treatment (between groups) 788.0667 2 394.033 8.39 
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Within groups 1267.8 27 46.9553  

Total 
2055.866

7 
29 

  

Table 12. 

Tukey’s HSD analysis ofplasma glucose levels in healthy subjects with CC, CT, and 

TT genotypes of TCF7L2 C/T (rs7903146) polymorphism 

Pairwise comparisons Tukey’s HSD Q value P value 

CC : CT 12.40 5.72 0.0011 

CC : TT 4.50 2.08 0.3215 

CT : TT 7.90 3.65 0.0404 

3.3.2 Correlation of Plasma Glucose Levels with KCNQ1 rs2237892 Genotypes 

 The descriptive statistics of plasma glucose levels according to KCNQ1 rs2237892 

(C/T) genotypes in T2DM patients and healthy subjects are summarized in Table 13. Among 

T2DM patients, individuals carrying the CT genotype showed the highest mean plasma glucose 

levels (162.8 mg/dL), followed by CC (152.2 mg/dL) and TT genotypes (142.4 mg/dL). In 

contrast, plasma glucose levels in healthy subjects were comparable across CC, CT, and TT 

genotypes, with mean values remaining within the normal range. 

 One-way ANOVA revealed a significant difference in plasma glucose levels among 

KCNQ1 genotypes in T2DM patients (F = 11.33, Table 14). Post hoc Tukey’s HSD 

analysis (Table 15) indicated a highly significant difference between CT and TT genotypes (p 

= 0.0002), while comparisons between CC and CT (p = 0.051) and CC and TT (p = 0.075) 
did not reach statistical significance. 

 In healthy subjects, one-way ANOVA showed no significant variation in plasma 

glucose levels across KCNQ1 genotypes (F = 0.50, Table 16). Consistently, Tukey’s HSD 

post hoc analysis (Table 17) demonstrated no significant differences among any genotype 

pairwise comparisons (p > 0.05). 

 Overall, these findings suggest that the KCNQ1 rs2237892 polymorphism is 

associated with genotype-dependent differences in plasma glucose levels in T2DM 

patients, particularly between CT and TT genotypes, whereas no such association was 

observed in healthy individuals. 

Table 13. 

Descriptive statistics of plasma glucose levels in T2DM patients and healthy subjects 

with CC, CT, and TT genotypes of KCNQ1 C/T (rs2237892) polymorphism 

S. 

No. 

Statistical 

parameter 

T2DM patients Healthy subjects 

CC CT TT CC CT TT 

1 Mean 152.2 162.8 142.4 89.5 86.5 86.6 

2 Standard deviation 10.96 10.58 6.58 8.003 8.46 6.15 

3 Standard error 3.46 3.35 2.08 2.53 2.68 1.95 

4 Variance 120.1

7 

111.96 43.38 64.06 71.61 37.82 

5 Kurtosis -0.267 -0.634 -1.046 -

1.355 

-0.816 -0.126 

6 Skewness 0.737 0.533 -

0.1882 

0.194 -0.479 0.031 

7 Range 34 33 20 24 25 21 

8 Minimum 139 149 132 78 73 76 

9 Maximum 173 182 152 102 98 97 

10 Confidence level 

(95%) 

7.842 7.569 4.711 5.725 6.054 4.399 

Table 14. 

One way ANOVA analysis of plasma glucose levels in T2DM cases with CC, CT, and 

TT genotypes of KCNQ1 C/T (rs2237892) polymorphism 

Source SS df Ms F 
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Treatment (between groups) 
2081.866

7 
2 1040.933 11.33 

Within groups 2479.6 27 91.837  

Total 
4561.466

7 
29 

  

Table 15. 

Tukey’s HSD analysis ofplasma glucose levels in T2DM cases with CC, CT, and TT 

genotypes of KCNQ1 C/T (rs2237892) polymorphism 

S. 

No. 
Pairwise comparisons Tukey’s HSD Q value P value 

1 CC : CT 10.60 3.50 0.0506 

2 CC : TT 9.80 3.23 0.0749 

3 CT : TT 20.40 6.73 0.0002 

Table 16 

One way ANOVA analysis of plasma glucose levels in healthy subjects with CC, CT, 

and TT genotypes of KCNQ1 C/T (rs2237892) polymorphism 

Source SS df Ms F 

Treatment (between groups) 58.066 2 29.033 0.5 

Within groups 1561.4 27 57.8296  

Total 
1619.466

7 
29 

  

Table 17. 

Tukey’s HSD analysis ofplasma glucose levels in healthy subjects with CC, CT, and 

TT genotypes of KCNQ1 C/T (rs2237892) polymorphism 

S. 

No. 
Pairwise comparisons Tukey’s HSD Q value P value 

1 CC : CT 3.0 1.25 0.6559 

2 CC : TT 2.90 1.21 0.6741 

3 CT : TT 0.10 0.04 0.9995 

4. Discussion 

Recent GWAS have found multiple genetic loci linked to T2DM risk and glycemic 

control, notably variations in the TCF7L2 and KCNQ1 genes, which have received considerable 

attention (16).                         

The TCF7L2 rs7903146 has become one of the most important genetic loci linked to vulnerability 

to T2DM. The rs7903146 C/T polymorphism, situated in an intronic area, is associated with 

modified gene function and heightened susceptibility to T2DM in many groups (16) (17)(16) 

indicated that the rs7903146 polymorphism in TCF7L2 is consistently associated with diminished 

insulin production and an elevated risk of T2DM. Multiple studies, including (17and (18), have 

established a significant correlation between the T allele of rs7903146 and an elevated risk of 

T2DM, presumably attributable to its influence on insulin production and β-cell functionality 

(19). The T allele enhances TCF7L2 expression, affecting the Wnt signaling pathway and 

consequently disrupting glucose metabolism. Identifying this variation in the promoter region is 

thus crucial for comprehending the genetic foundations of T2DM.  

The KCNQ1 gene is essential for the controlling of pancreatic β-cell functionality and insulin 

release. The rs2237892 C/T polymorphism, in the promoter region of KCNQ1, has been 

extensively researched for its correlation with T2DM, especially in Asian populations (20). The 

C/T polymorphism at rs2237892 in KCNQ1 is associated with vulnerability to T2DM, especially 

in Asian populations, where the T allele is connected to reduced insulin production and 

inadequate glycemic control (21). Comprehending the impact of these genetic variations on 

glycemic regulation may improve risk assessment and inform tailored management approaches 

for patients with T2DM (22). Therefore, the present study sought to examine the relationship 

between the polymorphisms of TCF7L2 C/T (rs7903146) and KCNQ1 C/T (rs2237892) and 

plasma glucose concentrations in patients with T2DM. 

The current investigation revealed the frequencies of the CC, CT, and TT genotypes of TCF7L2 

rs7903146 in T2DM participants to be 0.19, 0.51, and 0.30, respectively. The frequencies in 
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healthy controls were 0.47 (CC), 0.38 (CT), and 0.15 (TT). Statistical analysis indicated a strong 

correlation between the CC and TT genotypes and T2DM (p = 0.014 for CC and p = 0.007 for 

TT). The odds ratio (OR) for the CC genotype was 0.4063 (95% CI: 0.243–0.679), signifying a 

protective effect against T2DM, whereas the TT genotype exhibited an OR of 2.050 (95% CI: 

1.142–3.679), indicating a greater than twofold elevated risk for T2DM in persons possessing the 

TT genotype. The CT genotype exhibited no significant connection (p = 0.122, OR = 1.3269, 

95% CI: 0.8620–2.0425). The findings align with earlier research by (16) and (18) which 

indicated that the T allele of the TCF7L2 rs7903146 SNP is associated with an elevated risk for 

T2DM, but the C allele (CC genotype) appears to have a protective effect. 

In a recent study from India, (23) found that people with the T allele of the rs7903146 (C/T) SNP 

had a 1.96-fold higher risk of T2DM, and that the risk was two-fold for those with the C allele. 

(24) however, found a TCF7L2 rs7903146 T allele frequency similar to that of Caucasians in 

research done in Ghana, albeit with a little weaker correlation to T2DM. (25) also reported that 

the TCF7L2 risk allele is linked with a 50% increased risk of T2DM, with a population-

attributable risk varying from 10% to 25%, contingent upon allele frequency. A study by (19) 

emphasized the effect of the T allele of rs7903146 in TCF7L2 on the enteroinsular axis and its 

role in the interaction between the incretin hormone gastric inhibitory polypeptide and its target 

hormones, glucagon and insulin. (26) have shown that TCF7L2-mediated regulation of 

postprandial lipid metabolism may influence diabetes risk.(27) identified a strong correlation 

between serotonin levels and the rs7903146 genotype in an investigation that controlled for 

T2DM and other prevalent metabolites. 

In the present study, the highest mean plasma glucose was observed in the CT genotype (155 

mg/dL), followed by the TT (142.6 mg/dL) and CC (137.7 mg/dL) genotypes. The standard 

deviation was greatest in the CT group (43.60), indicating more variability in glucose levels 

among these individuals. The presence of the T allele has been postulated to reduce insulin 

secretion, leading to poor glycemic control (19). The higher plasma glucose levels observed in T 

allele carriers (CT and TT genotypes) in both patient and control groups support this mechanism. 

Several studies have corroborated that the T allele of TCF7L2 rs7903146 is a strong genetic 

determinant of both T2DM risk and elevated plasma glucose (18; 19). The present data are 

consistent with these findings, emphasizing the predictive value of this polymorphism for 

hyperglycemia and diabetes susceptibility. Several studies, such as (19) and (17) have shown that 

TCF7L2 variants can predict diabetes risk in individuals with impaired glucose tolerance, 

consistent with the significantly elevated glucose levels in the present study in individuals 

carrying these genotypes. (28) have demonstrated that overexpression of TCF7L2 in mice 

displays reciprocal phenotypes, including increased plasma insulin levels and glucose intolerance 

due to peripheral insulin resistance, indicating that overexpression of TCF7L2leads to a 

phenotype of T2DM. (29) reported that the plasma glucose levels in the genotypes of rs7903146 

in study participants, the mean plasma concentration of glucose, were significantly higher in 

subjects with the CT genotype than in subjects with the CC genotype (7.52±3.48 mmol/L vs. 

7.05±3.39 mmol/L, P = 0.009). 

The three main pathways offer possible explanations for the association between T2DM and the 

rs7903146 risk genotypes for both CT and TT. First, it has been shown that the T allele of 

TCF7L2 rs7903146 makes beta cells less active, which lowers the disposition index and 

proinsulin secretory efficiency. Hyperglycemia can be worsened because it reduces insulin's 

capacity to control glucose synthesis in the liver (30). Beta cell dysfunction, a major factor in the 

development of T2DM, results from mutations in the TCF7L2 gene, which disrupts the 

transcriptional control of target genes. Secondly, adipocyte TCF7L2 expression and rs7903146 

risk alleles have been linked to postprandial triglyceride dysmetabolism.  Visceral adipose tissue 

TCF7L2 expression was shown to be increased and associated with postprandial triglycerides and 

glycemia in a study of Asian Indians with glucose intolerance. According to (26), the 

modification of postprandial lipid metabolism by TCF7L2 could increase the risk of diabetes. The 

TCF7L2 gene encodes a transcription factor with an HMG box associated with blood glucose 

regulation. Its role is thought to pertain to the regulation of proglucagon gene expression in 

enteroendocrine cells via the Wnt signaling pathway (16). 

Polymorphisms in KCNQ1, specifically rs2237892 (C/T), have been associated with disrupted 

glucose homeostasis and heightened risk of T2DM across several groups (21). The CT genotype 

group demonstrates the highest mean plasma glucose level (162.8 mg/dL), succeeded by CC 

(152.2 mg/dL) and TT (142.4 mg/dL). The standard deviations for CC and CT are comparable; 

however, they are significantly lower for TT, indicating less variability in plasma glucose among 

TT carriers. The mean glucose levels in CT and TT genotypes are somewhat lower than in CC, 

although the differences are less dramatic than those observed in T2DM patients. 

The data indicate that in T2DM patients, the CT genotype of KCNQ1 rs2237892 correlates with 

the highest mean plasma glucose, whereas the TT genotype is related to lower glucose levels. 

This indicates a potential risk correlation for the CT genotype, as elevated mean glucose levels 

signify inferior glycemic control and heightened diabetes risk. In healthy individuals, the 

influence of KCNQ1 genotypes on plasma glucose is minimal, with only slight variations among 

genotypes. These results may suggest that the influence of the KCNQ1 polymorphism is 

amplified by the existence of additional risk factors or underlying diabetic disease. 
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Prior research indicates that the T allele of rs2237892 in KCNQ1 correlates with heightened 

T2DM risk and compromised glucose metabolism, particularly in Asian cohorts (31). 

Nevertheless, data suggests that the risk relationship may be contingent upon context and shaped 

by gene-environment interactions. (32) discovered a correlation between fasting plasma glucose 

levels and the C risk allele of rs2237892, indicating that basal insulin secretion was compromised 

in CC homozygotes of rs2237892. (33) discovered that the KCNQ1 gene may influence T2DM 

through mechanisms unrelated to weight gain. (34) The study revealed for the first time that the 

KCNQ1 rs2237892 polymorphism is associated with gestational diabetes mellitus and glucose 

levels in Chinese women. The research offers systematic evidence for the correlation between this 

polymorphism and gestational diabetes mellitus in Asian populations.        

5. Conclusion        

 The present study demonstrated a significant association between the TCF7L2 

rs7903146 polymorphism and T2DM susceptibility in the Andhra Pradesh population, with the 

TT genotype and T allele conferring increased risk, while the CC genotype exhibited a 

protective effect. In contrast, the KCNQ1 rs2237892 polymorphism did not show a 

significant molecular association with T2DM risk, indicating population-specific genetic 

heterogeneity. Genotype–phenotype analysis revealed that TCF7L2 rs7903146 CT genotype 

carriers exhibited elevated plasma glucose levels in both T2DM patients and healthy 

individuals. Additionally, KCNQ1 rs2237892 showed a genotype-dependent influence on 

plasma glucose levels exclusively among T2DM patients, suggesting a modulatory role in 

glucose regulation rather than direct disease susceptibility. Overall, these findings highlighted 

TCF7L2 rs7903146 as a key genetic determinant of T2DM risk, while emphasizing the 

importance of integrating genetic and biochemical parameters to improve the understanding of 

T2DM pathophysiology. 

6. Declarations 

Ethics Approval and Consent to Participate 

The study was conducted in accordance with the ethical standards of the institutional research 

committee and informed written consent was obtained from all participants prior to sample 

collection. 

Competing Interests 

The authors declare that they have no competing interests. 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial 

or not-for-profit sectors. 

7. Abbreviations 

CI - Confidence interval 

OR – Odds ratio 

SNP - Single nucleotide polymorphism 

T2DM - Type 2 Diabetes Mellitus  

References 

1. Moon SS, Lee JE, Lee YS, Kim SW, Jeoung NH, Lee IK, et al. Association of pyruvate 

dehydrogenase kinase 4 gene polymorphisms with type 2 diabetes and metabolic syndrome. 

Diabetes Res Clin Pract. 2012;95(2):230-6. 

2. Wang Q, Zhang C, Walayat S, Chen HW, Wang Y. Association between cytocine gene 

polymorphisms and cervical cancer in a Chinese population. Eur J Obstet Gynecol Reprod Biol. 

2011;158:330-3. 

3. Priscakova P, Minarik G, Repiska V. Candidate gene studies of diabetic retinopathy in human. 

Mol Biol Rep. 2016;43:1327-45. 

YMER || ISSN : 0044-0477

VOLUME 25 : ISSUE 01 (Jan) - 2026

http://ymerdigital.com

Page No:354



4. Bonnet F, Roussel R, Natali A, Cauchi S, Petrie J, Laville M, et al. Parental history of type 2 

diabetes, TCF7L2 variant and lower insulin secretion are associated with incident hypertension: 

data from the DESIR and RISC cohorts. Diabetologia. 2013;56:2414-23. 

5. Ciccacci C, Di Fusco D, Cacciotti L, Morganti R, D’Amato C, Novelli G, et al. TCF7L2 gene 

polymorphisms and type 2 diabetes: association with diabetic retinopathy and cardiovascular 

autonomic neuropathy. Acta Diabetol. 2013;50:789-99. 

6. Zhuang Y, Niu F, Liu D, Sun J, Zhang X, Zhang J, et al. Associations of TCF7L2 gene 

polymorphisms with the risk of diabetic nephropathy: a case-control study. Medicine (Baltimore). 

2018;97:e8388. 

7. Liin SI, Barro-Soria R, Larsson HP. The KCNQ1 channel: remarkable flexibility in gating 

allows for functional versatility. J Physiol. 2015;593:2605-15. 

8. van Vliet-Ostaptchouk JV, van Haeften TW, Landman GW, Reiling E, Kleefstra N, Bilo HJ, et 

al. Common variants in the type 2 diabetes KCNQ1 gene are associated with impairments in 

insulin secretion during hyperglycaemic glucose clamp. PLoS One. 2012;7:e32148. 

9. Chavali S, Mahajan A, Tabassum R, Dwivedi OP, Chauhan G, Ghosh S, et al. Association of 

variants in genes involved in pancreatic β-cell development and function with type 2 diabetes in 

North Indians. J Hum Genet. 2011;56:695-700. 

10. Koo BK, Cho YM, Park BL, Cheong HS, Shin HD, Jang HC, et al. Polymorphisms of 

KCNJ11 (Kir6.2 gene) are associated with type 2 diabetes and hypertension in the Korean 

population. Diabet Med. 2007;24:178-86 

11. Xiong C, Zheng F, Wan J, Zhou X, Yin Z, Sun X. The E23K polymorphism in Kir6.2 gene 

and coronary heart disease. Clin Chim Acta. 2006;367:93-7. 

12. Liu NJ, Wu HH, Li YL, Yang Z, Tao XM, Du YP, et al. An analysis of the association between 

a polymorphism of KCNJ11 and diabetic retinopathy in a Chinese Han population. Eur J Med 

Res. 2015;20:3. 

13. Stancakova A, Kuulasmaa T, Kuusisto J, Mohlke KL, Collins FS, Boehnke M, et al. Genetic 

risk scores in the prediction of plasma glucose, impaired insulin secretion, insulin resistance and 

incident type 2 diabetes in the METSIM study. Diabetologia. 2017;60:1722-30. 

14. Miller, S. A., Dykes, D. D., & Polesky, H. F. (1988). A simple salting out procedure for 

extracting DNA from human nucleated cells.Nucleic Acids Research, 16(3), 1215. 

15. Ye S, Dhillon S, Ke X, Collins AR, Day IN. An efficient procedure for genotyping single 

nucleotide polymorphisms. Nucleic Acids Res. 2001;29(17):E88. 

https://doi.org/10.1093/nar/29.17.e88 

16. Grant SFA, Thorleifsson G, Reynisdottir I, et al. Variant of transcription factor 7-like 2 

(TCF7L2) gene confers risk of type 2 diabetes. Nat Genet. 2006;38(3):320-3. 

https://doi.org/10.1038/ng1732 

17. Florez JC, Jablonski KA, Bayley N, Pollin TI, de Bakker PI, Shuldiner AR, et al. TCF7L2 

polymorphisms and progression to diabetes in the diabetes prevention program. N Engl J Med. 

2006;355:241-50. 

18. Cauchi S, El Achhab Y, Choquet H, Dina C, Krempler F, Weitgasser R, et al. TCF7L2 is 

reproducibly associated with type 2 diabetes in various ethnic groups: a global meta-analysis. J 

Mol Med (Berl). 2007;85(7):777-82. 

19. Lyssenko V, Lupi R, Marchetti P, Del Guerra S, Orho-Melander M, Almgren P, et al. 

Mechanisms by which common variants in the TCF7L2 gene increase risk of type 2 diabetes. J 

Clin Investig. 2007;117:2155-63. 

20. Yasuda K, Miyake K, Horikawa Y, et al. Variants in KCNQ1 are associated with susceptibility 

to type 2 diabetes mellitus. Nat Genet. 2008;40(9):1092-7. 

21. Unoki H, Takahashi A, Kawaguchi T, et al. SNPs in KCNQ1 are associated with susceptibility 

to type 2 diabetes in East Asian and European populations. Nat Genet. 2008;40(9):1098-102. 

22. Li X, Li Y, Liu Y, et al. Association of KCNQ1 and TCF7L2 polymorphisms with glycemic 

control in patients with type 2 diabetes. Endocrine. 2015;49(2):496-504. 

YMER || ISSN : 0044-0477

VOLUME 25 : ISSUE 01 (Jan) - 2026

http://ymerdigital.com

Page No:355



23. Kumar S, Prakash P, Kumari R, Kumar N. Genetic Association of Transcription Factor 7-

Like-2 rs7903146 Polymorphism With Type 2 Diabetes Mellitus. Cureus. 2024;16:e52709. 

24. Danquah I, Othmer T, Frank LK, Bedu-Addo G, Schulze MB, Mockenhaupt FP. The TCF7L2 

rs7903146 (T) allele is associated with type 2 diabetes in urban Ghana: A hospital-based case-

control study. BMC Med Genet. 2013;14:96. 

25. Tong Y, Lin Y, Zhang Y, Yang J, Zhang Y, Liu H, et al. Association between TCF7L2 gene 

polymorphisms and susceptibility to type 2 diabetes mellitus: A large human genome 

epidemiology (HuGE) review and meta-analysis. BMC Med Genet. 2009;19:15. 

26. Madhu SV, Mishra BK, Mannar V, Aslam M, Banerjee B, Agrawal V. TCF7L2 gene 

associated postprandial triglyceride dysmetabolism- a novel mechanism for diabetes risk among 

Asian Indians. Front Endocrinol (Lausanne). 2022;13:973718. 

27. Leiherer A, Muendlein A, Saely CH, Fraunberger P, Drexel H. Serotonin is elevated in risk-

genotype carriers of TCF7L2 rs7903146. Sci Rep. 2019;9:12863. 

28. Savic D, Ye H, Aneas I, Park SY, Bell GI, Nobrega MA. Alterations in TCF7L2 expression 

define its role as a key regulator of glucose metabolism. Genome Res. 2011;21(9):1417-25. 

29. Wang Z, Li Y, Su Y, Ma Q, Wang L, Ding L, et al. Association of rs7903146 and rs7085532 

polymorphisms in TCF7L2 gene with type 2 diabetes mellitus in a Chinese Uygur population. Int 

J Clin Exp Pathol. 2017;10(5):5939-47. 

30. Cropano C, Santoro N, Groop L, Dalla Man C, Cobelli C, Galderisi A, et al. The rs7903146 

Variant in the TCF7L2 Gene Increases the Risk of Prediabetes/Type 2 Diabetes in Obese 

Adolescents by Impairing β-Cell Function and Hepatic Insulin Sensitivity. Diabetes Care. 

2017;40:1082-9. 

31. Hu C, Wang C, Zhang R, Ma X, Wang J, Lu J, et al. Variations in KCNQ1 are associated with  

type 2 diabetes and beta cell function in a Chinese population. Diabetologia. 2009;52:1322-5 

32. Zhou JB, Yang JK, Zhao L, Xin Z. Variants in KCNQ1, AP3S1, MAN2A1, and ALDH7A1 

and the risk of type 2 diabetes in the Chinese Northern Han population: a case-control study and 

meta-analysis. Med Sci Monit. 2010;16(6):BR179-83. 

33. Liu Y, Zhou DZ, Zhang D, Chen Z, Zhao T, Zhang Z, et al. Variants in KCNQ1 are associated 

with susceptibility to type 2 diabetes in the population of mainland China. Diabetologia. 

2009;52(7):1315-21. 

34. Ao D, Wang Hj, Wang Lf, Song Jy, Yang Hx, Wang Y. The rs2237892 Polymorphism in 

KCNQ1 Influences Gestational Diabetes Mellitus and Glucose Levels: A Case-Control Study and 

Meta Analysis. PLoS One. 2015;10(6):e0128901. doi:10.1371/journal.pone.0128901. 

 

 

 

 

 

 

YMER || ISSN : 0044-0477

VOLUME 25 : ISSUE 01 (Jan) - 2026

http://ymerdigital.com

Page No:356


	Ethics Approval and Consent to Participate
	Competing Interests
	Funding

