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Type 2 diabetes mellitus (T2DM) is a rising worldwide health concern, with an estimated 366 million 
cases by 2030 including 11.1 million in Bangladesh. The KCNJ11 (rs5219) polymorphism has been 
associated with T2DM in different populations, but its role in T2DM in Bangladesh remains quite 
unexplored. This study explores the genetic association between the KCNJ11 (rs5219) and T2DM and 
its relationship to CVD and CKD in the Bangladeshi population. A case–control study was conducted 
in Noakhali, Bangladesh where genomic and biochemical analyses were performed, including 
serum creatine, lipid profile and blood glucose levels. DNA was analyzed using ARMS-PCR and gel 
electrophoresis. The TT genotype was more prevalent in T2DM (68.2%), CVD (67.2%), and CKD (62.5%) 
groups. Significant associations (p < 0.05) were found between genotype and metabolic markers. The 
CT genotype in diabetic patients was showed increased risks for BMI (OR 3.43; 95% CI 1.07–1.91). For 
CVD patients, the TT genotype imposed higher risks for C-reactive protein (OR 1.3; 95% CI 0.79–2.03). 
For CKD patients, the TT genotype showed higher risk (OR 1.9; 95% CI 0.81–1.62) for serum creatinine 
as well as with some other parameters. The KCNJ11 (rs5219) polymorphism is significantly associated 
to T2DM and its complications in Bangladesh.
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Diabetes affects an estimated 422 million people globally, making it a leading causes of death and morbidity1. Type 
2 diabetes mellitus development is caused by both inherited and environmental factors including age, obesity, 
inactivity, hypertension, diet, and tobacco use2. Type 2 diabetes (T2DM) affects ten times as many people as type 1 
diabetes3,4. The number of persons with diabetes has quickly increased over the last 20 years5 with its heritability, 
predicted to be between 20 and 80%6. Factors like insulin resistance, decreased insulin secretion, increased 
hepatic glucose production, sedentary lifestyle, and excessive calorie intake leading to obesity contribute to 
T2DM pathogenesis7. Nearly 80% of diabetes live in developing countries, with India and China contributing 
significantly8. Between 1980 and 2014, the number of diabetes cases doubled globally9 with diabetes being the 
nineth leading cause of mortality (almost 1 million) in 201710. The International Diabetes Federation (IDF) 
reported 425 million diabetic people with an estimated $727 billion cost for its treatment and prevention in 201711. 
South Asians have a prevalence nearly four times higher than other ethnic groupings8. Diabetes is expected to 
impact 537 million people in 2021, rising to 643 million in 2030 and 783 million by 204512. SNPs have made 
genetic variables more important in the pathogenesis of type 2 diabetes mellitus13. A significant mutation, rs5219 
in the KCNJ11 gene, has been associated with T2DM risk14. The KCNJ11 gene, found on chromosome 11p15.1, 
regulates glucose-induced insulin production and is a key candidate for T2DM15. The rs5219 polymorphism 
may impair KATP channel sensitivity to ATP, preventing insulin release and causing diabetes16–19. Meta-analyses 
demonstrate a substantial connection between rs5219 and T2DM across multiple populations, including UK20, 
US21, China22, Japan23, France24, Sweden25, Japan26, and Saudi Arabia27. This variant has been studied in a variety 
of ethnic groups, including Caucasians and Asians28, implying that it may have broader implications. HTN 
has been associated with KATP single-nucleotide polymorphisms (SNPs) in both non-Caucasian groups (like 
Japanese people) and Caucasians (such Americans, Mexicans, and French people)29,30. Similarly, in East Asians, 
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Europeans, and African Americans, KATP polymorphisms are associated different types of dyslipidemia (like 
increased triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and decreased 
high-density lipoprotein cholesterol (HDL-C) levels29. In Western countries, T2DM is the primary cause 
of chronic kidney disease (CKD) and renal failure, with over 40% of long-term diabetics acquiring diabetic 
nephropathy31,32. Furthermore, 60% of T2DM patients have hypertension contributing to nephropathy33,34. 
Diabetes and hypertension are linked to the development of diabetic nephropathy35. In the U.S, up to 40% of 
T2DM patients have indications of CKD36 whereas in India, 34.4% have diabetic renal disease37. Bangladesh is 
home to more than one-third of the 48 LDCs’ diabetic population, accounting 40% of diabetes in underdeveloped 
countries38. Bangladesh ranks second in South East Asia for adults (20–79 years) with diabetes1. The Dhaka 
region has seen the greatest growth in diabetes prevalence (54%), followed by Khulna (53%)39. Bangladesh will 
be among the top five countries with the highest diabetic populations by 203040. Diabetics in Bangladesh have 
a 7.5 times higher mortality rate from cardiovascular disease (CVD) than non-diabetics41. A 2013 study found 
that 55.2% of diabetics with less than five years had chronic kidney disease (CKD) in Bangladesh42. Significant 
associations between the rs5219 polymorphism and T2DM susceptibility in Asian and Caucasian subgroups 
underscore the need to investigate this polymorphism in other populations, including Bangladesh43. While some 
studies have revealed a substantial relationship between rs5219 and T2DM in Bangladesh44,45, however, previous 
researches have not investigated how the KCNJ11 (rs5219) polymorphism affects major biochemical markers 
associated with diabetes, such as fasting blood sugar (FBS), random blood sugar (RBS), serum creatinine, and 
lipid profiles.

These gaps highlight the need for additional research into how the KCNJ11 polymorphism contributes to 
T2DM and its complications, as these biochemical profiles could provide valuable insights for personalized 
treatment and prevention strategies in Bangladesh. To fill these gaps this study explores the association and 
distribution of the KCNJ11 (rs5219).

polymorphism with type 2 diabetes mellitus (T2DM) and its progression to cardiovascular disease (CVD) 
and chronic kidney disease (CKD) in a Bangladeshi population offering valuable insights for public health 
activities for better clinical care of T2DM, ultimately helping to lower Bangladesh’s growing burden of diabetes 
and accompanying consequences.

Methodology
Ethical statement
This study adhered to all applicable ethical guidelines. The ethical committee of Noakhali Science & Technology 
University (Approved No: NSTU/SCI/EC/2023/208) reviewed and approved all methodologies employed in the 
research, ensuring compliance with the ethical principles outlined in the 1964 Declaration of Helsinki. The 
committee ensured that the rights, safety and well-being of all participants were protected throughout the study. 
Written informed consent was obtained from all participants. The ethical committee’s approval permits the study 
to proceed without requiring additional ethical clearance.

Study population
A case–control study was conducted in Noakhali Sadar Upazila, Chattogram Division, between November 2023 
to December 2024. The study included 192 cases, individuals over the age of 18 with T2DM and coexisting CVD 
and CKD problems. The controls were 192 healthy individuals recruited from local hospitals in Noakhali.

Sample size calculation and sampling
The sample size was calculated using the Cochran formula, with a 5% margin of error and a 95% confidence 
range. The desired population percentage is set at 50%46, since the T2DM prevalence in Noakhali is unknown. 
The study included 192 cases and 192 controls through stratified random sampling (Fig. 1).

Data collection
Face-to-face interviews were done with a structured questionnaire to collect data on some identified risk 
factors from cases and controls meeting the inclusion criteria and provided consent for voluntary participation. 
Anthropometric, biochemical (CRP and blood) and demographical (age, gender) data were collected. Data on 
the duration of T2DM and the onset of related complications (CVD and CKD) were collected exclusively from 
cases.

Data analysis
Anthropometric and biochemical analysis
Weight (to the nearest 0.1  kg), height (to the nearest 0.1  cm), waist and hip circumference (to the nearest 
0.1 cm), and mid-upper arm circumference (MUAC) (to the nearest 1 mm) were measured by trained personnel 
during outpatient visits (cases) and scheduled sessions (controls) using calibrated instruments and standard 
procedures47. Waist-to-hip ratio (WHR) was calculated as waist circumference divided by hip circumference, 
and body mass index (BMI) as weight (kg) divided by height (m2). Systolic (SBP) and diastolic blood pressure 
(DBP) were assessed by an automated blood pressure monitor. All anthropometric and clinical data were directly 
measured. Venous blood (5  mL) was collected from each participant, centrifuged for serum separation and 
stored at − 20  °C for biochemical analysis. FBS, RBS, total cholesterol (TC), triglycerides (TG), high density 
lipoprotein (HDL), and serum creatinine (SCr) levels were assessed using an enzymatic colorimetric technique 
except for low density lipoprotein (LDL)48. C-reactive protein (CRP) levels were collected from hospitals 
diagnostic reports.
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Gnomic analysis
After separating serum, the blood cells were employed for DNA extraction. DNA was extracted from blood using 
FavorPrep™ Blood/Cultured Cell Genomic DNA Extraction Kit. Using the Amplification Refractory Mutation 
System Polymerase Chain Reaction (ARMS-PCR) and allele-specific primers, the rs5219 polymorphism was 
genotyped (Table 1)49, owing to its previous history to detect single nucleotide polymorphisms (SNPs) in blood 
cells from individuals in the Noakhali region50.

The PCR mixture was consisted of 12.5µl master mix, 7.5µl nuclease-free water, 1µl inward and forward 
primers, and 1µl extracted DNA template. Gradient PCR was initially used to determine annealing temperature 
(Tm). The ARMS-PCR was then performed using a PCR tube containing the PCR mixture. When the reaction 
was complete, the PCR tubes were stored at -20 °C for further analysis. Gel electrophoresis (45 min at 110 V 
and 100 current) with a 100 bp DNA ladder (cat. 11,800) and a 1% agarose gel were employed to separate PCR 
products. To ensure that the electrophoresis technique was consistent, samples were conducted on multiple gels. 
On a UV transilluminator (UVstar, USA), DNA bands were visible.

Statistical analysis
The chi-square (χ2) test was performed to analyze differences between various characteristics of individuals 
at risk of T2DM with a significance level set at p < 0.05. Multivariate logistic regression analysis was used to 
calculate adjusted odd ratios, controlling for gender and age.

Primer ID Primer sequence (5'–3') Allele No of base pairs Tm (0 °C) Total length

SNP-1 OF- ​C​C​A​C​C​A​G​C​G​T​G​G​T​G​A​A​C​A​C​G​T​C​C​T​G​C​A​G 28 58
300

SNP-1 OR- ​C​C​C​A​G​G​G​T​G​A​G​A​A​G​G​T​G​C​C​C​A​C​C​G​A​G​A​G 28 58

SNP-1 IF- ​C​G​C​T​G​G​C​G​G​G​C​A​C​G​G​T​A​C​C​T​G​G​G​A​T​T T 28 58 200

SNP-1 IR- ​C​T​G​A​C​A​C​G​C​C​T​G​G​C​A​G​A​G​G​A​C​C​C​T​G​A​C​G C 28 58 154

Table 1.  The primers used for ARMS-PCR. OF, Outer Forward; OR, Outer Reverse; IF, Inner Forward; IR, 
Inner Reverse. Bold values indicate statistically significant results (p< 0.05).

 

Fig. 1.  Flowchart of the research process of our study.
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Results
ARMS PCR analysis of KCNJ11 (rs5219) polymorphism with agarose gel electrophoresis
Tetra-primer ARMS PCR was used to identify three-point mutations in the KCNJ11 gene. PCR fragments 
responded as expected, with distinct sizes on agarose gel electrophoresis, allowing for evident genotype 
separation. Figure 2 represents DNA fragments ranging from 154 to 300 base pairs that were resolved on a 2% 
agarose gel. The figure displays a full ranger 100 bp DNA ladder (Fig. 2: A). The gel pattern shows lanes 1, 6, and 
7 for CC homozygous wild-type samples, lanes 2, 3, and 4 for CT heterozygotes, and lane 8 for a negative control 
(Fig. 2: B). TT homozygous mutants were detected in other samples and included in the analysis, but are not 
shown in the Fig. 2.

Figure 3 demonstrates the genotype frequency of KCNJ11 (rs5219) in T2DM and associated complications 
(CVD and CKD) and controls. The TT genotype (homozygous) was most common in T2DM (68.2%), followed 
by heterozygous CT (19.3%). This pattern was similar for T2DM patients with CVD (TT: 67.20%, CT: 15.60%) 
and CKD (TT: 62.5%, CT: 18.80%). In contrast, CC (68.8%) genotype was most common in controls, with TT 
being least frequent.

Demographic distribution of T2DM and associated comorbidities (CVD and CKD) compared 
to controls
Figure 4 depicts the distribution of T2DM and associated consequences (CVD and CKD) across age groups, 
along with controls. The bulk of diabetic patients were in middle adulthood (37.5%). Controls had majority in 
middle adulthood (40.1%). Diabetic patients with CVD were predominantly early-adult, while those with CKD 
were primarily middle-adult.

Figure  5 illustrates the distribution of T2DM, its comorbidities (CVD and CKD), and the control group 
across gender categories. Male outnumbered female in all groups with 52.1% of T2DM cases in male compared 
to 47.9% in female. The control group had more balanced male-to-female ratio.

Duration of T2DM and onset of CVD and CKD complications
Figure 6 shows the distribution of diabetes duration and the timing of complications development. Nearly half 
of T2DM cases (47.4%) had diabetes for more than 10 years, 38% for 5–10 years, and 14.6% for less than 5 years. 
CVD developed in 45.3% of cases within 5–10 years of T2DM diagnosis, and 31.4% during the first 5 years. 
CKD onset was more afterwards, occurring in 53.1% of patients after more than 10 years and in 32.8% of cases 
between 5–10 years following T2DM diagnosis.

Association of KCNJ11 (rs5219) polymorphism with anthropometric and biochemical 
parameters in T2DM and related comorbidities (CVD and CKD)
Table 2 shows the association between the KCNJ11 (rs5219) and anthropometric measures in T2DM with CVD/
CKD comorbidities. Significant associations (p < 0.05) were observed across all anthropometric markers. The TT 
genotype had the highest MUAC (73.50%) in T2DM, while CC genotype in controls had the highest (60.9%). 
MUAC was elevated in TT genotype for T2DM with CVD (66.7%) and CKD (68.9%). The TT genotype was 
associated with severe WHR in diabetes (59.5%). Most control with CC genotype had normal BMI. In T2DM, 

Fig. 2.  (A) 100 bp ladder in 1% agarose gel. (B) Agarose (1%) gel electrophoresis results of ARMS-PCR. Here, 
L1 and L2 = Diabetic person, L3 and L4 = Diabetic person with CKD, L5 = Primer, L6 & L7 = Diabetic person 
with CVD and L8 = Negative control.
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hypertension was common in the TT genotype for both SBP and DBP. The situation was similar for T2DM with 
comorbidities. In controls, CC genotype was associated with the most normal SBP and DBP.

Table 3 indicates the connection between genotype and biochemical markers in T2DM with CVD and CKD 
complications. (p < 0.05). Significant associations (p < 0.05) were observed across all biochemical markers. In 
T2DM, 70.4% of the TT genotype had diabetes (FBS). It is also similar for T2DM with CVD and CKD. However, 
in controls 73.9% of CC genotypes had normal FBS level. The same scenario was observed for RBS in T2DM. 
The TT genotype had the greatest TC (72%), TG (74%), and LDL (90%) in T2DM while CC genotype in controls 

Fig. 4.  Distribution of T2DM along with CVD and CKD complications and controls across age categories.

 

Fig. 3.  Genotype frequency of KCNJ11 (rs5219) in T2DM and with CVD, CKD complications along with 
control.
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had the highest HDL (88.8%). Elevated SCr was found in 71.8% of TT genotype in CKD individuals, whereas 
in controls CC showed the highest normal values (77.1%). In T2DM with CVD, 74.4% of the TT genotype had 
CRP, whereas CRP was absent in 84.2% of the CC genotype in controls.

Table 4 shows a multivariate logistic regression analysis of diabetes risk factors related with the KCNJ11 
(rs5219) genotype in diabetic patients, adjusted for age and gender. The heterozygous (CT) genotype showed 
significant associations (p < 0.05) with all measures except for TC including 3.43-fold higher risk of BMI (OR 
3.43; 95% CI 1.07–1.91) and a 2.58-fold higher risk of SBP (OR 2.58; 95% CI 1.19–2.1) than CC genotype. The 
CT genotype also had a 4.37-fold higher risk of TG (OR 4.37; 95% CI 1.07–1.81) and a comparable risk of SCr. In 
the control group, significant associations (p < 0.05) were found for WHR, MUAC, BMI, TC, TG, HDL and SCr 
in both genotypes, while FBS and RBS revealed no significant associations. SBP and DBP were only significantly 
associated with the TT genotype.

Figure 7 represents a multivariate logistic regression study of diabetes risk variables related with the KCNJ11 
(rs5219) genotype in diabetic people with CVD problems, controlling for age and gender. Significant associations 
(p < 0.05) were found for WHR, MUAC, SBP, FBS, RBS, HDL, and SCr for both homozygous and heterozygous 

Fig. 6.  Duration of T2DM and subsequent onset of CVD and CKD complications over time among cases.

 

Fig. 5.  Distribution of T2DM along with CVD and CKD complications and controls across gender categories.
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genotypes. The CT genotype conferred a 6.36-fold (OR 6.36; 95% CI 1.79–22.54) increased risk compared to 
CC for MUAC. BMI was only significant for TT genotype (OR 1.13; 95% CI 0.62–2.05). Both genotypes (TT 
and CT) presented nearly comparable risks for SBP, RBS, and HDL. Only the TT genotype showed a significant 
association (p < 0.05) with CRP (OR 1.3; 95% CI 0.79–2.03). No significant associations (p > 0.05) were found for 
DBP, TC, TG, and LDL in either genotype.

Figure 8 illustrates a multivariate logistic regression study of diabetes risk factors associated with KCNJ11 
(rs5219) genotypes in diabetic participants with CKD complications, controlling for age and gender. Significant 
associations (p < 0.05) were found for DBP and LDL for both homozygous and heterozygous genotypes. BMI 
and TG showed no significant association (p > 0.05) with either genotype. The TT genotype raised the risk of 
DBP (OR 1.12; 95% CI 0.82–1.52) and LDL (OR 1.7; 95% CI 0.77–1.75) compared to CC. The TT genotype also 
had higher risk compared to CC genotype for MUAC (OR 1.04; 95% CI 0.74–1.46). FBS, RBS, TC and SCr were 
significantly associated (p-value < 0.05) with only the TT genotype, which posed 1.9-fold higher risk (OR 1.9; 
95% CI 0.81–1.62) compared to CC for SCr. HDL exhibited a significant association solely for the CT genotype 
(OR 1.3; 95% CI 0.68–1.51).

Discussion
The mechanism behind type 2 diabetes and associated problems are still poorly understood51. Our findings 
highlight the KCNJ11 (rs5219) polymorphism as a key genetic risk factor for T2DM in the Bangladeshi 
population. The C-to-T transition at rs5219 decreases insulin production in pancreatic β-cells via affecting ATP-
sensitive potassium (KATP) channels17,52.

The predominance of long-term diabetes (> 10  years) among individuals indicates the chronic nature 
of T2DM53. The earlier onset of CVD problems, primarily within 5–10 years of diagnosis, is consistent with 
findings that CVD risk increases rapidly after T2DM development due to mechanisms such as insulin resistance, 
chronic inflammation, and endothelial dysfunction54,55. CKD problems, on the contrary, often develop later, 
usually after more than ten years, most likely as a result of the cumulative effects of chronic hyperglycemia and 
hypertension, which gradually compromise renal function56,57. These temporal trends highlight the necessity 
of early cardiovascular risk management in addition to long-term renal monitoring in T2DM patients58. The 
TT genotype was prevalent in T2DM patients (68.2%), CVD (67.2%) and CKD patients (62.5%) while the CC 
genotype was more common in healthy controls (68.8%), implying the TT genotype significance in T2DM and its 
complications. Our findings are consistent with research in China and Korea associating KCNJ11 polymorphisms 
to T2DM, where the TT genotype (homozygous), is related with glucose intolerance and insulin resistance59,60. 
Similarly, the greater frequency of the TT genotype in T2DM patients with CKD is consistent with results in 

Parameters

Genotype of T2DM (n = 192) Genotype of controls (n = 192)
Genotype of T2DM with CVD 
(n = 64)

Genotype of T2DM with CKD 
(n = 64)

TT
68.2%

CT
19.3%

CC
67.2% p-value

TT
13.0%

CT
18.2%

CC
68.8% p-value

TT
67.2%

CT
15.6%

CC
17.2% p-value

TT
62.5%

CT
18.8%

CC
18.8% p-value

MUAC

Severe 50% 8.3% 41.7%

0.01

0% 3.2% 96.8%

0.03

0% 0% 100%

0.01

30% 0% 70%

0.01Moderate 56.8% 18.2% 25% 14.3% 10.7% 75% 76.5% 23.5% 0% 66.7% 22.2% 11.1%

High 73.5% 20.6% 5.9% 15.8% 23.3% 60.9% 66.7% 28.9% 4.4% 68.9% 22.2% 8.9%

WHR

Severe 59.5% 16.7% 23.8%

0.01

9.6% 12% 78.4%

0.03

54.5% 18.2% 27.3%

0.02

33.3% 8.3% 58.3%

0.01Moderate 70% 7.5% 22.5% 20% 31.1% 48.9% 50% 50% 0% 73.7% 10.5% 15.8%

Normal 70.9% 24.5% 4.5% 18.2% 27.3% 54.5% 71.4% 26.5% 2% 66.7% 27.3% 6.1%

BMI

Underweight 37.5% 12.5% 4.5%

0.03

26.1% 13% 60.9%

0.01

66.7% 33.3% 0%

0.03

30.0% 0% 70%

0.01

Normal 65.5% 20% 14.5% 15% 12.6% 72.4% 70.6% 29.4% 0% 71.4% 19% 9.5%

Overweight 78.0% 6% 16% 0% 40% 60% 87.5% 0% 12.5% 73.7% 10.5% 15.8%

Obese class ꟾ 66.7% 28% 5.3% 0% 28.6% 71.4% 36.4% 36.4% 27.3% 50% 50% 0%

Obese class ꟾꟾ 75% 25% 0% 0% 0% 0% 100% 0% 0% 75% 25% 0%

SBP

Low 0% 0% 0%

0.02

8.7% 8.7% 82.6%

0.00

0% 0% 0%

0.01

0% 0% 0%

0.02

Normal 58.3% 11.1% 30.6% 10% 13.1% 76.9% 73.7% 26.3% 0% 36.4% 9.1% 54.5%

Pre-hypertension 58.8% 26.5% 14.7% 25.8% 41.9% 32.3% 100% 0% 0% 60% 20% 20%

Hypertension grade 1 84.5% 10.7% 4.8% 25% 37.5% 37.5% 58.6% 37.9% 3.4% 82.6% 4.3% 13%

Hypertension grade 2 50% 39.5% 10.5% 0% 0% 0% 60% 10% 30% 66.7% 33.3% 0%

Hypertension grade 3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 0%

DBP

Low 0% 0% 0%

0.02

9.5% 9.5% 81%

0.04

0% 0% 0%

0.00

0% 0% 0%

0.02

Normal 58.8% 19.6% 21.6% 9.8% 13.5% 76.7% 68.8% 31.2% 0% 53.3% 0% 46.7%

Pre-hypertension 63.9% 11.1% 25% 25.8% 41.9% 32.3% 66.7% 25% 8.3% 44.4% 22.2% 33.3%

Hypertension grade 1 78% 17.1% 4.9% 28.6% 28.6% 42.9% 90.9% 9.1% 0% 67.7% 25.8% 6.5%

Hypertension grade 2 60.9% 39.1% 0% 0% 0% 0% 33.3% 33.3% 33.3% 77.8% 22.2% 0%

Hypertension grade 3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Table 2.  Association between genotype frequency and anthropometric parameters in T2DM with CVD and 
CKD complications. Bold values indicate statistically significant results (p< 0.05).
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Japan and China indicating KCNJ11 variant contribute to renal impairment via effects on glucose metabolism 
and vascular tone26,61. However, in control group the higher prevalence of the CC genotype that differs from 
studies in Korea and Japan, could be due to ethnic differences. The TT genotype was associated with a greater 
prevalence of severe WHR in T2DM patients (59.5%), suggesting a susceptibility to central obesity. In T2DM 
patients, the TT genotype showed the largest frequency of high MUAC (73.5%), indicating higher muscle mass 
and nutritional health than the CC genotype controls (60.9%) aligning with study indicating elevated MUAC 
means less visceral fat better metabolic62. The TT genotype in T2DM patients was related with an increased risk 
of obesity Class I and II, which is consistent with previous research associating KCNJ11 variants to greater fat 
storage63. So, the TT genotype is expected to induce insulin resistance, resulting in fat deposition, whereas the 
CC genotype in controls was connected to decreased obesity, indicating a protective role. Similar relationships 
between BMI, blood pressure, and KCNJ11 polymorphisms were found in the Emirati population64. However, 
a study contradicts our findings, reporting a lower frequency of the TT genotype in T2DM65, possibly due to 

Fig. 7.  Multivariant logistic regression analysis of diabetes risk factors in relation with KCNJ11 (rs5219) 
polymorphism in T2DM with CVD issues (adjusted for age and gender).

 

Parameters

Genotype of T2DM (n = 192) Genotype of control (n = 192)

Reference CC

TT CT

Reference CC

TT CT

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

WHR

1

1.31 (1.03–1.66) 0.855 2.4 (1.07–1.82) 0.019*

1

1.19 (0.91–1.54) 0.001* 2.27 (1.03–1.63) 0.001*

MUAC 1.26 (0.96–1.64) 0.958 1.36 (1.02–1.81) 0.011* 1.22 (0.93–1.6) 0.003* 1.32 (1.03–1.66) 0.001*

BMI 1.37 (1.05–1.77) 0.011* 3.43 (1.07–1.91) 0.012* 1.11 (0.87–1.43) 0.007* 2.26 (1.01–1.59) 0.009*

SBP 1.32 (1.04–1.68) 0.004* 2.58 (1.19–2.1) 0.011* 1.22 (0.85–1.44) 0.043* 3.19 (0.94–1.5) 0.084

DBP 1.35 (1.05–1.72) 0.461 1.41 (1.07–1.86) 0.005* 1.1 (0.85–1.44) 0.044* 1.84 (0.94–1.47) 0.054

FBS 1.22 (0.96–1.54) 0.79 2.24 (0.981.67) 0.014* 1.17 (0.82–1.39) 0.091 2.05 (0.92–1.49) 0.062

RBS 1.2 (0.96–1.54) 0.767 1.4 (0.98–1.67) 0.014* 1.05 (0.81–1.37) 0.111 1.13 (0,89–1.43) 0.19

TC 1.21 (0.95–1.54) 0.123 3.33 (0.99–1.69) 0.25 1.1 (0.84–1.49) 0.039* 2.24 (0.96–1.53) 0.014*

TG 1.28 (1.01–1.62) 0.94 4.37 (1.07–1.81) 0.006* 1.08 (0.83–1.41) 0.002* 3.14 (0.91–1.46) 0.001*

HDL 1.3 (1.02–1.65) 0.511 1.26 (0.96–1.67) 0.003* 2.02 (0.78–1.34) 0.001* 1.19 (0.81–1.37) 0.001*

LDL 1.3 (1.02–1.63) 0.809 3.4 (1.08–1.83) 0.006* 1.15 (0.85–1.46) 0.031* 2.23 (0.93–1.49) 0.081

SCr 1.24 (0.98–1.56) 0.984 4.42 (1.08–1.86) 0.003* 1.03 (0.79–1.13) 0.047* 2.34 (0.91–1.43) 0.043*

Table 4.  Multivariant logistic regression analysis of risk Factors for diabetes with KCNJ11 (rs5219) genotype 
in diabetic subjects (adjusted for age and gender). *p-value < 0.05. Bold values indicate statistically significant 
results (p< 0.05).
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geographical or methodological differences. Our findings align with previous studies in China66 linking KCNJ11 
polymorphisms to hypertension and cardiovascular issues in T2DM. Similarly, Syrian research identified 
a strong relationship between KCNJ11 polymorphisms, T2DM, and obesity, with the CC genotype link to 
lower obesity risk67. A Jordanian study on the rs5219 variant reported protective effects of the CC genotype in 
healthy individuals, similar to our findings68. A meta-analysis of Caucasian and Asian populations69 confirms 
the association between the rs5219 variant and increased T2DM risk in obese people, supporting our claim 
that the TT genotype is associated with obesity. TT genotype showed high prevalence of grade 1 hypertension 
in T2DM (SBP 84.5%, DBP 78%) and CVD (SBP 58.6%, DBP 90.9%), consistent with study on Chinese Han 
population where the KCNJ11 polymorphism promotes hypertension by affecting vascular tone and blood 
pressure management70. The TT genotype predisposes individuals with insulin resistance and hypertension, 
particularly in T2DM and its comorbidities (CVD and CKD). Conversely in controls, the CC genotype had 
higher rates of normal blood pressure (SBP 76.9%, DBP 76.7%) and no hypertension (Grade 2 or 3), showing 
genomic resilience against metabolic problems, as reported in a study focusing Chinese population59. Chinese 
T2DM patients reported similar findings where the TT genotype had concerning high rate of hypertension and 
the CC genotype protecting against hypertension, emphasizes its importance in CVD and CKD like our study71.

The significant incidence of FBS (70.4% in TT carriers) and RBS (71% in TT carriers), shows an involvement 
in diabetes etiology, which is consistent with findings from Morocco and China on KCNJ11’s role in insulin 
secretion and glucose metabolism72,73, connected to KATP channels dysfunction. In contrast, the CC genotype, 
prevalent in hypoglycemic controls (FBS 79.9%, RBS 80%), indicates better insulin sensitivity and a lower risk 
of T2DM, as shown by a meta-analysis74. Patients with TT genotype showed high TC (72%), TG (74%), and 
very high LDL (90%), linking dyslipidemia to cardiovascular risk75. Conversely, the CC genotype in controls 
associated with increased HDL (88.8%), indicating a healthier lipid profile that may reduce CVD and CKD risk, 
supporting HDL’s preventative effect on heart health76. In North India, the TT genotype was more prevalent 
in T2DM patients and linked to higher FBS and TC, reflecting our results. However, unlike their study, we 
assess LDL levels. Their study had 77.3% male T2DM patients, compared to 52.1% in ours, indicating gender 
distribution differences but not affecting biochemical alignment77. Additionally, Nigerian study observed the 
TT genotype in both T2DM cases (45.9%) and controls (46.6%), but we found higher frequency of TT in T2DM 
cases (68.2%) and lowest in controls (13%) with a notable presence of CT genotype (19.3% in T2DM and 18.2% 
in controls). Contrary to our findings, they discovered insignificant link between the polymorphism and BMI, 
TC, TG, or LDL levels in T2DM78. Meanwhile, 71.8% of TT genotype patients had high SCr levels, indicating 
potential connection to kidney failure due to inadequate insulin secretion, whereas 77.1% of CC genotype 
controls had normal creatinine levels, demonstrating prevention of impaired kidney function because of greater 
insulin sensitivity, particularly in T2DM, where CKD is common76. Inflammatory marker CRP was present in 
74.4% of T2DM patients with CVD, underscoring the link with the TT genotype. This supports findings linking 
CRP to an increased risk of CVD79. Conversely, CRP was absent in 84.2% of CC genotype controls, implying a 
potential anti-inflammatory effect due to better metabolic control. Our findings are consistent with studies in 
European and Hispanic populations, where KCNJ11 significantly contribute to T2DM risk, due to its effects on 

Fig. 8.  Multivariant logistic regression analysis of diabetes risk factors in relation with KCNJ11 (rs5219) 
polymorphism in T2DM with CKD issues (adjusted for age and gender).
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insulin secretion79. Furthermore, another investigation on the south Indian population80 found a link between 
KCNJ11 variants and T2DM-related complications reflecting our findings. The metabolic differences across 
genotypes are most likely due to KCNJ11 (rs5219) polymorphisms influencing insulin secretion and sensitivity.

A meta-analysis found that KCNJ11 polymorphisms increased T2DM risk, with the T-allele showing an 
OR of 1.5 (95% CI 1.2–1.9) across several communities. In our study the high prevalence of the TT genotype 
(68.2%) in T2DM population is connected to poor metabolic parameters and higher comorbidities (CVD, 
CKD), consistent with previous research indicating the TT genotype as a risk factor for T2DM81. In Tamil Nadu, 
the CC genotype was more common (77.06%) than in our study (12.5%), while CT (16.51%) and TT (6.41%) 
were less prevalent. In contrast, in our study TT was predominant. Their study found significant associations 
with uric acid, underlining the study scope because we did not consider uric acid as risk factor82. The study in 
West Bengal, India (OR 1.8, 95% CI 1.3–2.5)83 and two independent German cohorts (OR 1.6, 95% CI 1.2–2.1)84, 
found that KCNJ11 gene variant increase the risk of T2DM for the TT genotype across various populations, 
supporting our findings. A study on Mexican Mestizos found an OR of 1.9 (95% CI 1.4–2.5) for KCNJ1185, but it 
is unclear whether this is specific to the TT genotype. These findings are similar to ours, but still lower possibly 
due to external factors, lifestyle, or genetic factors placing Bangladeshi population at higher risk. Reports from 
West Bengal and South India highlighted the significance of KCNJ11 polymorphisms in T2DM pathogenesis, 
specifically their impact on glucose control, lipid metabolism, and comorbidities83,86,87. This could explain the 
increased OR found in our study.

Our findings on the TT genotype of KCNJ11 (rs5219) in T2DM, CVD, and CKD coincide with studies on 
southern Punjab and Pakistani Pashtun people, associating KCNJ11 polymorphisms to metabolic abnormalities 
such as higher cholesterol and triglycerides, suggesting a genetic predisposition to T2DM and associated 
issues88,89. However, they did not consider the various stages of hypertension, and the TT genotype was 
more common in T2DM patients (88%) than ours88. Studies on the Kinh Vietnamese population90 and UAE 
population91, and showed significant associations between KCNJ11 and T2DM90, underlining the significance 
of population-specific research. A Chinese She community18 confirmed KCNJ11’s effect on insulin secretion and 
another Chinese study found an OR of 2.0 (95% CI 1.3–3.1) for the TT genotype92, similar to our findings, but 
with a lesser vulnerability to metabolic diseases. In contrast, an Iranian study found insignificant association of 
the KCNJ11 (rs5219) polymorphism with T2DM93, indicating varying effects based on population. A Japanese 
study reported an OR of 1.8 (95% CI 1.2–2.5) for KCNJ11 and T2DM risk94, while studies in Mongolia (OR 
2.0, 95% CI 1.5–2.7)95, Tunisia (OR 2.2, 95% CI 1.5–3.0)96, and Turkey (OR 1.9, 95% CI 1.4–2.5)97 associated 
the TT genotype to poor metabolic control and comorbidities such as CVD and CKD reinforcing our study. A 
meta-analysis on KCNJ11 and glucose intolerance revealed an OR of 1.6 (95% CI 1.3–2.0)98, and the HUNT 
study in Norway found an OR of 1.7 (95% confidence interval 1.2–2.3) both suggesting the associating of the 
TT genotype with metabolic issues99. As the OR we found for the TT genotype was greater, suggesting a greater 
impact in our population. These findings reinforce KCNJ11’s significance in beta-cell activity, insulin sensitivity, 
and glucose metabolism across various demographics. A study in American Indian communities100 identified 
a link between KCNJ11 and CKD using serum creatinine aligning with our findings. and emphasizing the 
importance of our findings in understanding the link between KCNJ11 polymorphisms, T2DM, and CKD. A 
Russian study also found the TT genotype as a risk factor for diabetic nephropathy (DN) and the CC genotype as 
protective against CKD in T2DM, consistent with our findings101. In Iraq, a higher frequency of the TT genotype 
in DN patients supports our findings93. A Thai study though similarity in male patient distribution, reported 
contradicting result with T2DM patient showing higher BMI, FBS, and TG than controls with no significant 
link between T2DM and KCNJ11 polymorphism102. In Japan, KCNJ11 was associated with DN, with the CC 
genotype serving as a protective factor103. A study in Lucknow, India, found that the TT genotype was a risk 
factor for T2DM and DN, consistent with our findings, although they reported a lower TT frequency (30%) and 
a higher CC frequency (15.33%) than our study104.

In Bangladesh, studies found KCNJ11 (rs5219) polymorphisms contribute to T2DM and cardiovascular risks 
supporting our results, linking the KCNJ11’s TT genotype to poor metabolic control and comorbidities like 
CVD44,45. Our study distinguishes itself by incorporating a broader range of biomarkers, including glucose, lipid 
profiles, kidney markers like creatinine, and CRP (atherosclerosis biomarker), providing a more comprehensive 
view of KCNJ11’s impact on metabolism, renal health, and cardiovascular dysfunction, addressing gaps left 
by previous research. With the rising frequency of T2DM in Bangladesh over the last few decades39,105, our 
findings highlight the significance of the KCNJ11 polymorphism in the Bangladeshi community and suggest 
that genetic screening could be an effective technique for identifying individuals at increased risk for T2DM 
and associated complications including CVD and CKD. Although some private diagnostic institutions provide 
genetic testing, samples are frequently outsourced overseas. Public institutions including ICDDR, B, and 
BIRDEM perform molecular genetics research106, however, they are rarely integrated into clinical diagnosis. 
Over 20 universities in Bangladesh have genomic laboratories with skilled graduates107. Notably, Noakhali 
Science and Technology University previously examined the KCNJ11 variation45, although not as broadly as this 
research. Despite this capacity, institutional coordination with healthcare services is still constrained. Currently, 
SNP-based testing, including for KCNJ11, is mostly offered through urban-based private providers, with prices 
ranging from reasonable to expensive. While screening expenses range from reasonable to expensive. Research 
from Singapore108 and India109 shows cost-effectiveness through early risk detection. Evidence from India and 
Israel110, and a recent systematic review111, support population-level screening for diabetes and cardiovascular 
risk in low- and middle-income countries. Advancing genetic screening in Bangladesh requires public–
private investment, integration of academic research into clinical practice, and broader genetics education. 
When combined with lifestyle interventions such as diet and physical activity, genetic testing can enable more 
personalized and effective strategies for T2DM prevention and management.
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This study contributes importance evidence on linking the KCNJ11 (rs5219) polymorphism to T2DM and 
its effects in the Noakhali population of Bangladesh. By examining key clinical and biochemical indicators, the 
study highlights how mutation may impact cardiovascular and kidney health. Including both T2DM patients 
with complications and healthy controls allow for a more accurate assessment of genotype distribution and 
associated risks. However, some limitations must be acknowledged. The study’s small sample size and geographic 
focus (Noakhali, Bangladesh) limit generalizability. Its cross-sectional design restricts causal inference, and 
environmental factors such as diet, physical activity, and treatment history were not comprehensively assessed. 
These areas should be explored in future research.

Conclusion
In conclusion, this study provides convincing confirmation that the TT genotype of the KCNJ11 rs5219 
polymorphism is associated with a higher risk of T2DM and its consequences, such as CVD and CKD in the 
population of Noakhali, Bangladesh. These findings are comparable with those from other South Asian groups, 
indicating that the TT genotype is a potential genetic risk factor for T2DM. In contrast, the CC genotype appears 
to be protective and was more common among healthy controls. Significant relationships with blood glucose, 
lipid profiles, and kidney function markers validate KCNJ11 polymorphisms as possible biomarkers for T2DM 
and related consequences. Future study should clarify these findings in larger populations, investigate gene-
environment interactions, and evaluate the functional significance of these polymorphisms.

Data availability
The corresponding author can provide the dataset produced and/or paralyzed during the current investigation 
upon reasonable request.
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