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Abstract

Introduction

Type 2 diabetes mellitus  (T2DM) is a chronic, progressive 
metabolic disorder caused by the inability to produce or utilize 
insulin by the body, leading to hyperglycemia. Patients with 
T2DM have several complications, such as nephropathy, 
retinopathy, neuropathy, stroke, etc. Globally, the incidence 
of T2DM is increasing, and India has the second‑largest 
number  (74.2 million individuals as of 2021) of adults 
(20–79  years) with diabetes.[1] Diabetes‑related healthcare 
outcomes, treatment options, care needs, and associated costs 
are complicated due to the presence of comorbidities in chronic 
conditions of T2DM. The common comorbidities of T2DM are 
cardiovascular complications,[2] end‑stage renal disease,[3] and 
hypertension.[4] Hypertriglyceridemia is an abnormality with 
high triglyceride (TG) levels that can be caused due to varied 
factors and is associated with increased cardiovascular risk.[5]

Transcription factor 7‑like 2  (TCF7L2) on chromosome 
10q25.3,[6] is a high‑mobility box‑containing transcription factor 

that has a role in activating many genes downstream of the Wnt 
signaling pathway and in T2DM.[7,8] The TCF7L2 gene has a vital 
role in the progression of T2DM by influencing pancreatic islets, 
adipogenesis, and myogenesis. Also, TCF7L2 plays a significant 
role in controlling the biosynthesis, processing, and secretion 
of insulin.[9] Overexpression of TCF7L2 in human pancreatic 
islets was found to decrease glucose‑stimulated insulin secretion. 
Hence, the higher risk of T2DM due to the variants in TCF7L2 
comprises the entero‑insular axis, increased expression of the 
gene in islet cells, and impaired secretion of insulin.[10]
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The TCF7L2 gene variants of intron 3, IVS3 C>T (rs7903146), 
and intron 4, IVS4 G>T  (rs12255372) are reported to be 
strongly associated with T2DM and its complications.[11‑14] 
In the North Indian population, it is also confirmed that 
rs7903146 and rs12255372 contribute to obesity and lipid 
concentrations.[15] Moreover, these TCF7L2 variants are found 
to be associated with altered TG responses independent of 
insulin. On the other hand, high TG levels lead to a higher 
incidence of cardiovascular risk, stroke, diabetic neuropathy, 
etc. Hence, to unravel the relationship, we aimed to evaluate 
the association of rs7903146 and rs12255372 polymorphisms 
in T2DM with hypertriglyceridemia among the study 
population.

Methods

Study subjects
Peripheral blood samples were collected from 60 T2DM 
patients and 20 non‑diabetic controls. The T2DM patients were 
stratified into 2 groups, namely, Group A having normal TG 
levels (n = 30) and Group B having high TG levels (n = 30). 
Patients with lipid‑lowering medications, chronic alcoholism, 
chronic liver disease, and chronic kidney disease were 
excluded from the study. The study was conducted at Alpha 
Health Foundation and Alpha Hospital and Research Centre 
with written informed consent from the participants for 
their participation and the use of patient data for research. 
The proposed study was approved by the institutional ethics 
committee (Ref. No.: EC/01/2017; Dated: 07/02/2018) and was 
carried out in accordance with the Declaration of Helsinki.[16]

Clinical assessment and genotyping
Clinical assessments such as anthropometric measurements 
and biochemical tests were performed according to standard 
protocols, which include body mass index  (BMI), blood 
glucose, total cholesterol, and TG. Genomic DNA was 
extracted from the peripheral blood samples using the QIAamp 
DNA Blood Mini Kit  (QIAGEN India Pvt. Ltd., India). 
Quantitative and qualitative  (260/280 nm absorbance ratio) 
assessments of the extracted DNA samples were carried out 
using a nanodrop (Thermo Scientific, USA). The genotyping 
of TCF7L2 rs7903146 and rs12255372 polymorphisms was 
carried out using the PCR amplification method.[17] The PCR 
products were visualized using a UV gel documentation system 
after electrophoresis. Further, the gel was extracted, purified, 

and used for direct DNA sequencing to distinguish wild‑type, 
homozygous, and heterozygous carriers for the TCF7L2 
polymorphisms.

Statistical analysis
Statistical analysis was carried out using Epi Info v7. The 
T2DM patients and non‑diabetic controls were compared 
by means of the t‑test, Chi‑square test, odds ratio  (OR), 
and 95% confidence interval  (CI). Deviations from Hardy 
Weinberg equilibrium (HWE) were assessed in patients and 
controls. A P value of <0.05 was considered to be statistically 
significant.

Results

Characteristics of the study subjects
The demographic characteristics of T2DM patients and 
non‑diabetic controls are given in Table  1. The genotype 
frequencies of TCF7L2 rs7903146 and rs12255372 
polymorphisms adhered to HWE (P > 0.05) among patients 
and controls. The mean ages of patients and controls were 
48.9 ± 11.7 and 41.3 ± 10.3 years, respectively. The HbA1c 
was found to be 9.7  ±  2.1 and 5.4  ±  0.5% in patients and 
controls, respectively. There was no significant difference 
in BMI between group A and group B patients. The average 
TG levels  (P  <  0.005) in patients were 205.2  ±  145.7 and 
106.4  ±  27.4  mg/dl in controls. Further, group A patients 
have TG levels of 101.8 ± 26.8 and group B patients have 
308.6 ± 142.6 mg/dl.

Triglyceride levels and genotype distribution
The TG levels with respect to TCF7L2 genotypes in T2DM 
patients and controls are given in Table 2. Significantly high TG 
levels were observed in patients when compared to controls in 
the studied genotypes. Group B patients with CT/TT genotypes 
showed significantly high TG levels  (320.3 ± 147.3 mg/dl) 
compared to controls  (<0.005). Whereas, the GG genotype 
of rs12255372 showed significantly high TG levels in 
Group B (378.2 ± 177.1 mg/dl) compared to controls (<0.005). 
The genotype distribution of rs7903146 and rs12255372 
polymorphisms in T2DM patients and controls is given in 
Table 3. Significantly higher frequencies of T2DM patients 
having high TG levels with rs7903146  CT/TT  (OR: 4.89; 
P = 0.0105) and rs12255372 GT/TT (OR: 5.23; P = 0.0101) 
genotypes were observed when compared to controls. On 

Table 1: Demographic characteristics of type 2 diabetes patients and non-diabetic controls

Parameters Controls Total Patients P* Group A P# Group B P$

n 20 60 30 30
Age (years) 41.3±10.3 48.9±11.7 0.0043 53±9.3 <0.005 44.8±12.6 0.1413
BMI (Kg/m2) 22.8±1.5 27.6±5.9 <0.005 27.4±4.6 <0.005 27.8±7 <0.005
HbA1c (%) 5.4±0.5 9.7±2.1 <0.005 9.7±2.2 <0.005 9.8±2 <0.005
Triglycerides (mg/dl) 106.4±27.4 205.2±145.7 <0.005 101.8±26.8 0.2827 308.6±142.6 <0.005
Total cholesterol (mg/dl) 152.9±33.5 171.9±41.4 0.0228 156.7±39.6 0.3555 187±38.1 <0.005
High density lipoproteins (mg/dl) 50.5±5.5 38.6±8.9 <0.005 40.8±9.5 <0.005 36.3±7.8 <0.005
Significant P values indicated in bold; * - Total patients Vs control; # - Group A Vs control; $ - Group B Vs control
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the other hand, rs7903146 CC  (OR: 0.2; P  =  0.0105) and 
rs12255372 GG  (OR: 0.19; P  =  0.0101) genotypes were 
observed to be significantly increased in controls.

Discussion

Diabetic dyslipidemia, especially high TG levels, is a major 
risk factor for cardiovascular diseases.[18] TCF7L2 is a highly 
variable transcription factor that is involved in insulin secretion 
and an increased rate of production of hepatic glucose. It has 
been reported to guard pancreatic cells against interleukin‑1 
as well as interferon‑mediated cell apoptosis.[19,20] TCF7L2 
affects β‑cell function either by modulating β‑cell response 
to glucose or by modulating incretin action or secretion.[21] 
In the current study, cholesterol and TG were significantly 
higher in T2DM patients as compared to non‑diabetic controls. 
However, HDL is significantly lower in T2DM, especially 
among patients with high TG levels. This is in agreement with 
Biadgo et al.[22] reporting a significant increase in the levels of 
cholesterol and TG in diabetic patients compared to controls. In 
the same context, Mukherjee et al.[23] have reported low levels 
of HDL among patients with T2DM compared to controls. 
Thus, these reports show that insulin resistance could play an 
important role toward dyslipidemia in T2DM patients. The 
causes of hypertriglyceridemia in diabetic patients could be 
insufficient function or secretion of insulin that causes higher 
hepatic secretion of VLDL together with the late elimination 
of TG‑rich lipoproteins, mostly due to greater substrate levels 
for TG synthesis.[24]

TCF7L2 rs7903146 polymorphism is found to be associated 
with an altered postprandial TG response that is independent 
of insulin.[25] The rs7903146 and rs12255372 polymorphisms 
located within the intronic regions are thought to modify 
alternative splicing mechanisms, resulting in changes in 
mRNA variants that may excrete distinct physiological roles 
in the activation of Wnt signaling.[26] There are several studies 
in T2DM based on TCF7L2 rs7903146 and rs12255372 

polymorphisms.[12‑15] Our study is in line with these studies, 
which are based on the evaluation of TCF7L2 rs7903146 and 
rs12255372 polymorphisms in association with T2DM. The 
aim of our study is to focus on the TCF7L2 polymorphisms 
with TG levels, whereas these studies[12‑15] evaluated the 
distribution of TCF7L2 polymorphisms and compared them 
with other clinical parameters in different ethnicities.

Results of our study show an increased risk of genotypes 
CT/TT (rs7903146) and GT/TT (rs12255372) towards T2DM, 
especially among patients with high TG levels. This data 
are supported by several studies representing the rs7903146 
polymorphism, where the T allele is significantly associated 
towards T2DM with complications compared to T2DM 
without complications. Also, TT and CT genotypes were 
significantly increased in the T2DM without complications 
and T2DM with complications groups.[27] The same is also 
evidenced by Nanfa et al.[28] and Demirsoy et al.,[29] who have 
reported that the T allele at rs7903146 is related to the risk 
of T2DM. The presence of the rs7903146 T allele disrupted 
the lipid metabolism, inducing low levels of HDL‑C and 
apolipoprotein (Apo)‑A1 in healthy young men[30] and high 
levels of TG in familial combined hyperlipidemia patients.[31] 
rs7903146 and rs12255372 show significant evidence for the 
association of the T allele with high TG levels in the Mexican 
and Finnish population.[31] Taken together, these findings 
strongly support our results.

Data from our study show a significant association of 
TCF7L2 rs7903146 CT/TT and rs12255372 GT/TT genotypes 
and hypertriglyceridemia in T2DM patients in the study 
population. TCF7L2 polymorphisms affect the effectiveness 
of anti‑hyperglycemic drugs, including the variability in 
the effects of incretin‑based therapy and sulphonylurea 
derivatives.[32] Pearson et al.[33] have reported that the variants 
in TCF7L2 gene influence the initial treatment success with 
sulfonylurea therapy in patients with T2DM. In addition, 
improvement in glycemic control has been established in 

Table 2: Triglyceride levels in type 2 diabetic patients and non-diabetic controls with TCF7L2 genotypes

Genotypes Control (20) Total Patients (60) P* Group A (30) P# Group B (30) P$

rs7903146 CC 100±20.3 147.9±93.8 0.0138 107.8±30.5 0.213 261.5±121.7 0.0112
rs7903146 CT/TT 108.4±33.9 240.8±161.2 <0.005 94±19.6 0.0677 320.3±147.3 <0.005
rs12255372 GG 102.6±24.3 215.2±173.3 <0.005 109.3±27.2 0.2234 378.2±177.1 <0.005
rs12255372 GT/TT 121.3±37.9 192.9±104.5 0.0118 86.9±19.7 0.0831 255.3±79.8 <0.005
Significant P values indicated in bold; * - Total patients Vs control; # - Group A Vs control; $ - Group B Vs control

Table 3: Genotype distribution of rs7903146 and rs12255372 in type 2 diabetic patients and non-diabetic controls

Controls (20) Total Patients (60) Group A (30) Group B (30)

n (%) n (%) OR (95% CI) Pc* n (%) OR (95% CI) Pc
# n (%) OR (95% CI) Pc

$

rs7903146 CC 11 (55) 23 (38.3) 0.51 (0.18‑1.42) 0.2962 17 (56.7) 1.07 (0.34‑3.34) 1 6 (20) 0.2 (0.06‑0.72) 0.0241
rs7903146 CT/TT 9 (45) 37 (61.7) 1.97 (0.71‑5.47) 0.2962 13 (43.3) 0.93 (0.3‑2.92) 1 24 (80) 4.89 (1.39‑17.16) 0.0241
rs12255372 GG 16 (80) 33 (55) 0.31 (0.09‑1.02) 0.085 20 (66.7) 0.5 (0.13‑1.9) 0.4794 13 (43.3) 0.19 (0.05‑0.71) 0.0225
rs12255372 GT/TT 4 (20) 27 (45) 3.27 (0.98‑10.95) 0.085 10 (33.3) 2 (0.53‑7.58) 0.4794 17 (56.7) 5.23 (1.41‑19.43) 0.0225
Pc – Yates corrected P value; Significant Pc values indicated in bold; * - Total patients Vs control; # - Group A Vs control; $ - Group B Vs control
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patients with T2DM among carriers of the T allele rs7903146 
of the TCF7L2 gene during metformin therapy in combination 
with a low‑calorie standard diet.[34] Pharmacogenetic studies 
have the greatest potential for selecting the optimal drug therapy 
based on preliminary genetic testing, which might improve the 
effectiveness of treatment and reduce several life‑threatening 
complications. Further investigations with a larger sample 
size and functional analysis of polymorphisms could elucidate 
the complex relationship between these polymorphisms and 
T2DM associated with TG levels. To the best of our knowledge, 
our study is the first to demonstrate that the T allele‑carrying 
genotypes of rs7903146 and rs12255372 polymorphisms is 
significantly associated with hypertriglyceridemia in T2DM 
among the studied population.

Financial support and sponsorship
This study has been funded by the Alpha Health Foundation.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Brussels. IDF Diabetes Atlas. 10th ed. Belgium: International Diabetes 

Federation; 2021.
2.	 Emerging Risk Factors Collaboration; Sarwar N, Gao P, Seshasai SR, 

Gobin  R, Kaptoge  S, et  al. Diabetes mellitus, fasting blood glucose 
concentration, and risk of vascular disease: A collaborative meta‑analysis 
of 102 prospective studies. Lancet 2010;375:2215‑22.

3.	 Bell  S, Fletcher  EH, Brady  I, Looker  HC, Levin  D, Joss  N, et  al. 
End‑stage renal disease and survival in people with diabetes: A national 
database linkage study. QJM‑Int J Med 2015;108:127‑34.

4.	 Waeber B, Feihl F, Ruilope L. Diabetes and hypertension. Blood Press 
2001;10:311‑21.

5.	 Hopkins  PN, Heiss  G, Ellison  RC, Province  MA, Pankow  JS, 
Eckfeldt  JH, et  al. Coronary artery disease risk in familial combined 
hyperlipidemia and familial hypertriglyceridemia: A  case‑control 
comparison from the National Heart, Lung, and Blood Institute Family 
Heart Study. Circulation 2003;108:519‑23.

6.	 Duval A, Busson‑Leconiat M, Berger R, Hamelin R. Assignment1 of the 
TCF‑4 gene (TCF7L2) to human chromosome band 10q25.3. Cytogenet 
Genome Res 2000;88:264‑5.

7.	 Helgason  A, Palsson  S, Thorleifsson  G, Grant  SF, Emilsson  V, 
Gunnarsdottir S, et al. Refining the impact of TCF7L2 gene variants on 
type 2 diabetes and adaptive evolution. Nat Genet 2007;39:218‑25.

8.	 Papadopoulou S, Edlund H. Attenuated Wnt signaling perturbs pancreatic 
growth but not pancreatic function. Diabetes 2005;54:2844‑51.

9.	 Dalhat M, Musa M. Transcription factor 7 like 2 (TCF7L2) expression 
level variation contributes to VEGF alteration in diabetic retinopathy. 
Ophthalmol Res An Int J 2018;8:1‑7.

10.	 Jin  T. Current understanding on role of the Wnt signaling pathway 
effector TCF7L2 in glucose homeostasis. Endocr Rev 2016;37:254‑77.

11.	 Ismaila MF, Shakerb OG, Ashour E, Yousif HM, Afifyc M, Gouda W. 
Genetic variants associated with the risk of diabetic nephropathy. 
JOKULL 2015;2:359‑79.

12.	 Singh K, Agrawal NK, Gupta SK, Singh K. Meta‑analysis of variant 
rs 7903146 of TCF7L2 gene with secondary complications of Type 2 
diabetes mellitus. J Appl Biol Biotechnol 2014;2:1‑5.

13.	 Assmann  TS, Duarte  GC, Rheinheimer  J, Cruz  LA, Canani  LH, 
Crispim D. The TCF7L2 rs7903146 (C/T) polymorphism is associated 
with risk to type  2 diabetes mellitus in Southern‑Brazil. Arq Bras 
Endocrinol Metab 2014;58:918‑25.

14.	 Alami  FM, Ahmadi  M, Bazrafshan  H, Tabarraei  A, Khosravi  A, 
Tabatabaiefar MA, et al. Association of the TCF7L2 rs12255372 (G/T) 
variant with type 2 diabetes mellitus in an Iranian population. Gen Mol 
Biol 2012;35:413‑7.

15.	 Sanghera  DK, Nath  SK, Ortega  L, Gambarelli  M, Kim‐Howard  X, 
Singh  JR, et  al. TCF7L2 polymorphisms are associated with type  2 
diabetes in Khatri Sikhs from North India: Genetic variation affects lipid 
levels. Ann Hum Genet 2008;72:499‑509.

16.	 World Medical Association. World Medical Association Declaration 
of Helsinki: Ethical principles for medical research involving human 
subjects. JAMA 2013;310:2191‑4.

17.	 Ramanathan B, Murugan J, Velayutham K, Thavamani V, Chellam R, 
Gomathinayagam R. Pilot studies on the prevalence and association of 
TCF7L2 polymorphisms in non‑diabetic participants and type 2 diabetic 
patients of South Tamil Nadu. Int J Community Med Public Health 
2019;6:1025.

18.	 Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults. Executive summary of the third report of the 
National Cholesterol Education Program  (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in 
adults (adult treatment panel III). JAMA 2001;285:2486‑97.

19.	 Abbas  SA, Raza  ST, Mir  SS, Siddiqi  Z, Zaidi  A, Zaidi  Z, et  al. 
Association of variants rs7903146 and rs290487 of TCF7L2 gene 
with diabetic nephropathy and co‑morbidities  (hypertension and 
dyslipidemia) in type 2 diabetes mellitus. Meta Gene 2019;20:100561.

20.	 Wrzosek  M, Sawicka  A, Wrzosek  M, Piątkiewicz P, Tałałaj M, 
Nowicka  G. Age at onset of obesity, transcription factor 7‑like 
2 (TCF7L2) rs7903146 polymorphism, adiponectin levels and the risk 
of type 2 diabetes in obese patients. Arch Med Sci 2019;15:321‑9.

21.	 Saxena R, Gianniny L, Burtt NP, Lyssenko V, Giuducci C, Sjogren M, 
et  al. Common single nucleotide polymorphisms in TCF7L2 are 
reproducibly associated with type  2 diabetes and reduce the insulin 
response to glucose in nondiabetic individuals. Diabetes 2006;55:2890‑5.

22.	 Biadgo  B, Abebe  SM, Baynes  HW, Yesuf  M, Alemu  A, Abebe  M. 
Correlation between serum lipid profile with anthropometric and clinical 
variables in patients with type 2 diabetes mellitus. Ethiop J Health Sci 
2017;27:215‑26.

23.	 Mukherjee  B, Shankar  S, Ahmed  R, Singh  K, Bhatia  K. Association 
of glycated haemoglobin and serum apolipoproteins with diabetic 
retinopathy: An Indian overview. J Clin Diagn Res 2017;11:BC19‑23. 
doi: 10.7860/JCDR/2017/25933.10667.

24.	 Alzahrani  SH, Baig  M, Aashi  MM, Al‑Shaibi  FK, Alqarni  DA, 
Bakhamees  WH. Association between glycated hemoglobin  (HbA1c) 
and the lipid profile in patients with type 2 diabetes mellitus at a tertiary 
care hospital: A  retrospective study. Diabetes Metab Syndr Obes 
2019;12:1639‑44.

25.	 Engelbrechtsen  L, Hansen  TH, Mahendran  Y, Pyl  P, Andersson  E, 
Jonsson A, et al. Homozygous carriers of the TCF7L2 rs7903146 T‑allele 
show altered postprandial response in triglycerides and triglyceride‑rich 
lipoproteins. Sci Rep 2017;7:1‑8.

26.	 Mondal AK, Das SK, Baldini G, Chu WS, Sharma NK, Hackney OG, 
et al. Genotype and tissue‑specific effects on alternative splicing of the 
transcription factor 7‑like 2 gene in humans. J Clin Endocrinol Metab 
2010;95:1450‑7.

27.	 Aboelkhair  NT, Kasem  HE, Abdelmoaty  AA, El‑Edel  RH. TCF7L2 
gene polymorphism as a risk for type 2 diabetes mellitus and diabetic 
microvascular complications. Mol Biol Rep 2021;48:5283‑90.

28.	 Nanfa  D, Sobngwi  E, Atogho‑Tiedeu  B, Noubiap  JJ, Donfack  OS, 
Mofo  EP, et  al. Association between the TCF7L2 rs12255372  (G/T) 
gene polymorphism and type  2 diabetes mellitus in a Cameroonian 
population: A pilot study. Clin Transl Med 2015;4:1‑5.

29.	 Demirsoy IH, Aras N, Cinkir U. TCF7L2 rs7903146 gene variation is 
associated with risk of type 2 diabetes in Turkish population. J Clin Med 
Genom 2016;4:2‑4.

30.	 Perez‑Martinez  P, Perez‑Caballero  AI, Garcia‑Rios  A, 
Yubero‑Serrano  EM, Camargo A, Gomez‑Luna  MJ, et  al. Effects of 
rs7903146 variation in the Tcf7l2 gene in the lipid metabolism of three 
different populations. Plos One 2012;7:e43390. doi: 10.1371/journal.
pone.0043390.

31.	 Huertas‑Vazquez  A, Plaisier  C, Weissglas‑Volkov  D, Sinsheimer  J, 
Canizales‑Quinteros  S, Cruz‑Bautista  I, et  al. TCF7L2 is associated 
with high serum triacylglycerol and differentially expressed in adipose 
tissue in families with familial combined hyperlipidaemia. Diabetologia 
2008;51:62‑9.



Gunavathy, et al.: TCF7L2 variants in T2DM with hypertriglyceridemia

Indian Journal of Endocrinology and Metabolism  ¦  Volume 27  ¦  Issue 4  ¦  July-August 2023350

32.	 Kondratyeva  OV, Sharafetdinov  KK, Plotnikova  OA. Influence of 
TCF7L2 gene polymorphisms on the effectiveness of various variants of 
antihyperglycaemic therapy in patients with type 2 diabetes. Vopr Dietol 
2021;11:11‑20.

33.	 Pearson  ER, Donnelly  LA, Kimber  C, Whitley  A, Doney  AS, 
McCarthy MI, et al. Variation in TCF7L2 influences therapeutic response 

to sulfonylureas: A GoDARTs study. Diabetes 2007;56:2178‑82.
34.	 Kondratyeva  OV, Sharafetdinov  KK, Plotnikova  OA, Pilipenko  VV, 

Alekseeva RI, Sorokina EY, et al. Clinical aspects of the effectiveness 
of metformin therapy in combination with a low‑calorie diet in patients 
with type 2 diabetes mellitus with various variants of the TCF7L2 gene 
polymorphism. Vopr Pitan 2022;91:5‑14.


