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Abstract  

Introduction: Diabetes mellitus is a metabolic disorder characterized by hyperglycemia caused due to either decrease in 

insulin production or reduced effect of insulin on cells. Diabetic retinopathy (DR) is a chronic complication of diabetes 

mellitus which can be due to micro vascular changes occurring in retina due to hyperglycemia. In many studies, 

polymorphism in gene TCF7L2 rs7903146 has been shown to increase susceptibility to developing diabetes mellitus. 

Association between Diabetic retinopathy (DR) and polymorphism of TCF7L2 expression and alteration in VEGF 

expression level has also been found in certain population. 

Aims and Objective: To find out the relationship between the polymorphism of the transcription factor 7/like2 (TCF7/L2) 

gene and diabetes retinopathy, hypertension, obesity, and dyslipidemia in the population of type 2 diabetics presenting to 

the Karachi tertiary care unit. 

Material and Method: The study subjects were divided into three groups i.e. control group (74) Type 2 Diabetes mellitus 

(T2DM) patients with retinopathy (45) and T2DM patients without retinopathy (29). Early treatment diabetic retinopathy 

system (ETDRS) was used for the diagnosis of retinopathy. 

Results: A total of 148 subjects were recruited, 74 in Group A, 25 in Group B and 49 in Group C.   Mean age (years) of 

Group A, group B, and Group C was 43.27±9.45, 54.0±13.2 and 51.2±10.8, respectively. In all the groups, the male and 

female ratio were almost equal. Results for systolic blood pressure, fasting blood glucose, HbA1c, triglycerides,, and low-

density lipoprotein cholesterol were found significantly high (p<0.05) between the groups. The TT genotype of TCF7/L2 

rs 7903146 was observed to be more abundant in group B (0.80) than in group C (0.39) and group A (0.1). While the CT 

genotype was found higher in group A (0.77) and group C (0.59) than in group A (0.20). Moreover, the proportion of 

mutant T allele was predominantly higher in group B (0.90) and group C (0.68) than in group A (0.40) in retinopathy. The 
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majority of the T2DM patients with retinopathy had a significant presence of complications like retinal hemorrhages, 

microdot, and blindness. 

Conclusion:  Overall, the homozygous TT genotype of TCF7L2 rs7903146 polymorphism was found dominant in T2DM 

subjects with retinopathy as compared with T2DM without retinopathy, and CT genotype was found higher in T2DM 

subjects without retinopathy and healthy individuals. We also found mutant T allele was predominantly higher in T2DM 

subjects with and without retinopathy. 
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INTRODUCTION 

Diabetes mellitus is a metabolic disorder characterized 

by chronic hyperglycemia due to either reduced insulin 

production or insufficient insulin action. Insulin 

insufficiency or absence causes metabolic anomalies in 

carbohydrate, lipids, and protein metabolism. According 

to the American Diabetes Association (ADA), diabetes 

mellitus is classified as Type 1, Type 2, and gestational 

diabetes mellitus (GDM) (1).Damage to the big vessels 

of the body like carotid arteries, coronary arteries, etc. 

causes macro vascular problems, which is known as 

Macroangiopathy. Atherosclerosis is the pathogenic 

process underlying macro vascular disease. (2). 

Vasoconstrictor hormone angiotensin II stimulates the 

oxidation of lipids from low-density lipoprotein (LDL) 

particles to oxidized LDL, which builds up at the 

arterial endothelial walls. This draws in immune cells 

like monocytes, which sets off an immunological 

reaction that damages big vessels both morphologically 

and functionally, leading to cardiovascular diseases like 

myocardial infarction. (3).Diabetic antipathy, or Small 

blood vessels damaged by diabetes mellitus like 

arterioles and capillaries is one of the chronic 

complication of type 2 diabetes mellitus. Environmental 

factors like oxidative stress, Polyol accumulation, and 

advanced glycation of end products (AGEs) contribute 

to development of diabetic angiopathy (4). Changes in 

vessel lining alter the endothelial permeability and blood 

flow in microvasculature, resulting in diabetic 

nephropathy, neuropathy, and retinopathy (5). 

Macular degeneration or increased microvascular 

permeability are two causes of DM- induced retinal 

injury (6). Hyperglycemia, hypertension, ageing, and 

dyslipidemia are all potential risk factors for DR. 

Findings of retinal hemorrhages, cotton wool patches, 

proliferative retinal vessels and micro aneurysm are used 

as criteria in retinal examination for diagnose DR (7). 

Diabetic ocular disease progresses to a more severe stage 

called PDR. This occurs in the retina and is called 

neovascularization. Patients who have a few bleeds may 

develop black patches or floaters. Yet, vision 

impairment and eventual blindness would result from 

numerous fragile blood vessels bleeding into the 

vitreous. Scar tissue may occur as a result of these new 

blood vessels. Macular deformities or a detached retina 

may result from scar tissue. Peripheral and central vision 

loss can result from PDR, which is a highly dangerous 

consequence.(8). the pathogenesis of DR include vessel 

occlusions, formation of micro aneurysms and 

angiogenesis. Vessel occlusions occur due to formation 

of hard exudates which are yellow- white extracellular 

lipid leakage from aberrant retinal capillaries leads to 

variable-sized intra retinal deposits (9). Micro 

aneurysms are deep red dots which are sometimes 

observed in the eye's posterior poles as a result of 

pericyte degeneration (10).  Prolonged vessel occlusion 

can lead to retinal ischemia. Angiogenesis is induced by 

the obstruction of retinal arteries, resulting in diabetic 

macular edema (11). Visual impairment may result from 

fluid and protein accumulation in the macular area. 

(12).The Wnt are a family of secreted glycoprotein. 

There are two categories for the Wnt 

signaling pathway;1)Non-canonical pathway.2) 

Canonical pathway. 

 

Transcription factor 7-like2 (TCF7L2) and 

Wingless/Integrated (Wnt)    Signaling pathway and 

beta catenin 

Wnt glycol proteins, bind with seven-Tran membrane 

domain frizzled receptors and the     LRP5/6(low-density 

lipoprotein receptor-related proteins co receptors. After 

binding with receptor, Wnt signals are transmitted by an 

association between the Wnt receptors and Disheveled 

(Dvl), an event that triggers the disruption of the 

complex that contains adenomatous polyposis coli, axin, 

GSK-3, and β-cat, thus preventing the phosphorylation-

dependent degradation of β-cat (13).After entering the 

nucleus, β-cat forms the β-cat/TCF complex, which 
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activates downstream target genes of β-cat/TCF (or 

Wnt). (14). These HMG box TCF proteins act as 

transcriptional repressors of the Wnt target genes in the 

nucleus in the absence of Wnt signaling. (15). When β-

cat is not present, B-cat transforms TCF into a 

transcriptional activator for the same set of genes that 

TCF represses. The human TCF7L2 functional domains 

that interact with β-cat, DNA, and β-cat/TCF also 

interact with Smad4, a crucial mediator of signals 

generated by TGFβ growth factor super family members 

via TGFβ receptors. (16). Furthermore, via its 

interaction with TCF7L2, the HMG-box repressor HBP1 

suppresses the Wnt signaling cascade. (17). 

 

TCF7L2 Gene Polymorphism causes Diabetes, 

Dyslipidemia and hypertension. 

When a population has many alleles at a given locus, 

this is known as polymorphism. This polymorphism can 

be preserved by striking a balance between mutation-

induced variety and natural selection (18). There are 

three types of DNA polymorphisms: tandem repeat 

polymorphism, copy number variations, and signal 

nucleotide polymorphism (SNPs). 

A DNA sequence variance that is caused by a single 

nucleotide is referred to as a single nucleotide 

polymorphism (SNP) such as adenine (A), thymine (T), 

cytosine (C), guanine (G). Gene Mutations such as 

insertions, deletions and recombination cause 

polymorphism ((19) 

The Wnt signaling pathway component transcription 

factor 7 like aids in the regulation of cell proliferation 

and differentiation. The interaction of the Wnts receptor 

complex, which releases β-catenin, initiates Wnt 

signaling (20). Β-Catenin enters nucleus binds with 

TCF7L2 gene (21). The TCF7L2 protein binds to the 

promoter region to help with gene expression after 

interacting with beta catenin in the nucleus. (22). Pro 

glucagon, a precursor of glucagon-derived hormones 

such as glucagon-like peptide-1, is expressed under the 

control of TCF7L2. (GLP-1). GLP-1 binding with 

Glucagon like peptide-1 receptor (GLP-1R).GLP-1R 

limits food intake by activating GLP-1R  in the 

hypothalamus and stomach, It reduces plasma glucose 

levels and prevents the stomach intestine from 

emptying. Moreover, GLP-1R promotes the 

development of new cells, insulin production, and cardio 

protective effects.  It also aids in the expression of 

glucagon – like peptide – 1 (GLP-1), vascular 

endothelial growth factor (VEGF), and intercellular 

adhesion molecule-1(ICAM-1).GLP- 1 malfunction and 

insulin secretion are caused by the TCF7L2 

polymorphism (23).Reduced GLP-1 effects result in 

decreased insulin secretion, insulin processing 

irregularities, decreased glucagon-like peptide-1 effects, 

impaired insulin secretion, and increased hepatic 

glucose production, all of which contribute to insulin 

resistance (24).  TCF7L2 mRNA expression is 

significantly higher in the pancreatic islets of T allele 

carriers, and this has been associated with reduced 

production of insulin and incretion consequences. (25). 

Association of TCF7L2 with Obesity and 

Dyslipidemia.TCF7L2 effect on T2D risk factor, which 

is modulated by obesity. Polymorphism of 

TCF7L2rs7903146, rs1225537&rs7901695 T allele 

associated with a nominal decrease in TCF7L2 

expression in adipose tissue which causes increase 

obesity. Increased adiposity associated with high levels 

of plasma aldosterone. It is suggested that obesity 

activated by RAAS (renin-angiotensin-aldosterone 

system). Angiotensin II and aldosterone also promote 

insulin resistance through non-genomic mechanisms. 

Activation of serine kinases responsible for the increase 

level of serine phosphorylation, which may cause 

reduction in insulin receptor substrate protein 1, which 

causes impaired phosphatides inositol 3-kinase and 

protein kinase B stimulation (26).Impaired Phosphatidy 

inositol 3-kinase and protein kinase B stimulation 

diminished insulin metabolic signaling, and 

accumulation of nitric oxide in vessels which may 

causes in reduced endothelial-mediated vascular 

relaxation and the development of hypertension (27). 

TCF7L2 is expressed in adipose tissue which involves 

in Wnt/β-catenin signaling depend Ent regulation of 

adiposeness (28).LRP5/6isaFZD co receptor in Wnt/β 

catenin signaling, mutations of LRP6 showed increasing 

risk for coronary disease and metabolic disorders (29). 

Adipose tissue comprises various discrete depots, such as 

in guinal, inter scapular, peri gonadal retroperitoneal, 

and mesenteric depots, which are placed in defined 

position throughout the body (30).Visceral fat, insulin 

resistance, sedentary habits, and the environment are 

prevalent risk factors that are strongly associated with 

type 2 diabetes and hypertension. The polymorphism 

TCF7L2 rs7903146 increases susceptibility to diabetes 

due to impaired beta cell Defect & function are primarily 

associated with incident hypertension (31). Glycemic 

variability raises blood pressure via enhancing oxidative 

stress and causing chronic inflammation (32). One of the 

alternate explanations for the connection between 

hypertension and abnormalities in beta cell function is 

oxidative stress, which plays a significant role in glucose 

variations and blood pressure variability. (33). 

 

Material and Method. 

A Comparative study was designed at Department of 

Biochemistry, and Patients148 subjects were recruited 

from an affiliated institute of Baqai Medical university 

i.e. Baqai institute of diabeology & endocrinology   

(BIDE).Total 148 individuals of age group 18-50 years 

were recruited for this study. Questionnaire will be filled 

by the subject regarding their case history along with 

their dietary habits, physical activities, their weight, 

waist circumference. A written informed consent will be 

obtained from all patient enrolled in this study. Physical 

examination was carried out by taking patient history. 

Blood pressure, BMI and waist/hip ratio for each 

individual were measured .estimation of biochemical 

parameter fasting blood sugar and oral glucose tolerance 

test was done by GOD PAP, HbA1c was done by HPLC, 

lipid profile Cholesterol, Triglycerides, HDL, and LDL 
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was done enzymatic method. DNA was extracted by 

quaigen method. TCF7L2 gene 7901346 was detected 

by Sanger Sequencing Method. This method is based on 

the principle that single-stranded DNA molecules that 

differ in length by just a single nucleotide can be 

separated from one another using polyacrylamide gel 

electrophoresis, described earlier. One di 

deoxynucleotide, either ddG, ddA, ddc, or ddT.  

Sanger sequencing is a six-step process. 

1. Double-stranded DNA (dsDNA) is denatured and 

converted into single strands 

2. Primer that matches one end of the sequence. 

3. Four polymerase solutions containing four different 

ddNTP kinds but only one Anthropometric 

measurement ddNTP      are type  

4. Continues until a termination nucleotide is integrated 

at random. 

5. The resultant DNA fragments denature to become 

single-stranded DNA. 

6. The sequencing is ascertained when the denatured 

fragments are separated via gel electrophoresis. 

7. Primer was design by NCBI 

 

Participants were divided into three groups. 

• Group A (Control group); Non diabetic without 

retinopathy; 

• Group B Diabetic type 2 With retinopathy 

• Group C Diabetic type 2 without retinopathy 

      

Result  

We observe that there was a significant (p<0.05) 

increase Fasting blood sugar (FBG) and Glycosylated 

haemoglobulin (HbA1c) between the groups. Fasting 

blood sugar (FBS) measurements for Group B patients 

with retinopathy (146.33 ±18.69), Group C patients 

without retinopathy (135.06±22.53), and Group C 

patients in control (91.54±11.86). Oral glucose tolerance 

test (OGTT) in control for two hours (119.51±23.4). 

HbA1c was determined to be 5.7±0.5 in the control 

group, 9.2±2.1 in the group B patient with retinopathy, 

and 8.6±2.7 in the group C patient without Serum levels 

of fasting serum sugar and Oral glucose tolerance test 

(OGTT) and glycosylated hemoglobin (HBA1c) levels 

were estimated in each individual of control, T2DM 

patients with retinopathy, and T2DM patients without 

retinopathy. Estimation of Lipid Profile (cholesterol, 

triglycerides, high-density lipoprotein (HDL), and low-

density lipoprotein (LDL) were made in both control 

groups and T2DM patients with and without 

retinopathy. triglycerides and LDL cholesterol were 

found significant (p<0.05) between the groups. 

Measurement of total cholesterol (TC), Group A control 

(181.1±34.8,), Group B patient with retinopathy 

(178.2±47.9), Group C patient without retinopathy 

189.6±44.3) and Triglycerides between the Group A 

control groups (181.4±120.1), Group B T2DM patients 

with (229.7± 35.1) and without retinopathy 

(208.1±36.56).In contrast. We found HDL in Group A 

control (26.6.±7.39), Group B patient with retinopathy 

(32.33±6.95), patient without retinopathy (34.93±8.54) 

and LDL was observed in control (104.27±31.6), Group 

B T2DM patients with (32.333±6.95) and Group c 

without retinopathy (34.93±8.54). Frequency 

distributions of baseline retinopathy characteristics in 

T2DM subjects with and without retinopathy are 

presented in table 4. Characteristics of register blindness 

(24%), microdot (32%), blot hemorrhage (40%), exude 

hard (48%), exude soft (44%), and vitreous hemorrhage 

(28%) were commonly observed in diabetic subjects 

with retinopathy.  

Genetic analysis DNA extracted and amplified product 

were selected for Sanger sequencing. 

 
Interpretation of gene sequencing  

Genotyping of TCF7/L2 rs 7903146 variant of group A, 

B and C shown in figure 2(a), 2(b) and 2(c), 

respectively.TCF7/L2 genetic variant rs 7903146 

between group A and B was explored in table II. The TT 

genotype of this variant was observed to be abundant in 

group B (0.80) than group A (0.1). While the CT variant 

was found higher in group A (0.77) in comparison to 

group B (0.20). Moreover, the proportion of mutant T 

allele was predominantly higher in group B (0.90) than 

group A (0.40). Chi-square revealed a strong significant 

association of this variant (χ2= 6.447, p=0.011). A 

significant role of mutant T allele was also found by 

odds ratio (OR=0.07, p<0.001). TCF7/L2 genetic 

variant rs 7903146 between group A and C was 

presented in table III. In group A (0.77) and group C 

(0.59) the CT genotype of this variant was found higher. 

Moreover, in group C, genotype variant TT (0.39) was 

also significantly found higher than in group A (0.1). 

The proportion of mutant T allele was also 

predominantly found higher in group C (0.68) than 

group A (0.40). Table V shows the TCF7/L2 genetic 

variant rs 7903146 between group B and C. The TT 

variant in group B (0.80) was found higher than group C 

(0.39). In group C, the CT genotype as compared to CC 

genotype was found dominant. The proportion of mutant 

T allele was predominantly found higher in group B 

(0.90) than group C (0.68) 
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Table 1: Comparative studies of FBS, Oral glucose tolerance test and HbA1c levels in T2DM patients with and 

without retinopathy compared to the control group 

  

Control 

N=74 

Patient with retinopathy 

N=25 

Patient without 

retinopathy 

N= 49 

 

P= value 

FBS (mg/dl) 91.54±11.86 146.33 ±18.69* 135.06±22.53 0.001* 

2-hour GTT 

(mg/dl) 

 

119.51±23.4 

 

---- 

 

------ 

 

--- 

HbA1c (%) 5.7±0.5 9.2±2.1* 8.6±2.7 0.000* 

* Correlation is significance at the <0.05* 

       *   ANNOVA applied for Parameters 

  

Table 2: Comparative studies Cholesterol, Triglycerides, HDL and LDL in T2DM patients with and without 

retinopathy compared to the control group. 

   

Control 

N=74 

Patient with retinopathy 

N=25 

Patient without 

retinopathy 

N= 49 

 

P= 

value 

Cholesterol 181.1±34.8 178.2±47.9 189.6±44.3 0.699 

Triglycerides 181.4±20.1 229.7± 35.1* 208.1±36.56 0.017* 

HDL 26.6±7.39 32.33±6.95 34.93±8.54 0.065 

LDL 104.27±31.6 152.0±39.96* 141.95±36.61 0.000* 

* Correlation is significance at the <0.05* 

       *   ANNOVA applied for Parameters 

 

Table 3: Frequency of retinopathy in T2DM with and without retinopathy 

 

Variable 

 

Diabetics with Retinopathy 

Register Blindness          24% 

Microdot          32% 

Blot Hemorrhage         40%* 

Exude Hard         48%* 

Exude Soft         44%* 

Vitreous Hemorrhages         28% 

* Correlation is significance at the <0.05* 

       *   ANNOVA applied for Parameters 

 

Table 4 (a) Comparative studies on Genotype of TCF7/L2 rs 7903146 variant distribution between Group A and 

group B 

Genotype 

n = 99 

Group A 

n = 74 

Group B 

n = 25 

Chi-square   

p-value 

CC 16(0.22)* 0(0.0)  

6.447              

p = 0.011 
CT 57(0.77)* 5(0.20) 

TT 1(0.1) 20(0.80)* 

Alleles 

n = 198 

Group A 

n =148 

Group B 

n = 50 

OR (95% CI)   

 p-value 

C 89(0.60)* 5(0.10) 0.07 (0.027, 0.1964)      p<0.001 

T 59(0.40)* 45(0.90) 

 * Correlation is significance at the <0.05* 

             *   ANNOVA applied for Parameters. 

 

P<0.05 denotes significance in data expressed as a 

number (percentage) and odd ratio (95% CI). To 

ascertain the relationship between the variables, the chi-

square test and odds ratios with 95% confidence 

intervals (95% CI) were computed. Group A consists of 

healthy people, whereas Group B consists of T2DM 

patients with retinopathy. 
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Table 4 (b) Comparative studies of Genotype of TCF7/L2 rs 7903146 variant distribution between group A and 

group C 

Genotype 

n = 99 

Group A 

n = 74 

Group C 

n = 49 

Chi-square    

p-value 

CC 16(0.22)* 1(0.2) 
69.751                

p=0.002 
CT 57(0.77)* 29(0.59) 

TT 1(0.1) 19(0.39)* 

Alleles 

n = 198 

Group A 

n =148 

Group C 

n = 98 

OR (95% CI)   

 p-value 

C 89(0.60)* 31(0.32) 
0.31(0.179 , 0.52)               p<0.001 

T 59(0.40) 67(0.68)* 

 *Correlation is significance at the <0.05* 

        *   ANNOVA applied for Parameters                         

 

Plotting the data as an odd ratio (95% CI) and number 

(proportion) shows significance at p<0.05. The 

relationship between the variables was ascertained using 

the chi-square test and odds ratios with 95% confidence 

intervals (95% CI). Group C consists of T2DM patients 

without retinopathy; Group A consists of healthy 

individuals. 
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Table 4(c) Comparative Studies on Genotype of TCF7/L2 rs 7903146 variant distribution between group B and 

group C 

Genotype 

n = 74 

Group B 

n = 25 

Group C 

n = 49 

Chi-square,  

p-value 

CC 0(0.0) 1(2.0)  

11.38,             p=0.003 CT 5(0.20) 29(0.59)* 

TT 20(0.80)* 19(0.39) 

Alleles 

n = 148 

Group B 

n = 50 

Group C 

n = 98 

OR (95% CI) 

p-value 

C 5(0.10) 31(0.32)* 0.2401(0.0868 , 0.6642)               p<0.006 

T 45(0.90) 67(0.68)* 

        * Correlation is significance at the <0.05* 

               *   ANNOVA applied for Parameters  

 

The data is shown as an odd ratio (95% CI) and a number 

(percentage); p<0.05 denotes significance. To find the 

relationship between the variables, the chi-square test 

and odds ratios with 95% confidence intervals (95% CI) 

were computed. Groups A and C: Group C consists of 

T2DM patients without retinopathy; Group A consists of 

healthy individuals. 

 

 
     

Fig: Graphic representation shows genetic C/T Mutation in Control. (F) 
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Fig: Graphic representation shows genetic C/T Mutation in Control. (R) 

 
 

Fig; Graphic representation shows genetic C/T Mutation in Diabetic without retinopathy.(F) 

 
 

Fig; Graphic representation shows genetic C/T Mutation in Diabetic without retinopathy.(R) 

 
 

Fig; Graphic representation shows genetic TT Mutation in Diabetic without retinopathy.(F) 
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Fig; Graphic representation shows genetic TT Mutation in Diabetic without retinopathy.(R) 

 
 

DISCUSSION 

Diabetes mellitus (T2DM) is a complicated metabolic 

disease linked to a number of environmental risk factors 

as well as genetic predisposition. The homozygous TT 

genotype of the TCF7L2 rs7903146 polymorphism was 

found to be dominant in T2DM people with retinopathy, 

while the CT genotype was found to be greater in both 

healthy individuals and T2DM subjects without 

retinopathy. The mutant T allele was also observed to be 

primarily higher in T2DM individuals, both with and 

without retinopathy. Significant differences were also 

seen between the groups for triglycerides, LDL, HbA1c, 

FBG, and SBP.. 

Our findings with dominant frequency of mutant T 

alleles in T2DM subjects with and without retinopathy 

are somehow in line with Beheld in et al study who also 

reported that TT genotype play role in development of 

T2DM(34). In literature, very scarce of data for TCF7L2 

rs7903146 polymorphism in T2DM subjects with 

retinopathy was found, that make difficult to compare 

our data with other ethnic groups (35),(36). However, 

considering T2DM subjects without retinopathy our 

study also in line with Cropano et al who showed that the 

T risk allele confers the strongest risk of T2DM known 

to date in Caucasians and other ethnic groups  (37) The 

occurrence of T alleles in subjects with T2DM is also 

consistent with Anjum et al and Assmann et al study 

who also found a significant association of CT and TT 

polymorphisms (38),(39). In meta-analysis of different 

ethnic groups a positive association of the CT genotype 

with T2DM was also reported (40). 

We found poor control of glycaemia, triglycerides and 

LDL more prominent in T2DM subjects with 

retinopathy. Ahmed et al., reported that poor glycemic 

control is highly associated with DR (41). Our findings 

are in agreement with Gun avathy et al study who 

reported dyslipidemia in T2DM subjects (41). Our 

findings support Dornan et al., study who first time 

reported an association between DR and LDL 

cholesterol (42). It support the postulate that rise in 

viscosity and alterations in the fibrin lytic system which 

forms hard exudates occur with dyslipidemia. 

Additionally, alteration in membrane fluidity and 

leakage of plasma occur with incorporation of TG into 

the cell membrane that results in retinal hemorrhage and 

endothelial dysfunction which also worsens the 

retinopathy (43]. 

 We observed most of the individuals were obese in all 

the groups though the findings are non-significant. It 

may because the prevalence of obesity was found with 

rising trends in Pakistan (44). In addition, it is well-

established that a number of systemic disorders, 

including hypertension, stroke, dyslipidemia, and DR, 

are at risk due to obesity. (45). 

We observed significantly high SBP in T2DM subjects 

with and without retinopathy. Recently, it was also 

reported that hypertension is an independent risk factor 

and strongly associated with DR (46).  

High blood pressure and diabetes may cause optic 

neuropathy, systemic disorders, hemorrhages, blur 

vision, congestion retinal veins, and also form hard 

exudates that deposit in the macula that harm the retina 

including by reducing the inner retina and impairing the 

microcirculation (47.). Hypertension and diabetes are 

also responsible for focal arteriolar narrowing. The 

adipogenic development of pericytes, which are 

contractile cells found in small retinal arterioles, is 

inhibited by the Wnt/β-catenin/T-cell factor (TCF) 

(canonical) signaling pathway. This has subsequent 

effects on regulating retinal microvascular function (48). 

This pathway also controls the proliferation of smooth 

muscle cells in the blood vessels; it may also play a role 

in thickening, hyperplasia, and arteriosclerosis, which 

can lead to focal arteriolar constriction (49]. 

Small sample size as per our population due to low 

resources is the limitation of our study. In literature, 

TCF7L2 rs7903146 polymorphism with retinopathy in 

our population was not found is our study strength. 

Future research on large sample size to determine an 

association of TCF7L2 rs7903146 polymorphisms with 

DR and other associated risk factors are highly 

recommended for this population. In the present study 

T2DM patients with or without retinopathy were found 

to be significantly hypertensive when compared with 



Sanger Sequencing Technique Is Employed to Identify the Polymorphism of The Transcription Factor 7/Like2 

(TCF7/L2) Gene Associated with Obesity, Dyslipidemia, Hypertension, And Diabetic Retinopathy in The Type 2 

Diabetes Population Presenting to The Tertiary Care Unit in Karachi. 

 

6126                                                     Afr. J. Biomed. Res. Vol. 27, No.4s (December) 2024                            Dr. Shazia et al.  

control group. These findings are in line with previous 

studies that show that hypertension is strongly 

associated with diabetic retinopathy (50). Hypertension 

and Diabetes mellitus may cause optic neuropathy 

showing signs of hemorrhages, blur vision, congestion 

of retinal veins, and also form hard exudates that deposit 

in the macula that harm the retina, including by 

impairing the microcirculation. (51). 

 Hypertension and diabetes mellitus are responsible for 

focal arteriolar narrowing. The canonical signaling 

pathway of Wnt/β-catenin/T-cell factor (TCF) may be 

involved in controlling the function of the retinal 

microvascular system. (52). this route controls the 

growth of vascular smooth muscle cells and may have a 

role in the development of arteriosclerosis and 

hyperplasia, which are characterized by focal arteriolar 

constriction. The blood vessel walls in the retina may 

thicken with elevated blood pressure. This could narrow 

blood vessels, which would prevent blood from getting 

to the retina. The retina may swell in certain 

circumstances. (53). The most common causes of 

hypertension retinal vein occlusion are blood clot 

development and artery hardening, or atherosclerosis. 

when elevated blood pressure harms the optic nerve by 

obstructing regular blood flow to the eyes. (54). 

Molecular and biochemical mechanisms that have been 

implicated in diabetic retinopathy are increased flux of 

glucose through the Polyol and hexamine pathways, 

activation of protein kinase C, and increased 

formation of advanced glycation end product (55). 

When intracellular glucose levels rise, the Polyol 

pathway of glucose metabolism activates. Diabetes 

causes an increase in the activity of the sorbitol route in 

tissues that do not require insulin for cellular glucose 

uptake, such as the kidney, retina, peripheral nerves, and 

blood vessels. Because the sorbitol end product of the 

pylol route does not readily permeate across cell 

membranes, it builds up and damages the retina 

osmotically (56). 

In the present study Fasting blood sugar, HBA1C and 

OGTT were significantly increased in T2DM patients 

with and without retinopathy compared to control group. 

This increase in glucose level for long time results in 

DR. In our study patients who develop retinopathy are 

those who are suffering from type 2 diabetes suffering 

since 11-16 years. Multiple studies have already 

established that the length of diabetes mellitus affects 

the incidence of diabetic retinopathy. Long-term 

diabetes mellitus lengthens the risk of developing 

retinopathy in those with type 2 diabetes. Patients with 

diabetes mellitus for 11–13 years get 41% retinopathy, 

compared to 60% in those with the disease for 14–16 

years. It is already known that the buildup of glucose 

damages the blood vessels in the retina, which is the 

back of the eye, resulting in diabetic retinopathy. 

(57).Serum levels of triglycerides, HDLs, and LDLs are 

higher in T2DM individuals with diabetic retinopathy 

than in those without the condition. High levels of LDL 

and HDL were discovered to be linked with the severity 

and progression of diabetic retinopathy in earlier 

research.  (58). Elevated levels of LDL and HDL lead to 

increased viscosity of blood and changes in the 

fibrinolytic system, resulting in the formation of hard 

exudates. Hyperlipidemia causes endothelial 

dysfunction due to reduced bioavailability of nitric 

oxide and breakdown of the blood retinal barrier, which 

leads to exudation of serum lipids and lipoproteins, 

resulting in DR changes (59). It is suggested in some 

studies that retinal hemorrhages caused by an elevated 

level of triglycerides (60). Our result is in accordance 

with these studies which shows significantly increase 

level of triglyceride in T2DM patients with diabetic 

retinopathy. A comparative study conducted in India, 

also revealed strong positive association between high 

triglyceride level and diabetic retinopathy. Genomic 

studies conducted in various ethnic populations reported 

that single-nucleotide polymorphism (SNP) in human 

TCF7L2 genes has a close relationship with occurrences 

of type 2 diabetes mellitus and its microvascular 

complications (61). In the present study, to find out an 

Association of Transcription factor 7/Like2 (TCF7/L2) 

Gene polymorphism with Obesity, Dyslipidemia, 

Hypertension and diabetic retinopathy in Type 2 

Diabetic population reporting at Tertiary care unit of 

Karachi. We performed a case-control study to find out 

association between SNP polymorphisms with DR. 

Transcription factor 7-like 2 (TCF7L2) plays a crucial 

function in controlling basic processes like vascular 

development and pathological neovascularization in 

diabetes mellitus. TCF7L2 is also involved in the Wnt-

signaling pathway, according to Ola, M. S., Nawaz, M., 

et al. (2013). Several studies have shown an extensive 

association between rs7903146 in TCF7L2, type 2 

diabetes, obesity complications, dyslipidemia, and 

hypertension. (62).It is also proved in the previous study 

that in spite of high prevalence of the disease in South 

Asians, T2DM patients with the rs7903146 SNP of 

TCF7L2 are uncommon in Pakistani society 

(63).Another study which was conducted in Malaysia 

2021 showed that C allele and CC genotype of TCF7L2 

(rs7903146) were significantly associated with 

increased risk of Diabetic retinopathy in T2DM patients 

investigated under recessive models. While dominant 

model showed no significant association with Diabetic 

retinopathy (64), In present study DNA extracted from 

blood sample of three different groups, and amplified by 

conventional PCR, the amplified DNAs were 

successfully sequenced by Sanger sequencing method. 

After PCR and subsequent sequencing all the obtained 

sequences were aligned with the reference sequence of 

TCF7L2 gene in the Gen bank to perform genotyping. 

Electropherogram were also analyzed carefully to spot 

any polymorphism (65). No polymorphism or C to T 

substitution was found in any of the study sample 

including cases and controls, all the samples were 

carrying CC genotype at rs7903146. Also, there was no 

allelic distribution for SNP rs7903146. The effect of 

polymorphism on different study variables could not be 

analyzed as no sample with rs7903146 polymorphism 

was detected (66) This type of result indicates that either 
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this type of polymorphism may not exist in our 

population or small sample size is the limitation of 

present study. We can extend our work to a bigger 

project with larger sample size to get a significant 

result.(67). 

 

Limitation of study  

1. Insufficient Sample Size: The study might have a 

small sample size, which can limit the power to 

detect significant genetic associations and increase 

the risk of Type I and Type II errors. 

2. Ethnic Diversity: Genetic studies often face 

challenges related to population stratification, where 

differences in genetic backgrounds between 

subgroups can lead to confounding results. If the 

study population is ethnically homogeneous, the 

findings might not be applicable to more diverse 

populations 

   

 Future suggestion 

• Increase Sample Size and Diversity 

• Follow-up Studies: Design longitudinal studies to 

better understand causal relationships and temporal 

dynamics between genetic variants and phenotypes. 

• Whole-Genome Sequencing: Utilize whole-

genome sequencing to capture rare and novel genetic 

variants that may not be identified through 

genotyping arrays. 

• Epigenetics and Transcriptomics: Explore 

epigenetic modifications and gene expression 

profiles to understand how genetic variants affect 

gene function and contribute to phenotypic 

outcomes. 

 

 CONCLUSION 

 Association to obesity, dyslipidemia, and stroke as well 

as the metabolic syndrome, Diabetes, hypertension, 

raised LDL and HDL levels causes of blood more 

viscous and alter the fibrin lytic system. This leads to the 

development of hard exudates that accumulate in the 

macula and damage the retina by decreasing the inner 

retina and affecting microcirculation. In type 2 diabetes 

individuals, the risk of developing retinopathy increases 

with prolonged diabetes mellitus.  

It was also found that T2DM subjects with retinopathy 

along with obesity, dyslipidemia & hypertension had a 

homozygous TT genotype of the TCF7L2 rs7903146 

polymorphism, while the CT genotype was stronger in 

healthy subjects and T2DM subjects without 

retinopathy. Furthermore, we found that the larger 

mutant T allele was preferentially carried by T2DM 

subjects with and without retinopathy. 
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Aims and Objective of the study 

➢ To find out an Association of Transcription factor 

7/Like2 (TCF7/L2) Gene polymorphism with 

Obesity. 

➢ To find out an Association of Transcription factor 

7/Like2 (TCF7/L2) Gene polymorphism with 

Dyslipidemia, in Type 2 Diabetic population 

reporting at Tertiary care unit of Karachi. 

➢ To find out an Association of Transcription factor 

7/Like2 (TCF7/L2) Gene polymorphism with, 

Hypertension in Type 2 Diabetic population 

reporting at Tertiary care unit of Karachi. 

➢ To find out an Association of Transcription factor 

7/Like2 (TCF7/L2) Gene polymorphism with, 

diabetic  with and without retinopathy in Type 2 

Diabetic population reporting at Tertiary care unit of 

Karachi. 
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