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 Metformin is often used as monotherapy or in combination when diet and 

exercise are not effective at lowering hyperglycemia.  According to the 

American Diabetes Association, metformin is the preferred drug in newly 

diagnosed patients with type two diabetes mellitus in adults and children 

ten years and older. It is recommended as the first-line therapy for type 2 

diabetes mellitus (T2DM) based on its efficacy, safety and low cost. In our 

research, we explored the impact of TCF7L2 gene single nucleotides 

polymorphisms (rs7903146) on metformin response in T2DM patients in 

Al-Diwaniyah governorate, Iraq. The current prospective cohort study 

included 61newly diagnosed patients with type 2 diabetes mellitus. The 

study was carried out at private clinic, Aldiwaniya governorate/ Iraq. The 

diagnosis of enrolled patients with T2DM done by an endocrinologist and 

they were on regular visits to the clinic for follow up. Levels of fasting 

serum glucose, HbA1c, insulin, HOMA IR, lipid profile, and 

anthropometric parameters were investigated before start metformin 

therapy, and 12 weeks after being treated. Genotyping of the TCF7L2 gene 

SNP was done by RFLP method. There was no significant change in mean 

HbA1c (p = 0.299); therefore, we chose the cutoff value of < 7% for HbA1c 

to split the group of patient into two groups, patients with HbA1c of < 7% 

were considered as glycemic controlled group (n = 22), and the group with 

HbA1c of ≥ 7 % were considered uncontrolled group (n = 39). We found 

significant association between TCF7L2 SNP (rs7903146) polymorphism 

and glycemic control according to an HbA1c cutoff of < 7 % (p = 0.032), 

in such a way that the heterozygous C/T genotype was more frequent in 

controlled group than in uncontrolled group, 45.5 % versus 15.4 %, 

respectively, while, both CC and TT homozygous genotypes were less 

frequent in controlled group than in uncontrolled group50.0 % versus 71.8 

% and 4.5 % versus 12.8 %, respectively. The response to metformin 

therapy in T2DM patients in terms of glycemic control measured by HbA1c 
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is affected significantly by TCF7L2 SNP (rs7903146 C>T) polymorphism 

in such a way that the heterozygous C/T genotype define better response. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diabetes mellitus encompasses a multitude of heterogenous medical diseases that share in common metabolic 

abnormalities characterized by hyperglycemia because of reduced insulin production, resistance to insulin 

action or both [1]. 

 

T2DM is the most abundant clinical form and it often seen in individuals older than 35 years old. T2DM is 

characterized by insulin resistance with normal or hyperinsulin secretion at least initially; however, with 

passage of time, patients will develop beta cell dysfunction and insulin insufficiency and some patients may 

require the administration of insulin to control their blood glucose level at later stages of the disease [2]. 

 

T2DM is common globally and in Iraq [3]. Obesity is a major risk factor [4] and genetics play significant 

action in the pathogenesis of the disease [5]. Treatment of diabetes mellitus requires weight reduction, dietary 

measures, lifestyle modifications and pharmacotherapy [6]. 

 

T2DM mainly presented as polyuria, polydipsia, and polyphagia [1]. The relation bwtween TCF7L2 gene 

(rs7903146) SNP with T2DM has been evaluated in Aldewaniya governorate [7]. One of the main 

pharmacological agents used to control the disease is metformin which is a biguanide drug that decrease 

plasma glucose by decreasing the hepatic glucose output, decreasing intestinal absorbance, and increasing 

insulin sensitivity. Metformin decreases both the basal and postprandial blood glucose level. Metformin is 

often used as monotherapy or in combination when diet and exercise are not effective at lowering 

hyperglycemia. According to the American Diabetes Association, metformin is the preferred drug in newly 

diagnosed T2DM patients in adults and children ten years and older [8], [9]. It is recommended as the first 

therapy for T2DM based on its effectiveness, safety, affordable price, and extensive use [10]. However, there 

is an individual variability in the therapeutic response to metformin. It has been shown that common genetic 

variants affect metformin glycemic response, explaining up to 34% variation in hemoglobin A1c (HbA1c) 

reduction with this drug [11]. 

 

In candidate gene studies, the pharmacokinetic gene variants have not shown a consistent and significant 

effect on metformin glycemic response in patients with T2DM [12]. Furthermore, only few genome-wide 

signals associated with metformin clinical response have been discovered to date [11], [13]. 

 

Transcription factor 7-like 2 (TCF7L2) regulates genes involved in cell proliferation and differentiation. The 

TCF7L2 gene is located on chromosome 10q25 in a region of replicated linkage to T2DM. The 

pharmacogenetic effect of the TCF7L2 variant on a therapeutic response to hypoglycemic agents has been 

explored in only a few studies [14]. 

 

2. Patients and methods 

The current prospective cohort study included 61newly diagnosed patients with type 2 diabetes mellitus (42 

males and 19 females). The work with the study is dated back to November 2020 and it continued Through 
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May 2021. The study was carried out at private clinic, Al-Diwaniyah governorate/Iraq. The diagnosis of 

enrolled patients with T2DM have been done by an endocrinologist and they were regularly visiting the clinic 

for follow up. The age ranged from 34 to 70 years. 

 

2.1 Phenotypic analysis 

For each patient information regarding age, sex, body mass index, history of smoking, history of T2DM and 

chronic medications were obtained. Blood sample was obtained and divided into two portions, one of them 

was used for serum measurements of fasting blood sugar, serum lipid profile, and serum insulin and the other 

portion was used for genetic analysis concerning TCF7L2 gene (rs7903146) polymorphisms. HbA1c was 

measured according to Finecare™ HbA1c (Hemoglobin A1c) Rapid Quantitative Test (Philippines). The 

serum measurements were at two times at baseline and at 3 months after initiation of metformin therapy 

(Glucophage, Merck, Germany) in a dose of 500, 850 or 1000 mg/bid. 

 

2.2 Genetic study 

DNA extraction was performed as illustrated within the Anatolia kit (Turkey). Amplification of a required 

region of the genome is achieved by the use of polymerase chain reaction (PCR) of the thermocycler (T-

professional, Biometra, Germany). Primers were supplied by Alpha-DNA Company (Canada) as a 

lyophilized powder.. The primer`s sequence of TCF7L2 gene for rs7903146 SNP was presented by [15]. 

 

Genotyping was done by PCR –RFLP polymorphism for TCF7L2 gene by using thermocycler. The sequence 

of primers that was used: Forward (5′-TTA GAG AGC TAA GCA CTT TTT AGG TA-3′), reverse (5′-AGA 

GAT GAA ATG TAG CAG TGA AGT G-3′). Amplification done in a total volume of 25 μL, that contain 

12.5 μL 2X mastermix (abm (Canada), 1.5 μL of each primer (alpha DNA (USA), 3.5 μL of nuclease- free 

water, and 6 μL of extracted genomic DNA. 

 

PCR conditions was 94 C for 3 minutes, then 34 cycles of 94 C for 1 minute (Denaturation), 58.2 C for 50 

Sec (Annealing), 72 C for 50 Sec (Extension), and last extension of 72 C for 10 minutes. 10 u of restriction 

enzyme (Ras I) (Promega, USA) was used for digestion of the product and run on 3 % agarose gel. 

 

2.3 Restriction Fragment Length Polymorphisms (RFLP) 

 

 
Figure 1: Agarose gel electrophoresis image that showed the PCR product analysis of TCF7L2 gene 

(rs7903146). Where M: Marker DNA ladder (1500-100bp). The lane (1-5) were showed some positive PCR 

amplification of TCF7L2 gene at 201bp bands. 
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Figure 2: Agarose gel electrophoresis image that showed the RFLP-PCR product analysis of rs7903146 

(C/T) TCF7L2 gene polymorphism by using RsaI restriction enzyme in 3% agarose gel (75 volt and 120 

minutes) and directly visualized under UV light using ethedium bromide dye. Where M: marker (2000-

50bp).  Lane (CC) wild type homozygote, the products were digested into 176bp and invisible 25bp bands. 

The Lane (TT) mutant type homozygote that showed undigested by restriction enzyme and still 201bp 

bands. Whereas, the lane (C/T) heterozygote, the product digested by restriction enzyme into 201bp, 176bp 

and invisible 25bp bands. The restriction site and cutting fragments were checked by (Primer3 plus -Wily 

DNA Editor). 

 

2.4 Ethical considerations 

The study was approved by the Ethical Approval Committee of University of Kufa and a verbal consent was 

obtained for all participants. 

 

2.5 Statistical analysis 

Data were collected, summarized, analyzed and presented using statistical package for social sciences (SPSS) 

version 23 and Microsoft Office Excel 2010. Categorical variables were expressed as number and percentage, 

whereas, numeric variables were first evaluated for normality distribution using Kolmogorov-Smirnov test, 

and then numeric variables that were normally distributed were expressed as mean and standard deviation (an 

index of dispersion) in addition to range. Kruskal Wallis test was used to compare means among more than 

two groups. Chi-square test was used to compare proportions among groups. Paired t-test was used to compare 

means before and after treatment. The level of significance was considered at p-value of equal or less than 

0.05. 

 

3. Results 

The current research includes 61 patients with T2DM who have been recently diagnosed and received no 

pharmacological agents for the treatment of hyperglycemia at time of enrollment in the study. Those patients 

were 42 males (68.9 %) and 19 females (31.1 %) and the male: female ratio was 2.21:1. The age range of 

diabetic patients was 34 to 70 years and the mean age was 47.63 ±9.58 years. The mean BMI was 30.44 ±6.97 

kg/m2 and it ranged from 20.99 to 49.22 kg/m2. 

 

The fasting blood glucose was significantly reduced from 161.28 ±43.70 mg/dl to 131.25 ±38.41 mg/dl (p< 

0.001). We also observed significant reduction in plasma insulin level form 15.45 ± 5.93 mIU/L to 11.84 

±5.63 mIU/L (p< 0.001). There was signif.  reduction in insulin resistance (HOMA-IR index) form 6.29 ±3.01 
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to 3.96 ±2.45 (p< 0.001). With respect to HbA1c the mean level was reduced significantly form 10.75 ±1.90 

% to 7.87 ±1.65% (p< 0.001), table 1. 

 

Genotyping characterized on agarose gel by 2 bands of of 20 bp and 80 bp for the wild type homozygote CC 

which was 39.9 % of readings, 1 band of 175 bp for the mutant homozygote TT which was 9.8 % of readings, 

and 3 bands of 20 bp, 80 bp, 175 bp and for the mutant heterozygote CT which was 26.2 % of readings. 

 

Table 1: Comparison of fasting pllasma glucose, insulin level and insulin resistance before and after 

treatment with metformin 

Descriptive Statistics 
Baseline 

n = 61 

After treatment 

n = 61 
P 

Fasting blood sugar (mg/dl)    

Mean ±SD 161.28 ±43.70 131.25 ±38.41 < 0.001 P 

HS Range 63 -290 76 -250 

Plasma insulin level mIU/L    

Mean ±SD 18.63 ±15.23 14.95 ±14.83 < 0.001 P 

HS Range 3.2 -81.3 0.4 -77.9 

HOMA-IR index    

Mean ±SD 15.45 ± 5.93 11.84 ±5.63 < 0.001 P 

HS Range 3.20 -26.55 0.40 -23.10 

HbA1c    

Mean ±SD 6.29 ±3.01 3.96 ±2.45 < 0.001 P 

HS Range 0.95 -13.11 0.08 -12.75 

 

A significant reduction in mean serum triglyceride level from 190.48 ±71.35 mg/dl to 149.49 ±60.85 mg/dl 

(p< 0.001). Also signif reduction in mean serum total cholesterol level from 182.92 ±38.05 mg/dl to 162.00 

±30.79 mg/dl (p< 0.001). However, there was no significant change in serum HDL before and after treatment 

with metformin, 36.79 ±8.90 g/dl versus 97.26 ±34.95 mg/dl, respectively (p = 0.096). There was also no 

significant change in mean serum LDL before and after treatment with metformin, 100.00 ±34.91 g/dl versus 

97.26 ±34.95 mg/dl, respectively (p = 0.343), but, there was significant reduction in mean serum VLDL level 

from 38.10 ±14.27 mg/dl to 29.88 ±12.13 mg/dl (p< 0.001), as shown in table 2. 

 

Table 2: Comparison of serum lipid profile before and after treatment with metformin 

Serum lipid 
Baseline 

n = 61 

After treatment 

n = 61 
P 

Triglyceride mg/dl    

Mean ±SD 190.48 ±71.35 149.49 ±60.85 < 0.001 P 

HS Range 71 -409 65 -282 

Cholesterol mg/dl    
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Mean ±SD 182.92 ±38.05 162.00 ±30.79 < 0.001 P 

HS Range 90 -260 110 -220 

HDL mg/dl    

Mean ±SD 36.79 ±8.90 37.81 ±7.45 0.096 P 

NS Range 21 -63 24 -62 

LDL mg/dl    

Mean ±SD 100.00 ±34.91 97.26 ±34.95 0.343 P 

NS Range 16.8 -181 27 -178 

VLDL mg/dl    

Mean ±SD 38.10 ±14.27 29.88 ±12.13 < 0.001 P 

HS Range 14.2 -81.8 13 -56.4 

 

The frequency distribution of diabetic patients according to TCF7L2 SNP (rs7903146 C>T) is shown in table 

6. The sample included 39 patients with the homozygous CC genotypes accounting for 63.9 %, followed by 

16 patients with the heterozygous C/T genotype accounting for 26.2 % and 6 patients with the homozygous 

TT genotype accounting for 9.8 %. The hardy Weinberg equilibrium is shown in table 4 and it has been found 

that the observed frequency distribution was significantly deviated from the expected frequency distribution 

(p = 0.044). 

 

Table 3: The frequency distribution of diabetic patients according to TCF7L2 SNP (rs7903146 C>T) 

TCF7L2 SNP (rs7903146 C>T) Frequency Percent 

CC 39 63.9 

C/T 16 26.2 

TT 6 9.8 

Total 61 100 

 

Table 4 The Hardy Weinberg equilibrium of TCF7L2 SNP (rs7903146 C>T) gene polymorphism in 

patients with type 2 diabetes mellitus 

TCF7L2 SNP (rs7903146 C>T) Observed count Expected count χ2 value p-value 

CC 39 63.9 

4.07 
0.044 C 

S 

C/T 16 26.2 

TT 6 9.8 

Total 61 100 

 

To evaluate the effect of TCF7L2 SNP (rs7903146 C>T) on patients response to treatment with metformin, 

we compared mean HbA1c level after treatment according to the gene polymorphism and the results are as 

in table 8. Accordingly, there was no significant change in mean HbA1c (p = 0.299); therefore, we the chose 

the cutoff value of < 7% for HbA1c to split the group of patient into two groups, patients with HbA1c of < 

7% were considered as glycemic controlled group (n = 22), and the group with HbA1c of ≥ 7 % were 

considered uncontrolled group (n = 39). We found significant association between TCF7L2 SNP (rs7903146 

C>T) and glycemic control according to an HbA1c cutoff of < 7 % (p = 0.032), as shown in table 6, in such 

a way that the heterozygous C/T genotype was more frequent in controlled cases than in uncontrolled cases, 

45.5 % versus 15.4 %, respectively, while, both CC and TT homozygous genotypes were less frequent in 

controlled cases than in uncontrolled cases 50.0 % versus 71.8 % and 4.5 % versus 12.8 %, respectively.  
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Table 5: Comparison of mean HbA1c according to TCF7L2 SNP (rs7903146 C>T) polymorphism 

TCF7L2 SNP  

(rs7903146 C>T) 
N Mean HbA1c % SD P 

CC 39 8.09 1.74 

0.299 K 

NS 

C/T 16 7.33 1.57 

TT 6 7.88 0.86 

Total 61 7.87 1.65 

 

Table 6:  The association between TCF7L2 SNP (rs7903146 C>T) polymorphism and glycemic control 

taking into consideration an HbA1c cutoff value of < 7% 

TCF7L2 SNP (rs7903146 C>T) 

Controlled  

n = 22 

Uncontrolled  

n = 39 P 

n % n % 

CC 11 50.0 28 71.8 
0.032 C 

S 
C/T 10 45.5 6 15.4 

TT 1 4.5 5 12.8 

 

4. Discussion 

The common TCF7L2 rs7903146 variant is very strong genetic risk factor related with T2DM to date. 

Different mechanisms of this association were proposed, including the effect on β-cell proliferation, insulin 

synthesis, processing, and secretion, and impaired incretin response [17]. Most of the studies suggest that the 

rs7903146 variant affects β-cells and insulin secretion. As metformin acts primarily by improving insulin 

action, the pharmacogenetic effect of this variant on metformin response in T2DM was explored in only few 

studies [18]. The results of current study, however, suggest that the TCF7L2 rs7903146 variant influences 

response to metformin in patients with T2DM in agreement with [14]. 

 

In the this research, there was no significant variation in serum lipid profile, fasting blood glucose, HOMA-

IR and HbA1c % following treatment with metformin in newly diagnosed T2DM patients with respect to 

various TCF7L2 SNP (rs7903146 C>T) genotypes; however, we were able to show significant variation in 

the frequency of diabetic patients with HbA1c% < 7 according to variation in TCF7L2 SNP (rs7903146 C>T) 

genotypes. It is well established that reducing HbA1c% below 7% is associated with significantly less 

mortality and morbidity. In our study, the heterozygous CT genotype was more frequent in patients with 

HbA1c of < 7% and this indicates that patients with the heterozygous C/T genotype have better response to 

metformin therapy than patients with homozygous wild type CC or homozygous TT genotypes. In the study 

of, they found significant association between T allele and lower baseline serum lipids; however, in our study 

we did not found such an association. They also found no significant association between TCF7L2 SNP 

(rs7903146 C>T) and body mass index which is in line with our observation. [14] found that TT genotype 

was associated with better glycemic control in terms of HbA1c, but in our study, the CT genotype was the 

one with better response. In, previous study however, variation in TCF7L2 SNP (rs7903146 C>T) were not 

shown to be associated with response to metformin therapy [18]. Indeed, the effect of TCF7L2 SNP 

(rs7903146 C>T) on treatment with metformin is still controversial and need much research work to reach 

consensus about this association, but our results have shown that in Iraqi diabetic patients the CT genotype 

was associated with better response and this may be explained by a number of suggestions such as a better 

beta cell mass in patients with CT genotype, but this is just a suggestion which needs experimental work to 

be proved or disproved. 
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The potential mechanism underlying the effect of the TCF7L2 rs7903146 on metformin response is unknown. 

Considering that molecular mechanisms by which TCF7L2 increases T2DM risk, the explanation for the 

observed effects can only be speculated. Metformin inhibits mitochondrial complex I in hepatocytes, resulting 

in declined adenosine triphosphate (ATP) and inclined adenosine monophosphate (AMP) levels, which leads 

to the inhibition of gluconeogenesis via multiple proposed mechanisms [19]. Changes in the AMP/ATP ratio 

also activate 5’ AMP-activated protein kinase (AMPK), leading to decreased lipid synthesis and enhanced 

insulin sensitivity [19]. Thus, it is possible that different mechanisms are responsible for metformin-induced 

inhibition of gluconeogenesis and its effect on lipid metabolism and insulin sensitivity. The TCF7L2 

rs7903146 variant also has pleiotropic effects [17]. 

 

5. Conclusion 

Metformin therapy response in patients with T2DM in terms of glycemic control measured by HbA1c is 

affected significantly by TCF7L2 SNP (rs7903146 C>T) polymorphism in such a way that the heterozygous 

C/T genotype define better response. 
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