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Abstract---Diabetes mellitus (DM) is a clinical syndrome caused by 

metabolic problems. Recently, researchers have recently concentrated 

their efforts on identifying additional risk variables, like as 

homocysteine (Hcy), a non-independent vascular risk factor linked to 
insulin resistance in type 2 diabetes mellitus (T2DM). Aimed our 

current study to association between of polymorphism rs1801133 in 

MTHFR gene and diabetes mellitus type II for Iraqi patients. Samples 

of blood were collected from Iraqi with T2DM (50 patenits) from 

auditors to specialized laboratories and consulting clinics in Baquba 
District / Diyala Governorate, Iraq, as well as 21 healthy participants, 

and their ages ranged (35-54 years). Genotyping was performed by 

PCR/SNP (specific primers), risk score for T2DM was determined by 

Hardy-Weinberg equilibrium (HWE). (HWE) was analyzed in T2DM 

patients and healthy participants, and it was discovered that the 

MTHFR (rs1801133) genotypes were in agreement with the 
equilibrium, with no clear differences (p>1.020-0.298) between the 

observed and expected genotype frequencies. When rs1801133 

genotype and allele frequencies were compared in T2DM patients and 

healthy participants, it was shown that there were no significant 

differences in these frequencies. In addition, the GG genotype of 
rs1801133 scored high in patients and healthy participants and was 

considered a preventive fraction (RR = 0.89). While, AA and GA 
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genotypes were considered the etiological fraction and associated with 

T2DM (RR = 1.23, 1.04). Even according to allele analysis G allele may 

preventive, while A allele could be etiological for disease. Conclusions. 

The results indicated that AA, GA genotype and A allele is a risk factor 
with T2DM for rs1801133 and might have a role in the etiopathogenic 

mechanism in Iraqi patients with T2DM. However, more researchs 

with bigger sample sizes are required to confirm our findings. 

 

Keywords---rs1801133, MTHFR, T2DM, hyperhomocysteinemia. 

 
 

Introduction  

 

Diabetes mellitus (DM) is a clinical syndrome caused by metabolic problems such 

as hyperglycemia and problems with glucose, protein, and lipid metabolism. The 
destruction of insulin-secreting beta cells in the pancreas causes diabetes, which 

results in an absolute or relative shortage of insulin production [1,2]. According to 

the World Health Organization (WHO), Diabetes is anticipated to be the seventh 

greatest cause of death by 2030, and the current global diabetes population of 

387 million is expected to rise to 592 million by 2035 [3]. Non-Insulin Dependent 

Diabetes (NIDDM) is the most frequent chronic ailment in adults, in the next 20 
years, the number of diabetics is expected to climb from 386.7 million to 591 

million. [4]. Furthermore, researchers have recently concentrated their efforts on 

identifying additional risk variables, like as homocysteine (Hcy), a non-

independent vascular risk factor linked to insulin resistance in type 2 diabetes 

mellitus (T2DM) [5]. Recent research indicates that high homocysteine levels are a 
risk factor for diabetes and coronary heart disease, with risk of high Hcy levels 

being many times higher than the risk of other pathological disorders including 

high blood pressure, high cholesterol, and smoking [6].  

 

Homocysteine (a natural, non-essential amino acid containing sulfur) plays a 

major role in destroying the arteries of the body if it increases more than it does 
by smoking, obesity, or cholesterol itself, and this is due to a deficiency in 

cystathionine b-synthase (CBS) or methyl tetrahydrofolate reductase enzymes 

(MTHFR) or cofactors (vitamin) in the metabolism of homocysteine [7]. 

Methylenetetrahydrofolate reductase (MTHFR) is one of the most important 

enzymes in homocysteine metabolism [8]. It is the primary enzyme involved in the 
metabolism of folic acid and homocysteine, and it has recently attracted attention 

as a biologically significant molecule. As the enzyme works to convert 

methylenetetrahydrofolate to methyltetrahydrofolate, which is required to convert 

Hcy to methionine, and in absence, deficiency or decreased of activity of enzyme. 

Remethylation of Hcy to methionine will not occur, resulting in an increased Hcy 

level in the blood [9].   
 

Specific polymorphisms within the coding sequences of these enzymes have 

recently been shown to impact the metabolic pathways controlled by the enzymes 

[8].  The most frequent polymorphism of the MTHFR gene is the occurrence of a 

mutation of MTHFR C677T (rs1801133) in the catalytic domain of the enzyme, 
resulting in a 50% decrease in enzyme activity, and thus this decrease in enzyme 

activity accompanied by a significant decrease in folic acid levels and thus an 
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increase in homocysteine levels in the blood, which is one of the indicators 

impaired of methylation capacity can result in a variety of illnesses [10].  As a 

result, single nucleotide polymorphisms (SNPs) linked to the risk and progression 

of diabetes and its primary chronic problems in diabetic individuals impact the 

activity and function of the MTHFR enzyme [11].  Therefore, our current study 
came to investigate association between of polymorphism rs1801133 in MTHFR 

gene and diabetes mellitus type II for Iraqi patients. 

 

Methods and Materials  

 

Participants  
 

A total of 50 T2DM individuals were enrolled in the research, (from auditors to 

specialized laboratories and consulting clinics in Baquba District / Diyala 

Governorate, Iraq) who aged over 35 years old, and 20 healthy control subjects. 

during October 2020 – September 2021 for diagnosis and treatment. Blood 
samples were kept in tubes EDTA and the samples were saved frozen at 20-25C 

until used for each isolate to extract DNA. Add to that, each participant gave their 

informed consent after they were informed of the study and given a special 

questionnaire to collect information. 

 

Preparation PCR mixture and PCR conditions  
 

Using Primer3plus software designed the forward and reverse primers for 

rs1801133, and Macrogen/Korea provided them. The forward primer sequence 
5ʹGAACTCAGCGAACTCAGCACʹ and the revers: 5ʹCCCTATTGGCAGGTTACCCC3´. 

Polymerase chain reactions were performed using thermocycler device (USA). The 
PCR products were successfully amplified employing a reaction mixture 

consisting of 1,5 µL of every primer, 12.5µL of Go Tag Green Master Mix/ 

Promega, 3 µL of patient`s DNA and 6.5 µL of D.W with final volume 25 µL.  The 

final thermocycling program's amplification conditions were as follows: initial 

denaturation was a single cycle at 95 oC for 5 minutes, followed by 35 cycles of 

denaturation at 95 oC for 30s, annealing at 58 oC for 30s, and extensions at 72 oC 
for 30s, followed by a final cycle extension at 72 oC for 10 minutes. The PCR 

product has a size of 300bp. 

 

Statistical analysis 

 
Alleles and genotype frequencies were analyzed using chi-square tests, while 

Hardy-Weinberg Equation was used to determine the populations studied were in 

genetic equilibrium from site https://wpcalc.com/en/equilibrium-hardy-

weinberg. The calculation of the differences in genotypical and allelic frequency 

between studied groups was based on WINPEPI Computer program (version 

11.63), to calculate Fisher's exact test, calculate the relative risk (RR), Preventive 
or Etiological fraction (PF or EF) with a confidence interval of 95% (CI). A 

statistically significant difference was considered with a P value of less than 0.05 

[12]. 
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Results  

 

Three genotypes (GG, GA, and AA) were identified, as well as two alleles (G and A) 

for the rs1801133 (G/A; Chromosome1). The genotypes in T2DM of Iraqi patients 
and healthy participants were found to be in agreement with the equilibrium, with 
no significant differences (p>1.020-0.298) between the observed and expected 

genotype frequencies (Table 1). 

 

Discussion 

 
According to results of this study, the MTHFR gene - rs1801133 resulted in the 

emergence of three genotypes (GG, GA, and AA) that correspond to two alleles 

(Table 1),(Figure1). (G and A). These genetic patterns were found that consistent 
with the Hardy–Weinberg equation (HWE) in Table 2 .  

 

Table 1 
Numbers and percentage frequencies (observed and expected) of MTHFR gene 

(rs1801133) genotypes and their (HWE) in T2DM of Iraqi patients and healthy 

participants 

 

 

 

 
 

 

 

 

 
 

 

Groups   MTHFR  gene    rs1801133 - Genotypes or 

alleles 

H-WX2 P 

≤ 

GG GA AA A                G 021.1 

 

 

T2DM   
(No. =50) 

Observed No. 26 18 6 30 70 

% 52 36 12 30  70     

Expected No. 24.5 21 4.5 Not estimated 

% 49 42 9 

 

 

Controls 

(No. =20) 

Observed No. 11 7 2 11 29 12..0 

% 55 35 10 27.5 72.5 

Expected No. 10.51 7.98 1.51 Not Estimated 

% 52.55 39.9 7.55 
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Figure 1. Shows a comparison of the nitrogenous base alignment of a part of the 

MTHFR gene between T2DM patients and individuals controls, showing SNP of 

rs1801133 

 

Using Fisher’s exact test, the rs1801133 polymorphism analysis showed that 
frequency of all genotypes was non-significantly higher in the control group than 

in the patients group. The genotype AA and A allele recorded lower ratio in both 

the patients (12 vs 30%) and control groups (10 vs 27.5% respectively) with 

Probability Fisher (0.840 vs 0.760), making it the least frequent genotype in the 

Iraqi population. On the other hand, the frequency of GG genotype and G allele 

(55 vs 72.5%respectively) was significantly elevated in control compared to the 
patients group (52 vs 70% respectively) with Probability Fisher (0.898 vs 0.760). 

Depending on the values of RR (1.23, 1.04), both AA, GA genotypes and A allele 

(1.13) were considered the etiological fraction and associated with T2DM. While, 

GG genotype with values of RR (0.89). And G allele (0.89) were considered the 
Preventive fraction and no associated with T2DM. 

 

Table 2 

Statistical analysis of association between genotypes and alleles of MTHFR gene 

(rs1801133) for T2DM versus Controls 

Type of 

comparison 

 

Statistical Evaluation Fisher’s 

Exact 

Probability 

95%Confidence 

Intervals rs1801133 
Genotype 

or Allele 

Relative 
Risk 

(RR) 

Preventive 
or 

Etiological 

fraction 

 (PF or EF) 

T
2
D

M
  

 

v
e
rs

u
s
 

C
o
n

tr
o
ls

 

 

GG 0.89 %11.4 0.898 0.30 - 2.56 

GA 1.04 %4.3 0.892 0.35 - 3.25 

AA 1.23 %18.5 0.840 0.23 - 9.53 

G 0.89 %11.5 0.760 0.38 - 1.99 

A 1.13 %11.5 0.760 0.50 - 2.63 
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The results of our current study were agreement with results of a previous study 

by Zidan et al. (2019) on evaluating role of the polymorphism C677T (rs1801133) 

of MTHFR gene in patients with T2DM and susceptibility to diabetic nephropathy, 

as the results showed an increased prevalence of C677T polymorphism for CT and 
TT genotypes and for the T allele, significantly and statistically significant in 
diabetic patients compared to control (P< 0.001). It was also indicated by a 

statistically significant difference in the TT and CT genotypes and the T allele in 
T2DM with nephropathy compared with T2DM without nephropathy group (P< 
0.01,0.05) [13]. The polymorphism C677T of gene MTHFR is characterized by an 

alanine/valine substitution at site 226 of the protein in the N-terminal catalytic 

domain of the MTHFR gene specifically in fourth exon of a cytosine/thymine base 
substitution at site 677 [14]. Moreover, study of Zhong et al. (2013) reinforced 

that this mutation reduces enzyme activity, with individuals with CT and TT 

genotypes having 65,35% less activity, respectively, compared to those with wild-

type CC genotype [15]. Mutations in the MTHFR gene affect the specific activity of 

the enzyme in addition to increasing the concentrations of folate, which leads to 
an increase in the levels of homocysteine in the blood, and this would cause 

platelet aggregation and eventually the occurrence of endothelial vascular damage 

in patients with diabetes [14]. 

 

In another recent study conducted on the Iranian community on the relationship 

of MTHFR polymorphisms (rs1801133, rs1801131) with the risk of developing 
T2DM in southeastern Iran, the results of the study concluded that the MTHFR 

polymorphisms rs1801131 A/C and rs1801133 T/C may be Genetic biomarkers 

of T2DM development and progression in the Iranian community sample, the 

study also indicated that the C allele is a potential risk factor for T2DM for the 

rs1801133 polymorphism and this did not agree with the results of our current 

study [16]. Recently, recent studies have shown that both genetic and non-genetic 
variables influence Hcy levels. Genetic factors ensure the occurrence of genetic 

defects in the MHTFR gene, which leads to high levels of Hcy [17, 18]. Whereas, 

non-genetic factors include abnormalities in folic acid, vitamin B6 and vitamin 

B12 in the diet that also lead to increased levels of Hcy [19]. In conclusion, results 

indicate that AA, GA genotype and a allele is a risk factor with T2DM for 
rs1801133 and might have a role in the etiopathogenic mechanism in Iraqi 

patients with T2DM. Furthermore, this is the first publication to describe the 

genotype distribution of the MHTFR gene rs1801133 genetic polymorphism in 

Iraqi patients with T2DM and to show related between MHTFR gene rs1801133 

genotypes and T2DM disease. 

 
Acknowledgments 

 

The researchers would like to acknowledge their appreciation to doctors and 

nurses in specialized laboratories and consulting clinics in Baquba District for 

their valuable assistance during this study. The authors also extend their 
gratitude to all of T2DM patients who took part in the study and wish them good 

health in their personal lives.  

 

 

 

 



         4570 

Ethical approval 

 

The local ethical committee at Council College of Education for Pure Sciences/ the 

University of Diyala approved the project.  

 
Funding 

 

Neither the public, commercial, nor non-profit sectors provided any funding for 

this research. 

 

Conflicts of interest 
 

None 

 

References 

 
1. Almawla, A. S., H. H. Ali and M. M. Farhan (2018). "The relationship between 

insulin hormone and insulin resistance (IR) with Lipid profile in people with 

diabetes (Type I and Type II)." Journal of university of Anbar for Pure science 

12(1). 

2. Abdulhameed, L. Q., and Mahdi, M. Q. (2018). Vitamin D Status and its 

Association with Homocysteine, Insulin and Insulin Resistance among Type II 
Diabetes Mellitus in Iraqi Patients, Journal of Global Pharma 

Technology,10(11):645-650. 

3. Al-Khaqani, F. A., M. S. Alzghair and Z. S. Mahmood (2018). "Correlation of 

glycosylated haemoglobin (HbA1c) levels with subclinical atherosclerosis in 

patients with type 2 diabetes mellitus." The Medical Journal of Basrah 
University 36(2): 103-114. 

4. Dauod, A. S. (2018). "Glycemic control among type 2 diabetic patients 

attending the Family Medicine Health Center and the Diabetic Health Center 

in Erbil, Iraq: a comparative study." Zanco Journal of Medical Sciences 

(Zanco J Med Sci) 22(3): 332-341. 

5. Kangabam, N., P. D. Oinam, J. Lourembam, D. Hijam, P. Singh and M. A. 
Singh (2013). "Serum homocysteine in type 2 diabetes with cardiovascular 

complications." Journal of Medical Society 27(1): 31. 

6. Bansal, S., Kapoor, S., Singh, G. P., & Yadav, S. (2016). Serum homocysteine 

levels in type 2 diabetes mellitus patients. International Jr of Contemporary 
Medical Research, 3(11), 3393-3396. 

7. Al-Muhandis, O. M. (2015). Determination of the Concentration Level of 

Homocystiene in The Serum of Patients With Myocardial and Type II Diabetes 
in Salahaddin Province. Iraqi National Journal of Chemistry, 15(4). 

8. Kurzawski, M., Wajda, A., Malinowski, D., Kazienko, A., Kurzawa, R., & 

Drozdzik, M. (2015). Association study of folate-related enzymes (MTHFR, 

MTR, MTRR) genetic variants with non-obstructive male infertility in a Polish 
population. Genetics and molecular biology, 38, 42-47. 

9. AboElAsrar, M. A., Hamed, A. A. S., Akar, N., Egin, Y., & Saied, M. M. M. 

(2012). Methylenetetrahydrofolate reductase gene polymorphism in type 1 

diabetes mellitus: Relationship to microvascular complications. Egyptian 
Journal of Medical Human Genetics, 13(2), 139-145. 



 

 

4571 

10. Nithya, K., Isabel, W., Angeline, T., Priscilla, A. S., Shakila, H., & Asirvatham, 

A. J. (2017). MTHFR C677T gene polymorphism in Type 2 diabetes mellitus 

patients with and without vascular complications: A case-control study. Meta 
Gene, 14, 79-84. 

11. Ramanathan, G., Harichandana, B., Kannan, S., Elumalai, R., & Sfd, P. 

(2019). Association between end‐stage diabetic nephropathy and MTHFR 
(C677T and A1298C) gene polymorphisms. Nephrology, 24(2), 155-159. 

12. Alzubadiy, M. W. M., Almohaidi, A. M. S., Sultan, A. A., & Abdulhameed, L. 

Q. (2019). Evaluation of E-selectin rs 5367 C/T Polymorphism in Iraqi 

Diabetic Foot patients. Paper presented at the Journal of Physics: Conference 

Series. 

13. Zidan, A. R., El Mougy, H. M., Moustafa, H. S., & Mohamed, E. F. (2019). 

Methylenetetrahydrofolate reductase C677T gene polymorphism and diabetic 
nephropathy susceptibility in patients with type 2 diabetes mellitus. The 
Scientific Journal of Al-Azhar Medical Faculty, Girls, 3(1), 14. 

14. Jafarian, N., Sheikhha, M. H., & Samadani, A. A. (2018). MTHFR gene at rs 

A1298C polymorphism in type II diabetes among Iranian population. Electron 
J Gen Med, 15(4). 

15. Zhong, J. H., Rodríguez, A. C., Yang, N. N., & Li, L. Q. (2013). 
Methylenetetrahydrofolate reductase gene polymorphism and risk of type 2 
diabetes mellitus. PLoS One, 8(9), e74521. 

16. Poodineh, M., Saravani, R., Mirhosseini, M., & Sargazi, S. (2019). Association 

of two methylenetetrahydrofolate reductase polymorphisms (rs1801133, 

rs1801131) with the risk of type 2 diabetes in South-East of Iran. Reports of 
biochemistry & molecular biology, 8(2), 178. 

17. Tan, A. G., Kifley, A., Mitchell, P., Rochtchina, E., Flood, V. M., Cumming, R. 

G., ... & Wang, J. J. (2016). Associations between methylenetetrahydrofolate 

reductase polymorphisms, serum homocysteine levels, and incident cortical 
cataract. JAMA ophthalmology, 134(5), 522-528.ISO 690. 

18. Tinelli, C., Di Pino, A., Ficulle, E., Marcelli, S., & Feligioni, M. (2019). 
Hyperhomocysteinemia as a risk factor and potential nutraceutical target for 

certain pathologies. Frontiers in nutrition, 6, 49. 

19. Caldeira-Araújo, H., Ramos, R., Florindo, C., Rivera, I., Castro, R., & Tavares 

de Almeida, I. (2019). Homocysteine metabolism in children and adolescents: 

influence of age on plasma biomarkers and correspondent genotype 
interactions. Nutrients, 11(3), 646.  


