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Methylene tetrahydrofolate reductase (MTHFR) gene is a key regulatory enzyme in folate pathway 
which is involved in male reproductive system. There are many single nucleotide polymorphism 
(SNP) in this gene. One of key gene polymorphisms is rs1801131 which may influence male 
infertility.  
The aim of this study is to investigate the association of rs1801131 with male infertility in Iranian 
population by a meta-analysis approach.  
To find out eligible studies, we searched appropriate universal (PubMed, Google Scholar, and 
ScienceDirect) and Persian (SID and Magiran) databases.  
After screening of articles, we analyzed the extracted data by Meta Analyst software. After meta-
analysis, we didn’t find any significant association of rs1801131 with male infertility within Iranian 
population in CC vs. AA (OR= 1.088, 95%CI= 0.668-1.772, p= 0.735) and AC vs. AA (OR= 1.021, 
95%CI= 0.742-1.406, p=0.897) genetics models.  
According to the result, we concluded that rs1801131 could not be a suitable biomarker for 
idiopathic male infertility in Iranian population. 
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Introduction 
Methylene tetrahydrofolate reductase (MTHFR) is the rate-limiting enzyme in methyl cycle, which is encoded by the gene 
MTHFR (Goyette et al., 1994). Methylene tetrahydrofolate reductase catalysis the conversion of 10, 5- methylene 
tertrahydrofolate to 5- methyl tetrahydrofolate. 5-methyl tetrahydrofolate is a substrate for remethylation of homocystein to 
methionine. This methyl group from the methionine is used to construction of S adenosylmethionine which is used to DNA 
methylation (Kakkoura et al., 2015; Födinger et al., 1999; Friso et al., 2002). Folate is essential for DNA methylation and 
DNA synthesis. Homocysteine is a sulfur-containing amino acid that is a metabolite from methionine essential amino acid 
(Karimian and Hosseinzadeh Colagar, 2016; Karimian and Hosseinzadeh Colagar, 2017). The enzyme is involved in a 
biochemical interaction in the folate cycle, between methionine and S- adenosylmethionine (Smulders et al., 2007). 
Researchers have reported that folate deficiency causes increased DNA fragmentation (Koury et al., 1997). Several 
mechanisms could explain the association between serum folate and male infertility. Serum folate levels are inversely related 
to the concentration of homocysteine (Hcy) of serum (Ganji and Kafai, 2004). Reduction in serum levels of vitamin B 
increases the re-methylation of homocysteine resulting in disruption of the methylation cycle that ultimately disrupts the 
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synthesis, repair, and DNA methylation (Friso and Choi, 2005). All of aforementioned notes could explain the main role of 
folate pathway and MTHFR gene in male infertility. The rs1801131 polymorphism which located on exon 8 of MTHFR 
gene may affect the DNA methylation, DNA repair and DNA synthesis (Karimian and Colagar, 2016; Nikzad et al., 2015). 
Some studies investigated the association of rs1801131 with male infertility in Iranian population (Safarinejad et al., 2011; 
Karimian and Colagar, 2016). In this study we investigate the association of this polymorphism with male infertility within 
Iranian population in a meta-analysis approach. 

 
Material And Methods 
Meta-analysis 
At November 2016, a deep search was completed by ScienceDirect, PubMed, and Google Scholar, and also two Persian SID 
and Magiran databases for the following keywords: “male infertility”, ”Iran”,  “MTHFR”, “polymorphism”, “SNP”, 
“rs1801131”, and “A1298C”. The inclusion criteria which used to choice of paper are as follow: 1- investigation of 
rs1801131 and male infertility risk; 2- case-control study; and 3- adequate data to calculate the odds ratios (ORs) and 95% 
confidence intervals (95%CIs). The following information was extracted from all included articles: the name of first author, 
year of publication, frequencies of genotypes for fertile and infertile men, and method of genotyping. The extracted data 
from included studies in meta-analysis are detailed in table 1. 
 

Table 1. Distribution of A1298C in included studies 
 
 
 

PCR=polymerase chain reaction; RFLP=restriction fragment length polymorphism. 
The control groups were in Hardy–Weinberg equilibrium. 
 

Statistical Analysis 
In meta-analysis, the pooled ORs within 95% CIs were estimated for the two following genetic models: 1- CC vs. AA 
(Codominant model), 2- AC vs. AA (Codominant model). A χ2 test based on Q test, was used to evaluated the heterogeneity 
assumption and a p<0.1 considered as a significant difference (Higgins et al., 2003). In the absence of true heterogeneity, the 
fixed-effect model was employed for evaluation of the pooled OR (Mantel and Haenszel, 1959; Sharif et al., 2016), if not the 
random-effect model was used for calculation of the OR (DerSimonian and Laird, 1986; Sharif et al., 2017).   

 
Results 
After analysis of Hardy-Weinberg equilibrium, we found that the distribution of genotype frequencies in control groups of 
both included studies met the Hardy-Weinberg criteria (p>0.05). Our genetic association study revealed that there is no 
significant association between rs1801131 and male infertility in Iranian population in both CC vs. AA (OR= 1.088, 
95%CI= 0.668-1.772, p= 0.735) and AC vs. AA (OR= 1.021, 95%CI= 0.742-1.406, p= 0.897) genetic models. Also, 
heterogeneity analysis revealed there is no true heterogeneity in both CC vs. AA (I2= 0%, Pheterogeneity= 0.634) and AC 
vs. AA (I2= 0%, Pheterogeneity= 0.774) models. 

Table 2. Results of meta-analysis 

Genetic model 
Analysis 
model 

OR 
(95%CI) P-value tau2 Q(df=1) PH I2 

CC vs. AA 
(Codominant 
model) 

Random 
effect 

1.088 
(0.667-1.776) 

0.736 0.000 0.227 0.634 0% 

Fixed effect 1.088 
(0.668-1.772) 

0.735 - 0.227 0.634 0% 

AC vs. AA 
(Codominant 
model) 

Random 
effect 

1.021 
(0.742-1.406) 

0.897 0.000 0.082 0.774 0% 

Fixed effect 1.021 
(0.742-1.406) 

0.898 - 0.082 0.774 0% 

             OR, odds ratio; CI, confidence interval; PH, P-values for heterogeneity from Q test 
 
Discussion 
Infertility involved 10-15% of couples all around the world. About 50% of infertility causes are related to male factors 
(Ferlin et al., 2006; Abbasalizadeh et al., 2008; Rafatmanesh et al., 2017). With advances in molecular biology, many genes 

Genotype frequencies HW
E 
Pa 

Genotyping 
method Reference Control Case 

AA AC CC AA AC CC 
149 141 38 75 70 19 0.60 PCR-RFLP Safarinejad et al., 2011 

70 48 14 59 44 15 0.19 PCR-RFLP Karimian and Colagar, 
2016 
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involved in male infertility are known. Defects in genes involved in spermatogenesis can lead to infertility (Ferlin et al., 
2006; Karimian et al., 2015; Talebi et al., 2017). It is known that autosomal polymorphisms in the genes such as protamine, 
MTR, MTRR, and MTHFR and has an important role in male infertility (Jamali et al., 2016; Nikzad et al., 2015). The 
rs1801131 is an exonic variety in MTHFR gene. The aim of this study was to investigate the association of this 
polymorphism with male infertility in Iranian men in a meta-analysis. Our data revealed that there is no significant 
association between rs1801131 and male infertility in Iranian population. However, further studies are required to obtain 
more accurate data.  
Some possible mechanisms can explain the role of MTHFR in male reproductive system. MTHFR is a key enzyme in folate 
pathway which is involved in many process such as DNA methylation, DNA synthesis, and DNA repair (Bailey and 
Gregory, 1999). On the other hand these three process is very closely related to spermatogenesis (Messerschmidt et al., 
2014). Therefore any changes in the sequence of this gene may disrupt male fertility. Methylation of DNA has several vital 
roles in human cells such as increasing stability of the genome and gene expression suppression (Montjean et al., 2011; 
Ravel et al., 2009). Moreover, if methylation of DNA is obstructed by 5-azacytidine during the spermatogenesis process, the 
count of spermatids and spermatozoa reduce in the testis, which can result in asthenozoospermia and teratozoospermia in 
humans (Benchaib et al., 2003). Increased level of homocysteine may lead to auto-oxidation process by H2O2 production, a 
damaging reactive oxygen (Makker et al., 2009). Moreover, reactive oxygen species (ROS) might be correlated with 
homocysteine-mediated DNA destruction. Intracellular H2O2 increase by homocysteine, and this encourages program cell 
death produced by DNA damages (Abd-Elmoaty et al., 2010). Oxidative stress is damaging for sperm and this results in 
DNA damage and plasma membrane via peroxidation of lipid (Ross et al., 2010). In previous studies, we explained the 
effects of SNPs on gene expression, RNA structure and protein function (Mazaheri et al., 2017; Soleimani et al., 2017; 
Raygan et al., 2016; Ebrahimi et al., 2017). The effect of rs1801131 polymorphism on MTHFR enzyme could be evaluated 
by in silico analysis. A big limitation of this study was the low number of included studies in the meta-analysis. Therefore 
more case-control studies with different ethnicities are required to obtain more accurate data. In addition, these similar 
studies could be performed in cancer field which involved with environmental and genetic factors (Khamechian et al., 2013; 
Sharif et al., 2017). 

 
References 

1. Abbasalizadeh, F., Fardy-Azar, Z., & Ranjbar-Koucheksaray, F. (2008). Correlation of Infertility and Sexual 
Dysfunction. Research Journal of Biological Sciences, 3(1), 52-56. 

2. Abd-Elmoaty, M. A., Saleh, R., Sharma, R., & Agarwal, A. (2010). Increased levels of oxidants and reduced 
antioxidants in semen of infertile men with varicocele. Fertility and Sterility, 94(4), 1531-1534. 

3. Bailey, L. B., & Gregory, J. F. (1999). Folate metabolism and requirements. The Journal of Nutrition, 129(4), 779-
782. 

4. Benchaib, M., Ajina, M., Lornage, J., Niveleau, A., Durand, P., & Guérin, J. F. (2003). Quantitation by image 
analysis of global DNA methylation in human spermatozoa and its prognostic value in in vitro fertilization: a 
preliminary study. Fertility and Sterility, 80(4), 947-953. 

5. DerSimonian, R., & Laird, N. (1986). Meta-analysis in clinical trials Control Clin Trials, 7(3), 177–188. 
6. Ebrahimi, A., Colagar, A. H., & Karimian, M. (2017). Association of Human Methionine Synthase-A2756G 

Transition With Prostate Cancer: A Case-Control Study and in Silico Analysis. Acta Medica Iranica, 55(5), 297-
303. 

7. Födinger, M., Hörl, W. H., & Sunder-Plassmann, G. (1999). Molecular biology of 5, 10-methylenetetrahydrofolate 
reductase. Journal of Nephrology, 13(1), 20-33. 

8. Friso, S., & Choi, S. W. (2005). Gene-nutrient interactions in one-carbon metabolism. Current Drug 
Metabolism, 6(1), 37-46. 

9. Friso, S., Choi, S. W., Girelli, D., Mason, J. B., Dolnikowski, G. G., Bagley, P. J., ... & Selhub, J. (2002). A 
common mutation in the 5, 10-methylenetetrahydrofolate reductase gene affects genomic DNA methylation 
through an interaction with folate status. Proceedings of the National Academy of Sciences, 99(8), 5606-5611. 

10. Ganji, V., & Kafai, M. R. (2004). Frequent consumption of milk, yogurt, cold breakfast cereals, peppers, and 
cruciferous vegetables and intakes of dietary folate and riboflavin but not vitamins B-12 and B-6 are inversely 
associated with serum total homocysteine concentrations in the US population. The American Journal of Clinical 
Nutrition, 80(6), 1500-1507. 

11. Goyette, P., Summer, J. S., & Milos, R. (1994). Human methylenetetrahydrofolate reductase: isolation of cDNA, 
mapping and mutation. Nature Genetics, 7(2), 195-200. 

12. Higgins, J.P., Thompson, S.G., Deeks, J.J., Altman, D.G. (2003). Measuring inconsistency in meta-analyses. BMJ, 
327(7414), 557-560. 

13. Jamali, S., Karimian, M., Nikzad, H., & Aftabi, Y. (2016). The c.− 190 C> A transversion in promoter region of 
protamine1 gene as a genetic risk factor for idiopathic oligozoospermia. Molecular Biology Reports, 43(8), 795-
802. 



Vahid Arab-Yarmohammadi et al, 2017 
Pharmacophore, 8(6S) 2017, e-1173371, Pages 5 

14. Kakkoura, M. G., Demetriou, C. A., Loizidou, M. A., Loucaides, G., Neophytou, I., Marcou, Y., ... & Kyriacou, K. 
(2015). Single-nucleotide polymorphisms in one-carbon metabolism genes, Mediterranean diet and breast cancer 
risk: a case–control study in the Greek-Cypriot female population. Genes & Nutrition, 10(2), 1-11. 

15. Karimian, M., & Colagar, A. H. (2016). Association of C677T transition of the human methylenetetrahydrofolate 
reductase (MTHFR) gene with male infertility. Reproduction, Fertility and Development, 28(6), 785-794. 

16. Karimian, M., & Hosseinzadeh Colagar, A. (2016). Methionine synthase A2756G transition might be a risk factor 
for male infertility: Evidences from seven case-control studies. Molecular and Cellular Endocrinology, 425, 1-10. 

17. Karimian, M., & Hosseinzadeh Colagar, A. (2017). Human MTHFR-G1793A transition may be a protective 
mutation against male infertility: a genetic association study and in silico analysis. Human Fertility, 1-9. 

18. Karimian, M., Nikzad, H., Azami-Tameh, A., Taherian, A., Darvishi, F. Z., & Haghighatnia, M. J. (2015). SPO11-
C631T gene polymorphism: association with male infertility and an in silico-analysis. Journal of Family & 
Reproductive Health, 9(4), 155-163. 

19. Khamechian, T., Alizargar, J., & Mazoochi, T. (2013). Prevalence of depression in patients with Cancer. Middle 
East Journal of Scientific Research, 15(9), 1311-1315.  

20. Koury, M. J., Horne, D. W., Brown, Z. A., Pietenpol, J. A., Blount, B. C., Ames, B. N., ... & Koury, S. T. (1997). 
Apoptosis of late-stage erythroblasts in megaloblastic anemia: association with DNA damage and macrocyte 
production. Blood, 89(12), 4617-4623. 

21. Makker, K., Agarwal, A., & Sharma, R. (2009). Oxidative stress & male infertility. Indian Journal of Medical 
Research, 129(4), 357-367. 

22. Mantel, N., Haenszel, W. (1959). Statistical aspects of the analysisof data from retrospective studies of disease. 
Journal of the National Cancer Institute, 22, 719-748 

23. Mazaheri, M., Karimian, M., Behjati, M., Raygan, F., & Colagar, A. H. (2017). Association analysis of rs1049255 
and rs4673 transitions in p22phox gene with coronary artery disease: A case-control study and a computational 
analysis. Irish Journal of Medical Science (1971-), 1-8. 

24. Messerschmidt, D. M., Knowles, B. B., & Solter, D. (2014). DNA methylation dynamics during epigenetic 
reprogramming in the germline and preimplantation embryos. Genes & Development, 28(8), 812-828. 

25. Montjean, D., Benkhalifa, M., Dessolle, L., Cohen-Bacrie, P., Belloc, S., Siffroi, J. P., ... & McElreavey, K. 
(2011). Polymorphisms in MTHFR and MTRR genes associated with blood plasma homocysteine concentration 
and sperm counts. Fertility and Sterility, 95(2), 635-640. 

26. Nikzad, H., Karimian, M., Sareban, K., Khoshsokhan, M., & Colagar, A. H. (2015). MTHFR-Ala222Val and male 
infertility: a study in Iranian men, an updated meta-analysis and an in silico-analysis. Reproductive Biomedicine 
Online, 31(5), 668-680. 

27. Rafatmanesh, A., Nikzad, H., Ebrahimi, A., Karimian, M., & Zamani, T. (2017). Association of the c.‐9C> T and 
c. 368A> G transitions in H2BFWT gene with male infertility in an Iranian population. Andrologia. 

28. Ravel, C., Chantot-Bastaraud, S., Chalmey, C., Barreiro, L., Aknin-Seifer, I., Pfeffer, J., ... & McElreavey, K. 
(2009). Lack of association between genetic polymorphisms in enzymes associated with folate metabolism and 
unexplained reduced sperm counts. PloS one, 4(8), e6540. 

29. Raygan, F., Karimian, M., Rezaeian, A., Bahmani, B., & Behjati, M. (2016). Angiotensinogen-M235T as a risk 
factor for myocardial infarction in Asian populations: a genetic association study and a bioinformatics 
approach. Croatian Medical Journal, 57(4), 351-362. 

30. Ross, C., Morriss, A., Khairy, M., Khalaf, Y., Braude, P., Coomarasamy, A., & El-Toukhy, T. (2010). A 
systematic review of the effect of oral antioxidants on male infertility. Reproductive Biomedicine Online, 20(6), 
711-723. 

31. Safarinejad, M. R., Shafiei, N., & Safarinejad, S. (2011). Relationship between genetic polymorphisms of 
methylenetetrahydrofolate reductase (C677T, A1298C, and G1793A) as risk factors for idiopathic male 
infertility. Reproductive Sciences, 18(3), 304-315. 

32. Sharif, A., Kheirkhah, D., Sharif, M.R., Karimian, M., Karimian, Z. (2016). ABCB1-C3435T polymorphism and 
breast cancer risk: a case-control study and a meta-analysis. J BUON, 21(6), 1433-1441. 

33. Sharif, A., Kheirkhah, D., Sharif, M.R., Karimian, M., Karimian, Z. (2017). ABCB1-C3435T polymorphism and 
breast cancer risk: a case-control study and a meta-analysis. J BUON, 22(2), 355-364. 

34. Smulders, Y. M., Smith, D. E., Kok, R. M., Teerlink, T., Gellekink, H., Vaes, W. H., ... & Jakobs, C. (2007). Red 
blood cell folate vitamer distribution in healthy subjects is determined by the methylenetetrahydrofolate reductase 
C677T polymorphism and by the total folate status. The Journal of Nutritional Biochemistry, 18(10), 693-699. 

35. Soleimani, Z., Kheirkhah, D., Sharif, M. R., Sharif, A., Karimian, M., & Aftabi, Y. (2017). Association of CCND1 
Gene c. 870G> A Polymorphism with Breast Cancer Risk: A Case-Control Study and a Meta-Analysis. Pathology 
& Oncology Research, 23(3), 621-631. 

36. Talebi, E., Karimian, M., & Nikzad, H. (2017). Association of sperm mitochondrial DNA deletions with male 
infertility in an Iranian population. Mitochondrial DNA Part A, 1-9. 


