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Abstract 

Background: Methylenetetrahydrofolate reductase (MTHFR) C677T is a single nucleotide polymorphism (SNP) that affects the production 

of 5-methyltetrahydrofolate (5-MTHF), the active folate that enables the recycling of homocysteine (Hcy) to methionine. Objective: to 

investigate the association between the MTHFR (C677T) polymorphism and the outcomes of intracytoplasmic sperm injection (ICSI). 

Methods: A prospective cohort study included 85 infertile women undergoing ICSI treatment at the High Institute of Infertility Diagnosis 

and Assisted Reproductive Technologies in Baghdad, Iraq. The study period extended from January 2022 to September 2023. The MTHFR 

C677T polymorphism genotyping was evaluated in these patients, and they were classified into three groups according to genotyping 

results: normal (CC), heterozygote mutated (CT), and mutated homozygote (TT). In addition, we conducted a comparative analysis of 

oocyte, embryo and pregnancy rates among these three groups. Results: In comparison to the CT and TT genotypes, the total number of 

oocytes, total embryos, mature oocytes, good-quality embryos, and pregnancy rate were all found to be significantly higher (p<0.05) in the 

CC genotype. Compared to the CC group, the proportion of immature oocytes and poor-quality embryos was significantly higher in the TT 

and CT groups (p<0.05). The rate of fertilization was comparable among the study groups. Conclusions: The maternal MTHFR C677T 

polymorphism is linked to oocyte number, maturity, total embryo, embryo quality, and pregnancy in ICSI. In light of this, MTHFR 
polymorphism in our community offers useful data regarding the success of ICSI. 

Keywords: Infertility, Intracytoplasmic sperm injection, Methylene tetrahydrofolate reductase, Single nucleotide polymorphism. 

 المجهري حقنللت المصابات بالعقم اللائي يخضعن مع عدد البويضات وجودة الجنين لدى النساء العراقيا C677T مثيل تتراهيدروفولات الأشكال الجيني المختزلتعدد  طابترا

 الخلاصة

، (MTHF-5) ميثيل تتراهيدروفولات-5الذي يؤثر على إنتاج  (SNP) هو تعدد أشكال النوكليوتيدات المفردة C677T (MTHFR): اختزال الميثيلين تتراهيدروفولات خلفيةال

 .الحقن المجهري ونتائج MTHFR (C677T): التحقيق في العلاقة بين تعدد الأشكال الهدفإلى ميثيونين.  (Hcy) وهو حمض الفوليك النشط الذي يتيح إعادة تدوير الهوموسيستين

بغداد، العراق، بين يناير  امرأة مصابة بالعقم يخضعن لعلاج الحقن المجهري في المعهد العالي لتشخيص العقم والتقنيات المساعدة على الإنجاب في 85 الدراسة تضمنت: الطريقة

، (CC) ا لنتائج التنميط الجيني: طبيعيفي هؤلاء المرضى، وتم تصنيفهم إلى ثلاث مجموعات وفق MTHFR C677T. تم تقييم التنميط الجيني لتعدد الأشكال 2023وسبتمبر  2022

: النتائجة. بالإضافة إلى ذلك، أجرينا تحليلا مقارنا لمعدلات البويضات والأجنة والحمل بين المجموعات الثلاث (.TT) ، ومتماثل الزيجوت المتحور (CT) متحور متغاير الزيجوت

، ومعدل الحمل أعلى بكثير اضجة، والأجنة ذات النوعية الجيدة، والبويضات النالإجمالي للبويضات، وإجمالي الأجنة ثور على العدد، تم الع TTو  CTبالمقارنة مع الأنماط الجينية 

صاب كان معدل الإخ .CT و TT، كانت نسبة البويضات غير الناضجة والأجنة ذات النوعية الرديئة أعلى بكثير في مجموعات  CCبالمقارنة مع مجموعة  (.CC) في النمط الجيني

للأم بعدد البويضات والنضج والجنين الكلي وجودة الجنين والحمل في الحقن المجهري.  MTHFR C677T: يرتبط تعدد الأشكال الاستنتاجات المجموعات الثلاثة.قابلا للمقارنة بين 

 .في مجتمعنا بيانات مفيدة فيما يتعلق بنجاح الحقن المجهري MTHFRفي ضوء ذلك ، يقدم تعدد الأشكال 
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INTRODUCTION 

Assisted reproductive technologies (ART) have gained 

widespread acceptance as a tried-and-true treatment for 

infertility. Nonetheless, despite recent advances in IVF 

and ICSI, only roughly one-third of these treatments result 

in live newborns. Understanding the factors that influence 

IVF/ICSI pregnancy outcomes is critical for developing 

safer and more successful infertility therapies [1,2]. 

According to growing evidence, folate metabolism affects 

human reproductive health, including the results of ART 

[3]. Folate-mediated carbon metabolism is necessary for 

the synthesis of DNA, RNA, and proteins as well as for 

the control of Hcy levels and the availability of methyl 

donors for methylation [4]. The MTHFR gene, which is 

located at position p36.3 on human chromosome 1, codes 

for the methylenetetrahydrofolate reductase enzyme. The 

primary form of folate found in blood, 5-

methyltetrahydrofolate, is produced through the reduction 

of 5,10-methylenetetrahydrofolate by MTHFR, an 

enzyme that is essential to the metabolism of 

homocysteine and folate [5]. Genetic polymorphisms are 

increasingly being acknowledged as potential 

determinants of fertility. Although reproduction may be 

regulated by numerous genes, MTHFR is a particular 

genetic variant that has garnered attention from scientists 

[6]. Each individual has two MTHFR genes, one from 

each parent. Mutations in either one (heterozygous) or 

both (homozygous) of these genes can have an impact. 

Health problems are less likely to result from 

heterozygosity. Some scientists think that having two 

mutations may cause more severe issues. According to the 

SNP database (dbSNP), the MTHFR gene has at least 247 

different SNPs. MTHFR C677T (rs1801133) and 

MTHFR A1298C (rs1801131) SNPs are the two most 

prevalent polymorphisms of the MTHFR gene's DNA 

sequence variations [7]. The most frequent form of mild 

MTHFR insufficiency is the CT sequence alteration at 

nucleotide 677. At codon 222, this alteration causes an 

alanine-to-valine substitution, which is known as a 

missense change [5]. The second prevalent MTHFR 

variant is the A>C transition at nucleotide position 1298. 

At codon 429, a glutamine-to-alanine substitution occurs 

as a result of this alteration [7,8]. Enzyme activity in 

homozygous TT mutant individuals is around 30% lower 

than that in homozygous CC genotype individuals, 

whereas enzyme activity in heterozygous genotype (CT) 

individuals is roughly 65% lower than that in homozygous 

CC genotype individuals [9]. The 677 C>T MTHFR 

polymorphism causes a decrease in MTHFR activity, 

which causes an increase in Hcy concentration in body 

fluids. Excess Hcy can affect developing gametes and 

embryos by causing DNA damage and improper 

methylation [9,10]. MTHFR isoforms, particularly 

T677T, have been linked to decreased fertility in both men 

and women, and repeat miscarriage are more likely in 

couples with males who carry the MTHFR SNP than 

without. The T677T isoform, which also strongly induces 

chromosomal abnormalities, dramatically alters pre-

implantation development [11]. Evidence suggests that 

MTHFR 677C>T is connected to premature ovarian 

failure, recurrent miscarriage, and recurrent implantation 

failure, as well as ovarian reserve, oocyte maturation, and 

embryonic aneuploidy [12]. The high rate of ART failure, 

as well as the financial and emotional hardship, 

necessitate further investigation of the influence of 

MTHFR genetic variations in couples seeking 

reproductive therapy. Understanding the relationship 

between MTHFR polymorphisms and ICSI outcomes may 

aid practitioners in providing a better outcome for couples 

and a greater ART success rate. 

METHODS 

Study design and participants 

During January 2022 to September 2023, a prospective 

cohort study comprising 85 subfertile females visited the 

consultation clinic of the High Institute of Infertility 

Diagnosis and Assisted Reproductive Technologies, Al-

Nahrain University, Baghdad, Iraq and underwent the 

ICSI program. 

Inclusion criteria 

The investigated participants included 85 women with a 

normal ovarian function who referred to an infertility 

clinic due to male factor, unexplained and tubal infertility. 

Further selection criteria for this study were as follows: 20 

to 43 years of age, infertility duration ranging from 3 to 

15 years, a normal menstrual cycle, and no evidence of 

endocrine disorders. Some of these infertile women were 

undergoing their initial IVF/ICSI procedures, while others 

had already done at least one cycle. 

Exclusion criteria 

Endometriosis, ovarian surgery, endocrine disorders, and 

systemic diseases were all reasons for excluding 

participants from the study. 

Sample Collection 

5.0 ml of blood were drawn into sterile ethylene diamine 

tetra-acetic acid (EDTA) tubes for hormone testing and 

detection of the C677T allele of the MTHFR gene. A 

hormonal assay was performed using the standard routine 

laboratory process for ELISA with specific antibodies for 

determining FSH, LH, estradiol, progesterone, prolactin 

and AMH levels. 

Genotyping study 

By using the Promega Wizard® Genomic DNA 

Purification Kit and adhering to the manufacturer's 

instructions, the DNA was isolated from the whole blood 
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of female participants. Agarose gel electrophoresis was 

used to identify the isolated DNA. Using the diode array's 

scanning capability from 200 to 320 nm in wave length, 

nanodrops measured the DNA quantity and quality. The 

absorbance profile was then processed and analyzed to 

identify the DNA quantity and quality by computing the 

260/280 and 260/230 ratios. To find the MTHFR gene 

C677T genotype, DNA sequencing of PCR amplicons 

was done with primers designed for this study: forward 5'-

AACTCAGCGAACTCAGCACT-3ˆ and reverse 5'-

TCACTATCTTGGACCCCTGA-3ˆ. The PCR reaction 

mixture contained 25 µl of nuclease-free water, 20–50 ng 

template DNA, Go Taq Green Master Mix 1X (Promega), 

downstream primers 0.1–1.0 pmol, and upstream primers 

0.1–1.0 pmol. PCR optimization was carried out as a 

preliminary step, utilizing a gradient temperature 

spanning from 50 °C to 65 °C with variations in PCR wells 

(Figure 1).  

 
Figure 1: PCR optimization of MTHFR PCR amplification of MTHFR 

lane L 100bp DNA ladder (A), other lanes represent different annealing 

temperature (B). 

Using apparatus from the GTC Series thermocycler 

(Cleaver Scientific, UK), amplification reactions were 

conducted. Amplified DNA fragments were 

electrophoresed on 1.5% agarose (0.5x) TBE buffer for 1 

hour at 75 volts. The bands were then seen under 

ultraviolet light after being stained with ethidium 

bromide. A 100-base-pair ladder was used as a size marker 

to estimate the sizes of the fragments. The resolved PCR 

amplicons were commercially sequenced from both 

forward and reverse termini according to the instruction 

manuals of the sequencing company (Macrogen Inc., 

Geumchen, Seoul, South Korea) (Figure 2). 

 
Figure 2: The SNP’s annotations checking of MTHFR SNP using the 

dbSNP server. The identified known SNPs were marked with a blue 

color. GenBank acc. no. NC_000001.11 is used in the positioning of the 
identified SNPs in the MTHFR.  

Only clear chromatographs obtained from ABI sequence 

files were further analyzed, ensuring that the annotation 

and variations are not because of PCR or sequencing 

artifacts. The virtual positions and other details of the 

retrieved PCR fragments were found by comparing the 

DNA sequences of the samples that were being studied 

with neighboring DNA sequences that were retrieved by 

the NCBI Blastn engine. The sequencing results of the 

PCR products were edited, aligned, and analyzed as long 

as they matched the respective sequences in the reference 

database using BioEdit Sequence Alignment Editor 

Software Version 7.1 (DNASTAR, Madison, WI, USA) 

(Figure 3). 

 
Figure 3: The pattern of the detected SNPs within the DNA 

chromatogram of the MTHFR gene. 

ICSI Procedure 

The women were subjected to controlled ovarian 

hyperstimulation using the antagonist protocol. Human 

menopausal gonadotropin in the form of in vitro 

fertilization-Menotropin (IVF-M), LG Chem Ltd., Korea, 

75–150 IU, or recombinant FSH in the form of Gonal-F®, 

Merck KGaA Darmstadt, Germany 75–300 IU was used 

for controlled ovarian stimulation. When follicular 

recruitments began and a significant number of follicles 

reached a size of 14, the pituitary was down-regulated by 

using the gonadotropin-releasing hormone (GnRH) 

antagonist Cetrotide, Merck KGaA Darmstadt, Germany, 

0,25 mg. When the leading follicles' diameter reaches 18 

mm and there is sufficient E2 concentration in the serum 

(> 1500 p/ml), ovulation is triggered by the administration 

of 500 micrograms of recombinant human chorionic 

gonadotropin (Ovitrelle®, Merck Global, Germany). 

Following the ovulation trigger, a follicular puncture was 

used to retrieve oocytes while the patient was under 

general anesthesia. Chemical pregnancy was verified 14 

days after embryo transfer by blood human chorionic 

gonadotropin (hCG) testing. Based on the MTHFR gene 

C677T polymorphism test results, 85 patients were then 

put into one of three groups: CC, CT, or TT. The outcomes 

of ICSI were then compared between these groups. 

Because they only had immature oocytes (germinal 

vesicle (GV)), seven females were excluded from the 

study. Later, those women were revealed to have an 

uncommon genotype. 
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Ethical consideration 

As part of a Doctor of Philosophy degree in infertility and 

clinical reproduction, the study received approval from 

the Ethical Committee of the High Institute of Infertility 

Diagnosis and Assisted Reproductive Technologies, Al-

Nahrain University, Baghdad, Iraq (0701-PF-

2021R7/September 2021). Each participant in the study 

gave informed consent. 

Statistical analysis 

Data were collected, summarized, analyzed and presented 

using the statistical package for social sciences (SPSS) 

version 23 and Microsoft Office Excel 2010. We used 

number and percentages to show qualitative (categorical) 

variables and the Kolmogorov-Smirnov test to see if 

quantitative (numeric) variables had a normal distribution. 

If they did, we used mean (an indicator of central 

tendency) and standard deviation (an indicator of 

dispersion) to show normally distributed numerical 

variables. The following statistical tests were used: A chi-

square test was used to evaluate the association between 

any two categorical variables, provided that less than 20% 

of cells had an expected count of less than 5. Independent 

samples A t-test is used to evaluate the difference in mean 

of numeric variables between any two groups, provided 

that these variables are normally distributed. One-way 

analysis of variance (ANOVA) was used to evaluate the 

difference in mean of numeric variables among more than 

two groups, provided that these numeric variables were 

normally distributed. A one-way ANOVA was followed 

by a post hoc LSD test to evaluate individual differences 

in mean values between any two groups. Hardy-Weinberg 

equilibrium was used to evaluate the difference between 

observed counts and expected counts of genotypes. Risk 

was estimated using the odds ratio and corresponding 95% 

confidence interval. The level of significance was 

considered to be a p-value less than 0.05. 

RESULTS 

The Hardy-Weinberg equilibrium frequency distribution 

of 219C>T (rs1801133) SNP is shown in Table 1.  

Table 1: Hardy Weinberg equilibrium frequency distribution of 

219C>T (rs1801133) SNP 

219C>T (rs1801133) Observed count Expected count 

CC 37 39.5 

CT 37 32.0 

TT 4 6.5 
Χ 1.887 

p-value 0.169 

There was no significant difference between observed 

counts and expected counts (p=0.169). A comparison of 

219C>T (rs1801133) genotypes and alleles according to 

pregnancy outcome is shown in Table 2.  

Table 2: Comparison of 219C>T (rs1801133) genotypes and alleles according to pregnancy outcome 

219C>T(rs1801133) 
Positive pregnancy test 

n=25 

Negative pregnancy test 

n=53 
p OR 95% CI 

Genotypes 

CC 18(72.0) 19(35.8) 0.003 4.60 1.63-12.99 
CT 7(28.0) 30(56.6) 0.018 0.30 0.11-0.83 

TT 0(0.0) 4(7.5) 0.158 0.22  

Alleles 
Positive pregnancy test 

n=50 
Negative pregnancy test 

n=106 
p OR 95% CI 

C 43(86.0) 68(64.2) 
0.005 

3.43 1.41- 8.38 

T 7(14.0) 38(35.8) 0.29 0.12-0.71 

Values were expressed as number and percentage. n: number of cases; OR: odds ratio; CI: confidence interval.

 

Genotype CC was significantly higher in women with 

positive pregnancy tests in comparison to women with 

negative pregnancy tests (72% versus 35.8%, 

respectively) (p=0.003); therefore, the CC genotype is a 

positive predictor of pregnancy, with an odds ratio of 4.6, 

indicating that women with this particular genotype have 

a 4.6 chance of getting pregnant in comparison with 

women lacking that particular genotype. Genotype CT 

was lower significantly in women with positive pregnancy 

tests in comparison to women with negative pregnancy 

tests (28% versus 56.6%, respectively) (p=0.018), 

therefore, the CT genotype is a negative predictor of 

pregnancy, with an odds ratio of 0.3 indicating that 

women with this particular genotype have a reduced 

chance of getting pregnant by 70% in comparison with 

women lacking that particular genotype. There was no 

significant difference in the proportion of TT genotype 

between women with a positive pregnancy test and 

women with a negative pregnancy test (p=0.158). Allele 

C was significantly higher in women with positive 

pregnancy tests in comparison to women with negative 

pregnancy tests (86% versus 64.2%, respectively) 

(p=0.005); therefore, the C allele is a positive predictor of 

pregnancy with an odds ratio of 3.43, indicating that 

women with this particular allele have a 3.43 chance of 

getting pregnant in comparison with women lacking that 

particular allele. Allele T was significantly lower in 

women with positive pregnancy tests in comparison to 

women with negative pregnancy tests (14% versus 35.8%, 

respectively) (p=0.005), therefore, the T allele is a 

negative predictor of pregnancy with an odds ratio of 0.29, 

indicating that women with this particular allele have a 

reduced chance of getting pregnant by 71% in comparison 
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with women lacking that particular allele. A comparison 

of oocyte and embryo characteristics based on 219C>T 

(rs1801133) genotypes is shown in Table 3. The mean 

total oocyte was significantly highest in the CC and CT 

genotypes, followed by the TT genotypes (p=0.047). The 

mean immature oocyte (GV) and metaphase I (MI) were 

significantly highest in CT genotypes, followed by CC 

and TT genotypes (p<0.001). The mean mature oocyte 

(metaphase II (MII)) was significantly highest in the CC 

genotype, followed by the CT genotype, and then the TT 

genotype (p=0.001). 

Table 3: Comparison of oocyte and embryo characteristics based on 219C>T (rs1801133) genotypes 

Characteristic 
CC 

n=37 
CT 

n=37 
TT 
n=4 

p-value (ANOVA) 

Total oocyte 9.68±2.25a 9.382.56a 6.50±1.73b 0.047 

Immature (GV, MI)  2.78±0.95b 4.05±1.6a 2.5±1.29b <0.001 
Mature (MII) 6.89±2.17a 5.30±1.91b 4.00±1.41c 0.001 

Fertilization rate 76.65±7.52 72.24±13.91 65.00±12.25 0.069 

Total embryos 5.41±1.92a 4.24±1.74b 2.75±1.26c 0.003 
Good embryo (G I, G II) 4.0±1.72a 2.62±1.46b 0.25±0.5c <0.001 

Bad embryo (G III, G IV) 1.41±0.99b 1.70±1.02b 2.75±0.50a 0.032 

Transferred embryo 2.38±0.64 2.54±0.61 2.75±0.50 0.353 

Values are expressed as mean±SD. Values with non-identical superscripts (a,b,c) within the same character are significantly different 

according to post hoc analysis (p<0.05).

 

Fertilization rates were comparable among the CC, CT 

and TT genotypes (p=0.069). The mean total embryo 

count was significantly highest in the CC genotype, 

followed by the CT genotype, and then by the TT 

genotype (p= 0.003). The mean good embryo (grade I (G 

I) and grade II (GII)) count was significantly highest in the 

CC genotype, followed by the CT genotype, and then by 

the TT genotype (p<0.001). The mean bad embryo (grade 

III (GIII) and grade IV (G IV)) count was significantly 

highest in the TT genotype, followed by the CT and CC 

genotypes (p=0.032). The mean transferred embryo count 

was comparable among the CC, CT and TT genotypes 

(p=0.353). 

DISSCUSION 

The MTHFR gene is crucial for the metabolism of folate 

and is required for human reproduction. The MTHFR 

genetic mutation has been linked to a number of disorders 

that affect fertility. MTHFR C677T polymorphism testing 

may therefore have significant clinical significance. 

However, there is no definitive evidence linking the 

MTHFR C677T polymorphism to ICSI outcomes. The 

current study revealed that genotype CC was considerably 

greater among women who had positive pregnancy tests 

compared to those who had negative pregnancy tests. 

Additionally, genotype CT was significantly lower in 

women with a positive pregnancy compared to those with 

a negative pregnancy. Furthermore, there was no 

discernible difference in the proportion of TT genotype 

between both groups. This finding is consistent with 

research indicating that women with the MTHFR C677T 

polymorphism were at increased risk for unsuccessful 

conception and implantation, especially in those with high 

serum homocysteine [13]. Other research findings 

indicated that the MTHFR C677T variation had no effect 

on the success of pregnancies [10,14,15]. There are 

several possible explanations for this, including: First, 

accurate blastocyst implantation into the endometrium is 

essential throughout pregnancy. This is a complex process 

that involves trophoblastic and endometrial cell molecular 

interactions, as well as coagulation and fibrinolysis 

reactions at the embryo-maternal interface [16]. Changes 

in the blood coagulation factors' functional activity as a 

result of decreased MTHFR activity may have an impact 

on the likelihood of implantation. Numerous studies have 

linked inherited thrombophilic mutations and 

polymorphisms to recurrently failed IVF cycles [17,18]. 

Second, implantation failure is assumed to be 

predominantly caused by aneuploidy, which is a common 

defect in human preimplantation embryos in both 

spontaneous and assisted reproduction [18,19]. The third 

explanation for the mutant allele's poor pregnancy rate 

could be greater homocysteine concentration as a result of 

lower enzymatic activity; elevated homocysteine has a 

negative correlation with pregnancy and implantation rate 

[13]. Based on a comparison of oocyte and embryo 

features, the present study discovered that total oocytes, 

mature oocytes, total embryos and good-quality embryos 

were significantly higher in the CC genotype, followed by 

the CT genotype, and then the TT genotype. Concern for 

the immature oocyte was significantly highest in the CT 

genotype, followed by the CC and TT genotypes. CC, CT, 

and TT genotypes all had comparable rates of fertilization. 

Finally, the TT genotype had a considerably higher, 

poorer embryo count than the CT and CC genotypes. 

These findings were similar to the results obtained by 

other studies showing that the MTHFR 677 mutant allele 

had a negative effect on oocyte number and embryo 

quality [18,20]. Pavlik et al. found that women with 

MTHFR677TT produced a lower number of oocytes than 

were expected [21]. In addition, women older than 35 who 

carried the MTHFR 677C major allele had higher levels 

of estradiol in their blood, produced more oocytes, and 

needed much less FSH during ovarian stimulation than 

women older than 35 who carried the 677T allele [22]. 

Another study demonstrated that women with 

homozygous MTHFR677TT produced fewer embryos 

[12]. Contrary to these findings, other research suggests 

that the number and maturity of oocytes retrieved may be 

associated with the MTHFR polymorphism C677T [23]. 
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Another study found that MTHFR 677 CT heterozygotes 

had a larger proportion of good-quality embryos and a 

higher chance of conception [24]. Research done by Zeng 

et al. showed that the MTHFR C677T polymorphism was 

not related to the number of oocytes retrieved, metaphase 

II oocyte or chemical pregnancy [15]. There are a number 

of factors that could account for the association between 

the MTHFR C677T polymorphism and the embryological 

and clinical results of IVF/ICSI. The decrease in MTHFR 

enzyme activity caused by the C677T and A1298C 

polymorphisms may affect folliculogenesis by inhibiting 

DNA and protein synthesis and thus inhibiting granulosa 

and theca cell proliferation [25], changing the DNA 

methylation pattern of oocytes and interfering with the 

expression of important folliculogenesis genes, and finally 

by increasing homocysteine and decreasing folate 

concentration in follicular fluid [23]. Because only one 

dominant follicle emerges during a normal pregnancy, and 

follicles with more metabolic errors caused by MTHFR 

polymorphism are less likely to be dominant, the 

detrimental effects of MTHFR variation may not be 

immediately apparent. Ovarian stimulation during the 

ICSI cycle, on the other hand, yields follicles with atresia, 

some of which may be the worse follicles impacted by the 

MTHFR mutation [26]. Additionally, the massive 

increase in metabolic demands brought on by the 

simultaneous activation of several follicles may worsen 

any metabolic defects present in these follicles, eventually 

decreasing the oocyte maturation rate [26,27]. Oocyte 

maturation is crucial for later embryonic development. 

From zygotes to day 3 embryos, maternal genes in oocytes 

control how the embryo grows and develops. In humans, 

the zygotic genome is activated during the 4–8 cell stage 

[28]. Some oocytes with low MTHFR enzyme activity 

may not be able to develop properly because of the bad 

effects of MTHFR polymorphisms [26]. Numerous 

studies have shown that oocytes and early embryos go 

through dramatic and extensive DNA methylation 

reprogramming. Polymorphisms of MTHFR, a crucial 

enzyme in methyl-donor metabolism, may interfere with 

this process and cause potential epigenetic abnormalities 

in oocytes and embryos in the early stages of life [29–31]. 

The decline of MTHFR activity causes a rise in blood total 

homocysteine, especially in cases of folate deficiency. 

Homocysteine level in the follicular fluid also appears to 

be negatively linked with in vitro embryonic development 

and oocyte maturation. According to the research done by 

Razi et al., homocysteine level is inversely linked with 

oocyte maturation and embryo quality [32]. 

Conclusion 

During the ICSI procedure, the maternal MTHFR C677T 

polymorphism is associated with pregnancy, oocyte 

number and maturation, total embryo and quality. 

Therefore, MTHFR variations in our population provide 

important information on the ICSI success rate. In order 

to confirm our findings and increase the statistical power, 

future research should take into account a bigger sample 

size, blood homocysteine and folate levels, and paternal 

MTHFR. These investigations might yield more findings 

and help us comprehend how MTHFR ultimately affects 

ICSI results. 
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