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ABSTRACT

Background: Recurrent pregnancy loss (RPL) is a significant reproductive health issue affecting 1-5% of women 
of reproductive age. The etiology of RPL is multifactorial, involving genetic, thrombophilia, and metabolic fac-
tors. Among these, polymorphisms in the MTHFR gene, which encodes 5,10-methylenetetrahydrofolate reduc-
tase, a key enzyme in folate metabolism, have been implicated in RPL. Elevated homocysteine (Hcy) levels due to 
impaired folate metabolism are associated with adverse pregnancy outcomes. Additionally, mutations in MTRR, 
Factor V Leiden, and PAI-1 genes have been linked to thrombophilia and RPL. This study aims to evaluate the 
prevalence of these genetic polymorphisms and their association with Hcy levels in women with RPL.

Methods: A retrospective study was conducted on 459 women with RPL aged 19-47 years. Blood samples were 
collected for genetic analysis, and Hcy levels were measured. Polymorphisms in MTHFR (C677T and A1298C), 
MTRR, Factor V Leiden (G1691A, H1299R, Y1702C), Factor II (G20210A), and PAI-1 (4G/5G) were analyzed using 
RT-PCR. 

Results: The study revealed that 41% of patients had a heterozygous MTHFR C677T mutation, while 17% were 
homozygous. The MTHFR A1298C polymorphism was present in 38% of patients in a heterozygous form and 6% 
in homozygous form. Factor V Leiden mutations were less prevalent, with G1691A present in 2% in a heterozy-
gous state and 1% in homozygous state, and H1299R in 9% in a heterozygous form and 1% in homozygous form. 
MTRR mutations were found in 47% of patients in a heterozygous state and 16% in homozygous state. PAI-1 
mutations were present in 47% of patients in the heterozygous form and 18% in the homozygous form. Hcy 
levels averaged 10.17 µmol/L, with 32% of patients having normal levels, 8% hyperhomocysteinemia, and 60% 
hypohomocysteinemia. Significant correlations were observed between MTHFR C677T and Hcy levels, as well as 
between MTHFR C677T and Factor V Leiden polymorphisms.

Conclusion: This study highlights the significant association between MTHFR C677T polymorphisms and RPL 
in women with RPL. The findings underscore the value of genetic screening and personalized interventions, 
including folate supplementation, to mitigate the risk of RPL in this population.
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Introduction
According to The European Society of Human Reproduction and 

Embryology (ESHRE), the Recurrent pregnancy loss (RPL), is defined 
as the occurrence of three or more consecutive miscarriages at 20-24 
weeks of gestation, affect approximately 1% of fertile couples (1-5% 
of women of reproductive age) (Jauniaux, et al. [1-3]). The American 
Society for Reproductive Medicine (ASRM) the spontaneous loss of 
two or more pregnancies (Practice Committee of the American So-
ciety for Reproductive Medicine [4]). The etiology of RPL is multi-
factorial, including structural, infectious, genetic factors, as well as 
endocrinological dysfunction, thrombophilia, and immunological im-
balance (Cao, et al. [5]). Among these, genetic polymorphisms affect-
ing folate metabolism and thrombophilia have garnered significant 
attention due to their potential impact on pregnancy outcomes. Folate 
metabolism plays a critical role in DNA synthesis, repair, and methyl-
ation, all of which are essential processes for embryonic development 
(Gurugubelli, et al. [6]). The enzyme 5,10-methylenetetrahydrofolate 
reductase (MTHFR) is a key regulator in this pathway, catalyzing the 
conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahy-
drofolate, which is necessary for the remethylation of homocysteine 
(Hcy) to methionine (Ménézo, et al. [7,8]). Accumulating evidence 
suggests that the MTHFR gene contains numerous polymorphisms 
(Single Nucleotide Polymorphisms, SNPs), with the most widely stud-
ied and clinically significant being c.677 C>T and c.1298 A>C. 

These polymorphisms are known to reduce MTHFR enzyme ac-
tivity, leading to elevated Hcy levels, a condition known as hyperho-
mocysteinemia. High Hcy is cytotoxic and has been associated with 
endothelial dysfunction, inflammation, and adverse pregnancy out-
comes, including RPL (Dudman, et al. [9]). In addition to MTHFR, 
other genetic factors such as MTRR (methionine synthase reductase), 
Factor V Leiden, and PAI-1 (plasminogen activator inhibitor-1) have 
been implicated in thrombophilia and RPL. MTRR is involved in the 
regeneration of methionine synthase, an enzyme critical for folate 
metabolism. Polymorphisms in MTRR can disrupt this process, lead-
ing to impaired folate metabolism and elevated Hcy levels (Yadav, et 
al. [10]). Factor V Leiden and Factor II (prothrombin) mutations are 
well-known risk factors for thrombophilia, which can lead to placen-
tal insufficiency and pregnancy loss (Eslami, et al. [11]). Similarly, PAI-
1 polymorphisms, particularly the 4G/5G variant, have been associat-
ed with increased thrombotic risk and RPL (Li, et al. [12]). This study 
aims to evaluate the prevalence of these genetic polymorphisms and 
their association with Hcy levels in a cohort of women with RPL. By 
understanding the genetic and metabolic factors contributing to RPL, 
we can develop targeted interventions to improve pregnancy out-
comes in this population.

Methods
Study Population

A retrospective study was conducted on 459 women aged 19-47 
years (mean age: 34.2 ± 5.16 years) with a history of RPL. The study 
period spanned from July 2022 to July 2023. Blood samples were col-
lected in sterile EDTA tubes for genetic analysis and in non-anticoag-
ulant tubes for Hcy measurement. Serum was extracted by centrifuga-
tion at 3000 rpm for 15 minutes.

Biochemical and Molecular Analysis

Hcy levels were measured using the Cobas 400 Integra analyzer. 
Genetic polymorphisms in MTHFR (C677T and A1298C), MTRR, Fac-
tor V Leiden (G1691A, H1299R, Y1702C), Factor II (G20210A), and 
PAI-1 (4G/5G) were analyzed using RT-PCR. DNA extraction was per-
formed using RBC Bioscience or CROBEE machines, followed by am-
plification on Dtprime or Light Cycler systems.

Statistical Analysis

Statistical analyses were performed using SPSS 22.0 and Graph-
Pad Prism 9.0. The normality of quantitative variables was assessed 
using the Kolmogorov-Smirnov test. Associations between categori-
cal variables were evaluated using chi-square or Fisher’s exact tests. 
Spearman’s rank correlation coefficient was used to assess correla-
tions between parameters. A p-value <0.05 was considered statisti-
cally significant.

Results
The study population exhibited a high prevalence of MTHFR poly-

morphisms, with 41% of patients carrying a heterozygous C677T 
mutation and 17% homozygous for the same mutation. The MTHFR 
A1298C polymorphism was present in 38% of patients in a hetero-
zygous form and 6% in homozygous form. Factor V Leiden mutations 
were less common, with G1691A present in 2% in a heterozygous 
state and 1% in homozygous state, and H1299R in 9% in a hetero-
zygous form and 1% in homozygous form. MTRR mutations were 
found in 47% of patients in the heterozygous form and 16% in the 
homozygous form. PAI-1 mutations were present in 47% of patients 
in the heterozygous form and 18% in the homozygous form (Figure 
1). Hcy levels averaged 10.17 µmol/L, with a median of 9.14 µmol/L 
(range: 3.81-82.00 µmol/L). Of the patients, 32% had normal Hcy lev-
els, 8% exhibited hyperhomocysteinemia (>15 µmol/L), and 60% had 
hypohomocysteinemia (<10 µmol/L) (Figure 2). Significant positive 
correlations were observed between MTHFR C677T and Hcy levels 
(r=0.175, p=0.048), as well as between MTHFR C677T and Factor V 
Leiden G1691A (r=0.184, p=0.028) and H1299R (r=0.171, p=0.043). 
Negative correlations were noted between MTHFR C677T and 
A1298C (r=-0.374, p<0.001), and between Factor V Leiden H1299R 
and MTHFR A1298C (r=-0.157, p=0.043). PAI-1 mutations correlated 
negatively with MTRR (r=-0.101, p=0.05) and positively with Factor II 
Leiden (r=0.132, p=0.022) (Figure 3).
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Figure 1: Genotype distribution of the study population.
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Figure 2: Characteristics of serum Homocysteine levels in patients.

Figure 3: Heatmap representations of correlations between Homocysteine levels and polymorphism varieties.
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Discussion
The findings of this study highlight the significant role of MTH-

FR C677T polymorphisms in RPL among women with RPL. The high 
prevalence of this polymorphism, coupled with its positive correla-
tion with Hcy levels, underscores the importance of folate metabolism 
in pregnancy outcomes. Elevated Hcy levels, resulting from impaired 
folate metabolism, can lead to endothelial dysfunction, inflammation, 
and placental insufficiency, all of which are implicated in RPL (Dud-
man, et al. [7,9]). In contrast to previous studies, Factor V Leiden and 
PAI-1 polymorphisms were not significantly associated with RPL in 
this cohort. This discrepancy may be attributed to ethnic differenc-
es in the prevalence of these polymorphisms. For instance, Factor V 
Leiden is more common in Caucasian populations, with a reported 
incidence of 8-32% in RPL patients (Jusić, et al. [13,14]). However, 
in our study, Factor V Leiden mutations were present in only 10% of 
patients, suggesting that other genetic or environmental factors may 
play a more significant role in RPL among women. The low prevalence 
of Factor II G20210A polymorphisms in our study is consistent with 
previous findings in non-Caucasian populations (Mierla, et al. [15]). 
This polymorphism is associated with a twofold increased risk of 
thrombosis, but its contribution to RPL appears to be less significant 
in women.

The negative correlation between MTHFR C677T and A1298C 
polymorphisms suggests that these variants may have opposing ef-
fects on folate metabolism. This finding aligns with previous stud-
ies indicating that the A1298C polymorphism has a milder impact 
on MTHFR enzyme activity compared to C677T (Ménézo, et al. [7]). 
MTHFR mutations can cause elevated homocysteine levels in the 
blood (hyperhomocysteinemia), potentially hindering proper em-
bryo implantation in the uterus. High homocysteine levels are also 
associated with pregnancy complications, including preeclampsia, 
gestational hypertension, and placental abruption, all of which can 
negatively impact fertility and pregnancy outcomes (Al Hageh, et al. 
[16]). Furthermore, MTHFR mutations may affect the success rates of 
fertility treatments (Soligo, et al. [17]). A study by Gong et al. enrolled 
on a total of 26 studies, comprising 5,575 cases and 5,447 controls. 
The study outcome revealed that MTHFR 677C>T polymorphism was 
significantly associated with an increased risk of male infertility (Al-
lam, et al. [18-20]).

Conclusion
This study provides valuable insights into the genetic and meta-

bolic factors contributing to RPL in women. The significant associa-
tion between MTHFR C677T polymorphisms and RPL highlights the 
importance of genetic screening and personalized interventions, in-
cluding folate supplementation, in this population. Further research 
is needed to explore the role of other genetic and environmental fac-
tors in RPL and to develop targeted therapies to improve pregnancy 
outcomes.

Limitations
The association between MTHFR C677T polymorphisms and RPL 

cannot determine if the genetic variations cause RPL. To establish 
causality, a longitudinal (long-term) study would be needed, where 
participants are followed over time to see if the presence of a particu-
lar gene variant leads to RPL.
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