
INTRODUCTION

Pregnant women with recurrent pregnancy loss (RPL) refers to 
those having two or more pregnancy losses before the 22nd week of 
pregnancy. It is estimated that 5% of pregnant women suffer from this 
health problem, resulting in serious health and social consequences1). 
However, the pathogenesis of the disease has been still unknown. The 
causes of RPL are complicated, with the roles of anatomical, genetic, 
immunological, environmental, and endocrine factors2). Nonetheless, 
more than 50% of RPL cases cannot determine causes1).

In the literature, the roles of genetic factors in unexplained RPL 
have been widely investigated. One proposed gene was the methy-
lenetetrahydrofolate reductase (MTHFR) gene - a gene in chromosome 
1's short arm (1p36.3). It has a vital role in the process of the MTHFR 
enzyme, which is an important component in the conversion of homo-
cysteine-methionine. Variation of the MTHFR gene can result in the 
impaired function of the MTHFR enzyme, which could increase the 
homocysteine levels and the risk of folate metabolism as well as deoxy-
ribonucleic acid (DNA) methylation3). The MTHFR 677C > T polymor-
phism is a common genetic variant that encodes a thermolabile protein, 
which is less active when the temperature increases. People with homo-
zygote state (TT genotype) were more likely to have higher levels of 
homocysteine as well as lower levels of serum folate4). The MTHFR 

1298A > C is another common genetic variant. This variant does not 
cause the elevation of homocysteine levels alone; however, people with 
both MTHFR 1298A > C and the heterozygous state of MTHFR 677C > 
T (CT genotype) have similar outcomes compared to those with 
MTHFR 677C > T homozygous state (TT genotype)5,6). Plasminogen 
Activator Inhibitor-1 (PAI-1) gene is another gene that is proposed to 
contribute to the unexplained RPL7). Overall, PAI-1 is responsible for 
transforming the proteolytic enzyme plasmin into plasminogen, influ-
encing the activity of the fibrinolytic system. 

Previous literature revealed that the association between MTHFR 
677C > T/1298A > C polymorphisms and unexplained was stronger in 
Asians8), whereas the association between unexplained RPL and the 
PAI-1 4G/5G polymorphism was stronger in Caucasians9). Increased 
PAI-1 concentrations were among the most common hemostasis-related 
phenomena in women with unexplained RPL10,11). A prior review sug-
gested that PAI-1 4G/5G polymorphism was related to a higher risk of 
unexplained RPL12). However, other studies showed that MTHFR 677C 
> T/1298A > C polymorphisms and PAI-1 4G/5G gene variant were not 
alone responsible for the unexplained RPL and emphasized the roles of 
other thrombophilic gene variants13-15). Given the variability of the gene 
mutations effects on unexplained RPL, more evidence should be eluci-
dated in different populations to examine the value of this genetic evalu-
ation in clinical practice. This study aimed to identify relationships 
between MTHFR 677C > T, 1298A > C gene polymorphisms and PAI-1 
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ABSTRACT
Background and Objectives: Unexplained recurrent pregnancy loss (RPL) has been a challenging issue in diagnosis. 

Methylenetetrahydrofolate reductase (MTHFR) gene polymorphisms (677C > T, 1298A > C) and plasminogen activator inhibitor 
type 1 (PAI-1) 4G/5G gene polymorphism have been proposed as risk factors of unexplained RPL. This study aimed to identify 
relationships between MTHFR 677C > T, 1298A > C gene polymorphisms and PAI-1 4G/5G gene polymorphism on unexplained 
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Materials and Methods: A case-control study was performed on two groups: pregnant women with unexplained RPL (i.e., two 
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Results: There were 73 pregnant women (43 cases and 30 controls) recruited. The rates of MTHFR 677C > T among cases 
were: TT allele 32.6%, CT allele 34.8%, and CC allele 32.6%, while the frequencies of these alleles were: TT alleles 10%, CT 
allele 36.7%, and CC allele 53.3% (p = 0.049). MTHFR 677C > T gene polymorphism was associated with an increased risk of 
unexplained RPL (for TT allele vs. CT + CC allele: OR = 3.25, 95%CI: 1.02-10.35, p = 0.028; for T vs. C: OR = 2.53, 95%CI: 
1.25-5.11, p = 0.09). MTHFR 1298A > C gene polymorphism and PAI-1 4G/5G gene polymorphism were not related to unex-
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Conclusion: MTHFR 677C > T gene polymorphism was related to unexplained RPL in Vietnamese pregnant women. Further 
longitudinal studies should be performed to examine this relationship.
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4G/5G gene polymorphism on unexplained RPL. 

MATERIALS  AND  METHODS

Study design and participants
We performed a case-control study with the participation of RPL 

and healthy pregnant women attending the Hanoi Obstetrics and 
Gynecology Hospital, from January 2019 to August 2019. There were 
73 pregnant women (43 individuals with unexplained RPL as the case 
group and 30 healthy ones as the control group). Both the case and the 
control group had similarities in maternal age, height, weight, maternal 
medical history, maternal health status, gestational age, and fetal health 
status.

Inclusion criteria for the case group included 1) suffering from at 
least 2 unexplained RPL before 22 weeks of gestation during their life-
time; 2) being diagnosed with unexplained RPL, and 3) agreeing to par-
ticipate in the study and giving written/verbal informed consent. 
Pregnant women were excluded if their miscarriages were due to ana-
tomic reasons, abnormalities of the parental chromosome, autoimmune/ 
alloimmune issues (e.g., antiphospholipid antibody syndrome and sys-
temic lupus erythematosus), or endocrine disorders. 

Meanwhile, for the control group, the eligible criteria comprised: 1) 
no history of RPL, (2) having at least one live birth, and (3) agreeing to 
participate in the study. The exclusion criteria included: (1) pregnant 
women with severe chronic diseases, (2) insufficient data for the study.

Data collection and measurement
Information about age, weight, height, and body mass index (BMI) 

was collected via medical records. We collected peripheral venous blood 
by using collection tubes having ethylenediaminetetraacetic acid 
(EDTA) as the anticoagulant. We used an OMEGA kit to extract genom-
ic DNA from blood leukocytes. The amplification refractory mutation 
system polymerase chain reaction (ARMS-PCR) method was used to 
evaluate the MTHFR 677C > T, 1298A > C gene polymorphisms, and 
PAI 1 4G/5G polymorphisms. We conducted the ARMS-PCR by using 
three primers for each polymorphism: one forward primer and two 
reverse primers. We extracted a 20 μl volume of peripheral venous 
blood for the ARMS-PCR technique using the Eppendorf thermal cycler 
(Eppendorf, Germany). We performed the denaturation step in 960C 
within 2 minutes, followed by 10 denaturation cycles in 96℃ within 15 
seconds, and annealing/extension in 65℃ within 60 seconds. After that, 
we performed 20 denaturation cycles in 96℃ within 10 seconds, fol-
lowed by annealing at 61℃ within 50 seconds, and extension at 72℃ 
within 30 seconds. We used 2% agarose gel to electrophorese the PCR 
products and stain these products with ethidium bromide.

Statistical analysis
The SPSS software package, version 20.0 was used for analysis. 

Two-sided P values <0.05 were considered statistically significant. 
Descriptive statistics were performed. Genotypic and allele frequencies 
were compared between cases and controls. Student's T-test and χ2 tests 
were performed to examine the differences. Associations between 
MTHFR 677C > T, 1298A > C gene polymorphisms and PAI-1 4G/5G 
gene polymorphism with unexplained RPL were evaluated by using the 
Odds ratio (OR).

Ethical approval
Ethical approval was granted by the institutional review board of 

the Hanoi Obstetrics and Gynecology Hospital (ethical approval deci-
sion: 880QĐ/PS --- TTDT CDT, June 25th, 2018). Patients were asked 
to give and sign the informed consent form when accepting to partici-
pate in the study. 

RESULTS

Among 43 cases and 30 controls, Table 1 shows that both groups 
had similarities in age, occupation, height, weight, and BMI. 

The frequency of the MTHFR 677TT genotype was significantly 

higher in the case group than in the control group (32.6% vs 10.0%, p = 
0.049). The frequencies of the genotypes of MTHFR 1298A > C and 
PAI-1 4G/5G were not different from these frequencies in the control 
group (p > 0.05). (Table 2)

Table 3 indicates the association between single polymorphisms and 

unexplained RPL. The homozygous form of MTHFR 677C > T poly-
morphism increased the risk of unexplained RPL by 3.256 times (OR = 
3.256, 95%CI = 1.024-10.35, p = 0.028). T alleles increased the risk of 
URPL by 2.529 times (OR = 2.529, 95%CI = 1.253-5.108, p = 0.009). 

We found no association between MTHFR 1298A > C and PAI-1 4G/5G 
polymorphisms with unexplained RPL.

DISCUSSION

This study echoed current evidence about the associations between 
MTHFR 677C > T, 1298A > C gene polymorphisms and PAI-1 4G/5G 
gene polymorphism with unexplained RPL. Our findings suggested the 
role of MTHFR 677C > T in unexplained RPL among Vietnamese preg-
nant women, while no association was found between MTHFR 1298A > 
C and PAI-1 4G/5G polymorphisms with unexplained RPL.

In the literature, inherited thrombophilia is associated with various 
complications of pregnancy including miscarriage, RPL, stillbirth, intra-
uterine growth retardation, premature birth, pre-eclampsia, and placental 
abruption16). Approximately 66% of women with RPL were found to have 

Table 1: Clinical characteristics of the case and con-
trol groups

Parameter Cases Controls p
 (n = 43) (n = 30)

Age (years) 30.1 ± 6.9 28.6 ± 3.1 0.192

Occupation   

 Farmer 4.7% 6.7% 0.205

Blue-collar worker  27.9% 30.0% 

White-collar worker  46.5% 43.3% 

 Other 20.9% 20.0% 

Weight (kg) 51.5 ± 5.0 49.5 ± 5.3 0.079

Height (cm) 157.3 ± 5.6 157.1 ± 5.3 0.796

BMI 21 ± 2.5 20 ± 1.5 0.062

Table 2: Distribution of alleles and genotypes of MTHFR 
C677T, MTHFR A1298C, and PAI-1 4G/5G poly-
morphisms in both groups

 Genotype  Cases Controls p
   N = 43 N = 30

MTHFR 677C > T TT 14 (32.6%) 3 (10.0%) 0.049

 CT 15 (34.8%) 11 (36.7%) 

 CC 14 (32.6%) 16 (53.3%) 

MTHFR 1298A > C CC 5 (11.7%) 3 (10.0%) 0.943

 CA 17 (39.5%) 11 (36.7%) 

 AA 21 (48.8%) 16 (53.3%) 

PAI-1 4G/5G 4G/4G 13 (30.2%) 11 (36.7%) 0.48

 4G/5G 14 (32.6%) 12 (40.0%) 

 5G/5G 16 (37.2%) 7 (23.3%)
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an accompanying thrombosis16). As a method to study genetic variants and 
disease vulnerability, single-nucleotide polymorphisms (SNPs) have been 
widely used. It is speculated that RPL was associated with hereditary 
thrombophilia involving different disorders, including the MTHFR ther-
molabile variant. MTHFR is an important factor processing enzyme 
which involves in homocysteine metabolism. The MTHFR 677C > T, 
located within the catalytic domain of the enzyme, results in a thermola-
bile protein as well as increased homocysteine. Variants in the MTHFR 
gene contribute to reduced enzyme activity and lead to high homocyste-
ine levels (hyperhomocysteinemia)6). Clinically, mutation-induced hyper-
homocysteinemia has been linked to coronary heart disease, venous 
thrombosis, and maternity complications6). The two most common muta-
tions within the MTHFR gene are the 677C > T and 1298A > C muta-
tions. MTHFR 677C > T/1298A > C has been implicated as a risk factor 
in the pathogenesis of RPL through its effects on homocysteine levels.

The risk of unexplained RPL was raised by several studies promot-
ing the MTHFR 1298A > C polymorphism, although the correlation was 
not as high as MTHFR 677C > T. Nonetheless, several studies showed 
no relationship between unexplained RPL with MTHFR 1298A > C. In 
our study, the association between MTHFR 1298A > C and RPL was 
not detected. However, according to Xu's report (2019), the likelihood 
of miscarriage in women having both MTHFR 677C > T and 1298A > C 
polymorphisms increased with 4.996 times (95%CI = 1.65-12.13)17). 

PAI-1 has been implicated in blood clotting by preventing fibrinoly-
sis. Moreover, PAI-1 is involved in cell movement and disruption 
replacement of body tissues. PAI-1 4G/5G has been linked to an 
increased incidence of thrombosis in patients with conditions such as 
obesity, metabolic syndrome, and certain types of cancer9). The role of 
PAI-1 in unexplained RPL has been mentioned for a long time through 
many studies. A meta-analysis of 26 studies found that: PAI-1 4G / 5G 
increased the risk of RPL 1.89 times (95% CI: 1.34-2.67, p = 0.0003). 
This risk was high in Europeans (OR = 2.23, 95% CI: 1.44-3.46, p = 
0.0003), but no association was found in Asians (OR = 1.47, 95% CI: 
0.84-2.59, p = 0.18)9). Our result shows a similarity when no association 
between PAI-1 4G / 5G with unexplained RPL was found in this study.

In this study, we recruited patients without differences in clinical 
and economic background. However, our study had several limitations 
to be addressed. First, the sample size was small, which might reduce 
the statistical power. Second, we did not evaluate plasma homocysteine 
or folate levels in our patients, which might influence the relationship 
between RPL and MTHFR polymorphisms. Finally, gene-gene and 
gene-environment interactions were not fully investigated, suggesting 
the necessity of further case-control and cohort studies on a large scale 
to draw the causal conclusion about genetic factors associated with 
unexplained RPL.

CONCLUSION

The frequency of different alleles of the MTHFR 677C > T geno-
type was statistically significantly higher in the unexplained RPL group 
than the control group, while no differences in the genotype distribution 
of MTHFR 1298A > C and PAI-1 4G/5G polymorphisms between cases 
and controls. Our study suggests that MTHFR 677C > T polymorphism 
increased the risk of URPL. Further longitudinal studies should be per-
formed to examine this relationship.
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Table 3: Association between single polymorphisms with unexplained RPL 
 Genotype OR 95%CI p

 MTHFR 677 C > T TT vs CT + CC 3.256 1.024 --- 10.35 0.028

  TT + CT vs CC 2.367 0.907 --- 6.182 0.065

  Allele T vs Allele C 2.529 1.253 --- 5.108 0.009

 MTHFR 1298A>C CC vs CA + AA 1.184 0.261 --- 5.382 0.99

  CC + CA vs AA 1.197 0.471 --- 3.046 0.813

  Allele C vs Allele A 1.158 0.562 --- 2.385 0.718

 PAI-1 4G/5G 4G/4G vs 4G/5G + 5G/5G 0.748 0.28 --- 2.0 0.618

  4G/4G + 4G/5G vs 5G/5G 0.514 0.18 --- 1.46 0.306

  Allele 4G vs Allele 5G 0.697 0.359 --- 1.352 0.316


