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Association between FVL G1691A, FII G20210A, and MTHFR
C677T and A1298C polymorphisms and Turkish women with
recurrent pregnancy loss
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ABSTRACT
Aim Recurrent pregnancy loss (RPL) poses a challenge in reproductive medicine because the etiology is often unknown. Here we
investigated the frequency of mutations in the Factor V Leiden
(FVL), prothrombin (FII), and methylene tetrahydrofolate reductase (MTHFR) genes in women with RPL and healthy women.
Methods Blood samples were obtained from patients with ≥2
consecutive pregnancy losses and no identifiable etiology before
12 weeks of pregnancy (n=145). The control group comprised 105
age-matched women with ≥2 live births.
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Results The frequency of homozygotes for FVL 1691AA was 15
(10.3%) in patients and three (2.86%) in controls (p=0.073), while for FII 20210AA it was eight (5.5%) and one (0.9%), respectively (p=0.055). For two polymorphisms in MTHFR, genotype
frequencies of 89 (61.4%) were found in patients and 55 (52.4%)
in controls for 677TT (p=0.322), and 89 (61.4%) and 62 (59%) for
1298CC, respectively (p=0.810).
Conclusion Despite a trend towards significance for FII G20210A,
no significant differences in genotype frequencies of these
polymorphisms between patients and controls was found. No evidence of the role of FVL G1691A, MTHFR C677T, and MTHFR
A1298C in RPL in our Turkish cohort was found; however, further
investigation of FII as a culprit gene in RPL is warranted.
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INTRODUCTION
Recurrent pregnancy loss (RPL) is defined as a loss
of two or more pregnancies, and represents a significant clinical problem affecting 2%-5% of couples
(1). The RPL is one of the most frustrating challenges in reproductive medicine because its etiology
is often unknown and there are few evidence-based
diagnostic and treatment strategies. Although studies on the etiology, evaluation, and management
of RPL are often flawed (2), a number of genetic,
infective, anatomical, and endocrine factors as
well as immune thrombophilia defects have been
postulated as causes for RPL (3). However, despite detailed investigations, as many as 80% of all
cases remain unexplained (4-6). Thrombophilia
has been identified as the main cause of RPL in up
to 40% of cases, and in particular, early RPL (7).
The contribution of specific thrombophilic genes to
the pathophysiology of RPL has remained controversial. Hereditary thrombophilias are a group of
genetic disorders of blood coagulation resulting in
a hypercoagulable state, which in turn can result
in abnormal placentation. In early pregnancy, this
may manifest as spontaneous loss (8,9). Various
studies in recent years have examined the incidence of specific thrombophilic gene mutations in
women with unexplained pregnancy loss. Some of
these studies demonstrated an association between
thrombophilic gene mutations and RPL (10,11),
while others have not found evidence of such an
association (12).
Presence of the FII 20210A or FVL 1691A mutation increases the risk of early RPL, with an odds
ratio (OR) of 2.49 for FII G20210A, and 2.71 and
1.68 for homozygous and heterozygous carriers of
FVL, respectively. In contrast, there is no significant increase related to homozygosity for MTHFR
677T (OR = 1.40, 95% confidence interval (CI)
0.77–2.55) (13). The A1298C polymorphism is
another common mutation in MTHFR, and in contrast to C677T in which homozygosity (TT) is associated with a significant increase in total plasma
homocysteine level, the CC genotype of A1298C
is not associated with changes to homocysteine
plasma level (14,15). Further, although the presence of MTHFR mutations is significantly more
common in women with a history of miscarriage
(16), current evidence fails to robustly support
an association between these polymorphisms and
increased risk for recurrent miscarriage (17).
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The EPCOT study showed that the risk for stillbirth (but not miscarriage) is highest in women
with combined thrombophilic defects (18).
However, investigation of even minor thrombophilic mutations for evidence of an association
with recurrent miscarriage has resulted in heterogeneous and inconsistent results (19). Further,
most mutation carriers will not develop any clinical signs and remain undiagnosed because these conditions contribute to a small absolute risk
towards clinically significant thrombosis. However, when carriers are exposed to additional risk
factors, such as pregnancy or possibly oral contraceptives, the risk of life-threatening thrombotic
events is significantly increased and may become
clinically evident (20,21). Since most carriers are
otherwise asymptomatic, the diagnosis would
usually be missed. Importantly, preliminary studies of thromboprophylaxis during pregnancy in
carriers suggest that treatment may significantly
improve pregnancy outcome (8,22,23).
The aim of this study was to determine the frequency of FVL, FII, and MTHFR mutations in Turkish women with recurrent pregnancy loss.
PATIENTS AND METHODS
Patients and study design
An observational case-control study was carried out at the Department of Gynaecology and
Obstetrics in the Numune Education and Research Hospital Adana, Turkey. The study was
approved by the Ethics Committee for Medical
Research at the Numune Education and Research Hospital in Adana, Turkey.
During the period from March 2008 to May 2012,
145 women with at least two recurrent pregnancy
losses were recruited as the case group, and 105
healthy women with at least two successful deliveries and no miscarriages were recruited as the control group. Informed consent was obtained from
all individual participants included in the study.
Pregnancy losses occurred before the 12th week
of gestation, based on the last menstrual period.
For women with RPL, anatomic, hormonal and
chromosomal abnormalities, as well as antiphospholipid syndrome were excluded (patients with
a history of arterial and venous thromboembolism and/or patients with anti-cardiolipin and lupus anticoagulants were excluded from the stu-
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dy. In addition, 3D ultrasound was performed to
identify any genital tract abnormalities, and patients and their parents were karyotyped to exclude
known chromosomal abnormalities. Further, medical disorders, endocrine disorders (i.e. diabetes,
thyroid dysfunction, hyperprolactinemia, and luteal insufficiency), infection, intermarriage, and
venous thromboembolism were investigated and
also excluded. Women with no known medical
disorders or previous thrombosis were included
in the control group.
Informed consent was obtained from all participants included in the study.
Methods
Peripheral blood samples (5 mL) were collected
from participants in tubes containing ethylenediaminetetraacetic acid (EDTA) for DNA extraction.
Genomic DNA was extracted using a magnetic
bead extraction technique, DNA was obtained
extracted from EDTA blood samples collected in

EDTA tubes, with Roche Manga Pure Compact
1.0 Automatic DNA Isolation Device (CH-6343
Rotkreuz Switzerland) and Manga Pure Compact
Nucleic Acid Isolation Kit.
Obtained DNA samples were analysed by the
real-time PCR method, applying melting curve
analysis with hybridization probes. Melting temperature (Tm) is the specific temperature at which
half of the DNA molecule becomes a single helix.
The base temperature is largely determined by the
melting temperature, and the Tm values of DNA
molecules having different sequences are different
from each other. In the melting curve analysis,
the temperature of the double helix DNA sample
is gradually increased to form a graph showing
the temperature dependent change of the signal:
tm tempatures in factor II G20210A (Figure 1),
factor V (Leiden) G1691A (Roche, Indianapolis,
IN, USA) (Figure 2 ), MTHFR C677T (TIB Molbiol, Berlin, Germany) (Figure 3), and MTHFR
A1298C (TIB Molbiol) (Figure 4).

Figure 1. Factor II Melting curve analysis

Figure 1. Factor II Melting curve analysis

Figure 2. Factor V Melting curve analysis

Figure 2. Factor V Melting curve analysis
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Figure 3. MTHFR 677 Melting curve analysis

Figure 3. MTHFR 677 Melting curve analysis

Figure 4. MTHFR 1298 Melting curve analysis

Figure 4. MTHFR 1298 Melting curve analysis

Melting curves of mutant and healthy alleles were
analysed separately for each patient; only those
with a wild-type melting curve were considered to
be ‘normal’ and those with both a wild-type and
mutant melting curve were ‘heterozygous mutant’
and patients with only a mutant-type melting curve were considered ‘homozygous mutant.
Statistical analysis
As the mean age of patients (30.5±6.5 years) did
not differ from that of controls (30.5±6.7 years)
(p=0.989) indicating a normal distribution, results were expressed as mean and standard deviation. Comparison of FVL, FII, and MTHFR
genotype frequencies between cases and controls
was performed using the χ2 test. A p< 0.05 was
considered to indicate statistical significance.
RESULTS
The frequencies of individuals heterozygotes
(AG) for the FVL polymorphism in case and
control groups were 14 (9.65%) and 3 (2.86%),
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respectively, whereas the frequencies of individuals homozygotes (AA) for the FVL risk allele
in case and control groups were one (0.7%) and
0, respectively (Table 1) (p=0.073).
Table 1. Genotype distribution of FVL G1691A, FII G20210A,
MTHFR C677T and MTHFR A1298C polymorphisms in women
with recurrent miscarriage and normal controls
Genes

FVL G1691A

Genotype

Wild type (GG)
Homozygous (AA)
Heterozygous (AG)
Total mutation
FII G20210A
Wild type (GG)
Homozygous (AA)
Heterozygous (AG)
Total mutation
MTHFR C677T
Wild type (CC)
Homozygous (TT)
Heterozygous (CT)
Total mutation
MTHFR A1298C
Wild type (AA)
Homozygous (CC)
Heterozygous (AC)
Total mutation

Patients (n Controls
= 145) (n = 105)
130
1
14
15
137
0
8
8
56
21
68
89
56
25
64
89

102
0
3
3
104
0
1
1
50
11
44
55
43
15
47
62

p

0.073

0.055

0.322

0.810
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The frequencies of individual heterozygotes
(AG) for the FII G20210A polymorphism in case
and control groups were eight (5.5%) and one
(0.9%), respectively (Table 1), while no individual from either cohort was homozygous (AA)
for the FII G20210A risk allele (p=0.055).
The proportions of individuals heterozygotes (CT)
for MTHFR C677T were 68 (46.9%) and 44 (41.9
%) in the case and control groups, respectively,
and the proportion of individuals homozygotes
(TT) for the risk allele were 21 (14.5%) and 11
(10.5%), respectively (Table 1). Although the
frequency of homozygous TT cases was increased
compared to that found in controls, the difference
was not statistically significant (p=0.322). In addition, 64 (44.14%) cases and 47 (44.76%) controls
were heterozygous (AC) for the MTHFR A1298C
polymorphism, while 25 (17.24%) cases and 15
(14.28%) controls were homozygous (CC) for the
A1298C risk allele (Table 1). There were no significant differences in A1298C genotype frequencies between our cohorts (p=0.810).
DISCUSSION
We carried out multiple analyses to determine
whether certain polymorphisms in three candidate genes are associated with increased risk for
RPL. We evaluated genotype frequencies of the
FVL G1691A, FII G20210A, MTHFR C677T,
and MTHFR A1298C polymorphisms in women
with first-trimester RPL. Although we found
some differences in genotype frequencies of these polymorphisms, the results were not statistically different between cohorts.
Based on these findings, we conclude that these
mutations have no major role in the etiology of
first-trimester recurrent abortion in our Turkish
cohort. The lack of an association between the
FII G20210A polymorphism and RPL in our study is similar to that in recent studies that demonstrated that FII G20210A as a solitary defect is
not associated with increased risk of RPL. However, considering that we found a trend towards
significance, the possibility cannot be ruled out
that the mutation is a risk factor for certain types
of RPL (24,25).
Case-control studies and meta-analysis have
shown that there is a high prevalence of FVL in
women with RPL (26-28). According to a systematic review of the literature, there is an OR of

2 between RPL and FVL (29,30). ReznikoffEtiévant et al. reported that 10.3% among a total
of 260 Caucasian women with a history of ≥2
unexplained pregnancy losses at less than 10
weeks gestation were positive for FVL compared to 4.6% among controls (27) concluding that
FVL was significantly associated with RPL before 10 weeks of gestation. A study by Grandone et
al. also supports this conclusion (28). Furthermore, Rey et al. found in a meta-analysis that FVL
was associated with early and late RPL, as well
as late non-recurrent fetal loss (26).
On the other hand, Ivanov et al. performed a study
including 94 women with embryonic loss prior to
10 weeks of gestation and 59 women with pregnancy loss between 10 and 14 weeks of gestation compared to a control group of 100 healthy
women with a history of at least one uncomplicated full-term pregnancy and found that FVL prevalence was not significantly associated with pregnancy loss prior to 10 weeks of gestation (9.6%)
compared to the controls (7%); however, there
was evidence of an association in women with
postembryonic loss (10–14 weeks of gestation)
exhibiting an FVL prevalence of 18.6%. Further,
prevalence of FII G20210A was significantly
higher in both groups with embryonic (17%) and
early fetal loss (16.9%) compared to that in controls (3%). In addition, FII G20210A was significantly associated with an increased risk of early
recurrent pregnancy loss throughout the entire
first trimester, while FVL was only significantly
higher in the early phase of pregnancy corresponding to the beginning of placentation, but was not
associated with embryonic-stage RPL. These
results suggest that the first trimester should be
viewed rather as a heterogeneous interval, with
different relations to FVL in the embryonic and
postembryonic fetal period (29).
Yousefian et al. found no significant difference in
MTHFR 677TT and A1298C polymorphisms genotype frequency between patient and control groups in 204 women with ≥3 consecutive pregnancy
losses before 22 weeks of pregnancy; similarly,
there was no statistically significant difference in
the proportion of homozygous MTHFR 1298CC
individuals between patient and control cohorts
(12.3% vs. 8% respectively) indicating that
MTHFR mutations are not associated with RPL in
the recruited cohort (30). Hashimoto et al. evalu-
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ated the FVL mutation in a group of 52 Japanese
women with a history of three or more idiopathic
first-trimester miscarriages and 41 of their partners
and found no differences compared to that in parous women without obstetric complications (31).
Chatzidimitriou et al. reported the impact of 12
thrombophilic polymorphisms as risk factors for
RPL, among 48 Greek women with a history of
RPL, vs 27 healthy parous women using multiplex PCR and in situ hybridization on nitrocellulose films. Heterozygous FV Leiden, homozygous PAI-1 4G/4G, heterozygous MTHFR C677T,
homozygous MTHFR A1298C, as much as the
combined thrombophilic genotypes MTHFR
677T + ACE Ι/D, MTHFR 677T/1298C + ACE
D/D, ACE I/D + b-fibrinogen -455 G/A, FV HR2
+ b-fibrinogen -455 G/A showed a correlation as
risk factors for RPL, whereas the rest of the investigated polymorphisms and their combinations
did not render statistically significant differences
between the two groups in study (32).
Bigdeli R et al. found no significant association between FII (A20210G) and FV (A4070G)
polymorphism and RPL investigating the frequency and association between ten polymorphisms
of seven thrombophilia genes and RPL in an Iranian population (on 200 women with recurrent pregnancy loss and also on 200 women with at least
one successful pregnancy as the control group) (33).
As a limitation to our study, other congenital
thrombophilic defects could not be analysed because of a lack of genetic laboratory facilities
required. Nevertheless, based on our findings, we
did not find evidence of an association between
FVL, FII, and MTHFR polymorphisms and first-

trimester recurrent fetal loss, and thus we conclude that genetic testing of these variants is not an
absolute necessity for pregnant women. However, because we found a trend towards significance for association between FII G20210A and
RPL, which has been reported in other studies,
further investigation of the putative role of this
gene in RPL is warranted.
In conclusion, despite the fact that there have
been many relevant studies performed, yet there
is no consensus on the role of culprit genes and
polymorphisms in RPL. However, many institutions offer genetic testing in cases of RPL and
clinicians take the results into consideration.
Further, a number of clinicians adopt a prudent
approach administering LMWH to their patients
for several weeks antenatally under the presumption there may be other thrombotic mutations that
are either not part of routine genetic testing or
not known. Hopefully, as studies continue to be
performed in this field and there is a better understanding, we may be able to change current
practices accordingly, providing better, more informed treatment and care for women with RPL.
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