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The effect of hereditary thrombophilia D
on recurrent pregnancy loss: a retrospective
cohort study

Hasan Berkan Sayal' and Mehmet Sinan Beksac?

Abstract

Objective Thrombophilia screening has been performed in patients with conditions such as previous fetal death,
(fetal growth restriction) FGR, preeclampsia, (hemolysis. elevated liver enzyme, low platelet count) HELLP Syndrome,
previous abruptio placentae, previous thrombosis in pregnancy, and abnormal placental histology. The actual role
of hereditary thrombophilia in recurrent pregnancy loss (RPL) is still debated. This study was intended to determine
the incidence of specific gene defects for hereditary thrombophilia and to ascertain their impact on RPL in central
Anatolia in Turkey.

Methods This retrospective cohort study was performed between January 2012 and December 2022. All pregnant
women with a complete hereditary screening profile were included. The investigated gene polymorphisms were
methylenetetrahydrofolate reductase (MTHFR) C677T, MTHFR A1298C, Factor V Leiden G1691A, and Factor I
prothrombin G20210A. Cases of pregnant women at least two or more consecutive pregnancy losses before 22 weeks
of gestation were defined as RPL. The rates of genetic screening and their association with RPL were analyzed.

Results RPL was identified in 224 (27.58%) of the 812 pregnant women with complete genetic screening. Although
there was no difference in terms of age, body mass index, numbers of ectopic pregnancies, molar pregnancies, or
dilatation & curettage (p>0.05), gravity (2.0 [2.0-3.0] vs. 4.0 [3.0-5.0]), parity (1.0 [1.0-2.0] vs. 1.0 [0-1.0]), live birth
(1.0[1.0-2.0] vs. 1.0 [0-1.0]), anembryonic pregnancy (0 [0-0] vs. 0 [0-0]), miscarriage (0 [0-1.0] vs. 3.0 [2.0-3.0]),

and stillbirth (0 [0-0] vs. 0 [0-0]) numbers differed significantly between the groups (p <0.05). While no significant
differences were determined in MTHFR A1298C, Factor V Leiden, factor Il prothrombin G20210A, or homocysteine
levels (p>0.05), the homozygous MTHFR C677T positivity rates differed significantly (6.3% in the non-RPL group vs.
11.6% in the RPL group, p=0.027) .

Conclusion The homozygous MTHFR C677T polymorphisms was found to be more frequent in women with RPL.
Further studies with larger cohorts are needed to confirm our results.
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Introduction

Thrombophilia is a condition potentially predisposing
to seriuos pregnanacy complications associated with
more than half of thromboembolic events during preg-
nancy [1]. The obstetric manifestations of thrombophilia
include infertility, repeated miscarriages, intrauterine
growth restriction, preeclampsia, (hemolysis. elevated
liver enzyme, low platelet count) HELLP syndrome, and
neonatal fulminant purple [1-4].

Inheritance patterns and risks for individuals diagnosed
with inherited thrombophilia have previously been stud-
ied. The hereditary form of thrombophilia is usually asso-
ciated with two or more gene defects [1]. Factor V Leiden
(FVL) mutation, prothrombin G20210A mutation, pro-
tein C deficiency, protein S deficiency, antithrombin
deficiency, hyperhomocysteinemia, and methylenetetra-
hydrofolate reductase (MTHFR) mutations are the most
frequent genetic abnormalities detected in patients with
inherited thrombophilia [5-7]. The screening protocol
for thrombophilia has been usually recommended in
women with a personal history of venous thromboembo-
lism, thrombosis at a young age (<40 years), more than
two family members with a history of thrombosis (>two
members), thrombosis at unusual sites, and poor obstet-
ric histories, such as more than three miscarriages, late
miscarriage, and fetal death [1, 8].

Recurrent pregnancy loss (RPL) is a well-known clini-
cal entity associated with hereditary thrombophilia.
Several medical associations have defined RPL as two or
more spontaneous miscarriages before 20 to 24 weeks’
gestation [2, 9-12]. RPL can be seen in 1-5% of women
of reproductive age. Although there are various chro-
mosomal, genetic, structural, anatomic, endocrine, and
immune causes of RPL, the exact reason cannot be iden-
tified in currently nearly half of the cases, and these are
classified as idiopathic [6, 10, 13, 14]. Thrombophilic dis-
orders are one of the most frequently suspected etiologies
in RPL [6]. However, the relationship between thrombo-
philia and RPL has not been clearly demonstrated due to
the heterogeneity in the inclusion criteria of previously
published studies and the different ethnic origins of the
patients enrolled [10].

The purpose of this study was to ascertain the rates of
specific gene defects for hereditary thrombophilia and
possible relations between these gene polymorphisms
and RPL in a Turkish population.

Materials and methods

This retrospective cohort analysis of pregnancies between
January 2012 and December 2022 was conducted in the
Maternal-Fetal Unit of the Hacettepe University, Faculty
of Medicine, Obstetrics and Gynecology Department,
Ankara, Turkey. The local ethical committee approved
the study (Hacettepe University, Ethics Committee, Date
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24.09.2009, Number 272079). The researchers agreed to
apply the principles of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all participants
prior to hospitalization for future use.

The number of pregnant women attending regular
follow-up examinations was 13,728, of whom 1180 were
evaluated in the perinatology department. Pregnancies
that may pose an increased risk of morbidity or mortality
for the mother, fetus, or newborn before or after deliv-
ery are evaluated in this clinic. Thrombophilia screening
was performed in patients with conditions such as pre-
vious fetal death, FGR, preeclampsia, HELLP Syndrome,
previous abruptio placentae, previous thrombosis in
pregnancy, and abnormal placental histology. Pregnan-
cies with missing hereditary thrombophilia data or that
did not conclude with childbirth in our institution were
excluded from the study. We also excluded patients with
known genetic abnormalities, uterine malformations,
and clinically significant uterine fibroids [14]. Eight hun-
dred twelve pregnant women were finally included.

Sociodemographic, obstetric, and clinical data were
collected using the patients’ medical files in the hos-
pital information system. Obstetric data included age,
body mass index (BMI), gravity, parity, miscarriages,
live births, anembryonic pregnancy, ectopic pregnancy,
molar pregnancy, stillbirth, and previous dilatation and
curettage. The results of the genetic analysis for heredi-
tary thrombophilia were also recorded.

Two or more consecutive pregnancy losses earlier than
22 weeks of gestation, provided that there is at most one
surviving child based on the American Society for Repro-
ductive Medicine (ASRM) 2008 criteria, were regarded as
RPL [15]. The participants were grouped as RPL-negative
(fertile women) (n=588) and RPL-positive (n=224).

A real-time polymerase chain reaction test using the
fluorescence resonance energy transfer technique was
used to analyze the single nucleotide polymorphisms
for MTHFR C677T, the MTHFR A1298C, FVLG1691A,
and Factor II prothrombin G20210A [2]. Genomic DNA
was extracted from venous blood samples. The genetic
analyses were performed using commercially available
kits. The presence of mutation in these genetic tests was
accepted as hereditary thrombophilia-positive [5] and
recorded as homozygous or heterozygous. Serum homo-
cysteine levels were measured.

Statistical analysis

The primary outcome was the differences in the preva-
lance of gene polymorphisms between patients with and
without RPL.

For descriptive statistics, meanz*standard deviation
was used to present continuous data with normal distri-
bution. Median (25th -75th ) values were used to express
continuous variables without normal distribution, while
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numbers and percentages were used for categorical
variables. The Kolmogorov-Smirnov test was applied to
assess the normality of distribution of numerical vari-
ables. Pearson’s Chi-Square and Fisher’s Exact tests were
used to compare differences between categorical vari-
ables in 2x2 tables. The Independent Samples t-test was
applied to compare two independent groups in which
numerical variables exhibited normal distribution. The
Mann-Whitney U test was applied to compare variables
without normal distribution between two independent
groups.

Jamovi (Version 2.2.5.0) and JASP (Version 0.16.1)
software were used for statistical analysis. Significance
(p-value) was set at 0.05 for all statistical analyses.

In the post-hoc power analysis, the power of the study
was found to be 99% with an effect size of 0.235 for
MTHER C677T.

Results

Two hundred twenty-four patients (27.58%) with two or
more consecutive pregnancy losses earlier than 22 weeks’
gestation based on the ASRM 2008 criteria were identi-
fied. The participants were grouped into two groups:
group 1, RPL-negative (#=588) and group 2, RPL-posi-
tive (n=224) (Fig. 1).

The participants’ sociodemographic and obstetric char-
acteristics are summarized in Table 1. Although no dif-
ferences were observed in age, body mass index, numbers
of ectopic pregnancies and molar pregnancies, or dilata-
tion & curettage (p>0.05), gravity and parity numbers,
live birth anembryonic pregnancy, miscarriage, and still-
birth differed significantly between the groups (p<0.05).

Table 2 lists the distribution of the hereditary throm-
bophilia genetic test results between the groups. While
no significant differences were observed in the rates
of MTHFR A1298C, Factor V Leiden, or factor II pro-
thrombin G20210A, and homocysteine levels (p>0.05),
homozygous MTHFR C677T positivity differed signifi-
cantly between the groups (6.3% non-RPL vs. 11.6% RPL,
p=0.027) .

Discussion

The study findings show that MTHFR C677T gene poly-
morphisms are more frequent in the RPL group com-
pared to the control group. However, no significant
differences were observed in the rates of the other poly-
morphisms for hereditary thrombophilia between preg-
nant women with and without RPL.

Differences in the diagnostic criteria employed for RPL
have led to inconsistent outcomes in published stud-
ies [2, 3, 9]. Depending on the countries and guidelines
involved, different cut-off values have been reported for
gestational age and numbers of pregnancy losses. RPL in
the present study was diagnosed based on ASRM 2008
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criteria [16]. A previous systematic review and meta-
analysis revealed no difference in the prevalence of inher-
ited thrombophilia following testing after two versus
three pregnancy losses [17]. The findings of several stud-
ies have supported this conclusion [18]. Consistent with
this approach, we grouped our patients according to a
cut-off value of three for the number of pregnancy losses.
Under those conditions, we determined no difference in
the rates of gene polymorphisms between patients with
and without three or more pregnancy losses. It should be
remembered that differences in study designs, geographic
variations, methods used to select the cases, and defini-
tions and types of RPL may lead to contradictory results.

The frequency and number of these mutations vary
depending on patient characteristics, such as ethnicity
and geographical differences, and the number of muta-
tions analyzed for inherited thrombophilia. Udumudi
et al. [4] proposed that genetic markers for inherited
thrombophilia should be increased while evaluating
high-risk patients in fertility and obstetric clinics. They
recommended the inclusion of genotypes of seven
thrombophilia genes (methylenetetrahydrofolate reduc-
tase (MTHFR), methionine synthase reductase (MTRR),
Methyltransferase (MTR), Annexin A5 (ANXAS5), pro-
tein Z (PROZ), serine protease inhibitér (SERPINEL),
and vascular endothelial growth factor A (VEGFA) in
addition to prothrombin, FVL, and MTHER genes in
the risk of inherited thrombophilia for patients with
RPL. Several studies have focused on specific nucleotide
polymorphisms, such as angiotensin converting enzyme
(rs4646994) and P-fibrinogen (rs1800790) [9, 13]. The
inclusion of more tests may also lead to the detection of
higher rates of thrombophilia.

The frequency of MTHFR C677T in a study from
Bosnia was 37.5%, similar to those reported from other
countries [18, 19]. Studies from different countries have
reported a rate of inherited thrombophilia of almost 33%
in patients with RPL [8, 20]. In the present study, FVL
mutation (14.3%) was the most frequent type. Mishra
et al. [21] detected MTHFRC677T polymorphism (het-
erozygosity) and FVL heterozygosity in 20.5% and 1.8%,
respectively, of Indian patients with RPL. In the present
study, the rates of heterozygotes and homozygotes for
MTHER C677T in all pregnant women were 36.5% and
7.8%, respectively, yielding a total of 44.2%. The respec-
tive rates for MTHFR A1298C were 22.7% and 4.6%, with
a total rate of 27.2%. Similar rates have been reported
in other studies from Turkey and from Mexico [12, 22].
The baseline prevalence of MTHFR C677T in the con-
trol group is unusually low compared to global data. The
reason for this may depend on the ethnicity in the region
where the study was conducted. Large-scale studies con-
sidering the differences in the patient characteristics and
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Study flowchart
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Assessed for eligibility
(n=1180)

Excluded (n=368)

- Genetic abnormality
_| - Uterine malformations
"| - Uterine fibroids

Participants enrolled in the study (n= 64)

¥

l

Group 1

(Recurrent Pregnancy Loss
Negative n=588)

Discontinued intervention (n=0)

Completed follow-up (n=588)

l

Analyzed (1=588)

Fig. 1 Enrollment and follow-up of the study subjects

methodologies of these studies are now needed to clarify
the inconsistent findings.

The association between inherited thrombophilias
and RPL remains controversial [22, 23]. A recent sys-
tematic review and meta-analysis concluded that FVL
mutation, prothrombin gene, and deficiency of protein
S entailed a higher risk of developing RPL [3]. The other
mutations (antithrombin and protein C deficiency) were
unrelated to RPL. A study from India reported significant

Group 2

(Recurrent Pregnancy Loss
Negative n=224)

h 4

Discontinued mntervention
(n=0)

Completed follow-up (n=224)

1

Analyzed (n=224)

associations between hyperhomocysteinemia and
MTHER C677T with early (before 20 gestational weeks)
and FVL with both early and late (after 20 gestational
weeks) losses [21]. Ahangari et al. [2] showed higher
prevalence rates of MTHFR C677T and A1298C mutant
alleles in Iranian women with two or more pregnancy
losses. Although several authors have speculated that the
MTHER variants are associated with fetal viability, and
these configurations result in a selection disadvantage
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Table 1 Sociodemographic and obstetric characteristics of the
participants

Recurrent Preg- Recurrent Preg- P

nancy Loss nancy Loss

Negative Positive (n=224)

(n=588)
Age (years) 31.05+5.21 31.6+5.09 0.132
BMI (kg/mz) 2523+3.07 24.89+3.65 0.118
Gravity 2.0 (2.0-3.0) 4.0 (3.0-5.0) <0.001*
Parity 1.0 (1.0-2.0) 1.0 (0-1.0) <0.001*
Live birth 1.0 (1.0-2.0) 1.0 (0-1.0) 0.001*
Anembryonic 0(0-0) 0(0-0) <0.001*
pregnancy
Miscarriage 0(0-1.0) 3.0(2.0-3.0) <0.001*
Ectopic pregnancy 11 (1.9%) 2 (0.9%) 0.532
(n, %)
Molar pregnancy 6 (1.0%) 0 (0%) 0.195
(n, %)
Stillbirth 0 (0-0) 0 (0-0) 0.007*
Dilatation & 0 (0-0) 0 (0- 0.766
Curettage

BMI: body mass index
P<0.05 statistically significant

leading to spontaneous abortion, we observed no signifi-
cant association between gene polymorphisms and RPL
[24]. In agreement with the present study, Stamou et al.
[20] and Lépez-Jiménez et al. [13] found no impact of
prothrombotic and hypofibrinolytic genotypes, including
MTHER C677T and A1298C, FVL, prothrombin gene,
antithrombin III, activated protein S, protein C, and pro-
tein S on pregnancy loss. Another study from Turkey
revealed no significant impact of prothrombin G20210A,
FVL G1691A, MTHER C677T, or MTHFRA1298C on
RPL [22]. We think that ethnic and geographic variances
may be more critical than expected in yielding such dif-
ferent findings.
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The impact of other thrombophilia mutations, FVL
G1691A and factor II prothrombin G20210A, on RPL has
also been studied [2, 10, 25-27]. Although most of these
studies have reported odds ratios from 0.5 to 18 [2, 9,
27], there were no significant differences in the rates of
these polymorphisms between patients with and without
RPL in the current study. Consistent with our findings,
Ahangari et al. [2] and Wingeyer [26] both reported that
mutations of prothrombin G20210A and FVL G1691A
were not associated with RPL. Padda et al. [25] con-
cluded that the effect of FVL G1619A and prothrombin
gene G20210A mutations on various obstetric outcomes
are inconclusive and insubstantial. We believe that eth-
nic and geographic differences may result in inconsistent
outcomes.

In the light of the higher rates of these mutations,
authors usually recommend genetic testing for hereditary
thrombophilia in patients with RPL in order to provide
proper management and genetic counseling to high-risk
couples [2, 9]. However, the ESHRE guidelines are
opposed to routine screening for all cases of RPL, unless
in the presence of a combination of inherited and other
thromboembolism risk factors [28]. Patient-based man-
agement therefore seems to be a more appropriate way
to handle such patients. Although our findings do not
support the application of routine screening for heredi-
tary thrombophilia, we do recommend these programs in
selected patient groups.

Hyperhomocysteinemia is another hematological
abnormality that adversely impacts fertility outcomes.
Previous studies have reported various rates, up to 30.4%
[21]. Mutations in the MTHFR lead to increased levels
of homocysteine. MTHFR mutations and hyperhomo-
cysteinemia are considered risk factors for the pathogen-
esis of RPL [13]. Hyperhomocysteinemia was detected in

Table 2 Distribution of the genetic test results for hereditary thrombophilia between the groups

Recurrent Pregnancy Loss Recurrent Pregnancy Loss p
Negative (n=588) Positive (n=224)
MTHFR Normal 340 (57.8%) 113 (50.4%) 0.027*
C677T Heterozygous 211 (35.9%) 85 (37.9%)
n (%) Homozygous 37 (63%) 26 (11.6%)
MTHFR Normal 433 (73.6%) 158 (70.5%) 0484
A1298C Heterozygous 127 (21.6%) 57 (25.4%)
n (%) Homozygous 28 (4.8%) 9 (4.1%)
Factor V Leiden Normal 480 (81.6%) 174 (77.7%) 0.391
G1691A Heterozygous 100 (17.0%) 45 (20.1%)
n (%) Homozygous 8 (1.4%) 5(2.2%)
Factor Il Normal 568 (96.6%) 212 (94.6) 0.226
prothrombin Heterozygous 20 (3.4) 12 (5.4)
G20210A
n (%)
Homocysteine (umol/L) 8.57+6.24 8.83+563 0.709

MTHFR: methylenetetrahydrofolate reductase
P<0.05 statistically significant
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10.6% of all patients and in 14.7% of women with RPL in
the present study. This controversial association may be
related to the variable frequencies of MTHFR compound
heterozygous or homozygous genotypes.

The impact of hereditary thrombophilia on outcomes
such as intrauterine growth restriction and hypertensive
disorders of pregnancy has been studied previously [1, 6].
Voicu et al. [1] showed that the prothrombin G20210A
mutation and antithrombin deficiency were significantly
correlated with the development of intrauterine growth
restriction. Others found that homozygous variants of
MTHER play a significant role in the development of
pregnancy complications [29]. Pregnancy outcomes in
patients with and without hereditary thrombophilia were
not evaluated in the present research.

The principal limitations of this study were its retro-
spective design and inclusion of only screened pregnant
women. The absence of data concerning other congeni-
tal thrombophilic defects and the pregnancy outcomes
was another limitation. Nevertheless, the high number of
patients in this study was one of its major strengths.

In conclusion, there is a higher frequency of the
MTHEFR C677T mutation in the group of women with
poor perinatal outcomes, without a history of throm-
boembolism, who were screened for hereditary throm-
bophilias. Although no significant differences were
determined in the rates of the other genetic tests in
pregnancies with and without RPL, the genetic testing
of these variants is not an absolute necessity for Turkish
pregnant women. Nevertheless, screening programs for
hereditary thrombophilia (especially MTHFR C677T and
family members with hereditary thrombophilia) might
be beneficial for detecting the risk of pregnancy losses in
selected populations.
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