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Abstract: Background: Despite pregnancy’s hypercoagulable state, the correlation between inher-
ited thrombophilia and thrombotic adverse pregnancy outcomes remains uncertain. The objective
of this study was to determine the prevalence of inherited thrombophilic polymorphisms among
asymptomatic pregnant individuals and to examine their potential correlation with adverse perina-
tal outcomes. Methods: in this single-center prospective study, 105 healthy pregnant women were
included. Genotyping was conducted for factor V Leiden (FVL), prothrombin gene mutation, meth-
ylenetetrahydrofolate reductase enzyme (MTHFR) C677T, MTHFR A1298C, and plasminogen acti-
vator inhibitor-1 (PAI-1), alongside the assessment of protein C (PC), protein S (PS), and antithrom-
bin (AT) levels. The study analyzed the association between inherited thrombophilic polymor-
phisms and pregnancy complications linked to placental insufficiency, such as gestational hyper-
tension (GH), preeclampsia (PE), intrauterine death (IUD), fetal growth restriction (FGR), and pla-
cental abruption. Results: The prevalence of identifiable thrombophilic polymorphism mutations
was 61.9% (95% confidence interval - CI 52.4-70.8%), with the most common single mutation being
PAI-1 4G/5G (12/105, 11.4%, 95% CI 6.4-18.5). The most frequent combined mutation was heterozy-
gosity for MTHFR C677T and PAI-1 (12/105, 11.4%, 95% CI 6.4-18.5). Notably, no FVL homozygous
carriers or single homozygous and heterozygous carriers for prothrombin polymorphisms were
found. Additionally, no deficiencies in PC and AT were detected among participants. Except for
homozygosity for PAI-1, none of the studied polymorphisms demonstrated a significant association
with pregnancy complications linked to placental insufficiency. Conclusions: The asymptomatic
carriers of inherited thrombophilic polymorphisms do not have an increased risk of adverse peri-
natal outcomes.

Keywords: inherited thrombophilia; healthy antenatal population; perinatal outcome

1. Introduction

Inherited thrombophilia includes a set of genetic conditions increasing susceptibility
to venous thromboembolism (VTE) [1,2]. Despite pregnancy’s innate hypercoagulable
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state, the potential relationship between inherited thrombophilia and thrombotic adverse
pregnancy outcomes, such as fetal growth restriction (FGR), preeclampsia (PE), placental
abruption, recurrent pregnancy loss (RPL), and intrauterine death (IUD), remains a topic
of ongoing debate [3,4].

Inherited thrombophilias include a range of mutations, notably including the factor
V Leiden (FVL) mutation, prothrombin G20210A mutation, and deficiencies of protein C
(PC), protein S (PS), and antithrombin (AT), as well as methylenetetrahydrofolate reduc-
tase enzyme (MTHFR) 1298 and 677 mutations, and Plasminogen activator inhibitor-1
(PAI-1) mutation [5,6].

Prevalence varies by race, ethnicity, and geographic location [7,8]. In Europe, FVL
heterozygosity prevalence ranges from 5% to 8%, with the highest prevalences found in
Greece and Sweden, and the mean frequency of the 1691A F5 allele, responsible for factor
V Leiden in Europe, was determined to be 3.5% [9], while prothrombin gene mutation
prevalence varies from 0.7% to 4%, and is highest in southern Europe [8]. PC deficiency is
less common among Caucasians (0.2% to 0.5%) [10], while PS deficiency varies from 0.03%
to 0.13% [11]. AT deficiency is rare (0.02% to 0.2%) [12], while MTHER 677C prevalence
ranges from 24% to 64% and MTHER 1298C from 24% to 46% in Europe [13]. Nearly 50%
of Caucasians carry the PAI-1 polymorphism. Distributional differences may arise from
diverse genetic and environmental factors globally, with limited data on prevalence in
Croatian populations [14].

This study represents the first prospective investigation in Croatia to examine the
prevalence and types of thrombophilic gene mutations in healthy pregnant women. The
study aimed to gather data on the prevalence of common thrombophilias among healthy
pregnant women and to assess any potential associations between various inherited
thrombophilic polymorphisms and adverse perinatal outcomes.

2. Materials and Methods

This prospective study was conducted at the University Hospital Center Zagreb, Cro-
atia’s tertiary-level maternity hospital, from January 2018 to January 2020. It comprised
105 pregnant women attending the antenatal clinic for routine first-trimester scans, all of
whom were locally residing Caucasians. Inclusion criteria were singleton pregnancies
with maternal ages between 18 and 37 years, while exclusion criteria comprised multiple
pregnancies, pregnancies resulting from in vitro fertilization (IVF), major fetal congenital
anomalies, RPL, adverse placental insufficiency-related outcomes in previous pregnancies
(such as intrauterine death, fetal growth restriction, and placental abruption), a personal
history of thromboembolism, and underlying medical conditions associated with preg-
nancy complications (e.g., essential hypertension, hypothyroidism, renal disease, or
preexisting diabetes).

The study received approval from the Ethical Committee of the School of Medicine,
University of Zagreb, and was conducted in compliance with the Declaration of Helsinki.
Written informed consent was obtained from all participants.

2.1. Laboratory Testing

Following informed consent acquisition, eligible participants underwent genotyping
for several polymorphisms, including FVL, prothrombin gene, PAIl, MTHFR
ougC677T/A1298C, alongside assessments of their PC, PS, and AT levels. Diagnosis of in-
herited thrombophilia was considered to be characterized by the presence of one or a com-
bination of seven thrombophilic gene mutations. Genotyping for FVL, prothrombin gene,
MTHEFR, and PAI1 occurred at the Croatian Institute of Transfusion Medicine, Depart-
ment of Molecular Diagnostics, while AT and PC values were analyzed at the Department
of Platelet and Leukocyte Diagnosis and Hemostasis. PS determination took place at the
University Hospital Center Zagreb, Department of Medical Laboratory Diagnostics.

PS, PC, and AT deficiency were defined as plasma activity levels of AT, PC, or PS
below the lower limits of the adult reference values (70% for AT, 55% for PC, and 50% for
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PS), as stated by other publications [15]. PC, PS, and AT levels were evaluated using both
clotting-based and chromogenic assays. For FVL, prothrombin gene, PAI1, and MTHFR
C677T/A1298C variants assessment, real-time polymerase chain reaction (PCR) tech-
niques were employed.

2.2. Pregnancy Management and Data Collection

All participants underwent standard pregnancy surveillance with follow-up exami-
nations in the antenatal care clinic. Fetal surveillance included monthly ultrasound scans
until delivery, and all neonates received immediate examination by a pediatrician post-
delivery. Data post-delivery, including maternal age, parity, body mass index (BMI), per-
sonal and family history of thromboembolism (myocardial infarction, cerebrovascular ac-
cident, pulmonary embolism, and deep vein thrombosis), gestational age at delivery, type
of delivery, indication for cesarean section, birth weight, and Apgar scores at one and five
minutes after birth, were extracted from the hospital’s information system.

Gestational hypertension (GH) was defined as the onset of high blood pressure
(2140/90 mmHg) after 20 weeks of gestation without proteinuria. PE was characterized by
high blood pressure and proteinuria (20.3 g/24 h urine) or new-onset hypertension with
significant end-organ dysfunction, with or without proteinuria, after 20 weeks of gestation
or postpartum in previously normotensive women. Placental abruption was diagnosed in
cases of vaginal bleeding or concealed hemorrhage after 20 weeks, uterine tenderness, and
either fetal distress or maternal shock, or coagulopathy, confirmed by the presence of a
blood clot on the maternal side of a delivered placenta. FGR was determined by an esti-
mated fetal weight below the 10th percentile for gestational age, excluding chromosomal
abnormalities, congenital malformations, evidence of congenital infection, and substance
abuse. IUD was defined as fetal demise after 23 weeks of gestation, excluding chromoso-
mal abnormalities, congenital malformations, and evidence of congenital infection.

Adverse neonatal outcomes were classified into those associated with placental in-
sufficiency (including morbidity linked to FGR, perinatal asphyxia, and neonatal death)
and others (such as jaundice, complications due to prematurity, and neonatal infections).
Morbidity related to FGR included hypothermia (defined as a newborn’s body tempera-
ture being <36.5 °C), hypocalcemia (a total serum calcium concentration of <2 mmol/L in
term infants or <1.75 mmol/L in preterm infants), polycythemia (central venous hemato-
crit of >65% or hemoglobin levels of >22 g/dL), meconium aspiration syndrome (respira-
tory distress in newborn infants born through meconium-stained amniotic fluid), neonatal
pulmonary hypertension (characterized by elevated pulmonary vascular resistance, right-
to-left shunting of blood, and hypoxemia), and sepsis. Perinatal asphyxia was diagnosed
if at least one of the following criteria was met: a 10min Apgar score of <5, neonatal en-
cephalopathy (evident acute brain injury on MRI indicative of hypoxic-ischemic injury),
or an umbilical artery blood pH of <7. Neonatal complications attributed to prematurity
included anemia (defined as a hemoglobin level of <9 g/dL), jaundice (a total serum bili-
rubin level of >5 mg/dL), infection, respiratory distress syndrome (RDS), intracranial
bleeding, persistent ductus arteriosus, necrotizing enterocolitis, and retinopathy.

2.3. Data Analysis

We predefined four groups for analysis: a control group (without identifiable poly-
morphisms), a heterozygous single, a homozygous single, and a combined polymorphism
group. The control group comprised individuals with wild-type normal genotypes: PAIl
5G/5G, MTHEFR C677C, and MTHFR A1298A. The heterozygous single group included
FVL heterozygous, prothrombin heterozygous, PAIl1 4G/5G, MTHFR C677T, MTHFR
A1298C, PS deficiency (<65 IU/dL), PC deficiency (<65 IU/dL), and AT III deficiency
(<75%). The homozygous single group consisted of FVL homozygous, prothrombin ho-
mozygous, PAI1 4G/4G, MTHER T677T, and MTHEFR C1298C. The combined polymor-
phism group comprised all compound mutations observed among participants, such as
prothrombin heterozygous + MTHEFR C677T, FVL heterozygous + PAI1 4G/5G, and others.
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Continuous variables (age, BMI, birthweight, Apgar score, and gestational age) were
analyzed using a one-way analysis of variance (ANOVA). The prevalence and types of
inherited thrombophilic polymorphisms were expressed as percentages with correspond-
ing 95% confidence intervals (CI). Differences in categorical outcomes were examined us-
ing a Fisher-Freeman-Halton’s exact test. A binary logistic regression assessed the asso-
ciation between inherited thrombophilic polymorphisms and pregnancy pathologies re-
lated to placental insufficiency. A significance level of 0.05 was applied for all analyses.
IBM® Statistical Package for the Social Sciences (SPSS) Statistics version 27.0.1 was utilized
for statistical procedures.

3. Results

Among the 105 women analyzed, 65 (61.9%, 95% CI 52.4%-70.8%) had identifiable
thrombophilic polymorphisms. These subjects were categorized into groups: 40 (38.2%)
had no identifiable polymorphisms, 27 (25.7%) were in the heterozygous single group, 9
(8.5%) were in the homozygous single group, and 29 (27.6%) were in the combined poly-
morphism group. Notably, there were no single homozygous carriers for FVL and no sin-
gle homozygous or heterozygous carriers for prothrombin polymorphisms. Additionally,
no deficiencies in PC or AT were observed among participants.

The most prevalent single mutation was PAI-1 4G/5G heterozygosity (11.4%), while
the most common combined mutation was heterozygosity for MTHFR C677T and PAI-1
(11.4%). FVL heterozygosity was observed in two (1.9%) women, and two (1.9%) women
exhibited PS deficiency.

In the combined polymorphism group, the predominant mutations were a combina-
tion of heterozygosity for MTHFR C677T and PAI-1 (41.38%) and heterozygosity for
MTHEFR C677T combined with PAI-1 homozygosity (34.48%).

Table 1 presents the prevalence and types of inherited thrombophilia among the co-
hort of women.

Table 1. Prevalence and types of inherited thrombophilic polymorphisms among low-risk pregnant
women (N = 105).

N % 95% CI
Lower Upper

FVL heterozygous 2 1.9% 0.4% 6.0%
Protein S deficiency * 2 1.9% 0.4% 6.0%
PAI1 polymorphism

4G/5G heterozygous 12 11.4% 6.4% 18.5%

4G/4G homozygous 5 4.8% 1.8% 10.1%
MTHFR A1298C polymorphism

A1298C heterozygous 5 4.8% 1.8% 10.1%
MTHEFR C677T polymorphism

C677T heterozygous 6 5.7% 2.4% 11.4%

C677T homozygous 4 3.8% 1.3% 8.8%
Combined polymorphisms

Prothrombin heterozygous, MTHFR C677T heterozygous 1 1.0% 0.1% 4.4%

FVL heterozygous, PAI1 4G/5G heterozygous 1 1.0% 0.1% 4.4%

MTHER C677T heterozygous, PAI1 4G/4G homozygous 10 9.5% 5.0% 16.2%

MTHER C677T heterozygous, PAI1 4G/5G heterozygous 12 11.4% 6.4% 18.5%

MTHER C677T homozygous, PAI1 4G/5G heterozygous 3 2.9% 0.8% 7.4%

MTHER C677T homozygous, PAI1 4G/4G homozygous 2 1.9% 0.4% 6.0%

t Protein S (PS) deficiency defined as PS plasma activity levels of <50%.

Table 2 outlines the baseline characteristics of the cohort. There were no differences
observed among the four groups concerning maternal age, BMI, parity, and family history
of VTE.
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Table 2. Demographics.

- Control Group Hetet:ozygous Hom.ozygous Combine?d
Variable Single Single Polymorphisms p
N =40 N=27 N=9 N=29

Age (mean+S.D.) 314+4.1 31.8+23 31.1£26 31.8+3.7 0.731

BMI (mean + S.D.) 25.6 +3.5 25.6 4.7 24.7+3.5 23.6+2.5 0.142

Parity (N, %)

0 24 (60) 14 (51.9) 4 (44.6) 23 (79.3) 0192

1 9(22.5) 10 (37) 3(33.3) 3(10.3)

>2 7 (17.5) 3(11.1) 2(22.2) 3(10.3)

Family history for VTE * (N, %)

Negative 36 (90) 22 (81.5) 7(77.8) 23 (79.3) 0.541

Positive 4 (10) 5(18.5) 2(22.2) 6 (20.7)
Abbreviations: BMI—body mass index; N—number; TE—thromboembolic diseases. * Cerebrovas-
cular insult, deep vein thrombosis, pulmonary embolism, myocardial infraction.

Table 3 presents the association between four participant groups and perinatal out-
comes. Pregnancy complications related to placental insufficiency were observed in six
women. Within the control group, one woman (2.5%) developed gestational hypertension
(GH). Among heterozygous single carriers, one woman (3.7%) developed GH, and an-
other (3.7%) experienced placental abruption. In the homozygous single group, one pa-
tient (11.11%) developed GH, and one (11.11%) was diagnosed with FGR; both were PAI-
1 4G/4G homozygous carriers. Among combined polymorphism carriers, two women
(6.9%) were antenatally diagnosed with FGR.

No significant differences were observed among the four groups regarding gesta-
tional age at delivery, type of delivery, indication for cesarean section (CS), or birthweight.
However, a statistically significant difference was noted in Apgar scores; the control group
had significantly lower 1st minute Apgar scores, primarily due to two cases of acute hy-
poxia during labor (p = 0.03).

No significant differences were observed among the four groups regarding neonatal
outcomes, and among the three groups of inherited thrombophilia carriers, no neonates
experienced complications associated with placental insufficiency.

Table 3. Pregnancy complications and perinatal outcomes.
. Control Group Heter.ozygous Hom.ozygous Combine.d
Variable Single Single Polymorphisms p
N =40 N=27 N=9 N=29

Pathology of pregnancy (N, %)
Gestational hypertension 1(2.5) 1(3.7) 1(11.1) 0 0.067
Placental abruption 0 1(3.7) 0 0 '
Fetal growth restriction 0 0 1(11.1) 2 (6.9)
Sg.stt;;lonal ageat delivery (mean 504, ¢ 392£0.1 39.1+13 39411 0.634
Caesarean section (N, %) 9 (22.5) 6 (22.2) 1(11.1) 11 (37.9) 0.356
Due to complications related to

. . 0 1 0 1
placental insufficiency * 0.610
Abnormal CTG in labor* 2 2 0 1 '
Other t 7 3 1 9
Birthweight (mean +S.D.) 3441 £ 536 3521 + 398 3231 + 498 3402 + 392 0.523

Apgar score (mean + S5.D.)

1st minute

9.55+1.1 10.00 + 0.0 9.89+0.3 10.00 + 0.0 0.033
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5th minute 9.83+0.8 10.00 £ 0.0 9.89+0.3 10.00 £ 0.0 0.222
Neonatal outcome (N, %)
Without complications related to

27(1 1 2 .
antenatal placental insufficiency * 36 (0) (100) 2 (100) 6(89.6)
Perinatal asphyxia $ 1(2.5) 0 0 0 0.519
her (i . licati
Other (jaundice, complications 3(7.5) 0 0 3(103)

due to prematurity )

* Gestational hypertension, preeclampsia, fetal growth restriction, preeclampsia, placental abrup-
tion, intrauterine fetal death. * Variable decelerations, late decelerations, prolonged decelerations. ¥
Fetal malpresentation presentation, cephalopelvic disproportion, placenta previa, suspected fetal
macrosomia, etc. $ 10min Apgar Score <5, neonatal encephalopathy, umbilical artery blood pH <7.
Anemia, jaundice, infection, respiratory distress syndrome, intracranial bleeding, patent ductus ar-
teriosus, necrotizing enterocolitis, retinopathy.

Table 4 illustrates the relationship between individual thrombophilias and pregnancy
complications related to placental insufficiency (GH, PE, placental abruption, FGR, and
IUD). Except for PAI-1 homozygosity, no other polymorphisms showed significance in
predicting pregnancy pathology related to placental insufficiency. Carriers of the PAI-1
polymorphism (4G/4G homozygous) exhibited a significantly higher chance of experienc-
ing pathology related to placental insufficiency (FGR, GH) with an odds ratio (OR) of 12.70
(95% CI: 1.71-93.83; p = 0.013). However, due to the small number of participants (N =
five), these findings may be coincidental.

Table 4. The association between inherited thrombophilic polymorphisms and pregnancy compli-
cations related to placental insufficiency: binary logistic regression.

Pregnancy Complica-

tions
No Yes OR 95% CI 4
N =98 (0/0) N=7 (0/0)

FVL heterozygous 2(2) 0 NA
Protein S deficiency * 2(2) 0 NA
PAI1 polymorphism

4G/5G heterozygous 12 (12.2) 0 NA

4G/4G homozygous 3(3.1) 2(28.6) 12.7 1.7-93.8 0.013
MTHEFR A1298C polymorphism

A1298C heterozygous 4(4.1) 1(14.3) 3.9 0.3-40.7 0.253
MTHER C677T polymorphism

C677T heterozygous 5(5.1) 1(14.3) 3.1 0.3-30.9 0.335

C677T homozygous 4(4.1) 0 NA
Combined polymorphisms

Prothrombin heterozygous, MTHFR C677T heterozygous 1(1) 0 NA

FVL heterozygous, PAI1 4G/5G heterozygous 1(1) 0 NA

MTHER C677T heterozygous, PAI1 4G/4G homozygous 8(8.2) 2 4.5 0.7-27.1 0.100

MTHER C677T heterozygous, PAI1 4G/5G heterozygous 12 (12.2) 0 NA

MTHER C677T homozygous, PAI1 4G/5G heterozygous 3(3.1) 0 NA

MTHEFR C677T homozygous, PAI1 4G/4G homozygous 2(2) 0 NA

Abbreviations: CI—confidence interval; N—number; NA—not applicable. * Protein S (PS) defi-
ciency defined as PS plasma activity levels <50%.

4. Discussion

Pregnancy is a condition that promotes blood hypercoagulability, becoming more
apparent as the pregnancy progresses [16]. The adequate development of placental
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circulation is crucial for a successful pregnancy, and genetic predisposition to blood clot-
ting disorders can pose a risk for complications related to placental function during preg-
nancy [17]. The concept of biological hypercoagulability refers to changes in coagulation
and fibrinolysis processes that lean toward clot formation during pregnancy. Hypercoag-
ulation leads to increased fibrin turnover, as evidenced by elevated levels of D-Dimers, a
sensitive indicator of increased secondary fibrinolytic activation [18]. It is estimated that
inherited thrombophilia plays a role in about 50% of the VTE occurrences during preg-
nancy and the postpartum period [19]. It is widely acknowledged that VTE events during
pregnancy, along with inherited thrombophilia, can lead to serious consequences, both
maternal and fetal [19]. Anticoagulant therapy appears to be safe and effective for the
treatment of pregnancy-related VTE [20], although the prophylactic administration of low
molecular weight heparin (LMWH) is not routinely recommended in patients with hered-
itary thrombophilia without a history of previous VTE or other risk factors, as stated by
the majority of guidelines [21-23]. Apart from the link to VTE, the connection between
hereditary thrombophilias and adverse pregnancy outcomes remains largely unexplored.

Based on our findings, there is no notable association between asymptomatic carriers
of inherited thrombophilia and adverse perinatal outcomes, except perhaps for the PAI-1
polymorphism carriers homozygous for 4G/4G. As previously mentioned, in our cohort,
only patients with the PAI-1 polymorphism (4G/4G homozygous) showed a significantly
higher chance of experiencing pathology related to placental insufficiency (FGR and GH)
(OR 12.70; 95% CI: 1.71-93.83; p = 0.013). PAI-1, belonging to the serpin superfamily, plays
a crucial role in the plasminogen/plasmin system by primarily inhibiting tissue plasmin-
ogen activator (tPA) and urokinase-type plasminogen activator (uPA) [24]. Evidence from
a recent meta-analysis suggests that the PAI-1 rs1799889 polymorphism might act as a
contributing factor to the development of VTE in Caucasians and East Asians, particularly
in individuals with deep vein thrombosis (DVT) and those carrying the FVL mutation [25].
Furthermore, it could represent a risk factor for residual venous occlusion after idiopathic
DVT [26]. Additionally, the PAI-1 4G/5G polymorphism is significantly involved in the
development of RPL by altering metabolic, thrombotic, and immune factors, as shown by
multiple studies [27-29].

The role of PAI-1 in the pathogenesis of PE and placental insufficiency-related disor-
ders has been extensively investigated by numerous publications in recent years, with
conflicting results. PAI-1 could inhibit trophoblast invasion and have a negative impact
on the remodeling of maternal uterine spiral arteries, contributing to reproductive dis-
eases such as RPL, PE, IUGR, and even maternal and fetal death [30]. Moreover, increased
expression of PAI-1 and tPA, together with decreased levels of AnnexinA2 (ANXA?2) were
found in placental samples of PE-affected women compared to healthy controls, corrobo-
rating these suggestions [31]. Physical activity and certain medications, such as metfor-
min, have the potential to lower PAI-1 levels [29], as for women with polycystic ovarian
syndrome (PCOS) [32]. New diagnostic tools, such as non-invasive real-time placental ox-
ygenation measurements through near-infrared spectroscopy (NIRS) could help enhance
the current understanding of placental pathophysiology in the development of disorders
related to placental insufficiency [33].

A positive association between elevated levels of PAI-1 and increased risk of devel-
oping placental disorders has been found by multiple systematic reviews and meta-anal-
yses in the past years [34-36]. However, another aggregative analysis, on the contrary, has
shown the absence of a statistically significant association between the PAI-1 polymor-
phism and the development of adverse pregnancy outcomes in asymptomatic nulliparous
pregnant patients [37]. The same conclusions were reached by a recent systematic review
of 59 studies [38]. Despite finding a positive association between patients with homozy-
gous PAI-1 polymorphism and increased development of placental pathology, we believe
that the sample size (N = five) of patients affected by this polymorphism in our cohort is
too small to support this hypothesis, and we urge our esteemed colleagues to conduct
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high-quality research with rigorous patient selection in order to definitively demonstrate
or refute this association.

Among our cohort of healthy pregnant carriers, the most prevalent single polymor-
phisms were PAI-1 mutation and MTHFR, consistent with findings from other European
nations. For instance, an Italian case—control study reported a 50.5% prevalence of PAI-1
gene 4G/5G polymorphisms among Italians [39], while, in a study from Jordan, the prev-
alence was estimated to be around 66% [40]. Wilcken et al. noted an increasing prevalence
of the MTHER 6777 TT genotype in Europe, with higher rates observed in southern re-
gions [41]. A recent study from Romania found a prevalence of MTHFR polymorphisms
of 38.2% for C677T and of 40.3% for MTHFR A1298C in their population [42]. In our ante-
natal population, 3.8% were homozygous carriers of MTHFR C677T, 5.7% were heterozy-
gous carriers, and 4.8% exhibited heterozygosity for MTHFR A1298C; these results were
slightly lower than the rates reported in other Mediterranean countries. Notably, no
women in our study were homozygous for MTHFR A1298C. Additionally, twenty-seven
women were identified as combined carriers of MTHFR and PAI-1 polymorphisms, with
the majority (44.4%) being MTHFR C677T and PAI-1 4G/5G heterozygous, aligning with
prevalence rates observed in other Caucasian populations [7-9] and with a recent retro-
spective analysis [43].

Variations in the prevalence of FVL and prothrombin gene mutation across European
regions likely stem from historical population migrations. In Central Europe, FVL heter-
ozygosity prevalence is 4%, while in Western Europe, it rises to 7.8%, with prothrombin
gene heterozygosity at 3.5% [9]. Geographic disparities in FVL incidence along the north-
south axis have been noted. In our study, FVL prevalence was 1.9%, with no instances of
isolated prothrombin gene polymorphism; prothrombin gene mutations were only ob-
served in combination with MTHFR C677T heterozygosity (1%).

The prevalence of PS deficiency is estimated at less than 0.5% in the general European
population [10,11]. In our study, PS deficiency was observed in 1.9% of participants. Over-
all, our findings suggest that the prevalence of prothrombin gene, PAI-1, MTHFR 1298
and MTHFR 677 polymorphisms, and PS deficiency in healthy pregnant women in Croa-
tia does not significantly deviate from that observed in neighboring European countries.
However, FVL prevalence appears slightly lower in Croatia.

Hereditary thrombophilia can significantly negatively impact female patients of re-
productive age, starting from the periconceptional period, increasing the risk of RPL
[44,45], like other pathological conditions such as uterine aging or Miillerian anomalies
[46,47]. Furthermore, it is crucial to conduct screenings for women with hereditary throm-
bophilias and to maintain a high level of suspicion for VIE during pregnancy [48]. This
proactive approach ensures early detection and appropriate management, safeguarding
both the maternal and fetal health throughout the gestational period. Unfortunately, no
biomarker has demonstrated adequate sensitivity and specificity in the early identification
of VTE during pregnancy, as shown by a recent observational cohort study [49].

Another important aspect concerns the management of labor in patients with hered-
itary thrombophilia. Controversies persist regarding the choice between inducing labor
and awaiting spontaneous labor, as a long interval without anticoagulation is a throm-
bosis risk factor, while a short interval increases the risks of delivering without epidural
analgesia or postpartum hemorrhage [50]. On the other hand, premature induction or in-
duction without proper cervical ripening can lead to an increased rate of induction failure,
number of misoprostol doses, longer time of induction, and higher cesarean section and
episiotomy rate, as in obese and older women [51,52].

Numerous studies have explored the link between inherited thrombophilias and ad-
verse pregnancy outcomes, yielding conflicting findings [53,54]. Thrombophilia-induced
clotting disorders may partly result from thrombosis in the spiral artery and intervillous
spaces of the maternal placenta, as well as inhibition of extra-villous trophoblast differen-
tiation, avoiding essential placental tissue perfusion for fetal growth. Meta-analyses of
case—control studies consistently highlight associations between inherited thrombophilias
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and late pregnancy complications like IUD, FGR, placental abruption, and PE [55,56]. On
this regard, a Serbian study demonstrated better perinatal outcomes in women with he-
reditary thrombophilias treated with prophylactic LMWH, compared to untreated
women [57], consistent with another research study [58]. There is a need for more evidence
on the actual utility of prophylactic anticoagulant therapy in patients with asymptomatic
hereditary thrombophilia and no prior history of VTE, as anticoagulant therapy carries
bleeding risks and may complicate the outcome of surgical procedures that may some-
times become necessary urgently in pregnant women, such as in the case of symptomatic
fibroids or ectopic pregnancies [59,60]. However, recent prospective cohort studies have
shown that women with thrombophilias do not exhibit increased risks of adverse preg-
nancy outcomes, consistent with our findings [61,62].

Strengths and Limitations

Our single-center prospective study indicates that asymptomatic carriers of inherited
thrombophilic polymorphisms are unlikely to face pathology associated with placental
insufficiency. While isolated cases of GH, placental abruption, and FGR were identified
across all three groups, the small number of cases within each category does not suggest
clinically significant disparities, except, perhaps, for carriers of the PAI-1 polymorphism
(4G/4G homozygous). However, these findings warrant caution due to the small patient
sample size.

One limitation of our study is the relatively small participant size, but it is unlikely
that a larger sample would reveal clinically significant disparities. Another limitation of
our research is that the levels of protein C, protein S, and antithrombin were determined
only during pregnancy, as the activity levels could be influenced by the pregnant state.

A key discovery of this study is the confirmation that the majority of asymptomatic
carriers of inherited thrombophilia can expect uncomplicated pregnancies, which is per-
tinent in treatment considerations for these women. Nonetheless, it is important to note
that thrombophilic patients with a history of DVT, or obstetric complications related to
placental pathology, may represent a distinct phenotype with potentially higher compli-
cation rates compared to asymptomatic carriers.

5. Conclusions

To conclude, our findings suggest that the prevalence and types of common inherited
thrombophilic polymorphisms in the Croatian antenatal population align with those ob-
served in other Caucasian populations. Moreover, our study does not indicate a signifi-
cant association between asymptomatic carriers of inherited thrombophilia and pathology
linked to placental insufficiency.
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