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Abstract
Background: Venous thrombosis is etiopathogenetically associated with hereditary and 
acquired conditions characterized by an excessive tendency of the body to thrombosis in blood 
vessels. One of the types of disorders in the hemostasis system is gestational thrombophilia, 
which can lead to various pregnancy complications. Therefore, it is important to understand the 
etiopathogenesis of this pathological condition, including the contribution of hereditary factors.

Objective: To analyze the association of 8 genetic variants of the hemostasis system genes in 
women with Gestational Thrombophilia (GT).

Design and methods: The study included 311 women aged 20 years to 38 years, who have had 
at least one pregnancy end in miscarriage and 225 women in the control group. The study of 
the genotypes of the selected genetic variants was carried out by real-time Polymerase Chain 
Reaction (PCR) with melting curve analysis.

Results: A positive association was found for 4 genetic variants: F2: 20210 G>A (OR=11.03, CI: 
2.60–46.81, P<0.001); F5 1691G>A (OR=6.02, CI: 2.52–14.38, P<0.001); FGB: -455 G>A (OR=5.65, CI: 
3.05–10.45, P<0.001) and PAI-1-675 5G>4G (OR=2.28, CI: 1.54-3.39, P<0.001).

Conclusion: Thus, we established an association of 4 genetic variants of plasma hemostatic 
factor genes with GT in women.
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Introduction
Venous thrombosis is etiopathogenetically associated with 
hereditary and acquired conditions characterized by an excessive 
tendency of the body to form blood clots in blood vessels 
[1]. Diseases that are somehow associated with coagulation 
disorders in the vascular bed (myocardial infarctions, strokes, 
atherosclerosis, hypertension) account for up to 65% of all 
pathological forms [2-4]. Thrombophilic conditions can occur 
as an independent pathological process or as a comorbid 
reaction to a number of diseases [1]. Venous thrombosis is 
a typical multifactorial pathology, in the etiopathogenesis 
of which both external and genetic factors play a role [1,5]. 
Recently, the association of genetic variants with the so-called 
Gestational Thrombophilia (GT), which occurs in women 
during pregnancy, has been actively studied [6]. It has been 
shown that the development of coagulation disorders during 
gestation can disrupt the uteroplacental blood flow and lead to 
miscarriage, i.e., it is associated with a complicated obstetric and 
gynecological history [6,7]. Antiphospholipid Syndrome (APS) 
also plays a major role in the etiopathogenesis of thrombophilia 
[7,8]. Antiphospholipid syndrome is a pathological condition that 
includes certain clinical signs and laboratory changes such as 
the presence of antiphospholipid antibodies in combination with 
arterial and venous thrombosis, fetal loss syndrome, immune 
thrombocytopenia and/or neurological disorders [8]. Thus, APS 
and coagulation disorders during pregnancy are associated with 
Pregnancy Loss (PL). Therefore, timely diagnosis of hemostasis 
disorders during pregnancy, including the identification of 
a hereditary predisposition to this condition, followed by 
adequate anticoagulant therapy in 98% of cases leads to normal 
pregnancy [9,10].

Aim of the work
To analyze the association of 8 genetic variants (F2 20210G>A, 
F5 1691G>A, F7 10976G>A, F13 G>T, ITGA2 807C>T, 
ITGB3 1565 T>C, PAI-1 -675 5G>4G) of hemostasis system 
genes with gestational thrombophilia in women with PL.

Material and Methods
The study was conducted at the Department of Personalized and 
Translational Medicine of the Rostov State Medical University. 
The sample of women included 311 women aged 20 years to 
38 years (average age 27 years), who had at least 1 pregnancy 
with a complicated obstetric and gynecological history and 
episodes of venous thrombosis during pregnancy. The features 
of the obstetric and gynecological anamnesis are presented in 
Table 1. The exclusion criteria were the absence of Pregnancy 
Loss (PL) against the background of GT, the presence of 
confirmed monogenic hereditary diseases associated with 
blood clotting disorders, heart and vascular defects, as well as 
confirmed certain common diseases (ischemic heart disease, 
atherosclerosis (according to ultrasound data and an atherogenic 
index below 3.0), diabetes mellitus types 1 and 2, severe arterial 
hypertension, obesity, a number of endocrinological diseases 
(cushing's syndrome, metabolic syndrome, adrenal and thyroid 
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pathology). Women who were diagnosed with preeclampsia 
syndrome during the gestational periods were also excluded. 
The control group included 225 healthy women aged 22 years to 
39 years (mean age 29 years) without OAG. Deoxyribonucleic 
acid (DNA) was isolated from peripheral blood using the 
proba-rapid-genetics kit (DNA technology). Molecular genetic 
study of genetic variants (F2 20210G>A, F5 1691G>A, F7 
10976G>A, F13 G>T, ITGA2 807C>T, ITGB3 1565 T>C, PAI-
1-675 5G>4G) was carried out by real-time PCR with melting 
curve analysis using the cardiogenetics thrombophilia kit 
(“DNA Technology”) on a detection amplifier with 4 DTprime 
detection channels. Registration and accounting of PCR results 
was carried out automatically by the software for this amplifier. 
To analyze the association of certain genetic variants with 
venous thrombosis, four-field distribution tables were used 
with the calculation of the Odds Ratio (OR) as an association 
criterion with the calculation of the Confidence Interval (CI). 
The standard level of P=0.05 (5%) was chosen as the threshold 
for the significance level. Statistical analysis was performed 
using STATISTICA 10.0 software.

Table 1: Features of the obstetric and gynecological history of 
women with PL

Type of PL Quantity

Premature Birth Facts 78

Antenatal fetal death 43

Late-term miscarriages 68

Regressions and miscarriages in 
early pregnancy

17

Risk of termination of the last 
pregnancy

105

Results and Discussion
According to the results of the association analysis of individual 
genetic variants with PL in women, a positive result was obtained 
for the genetic variants F2: 20210 G>A, F5: 1691 G>A, FGB: 
-455 G>A and PAI-1-675 5G>4G.

The absolute and relative frequencies of the allelic distribution 
of the genetic variant F2: 20210 G>A of the prothrombin gene 
are given in Table 2.

Table 2: Frequency distribution of genotypes for the genetic 
variant F2: 20210 G>A of the prothrombin gene in a sample of 

women with a history of PL and in a control sample.

Genotype GG (%) GA (%) AA (%) Summary

Case 283  (91.0) 26 (8.4) 2 (0.6) 311

Control 223 (99.2) 2 (0.8) 0 (0.0) 225

We also analyzed the frequencies of the GG and GA+AA 
genotypes in the study sample and in the comparison group. For 
the sum of the AA+GA genotypes, the OR was 11.03 (CI: 2.60–
46.81, P<0.001). For the frequent GG genotype, the OR=0.09 
(CI: 0.02–0.39, P<0.001). Our data show that this genetic 
variant of the prothrombin gene shows a strong association with 
PL in women. This is consistent with the literature, which also 
shows a positive association of the F2: 20210 G>A prothrombin 
gene with recurrent PL [11-13].

Absolute and relative frequencies of the allelic distribution of 
the genetic variant F5: 1691 G>A (Leiden variant) are given in 
Table 3.

Table 3: Frequency distribution of genotypes for the genetic 
variant F5: 1691 G>A of the proaccelerin gene in a sample of 

women with PL and in a control sample.

Genotype GG (%) GA (%) AA (%) Summary

Case 267 (85.9) 42 (13.5) 2 (0.6) 311

Control 219 (97.4) 5 (2.2) 1 (0.4) 225

We analyzed the frequencies of the GG and GA+AA genotypes 
in the study sample and in the comparison group. For the sum 
of the AA+GA genotypes, the OR was 6.02 (CI: 2.52–14.38, 
P<0.001). For the frequent GG genotype, the OR=0.17 (CI: 
0.07–0.40, P<0.001). Our analysis shows that the sum of the 
heterozygous and rare homozygous genotypes also shows a high 
association with PL in women, and the frequent GG genotype 
has a pronounced protective effect. This is also consistent with 
the literature data [13,14]. The OR value for the Leiden variant 
varies widely, which may be due to different characteristics of 
the cohorts in other studies, in particular, ethnic and age [14].

Absolute and relative frequencies of the allelic distribution of 
the genetic variant FGB: -455 G>A of the fibrinogen gene are 
shown in Table 4.

Table 4: Frequency distribution of genotypes for the genetic 
variant FGB: -455 G>A of the fibrinogen gene in the sample of 

women with PL and in the control sample.

Genotype GG (%) GA (%) AA (%) Summary

Case 142 (45.7) 89  (28.6) 80 (25.7) 311

Control 157 (69.8) 55 (24.4) 13(5.8) 225

After analyzing the frequencies of the GG, GA, and AA 
genotypes in the sample with PL and in the control sample, 
the following results were obtained: For the rare genotype AA 
OR=5.65 (CI: 3.05–10.45, P<0.001); for the heterozygous GA 
OR=1.24 (CI: 0.84–1.83, P>0.283); for the frequent GG OR was 
0.36 (CI: 0.25–0.52, P<0.001). From Table 4 it is evident that the 
rare genotype for this genetic variant shows a high association 
with PL, while the frequent genotype GG shows a protective 
effect. Our data are consistent with the works of other authors 
performed on various ethnic populations [15-17]. An association of 
the rare A allele with an increased risk of embryo developmental 
disorders after IVF has also been shown, possibly associated 
with thrombotic disruption of uteroplacental blood flow [15].

The absolute and relative frequencies of the allelic distribution 
of the genetic variant PAI-1-675 5G>4G of the plasminogen 
factor inhibitor gene are shown in Table 5.

Table 5: Frequency distribution of genotypes for the genetic 
variant PAI-1 -675 5G>4G of the plasminogen activator inhibitor 

gene among women with PL and in the control.

Genotype 5G/5G (%) 5G/4G (%) 4G/4G (%) Summary

Case 73 (23.5) 121 (38.9) 117 (37.6) 311

Control 58 (25.3) 120 (53.8) 47 (20.9) 225
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After analyzing the frequency of occurrence of different 
genotypes in the study and control samples, we obtained the 
following results: for the homozygous genotype 4G/4G OR=2.28 
(CI: 1.54-3.39, P<0.001), for the heterozygous genotype 
5G/4G OR=0.56 (CI: 0.39-0.79, P<0.001), for the homozygous 
genotype 5G/5G OR=0.90 (CI: 0.61-0.35, P>0.620). Thus, the 
4G/4G genotype is associated with an increased risk of PL in 
women with OAGA, while the heterozygous genotype provides 
a protective effect. In the literature, data on the association of 
the genetic variant PAI-1-675 5G>4G are quite contradictory. In 
some studies, the relationship between this variant and OAGA 
is not shown [18,19]. In a study by Chinese scientists, it was 
established that in the case of a dominant model of the influence 
of PAI-1 -675 5G>4G on habitual miscarriage, the risk level is 
1.8, which is close to the values obtained in our work [20].

Conclusion
In our study, we established an association of 4 genetic 
variants of the hemostasis system genes with GT in women. 
All associated genes belong to plasma coagulation factors. 
Thus, it can be assumed that these factors play a key role in the 
etiopathogenesis of PL, therefore, genetic variants F2: 20210 
G>A, F5: 1691 G>A, FGB: -455 G>A and PAI-1-675 5G>4G 
can be recommended for study in women with GT as markers 
of hereditary predisposition to coagulation disorders during 
pregnancy.

Ethical committee consent
The study was carried out in accordance with the declaration 
of Helsinki.  The study was approved by the Local Ethics 
Committee of Rostov State Medical University. Informed 
consents (Consent to Participate and Consent to Publish) were 
obtained from all participants or, if participants are under 18, 
from a parent and/or legal guardian. 
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