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Преэклампсия (ПЭ) − тяжелое заболевание, поражающее беременных женщин, часто развивается после 20 недель гестации, 
и является наиболее распространенным серьезным расстройством, составляя 2-8% осложнений, связанных с беременностью, 
во всем мире. Цель исследования: изучить ассоциацию двух вариантов в гене NOS3 (-786T>C; rs2070744) и (894G>T; rs1799983) 
с риском развития ПЭ у российских беременных женщин из Ростовской области. В исследование типа «случай-контроль» 
были включены 106 беременных женщин (46 с ПЭ и 60 здоровых, составивших контрольную группу). Генотипирование 
выбранных генетических вариантов NOS3 (-786T>C) и (894G>T) проводилось методом аллель-специфической RT-PCR. Для оценки 
взаимодействия SNP-SNP с риском развития ПЭ использовали многофакторное снижение размерности (MDR). Кроме того, мы 
проанализировали неравновесие по сцеплению (LD) и ассоциацию гаплотипов выбранных SNP в исследуемой популяции. 
Согласно нашим результатам, оба полиморфизма NOS3 были статистически значимы (р=0,004 и р=0,045, соответственно). Генотип 
NOS3 -786(TT) (OR=0,25 95% CI [0,11- 0,58]) и генотип NOS3 894(GG) (OR=0,38 95% CI [0,17- 0,84]) были ассоциированы с низким 
риском развития ПЭ. Генотипы -786(TC) (OR=4,17 95% CI [1,76-9,85]), 894(GT) (OR=2,48 95% CI [1,10-5,63]) и доминантная модель 
NOS3 (-786T>C) TC+CC (OR=3. 97 95% CI [1,72-9,14]), а также доминантная модель GT+TT NOS3 (894G>T) (OR=2,64 95% CI [1,20-
5,82]) были связаны с повышенным риском развития ПЭ. Кроме того, аллели -786(C) (OR=2,21 95% CI [1,23-3,98]) и 894(T) (OR=2,14 
95% CI [1,15-4,01]) были ассоциированы с повышенным риском ПЭ. Взаимодействие SNP-SNP было статистически значимым 
(р=0,0003). Кроме того, было показано, что два гаплотипа вариантов гена NOS3 -786C*894G (OR=3,01 95% CI [1,15-7,86]; р=0,027) 
и -786C*894T (OR=3,03 95% CI [1,27-7,23]; р=0,014) статистически значимо ассоциированы с повышенным риском ПЭ.
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Preeclampsia (PE) is a severe medical condition affecting pregnant women, often developing after 20 weeks, and is the most common 
serious disorder during pregnancy, contributing to 2%-8% of pregnancy-related complications worldwide. The goal of this study is to 
investigate the association of two genetic variants in NOS3 (-786T>C; rs2070744) and (894G>T; rs1799983) with the risk of developing PE 
in Russian pregnant women from Rostov region. The case–control study involved 106 pregnant women (46 pregnant women with PE and 
60 healthy controls). Genotyping of the selected NOS3 genetic variants (-786T>C) and (894G>T) was done using allele specific RT-PCR. 
Multifactor dimensionality reduction (MDR) was used to assess the relationship between the SNP-SNP interaction and risk of developing 
PE. In addition, we analyzed the linkage disequilibrium (LD), and haplotypes association for the selected SNPs in the studied population. 
According to our results, both NOS3 polymorphisms were statistically significant (P=0.004 and P=0.045, respectively). The NOS3 -786(TT) 
genotype (OR=0.25 95% CI [0.11- 0.58]) and the NOS3 894(GG) genotype (OR=0.38 95% CI [0.17- 0.84]) were associated with low risk of 
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developing PE. While -786(TC) genotype (OR=4.17 95% CI [1.76-9.85]), 894(GT) (OR=2.48 95% CI [1.10-5.63]) and dominant model of NOS3 
(-786T>C) TC+CC (OR=3.97 95% CI [1.72-9.14]) as well as the dominant model GT+TT of NOS3 (894G>T) (OR=2.64 95% CI [1.20-5.82]) 
were associated with increased risk of PE. In addition, the polymorphism -786(C) allele (OR=2.21 95% CI [1.23-3.98]) and polymorphism 
894(T) allele (OR=2.14 95% CI [1.15-4.01]) were both associated with an increased risk of PE. According to the MDR results, the SNP-SNP 
interaction was statistically significant (P=0.0003). Moreover, two haplotypes of NOS3 gene variants -786C*894G (OR=3.01 95% CI [1.15-
7.86]; P=0.027) and -786C*894T (OR=3.03 95% CI [1.27-7.23]; P=0.014) were shown to be statistically related with an elevated risk of PE.
Keywords: Preeclampsia; polymorphism; eNOS; NOS3.
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Introduction

Preeclampsia (PE), the predominant hypertension con-
dition during pregnancy, is a significant contributor to both 
fetal and mother morbidity and death on a global scale [1]. 
Nevertheless, the extent of this condition in many regions, 
particularly in low- and middle-income nations, is still not 
well understood. Estimations indicate that around 10% of 
women have high blood pressures throughout their pregnan-
cies [2]. Nevertheless, the cellular and molecular processes 
responsible for its etiopathogenesis are still a subject of dis-
cussion. Research conducted on both animals and people 
has shown that insufficient invasion of trophoblast cells, in-
adequate remodeling of spiral arteries, reduced blood flow 
to the uterus and placenta, and consequent oxidative stress 
contribute to endothelial and immunological dysfunction, 
which are key factors in the development of PE [3-5]. 

Endothelial nitric oxide (eNOS/NOS3), produced by 
nitric oxide synthase in endothelial cells, plays a crucial role 
in controlling blood flow and vasomotor tone by suppress-
ing smooth muscle contraction [6]. According to the find-
ings, endothelial NO has the potential to augment blood vol-
ume, boost cardiac output, and reduce blood pressure [7]. 
Hence, it is evidently crucial for the preservation of mater-
nal systemic vasodilation and the decrease in vascular re-
activity throughout a normal pregnancy [8]. The develop-
ment of PE is primarily influenced by the NOS3 synthase 
gene [9], which is located in the chromosome 7 (q35-q36) 
area. This gene plays a crucial role in regulating endothelial 
dysfunction in PE, among other mediators. According to re-
cent studies, preeclamptic women had a much lower plasma 
nitric oxide (NO) level than normotensive pregnant wom-
en [10,11]. Moreover, the polymorphisms in the NOS3 gene 
were associated with the production and availability of ni-
tric oxide. Two variants in the NOS3 gene have been thor-
oughly studied: 1) (894G>T; Glu298Asp; rs1799983) vari-

ant with substitution of guanine-thymine on exon 7 at po-
sition 894, resulting in substitution from glutamate amino 
acid to aspartate amino acid at position 298. 2) (-786T>C; 
rs2070744) variant with substitution of thymine-cytosine in 
the 5’-flanking region of promoter at position -786. Over 
the past few decades, a number of studies have centered on 
studying the genetic association between these two NOS3 
variants and PE [12-15]. In Russia, the association be-
tween NOS3 polymorphisms and PE also studied in differ-
ent regions of Russian federation [16-21]. According to our 
knowledge, the 894G>T variant of NOS3 gene is more com-
mon in Russians and is associated with PE [22,23]. Never-
theless, the findings have been inconsistent and conflicting 
across several studies. In this regard, the aim of this study 
is to investigate the association of these genetic variations 
with PE risk by conducting case-control research including 
pregnant women with PE from the Rostov region of Rus-
sia. Such studies provide a more precise evaluation of the 
genetic contribution to the development of PE, since each 
demographic has its own set of genes and, therefore, varying 
frequencies of “bad” alleles. By having knowledge of these 
frequencies, it becomes feasible to determine the composi-
tion of the gene pool, carry out further association studies, 
and pinpoint the most noteworthy genetic risk factors for 
different diseases within the population.

Methods
Participants
The present study was conducted at Southern Federal 

University in collaboration with the “Nauka” medical cen-
ter (Rostov-on-Don, Russian federation) in the period be-
tween 2019 and 2022. The genetic analysis was performed 
using blood samples of 106 pregnant women aged between 
25-43 years old, from Rostov-on-Don region, Russia. The 
women were divided into two groups to study NOS3 gene 
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variants: the first group consist of pregnant women with PE 
(n=46), and the second group consist of pregnant wom-
en with normal pregnancy (n=60). The inclusion criteria 
for the main group include a clinical blood pressure read-
ing of 140/90 mmHg or above and daily proteinuria over 
0.3 g/l, both of which must be first seen after 20 weeks of 
gestation. The exclusion criteria included: Conditions in-
cluding hypertension or proteinuria during pregnancy, la-
bor, the postpartum period, chronic liver, kidney, or en-
docrine diseases, abnormalities in the amount of amniotic 
fluid, disorders of metabolism or bleeding, Rh incompati-
bility, systemic lupus erythematosus, or any other systemic 
disease were not eligible for inclusion in the study. All par-
ticipants’ ages, parities, and gestational ages were careful-
ly matched in the study. The mean age in the groups was 
35.2 ± 5.1 and 32.4 ± 6.4 years. According to daily mon-
itoring data, the mean systolic BP in the main group was 
133.69 ± 3.25, in the control group – 112.37 ± 1.82 mmHg 
(p = 0.032), mean diastolic BP – 83.51 ± 2.71 and 73.92 
± 1.24 mmHg, respectively (p = 0.027). Definition of PE 
based on the American College of Obstetricians and Gy-
necologist (ACOG) standards. This study was approved 
by Southern Federal University’s Academy of Biology and 
Biotechnology’s Local Ethics Committee. All participants 
gave informed permission for the study.

SNP selection, DNA extraction and genotyping
Venous blood samples were collected and stored 

at-20◦C. Genomic DNA was isolated from peripher-
al blood leukocytes using «PROBA-NK» extraction kit 
(«DNA-Technology», Russia) according to the manufac-
turer’s protocol. The isolated DNA was quantitatively as-
sessed using NanoDrop (Thermo Fisher Scientific, USA). 
Genotyping of NOS3 (-786T>C) (rs2070744) and NOS3 
(894G>T) (rs1799983) variants was conducted using SNP-
express kits with a SYBR green qPCR reagent (Lytech. Co. 
Ltd., Russian Federation). These variants were selected due 
to their role in maintaining normal vascular function during 
pregnancy. The genotyping was performed on QuantStu-
dio™5 Real-Time PCR instrument (Thermo Fisher Sci-
entific, USA). The PCR protocol involved an initial dena-
turation at 95 ◦C for 1 min, followed by 35 cycles of dena-
turation at 93 ◦C for 10 s, annealing at 60 ◦C for 10 s, with a 
final extension step at 72 ◦C for 20 s. For targeted groups of 
polymorphisms, fluorescent labels, and results were auto-
matically registered with DT-96 detecting amplifier («DNA 
Technology», Russia) following the manufacturer’s instruc-
tions. Amplification plots and melt curve analysis was per-
formed to confirm specificity and accuracy of the used kit 
after running qPCR.

Statistical analysis
The statistical analysis was conducted using the free on-

line platform “Medical Statistics” based in Kazan, Russia. The 
platform may be accessed at https://www.medstatistic.ru/. The 
qualitative characteristics of PE pregnancies were compared 
to those of the control group using an independent t-test. The 
findings were reported as the mean value ± the standard de-
viation. The disparity in those parameters between the study 
groups was assessed by computing the P value (where a value 
of <0.05 was deemed statistically significant). The genotypes 
were assessed for Hardy-Weinberg equilibrium using a Chi-
square test using an internet calculator found at https://gene-
calc.pl/hardy-weinberg-page. Chi-squared tests were used to 
analyze the disparities in allele frequency and genotype distri-
bution of each examined polymorphism in both PE and con-
trol pregnancies. The association with PE risk in both groups 
was measured by calculating odds ratios (OR) with 95% con-
fidence intervals (CI). A positive association (risk effect) was 
regarded when odds ratios (OR) were more than 1, where-
as a negative association (protective effect) was indicated by 
OR values less than 1. A P value of less than 0.05 was used as 
the threshold for statistical significance. In order to examine 
the relationships between our genetic variations, we used the 
multifactor dimensionality reduction (MDR) method v3.0.2 
software developed by the Computational Genetics Labora-
tory at the Institute for Quantitative Biomedical Sciences in 
Dartmouth, NH, USA. Furthermore, to address the issue of 
a limited number of samples, the Fisher’s exact test was cho-
sen to be used in MDR. Given the close proximity of the genes 
on the same chromosome, we conducted linkage disequilib-
rium (LD) analysis using SNPStats, which may be accessed 
at https://www.snpstats.net/start.htm. The Lewontin (D´)  
coefficient was computed to assess the likelihood of recombi-
nation. A value of D′ = 1 implies a state of full linkage disequi-
librium, suggesting that there is no evidence of recombination 
between the two sites. Conversely, a value of D′ = 0 shows the 
absence of any linkage disequilibrium. In order to analyze the 
connection between haplotypes and the risk of PE, the most 
often occurring haplotype was chosen as the reference. The 
SNPStats software was used to determine the odds ratio (OR) 
and 95% confidence interval (CI) in order to assess the level of 
relationship between haplotypes and the risk of PE.

Results

Association between NOS3 (-786T>C)  
and (894G>T) variants with PE
The genotype frequency distributions were in accor-

dance with the Hardy-Weinberg equilibrium (HWE). The 
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results suggested that for both variants of NOS3 gene did 
not deviate from HWE (-786T>C (P=0.371); 894G>T 
(P=0.862)). The genotype and alleles distribution of NOS3 
(894G>T) and NOS3 (-786T>C) variants between controls 
and PE is demonstrated in table 1. 

According to the results obtained from the both vari-
ants (-786T>C) and (894G>T) with susceptibility to PE, 
we found an association between the two studied variants 
and PE risk. The heterozygote genotype of both variants 
-786(TC) and 894(GT) was significant (OR=4.17 95% CI 
[1.76-9.85]; P=0.003 and OR=2.48 95% CI [1.10-5.63]; 
P=0.044, respectively). Moreover, the dominant model 
of both variants (-786TC+CC) and (894GT+TT) was al-
so significant (OR=3.97 95% CI [1.72-9.14]; P<0.001 and 
OR=2.64 95% CI [1.20-5.82]; P=0.016, respectively). The 
studying of alleles distribution also showed a significant 

association of minor alleles of both variants (-786C) and 
(894T) with PE risk (OR=2.21 95% CI [1.23-3.98]; P=0.008 
and OR=2.14 95% CI [1.15-4.01]; P=0.017, respectively). 

When analyzing the distribution of genotypes and alleles 
of the two polymorphic variants (-786T>C) and (894G>T) 
in the two groups analyzed, statistically significant dif-
ferences were found: the frequency of dominant (TT) of 
(-786T>C) and (GG) of (894G>T) genotypes were more 
frequent in control groups (58.3% and 65%) compered to 
preeclamptic groups (26.1% and 41.3%), respectively. While 
the genotype frequency of heterozygote (TC) of (-786T>C) 
and (GT) of (894G>T) were more frequent in preeclamp-
tic groups (65.2%, 50%, respectively) compared to control 
groups (35%, 31.7%, respectively), and this suggested to be 
associated with more risk of developing PE. In addition, the 
studying of allele frequency of both variants of NOS3 gene 

Таблица 1. Частоты генотипов и аллелей полиморфизмов NOS3 (-786T>C) и (894G>T) 

Table 1. Genotype and Allele frequencies of NOS3 (-786T>C) and (894G>T) polymorphisms

Genotype/allele Control n (%) (n = 60) PE n (%) (n = 46) *P value OR (95 % CI)

NOS3 -786T>C 

TT 35 (58.3%) 12 (26.1%)

P=0.003

0.25 (0.11- 0.58)

TC 21 (35.0%) 30 (65.2%) 4.17 (1.76-9.85)

CC 4 (6.7%) 4 (8.7%) 2.92 (0.63-13.51)

Dominant model
TT

TC+CC

 
35 (58.3%)
25 (41.7%)

 
12 (26.1%)
34 (73.9%)

P<0.001 0.25 (0.11- 0.58)
3.97 (1.72-9.14)

Recessive model 
TT+TC 

CC
56 (93.3%)

4 (6.7%)
42 (91.3%)

4 (8.7%)
P=0.713 0.75 (0.18-3.17)

2.92 (0.63-13.51)

T 91 (75.8%) 54 (58.7%)
P=0.008

0.45 (0.25-0.82)

C 29 (24.2%) 38 (41.3%) 2.21 (1.23-3.98)

NOS3 894G>T 

GG 39 (65.0%) 19 (41.3%)

P=0.044

0.38 (0.17- 0.84)

GT 19 (31.7%) 23 (50.0%) 2.48 (1.10-5.63)

TT 2 (3.3%) 4 (8.7%) 4.11 (0.69-24.44)

Dominant model 
GG 

GT+TT

 
39 (65.0%)
21 (35.0%)

 
19 (41.3%)
27 (58.7%)

P=0.016 0.38 (0.17- 0.84)
2.64 (1.20-5.82)

Recessive model 
GG+GT 

TT
58 (96.7%)

2 (3.3%)
42 (91.3%)

4 (8.7%)
P=0.241 0.37 (0.06-2.07)

4.11 (0.69-24.44)

G 97 (80.8%) 61 (66.3%)
P=0.017

0.47 (0.25-0.87)

T 23 (19.2%) 31 (33.7%) 2.14 (1.15-4.01)

Примечание: HWE − равновесие Харди-Вайнберга; OR  − отношение шансов; CI − доверительный интервал; *p < 0,05 считается статистически 
значимым. 
Note. HWE: Hardy-Weinberg equilibrium; OR: odds ratio; CI: confidence interval; *p < 0.05 is considered statistically significant.
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showed that the minor alleles (C) of (-786T>C) variant and 
(T) of (894G>T) variant were more frequent in preeclamptic 
groups (41.3% and 33.7%, respectively) compared to control 
groups (24.2% and 19.2%, respectively) and this also sug-
gested to be associated with increased risk of PE.

Multiple-locus interactions for NOS3 variants
We used the MDR algorithm to study gene-gene inter-

actions between the selected polymorphisms (-786T>C) 
and (894G>T) with the susceptibility to developing PE in 
pregnant women from the Rostov area of Russia. The result-
ed interaction model is statistically significant (P=0.0003, 
OR = 4.38 CI 95% [1.91-10.74]), with accuracy of 66.9% 
and cross-validation consistency of 10/10. Table 2 presents 
high-risk and low-risk interactive genotypes (-786T>C) 
and (894G>T), indicating their individual contribution to 
PE. The combinations of TT/GG between (-786T>C) and 
(894G>T) polymorphisms showed a protective factor of 
developing PE, while TC/GT showed a high-risk of devel-
oping PE. Furthermore, data-analysis indicated that indi-
viduals with heterozygous TC/GT genotype have a signif-
icant 1.7-fold higher risk of developing PE. Data present-
ed in (Fig. 1A). According to the Fruchterman-Rheingold 
graph (Fig. 1C), a high level of redundancy (− 3.12 %) was 
noticed. The independent effect of NOS3 (-786T>C) vari-
ant was higher than that of NOS3 (894G>T) (7.82 % and 
4.25 %, respectively).

The main effect of each polymorphism is represented 
by values in nodes. On the other hand, the value between 
nodes shows the interaction effects. Red color represents 
the positive entropy (epistasis), whereas blue color (nega-
tive entropy) indicates redundancy. Yellow color represents 
independence.

Linkage disequilibrium (LD) analysis
Pairwise linkage disequilibrium (LD) analysis was con-

ducted between the NOS3 (-786T>C) and (894G>T) vari-
ants due to their chromosomal position on chromosome 
7. The SNPStats study revealed that the D′ value for the 
-786T>C and 894G>T variants was 0.515, indicating the 
absence of linkage disequilibrium (LD).

Haplotypes association with PE risk
A pairwise haplotype association analysis was per-

formed for all investigated variants using SNPStats software.  
Table 3 displays the haplotypes results. Two Haplotypes 
of NOS3 gene variants -786C*894G (OR=3.01 95% CI 
[1.15 – 7.86]; P=0.027) and -786C*894T (OR=3.03 95% 
CI [1.27 – 7.23]; P=0.014) were shown to be statistically 
related with an elevated risk of PE.

Рис. 1. Модель взаимодействия MDR NOS3 (-786T>C) и (894G>T). 
Для каждой комбинации мультилокусных генотипов показано 
распределение пациентов с ПЭ (левые столбцы) и контроль-
ной группы (правые столбцы). Неизвестная информация пред-
ставлена ​​белыми ячейками, светло-серые ячейки обозначают 
«низкий риск», а темно-серые − «высокий риск». (B) Дендро-
грамма взаимодействия. (C) Схема Фрухтермана – Рейнгольда. 
Граф взаимодействия с узлами, соединенными друг с другом 
попарно. Основной эффект каждого полиморфизма представ-
лен значениями в узлах. Значение между узлами показывает 
эффекты взаимодействия. Красный цвет представляет поло-
жительную энтропию (эпистаз), тогда как синий цвет (отрица-
тельная энтропия) указывает на избыточность. Желтый цвет 
указывает на независимость.

Fig. 1. NOS3 (-786T>C) and (894G>T) MDR interaction model. For 
each multilocus genotype combination, the distributions of cases 
(shown by the left bars) and controls (shown by the right bars) were 
shown. Unknown information is represented by white cells, while 
light gray cells indicate «low-risk» and dark gray cells indicate 
«high-risk». (B) interaction dendrogram. (C) Fruchterman–Rhein-
gold scheme. Graph of interaction with nodes that are connected 
to one another in a pairwise connection. 
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Discussion 

Endothelial dysfunction, characterized by reduced 
nitric oxide (NO) production, plays a crucial role in the 
development of PE [24], a serious pregnancy complication 
associated with maternal and fetal morbidity and mortality. 
This dysfunction is mediated by variants in the NOS3 gene, 
which located at the q35-q36 of chromosome 7, particularly 
the -786T>C and 894G>T variants. These variants alter the 
transcription and activity of NOS3, leading to decreased NO 
production and vascular dysfunction [25-28]. Reduced NO 
levels contribute to endothelial dysfunction, which in turn 
promotes the development of PE [29,30]. Epidemiologic 
and experimental studies have demonstrated a link between 
endothelial NO production and the occurrence of PE [9]. 
Therefore, NOS3 polymorphisms, particularly the -786T>C 
and 894G>T variants, are considered to be significant risk 
factors for PE.

In our study, the associations of both variants of NOS3 
gene (-786T>C) and (894G>T) with risk of development 
PE were investigated. According to the results obtained from 
-786T>C variant, the recessive homozygote CC was not 
associated with PE risk, while the dominant homozygote 
TT has a protective effect against PE development. 
In addition, both the heterozygote TC genotypes and 
dominant model TC+CC were significantly associated 
with high risk of developing PE. Moreover, we found an 
increased prevalence of the minor allele -786(C) among 
preeclamptic women compared to control group. The 
presence of the minor -798C allele in the NOS3 promoter 

region has been linked to decreased mRNA expression 
and lower levels of nitrite/nitrate in the bloodstream. 
Resulting in the absence of NO. Also, as it is known, the 
NOS3 -786T>C variant is found in the promoter region of 
chromosome 7 at position 786, resulting in a 50% decrease 
in promoter activity. Consequently, this results in impaired 
NOS3 activity, leading to a lower production of NO. 
As for NOS3 (894G>T) variant, our results showed that 
only the dominant model GT+TT and the minor T allele 
were associated with increased risk of developing PE. While 
the dominant homozygote GG was associated with lower-
risk of developing PE, which means that it has a protective 
effect against PE risk. Moreover, recessive homozygote TT 
was not associated with PE risk. 

Comparing our results with other Russian studies in 
other regions, we found that our data are consistent with the 
results of a number of studies including a study by Fetisova 
et. found that the heterogenetic genotype 786TC are 
associated with increasing risk of developing PE in pregnant 
women from Ivanovo region [16]. Another study by Kovalev 
et al. on pregnant women from Ekaterinburg region, found 
a statistically significant association between the 786T>C 
variant of the NOS3 gene and PE, with women in the study 
group having a higher frequency of the genotype containing 
the C allele (786TC + CC) compared to the control group 
[17], while we contradicting his findings in another study 
which found that genotypes containing the 786C allele 
and 894T allele showing a protective effect against the 
development of PE [18]. Movreover, a recent meta analysis 
involved 19 case-control studies [31], were conducted to 

Таблица 2. Лучшие прогностические модели межгенного взаимодействия, выявленные при MDR-анализе

Table 2. Best predictive gene–gene interaction models identified by MDR analysis 

Locus model Accuracy CVC consistency Sensitivity Specificity χ2 (P value) OR (95% CI)

NOS3 -786(TC) + 894(GT) 66.9% 10/10 71.7% 63.3% 12.82 (p = 0.0003) 4.38 (1.91-10.74)

Таблица 3. Анализ ассоциации гаплотипов   вариантов NOS3 (-786T>C) и (894G>T) с риском ПЭ

Table 3. Haplotype analysis on association of NOS3 (-786T>C) and (894G>T) variants with PE risk

Haplotype (Alleles)
Frequencies

P value OR (95%CI)
Total Control PE

NOS3 -786T*894G 0.5995 0.6935 0.4626 Ref 1.00

NOS3 -786C*894G 0.1458 0.1148 0.2004 0.027* 3.01 (1.15 – 7.86)

NOS3 -786T*894T 0.0845 0.0648 0.1243 0.076 2.84 (0.91 – 8.89)

NOS3 -786C*894T 0.1702 0.1268 0.2126 0.014* 3.03 (1.27 – 7.23)

Примечание. OR − отношение шансов, CI − доверительный интервал, * Пповышенный риск ПЭ (p <0,05).
Note. OR = Odds Ratio, CI = Confidence Interval, * Increased PE risk (p < 0.05). 
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evaluate the association between NOS3 -786T>C variant 
and PE risk, revealed that 12 studies of which have shown 
non-significant association between the -786T>C variant 
and PE risk. While 7 studies have shown the significant 
association. For the 894G>T variant, our findings are 
consistent with a previous study by Radkov et al., which 
revealed that the 894G>T variant, has been associated with 
PE in pregnant women from Tver region. The presence of 
the 894T allele increases the risk of PE, while the 894G 
allele or G/G genotype is associated with a reduced risk of 
gestational hypertension [19]. However, our findings differ 
from those of some previous studies that found significant 
associations between the 894G>T (TT) homozygote and 
PE [12,15,32]. These discrepancies may be explained by 
differences in participant populations, sample sizes, and 
study designs. The identification of NOS3 polymorphisms 
as a potential risk factor for PE has important implications 
for diagnostic and treatment strategies. Further research is 
needed to confirm these findings and to develop targeted 
interventions for individuals at risk for PE based on their 
genotype.

The performed MDR analysis confirmed the results of 
genotype association, by showing that the carriers of NOS3 
-786TT * NOS3 894GG had a significantly lower risk of 
developing PE. Furthermore, NOS3 -786TC * NOS3 894GT 
interaction was associated with a higher risk of developing 
PE, in accordance with genotyping data presented in Table 1. 

Haplotype association analysis indicated that -786C 
* 894G and -786C * 894T haplotypes were significantly 
associated with the risk of developing PE. This suggests 
that the studied gene variations could be risk factors for PE 
developing. 

One limitation of our study is its relatively small sam-
ple size, which may limit the generalizability of our findings. 
Additionally, our study was conducted on a single popula-
tion, which may limit the ability to generalize these results 
to other populations. Other factors, such as environmen-
tal and lifestyle factors, could also have influenced the re-
sults. Future studies with larger sample sizes and more di-
verse populations are necessary to confirm our findings 
and further explore the relationship between NOS3 poly-
morphisms and PE.

Conclusion

We concluded that both of NOS3 variants (-786T>C) 
and (894G>T) were significantly associated with increased 
risk of developing PE in Russian pregnant women from 
Rostov region. The findings will enhance our understanding 
of genetic aspects of PE, helping in the development of 

new prenatal prognostic markers, improving diagnosis, 
prognosis, and prevention, but further investigations with 
larger sample size and different ethnic populations are 
needed to understand the mechanisms and interaction 
between genes with PE susceptibility.
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