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ABSTRACT

Introduction. Intrauterine growth retardatiom of the fetus, especially in combination with anemia in pregnant women, is becoming an increasingly urgent global
problem. The impaired adaptation of the mother’s and the embryo’s bodies to physiological hypoxia during pregnancy may have common genetically determined
bases that manifest themselves at both the maternal and fetoplacental levels. Adaptation to endogenous hypoxia is particularly relevant in environments with high
levels of anthropogenic stress.

Materials and methods. Two independent pilot studies were conducted on a cohort of pregnant women living in a large industrial region. The first group consisted
of thirty seven pregnant women with anemia and 53 pregnant women without this pathology. The second group included 23 women who gave birth to newborns
with intrauterine growth retardation, 33 women who gave birth to healthy newborns; 19 babies diagnosed with intrauterine growth retardation, and 40 healthy
babies. All participants were tested for HIF- 1A gene variants using polymerase chain reaction.

Results. The CC genotype of the HIF- 1A gene has been shown to increase the likelihood of developing anemia during pregnancy (x> — 4.73; OR — 3.57). The
CC genotype of the HIF- 1A gene in newborns is reliably associated with intrauterine growth retardation (x°> — 4.59; OR — 7.71). Polymorphic CT variant rises
the resistance to the development of these pathologies. The combination of CC/CC genotypes in the mother and the fetus leads to a synergistic effect and a high
probability of intrauterine growth retardation (y*> — 5.76; OR — 6.26).

Limitations. The study was of a pilot nature, so it is advisable to increase the sample.

Conclusion. The obtained data allow us considering the HIF- 1A (rs11549465) polymorphism as a candidate marker for stratifying the risk of developing pregnancy
adaptation disorder syndrome, which includes maternal anemia and fetoplacental insufficiency.

Keywords: hypoxia-inducible factor- la; intrauterine growth retardation of the fetus; anemia of pregnant women; HIF-1A gene; hypoxia; industrial region;
benz(a)pyrene, formaldehyde
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PE3IOME

Beedenue. 3adepoicka eHympuympooHoeo pazeumus niooda, 0COOeHHO 8 COUeMAanuU ¢ anemuell 6epemMeHHbIX, CMAH0BUMCs 8CE 00Aee PACnPOCMPAHEHHOL MUPO-
6ol npobnemoii. Hapywenue adanmayuu opeanuzma mamepu u sMOpUOHa K U3U0N02UMECKOIl 2UNOKCUU OePeMEeHHOCIU MOJICem UMemb e0UHble 2eHeMUYecK U
OdemepmMuHUpPOBAHHbIE OCHOBbL, NPOABAAIOUUEC KAK HA MAMEPUHCKOM, MAK U HA (hemoniaueHmaprHom yposrax. Adanmauyus Kk 53H002eHHOU 2UNOKCUU 0COOeHHO
aKmMyanbHa 8 Yca08USX 8bICOKOL AHMPONOLEHHOU HAZPY3KU.

Mamepuaavt u memoodst. [Iposedenvt 06a He3a8UCUMbIX NUAOMHBIX UCCAE008AHUS HA KO2OPHe OepeMeHHbIX JCCHUSUH, NPOJNCUBAIOUUX 8 KPYNHOM NPOMbIULIEH -
Hom peeuoHe. Ilepsas epynna: 37 bepemeHHbIX JceHUWUH ¢ aHemuel u 53 bepementble 6e3 0anHoi namonoeuu. Bmopas epynna: 23 sceHujunsl, poousuiue demeli
€ 3a0epiucKoli 6HympuympooHo2o pazeumusi, u 33 jcenujunsl, poduguiue 300poguix demeil; 19 demeii ¢ duaenozom 3adepiuciku HympuympooHoeo pazeumus,
40 300posbix demeii. Memodom noaumepasHoll yenHoil peakyuu y ecex 00c1e008aHHbIX onpedenenst éapuarnmeol eena HIF-1A.

Pesyavmamot. [lokazano, umo eenomun CC 2ena HIF- 1A nosviwaem eeposmuocms pazeumus anemuu 60 epems bepemennocmu (x° — 4,73; OR — 3,57).
Tenomun CC eena HIF- 1A'y H060p0acOénHbIX 00CMO8epHO C653aH ¢ 3a0epiucKoil 6HympuympobHo2o pazeumus (x> — 4,59; OR — 7,71). [loaumoproiii eapuanm
CT nosviwaem ycmoiuusocms K pazeumuto dannwvix namonoeuii. Couemanue eenomunoe CC/CC y mamepu u naoda npugodum K CUHepeuueckomy sggexmy u
8bICOKOLL 8ePOSIMHOCMU 3A0EPHCKU 8HYMPUYmMpobHo20 pazeumust (x° — 5,76; OR — 6,26).

Ocpanunenus uccaedoganus. Hccaedosarue HOCUA0 NUAOMHYLIL XAPAKMeD, NOIMOMY Ueaecoo6pasHo yeeauterue 8bi00pKu.

Sakarouenue. [lonyuennvie dannvle no36oasom paccmampueams hoaumopgusm HIF-1A (rs11549465) 6 kauecmee kanouodamnoeo Mapképa 0as cmpamuguxa-
Yuu pucka pazeumusi CUHOpOMa Hapyulenus adanmayuu K 6epemMeHHoCmu, 6KAI0YaI0ue20 MamepuHCKyo aHemuio u (pemoniayeHmapHyo Hedocmamo4HoCb.
Karouesnvie caoea: cunokcueli undyyupyemolii pakmop-Ila; 3adepycka eHympuympoOHoeo pazeumusi naoda; anemus Oepemernvix; een HIF-1A; eunokcus;
NPOMbLUACHHDLI pecuoH,; OeH3(a)nupeH; ghopmanvoeeud

Cobarodenue smuueckux cmanoapmos. Hccaedosanue 00o6peno nokanvhvim smuueckum komumemom PIBHY «Hayuno-uccaedosamenvckuii uncmumym
KOMNACKCHbIX NPoOAeM 2uleHbl U NPogeccUoHanbHblx 3ab0aesanuil» (npomokoa 3acedanus Ne 4, § 1om 18.11.2021 e.), nposedero coenacHo o0uenpuHsmsim
HAYYHbIM NPUHUUNGM XeabCUHKCKOU Oekaapauuu Bcemuphoti meOuyuHcKoll accoyuayuu «Imuveckue NPUHUUNG. NPo8eoeHUs MeOUYUHCKUX UCCAe008aHUIL ¢
yuacmuem uenoeexa 6 Kavecmee cyosekma» ¢ nonpaskamu 2013 e.
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Introduction Hypoxia-inducible factor-1a (HIF-1a), encoded by the HI/F-
1A gene, is a key regulator of the cellular response to hypoxia.
Fetal growth restriction (FGR) is becoming an increasingly It controls the expression of hundreds of genes, including
common problem not only in Russia but also worldwide.  erythropoietin (EPO), the primary stimulator of erythropoiesis
According to aggregated epidemiological data, around 30 [9]. The rs11549465 polymorphism (C>T, Pro582Ser) is
million babies are born with this condition each year worldwide  functionally significant: the T allele is associated with increased
[1, 2]. Fetal growth restriction accounts for around 30% of  transcriptional activity of the protein and improved adaptation
stillbirths, contributes to high perinatal morbidity and mortality, to hypoxia [10]. Previously, its role has primarily been studied
and is a common cause of preterm delivery, as well as adverse  in the context of placental dysfunction, pre-eclampsia and fetal
psychoneurological consequences [3—5]. A wide range of fetal,  growth restriction; however, evidence has emerged suggesting that
maternal and placental factors have been identified among the HIF-1A variants that impair the hypoxic response may disrupt
causes [6]. Impaired placentation and uteroplacental blood  the physiological stimulation of erythropoiesis during pregnancy,
flow, oxidative stress and inflammation associated with various predisposing women to anemia [11].
pregnancy complications lead to chronic fetal hypoxia. One of the Novokuznetsk is a major industrial centre in the Kemerovo
most common extragenital complications of pregnancy is anemia, ~ Region (Kuzbass), where enterprises in the metallurgical, coal-
which contributes significantly to the development of hypoxic  processing and chemical industries are concentrated. Just under
conditions in both the mother and the fetus [7]. Alongside  half of the region’s territory is classified as an environmental
classical etiological factors (iron and folic acid deficiencies), the crisis zone, and, according to Roshydromet, Novokuznetsk has
role of genetic predisposition has been actively investigated in  very high levels of atmospheric pollution. The greatest potential
recent years [8]. Of particular interest are the genes involved in  threat to the population of towns in southern Kuzbass is posed
adaptation to the physiological hypoxia of pregnancy. by benzo(a)pyrene, formaldehyde, particulate matter, nitrogen
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Ta6nauuma 1 / Table 1

Average annual concentrations of carcinogenic pollutants

in the atmospheric air of the Novokuznetsk, expressed in mg/m?3/share
of MPC

C])eZ[HeFOHOBbIe KOHICHTPALMHN KAHIEPOr€HHbIX 3arPA3HAIOIIAX

BemiecT B aTMoceprom Bo3nyxe HoBoky3Henka, BopaKeHHbIe
B Mr/m3/moma TTIJIK

3arpssusiiomee BemecTBo / Pollutant
Ton
Year Bens(a)mpen Dopmabaerna Yrepon (caxa)
Benzo(a)pyrene Formaldehyde Carbon (soot)
2021 0.0000071/7.1 0.0051/1.7 0.0175/0.7
2022 0.0000112/11.2 0.0102/3.4 -
2023 0.0000062/6.2 0.0117/3.9 —

2024 0.0000063/6.3 0.01185/3.95 -

dioxide (NO,), hydrogen fluoride, nitrogen monoxide (NO),
carbon monoxide (CO), and sulphur dioxide (SO,) [12]. Chronic
exposure to air pollutants, typical of industrial centres, disrupts
maternal oxygen homeostasis and exerts direct embryotoxic and
foetotoxic effects, leading to intrauterine growth restriction.
Numerous epidemiological studies and laboratory animal studies
confirm that the main mechanisms of this effect are the induction
of oxidative stress, direct damage to the DNA of the placenta and
fetus, and endocrine disorders [13].

The aim of this study is to identify the association between
the HIF-1A gene polymorphism, anemia during pregnancy and
fetal growth restriction in women living in a region with high
anthropogenic pressure.

Materials and methods

An assessment of total atmospheric emissions and average
annual concentrations of pollutants in Novokuznetsk was carried
out for the period from 2021 to 2024. Data were obtained from
the Kemerovo Centre for Hydrometeorology and Environmental
Monitoring, a branch of the Federal State Budgetary Institution
‘West  Siberian  Directorate for Hydrometeorology and
Environmental Monitoring’. Two independent pilot case-control
studies were conducted on a cohort of pregnant women living
in Kuzbass (Novokuznetsk), a major industrial centre in the
Kemerovo Region.

The first group comprised of 37 pregnant women (mean
age 28.3 = 4.1 years) diagnosed with anaemia complicating
pregnancy, childbirth and the puerperium (ICD-10 code 099.0)
and 53 pregnant women without this condition (mean age 27.8 =
3.9 years). Venous blood samples for clinical and genetic analysis
were collected upon booking at the antenatal clinic. The diagnosis
of anemia was made according to WHO criteria (Hb < 110 g/L).

The second group comprised of 23 women, who had given
birth to infants with intrauterine growth restriction, and 33 women
with uncomplicated pregnancies resulting in the birth of healthy,
full-term infants. The neonates born to these women were also
examined: 19 neonates with intrauterine growth restriction and
40 healthy neonates. The diagnosis was confirmed in accordance
with clinical guidelines, ‘Assessment of the physical development
of children and adolescents’ (Ministry of Health Letter No. 15-
2/10/2-8090, dated 21 November 2017), whereby the asymmetric
form of FGR is diagnosed when body weight is below the 10th
percentile for the given gestational age, and the symmetric form
(hypoplastic type) is diagnosed when both the infant’s weight
and length are below the expected values. Genomic DNA was
isolated using the phenol-chloroform extraction method from
peripheral blood leucocytes [14]. Gene typing was performed
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using real-time PCR on a DTprime 4 instrument (NPO DNA-
Technology LLC, Russia). Test kits for the molecular genetic
analysis of polymorphisms in the HI/F-IA (hypoxia-inducible
factor-1a) gene were developed by the Institute of Biochemistry
and Physiology of Metabolism, Siberian Branch of the Russian
Academy of Sciences, and synthesized by SibDNA LLC. A
comparison of genotype frequencies to identify an association
with the risk of developing anemia and fetal growth restriction was
carried out using the x? test to determine statistically significant
differences between observed and expected frequencies. Odds
ratios (OR) were calculated to assess the association between
the risk factor and the outcome [15]. Deviation from Hardy—
Weinberg equilibrium was tested using the exact test [16].

The study was approved by the local ethics committee of
the Federal State Budgetary Scientific Institution ‘Research
Institute for Complex Problems of Hygiene and Occupational
Diseases’ (Minutes No. 4, Section 1, 18 November 2021), and was
conducted in accordance with the principles of the World Medical
Association’s Declaration of Helsinki ‘Ethical Principles for
Medical Research Involving Human Subjects’, as amended in 2013.

Results

The total volume of atmospheric emissions in Novokuznetsk
from 2021 to 2024 decreased slightly, from 268,297 to 256,683
thousand tonnes. The reduction amounted to 11,614 thousand
tonnes, which is attributable to Novokuznetsk’s participation in
the national ‘Clean Air’ project.

Table 1 shows the average annual concentrations of
carcinogenic pollutants, expressed in mg/m?3 and as a percentage
of the maximum permissible concentration (MPC).

The annual average concentrations of benzo(a)pyrene were
6.2 to 11.2 times higher than the established MPC throughout
the entire study period; the greatest exceedance (11.2-fold) was
observed in 2022. Annual average concentrations of formaldehyde
were 1.7 to 3.95 times higher than the corresponding MPC
between 2021 and 2024. In 2021, annual average concentrations of
carbon (soot) were below the MPC; since 2022, concentrations of
this substance have not been measured in the city.

Molecular genetic studies identified polymorphic variants of
the HIF-1A gene (rs11549465) that are significantly associated
with the development of anemia complicating pregnancy and fetal
growth restriction, as well as variants associated with a protective
effect against these conditions.

The CC genotype of the HIF-14 gene (rs11549465) was
significantly associated with the development of anemia
(x> =4.73; OR = 3.57), whilst the CT genotype was associated
with a reduced risk of anemia (x> = 4.00; OR = 0.31) (Table 2).

Analysis of the results presented in Table 3 showed that, in
the group of patients who gave birth to infants with intrauterine
growth restriction, no statistically significant associations with the
HIF-1A gene polymorphism were found.

In the group of neonates with FGR a statistically significant
association was demonstrated between the homozygous CC
genotype of the HIF-1A4 gene and intrauterine growth restriction
x> = 4.59; OR = 7.71), and between the heterozygous CT
genotype and normal development (x> = 3.93; OR = 0.15) (Table 4).

Analysis of the combinations of HIF-1A gene variants in the
mother and infant revealed a statistically significant association
between the combination of homozygous CC/CC genotypes of
the HIF-1A gene in both the mother and infant, and intrauterine
growth restriction (x> = 5.76; OR = 6.26), whilst the combination
of the homozygous CC genotype in the mother with the
heterozygous CT genotype in the infant was associated with
normal neonatal development (x> = 4.90; OR = 0.18) (Table 5).
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Ta6nuuma 2 / Table 2

HIF-14 gene polymorphism in pregnant women with anemia
IHomnmopdusm rena HIF-14'y GepeMeHHbIX KEHIIMH ¢ aHeMueit

Ipynna HIF-14 (rs11549465)

Group cc ‘ CcT ‘ T
BepemeHHbIe XXeHIIMHBI ¢ aHeMuel / Pregnant women with anemia (n = 37) 33 4 0
Kountpossb / Control (n = 53) 37 15 1
x? 4.73 4.00 0.71
OR 3.57 0.31 Ommb6ka / Error

IMpumeuanue. x> u OR — KpuTepuu pa3anuuuii pacrpeaesicHuil TeHOTUITOB B KOHTPOJIE U Y OepEMEHHBIX XKEHIIUH ¢ aHEMUEIA.
Note: x?and OR — criteria for the differences in the genotype distributions in the control and in pregnant women with anemia.

Tao6nuuma 3 / Table 3
HIF-14 (rs11549465) gene polymorphism in the women who gave birth to babies with intrauterine growth retardation
IHomumopdusm rena HIF-1A4 (rs11549465) y :keHmuH, poOUBIINX A€Tel ¢ 3aePKKOil BHYTPUYTPOOHOTO PA3BUTHS

Ipynna HIF-14 (rs11549465)

Group cc CcT T
ZKeHIMHEI ¢ 3a1epKKOii BHYTPUYTPOOHOTO pa3BUTHS IJI0Ja 21 2 0
;Nzrg%n with intrauterine growth retardation of the fetus
KonTtpoms / Control (n = 33) 25 7 1
x2 2.63 1.89 0.77
OR 3.68 0.32 Omm6ka / Error

[Mpumeuvanue. x> 1 OR — KpuTepun pas3auyuii pacrpeie/IeHUii TeHOTUITOB B KOHTPOJIE U Y XKEHIIUH C 3aePKKOi BHYTPUYTPOOGHOTO
pa3BUTHS TLIOJA.

Note:x?>and OR — criteria for the differences in the genotype distributions in the control and in women with intrauterine growth retardation of
the fetus.

Ta6nuua 4 / Table 4
HIF-14 (rs11549465) gene polymorphism in newborns with intrauterine growth retardation
IToaumopdusm rena HIF-1A4 (rs11549465) y HOBOPOXKIEHHBIX C 32/1€PAKKOi BHYTPHYTPOOHOTO PA3BUTHS

Ipynna HIF-14 (rs11549465)
Group cC ‘ CcT ‘ T
ety ¢ 3aaepKKoit BHYTpMYTpoOHOTO pa3Butust / Babies with intrauterine growth retardation n = 19 18 1 0
KonTposs / Control (n = 40) 28 11 1
¥ 4.59 3.93 0.48
OR 7.71 0.15 Omubka / Error

IMpumeuanue.yx’u OR — KpuTepuu pa3nnuuii pacnpeaeaeHuii reHOTUIIOB B KOHTPOJIE U Y HOBOPOKIEHHBIX C 3a[1ePXKKOM BHYTPUYTPOOHOTO
pa3BUTHSI.

N o te:y?>and OR — criteria for the differences in the distributions of genotypes in the control and in newborns with intrauterine growth retardation.

Tao6nuuma 5 / Table 5

Combination of polymorphism of the HIF-14 (rs11549465) gene in women who gave birth to babies with intrauterine growth retardation
and in their babies

Coueranne nommmopdusma rena HIF-14 (rs11549465) y keHmuH, poOMBIIKMX J€Tel ¢ 3aJeP:KKOi BHYTPUYTPOOHOTO Pa3BUTHUS, U Y UX JeTeil

Ipymna HIF-14 (rs11549465)

Group ccec | ccer | cwer
KeHIMHBI, poaUBLINE ETei C 3aepXKKOIl BHYyTPUYTPOOHOTO Pa3BUTHUS / UX AETU 17 2 0
;Nini%n who gave birth to babies with intrauterine growth retardation / their babies
Koutpossb / Control (n = 33) 19 13 1
x> 5.76 4.90 0.59
OR 6.26 0.18 Ommbka / Error

IMpumeuyanue.y’u OR — KpuTepuu pa3induii pacrpeieieHuil TeHOTUIIOB B KOHTPOJIE, Y KEHIIIMH, POIMBIIUX IeTei ¢ 3aAePKKOI BHYTPU-
YTPOOHOTO Pa3BUTHS, U Y UX ACTEH.

Note: x> and OR — criteria for the differences in the distributions of genotypes in the control and in women who gave birth to babies with
intrauterine growth retardation and in their babies.
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Thus, a statistically significant association was identified
between the CC genotype of the HIF-IA gene and the
development of anemia in pregnant women and fetal growth
restriction, particularly when these genotypes are combined in
the mother and infant, whilst the CT genotype is associated with
an increased likelihood of a normal pregnancy and the birth of a
healthy child.

Discussion

Pathological endogenous hypoxia develops in virtually all
diseases, whether infectious or non-infectious, under conditions
of stress, as well as in cases of impaired uteroplacental blood
flow, smoking, alcoholism and other adverse factors [17, 18].
A reduction in the efficiency of oxygen delivery to tissues leads
to disturbances in the regulation of the microcirculatory bed,
extravasation, and the activation of leucocytes and other immune
and pro-inflammatory resident cells, which produce reactive
oxygen species, leading to oxidative stress and mitochondrial
dysfunction [19—22]. The oxygen-sensitive subunit HIF-1a,
whose activity is genetically determined, plays a leading role in
the body’s adaptation to hypoxia. To date, 16 single-nucleotide
polymorphisms (SNPs) in the HIF-1A gene have been identified
that influence the subunit’s activity and are associated with
various pathologies. One of the most extensively studied is
rs11549465 C>T, which results in the substitution of serine for
proline (Pro582Ser; C1772T) and affects HIF-1a stability and
transcriptional activity, leading to increased expression of the
HIF-1a protein [23—28].

Against the backdrop of a slight reduction in overall
atmospheric emissions in Novokuznetsk between 2021 and
2024, there has been a persistent exceedance of the maximum
permissible concentrations (MPCs) for the annual average
concentrations of benzo(a)pyrene and formaldehyde, which are
classified as hazard classes 1 and 2. The combined effect of these
pollutants is capable not only of causing direct damage to the
respiratory system, but also of inducing chronic tissue hypoxia,
which is particularly critical during gestation.

One of the key compounds disrupting oxygen homeostasis
is formaldehyde. Traditionally, its toxicity has been linked to the
formation of DNA—protein cross-links and local inflammation;
however, recent studies have revealed its direct destructive effect
on the central regulator of adaptation to hypoxia. Formaldehyde is
classified as a phototoxic stressor — an agent that causes structural
damage to proteins. It has been established that the H/F-Ia and
HIF-2a subunits contain extensive intrinsically disordered regions,
which make them extremely vulnerable to damage by aldehydes.
Formaldehyde induces rapid and selective degradation of H/F-I«;
in the absence of proteasome degradation, the damaged protein
becomes insoluble and denatured. Consequently, rather than
activating a protective response to hypoxia, HIF- I« is inactivated,
which deprives cells of their ability to respond adequately to
oxygen deprivation [29].

Formaldehyde is also capable of switching metabolism to
anaerobic glycolysis even in the presence of oxygen, stimulating
this process via the induction of HIF-Ia. This results in a
paradoxical situation of oxygen deprivation amidst an excess of
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oxygen, which exacerbates mitochondrial stress [30]. Chronic
exposure to formaldehyde can lead to the depletion of the normal
physiological response to hypoxia.

Benzo(a)pyrene, a typical representative of PAHs and a priority
carcinogen in industrial cities, is a potent pro-oxidant. It has
been shown that benzo(a)pyrene influences cell proliferation by
modulating metabolic genes and the ROS/HIF-1a/HO- I signaling
pathway, which is accompanied by the induction of reactive oxygen
species. Furthermore, benzo(a)pyrene simultaneously activates the
aryl hydrocarbon receptor (AhR), triggering a signaling cascade
that potentiates mitochondria-mediated apoptosis [31].

Thus, living in conditions of chronic exposure to
formaldehyde and benzo(a)pyrene creates a synergistic
background of mitochondrial dysfunction and oxidative stress.
This leads to the depletion of the normal physiological response
to hypoxia, mediated by HIF-1A, which is critically important for
the realization of the genetic risk associated with the rs11549465
polymorphism, particularly in pregnant women.

In our study, we demonstrated a single, genetically determined
basis for impaired adaptation to pregnancy-related hypoxia, which
manifests as anemia in the mother and as fetal growth restriction
in the fetoplacental unit. In mothers who are carriers of the CC
polymorphic variant of the HIF-1A gene, insufficient stimulation
of erythropoiesis is observed in response to hemodilution and an
increasing demand for oxygen [32]. In the fetus, a weak HIF-1a
response in the placenta leads to suboptimal vascularization and
impaired trophoblast invasion, which is a known mechanism
underlying placental insufficiency and FGR [33—35].

A woman with the CC genotype initially has reduced
compensatory reserves for adapting to pregnancy. She is at higher
risk of developing anemia, and her body may be less able to
support the formation of a fully functional placenta. If the fetus
also inherits the low-activity C allele, its own ability to stimulate
angiogenesis and growth, even in the context of mild placental
insufficiency, is reduced. This leads to a synergistic effect and a
high probability of developing FGR (OR = 6.26). In an industrial
region, this genetic predisposition may be exacerbated by
exogenous hypoxia and other environmental factors.

Limitations. As this was a pilot study, it was limited by a small
sample size.

Conclusion

The data obtained suggest that the HIF-14 (rs11549465)
polymorphism can be considered a candidate marker for stratifying
the risk of developing pregnancy-related adaptation disorders,
comprising maternal anemia and placental insufficiency, in
environments with high anthropogenic stress. Identifying women
with the CC genotype, particularly in cases where the fetus is
likely to inherit the C allele, identifies them as being at high risk
of developing associated complications (anemia and placental
insufficiency). These women require enhanced preventive
measures: pre-pregnancy preparation, early monitoring of
hemoglobin levels and fetoplacental parameters, and adjustments
to working and living conditions.

Prospective studies involving larger cohorts are required to
confirm these findings.
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