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Pezrome. Ampog-myxumnune uprocianuwiu OyHE aXOMUCU CATOMAMAUSY XOLAMUHU OENULOGUU IHS MYXUM
omuniapoan Oupuea aulaHou, AUHUKCA, OHA 64 XOMULA Y4YH oKubamiapea mavcup Kypcammokoa. Cymeeu yu
UWIIUKAApOa siH2U MYSUlean Yakaiokuapoa myama iopak Hykcounapu (THOH) 6unan racainanuwihune Kynauuuu
XABOHUMZ UGAOCIAHUWIY, 02UP MEMALLAp, NeCMUYUONAp MAbCUpU 64 OHAHUHZ MYPMYUL MAP3UHU y3eapmupuul Kadu
9KONI02UK Xa8Q omumiapu ounan yambapuac dozaux. Ywby uwoa sxonocux demepmunanmiap éa THOH namoeenesu
ypmacuoacu OOSIUKIUK YPeAHUIUD, PUBOICIAHAEMaAH MAMAAKAMIAPOA 0OKHUHE opmub 6Oopaémeanuea 3bmuoop
Kapamunean. Taokuxkomoa Xankapo 6a MULIUL MAbIYMOMIAAP MAXAUl KUIUHUO, ampogh-myxumuu myxogaza Kuiuu
Macananapunu mapmubea Conuul 84 OHANAP CATOMAMAUSUHU MYXohaza Kuiuwi cuécamuoazu OVWUIUKIAD aHUKIAHEAH.
IHpogunaxmura uopanrapu, dHCYMAAOAH, XAG0 CUDAMUHU HAZ0PAM KUIUWHU KYYAUMUpUuL, OHALAP CALOMAMIUSU
Macananapu oyuuva mMavpugham 6a npeHaman CKPUHUHS KeHe KaAMpOGau 21004l Cmpameusiiute e MyXum mapruoui
Kucmaapu cugpamuoa Kapaiaou. OnuHean HAMUXNCAAAP KeAancax aslooHU ampop-myxum mavcupuoan Keaub 4uKaoueaH
myema 10pax HyKCOHIAPUOAH XUMOS KULUWL YUVH AMpPOp-MyXumuu myxodasza Kuiuui, COSIUKHU CaKIaul 6d CUEécamuu
wwnab wukuw OUnaH WYYIIAHAOUSAH MAWKUIOMAAD YPMACUOd MAPMOKIAPAPO XAMKOPAUKHUHZ O0A3apOIUSUHU
MAbKUOAAUOU.

Kanum cysnap: Tyama wopak nykconnapu, ampog-myxumuune u@rocianuiiu, OHAIAped MAabCupu, NpeHamd
canomamaux, npopuIaKMuUKa cmpameusnapy, 2106aj1 COLMUKHU CaKaai, Y36eKucmon.

Abstract. Environmental pollution has emerged as one of the most critical determinants of global health, particu-
larly affecting maternal and fetal outcomes. In recent decades, the increasing incidence of congenital heart defects
(CHDs) in newborns has been strongly associated with environmental risk factors such as air pollution, exposure to heavy
metals, pesticides, and maternal lifestyle changes. This paper investigates the relationship between environmental deter-
minants and the pathogenesis of CHDs, emphasizing the growing burden in developing countries. The study reviews inter-
national and national data, identifying gaps in environmental health regulation and maternal healthcare policies. Preven-
tive measures—including enhanced air quality control, maternal health education, and prenatal screening—are discussed
as essential components of an integrated global strategy. The findings underline the urgent need for intersectoral collabo-
ration between environmental, public health, and policy-making institutions to protect future generations from environ-
mentally induced congenital heart diseases.

Keywords: congenital heart defects, environmental pollution, maternal exposure, prenatal health, prevention strat-
egies, global health, Uzbekistan.
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Introduction.  Congenital heart  defects
(CHDs) represent the most common type of congeni-
tal malformations, affecting approximately 8-12 in-
fants per 1,000 live births worldwide (WHO, 2024).
Despite remarkable advances in prenatal diagnostics
and neonatal surgery, CHDs continue to be a leading
cause of infant morbidity and mortality. According to
the Global Burden of Disease (GBD) Study 2023,
congenital heart anomalies account for nearly
300,000 deaths annually, with over 70% occurring in
low- and middle-income countries.

In recent decades, increasing attention has been
directed toward environmental determinants of
CHDs, in addition to traditional genetic causes. Nu-
merous epidemiological and molecular studies sug-
gest that maternal exposure to air pollutants, heavy
metals, pesticides, and endocrine-disrupting chemi-
cals can alter cardiac morphogenesis during early
embryonic development. For instance, prenatal expo-
sure to fine particulate matter (PM2.5) and nitrogen
dioxide (NO,) during the first trimester has been as-
sociated with septal and outflow tract defects in sev-
eral large-scale cohort studies conducted in China,
the United States, and Europe [9]. The role of climate
change has also become increasingly significant. Ris-
ing temperatures, increased wildfire smoke exposure,
and worsening urban air quality amplify the risk of
fetal hypoxia and oxidative stress—critical factors
influencing heart tissue differentiation. According to
a 2024 report by the World Meteorological Organiza-
tion, the frequency of high-pollution days in Central
Asia and the Middle East has doubled since 2010,
with potential long-term impacts on maternal and ne-
onatal health outcomes. In countries undergoing rapid
industrialization, such as Uzbekistan, Kazakhstan,
and India, the intersection of poor air quality, limited
prenatal care access, and insufficient environmental
regulations poses a compounded threat. A 2023 na-
tional report by the Ministry of Health of Uzbekistan
highlighted a steady increase in congenital malfor-
mations by 15% over the past decade, with cardiac
anomalies being among the most prevalent. These
findings underscore the need for integrated environ-
mental and healthcare policies aimed at preventing
environmentally mediated congenital disorders.

Consequently, understanding the mechanisms
by which environmental factors contribute to the de-
velopment of CHDs is essential for public health
strategies, maternal safety programs, and sustainable
development goals (SDGs). The present study seeks
to synthesize current evidence on environmental in-
fluences on CHDs and propose practical, evidence-
based preventive interventions tailored to both global
and regional contexts.

Main part. Pathophysiological Mechanisms

Linking Environmental Exposure and Congenital
Heart Defects. Congenital heart defects (CHDs) are

multifactorial disorders resulting from the interaction
between genetic predisposition and adverse environ-
mental influences during embryogenesis. The embry-
onic heart begins its morphogenesis in the third to
eighth weeks of gestation, a critical window during
which environmental toxins can interfere with cardiac
neural crest cell migration, myocardial differentia-
tion, and septal formation (Zhang et al., 2024).

Exposure to air pollutants, heavy metals, and
endocrine-disrupting chemicals (EDCs) triggers oxi-
dative stress, epigenetic modifications, and inflamma-
tory cascades in the developing embryo, leading to
structural and functional malformations of the heart.
Experimental studies have demonstrated that fine par-
ticulate matter (PM2.5) and nitrogen oxides increase
the expression of reactive oxygen species (ROS) in
placental tissues, resulting in DNA methylation of
cardiogenic genes such as NKX2-5, GATA4, and
TBX5 (Kang et al., 2023). These alterations impair
normal chamber septation and valve morphogenesis,
giving rise to septal or conotruncal anomalies.

Air Pollution and Cardiovascular Teratogenici-
ty. Among environmental risk factors, air pollution
has the strongest epidemiological correlation with
congenital malformations. Studies in North America,
Europe, and East Asia have consistently reported ele-
vated CHD prevalence in regions with high concen-
trations of PM2.5, sulfur dioxide (SO,), and ozone
(Os).

A 2024 meta-analysis including over 5 million
births (published in Environmental Health Perspec-
tives) revealed that every 10 pg/m? increase in PM2.5
concentration during the first trimester is associated
with a 15-18% rise in CHD incidence. The mecha-
nism is largely attributed to placental hypoperfusion,
systemic hypoxia, and disturbance of angiogenic sig-
naling. In the Central Asian region, particularly Uz-
bekistan, seasonal fluctuations in air quality due to
industrial emissions, dust storms, and motor traffic
have been shown to increase maternal exposure to
particulate matter. Data from the Uzbekistan State
Committee for Ecology (2023) indicated that annual
PM2.5 levels in Tashkent and Navoi exceed WHO
safety limits by two to three times. Such chronic ex-
posure may contribute to the steady rise in congenital
cardiovascular anomalies observed in national birth
registries.

Heavy Metals and Water Contamination as
Teratogenic Agents. Heavy metals, including lead
(Pb), mercury (Hg), cadmium (Cd), and arsenic (As),
are potent environmental teratogens. These elements
cross the placental barrier and accumulate in fetal
tissues, causing mitochondrial dysfunction, lipid pe-
roxidation, and disturbances in calcium homeostasis
that impair cardiomyocyte development.

A multicentric cohort study conducted in India
and Kazakhstan [13] demonstrated a twofold increase
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in CHD risk among mothers with elevated blood lead
levels (>10 pg/dL). Similar findings were observed in
populations  exposed to  arsenic-contaminated
groundwater, where inhibition of vascular endothelial
growth factor (VEGF) pathways led to defective car-
diac vessel formation.

Moreover, studies in the Fergana Valley re-
vealed detectable traces of cadmium and lead in
drinking water sources, particularly near industrial
and agricultural zones, underscoring the urgent need
for environmental monitoring and remediation pro-
grams. The Role of Pesticides and Endocrine-
Disrupting Chemicals

Agricultural intensification has increased ma-

ternal exposure to organophosphates, pyrethroids, and
bisphenol A (BPA)—chemicals known to interfere
with hormone-dependent signaling pathways during
fetal development.

EDCs mimic or antagonize estrogen and thy-
roid hormones, both of which are vital for cardiac
morphogenesis. Disruption of these hormonal path-
ways affects myocardial proliferation, valve differen-
tiation, and ventricular septation.

A 2024 Frontiers in Toxicology report con-
firmed a 25% higher prevalence of CHDs among
women exposed to pesticides during early pregnancy.
In Uzbekistan’s rural districts, where pesticide use
remains widespread, inadequate regulation and pro-
tective measures increase the risk of reproductive tox-
icity.

Socioeconomic and Nutritional Correlates. En-
vironmental exposure rarely occurs in isolation—it is
intertwined with socioeconomic and nutritional de-
terminants. Women living in low-income areas near
industrial zones are more likely to experience cumu-
lative risk due to malnutrition, lack of prenatal care,
and limited awareness of environmental hazards.

Micronutrient deficiencies, particularly of folic
acid, zinc, magnesium, and selenium, amplify oxida-
tive damage and hinder the repair of embryonic tis-
sues exposed to toxins (WHO, 2023).

Intervention programs providing prenatal sup-
plementation and public health education have
demonstrated measurable benefits. For example, a
longitudinal study in Vietnam (Nguyen et al., 2024)
reported a 30% reduction in CHD incidence follow-
ing nationwide folate and antioxidant supplementa-
tion programs for pregnant women.

Integrated Preventive Strategies

Effective prevention of environmentally in-
duced CHDs requires a multisectoral approach inte-
grating medical, environmental, and policy interven-
tions:

1. Environmental Regulation: Enforcement of
emission control, industrial waste management, and
clean air initiatives.

2. Maternal Health Programs: Inclusion of en-
vironmental risk assessment in prenatal care proto-
cols.

3. Nutritional Support: Provision of antioxi-
dants and essential micronutrients to mitigate
teratogenic effects.

4. Community Education: Raising awareness
about household chemical exposure and smoking ces-
sation during pregnancy.

5. Research and Surveillance: Establishing na-
tional registries for CHDs and environmental moni-
toring to identify high-risk regions.

Synthesis, Collectively, the reviewed evidence
underscores that congenital heart defects are a com-
plex consequence of ecological degradation, toxic
exposure, and inadequate maternal protection. Pre-
ventive action must therefore target not only clinical
risk factors but also the environmental and socioeco-
nomic systems that shape fetal health outcomes.

Materials and methods. This research was
designed as a multicenter analytical study aimed at
identifying the relationship between environmental
pollution and the increasing incidence of congenital
heart defects among newborns. The investigation was
carried out between January 2023 and March 2025 in
several ecologically diverse regions of Uzbekistan,
including Tashkent, Navoi, and the Fergana Valley.
These locations were chosen to represent areas with
varying levels of industrial, vehicular, and agricultur-
al pollution. Control data were collected from less
polluted areas such as Jizzakh and Surkhandarya re-
gions to provide a comparative baseline.

The study population included 450 pregnant
women aged between 18 and 40 years, examined dur-
ing the first trimester of gestation (8—14 weeks). Par-
ticipants were selected based on their residence in the
study area for at least three consecutive years and the
absence of hereditary or chromosomal disorders in
family history. Women with multiple pregnancies,
chronic metabolic diseases, or exposure to teratogenic
drugs were excluded. All participants provided writ-
ten informed consent, and the research protocol was
approved by the Ethical Committee of Tashkent State
Medical University (Protocol No. 02/2023). Envi-
ronmental samples of air, water, and soil were col-
lected from each participant’s living area. Air sam-
ples were analyzed monthly to determine the concen-
tration of PM2.5, NO,, SO,, CO, and O; using the
Grimm 11-D Dust Monitor and Aeroqual Series 500
sensors. Water and soil samples were examined for
heavy metals such as lead, cadmium, mercury, and
arsenic using inductively coupled plasma mass spec-
trometry (ICP-MS, Thermo Fisher iCAP 7000 Se-
ries). Pesticide residues, including organophosphates
and pyrethroids, were quantified using gas chroma-
tography—mass  spectrometry  (GC-MS, Agilent
7890B). The results were compared with the permis-
sible exposure limits established by the World Health
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Organization (WHO, 2023). Venous blood samples
were obtained from pregnant women between 12 and
14 weeks of gestation to assess the levels of toxic
metals and biochemical indicators of oxidative stress.
Concentrations of lead, cadmium, mercury, and arse-
nic were measured by ICP-MS. Oxidative stress was
evaluated by determining malondialdehyde (MDA)
using the thiobarbituric acid reactive substances
method, superoxide dismutase (SOD) activity
spectrophotometrically, and reduced glutathione
(GSH) concentration using Ellman’s reagent method.
Standard biochemical parameters such as hemoglo-
bin, ferritin, and folate levels were determined with a
Cobas Integra 400 Plus analyzer. In addition, each
participant completed a detailed questionnaire on die-
tary habits, occupation, use of household chemicals,
and prenatal vitamin supplementation.

All infants born to the participating mothers
were examined by pediatric cardiologists within the
first seven days after delivery. Echocardiography
(Philips CX50) was used to identify septal and valvu-
lar defects as well as complex conotruncal malfor-
mations. When necessary, electrocardiography and
chest radiography were performed for confirmation.
All diagnosed heart anomalies were classified accord-
ing to the International Classification of Diseases
(ICD-10, Q20-Q28). Collected data were processed
using IBM SPSS Statistics version 27.0. Quantitative
data were presented as mean + standard deviation,
and group comparisons were performed using Stu-
dent’s t-test and the Mann-Whitney U-test. Associa-
tions between pollutant exposure and congenital heart
defect occurrence were assessed using multivariate
logistic regression, while correlations between oxida-
tive stress markers and pollutant levels were evaluat-
ed through Pearson correlation analysis. A p-value
below 0.05 was considered statistically significant.

All study procedures were performed in com-
pliance with the principles of the Declaration of Hel-
sinki (2013). Confidentiality of all participants was
maintained throughout the study. Laboratory analyses
were performed in duplicate with the use of certified
reference standards to ensure quality and reproduci-
bility. Instruments were calibrated before each analy-
sis cycle, and internal quality controls were applied to
minimize analytical bias. Although the research de-
sign comprehensively included environmental, bio-
chemical, and clinical parameters, genetic testing was
not conducted, which may limit the ability to fully
distinguish hereditary from environmental influences.
Nevertheless, the integration of environmental moni-
toring with biomarker assessment provides a reliable
basis for understanding the etiological role of ecolog-
ical factors in congenital heart malformations.

Results. The results of this study demonstrated
a strong relationship between environmental pollution
and the incidence of congenital heart defects (CHDs)
among newborns. Out of the total 450 pregnant wom-

en examined, 300 were from ecologically high-risk
areas with increased industrial and agricultural emis-
sions, while 150 represented the control group living
in relatively clean environments. Among the new-
borns of the exposed group, 42 cases of congenital
heart defects (14.0%) were identified, compared with
7 cases (4.6%) in the control group. This difference
was statistically significant (p < 0.001), indicating a
clear link between exposure to environmental con-
taminants and the development of cardiac malfor-
mations in the fetus.

Average air pollutant concentrations in indus-
trial and urbanized regions exceeded WHO-
recommended limits. The mean PM2.5 concentration
in the Tashkent and Navoi regions was 68.4 + 5.2
ug/m3, nearly three times higher than the permissible
level (25 pg/m?). Nitrogen dioxide (NO,) and sulfur
dioxide (SO,) levels averaged 62.7 = 7.3 pg/m® and
59.1 £ 6.8 pg/m? respectively, also exceeding safe
thresholds. In contrast, the control areas had mean
PM2.5 levels of 23.5 + 4.1 pg/m* and NO, levels of
20.8 £ 3.2 ug/m*. Heavy metal analysis revealed that
pregnant women in high-exposure areas had signifi-
cantly elevated blood concentrations of lead and
cadmium. The mean blood lead concentration was
0.42 £ 0.07 mg/L in the exposure group versus 0.17 +
0.03 mg/L in controls (p < 0.001). Similarly, cadmi-
um levels averaged 0.023 + 0.004 mg/L among eX-
posed women compared with 0.011 £ 0.002 mg/L in
controls. These differences suggest chronic low-level
exposure through inhalation and food chain contami-
nation. Mercury and arsenic levels were also moder-
ately higher among exposed participants, but not all
values reached statistical significance.

Biochemical assessment revealed a pronounced
oxidative stress imbalance among women exposed to
pollutants. The mean malondialdehyde (MDA) level,
a marker of lipid peroxidation, was 5.2 = 1.1 pumol/L
in the exposure group versus 2.9 + 0.8 umol/L in the
control group (p < 0.001). Superoxide dismutase
(SOD) activity decreased by 23%, and glutathione
(GSH) levels dropped by 18% compared to controls.
These findings indicate that environmental toxins
induce oxidative stress, which may contribute to em-
bryonic tissue damage and disruption of normal car-
diac morphogenesis. Echocardiographic examination
of newborns revealed that ventricular septal defects
(VSD) were the most common anomaly, accounting
for 38% of all diagnosed CHDs. Atrial septal defects
(ASD) made up 26%, patent ductus arteriosus (PDA)
19%, and complex conotruncal malformations (such
as Tetralogy of Fallot and transposition of great arter-
ies) 17%. The majority of affected infants were born
to mothers residing in industrial zones with high
PM2.5 and heavy metal exposure levels. Statistical
analysis confirmed a positive correlation between
maternal blood lead concentration and the risk of
CHD (r = 0.63, p < 0.001). A similar association was
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found for MDA levels (r = 0.58, p < 0.001), while
SOD and GSH levels were inversely correlated with
CHD incidence (r = —0.47 and —0.51, respectively).
Multivariate logistic regression identified maternal
lead exposure (Odds Ratio = 2.86, 95% CI: 1.74—
4.12) and elevated oxidative stress (MDA > 4.5
pumol/L; OR = 221, 95% CI: 1.43-3.59) as the
strongest independent predictors of congenital heart
malformation. In addition, regional comparison
showed that women from Navoi, characterized by
intensive metallurgical and chemical industries, had
the highest average levels of heavy metals and CHD
incidence (16.3%), followed by Tashkent (12.7%)
and Fergana Valley (11.5%). The lowest rate (4.6%)
was recorded in Jizzakh, which also exhibited the
lowest air and soil contamination indices.

The integration of environmental, biochemical,
and clinical data suggests that exposure to multiple
pollutants acts synergistically, amplifying the overall
teratogenic risk. Chronic inhalation of fine particulate
matter combined with trace metal accumulation in
maternal tissues disrupts placental oxygen transport
and induces oxidative stress. These physiological dis-
turbances during early organogenesis appear to be a
key mechanism leading to the observed increase in
congenital heart anomalies among newborns.

Discussion. The findings of this study clearly
demonstrate a significant association between envi-
ronmental pollution and the occurrence of congenital
heart defects (CHDs) among newborns. Elevated lev-
els of airborne particulate matter (PM2.5), nitrogen
dioxide, sulfur dioxide, and heavy metals such as lead
and cadmium were strongly correlated with the in-
creased incidence of CHDs in the investigated re-
gions of Uzbekistan. These results support the grow-
ing body of international evidence indicating that en-
vironmental exposure plays a crucial teratogenic role
in fetal cardiac development. The observed higher
frequency of ventricular and atrial septal defects
among infants born to mothers residing in polluted
areas aligns with previous studies conducted in Chi-
na, India, and Poland, where industrial emissions and
traffic-related pollutants were found to increase the
risk of structural cardiac malformations [9, 15]. Simi-
larly, epidemiological investigations in northern Italy
reported that maternal exposure to fine particulate
matter during the first trimester significantly in-
creased the likelihood of conotruncal anomalies
(Bianchi et al., 2019). These parallels suggest that air
quality deterioration exerts comparable biological
effects across diverse geographic and socioeconomic
settings. Heavy metals, particularly lead and cadmi-
um, are known to cross the placental barrier and in-
terfere with early embryonic morphogenesis. Lead
induces oxidative stress by generating reactive oxy-
gen species (ROS), which can damage fetal myocar-
dial cells and disturb normal cardiac septation. Cad-
mium, in turn, alters gene expression related to angi-

ogenesis and myocardial differentiation, leading to
abnormal heart chamber formation. The elevated
blood concentrations of these metals observed among
pregnant women in industrial zones of Uzbekistan
confirm chronic environmental exposure and mirror
similar patterns reported in regions with rapid indus-
trialization such as Guangdong (China) and Maha-
rashtra (India).

Oxidative stress biomarkers measured in this
study further support the biological plausibility of the
observed associations. The significant rise in
malondialdehyde (MDA) and the corresponding de-
cline in antioxidant defense enzymes (SOD and GSH)
indicate a systemic imbalance between oxidants and
antioxidants during pregnancy. Oxidative stress has
been identified as a key mechanism in cardiac
teratogenesis, as it disrupts the signaling pathways
controlling cell proliferation, migration, and apopto-
sis during cardiac looping and septation. According
to recent molecular research, increased ROS levels
can modulate the expression of transcription factors
such as NKX2-5 and GATAA4, both critical for nor-
mal heart morphogenesis (Zhou et al., 2022). There-
fore, our results are consistent with the hypothesis
that environmental toxicants impair fetal heart for-
mation primarily through oxidative and epigenetic
mechanisms. Socioeconomic and nutritional factors
may also modulate this relationship. Pregnant women
from industrial districts often have limited access to
antioxidant-rich foods and prenatal supplements, ex-
acerbating oxidative damage. Previous work by
Martinez et al. (2020) emphasized that adequate ma-
ternal intake of folic acid, selenium, and vitamins C
and E can partially counteract oxidative stress and
reduce the risk of birth defects. The relatively lower
rates of CHDs in the control population from Jizzakh
and Surkhandarya, where dietary patterns are richer
in fresh vegetables and less processed food, may re-
flect this protective effect.

The regional differences observed in this study
highlight the combined impact of air quality, indus-
trial emissions, and agricultural chemicals. Navoi,
characterized by metallurgical and chemical indus-
tries, showed the highest CHD prevalence, supporting
the concept of a cumulative exposure effect. The data
suggest that not only air pollutants but also soil and
water contamination contribute to the overall risk
profile. Chronic ingestion of trace metals and pesti-
cide residues through contaminated food and water
can lead to maternal bioaccumulation and
transplacental transfer of toxicants.

These findings have important public health
implications. Uzbekistan, like many developing coun-
tries, faces a dual challenge: rapid industrial growth
and limited environmental monitoring. The evidence
presented here underscores the urgent need for im-
plementing environmental health policies that priori-
tize air quality control, proper waste management,

96 | 2025, No6 (166)

IIpo06JieMbl 0M0JIOTUM U MeTUIIMHBI



and strict regulation of industrial emissions. Moreo-
ver, the inclusion of environmental screening in pre-
natal care programs could improve early risk identifi-
cation and prevention of environmentally induced
congenital malformations.

While this study provides valuable insights,
several limitations should be acknowledged. The ab-
sence of genetic analysis limits our ability to com-
pletely separate environmental effects from heredi-
tary predispositions. Future studies combining envi-
ronmental monitoring with genomic and epigenetic
profiling would help clarify the mechanistic pathways
linking pollution exposure and cardiac malfor-
mations. Additionally, long-term follow-up of affect-
ed infants could reveal the clinical outcomes and
adaptive mechanisms in response to early environ-
mental insults.

In conclusion, the present study contributes
novel regional data demonstrating that maternal ex-
posure to environmental pollutants—particularly fine
particulate matter and heavy metals—plays a signifi-
cant role in the development of congenital heart de-
fects. These findings emphasize the importance of
environmental health interventions and maternal anti-
oxidant protection strategies to reduce the burden of
birth defects and improve the overall quality of ma-
ternal and child health in Uzbekistan and other devel-
oping regions.

Conclusion and recommendations. The pre-
sent study provides compelling evidence that envi-
ronmental pollution is a major contributing factor in
the development of congenital heart defects (CHDs)
among newborns. The analysis of air, water, and soil
samples revealed high concentrations of particulate
matter and toxic heavy metals in industrial and agri-
cultural regions of Uzbekistan. Correspondingly,
pregnant women residing in these areas exhibited el-
evated blood levels of lead and cadmium, along with
increased oxidative stress markers and reduced anti-
oxidant capacity. These biochemical and environ-
mental alterations were significantly associated with
higher incidences of ventricular and atrial septal de-
fects in their infants.

The findings confirm that maternal exposure to
fine particulate matter (PM2.5) and heavy metals dis-
rupts fetal cardiac morphogenesis through mecha-
nisms involving oxidative stress, inflammation, and
epigenetic modification. This relationship emphasizes
the need to integrate environmental monitoring into
reproductive health strategies. The combined assess-
ment of ecological risk and maternal biomarkers can
serve as an effective early warning system for pre-
venting environmentally induced congenital malfor-
mations.

From a public health perspective, urgent
measures must be taken to reduce environmental ex-
posure in industrial and densely populated regions.
Strengthening air quality monitoring, controlling in-

dustrial emissions, and enforcing regulations on pes-
ticide and heavy metal usage should become national
priorities. It is also crucial to improve maternal nutri-
tion by promoting diets rich in natural antioxidants
such as vitamins C and E, selenium, and folic acid,
which can mitigate oxidative damage during preg-
nancy.

Moreover, the implementation of educational
programs for healthcare providers and communities is
necessary to raise awareness about the potential
teratogenic effects of environmental contaminants.
Regular screening of pregnant women for toxic metal
exposure and oxidative stress markers could be in-
corporated into antenatal care protocols. Such preven-
tive measures would contribute to reducing the rate of
congenital anomalies and improving maternal and
child health outcomes.

Future research should focus on combining en-
vironmental and genetic approaches to better under-
stand the complex interactions between pollution ex-
posure and fetal development. Expanding the sample
size and including long-term follow-up studies will
help clarify the persistence and clinical implications
of environmentally induced cardiac malformations.

In summary, this study highlights that the pre-
vention of congenital heart defects must extend be-
yond clinical interventions to include environmental
health protection. Sustainable industrial development,
ecological awareness, and maternal antioxidant sup-
port represent the key pillars of an effective preven-
tion strategy for ensuring the birth of healthier gener-
ations in Uzbekistan and beyond.
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TITOBAJIbHBIE 3KOJIOTHYECKHE ITPOBJIEMbBI H
BHEJ/IPEHHE ITPO®HIAKTHYECKHX MEP I10
CHHKEHHIO YACTOTbI BPOKJEHHBIX
ITIOPOKOB CEPJIIA Y JETEH

Joicanunoea I'A., Pacynosa H . @., Myxameoosa H.C.

Pe3tome. 3acpsiznenue okpyscaroueti cpedsbi cmano
O00HUM U3 BAdICHETMUX (AKMOPos, onpedenssiomux co-
cmosiHue 300P06bsi HACENEeHUsL MUPA, 0COOEHHO GIUsls HA
ucxo0bl 0151 mamepu u n1ooa. B nocneonue oecsmunemus
pocm 3a601e6aeMOCIU BPONCOCHHLIMU NOPOKAMU cepoya
(BIIC) y HO60pOICOCHHBIX MECHO C85A3aH ¢ MAKUMU IKOJLO-
2UYeCKUMU (hakmopamu pucka, Kax 3aeps3HeHue 8030yxd,
so30eticmaue MsICeblX Memauiog, necmuyuoos u uzme-
HeHue 0bpasza dcusHu mamepu. B doanmoii pabome uccie-
Oyemcesi 83aUMOC8513b MeNCOY IKOLOSUUECKUMU Oemepmu-
naumamu u namozenezom BIIC, ¢ axyenmom na pacmy-
wee Opems 8 pazsuearOwuxcs cmpanax. B ucciedosanuu
AHATUBUPYIOMCSL MENCOYHAPOOHBIE U HAYUOHATIbHbBIE OdH-
Hble, BbIAGNSIOMCS NPobenbl 8 pe2yiupo8aHuu 80NPOCO8
0XpaHbvl OKpydHCcaloujeis cpeobl U NOTUMUKU 8 0OIACMU OX-
panvl 300posvbs mamepel. IIpogunaxmuueckue mepol,
BKIIOYUAsL YCUTICHUE KOHMPOIS KA4eCmed 8030yXd, npocee-
weHe no 8ONPOCAM 300p08bs Mamepel U NPEeHamaibHblil
CKPUHUH2, DPACCMAMPUBAIOMCST KAK GAJICHeUUe KOMNO-
HeHmbl KOMIAEKCHOU 2nobanvnot cmpamezuu. Ilonyyen-
Hble pe3ynbmamvl NoOYepKU8arom ocmpyro Heooxoou-
MOCb  MEANCCEKMOPANbHO2O  COMPYOHUUECEA  MeNCOY
OpeanU3aYUAMY,  3AHUMAIOWUMUCS BONPOCAMU  OXPAHbL
OKpyJicaroujeli cpedvl, 0OUECMEEHHO20 30PABOOXPAHEHUS.
U pazpabomrol noaumuxy, O 3awumol 6y0ywux noKo-
JIeHULl OM BPOICOEHHBIX NOPOKO8 Cepoyd, 0OYCI08IEHHbIX
8030elicmauemM OKpys#caroueli cpeovl.

Knwuesvle cnosa: Bpooicoennvie nopoxu cepoya,
3aepsizHenue oKpyscaiouell cpedvl, 6o30elicmseue Ha Ma-
mepeil, npeHamaibHoe 300pogbe, CMpAame2uu npopuiaK-
muKu, enobanvrHoe 30pagooxpanenue, Y30eKucman.
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