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Abstract

Relevance of the study: Congenital malformations (CM) rank among the primary contributors to infant death, perinatal
complications, and long-term disability in childhood. According to the World Health Organization, about 6% of babies
worldwide are born each year with congenital anomalies, making it a significant issue for healthcare systems and society at
large. The relevance of this study is due not only to the high frequency of CM but also to their significant impact on the life
expectancy and quality of life of affected children, as well as the financial burden on healthcare systems. Studying CM in
environmentally disadvantaged regions such as Mangystau Region of the Republic of Kazakhstan is especially important,
where industrial and ecological factors may contribute to the growing prevalence of congenital anomalies.

Aim: To assess the prevalence and structure of congenital malformations among newborns in the Mangystau Region
from 2020 to 2024.

Materials and Methods: A retrospective analysis of statistical data on CM was conducted based on reports from
regional medical institutions. Trends were assessed by year, by antenatal screening stages, and by organ systems. Standard
descriptive statistical methods were used. No personal data were analyzed.

Results: A rise in registered cases of CM was observed from 86 in 2020 to 214 in 2024. Analysis by antenatal screening
stages revealed a marked increase in CM detection during the second and third trimesters, particularly in the second
screening where 100 cases were recorded in 2024 compared to 58 in 2020. This may reflect advances in prenatal monitoring
technologies and increased physician awareness of potential fetal anomalies. By organ system, the highest number of cases
in 2024 was reported in the nervous system (39), cardiovascular system (41), and multiple anomalies (47 cases).

Conclusion: The findings highlight the need to strengthen preventive programs, improve the accessibility and quality of
prenatal screening, and conduct further research into the impact of environmental factors on CM prevalence in the region.
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AKTyanbHOCTb MccnepoBaHusa: BpoxaeHHble mopoku passutus (BINP) sBnstoTcs OgHOM W3 Beaylux MpUuKH
MITaAeHYECKON CMEPTHOCTI, NEpUHaTanbHON 3aboneBaemMocTy U HBaNMAHOCTY geTel. 1o aaHHbiM BO3, exerogHo B Mupe
peructpupyetcs okono 6% crnyyaeB poxzeHus OeTeil ¢ BPOXKOEHHBIMU aHOMAmnMSMU, YTO COCTaBMSIET CYLIECTBEHHYIO
MeamKo-coumanbHyto npobnemy. AKTyanbHOCTb McCrnefoBaHus 0ByCMOBMEHa He TOMbKO BbiCOKOW yactotoi BIIP, Ho u
3HAYMTENBHBLIM BMMSHUEM 3TWX NATONOMI HAa NPOAOIMKUTENBHOCTb M KAYECTBO XM3HU ETEN, a TakKe Ha 3aTpaThbl CUCTEMBI
3npaBooxpaHenus. Ocoboe 3HauveHne npuobpetaet mayyeHmne BINP B skonornyeckn HebNaronpusTHbIX pernoHax, Takux kak
MaHructayckas obnacte Pecnybnuks KasaxctaH, rge Bo3nenCTBME MPOMBILLNEHHBIX M 3KOMOrMYECKUX (hakTOpoB MOXET
cnocobCTBOBaTL POCTY PacMpOCTPAHEHHOCTH BPOXAEHHBIX aHOMaIMIA.

Lenb: OueHuTb pacnpoCTpaHEHHOCTb U CTPYKTYPY BPOXAEHHbIX MOPOKOB Pa3BUTWSI CPEaM HOBOPOXAEHHBIX B
MaHrucrayckoi obnactv 3a nepuog ¢ 2020 no 2024 rogp!.

Matepuansl u Mmetopbl: MpoBeAeH PETPOCMEKTUBHBIA aHanM3 CTaTUCTUYECKMX AaHHbIX O BIIP, nonyyeHHbix u3
MeAMLMHCKMX yYpexaeHuii pervoHa. OueHnBanach nHamuka no rogam, no atanam aHTeHaTanbHoro CKPUHWHIA, a Takxke no
cuctemam opraHoB. Mcnonb3oBanuch CTaHAapTHble MEeTofdbl OnMcaTenbHOW CTaTUCTUKA. [lepcoHanbHble JaHHble He
aHanuavpoBanuce.

Pe3ynbTatbl: OTMeueH pocT 3aperncTpupoBaHHbix cryvaes BIP ¢ 86 B 2020 rogy po 214 B 2024 rogy. AHanus no aTanam
aHTeHaTanbHOro CKPUHWHIA NOoKa3as 3HauNTENbHOe yBenuueHue BbisisnsiemocTy BIP Ha Il v Il TpumecTpax, ocobeHHO BO BTOPOM
CKpUHUHre, rae B 2024 roay 3adukcnporaHo 100 cryyaes npotvie 58 B 2020 rogy. 3To MOXeT yKasblBaTb HA COBEPLLEHCTBOBAHME
TEXHOINOMMI NMPEHaTanbHOr0 MOHUTOPUHTA W MOBbLILLEHWE HACTOPOXEHHOCTU Bpayel K MOTEHLMANbHBIM aHOManUaM pasBuTUs
nnoga. B paspese opraHHbIx cuctem Hambonbluee konnyectso BIP 6bino 3apeructpuposato B 2024 rofy B HepBHOM cucteme (39
CIy4aeB), CepaeyHo-cocyameTon cucteme (41 cnyyair) v B kaTeropun MHOXeCTBeHHbIX BIP (47 cryyaes).

BbiBogbl: Pe3ynbTaThl CBMAETENLCTBYIOT O HEOOXOAUMOCTW YCUNEHWS MPOPUNAKTUYECKUX MPOrpamMm, MOBbILIEHUS
[OCTYMHOCTU W KayecTBa NPeHaTanbHOr0 CKPUHUHME, a TaKkke NPOBEAEHWUS! JOMOMHUTENbHBIX MCCNEefOBaHUA BRWSHUSA
aKornormyeckux haktopos Ha YactoTy BIP B peruoHe.

Knroyeebie cnoea: 8poxdeHHble NOPOKU passumusi, HOBOPOXOEHHbIE, CKPUHUH2, pacnpoCmpaHeHHOCMb,
Maraucmayckas obnacme.
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3eptreyain esekriniri: Tya GiTkeH gamy akaynapsl (TBA) HapecTenep apacbiHharbl eniM-XiTiMHiH, nepuHaTangbik
CbIpKATTaHYLbIMbLIKTbIH, XaHe 6ana xactarbl MyrefekTikTiH, Herisri cebenTepiHiH 6ipi bonbin Tabeinagsl. AACY nepekTepiHe
CoWKEC, Kbl callblH AyHuexXysiHae WwamameH 6% HapecTe Tya OiTkeH axkaynapMeH AyHuere kenegi, Oyn mMawpl3fbl
MeanUMHarbIK-aneyMeTTik Macene Bonbin oTbip. 3epTTeydin, e3exTiniri Tek TBA XuiniriHiy, xofapbl DonyblHa faHa emec,
COHbIMEH KaTap Oyn natonoruanapabiH, 6ananapablH, eMip Cypy y3akTbiFbl MEH CanacbiHa, COHAal-aK, feHcaynblk, cakTay
XylieciHe TyCeTiH canMakka anTapnbikTal acep eTyiMeH fe OannaHbicTbl. Scipece, Manfbictay 06MbIChl CUSKTB
9KOMOTMANbIK, XafblHAH KOMancbi3 ammaktapga TBA-Hbl 3epTTey e3ekTi, cebebi eHepkaCinTik XoHe KoplaraH opTa
thaktopnapbl 6yn natonorusnapablH TapanybiHa biknan eTyi MyMKiH.

3eptTeypin, Mmakcatbl: 2020-2024 xbingap apanbifbiHga MawgfbicTay 06nbiChiHO@ XaHa TyFaH HapecTtenep
apacbiHaarbl Tya GiTkeH Aamy akaynapblHbIH, Tapanybl MEH KypbinbiMbiH 6aranay.

Matepuangap MeH agictep: AMakTblH, MeguUMHanbIK MekemenepiHeH anbiHFaH THA-Fa KaTbICTbl CTATUCTUKANbIK,
AepeKTepre PeTPOCNEKTUBTI Tangay Xyprisingi. XXbingap 60MbIHLLIE, aHTEHATaNAbIK CKPUHUHT Ke3eHAEPi MEH ar3a Xymnenepi
fonbiHWwa guHamuka baranaHgbl. CunaTTamanblk CTaTUCTWKaHbIH, CTAaHAAPTTHI a4iCcTepi KonaaHbingbl. XKeke aepekTep
KApacTbIPbINFaH XOK,

Hatmxenep: 2020 xbinbl TipkenreH 86 xaraangaH 2024 xoinbl 214 xargaitra geniH TBA caHbiHbIH, eckeHi baikangbl.
AHTeHaTangblK CKPUHUHT KeseHaepiHe kacanfaH Tangay eKiHWi XoHe ywiHwi Tpumectprepde TBA-Hbl aHbIKTaydblH,
efayip apTKaHbIH KepceTTi, acipece 2024 xbinbl ekiHwi ckpuHuHrTe 100 xarnait Tipkenre (2020 xbinbl — 58 xargan). byn
npeHaTtangblk, Oakpinay TexHOnorvsinapbIHbIH, KETINZipinyiHe XaHe AopirepnepaiH, ypbIKTbiH, JaMy akaynapbiHa AereH
KblparblNblFbIHbIH, apTyblHa OainaHbicTbl 6omybl MymkiH. OpraH xyiienepi GoibiHwa 2024 Xbinbl Xyiike xyieci (39
Xafgan), Xypek-kaHTamblp xyheci (41 xaraain) xaHe ken myweni TBA (47 xaraait) eH, i TipkenreH.

KopbITbIHAbI: 3epTTey HaTtuxenepi npodunaktukanbik bargapnamanapbl KyWenTyAiH, NpeHaTangbiK CKPUHUHITIH,
KOIMKeTIMAiNir MeH canacblH apTTbipyAblH, COHAaR-ak, JKonorusanblk, gaktopnapgsi, TBA xwiniriHe acepiH 3epTTeyAiH
MaHbI3abINbIFbIH KepceTeai.

TytiHdi ce3adep: mya 6imkeH OaMy akaynaphbl, XaHa myraH Hapecmenep, CKpUuHuUHe, mapanysi, MarFsicmay 0brbick.
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KyoatibepeeHosa H.K., KaupxaHoe E.K., KoxaHosa C.K., MykaHosa [.A., XyHycnekosa A.C. Mansbicmay 0bnbicbiHOa
XaHa myraH Hapecmenepde mya bimkeH OaMy akaynapbiHbiH mapanybiH manday /| FeinbiM xaHe [eHcaynblk cakTay.
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Introduction maternal infections during pregnancy (such as rubella,

Congenital malformations (CMs) are structural or  toxoplasmosis, and cytomegalovirus), exposure to harmful
functional abnormalities that develop during the prenatal  substances like alcohol, drugs, or certain medications, and
period and have a significant impact on a child’s health.  chronic health conditions in the mother, such as diabetes
These defects can affect various organs and systems,  and hypertension [16,19].
leading to serious developmental challenges and often Importantly, a lack of folic acid during pregnancy is
requiring long-term medical intervention [2]. The causes of  strongly associated with an increased risk of neural tube
CMs are diverse and can be either genetic or  defects in the developing fetus [13]. Some of the most
environmental. Environmental factors include harmful ~ commonly observed congenital anomalies include heart
exposures such as infections, poor nutrition (especially folic ~ defects, cleft lip and palate, neural tube defects, and limb
acid deficiency), and other external influences [10]. Genetic ~ abnormalities [13,16].
factors include gene mutations and chromosomal In countries with advanced healthcare systems,
abnormalities such as Down syndrome [2,10]. preventing congenital anomalies remains a public health

The prevalence of CMs varies by region, ranging from 2%  priority, as they continue to be a major cause of infant
to 6% of newborns [23]. In developed countries, this rate is ~ mortality and long-term disability. Modern diagnostic and
usually lower due to better access to high-quality prenatal care  treatment methods can help detect and manage many
and diagnostics. In the United States, congenital anomalies are  anomalies, but the mortality rate remains high in regions
diagnosed in roughly 3% of newborns, whereas in certain Latin ~ with less developed healthcare infrastructure [8,14]. Genetic
American countries, this figure can rise to 5% [8]. In lower-  counseling is one of the most effective preventive tools,
income regions, such as parts of Africa and South Asia, the  helping identify at-risk groups and reduce the birth of
prevalence is often even higher. This is mainly due to limited  children with severe abnormalities [15]. Screening programs
access to quality healthcare, poor folic acid intake, and adverse  and health promotion also play a vital role in reducing CM
environmental conditions [14]. Congenital malformations also  rates [19].

have serious social and economic implications, placing According to official statistics, CM rates vary depending
considerable strain on both healthcare systems and social ~ on region and population health. For example, in the
services. Moscow region, the rate is about 3% of all births, while in

Genetic and chromosomal abnormalities are among the ~ some parts of Russia such as Krasnodar Krai, an increase
leading causes of congenital malformations. However,  in CM cases has been reported, likely linked to worsening
environmental factors also play a significant role, including ~ environmental conditions [3]. In countries like Kazakhstan,
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the CM rate is 22.9 per 1,000 live births, with regional
variation from 13.3 to 44.4 per 1,000 [11]. These figures
confirm that environmental conditions and healthcare
quality directly influence CM prevalence. In Kazakhstan, the
highest rates are found in the South Kazakhstan and
Pavlodar regions, associated with poor environmental
conditions and greater healthcare system strain [4].

Mangystau Region is one of Kazakhstan’s industrial
areas and has a high rate of congenital malformations.
Research shows a significant prevalence of congenital ear
defects in the region, which may be linked to environmental
pollution and industrial exposure. In cities like Aktau and
other populated areas, one in every ten registered CMs
involves malformations of the ear [5].

Congenital anomalies affecting hearing and vision are
particularly common, which may be due to a combination of
genetic and environmental factors [4].

Thus, the aim of this study is to assess the prevalence
of congenital malformations among newborns in the
Mangystau Region and to identify the most common types
of CMs.

Materials and Methods

This study is based on a retrospective analysis of data
on CMs in newborns from 2020 to 2024. Data Collection

The data were sourced from official statistical reports
provided by medical institutions that documented cases of
congenital malformations (CMs) across various organ
systems, including the nervous, cardiovascular, respiratory,
and others. Data collection followed a standardized protocol
and was conducted at all levels of primary healthcare.

The analysis included both annual and categorical
frequency data for different types of CMs. No personal
information was used in the study, as all data were
aggregated and anonymized.

Ethical Considerations

Since the study relied exclusively on anonymized data,
informed consent was not required. Ethical approval was
obtained from the Ethics Committee of Semey Medical
University. The research was conducted in full compliance with
the ethical principles set out in the Declaration of Helsinki.

Statistical Analysis

Descriptive and trend analyses were carried out using
Microsoft Excel and SPSS software. These tools were used
to calculate CM incidence rates and examine patterns over

the five-year study period. The results are presented in
tables and charts that show how the rates have changed
over time.

Results

Figure 1 shows how the number of congenital
malformation (CM) cases changed from 2020 to 2024.
Overall, there’s a clear upward trend, which could be due to
several reasons — better diagnostic tools, wider use of
screening, or shifts in the general health and environmental
situation.

In 2020, there were 86 recorded cases, the lowest over
the five-year period. By 2021, the number jumped to 148,
possibly because more people were accessing healthcare
and screening methods had improved. The increase
continued in 2022, reaching 175 cases. In 2023, there was
a slight dip to 152, which might reflect changes in how data
were collected or reported, or temporary shifts in screening
efforts. Then in 2024, the number rose sharply to 214
cases.

250

200

214
179
148 152
150
100 86
0 i T T T T

2020 2021 2022 2023 2024

Figure 1. Dynamics of the detection of CM by year
(2020-2024).

Figure 2 presents data on the number of both
terminated and completed pregnancies from 2020 to 2024.
Over this five-year period, the number of terminated
pregnancies gradually rose from 68 cases in 2020 to 117 in
2024. At the same time, the number of continued
pregnancies (resulting in a live birth) also increased,
particularly in 2024, when it reached 97 cases, significantly
higher than the 18 cases recorded in 2020.
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Figure 2. Dynamics of pregnancy termination and continuation by year (2020-2024).
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For example, in 2021 there were 100 recorded
pregnancy terminations and 48 continued pregnancies,
reflecting a general rise in medical interventions during
pregnancy. However, in 2023, a slight decrease in
continued pregnancies was observed (42 cases), alongside
an increase in terminations (110 cases).

Figure 3 illustrates the number of congenital
malformations (CMs) identified at various stages of prenatal
screening ( first, second, and third ) from 2020 to 2024. In
2020, 23 cases were detected during the first screening, 58
during the second, and 5 during the third. In 2021, detection

rates increased across all stages, with a particularly sharp
rise during the second screening, which identified 89 cases
— a significant jump compared to the previous year.

By 2022, most cases (128) were identified during the
first screening, while the second screening saw a notable
decrease, detecting only 24 cases. In 2023, more cases
were picked up at the third screening, 52 in total,
suggesting better detection of issues later in pregnancy.
Then in 2024, the number of cases found at the first
screening dropped to 66, but the second screening saw a
big rise to 100.

250 -
200 -
E‘ Identified during the third
150 - 15 24 screening
u |dentified during the second
screening
100 -
5 89| 26| = Identified during the first
128 screening
0 T T T T T

2020 2021 2022 2023

2024

Figure 3. Dynamics of the detection of congenital malformations
at different screening stages by year (2020-2024).

Table 1 presents the number of congenital malformation
(CM) cases detected in newborns between 2020 and 2024,
categorized by affected organ systems. Across the five-year
period, nervous system anomalies remained the most
frequently reported, showing minor year-to-year variations.
The highest number of such cases was recorded in 2024,
reaching 39, up from 28 cases in 2020. A significant
increase was observed in cardiovascular defects, rising
from 11 cases in 2020 to 41 in 2024. A similar trend was
noted in genitourinary system anomalies, with cases

increasing from 2 to 19 over the same period.

Particular attention is drawn to the rise in multiple
congenital anomalies. Starting from 12 cases in 2020, the
number nearly quadrupled to 47 by 2024. This may indicate
both a true increase in prevalence and improvements in
diagnostic accuracy. The category “Other CMs”, which includes
congenital anomalies not classified under the main groups, also
shows a growth trend, from 8 cases in 2020-2021 to a peak of
41in 2023, and 34 in 2024.

Table 1.
Detection Trends of Congenital Malformations by Organ System (2020-2024).
Type of Malformation 2020 2021 2022 2023 2024
Nervous system 28 37 35 34 39
Cardiovascular system 11 15 30 27 41
Bronchopulmonary system 3 4 4 4 2
Facial structures 3 13 6 3 6
Gastrointestinal tract (GIT) 5 7 3 1 4
Genitourinary system 2 8 9 5 19
Musculoskeletal system 8 23 5 2 13
Diaphragm 3 4 0 0 1
Anterior abdominal wall 3 5 8 3 8
Multiple congenital anomalies 12 24 45 32 47
Other CMs 8 8 30 41 34
Discussion is often linked to common defects such as heart

CMs result from a combination of genetic and
environmental factors. Inherited conditions, gene mutations,
and chromosomal abnormalities like Down syndrome can
lead to developmental issues [2,10]. Genetic predisposition

53

malformations and cleft lip and palate.

In addition, exogenous factors such infections,
environmental toxins, and exposure to teratogens during
pregnancy also significantly increase the risk of CMs.
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Infections such as rubella, toxoplasmosis, and
cytomegalovirus can interfere with fetal development,
leading to conditions like neural tube defects, heart
abnormalities, and cleft lip or cleft palate [16,19].
Environmental pollution, including emissions of harmful
substances into the air and contamination of water
resources, has a negative impact on the health of pregnant
women and fetal development. or instance, research shows
that regions with higher levels of environmental pollution,
such as East Kazakhstan, tend to report more cases of
congenital anomalies, especially heart defects and
malformations of the central nervous system [9,17].

Particular attention should be paid to cardiovascular
malformations, which rank among the most prevalent types
of CMs. According to statistical data, congenital heart
defects are diagnosed in 0.7% to 1.7% of newborns in
Kazakhstan, indicating a relatively high prevalence. These
types of defects are a major contributor to infant mortality,
making up about 47.5% to 47.8% of all deaths caused by
congenital anomalies. This underscores the urgent need to
prioritize the issue in pediatric healthcare [6]. Early
diagnosis and timely treatment are crucial for reducing both
infant mortality and the risk of long-term disability.

In addition, external factors such as folic acid deficiency
during pregnancy — play a major role in the development of
neural tube defects. Numerous studies have confirmed that
insufficient folic acid significantly raises the risk of
conditions like spina bifida and anencephaly [13]. This
underscores the importance of maintaining a balanced diet
and ensuring adequate folic acid intake during the
preconception period [13].

Another key factor influencing the prevalence of
congenital malformations (CMs) is access to medical care.
In many low-resource settings, particularly in parts of Africa
and South Asia, limited access to quality healthcare often
results in late diagnoses. This delay contributes to higher
rates of disability and infant mortality associated with
congenital anomalies. On the other hand, countries with
well-developed healthcare systems like the United States
and the United Kingdom tend to have much lower rates of
such outcomes, thanks to advanced diagnostic
technologies and better medical care [19].

In Kazakhstan, despite ongoing efforts to improve early
detection, including initiatives under the “Densaulyk”
program aimed at prevention at multiple stages, significant
challenges remain. One of the key components of effective
prevention is medical and genetic counseling, which plays
an important role in identifying at-risk groups and reducing
the likelihood of severe congenital conditions. This is
particularly important in countries with high CM prevalence,
such as Kazakhstan, where environmental and social
factors significantly influence the distribution of these
conditions [19].

Studies from various regions around the world have
identified several factors influencing the prevalence of
congenital malformations. For example, a study by Abdolahi
H. et al. found that in rural areas of Tabriz, nervous system
anomalies were the most frequently observed congenital
defects. These were largely associated with environmental
exposure, particularly in regions located near industrial
facilities such as petrochemical plants and thermal power
stations [20].
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Similarly, in the Republic of Tatarstan, research by
Ginter E.K. et al. demonstrated significant differences in the
prevalence of monogenic hereditary diseases were linked to
varying levels of inbreeding across different districts,
highlighting the role of genetic factors in disease
distribution. These findings may also be relevant to
understanding the genetic aspects of congenital anomaly
prevalence in the Mangystau region, where unique genetic
characteristics of the population may be present [21].

Additionally, research conducted in Gorno-Altaysk and
other regions of Russia (Krikunova N.l. et al., 2004)
demonstrates that both environmental and genetic
predispositions can influence the prevalence of
developmental defects. For instance, the high frequency of
limb deformities observed in some areas of the Altai
Republic may be related to environmental conditions similar
to those in the ecologically disadvantaged regions of
Mangystau [7].

In Kazakhstan, a similar study (Sadykova A. et al,
2021) shows that despite an overall decline in the incidence
of congenital anomalies in recent years, high rates of
morbidity persist in southern regions, including areas with
increased environmental risk. Studies conducted in the Pre-
Aral region (Nadeev A.P. et al., 2018) also confirm the
influence of environmental factors on newborn health, with
a higher frequency of congenital malformations observed in
areas with polluted environments [12, 22].

A study in the East Kazakhstan region (Abylgazinova
A.Zh. et al., 2016) showed that although the incidence of
congenital anomalies decreased after the closure of the
Semipalatinsk nuclear testing site, higher morbidity rates
remained in areas close to the former testing zones. This
highlights the urgent need for more in-depth research into
the long-term ecological impacts of nuclear contamination
and its potential effects on newborn health in affected areas
[1].

Limitations:

This study has some limitations. Data quality may differ
between regions due to varying diagnostic and reporting
standards. It also didn't explore genetic and environmental
factors in depth, limiting our understanding of their separate
roles. Being based on retrospective data, the study may
include gaps or biases. Finally, the results might not apply
to regions with different socio-economic or environmental
backgrounds. More comprehensive, standardized research
is needed.

Conclusions:

The findings stress the need for a broad, integrated
approach to understanding congenital malformations. In
areas like Mangystau, both environmental and genetic
factors, along with healthcare access and diagnostic
capacity, must be considered. Addressing these conditions
effectively requires early detection, better healthcare
access, and reducing environmental risks.
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