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Bnuaxue 3arpasHeHnit aTMocepHOro Bosgyxa
Ha YacCTOTy BPOXKAEHHbIX MOPOKOB pa3sBUTUA
(Ha npuMepe peruoHa)

B. A. Kupowm, H. A. Bo6otHa™*, M. A. [lemuenro, T. B. Motanosa

PsA3aHCKUI rocyaapCTBeHHbIM MeAULMHCKUIA YHUBEpPCUTET MMeHM akadeMuka W. M. Maenosa, PasaHb, Poccuiickan Oepepauma

AHHOTAUNA

BgedeHue. 3arpasHeHue aTMOCQEpHOr0 BO34yXa JIEMMT B OCHOBE DOSIbLLIOrO KonMyecTBa 3aboneBaHUN YeNloBeKa
KaKk B MPOMBILNIEHHO Pa3BWTbIX, TaK W B 3KOHOMWYECKM pasBMBAIOLMXCA CcTpaHax. MccregoBaHnA MoKasbiBaloT,
uTO BO3JEWCTBME 3arpA3HeHUM aTMochepHOro BO3Ayxa BO BpeMsA 6epeMeHHOCTU MOMKET BbiTb CBA3aHO C MOBBILIEHHBIM
PUCKOM BpOMOEHHbIX NOpOKoB pa3suTtus (BIP).

Llens. TpoaHanusupoBaTb BIUAHWE 3arpAsHAIOWMX BELLECTB aTMocepHoro Bo3gyxa B I. PA3aHM Ha uactoty
BcTpeyaemocTu BINP y HOBOpPOXKOEHHBIX.

Mamepuanel u Memodel. lpuBeaeHbl AaHHble MoHuTopuHra BI1P ObnactHoro nepuHaTtanbHoro LeHTpa PA3aHcKoi
obnacTu; cBeieHMA 0 3arpA3HeHnn atMochepHoro Bo3ayxa DeepanbHoii Cybbl N0 rMapPOMETEOPONOrUM U MOHUTOPUHTY
OKpY*aloLLiel cpefbl, PA3aHCKOro LieHTpa no rugpoMeTeoponori M MOHUTOPUHIY OKpYrKaloLLen cpedbl, PocnotpebHag3opa
no PAsaHckon obnactu. CTaTMCTMYeCKMW aHanu3 NpoBOAMICA C MCMOMb30BaHWEM CBOOOOHOW MpOrpaMMHOM cpenpl
BblumcneHun R (ver. 4.1.2).

Pesynemameor. 3a 2019 r. pacnpoctpaHeHHocTb BIP B r. Pasanu coctaBuna 24,09 Ha 1000 HOBOpOMAEHHBIX;
3a nepuog 2010-2021 rr. abcosoTHOE KOSIMYECTBO 3aperucTpupoBaHHbIx BIP ysenuumnock Ha 244,57%. Hambonee yacto
BCTPEYAIOLLMMUCA BPOMKAEHHbIMM aHoManuamm bbinm Q21.0 JedeKTbl MerKenyaouKoBon neperoponkm (28,5%, 95% [N:
20,8-36,2%) n Q62.0 BpoxaeHHbi ruapoHedpos (7,3%, 95% [OW: 2,9-11,7%). 3apernctpupoBaHa KoppenAuma ¢ TakuM
3arpAsHUTeneM Bo3fyxa, Kak Auokcup cepbl (SO,) Ha BTOpoM MecAue bepemenHocTw (aOLL 1,39; 95%; M 1,05-1,83,
p < 0,05) u TpetbeM MecAle bepeMenHocTn (a0 1,59; 95% N 1,17-2,16, p < 0,05). He obHapyeHO cTaTUCTUYECKH
3Haummoi ceAsu Mexkay BIP n okcnpom yrnepopa (CO), avokenpom asota NO, u o30Hom (05, p > 0,05).

3axnoyeHue. ccnepoBaHve NoATBEPHAAET CBA3b MeAY 3arpA3HeHWeM aTMocpepHOro Bo3ayxa M vactoton BIIP.
B yactHocTH, SO, OKa3blBaeT HeraTMBHOE BAMAHWE Ha BTOPOM U TpeTbeM MecALax bepeMeHHOCTW. B cBA3M ¢ 3TUM BarKHO
yKa3aTb Ha TO, YTO OpraHaM BacTW peryoHa, rocyAapCTBEHHbIM HAA30PHbIM OpraHaM HeobX0AMMO HanpaBWTb YCUNWA
Ha CHUKEHWe 3arpA3HEHUA OKPYHKaloLLeW cpefbl, YTO JOMKHO CNocobCTBOBaTL CHUMKEHUIo YacToTsl BIP y peten.

KnioueBble cnoBa: 302ps3HeHUe amMocgepHo20 B030yXa; BPONCOEHHbIe NOPOKU Pa3sumus; OUOKCUO Cepbl; 3a2pA3HsuUe
8ewjecmaa; JUHaMUKa 3abosiesaeMocmu
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Influence of Atmospheric Air Pollution on Frequency
of Congenital Anomalies (on an example of a region)

Valeriy A. Kiryushin, Natal’ya A. Bobotina™, Mariya A. Demchenko, Tat’yana V. Motalova

Ryazan State Medical University, Ryazan, Russian Federation

ABSTRACT

INTRODUCTION: Atmospheric air pollution is the underlying factor of a great number of human diseases in both
industrialized and developing countries. Studies show that exposure to atmospheric pollutions in pregnancy can be
associated with an increased risk of congenital anomalies (CAs).

AIM: To analyze the impact of atmospheric air pollutants in Ryazan city on the incidence of CAs in newborns.

MATERIALS AND METHODS: The data of monitoring of CAs by Ryazan Regional Perinatal Center; information on
atmospheric air pollution of the Federal Service for Hydrometeorology and Environmental Monitoring, of Ryazan Center for
Hydrometeorology and Environmental Monitoring, of Rospotrebnadzor of the Ryazan region are presented. The statistical
analysis was conducted using free R computing environment (ver. 4.1.2).

RESULTS: In 2019, the prevalence of CAs in Ryazan was 24.09 per 1,000 newborns; in the period 2010-2021, the
absolute number of recorded CAs grew by 244.57%. The most common congenital anomalies were Q21.0 Ventricular septal
defects (28.5%, 95% Cl: 20.8-36.2%) and Q62.0 Congenital hydronephrosis (7.3%, 95% Cl: 2.9-11.7%). Correlation was
recorded with such air pollutant as sulfur dioxide (SO,) in the second month of pregnancy (AOR 1.39; 95%; Cl 1.05-1.83,
p < 0.05) and the third month of pregnancy (AOR 1.59; 95% CI 1.17-2.16, p < 0.05). No statistically significant relationship
was established between CAs and carbon monoxide (CO), nitrogen dioxide (NO,) and ozone (0,, p > 0.05).

CONCLUSION: The study confirms the association between atmospheric air pollution and frequency of CAs. In
particular, SO, has a negative effect in the second and third months of pregnancy. In this context, it is important that the
authority bodies of the region and governmental regulatory agencies direct their efforts to reduction of the pollution of the
environment which should help reduce the frequency of CAs in children.
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LIST OF ABBREVIATIONS

AAP — atmospheric air pollution

a0R — adjusted odds ratio

CA — congenital anomalies

Cl — confidence interval

CNS — central nervous system

CO — carbon monoxide

MPC — maximal permissible concentration
MSA — musculoskeletal apparatus

INTRODUCTION

The adverse effect of atmospheric air pollution on
human health attracts the attention of the whole world. It
underlies a great number of diseases both in industrialized
and developing countries, especially in the ‘vulnerable’
groups of the population. The results of previous studies
demonstrated a negative influence of AAP on most
systems of an organism: nervous, respiratory, circulatory,
reproductive, as well as on different groups of the
population: elderly people, pregnant females and children.
Climate is an important factor that determines the quality
of the atmospheric air [1]. Thus, Y. Fang, et al. showed that
from the preindustrial period (1860) to 2000, due to change
of climate, the concentration of particulate matter (PM) up
to 2.5 pm in diameter increased by 5%, and concentration
of surface ozone (0;) — by 2% [2]. According to the work
of R. A. Silva, et al, transition from the pre-industrial period
led to 111,000 and 21,000 additional emissions of fine
particle matter and ozone, respectively. Over the past two
decades, approximately every degree of warming (°F) has
been associated with an increase in the concentration of
0, by 1.2 pg/kg [4].

There is more and more information about the
influence of various air pollutants on the formation of
congenital anomalies (CAs). In particular, E. K. Chen, et al.
(2014) established a relationship between the concentration
of nitrogen dioxide (NO,) and the frequency of coarctation
of the aorta [5]. In a recent study by H. Zhang, et al,, it
was found that exposure to carbon monoxide (CO) in the
first and second trimesters of pregnancy increases the risk
of CAs: the adjusted odds ratio (aOR) and 95% confidence
interval (Cl) were 1.066 (1.010-1.125) and 1.065 (1.012-
1.122), respectively. Exposure to NO, and CO in the first
trimester, to PM up to 2.5 pm in size (PM2.5) and up to 10
pm (PM10) in the second trimester were associated with
the risk of atrial septal defect. The authors did not report
any positive relationship between AAP and the formation
of Fallot's tetrology. Systemic CAs positively correlated
with air pollution with PM10 (aOR 1.14, 95% Cl 1.12-2.43;
aOR 1.51, 95% Cl 1.13-2.03 for every additional 10 mg/m®)
and CO (aOR 1.36, 95% CI 1.14-2.48; aOR 1.75, 95% CI
1.02-3.61 for every additional 1 mg/m?) in the second
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NO, — nitrogen dioxide

NO, — nitrogen oxides and dioxides
OR — odds ratio

0, — ozone

PM — particulate matter

RR — Ryazan region

S0, — sulfur dioxide

and third months of pregnancy. Besides, CAs were also
associated with exposure to sulfur dioxide (S0,) two months
before pregnancy (aOR 1.31; 95% Cl 1.20-3.22) and in the
third month of pregnancy (aOR 1.75; 95% CI 1.02-3.61).
Congenital heart defects, polydactyly, cleft lip and/or
cleft palate have also been associated with exposure to
PM10, SO, and CO. With this, the authors did not find any
significant relationship between congenital anomalies and
exposure to 05, PM2.5 and NO, (p > 0.05) [6].

A study by X. Huang, et al. (China) showed that the
congenital heart disease, polydactyly, cleft lip and/or cleft
palate were significantly associated with PM2.5. In a study
of G. Al Noaimi, et al., the influence of exposure to PM2.5
during the first trimester on the general risk of CAs (OR
1.05, 95% CI 1.01-1.09), as well as on the risk of defects
of urogenital system (OR 1.06, 95% CI 1.01-1.11) and
defects of neural tube (OR 1.10, 95% CI 1.03-1.17); and
the influence of SO, on the risk of defects of urogenital
system (OR 1.17, 95% CI 1.08-1.26) were recorded [8].
Of importance is also a fact that in stillborn infants the
incidence of congenital anomalies of the circulatory
system exceeds 30%, which determines the importance
of identification of risk factors for CAs and introduction
of effective preventive measures [9]. Y. Yang, et al. have
demonstrated the impact of different air pollutants (0,
and NO,) in the period of the formation of cardiovascular
system in embryo on increase in the frequency of CAs of
the circulatory system [10].

Maternal obesity is an independent risk factor for CAs
[12,13].

The aim of this study to analyze the impact of
atmospheric air pollutants in Ryazan on the incidence of
congenital anomalies in newborns.

MATERIALS AND METHODS

The materials of Ryazan Regional Perinatal
Center; of the Federal Service for Hydrometeorology
and Environmental Monitoring, of Ryazan Center for
Hydrometeorology and Environmental Monitoring, of
Directorate of the Federal Service for Supervision in the
Sphere of Protection of Consumers’ Rights and Human
Well-Being of the Ryazan region were analyzed.
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Monitoring of CAs on the base of the Regional
Perinatal Center has been conducted since 2013 and
included information on deliveries in the territory of the RR,
including both live born and stillborn cases. The incidence
of CAs among children born in Ryazan in 2019-2021 was
analyzed. For this analysis, 683 deliveries were selected,
in 122 of which infants with CAs were born (which
corresponds to 24.09 per 1,000 infants; the data of 2019).
The control group were healthy newborns (n = 141).

Criteria of exclusion from the group of CAs:

« existence of chromosomal mutations;

« region of residence (Ryazan region);

« insufficient data of deliveries;

Table 1. Summary Characteristics of Newborns in Analyzed Groups
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« stillbirth;

« induced abortions.

Criteria of exclusion from the control group:

« region of residence (Ryazan region);

« year of birth (2018).

The analyzed data on mothers included age, date
of the last menstruation, place of residence, parity; data
on infants included the date of birth, gender, gestational
age, weight. The summary characteristics of the studied
sample are presented in Table 1. There were statistically
significant differences between infants with and without
CAs in the age (aOR 1.190; 95% CI 1.11-1.27) and parity
of the mother (aOR 0.380; 95% Cl 0.26-0.55, p < 0.001).

With Congenital Anomaly Without Congenital Anomaly
Parameters p
n | % n | %

Mother’s age
< 20 year 0 0 4 2.8
20-24 years 15 12.3 21 14.9
25-29 years 36 295 56 39.7 <0.005
30-34 years 38 31.1 45 31.9
> 35 years 33 27.0 15 10.6

Weight at birth
<1500 g 3 2.5 0 0.0
1500-2499 g 11 9.0 1 0.7 <0005
2500-3499 g 7k 60.7 105 745
> 3500 g 34 27.9 35 248

Child’s gender
male 69 56.6 71 50.4 038
female 53 434 70 49.6 )

Parity
1 57 46.7 36 255
2 39 320 59 418 <0.005
>3 26 213 4b 32.6
Pation npoxcusaHus 8 2. PazaHu

Dashki-Pesochnye 45 36.9 32 22.7
Kanishchevo 49 402 74 52.5 0.035
Kremin 28 23.0 35 248
In total 122 100 141 100 -

Analyzed spectrum of CAs:

« 021.0 Ventricular septal defect;

« Q62.0 Congenital hydronephrosis;

« Q60.0 Unilateral renal agenesis;

« Q37.1 Unilateral chryptorchism;

« Q69.1 Extra thumb (fingers) of the hand;

« @50.1 Cystic ovarian malformation;

« Q54.0 Hypospadias of the glans penis;

« Q61.3 Polycystic kidney disease, unspecified;
 063.2 Ectopic kidney;

« Q66.9 Congenital deformity of the foot, unspecified.

DAl https://doi.org/10.17816/PAVLOVI109333

Congenital anomalies not included in these 11
categories, were referred to ‘Others’ category.

The data of AAP were taken from the materials of the
Federal Service for Hydrometeorology and Environmental
Monitoring, and of Ryazan Center for Hydrometeorology and
Environmental Monitoring for the period from December
2019 to December 2021 including the information of three
governmental stations of automatic air control in Ryazan
was used:

« Kanishchevo region (the territory of the Regional
Clinical Hospital, Internatsionalnaya str.),
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« Dashki-Pesochnye region (the territory of the
Municipal Clinical Hospital No.11, Novosyolov str.),

« Kremlin region (Kremlin str.).

The controllable pollutants included CO, nitrogen
oxides, dioxides (NOx), S02, 03, hydrocarbons, PM.

Air sampling included taking concentrations of
substances every 20 minutes throughout a day. Minimal and
maximal values of one-time concentrations of pollutants in
the atmospheric air and the average daily concentrations
of substances in the atmospheric air were determined at
the posts. In the work, data of average daily concentrations
measured in three districts of the city, were used.

The statistical analysis of the results was performed
using the free computing software environment R (ver.
4.1.2). The data were checked for the normal distribution
using Kolmogorov criterion. The values with distribution
differing from normal are represented as the median (Me),
the 25" and 75" percentiles (025%-Q75%). The distribution
of concentrations of pollutants in the atmospheric air is
represented by Me, quartile ranges, maximum (max) and
minimum (min) values. To assess the differences between
the groups, 2 test or Fisher exact test was used for the
following categories: mother's age (< 20 years, 20-24
years, 25-29 years, 30-34 years, = 35 years), number
of pregnancies (1, 2, and = 3), birth weight (< 1500 g,
1500-2499 g, 2500-3499 g, = 3500 g), gender of infants.
Smoking and alcohol consumption of the mother during
pregnancy were not controlled.

400
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To assess the effects of air pollution on the occurrence
of CAs, logistic regression was used. The presence or
absence of CAs was a dependent variable, and the individual
exposure concentration of air pollutants during the first
trimester of pregnancy, the age of the mother, the parity
and the weight of the child were independent variables
(predictors). The corresponding rough and adjusted OR
and 95% Cl were calculated for exposure to air pollutants
at different stages of pregnancy, as well as for the age of
the mother, parity and weight of the child. The significance
level of the statistical test is 0.05.

RESULTS

Despite the gradual decrease in the index of
atmospheric air pollution in Ryazan, it still remains at a high
level. The average annual concentration of CO is 0.251 mg/
m® (maximum permissible concentration, MPC, is 5,0000
mg/md), of NO, — 0.023 mg/m*® (MPC 0.2000 mg/m®),
S0,— 0.008 mg/m? (MPC 0.5000 mg/m?), 0, — 0.027 mg/m?
(MPC 0.1600 mg/m3).

Figure 1 shows the dynamics of the detection of
CAs in newborns in Ryazan for the period of 2010-2021
(A = 244.57%). There were no statistically significant
differences between the analyzed groups of newborns with
and without CAs living in three districts of Ryazan having
governmental automatic air control posts (p > 0.05).

LLL

2016 2017 2018 2019 2020 2021

mmmmm Congenital heart disease

s Congenital disease of urinary system

Disorders of the central nervous system

I Multiple congenital anomalies

mm Congenital disorder of the musculoskeletal system

Others

=g Total quantity

Linear (total quantity)

Fig. 1. The dynamics of identification of CAs (n) in newborns of Ryazan in 2010-2021.

Five most common CAs included Q21.0 Ventricular
septal defect; Q62.0 Congenital hydronephrosis; Q60.0
Unilateral renal agenesis; Q37.1 Unilateral hard palate
and lip cleft; @53.1 Unilateral chryptorchism. Most

https://doi.org/1017816/PAVLOVJ109333

commonly occurring congenital anomalies were Q21.0
Ventricular septal defect (28.5%, 95% Cl: 20.8-36.2%)
and Q62.0 Congenital hydronephrosis (7.3%, 95% Cl:
2.9-11.7%).
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The levels of exposure to atmaospheric air pollution in
the first trimester of pregnancy of women whose children
were involved in the study groups, are shown in Table 2.
The most adverse effect in the first trimester of pregnancy
was demonstrated by CO at a concentration of 0.251 mg/m?,
a lesser effect was noted for NO, at a concentration of
0.023 mg/m? and for SO, — at 0.008 mg/m®.
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The highest level of individual impact of CO in the first
three months of pregnancy was 0.251 mg/m?. Practically
the same impact was produced by NO, at the average
concentration of 0.023 mg/m? and by 0, at 0.027 mg/m?®.

Table 3 shows the influence of the analyzed air
pollutants on formation of CAs in the first trimester of
pregnancy.

Table 2. Concentration (mg/m?) of Analyzed Pollutants in Different Period of Pregnancy of Women Whose Children Were Included in

Study Groups
Pollutants [ Me [ Min [ Max [ 025% [ Q75%
1 month
Carbon monoxide, CO 0.245 0.029 2.598 0.139 0.293
Nitrogen dioxide, NO, 0.248 0.001 0.997148 0.013 0.023
Sulfur dioxide, SO, 0.017 0.000 0.049 0.001 0.013
Ozone, 0, 0.002 0.000 0.082 0.008 0.045
2 month
Carbon monoxide, CO 0.018 0.029 3.008 0.147 0.300
Nitrogen dioxide, NO, 0.259 0.001 0.996 0.012 0.022
Sulfur dioxide, SO 0.016 0.000 0.046 0.000 0.013
0Ozone, O, 0.003 0.000 0121 0.009 0.045
3 month
Carbon monoxide, CO 0.018 0.030 1.386 0.139 0.295
Nitrogen dioxide, NO, 0.261 0.001 1.018 0.012 0.021
Sulfur dioxide, SO 0.015 0.000 0.045 0.001 0.015
Ozone, 0, 0.003 0.000 0.170 0.007 0.043
Notes: Me — median; Q25% and Q75% — 25" and 75™ percentiles; min — minimum value, max — maximum value
Table 3. Influence on Exposure to Analyzed Air Pollutants on Formation of CAs in First Trimester of Pregnancy
Period of Pregnancy | OR (95% CI) [ aOR (95% ClI) [ p
Carbon oxide, CO
1 month 0.97 (0.76-1.25) 0.920 (0.69-1.24) 0.596
2 month 0.97 (0.75-1.24) 0.93 (0.69-1.26) 0.631
3 month 0.92 (0.72-1.18) 0.890 (0.68-1.18) 0.435
Nitrogen dioxide, NO,
1 month 0.46 (0.03-6.67) 0.61(0.2-1.88) 0.051
2 month 1.16 (0.78-1.74) 1.25 (0.64-2.42) 0.262
3 month 0.41(0.06-2.91) 0.43 (0.04-4.36) 0.346
Sulfur dioxide, SO,
1 month 1.32 (1.03-1.7) 1.28 (0.97-1.68) 0.076
2 month 1.39 1.08-1.78 1.39 (1.05-1.83) 0.018
3 month 151.16-1.95 1.59 (1.17-2.16) 0.02
0Ozone, 0,
1 month 1.1 (0.86-1.4) 1.18 (0.89-1.57) 0.241
2 month 0.99 (0.78-1.27) 1.01 (0.77-1.34) 0.926
3 month 0.8 (0.62-1.04) 0.89 (0.67-1.18) 0.407

Notes: aOR — adjusted odds ratio, OR — odds ratio, C| — confidence interval

As for air pollutants in the studied period of pregnancy
(the first trimester), a significant relationship was observed
between CAs and SO,, especially in the second (aOR 1.39;
95% Cl 1.05-1.83, p < 0.05) and third months of pregnancy

DAl https://doi.org/10.17816/PAVLOVI109333

(@OR 1.59; 95% CI 1,17-2.16, p < 0.05); with this, no
statistically significant relationship was found between CAs
and CO, NO,, O, (p > 0.05).
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DISCUSSION

The presented data, first of all, demonstrate increase in
the quantity of recorded cases of CAs in newborns of Ryazan
in the period of 2010-2021. One of reasons for this may be
the development and introduction of diagnostic technologies
in clinical practice in Ryazan (which permitted to improve
prenatal diagnostics and screening methods for CAs), and of
Astraia data base for ACs monitoring (since 2016).

Multivariate logistic regression analysis demonstrated
that exposure to SO, in the second and third months of
pregnancy is associated with the risk of the formation
of CAs. It is worth noting that we have chosen the first
trimester of pregnancy, because the period from the third
to the eighth week of embryonic development is most
sensitive to the environmental factors. In this period,
embryonic cells are highly differentiated and sensitive to
many teratogenic factors. Our conclusions are confirmed
by previously published results showing the relationship
between CAs and exposure to S02 [5, 14-16].

Practical recommendations based on the results
obtained:

1. To introduce regional reporting form for effective
monitoring of the health of newborns.

2. To improve the system of social and hygienic
monitoring in part of acquisition, evaluation and prediction
of the state of habitat (increase in the number of observation
stations and monitoring posts for dynamic observation of
AAP with expansion of the list of controlled substances)
and the frequency of occurrences of CAs to form the
regional register of CAs.

3. To use the results of the study for elaboration
of preventive programs at the regional level to improve
ecologic and hygienic situation in the RR and reduce the
risk of the formation of CAs, taking into account cause-
and-effect relationships and dependences.
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CONCLUSION

The number of congenital anomalies in Ryazan is growing
with each year. Our study confirms the data of foreign authors
about the relationship between atmospheric air pollution and
formation of congenital anomalies. In particular, exposure to
S0, in the second and third months of pregnancy enhances
the risk of a congenital anomaly in a newborn.

In this regard, it is important to emphasize that the
regional authorities and state supervision agencies should
direct their efforts to reduction of the environmental pollution,
which should help reduce the frequency of CAs in children.
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