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Abstract. Bronchial asthma in children of Ukraine: medical and environmental parallels of morbidity and
prevalence. Volosovets O.P., Bolbot Y.K., Kryvopustov S.P., Mozyrska O.V., Kryvopustova M.V., Prokhorova M.P.,
Kupkina A.V. Bronchial asthma is one of the most common non-infectious diseases of children worldwide. More
than half of such clinical cases may lead to functional disability and significantly affects the quality of life of a
sick child. The aim of the study was to research trends in the incidence and prevalence of bronchial asthma
among children in different regions of Ukraine over the past 25 years and assess the effect of air pollutant
emissions from stationary sources in the region of children residence on the incidence and prevalence of
bronchial asthma among them. According to the Center for Medical Statistics of the Ministry of Health of
Ukraine, the incidence of bronchial asthma among children aged 0-17 years was 4513 0.59 of new cases per 1000
population in 2017. Prevalence of this disease was 37246 cases (4.91 per 1000 population). The majority of newly
diagnosed bronchial asthma cases was observed in children aged 7-14 years — 2439 or 54.0% of the total, which
is in line with global trends. The highest incidence and prevalence in all three age groups was observed among
children of Kyiv and Kharkiv, Zaporizhia, Vinnitsa, Dnipropetrovsk, Donetsk regions. We have discovered a
direct and close connection (p=0.741) between the reduction of air pollutant emissions from stationary sources
and decreasing of the prevalence of bronchial asthma among children in recent years. Over the past 25 years in
Ukraine there has been 69.3% increase in prevalence and 22.9% increase in incidence of bronchial asthma
among children. Predominance of detecting this pathology was in the group of children from large industrial and
agro-industrial regions of the country with significant volumes of atmospheric pollutants from stationary sources
of pollution.
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Pedepar. bponxmnanbHasi actMa y JeTeii YKpaumHbI: MeIMKO-IKOJIOTHYeCKHe Mapauieju 3a0071eBaeMOCTH M
pacnpoctpanenHoctd. Boocosen A.IL., Boasoor 0.K., Kpusonycros C.II., Mo3bipckas E.B., Kpusonycrosa M.B.,
IIpoxoposa M.IIL., Kynkuna A.B. bpouxuanvuaa acmma (0anee — bA) ocmaemcs 00HOU U3 CAMbIX PACHPOCMPAHEH-
HbIX HeuHpeKyuoHHbIX OonesHell y Oemell 60 6ceM Mupe, Komopas 0ojee ueMm 6 NOJOSUHE CIYYaed NpUusooum K
UHBAUOUZAYUU U CYWECMBEHHO 6GIUSem HA Kauyecmeo JicusHu 6o0avHo2o pebenka. Llenvio uccnedosanus 6vLio
onpeodeiienue MpeHoos 3a601e6aeMOCMU U PACHPOCTNPAHEHHOCTU OPOHXUANbHOU acmmbl Yy Oemeti Ykpaunvi 6
OuHamuxe 3a nocieonue 25 nem 6 odaacmax Ykpaunul u OyeHKa IusHUsL 00beM08 bIOPOCO8 3A2PAZHAIOUWUX BEUYECE 8
ammocghepubili 8030yX OM CMAYUOHAPHBIX UCIMOYHUKOG 3ACPSHEHUS 8 DeSUOHe NPOICUBAHUS HA YPOBHU 3aboie-
saemocmu BA y demeil u ee pacnpocmpanennocmo. Ilo danuvim [{enmpa meduyunckoti cmamucmuxu M3 Yrkpaunol
3abonesaemocms demeti 8 6o3pacme 0-17 nem oponxuanvrol acmmoti 6 2017 200y cocmasnina 4513 noswix ciyuaes
BbA unu 0,59 na 1 muic. nacenenus, a pacnpocmpanenHocms cocmagnsna 37246, uau 4,91 na 1000 nacenenus. bonvuie
6ce20 enepevie guviasiennbix ciyvaee bA nabmodanocy y demeii 6 sospacme 7-14 nem — 2439, unu 54,0% om obwezo
KOIUYeCmaa, Ymo COOMGEemMcmseyem mupogbim menoenyuam. Haubonvwuil yposenv 3aboreeaemocmu u pacnpoc-
mpanenHocmu Habdawoanca y oemeii Xapbvkoeckot, 3anopodicckou, Bumnuyxou, JHenponempoeéckol, J{omeykoti
obnacmen u e. Kuese. Hamu ycmanosenena npsamas u mecHas ceazv (p=0,741) meoxncoy ymenvuueHuem ob6vemos
6bI0POCO8  3acpA3HUmeEnell Om CMAYUOHAPHLIX UCMOYHUKOS 6 amMOCepHblil 8030YX U  YMeHbUieHueM pac-
npocmpanennocmu bA y oemeui 6 nocreonue 200v1. Takum obpaszom, 3a nocieonue 25 nem 6 Yxpaune nabnodaemcs
pocm Ha 69,3% pacnpocmpanennocmu 6poHxuanvHol acmmul y Odemeti u Ha 22,9% yposHs 3abonesaemocmu
OPOHXUANLHOU acmMOU ¢ npeobIAdaHuemM BbIsIGIeHUs SMOU NAmoIo2uu 'y oemel U3 KpPYNHbIX NPOMBIULIEHHbIX U
aAZPONPOMBIULIEHHBIX 00aacCmell CMpPaHbl CO 3HAUUMENbHbIMU 00beMamMu 6blOPOCO8 3APAZHAIOUUX GeUWeCms 6

amMocqbeprlﬁ 6036)/)( om cmayuoOHAaApPHbIX UCMOYHUKOB 3A2PA3HEHUSL.

Today, the global asthma epidemic continues
worldwide and there is a large geographical
difference in the prevalence, severity and mortality
of asthma [9, 10, 14]. Bronchial asthma (he-
reinafter —asthma) remains one of the most common
non-communicable childhood diseases worldwide,
which in more than half of cases leads to disability,
significantly affects the quality of life of a sick child
and the moral and psychological state of his family
[7, 12, 15]. Among children, the incidence of asth-
ma varies between 5-10% and depends on the level
of development of the country and the state of health
of the population [9, 10].

According to the Center for Medical Statistics of
the Ministry of Health of Ukraine, in recent years
the incidence of asthma in children ranges from 0.6
to 0.5%, which, in particular, indicates the problem
of underdiagnosis of the disease [1]. According to a
number of experts, the actual number of cases of
asthma in children from Eastern Europe may be 5-
6 times higher than official statistics, which should
be taken into account in the final assessment of the
health system needs for this group of patients [5].
Thus, in Ukraine, according to Antipkin YG, ac-
cording to the results of unified studies (ISAAC), the
prevalence of asthma in children can range from 5%
to 22% [1].

Although the possible triggers for the development
of asthma have been sufficiently studied, the study of
possible heredity-environmental interactions may help
to better reveal the determinants of asthma [9]. There is
ample proof that air pollutants, such as vehicle
emissions, industrial emissions, and tobacco smoke
reduce lung function in children, exacerbate asthma
and increase hospitalizations [4, 13, 17, 18].
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In our opinion, such regularities fully apply to
Ukraine, which is a country with ecological crises.
Thus, in 2017 alone, the country's atmosphere was
polluted with 2.58 million tons of pollutants, which
together with other factors, including radiation,
certainly affects the health of children in Ukraine in
the post-Chernobyl era [3, 11, 19].

Despite the progress in the treatment of asthma in
recent decades, it is necessary to improve its
diagnosis in order to identify all predictors of the
disease [10, 12, 15]. The role of environmental
factors in the etiology of asthma remains largely
uncertain until the end [9, 10].

Therefore, the aim of the study was to determine
the trends in the incidence and prevalence of asthma
in children in the dynamics over the past 25 years in
the regions of Ukraine and to assess the impact of
pollutant emissions from stationary sources in the
region of residence on the incidence of asthma in
children. and its prevalence.

MATERIALS AND METHODS OF RESEARCH

A study of a 25-year trends in the incidence and
prevalence of asthma in children aged 0-17 years
living in regions of Ukraine with different levels of
ecotoxic pressure on the body was carried out.

Methods of statistical assessment and epide-
miological analysis of relevant data of the Center for
Medical Statistics of the Ministry of Health of
Ukraine from 1993 to 2018 were used.

Statistical evaluation methods were used, in
particular the U-criterion of signed ranks (Wilcoxon-
Mann — Whitney test) to compare the incidence of
asthma in children from the same regions of Ukraine
at different times [6]. Cluster assessment of regions
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of Ukraine according to the levels of asthma
morbidity in children was carried out by the method
of K-means due to the ratio of levels of asthma
morbidity in children to the national level and in
accordance with the emissions of pollutants into the
atmosphere [6]. Volumes of pollutant emissions into
the atmosphere in 2017 were established in ac-
cordance with the data of the annual statistical
collection of the State Statistics Service of Ukraine
for 2017 [11].

To establish a linear relationship and determine
the correlation and possible relationship between the
volume of pollutant emissions into the atmosphere
from stationary sources of pollution (hereinafter —
the volume of pollutant emissions) and the incidence
and prevalence of asthma in children from different
regions, Spearman's rank correlation coefficient was
used (Spearman’s rank correlation coefficient) [16].
Statistical processing of research results was con-
ducted using the software product STATISTICA 6.1
(StatSoftlnc., serial No AGAR909E415822FA) and
Excel-2010.

The study was conducted in accordance with the
main provisions of the ICH GCP and the Helsinki
Declaration on the Ethical Principles of Medical
Research Relating to Human Subjects and its
Revisions (Seoul, 2008), the Council of Europe
Convention on Human Rights and Biomedicine
(2007), recommendations of the Committee on
Bioethics under the Presidium of the National Aca-
demy of Medical Sciences of Ukraine (2002) and the
provisions of the Ethics Committee of O.O. Bo-
gomolets National Medical University [2, 8, 20].

RESULTS AND DISCUSSION

According to the Center for Medical Statistics of
the Ministry of Health of Ukraine, the incidence of
bronchial asthma in children aged 0-17 years in
2017 was 4513 new cases of asthma, or 0.59 per
1 thousand of children, and the prevalence was
37246, or 4.91 per 1000 of children. In 2019, 2,073
children with disabilities due to asthma were under
dispensary observation. Among them, the disability
of severe asthma in 226 children was established
for the first time, which significantly impaired
their functional capabilities and quality of life.
The most of such cases was among school-age
children (1265 people), prevalently from the wes-
tern regions of the country.

For comparison, in 1993, 5,256 cases of asthma
were detected for the first time, or 0.48 per 1,000 of
children. The prevalence of bronchial asthma was
then 31,305, or 2.9 per 1,000 of children aged 0 to
14 years. The share of asthma among all registered
diseases of the pediatric population in Ukraine is —
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0.32, which does not reduce the socio-medical
significance of this complex disease.

As illustrated in Figure 1, over 25 years the
prevalence of asthma in children of the country
increased by 69.3% (p>0.05), and the incidence — by
22.9% (p>0.05). The Mann-Whitney U-rank crite-
rion reached 76.5 and 169, respectively, but these
critical values were outside the zone of significance
for a certain number of comparable groups of
indicators. These data correspond to the global trend
of increasing asthma incidence in most countries of
the world, especially among the developing ones.
The first wave of asthma incidence increased by
79.2% from 1993 to 2001, then the incidence of
asthma began to decrease, reaching a relative
minimum in 2015 (0.50 per 1,000 children). In 2017
there was a moderate increase (+ 18%) in this
indicator to 0.59 per 1,000 of children.

It is worth noting that after 2018, the collection
of statistical information on the incidence and
prevalence of childhood diseases, including asthma,
with the exception of socially significant diseases
stopped for the reasons unknown to the medical
community.

The maximum prevalence of asthma in children
was observed in 2006 (6.09 per 1000 of population)
with a significant decrease by 15.05% at this time,
which also occurred against the background of
decreasing incidence in recent years (Fig. 1).

Such fluctuations in the values of the prevalence
and incidence of asthma in children can be explained
by the appropriate trend of the system of medical
care delivery to children as for the registration of
patients’ encounters, not due to their active
detection. The reduction in the number of pediat-
ricians and pediatric allergists in the country, the
lack of sanitary and educational work with the
population and the reduction of the corresponding
vigilance among primary care physicians also play a
role in these processes.

In our opinion, one of the possible factors of
decreasing the prevalence of asthma in children can
be considered a by 20.2% reduction of pollutant
emissions from stationary sources into the atmo-
sphere from 3928 thousand tons in 2009 to
2585 thousand tons in 2017 due to the reduction of
industrial capacity, primarily in Donetsk and
Luhansk regions due to ongoing hostilities in these
regions [11].

We have established a direct and close rela-
tionship between the reduction of pollutant emis-
sions from stationary sources into the atmosphere
and the decrease in the prevalence of asthma in
children. The determined critical value of the Spear-
man correlation coefficient (p), which reached the
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level of 0.741 indicates a close and strong
relationship between these groups of indicators by

the Chaddock scale with the number of degrees of
freedom (f) — 5.
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/1993|1004 /1007 |1909|2001| 200320062007 2009 2010| 2011|2012 |2014|2015|2016|2017

=== Prevalence of bronchial asthma 29| 3 |334/4]11/|4,85|5,67 6,09 6,03 578|568 567 561|4,97(4,01 4834901

=== Incidence of bronchial asthma 0,48| 0,46 058 0,86(0,86( 0,66 0,6 0,59|0,54(0,55(0,590,59|0,52| 0,5 (0,51 0,59
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Fig. 1. Comparative dynamics of prevalence and incidence of bronchial asthma
in children of Ukraine (1993-2017)

It should be noted that for 25 years the rate of
increase in asthma incidence in disease children in
the country corresponded to the increase in the
overall incidence of children in Ukraine. In general,
the growth rate of asthma in children in Ukraine for
25 years exceeded the growth rate of the overall
prevalence of diseases in children of Ukraine by 1.5
times [19].

In terms of age, most cases of asthma detected
for the first time in children aged 7-14 years was
2439, or 54.0% of the total number, which
corresponds to global trends [9, 10]. In children aged
0 to 6 years, 35.7% (1615 people) of the total num-
ber of cases of bronchial asthma were detected for
the first time. The lowest incidence of asthma was
between the age of 15 and 17 — 10.2% of the total.
The highest level of morbidity and prevalence in all
three age groups was observed in children of
Kharkiv, Zaporizhzhia, Vinnytsia, Dnipropetrovsk
and Donetsk regions.

The incidence rates of children with asthma aged
0 to 6 years were twice as high as the national
average (0.51 per 1,000 of population) in Kharkiv
and Vinnytsia regions — 1.2 and 1.11 per 1,000 of
population, respectively. The incidence of asthma in
children aged 7 to 14 in Kherson and Zaporizhzhia
regions was almost twice as high as the national
average (0.72 per 1,000 of population) — 1.48 and
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1.41 per 1,000 of population, respectively. The
highest incidence of children with asthma (1.8 times
higher than the national rate) was observed in
adolescents in Kyiv and Kharkiv region — 7.6 and
7.5 per 1000 population, respectively.

The highest incidence of asthma in children aged
0 to 6 years was in Vinnytsia region — 3.7 per 1,000
of population, those of aged 7 to 14 years — in
Kharkiv region — 11.4 per 1,000 of population. The
highest prevalence of asthma was observed in
adolescents in Kyiv — 20.4 per 1,000 of population.

The lowest number of asthma cases was detected
in adolescents aged 15 to 17, only 459, which was
10.3% of the total number of newly diagnosed
patients with asthma among children in the country.
However, it was in adolescence that the highest
prevalence of asthma was observed — up to 87.0 per
10,000 children against 67.9 in children aged 7 to 14
years and 16.2 at the age of 0-6 years.

In the dynamics of the last 6 years there were
moderate changes in the age structure of the
incidence of asthma: it increased by 2.8% in children
aged 7-14 years, increased by 5% in adolescents,
and in children 0-6 years the incidence of asthma
decreased by 8.5%.

Apparently, this is partly due to the increase in
the ecotoxic load on the child's body, which may be
due not only to the factors of the polluted
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environment, but also to the spread of smoking in
school-age children.

The prevalence of asthma in relation to the age
structure of patients decreased in all age groups: by
12.5% in school-age children, by 19% in children
aged 0 to 6 years and by 5.6% in adolescents.

As illustrated in Figure 2, the highest number of
cases of asthma detected for the first time in 2017 in
children aged 0 to 17 years was in Kharkiv (1.21 per
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1000 of children), Kherson (1.5), Zaporizhzhia
(1.04), Vinnytsia (0.95), Dnipropetrovsk (0.81),
Donetsk (0.8) regions, which, according to the State
Statistics Service of Ukraine, are characterized as
one of the highest emissions of pollutants into the
atmosphere from stationary sources of pollution due
to excessive developed infrastructure and agricul-
tural production [11].

Ukraine 0.59
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Fig. 2. Map of bronchial asthma incidence in children in Ukraine in the year 2017

It should be noted that according to the current
legislation, Vinnytsia region is included in the list of
regions with areas of in-depth radiological control
after the accident at the Chernobyl nuclear power
plant in 1986.

The lowest number of cases of asthma detected
for the first time in children was in Odesa (0.30
cases per 1000 of children), Rivne (0.32), Sumy
(0.37) and Khmelnytsky (0.39) regions.

In 1993, among the leaders in the incidence of
asthma in children were also areas with a difficult
environmental situation: Zaporizhzhia (6.69 per
1000 of children), Dnipropetrovsk (4.78) regions,
Kyiv (4.63), Cherkasy 4.11), Vinnytsia (3.97), Lviv
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(3.6) and Kherson (3.56) regions. At present, the
leadership in the incidence of asthma in children has
changed: Kharkiv and Kherson regions have become
the leaders. Obviously, this can be explained, in
particular, by the dynamic development of industry and
the agricultural sector in these regions, this has
increased the ecotoxic pressure on the child's body.

High prevalence of asthma in 2017 was regis-
tered in Kharkiv region (8.09 per 1000 children),
Kyiv (7.59 per 1000 children), Vinnytsia (7.3),
Zaporizhzhia (6.93), Dnipropetrovsk (6.8,), Ivano-
Frankivsk (6.85), Donetsk (5.95) regions.

The lowest prevalence of asthma was observed in
Kirovohrad (2.95 per 1000 of children), Khmel-

Licensed under CC BY 4.0
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nytsky (3.03), Rivne (3.08), Luhansk (3.33), Sumy
(3.5), Mykolaiv (3) , 56) and Odessa (3.62) regions.

It should be noted that 25 years ago, the leaders in
the prevalence of asthma in children were dominated
by regions and cities with significant emissions of
pollutants into the atmosphere, namely: Zaporizhzhia
(6.69 per 1,000 population), Dnipropetrovsk (4.78)
region, Kyiv (4.63), Cherkasy (4.11), Lviv (3.6),
Kherson (3.56) and Luhansk (3.29) regions.

The lowest prevalence of asthma was observed in
Zakarpattia (0.97 per 1000 population), Volyn (1.0),
Rivne (1.11), Kirovohrad (1.12), Zhytomyr (1.64),
Chernihiv (1.69), Khmelnytsky (1.75), Poltava
(1.87) regions.

A comparative analysis of the prevalence of
asthma in children of Ukraine made 25 years ago in
terms of areas with areas of radiological control
(hereinafter — TRC) and other areas, revealed that in
8 out of 9 regions with TRC it was much lower than
the national average.

It should be noted that during 25 years of
observation in Kharkiv, Chernivtsi, Volyn, Zhy-
tomyr, Chernihiv regions there was the largest

increase in children incidence in asthma,
respectively +290.3%, +208.0%, 192.8%, +128%
and +96.5% compared with the incidence of asthma
in 1993. While among other regions the increase in
morbidity ranged from +8.6% to +90.0%. A nega-
tive increase in the incidence of asthma was ob-
served in children of Dnipropetrovsk (-18.2%),
Cherkasy (-17.5%), Lviv (-2.1%) regions and the
city of Kyiv (-16.25%).

The clustering of regions of Ukraine depending
on the incidence rates of asthma and the distribution
of regions depending on the volumes of pollutant
emissions into the atmosphere per 1 person are pre-
sented in the Table. The national emission indicator
was 60.8 kg of emissions per person per year.

We found a direct effect of moderate force
(p=0.391) on the relationship between the volume of
pollutant emissions from stationary sources into the
atmosphere per person and the incidence of asthma in
children. The determined critical value of the Spear-
man correlation coefficient with the number of degrees
of freedom (f) — 23 indicates that the dependence of the
traits was statistically insignificant (p>0.05).

Clustering of regions of Ukraine by levels of asthma incidence
and emissions of pollutants into the atmosphere per capita

The incidence of children with asthma Regions of Ukraine

Volumes of pollutant emissions

into the atmosphere per capita Regions of Ukraine

Kharkiv
Kherson

Very high incidence of asthma in
children

High incidence of asthma in children Zaporizhzhia,
Vinnytsia
Dnipropetrovsk
Donetsk

Chernivtsi

City of. Kyiv
Luhansk
Ivano-Frankivsk
Transcarpathian
Ternopil
Cherkasy
Zhytomyr
Chernihiv

Lviv

Incidence of asthma in children is
close to the national indicator

Low incidence of asthma in children Volyn
Poltava
Mykolaiv
Khmelnytsky
Kirovohrad
Sumy

Rivne
Odessa

Very high emissions Dnipropetrovsk Donetsk

High emissions

Ivano-Frankivsk
Zaporizhzhia

Emissions at the level of the
national indicator

Poltava

Cherkasy
Luhansk
Chernihiv,

Kyiv

Sumy

Kharkiv,
Khmelnytsky

City of Kyiv
Kirovograd
Mykolaiv, Odessa
Ternopil, Kherson,
Zhytomyr, Volyn, Rivne
Chernivtsi
Transcarpathian

Emissions below the national
average

20/ Vol. XXV/ 3
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CONCLUSIONS

Over the past 25 years in Ukraine there has been
69.3% increase in the prevalence of bronchial
asthma in children and 22.9% — incidence of bron-
chial asthma with a predominance of detection of
this pathology in children from large industrial and
agricultural-industrial regions of the country with
significant emissions of pollutants from stationary
sources of pollution into the atmospheric air, this has a
direct effect of moderate force on both increasing and
decreasing detection of the number of cases of
bronchial asthma in children at different time intervals.
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