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Abstract. Prevalence of premature birth in conditions of global warming. Tsymbaliuk V.I., Vadziuk S.N.,
Tolokova T.I., Tabas P.S. The dynamics and likely associative link between global warming and the prevalence of
preterm births in Ukraine over the years 2009-2018 was studied. to form modern ideas about the prognosis and
prevention of this pathology. Data on medical care for pregnant women, mothers and parturients and adverse effects of
pregnancy on preterm birth (form 21) for the period 2009-2018 were obtained from the municipal non-profit enterprise
"Ternopil Regional Center of Public Health of Ternopil Regional Council”. The correlation between the number of
premature births per 100 births according to the average annual air temperature according to the Global Historical
Climatology Network from the US Department of Ocean and Atmospheric Research in the climatically homogeneous
regions of Ukraine was estimated. Predictive analysis of time series was performed by the method of integrated auto-
regression of the moving average (ARIMA). The model error was estimated by calculating the absolute percentage
error of the mean (MAPE). Statistical processing of materials was performed using programs Statistica 6.0 (StatSoft,
USA) and open statistical package "R". The study meets modern requirements of moral and ethical standards regarding
the provisions of legislative acts of Ukraine. Analysis of these reports of women's counseling shows an increase in the
average number of preterm births from 2.88 per 100 births in the total number of births in Ukraine — 491445 in 2009 to
3.33, per 100 births in the total number of 309191 in 2018, which testifies to a significant increase in premature births
in our country. Since 2009, there has been an annual, varying degree of increase in average annual air temperature in
Ukraine. As a result of the correlation analysis, a significant strong direct correlation was established between the
average level of premature birth and the average annual air temperature in Ukraine (r=0.84, p<0.05). Regression
analysis revealed a significant increase in the number of premature births (per 100 births) in 1, 2, 5, 6, 7, 8 and 10
climatically homogeneous regions and a tendency to increase in, respectively, 3, 4, 9, 11 and 12 climatically homoge-
neous regions of Ukraine. Based on the analysis of data on the average annual air temperature in Ukraine for 2009-
2018, the average annual air temperature in Ukraine is projected to increase by 0.3 ° C in 3 years (MAPE <10%,
p<0.05). The annual number of premature births is expected to increase (cases per 100 births) in 3 years by 0.4 cases
per 100 births (MAPE <10%, p <0.05). In the context of global warming, the number of negative consequences of
pregnancy is increasing, namely idiopathic premature termination of pregnancy with the birth of premature infants.
Strong correlations have been established between the annual number of premature births and the average annual air
temperature in Ukraine. Regression models of preterm birth showed a significant increase in 1, 2, 5, 6, 7, 8, and 10 cli-
matically homogeneous regions and a tendency to increase in 3, 4, 9, 11 and 12 climatically homogeneous regions. The
annual number of premature births in Ukraine is projected to increase by 2023 by 20 cases per 100 births compared to
2018. The strategy for preventing premature births and related adverse effects of pregnancy should include the
identification of global warming as a risk factor for increasing level of this pathology.

Pedepar. IlommpenicTh mnepeqyacHHX MOJIOTIB B yMoOBax TIJjoGaabHoro mnoremtiHHg. Ilumoaniok B.I.,
Bamswk C.H., Tosokosa T.1., Ta6ac I1.C. Jocriosceno ournamixy ma tiMosipHull acoyiamusHuil 36 130K 2100a1bH020
NOMeNIiHHA i3 NOWUPEHHAM NnepeddacHux noaocie 8 Ykpaini 3a 2009-2018 pp. 3 memorw ¢hopmyeanns cyuacHux
VABNIEHb W0O0 NPOSHO3YEAHHS Ma npoginakmuky yici namoaoeii. /lani npo meouuny 0onomozy 6azimuum, mamepsam ma
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NOPOOILIAM MA HeCHPUSAMAUS] HACTIOKU 6A2IMHOCMI CIMOCOBHO NepeodacHux nonoeié (gpopma 21) sza nepioo 2009-
2018 pp. ompumani 8 KOMYHATLHOMY HeKoMmepyiuHomy nionpuemcmei «Teproninbcokutl 00AACHUU  YeHmp
epomadcvkozo 300pos’s Tepuoninbcvkoi obnachoi paduy. Ilpogedeno oyiHKY KopenayiliHo2o 38’s3Ky 3a Memooom
Iipcona misxc xinvkicmro nepeduacnux nonoeie na 100 nonocie ma pisnem cepedHbOpiuHOI Mmemnepamypu nogimps 3a
oanumu «Global Historical Climatology Network» 6i0 Hayionanbhoeo ynpaeuinHs OKeauiuHux U ammocpepuux
docnioacenv CIIA na mepumopii kKiimamuyno 0OHOPIOHUX pecioHie Ykpainu. IIpoenocmuunull aHaniz yacoeux psoie
30TUCHIO8ANIU MEMOOOM IHmMe2po8anoi mooeni asmopezpecii Ko83Hoi cepednvoi (ARIMA). Iloxubky modeni oyiniosanu
3a 00NOMO20H0 0OPAXYHKY abconomHoi 8idcomko6oi noxubku cepeonvoi (MAPE). Cmamucmuyny 06poOKy mamepianié
npogedeHo 3 BUKOPUCMAHHAM nakemuux npoepam Statistica 6,0 (StatSoft, CLLIA) i iokpumum cmamucmudHum
naxkemom «Ry. [locnioocennss 8i0nogioae CyuyacHuM 6uMo2am MOPAIbHO20 Md emU4HO20 CMAHOAPM) CMOCOBHO
NON0HCEHb 3AKOHO0A8UUX aKkmie Ykpainu. Ananiz oanux 36imie pobomu HCiHOUUX KOHCYIbMAayill NOKAa3ye 30inbulenHs
cepedHboi Kitbkocmi nepeduachux podopospiuiers 3 2,88 na 100 nonozie npu 3aeanvhii Kitbkocmi nonozié 6 Yrpaiui
491445 y 2009 poyi 0o 3,33 na 100 podopospiwensv y 3acanvuiti kinekocmi 309191 y 2018 poyi, wo 0ocmosipno
C8IOUUMb NPO  3POCHMAHHA  KIIbKOCMI NnepedYyacHux nonocie y Hawit OJepacagl. I[louunarouu 3 2009 poxy,
cnocmepieaemvcs wjopiuHe, PI3HO2O CMYNEHs 3POCMAHHA CepeOHbOPIYHOI memnepamypu HOGIMpPs HA Mepumopii
Yipainu. 'V pesynomami nposedenozo kopenayiliHo2o aHanizy CMAHOBIEHO OOCMOGIPDHUL CUNbHUL NpAMuUll
KOpenayitiHuil 38 30K MidC ycepeOHeHUM pigHeM NepeoddcHUx Nojo2ie ma cepeoHbOPiuHOI0 MemMnepamypor nosimps
na mepumopii Yrpainu (r=0,84, p<0,05). Peepeciiinuti ananiz 6us6ué 00CMOGIpHe 3pOCMAHH KIIbKOCMI NePeouacHUX
nonoeigé (na 100 nonocis) y 1, 2, 5, 6, 7, 8 i 10 krimamuyno 0OHOPIOHUX pe2ioHax ma MeHOeHYil0 00 30LIbUIeHHS V
8ionogiono 3, 4, 9, 11 i 12 knimamuuno oonopionux pezionax Yrpainu. Ha niocmasi ananizy oanux cepednbopiunoi
memnepamypu nosimps Ha mepumopii Vkpainu 3a 2009-2018 pp. npocHo3yemvcs 3pOCmMaHHA  cepeOHbOpPIiuHOT
memnepamypu nogimpsa na mepumopii Ykpainu uepez 3 poku na 0,3 °C (MAPE <10%, p<0,05). IIpocnozyemuvca
3pOCMaHts piunoi Kitbkocmi nepeoyachux nonoeie (sunaoxie na 100 nonocig) yepez 3 poxu na 0,4 éunaoxa na 100
nonoeie (MAPE <10%, p<0,05). B ymosax enobanvHo2o NOMeNnNiHHS 3POCMAE KIIbKICMb He2AmMUGHUX HACAIOKIG
sazimuocmi, a came I0IONAMUYHO2O NePedYdACHO20 3A6EPULCHHST BAIMHOCMI 3 HAPOOICEHHAM HEOOHOUEHUX
HOBOHAPOOJICeHUX. Midic pIuHOW0 KINbKICMIO NEepeovacHUX noaocié ma cepeoOHbOPIMHOI MeMRepamypor Nnoeimps 6
Yxpaini ecmanosneno cunoni kopenayivnui 36 a3xu. Peepecitini moodeni peecmpayii nepeduacHux nonozie 3aceiouunu ix
docmogipre 3pocmannn 6 1, 2, 5, 6, 7, 8, i 10 kniimamuuno 0OHOPIOHUX pe2ioHax ma meHOeHyito 00 30invuienHs 8 3, 4,
9, 11 i 12 xkaimamuuno oOHopionux pecionax. Ilpocno3yemuvcs 3pocmanis piyHoi KilbKocmi nepeduacHux nouocié Ha
mepumopii Vkpainu 0o 2023 p. na 0,4 eunaoxa na 100 nonozie nopisusno 3 2018 p. Cmpameeis nonepedcenns
nepeouacHux noa02ié ma no8 A3aHUX 3 YUM HeCHPUSIMIUGUX HACTIOKIE 6A2IMHOCMI NOSUHHA GKIIOYAMU IOeHMUpIKayiio
27100aIbHO20 NOMENJIIHHA K (DAKMOPpa PU3UKY, U0 CNPUSLE 3POCMARHIO PIGHS Yiel namonoaii.

It is established that the average annual air
temperature is rising in all regions of the world, which
is an evidence of global warming. The main reason is
considered to be the greenhouse effect, due to the acti-
ve delay of infrared rays with thermal energy, which
must be transferred into space by pollutants (water
vapor, carbon dioxide, methane, nitrogen oxides, etc.)
in the Earth's atmosphere. Forecasting climate change
in the future attracts special attention of scientists about
the consequences of these changes [4, 7, 9, 11].

Global warming affects all components of the
biosphere and affects human health, both directly
and indirectly. Modern knowledge of scientists in
the medical and biological field, allows us to iden-
tify the categories and systemic relationships most
vulnerable to the negative effects of global tempe-
rature rise [21].

Conditions created by global warming also affect
reproductive efficiency [6, 22, 24]. Italian scientists
have analyzed all natural births that took place in
Rome in 2001-2010. Moreover, the share of prema-
ture births was almost 6% of the total. An increase in
preterm births by + 19% (95% CI 7.91-31.69) was
observed during heat waves [12]. The journal
Environ Health Perspect published the results of
studies (1990-2010) in the state of Alabama (USA),
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which show a correlation between the general
increase in temperature and the number of premature
births [19].

However, the scientific literature does not show
the dependence of premature birth on the increase in
average annual air temperature in Ukraine.

The aim — to investigate the dynamics and likely
associative link between global warming and the
increase in premature births in Ukraine over the
years 2009-2018 to form modern ideas about the
prognosis and prevention of pathology.

MATERIALS AND METHODS OF RESEARCH

Data on medical care for pregnant women, mothers
and parturients and adverse (form 21) for the period
2009-2018 were obtained from the municipal non-
profit enterprise "Ternopil Regional Center of Public
Health of Ternopil Regional Council".

The correlation between the number of premature
births per 100 births according to the average annual
air temperature according to the Global Historical
Climatology Network from the US Department of
Ocean and Atmospheric Research in the climatically
homogeneous regions of Ukraine was estimated, that
is regularly updated online [15].

Predictive analysis of time series was performed
by the method of integrated auto-regression of the
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moving average (ARIMA) [20]. The model error
was estimated by calculating the absolute percentage
error of the mean (MAPE).

Statistical processing of materials was performed
using programs Statistica 6.0 (StatSoft, USA) and
open statistical package "R" [26].

The study meets modern requirements of moral and
ethical standards in relation to the provisions of legis-
lative acts of Ukraine (Minutes of the meeting of the
Commission on Bioethics of 1. Horbachevsky Ternopil
National Medical University No. 6 dated 17.05.2021)
and was conducted in accordance with the principles of
bioethics set out in the WMA Declaration of Helsinki —
“Ethical principles for medical research involving
human subjects” and “Universal Declaration on Bioe-
thics and Human Rights” (UNESCO).

3,6

RESULTS AND DISCUSSION

Analysis of these reports of women's counseling
shows an increase in the average number of preterm
births from 2.88 per 100 births in the total number of
births in Ukraine — 491445 in 2009 to 3.33, per
100 births in the total number of 309191 in 2018,
which testifies to a significant increase in premature
births in our country.

Thus, in over a ten-year period, we found an
overall increase in the number of preterm births, as
illustrated in Figure 1.

As a result of the conducted statistical analysis, a
significant strong direct correlation was found
between the level of premature birth in conditions of
increase in the average annual air temperature in
Ukraine (r=0.84, p<0.05) (Fig. 1).
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Fig. 1. Number of premature births (per 100 births) in Ukraine from 2009 to 2018

A regression model of the average annual air
temperature in Ukraine is presented in Figure 2. The
temperature trend line shows that since 2009 there has

been an annual, varying degree of growth, which is in
line with the conclusions of an international group of
experts on climate change on global warming [8, 18].
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Fig. 2. Dynamics of average annual air temperature for the period from 2009 to 2018 in Ukraine (°C)
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Based on the analysis of the data of the average
annual air temperature on the territory of Ukraine for
2009-2018, its growth is projected by 0.3°C
(MAPE <10%, p<0.05) by 2023.

The prognostic analysis of the results of the num-
ber of premature births on the territory of Ukraine
for 2009-2018 showed their growth by 0.4 cases per
100 births (MAPE <10%, p<0.05) by 2032.

Climatologists of the Central Geophysical Obser-
vatory, according to one hundred and fifty years of
analysis of the main climatic characteristics obtained
at 187 meteorological stations from the Climate
Cadastre of Ukraine and the World Climate Center
CRU (Climate Research Unit, University of East

Anglia, Norwich), identified twelve -climatically
homogeneous regions in Ukraine [2].

Data on preterm births in climatically homoge-
neous regions (Statistical and analytical directories:
The state of the female population of Ukraine for the
period 2009-2018.
https://moz.gov.ua/article/statistic/centr-medichnoi-
statistiki-moz-ukraini) are presented in Table 1.

Statistical indicators of the seventh and eleventh
climatically homogeneous regions, which include
Donetsk, Luhansk regions and Crimea, are presented
until the year 2013 as a result of the lack of the
following statistics.

Table 1

Premature births per 100 births in climatically homogeneous regions (CHR) in 2009-2018

CNI-(l)il Region 2009 2010 2011 2012 2013 2014 2015 2016 2017 | 2018
1 Rivne, Zhytomyr, Volyn 2.69 2.90 3.01 3.02 3.01 3.13 3.23 3.11 3.14 3.25
2 Ternopil, Lviv, Khmelnytsky 2.42 2.44 2.63 2.66 2.57 2.54 2.85 2.76 3.38 2.93
3 Kyiv, Chernihiv 2.86 3.02 293 3.17 3.05 3.29 3.44 3.27 333 3.25
4 Sumy 2.53 2.74 2.59 2.90 3.06 3.12 341 3.62 3.25 3.12
5 Vinnytsia, Cherkasy 2.87 2.98 3.08 3.28 2.89 3.07 3.51 3.44 3.68 3.59
6 Poltava, Kirovograd, Dnipro 3.25 3.50 3.52 3.53 3.75 4.04 4.18 4.16 4.06 4.58
7 Donetsk, Luhansk 3.36 3.62 3.54 3.58 3.76 - - - - -

8 Zaporizhia, Mykolaiv, Kharkiv 3.02 3.25 3.31 3.34 3.23 3.19 3.26 3.55 3.47 3.59
9 Odessa 2.54 2.73 2.85 2.67 2.63 241 2.35 2.40 2.7 2.77
10  Kherson 3.10 3.15 3.32 3.04 3.22 3.11 3.34 3.75 3.92 3.96
11 Crimea 3.46 3.57 3.81 3.7 3.78 - - - - -

12 Chernivtsi, Zakarpattya 2.85 3.29 3.59 3.57 3.37 3.46 3.23 3.44 3.12 2.96

The regression analysis showed a significant
increase in the number of premature births (per 100
births) in 1, 2, 5, 6, 7, 8 and 10 climatically homo-
geneous regions and a tendency to increase in 3, 4,
9, 11 and 12, respectively. regression models of pre-
term birth in 1 and 3 climatically homogeneous
regions (see Fig. 3 and Fig. 4).

Premature births is one of the major obstetric
syndromes with numerous risk factors, however, in the
context of global warming there are etiologically cau-
sed changes in extragenital organs and systems [1].

21/ Vol. XXV1/ 3

The mechanism of development of premature
births caused by global warming can now be ob-
viously be explained as follows. Afferent informa-
tion enters the centers of thermoregulation in the
hypothalamus by polysynaptic pathways, which are
not yet all identified [24]. Integrated complex
responses to stimulate the thermoreceptors of the
hypothalamus, which provide resistance to heat
stress, are likely to induce blood circulation and
stimulate adjacent areas, which probably serves as a
biological motivation for their prolonged excitation.
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Fig. 3. Regression model of preterm births per 100 births in the 1st climatically homogeneous region

Equation for regression model of preterm births per 100 births in the 1st climatically homogeneous region:
Y= -150.987+0.07667 * X,
where X is year (p<0.01).

As a result, according to Alan Barreck of the
University of California's Institute for Environment
and Sustainable Development, hot weather leads to
an increase in levels of oxytocin in women, a
hormone that enhances childbirth [10].

Cytokine response of the pregnant woman and
fetus plays an important role in the pathogenetic
mechanism of premature birth simultaneously with

3.00

biological reactions, the end result of which is the
active prostaglandins [9].

Every year, about 15 million children are born
prematurely in the world [25] (10.6% — North
America, 5.9% — Europe). Premature infants account
for 70-80% of early neonatal mortality and 65-75%
of infant mortality.
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Fig. 4. Regression model of preterm births per 100 births in the 3rd climatically homogeneous region

Equation for regression model of preterm births per 100 births in the 1st climatically homogeneous region:
Y=-151.2+0.07636 * X,
where X is year (p<0.01).
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Data from the State Program "Reproductive Health
of the Nation" for the period before 2015 show that
direct reproductive losses from miscarriage annually
amount to 36-40 thousand of unborn children and do
not tend to decrease, despite the significant potential of
the domestic health care system [5].

The mortality of premature infants in Ukraine is
significantly higher than the mortality of those born
in physiological terms (Table 2).

According to the report on medical care for pre-
gnant women, mothers and parturients (form 21),
despite the increase in the quality of medical care for
pregnant women, in 2018 the stillbirth rate as a

result of premature birth reaches 5.92% per 18,726
born children weighing up to 2,499 grams. The
overall reduction in neonatal mortality confirms an
increase in the efficiency of obstetric care, but the
ratio between premature infants who died in the first
168 hours of life and premature infants died in 2018
proves that in 2018 perinatal infant mortality rate is
53.8 times higher than full-term against this increase
by 43.7 times in 2009 and confirms an increase in
mortality of premature infants by 10% during the
dynamic growth of the average annual temperature
in Ukraine.

Table 2
Infant mortality in Ukraine (form 21)
Year Full-term infants Premature infants Reliability between
(P+m; %, 95% CI) (P+m; %, 95% CI) indicators **
2009 544+12.5 1069+18.7 p<0.05
95% CI [531.5;556.5] 95% CI [1050.3; 1087.7]
2010 528+10.1 1082+17.9 p<0.05
95% CI [517.9; 538.1] 95% CI [1064.1;1099.9]
2011 434+9.3 1090+18.2 p<0.05
95% CI [424.7; 443.3] 95% CI [1071.8; 1108.2]
2012 422+9.8 1085+16.7 p<0.05
95% CI [412.2; 431.8] 95% CI [1068.3; 1101.7]
2013* 374+8.8 916+16.3 p<0.05
95% [365.2; 382.8] 95% CI [899. 7; 932.3]
2014 280+8.5 621+14.9 p<0.05
95% CI [271.5; 288.5] 95% CI [606.1; 635.9]
2015 246+7.9 589+13.4 p<0.05
95% CI [238.1; 253.9] 95% CI [575.6; 602.4]
2016 236+7.2 537+12.8 p<0.05
95% CI [228.8; 243.2] 95% CI [524.2; 549.8]
2017 183+6.5 623+13.7 p<0.05
95% CI [176.5; 189.5] 95% CI [609.3; 636.7]
2018 168+6.3 493+9.5 p<0.05

95% CI [161.7; 174.3]

95% CI [483.5; 502.5]

Notes: * — Statistical indicators upto 2013 contain data from Donetsk, Luhansk regions and Crimea since 2014 statistical data from these regions have
not been provided; ** — Reliability between indicators full-term and premature infants.

It should be noted that the overall incidence of
newborns during the period from 2009 to 2018 in
Ukraine tended to increase during the last five-year
period (2014-2018) after declining over the first
five-year period, from 2009 to 2013. Fig. 5).

21/ Vol. XXV1/ 3

High rates of perinatal mortality and morbidity
encourage the search for cause and effect in order to
increase the effectiveness of preventing the adverse
effects of pregnancy and maintaining the health of
the nation.
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Fig. 5. Morbidity of newborns (per 100 births) in Ukraine from 2009 to 2018 (form 21)

It is important in the field of human health to
study the effects of global warming on the health of
vulnerable groups, such as expectant mothers, and to
predict changes in the health of future generations.

Reducing the frequency of premature births is a
national priority of the health care organization of
Ukraine [3]. This can only be achieved by monitoring a
strategy that focuses on the study of risk factors.

Multifactor analysis allows to determine the
numerical risk factors for premature birth. Among
the established prognostic markers of spontaneous
development of premature birth, the most informa-
tive is a comprehensive assessment of age, body
mass index and hormonal profile [23].

The negative consequences of pregnancy asso-
ciated with the indirect effects of global warming are
now extremely difficult to predict. They will depend,
on the one hand, on the nature of climate change, on
the other hand - on the response of pregnant women
and fetuses, due to their adaptive mechanisms.

The need to develop and apply a set of preventive
measures based on research on the impact of global
warming as an etio-pathogenetic factor in premature
termination of pregnancy and will reduce the inci-
dence of preterm birth and increase the number of
pregnancies with full-term healthy children.

CONCLUSIONS

1. During the 10 years strong correlations have
been established between the annual number of prema-
ture births and the average annual air temperature.

2. Regression models of preterm birth showed a
significant increase in 1, 2, 5, 6, 7, 8, and 10 clima-
tically homogeneous regions and a tendency to
increase in 3,4, 9, 11 and 12 ones.

3. It is projected to increase the annual number of
premature births in Ukraine by 2023 by 0.4 cases per
100 births compared to 2018 in conditions of in-
creasing temperature by 0.3°C.

4. Preterm births over the period in which the
study was performed were accompanied by high
mortality and morbidity of newborns.

5. Perspective way of the scientific research is the
study of negative impact of the gobal warming on
the cardiovascular, respiratory, nervous, immune,
endocrine systems of the vulnerable groups of hu-
mans includes pregnant women, parturients, fetuses
and newborns.
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