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Purpose: to establish the relationship between cardiovascular diseases in Ukraine and an increase in the average
annual temperature.

Materials and Methods. The data of the State Statistics Service of Ukraine on the number of cases of cardiovascular
diseases from 1990 to 2013, as well as on the share of the urban and rural population in various regions for 1990, 2000
and 2013 were analyzed. Statistical data starting from 2014 were not used due to their absence from the temporarily
occupied territories of Ukraine. Average annual temperatures were obtained from the global database — The Global
Historical Climatology Network. With the help of the National reports on the state of the natural environment in Ukraine,
atmospheric air pollution in the regions of Ukraine was assessed. Statistical processing of the obtained results was carried
out using correlation and regression analysis with determination of the reliability of the approximation.

Results. A direct average correlation between average annual temperatures and the number of newly registered
cases of cardiovascular diseases in Ukraine between 1990 and 2013 was established (correlation coefficient +0.5). After
carrying out an analysis between the regions of Ukraine, it was established that in the regions with direct strong and
medium correlations between the number of newly detected diseases of the circulatory system and average annual air
temperatures (Dnipropetrovsk, Zaporizhzhya, Luhansk, Kharkiv, Donetsk, Autonomous Republic of Crimea, Kyiv, Sumy,
Kherson, Odesa, Mykolaiv, Kirovohrad, Lviv, Zhytomyr regions) the urban population prevails, as well as a higher air
pollution index. In other regions of Ukraine, where the rural population predominates, a weak straight line is established,
as well as inverse correlation dependences and a lower level of atmospheric air pollution.

Conclusions. In recent decades, the average annual temperature of the environment has been increasing, which
has a negative effect on human health, in particular on the cardiovascular system, causing its damage. Therefore, it is
important to start acting now to avoid the negative consequences of global warming.
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index.

Cardiovascular diseases are one of the biggest
problems of modern medicine. Their prevalence
poses an extreme threat to human life and health,
as it determines the main mortality of the population
and increasingly affects young people [19]. Accord-
ing to the Global Burden of Disease (GBD) study for
2019, cardiovascular disease is the leading cause of
death in Ukraine, according to which our country re-
mains one of the world leaders [13].

The ambient temperature in Ukraine and the world
has risen by almost 1.5 ° C over the past 30 years
[8]. An intergovernmental group of climate change
experts has concluded that greenhouse gases such
as carbon dioxide, methane and nitrous oxide have
caused the average annual temperature of the Earth
to rise [12]. The impact of particulate matter (PM) on
the acceleration of global warming has also been
proven, especially in cities and large cities, where
pollution is greatest [10]. And the current military
conflict, which has been ongoing in Ukraine since
2014, accelerates global warming and further limits
the possibilities of an appropriate response to global
climate changes, which contributes to the reduction
of adaptation possibilities [9, 11].
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Of greatest interest to medicine are the causes
and modifiers of cardiovascular disease, a list of
which can be found in the available literature [2, 6],
but among them there is no data on the role of mod-
ern climate change in the spread of these diseases,
although we live in global warming.

Global environmental changes caused by hu-
man activities and population growth are changing
our planet in such a way that they pose a serious
threat to human health, and it is projected that these
threats will increase in the coming decades if no ac-
tion is taken [17, 22].

Purpose: to establish the prevalence of car-
diovascular diseases in Ukraine and its relation-
ship with the increase in average annual tem-
perature.

Materials and Methods. Data on the prevalence
of diseases of the circulatory system are avail-
able on the website of the State Statistics Service
of Ukraine [1]. The number of registered cases per
thousand population from 1990 to 2013 was taken
into account. Statistics have not been used since
2014 due to their absence from the temporarily oc-
cupied territories of Ukraine.
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The data of the State Statistics Service of Ukraine
[1] on the share of urban and rural population in dif-
ferent oblasts for 1990, 2000 and 2013 are also an-
alyzed.

To assess the air pollution of the regions of
Ukraine, the National Reports on the State of the
Environment in Ukraine for 2004 and 2012 were
analyzed [3, 4]. The Air Pollution Index was taken
into account. This is a complex indicator that com-
bines the levels of 31 pollutants in the atmosphere
(suspended particles, sulfur dioxide, carbon mon-
oxide, nitrogen dioxide, formaldehyde, phenol, am-
monia, etc).

The average annual temperature is obtained from
the global database of daily climate data — The Glob-
al Historical Climatology Network [14].

Statistical processing of the obtained information
was performed using correlation and regression anal-
ysis to determine the reliability of the approximation
[5] using Microsoft Exel and Statistica 12.

The research was conducted in accordance with
modern requirements of moral and ethical standards
in Ukraine and the world (minutes of the meeting of
the Commission on Bioethics of I. Horbachevsky
Ternopil National Medical University No. 67 from
January 4, 2022).

Results. According to the State Statistics Ser-
vice of Ukraine [1], in the pre-war period from 1990
to 2013 there was an increase in cardiovascular
disease. Statistical regression analysis of the prev-
alence of diseases of the circulatory system clearly
shows a progressive increase in the number of re-
ported cases per thousand population from 1149 in
1990 to 2256 in 2013, as shown in Figure 1.

The increase in the number of established dis-
eases of the circulatory system in the study period
occurred against the background of negative popu-
lation dynamics. The number of Ukrainians has de-
creased by almost 10 million at this time, as shown
in Figure 2.

Analyzing the indicators of average annual tem-
peratures obtained in the database of daily climate
data — The Global Historical Climatology Network
[14], it was found that the ambient temperature in-
creases over the years. Figure 3 shows the increase
in average annual temperature by more than 1.5° C
in 2013 compared to 1990.

The statistical analysis established a direct av-
erage correlation [5] between average annual tem-
peratures and the number of reported cases of car-
diovascular disease in Ukraine in the period from
1990 to 2013 (correlation coefficient +0.5, see Fi-
gure 4).

Correlation analysis between the number of reg-
istered cases of circulatory system diseases and
the data of the average annual ambient temperature
during 1990-2013 established direct strong and av-
erage correlations in such areas as Dnipropetrovsk
(+0.8), Zaporizhia (+0.7), Luhansk (+0.7), Kharkiv
(+0.6), Donetsk (+0.6), Autonomous Republic of
Crimea (+0.6), Kyiv (+0.5), Sumy (+0.5), Kherson
(+0.5), Odesa (+0.4), Mykolaiv (+0.4), Kirovohrad
(+0.4), Lviv (+0.4) and Zhytomyr regions (+0.4) (See
figure 5: a, b).

Weak direct correlation between the number of
registered cases of cardiovascular diseases and
data on average annual temperature was found in
such regions as Vinnytsia (+0.3), Ternopil (+0.3),
Ivano-Frankivsk (+0.2), Rivne (+0.2), Volyn (+0.2),
Poltava (+0.2), Khmelnytsky (+0.2), Chernihiv region
(+0.18). Weak inverse correlation was found in Za-
karpattia (-0.01), Chernivtsi (-0.15) and Cherkasy re-
gions (-0.02) (See Figure 6: a, b).

Thus, we have established a direct correlation
between the average annual temperatures and the
number of registered cases of cardiovascular dis-
ease in the period from 1990 to 2013. The search for
these regularities by regions revealed dependencies
ranging from direct strong correlations in Dnipro-
petrovsk, Zaporizhia, and Luhansk regions to their
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Figure 1. The number of registered cases of cardiovascular diseases in Ukraine for 1990-2013.
The reliability of the approximation R? = 0.7.
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Figure 2. Population of Ukraine (1990-2013). The reliability of the approximation Rz = 0.9.
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Figure 3. Data on the average annual temperature in Ukraine during 1990-2013.

weak inverse correlations in Zakarpattia, Cherkasy,
and Chernivtsi regions.

To identify the impact of possible other factors
that have led to such a variety of correlations by re-
gion, we conducted a study to examine the quanti-
tative relationship between urban and rural popula-
tions and air pollution in them.

As a result of the analysis of the data of the
State Statistics Service of Ukraine [1] on the
share of urban population in different regions for
1990, 2000 and 2013, it was found that in Donetsk
on average it was 90.5 %, in Luhansk — 86.5 %, in
Dnipropetrovsk — 83.5 %, in Kharkiv — 79.5 %, in
Zaporizhia — 76.5 %, in Mykolaiv — 67 %, in Odes-
sa — 66.5 %, in Sumy — 65 %, in the Autonomous
Republic of Crimea — 64 %, in Kirovohrad — 61 %,

Kherson — 60.5 %, Poltava — 60 %, Lviv — 60 %,
Chernihiv — 59 %, Kyiv — 58 %, Zhytomyr — 56 %,
Cherkasy — 55 % and Khmelnytsky — 53 %. At
the same time, there was a tendency to reduce
the rural population in them. In such regions of
Ukraine as Volyn and Vinnytsia, urban and rural
populations are distributed approximately equally.
In Zakarpattia, Ivano-Frankivsk, Chernivtsi, Ter-
nopil, Rivne regions there was a predominance of
rural residents.

Comparing the above data, it was found that in
oblasts with direct strong and medium correlations
between the number of registered cases of circulatory
system diseases and average annual ambient tem-
peratures, the percentage of urban population ranges
from 90 % in Donetsk to 56 % in Zhytomyr region. In
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Figure 4. Correlation field of the relationship between the average annual temperature and the number of
registered cases of cardiovascular disease in Ukraine (1990-2013). Correlation coefficient +0.5.
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Figure 5. Correlation field between average annual temperature data and the number of registered cases of
cardiovascular diseases during 1990-2013 in Dnipropetrovsk (a) and Zaporizhzhia (b) regions.
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Figure 6. Correlation field between average annual temperature data and the number of registered cases of
cardiovascular diseases during 1990-2013 in Zakarpattia (a) and Rivne (b) regions.

areas with weak, both direct and inverse, correlation,
the urban population averaged 43—-48 %.

Thus, according to our data, the following pattern
is observed: in 13 regions and the Autonomous Re-
public of Crimea with strong and medium correla-
tions between newly diagnosed circulatory diseases
and average annual ambient temperature, the urban
population predominates and vice versa, in 11 re-
gions with weak both direct and indirect inverse cor-
relation — rural.

Analyzing the air pollution of the regions of
Ukraine according to the available National Reports
on the State of the Environment in Ukraine for 2004
and 2012 [3, 4], its growth was established. Thus, if
in 2004 the index of air pollution above the average
was observed in 17 cities, in 2012 —in 24,

There is a link in areas with direct strong and me-
dium correlations between cardiovascular disease

and average annual temperatures with significant
levels of air pollution in their cities.

In accordance with the aim of the work, it was found
that there is a direct correlation between the increase
in average annual ambient temperature in global
warming in the pre-war period and the prevalence of
cardiovascular disease (correlation coefficient +0.5).
The available literature describes a number of causes
and risk factors for cardiovascular disease [2, 6], but
among them there is no increase in ambient tempera-
ture as one of the risk factors for circulatory diseases.
Our research confirms that the increase in the aver-
age annual ambient temperature leads to an increase
in the number of cases of cardiovascular disease.

Thus, we see that the effects of climate change
were felt in the pre-war period, and in the future they
will intensify even more. Increasingly frequent and
severe periods of heat, so-called “heat waves”, are
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one of the main threats to human health today [18].
Mankind is able to adapt to the gradual increase in
average annual temperature, and the rapid and pro-
longed periods of heat waves that occur during glob-
al warming, create an increased burden on the car-
diovascular system [15].

After analyzing data from scientific sources on the
impact of global warming on cardiovascular disease,
it was found that endothelial dysfunction plays an im-
portant role in thermal damage to the cardiovascular
system. Scientists have found that hot weather can
impair the tone and structure of blood vessels due
to various biological factors such as nitric oxide, cy-
tokines and systemic inflammation [20]. Heat stress
also leads to physiological reactions to changes in
temperature, which leads to increased sweating,
increased heart rate, dilation of superficial vessels
and changes in coagulation. This can cause an im-
balance in the autonomic regulation of the heart,
increase blood pressure and worsen blood clotting
reactions [16].

Analyzing the regularity established by us, in re-
gions of Ukraine with strong and medium correla-
tions between the number of registered cases of
circulatory system diseases and average annual
ambient temperatures, the urban population pre-
dominates and, conversely, in regions with weak
both direct and inverse correlation, rural population,
it can be argued that the inhabitants of megaci-
ties are more sensitive to rising temperatures. This
pattern can be explained by the emergence of the
so-called "heat island" effect, which is described in
many literature sources. Experiments to measure
air temperature in urban areas have shown that un-
shaded green spaces and unventilated surfaces of
infrastructure, heated by direct sunlight, still radiate
heat after sunset, which is not observed in suburban
and rural areas. Reflected radiation slows down the
night cooling of the air and significantly prolongs the
time of overheating of the environment, which leads
to the effect of "heat island" in cities and large cities
[23]. The results of the study show that these heat
islands cause unique problems in urban areas that
are not typical of other types of human settlements
and can further exacerbate the negative impact of
heat waves on human health during periods of heat
[28].

We also found higher levels of cardiovascular
disease in the areas with strong and medium direct
correlations between the number of reported cases
of cardiovascular disease and average annual ambi-
ent temperatures, with an urban predominance com-
pared to rural areas. This can be explained by the
impact of particulate matter (PM) and greenhouse

gases (carbon dioxide, methane, nitrous oxide) on
the acceleration of global warming in cities and ma-
jor cities, where pollution is greatest. The literature
also confirms the relationship between particulate
matter concentration and cardiovascular mortality
[10].

In view of the above, it can be argued that the av-
erage annual ambient temperature has been rising in
recent decades, adversely affecting human health,
in particular the cardiovascular system, causing
damage. It is therefore important to act now to avoid
the negative effects of global warming. Ukraine, to-
gether with other countries, must actively implement
policy measures to reach the Paris Agreement with-
in the framework of the UN Framework Convention
on Climate Change [7]. It is important to take into
account the increase in the spread of cardiovascu-
lar diseases in Ukraine under conditions of global
warming, as a prerequisite for secondary prevention
of diseases of the circulatory system. It should not
be forgotten that people differ in their sensitivity to
environmental influences, and those with increased
sensitivity are at risk.

Conclusions

1. In Ukraine from 1990 to 2013 there was an in-
crease in the incidence of cardiovascular disease
against the background of increasing average annu-
al air temperature.

2. There is a direct correlation between the aver-
age annual temperatures and the number of new-
ly registered cases of cardiovascular diseases in
Ukraine in the period from 1990 to 2013 (correlation
coefficient +0.5).

3. In regions of Ukraine with direct strong and me-
dium correlations between the number of newly reg-
istered cases of circulatory system diseases and av-
erage annual air temperatures, the urban population
predominates, and vice versa, in regions with weak
both direct and inverse correlation — rural.

4. Atmospheric air in cities with strong and medi-
um direct correlations between the number of new-
ly diagnosed cases of cardiovascular disease and
average annual ambient temperatures, with a pre-
dominance of urban population, is characterized by
significant pollution compared to areas with a pre-
dominance of rural population.

Prospects for further research are aimed at
monitoring the effects of an increase in the average
annual temperature of the environment on the activi-
ty of the human cardiovascular system. If we consid-
er climate change as one of the risk factors for the
development of diseases of the circulatory system,
then these negative consequences can be partially
measured and avoided.
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CEPLEBO-CYAVHHI 3AXBOPHOBAHHSA B YKPAIHI B YMOBAX IMOBA/IbHOIO NOTEN/IIHHA
C. H. Baodswok, B. O. T'yk
TepHONINbCLKWIA HaLiOHaIbHUIA MeANYHWIA yHIBEpCUTET iMeHi |. A. lopbayeBcbkoro MO3 Ykpainu, M. TepHoninb, YkpaiHa

MeTa: BCTAHOBMTM B3AEMO3B'A30K CEPLEBO-CYANHHUX 3aXBOPIOBaHb B YKpaiHi i3 NiABULLEHHAM cepefHbOo-
piYHOI TEMNepaTypu.

Martepianu i metogu. MNMpoaHanizoBaHO gaHi [lepXxaBHOI CyX6M CTaTUCTUKN YKpaiHW LLOAO KiNbKOCTI BUnaa-
KiB cepueBOo-CyAVHHUX 3axBoptoBaHb 3 1990 no 2013 pik, a TakoX LLLOAO YACTKM MICbKOTO i Ci/IbCbKOrO HacesiIeHHSA
y pi3Hux o6nactax 3a 1990, 2000 ta 2013 poku. CTaTUCTUYHI AaHi, nouynHatoun Big 2014 poky, He BUKOPUCTOBYBA-
McA y 3B’A3KY 3 X BiCYTHICTIO 3 TUMYACOBO OKYNOBaHUX TEPUTOPIN YKpaiHu. Y cBiToBIi 6a3i gaHnx — The Global
Historical Climatology Network — oTpMaHO NoKa3HWKN cepeHbOopIYHNX TemnepaTyp. 3a AONOMOror HalioHasb-
HWX [OMNOBIAEN NPO CTaH HaBKOJIMLLHBOrO NPUPOAHOrO cepeoBuLa B YKpaiHi ouiHioBany 3abpyaHeHicTb aTMo-
chepHOro noBiTps perioHis Ykpainn. CTatTucTnyHy 06pobKy oTpMMaHux pesynbTaTtiB NpoBOAMN 3a [0MNOMOroH
KOpensuinHoro Ta perpeciiiHoro aHanisy 3 BUSHa4YEeHHAM [0CTOBIPHOCTI anpokcumallii.

Pe3ynbTatu. BcTaHOBAEHO NPSIMUIA CepeaHili KOPessLiNHMA 3B'A30K MiXX cepeAHbOPIYHMMY TemnepaTtypamy 1a
Ki/IbKICTIO BriepLUue 3apeecTpoBaHuX BUNaaKiB cepLeBo-CyANHHMX 3aXBOpOBaHb B YKpaiHi B nepiog i3 1990 no 2013
pik (koedpiuieHT Kopensauii +0,5). Micna npoBefeHHA aHanisy MK perioHaMmmn YKpaiHn BCTAHOBJ/IEHO, WO B 06/1aCTAX
i3 NPAMUMY CUTBHUMW Ta CEPELHIMM KOPENALIHUMY 3B’A3KaMy MiXX KiZIbKICTHO BNepLUe BUSIB/IEHUX XBOPO6 CMCTEMM
KPOBOOOIry i cepeAHbOPIYHMMM TemnepaTypamm noBiTps ([HiNponeTpoBCcbka, 3anopisbka, JlyraHcbka, XapKiBcbka,
[JoHeupka, ABTOHOMHa Pecnybnika Kpum, Kniecbka, Cymcbka, XepcoHcbka, Ofecbka, Mukonaisebka, KipoBorpaa-
cbka, JTbBiBCbKa, YKUTOMMPChKa 06/1acTi) NnepeBaXae MiCbke HaCeNeHHs, a Takox GiNbLUni iHAEKC 3abpyaHEeHHs aT-
MOCChepPHOro NoBITPS. B iHWMX 061acTaX YKpaiHu, e nepeBaxae CiflbCbKe HacesieHHs, BCTaHOB/IEHa cnabka npama,
a TaKoX 06epHeHa KopessALifHI 3a/1eXXHOCTI | HMXKUMIA piBEHb 3a6pyAHEHHS aTMOCHepHOro noBiTpsi.

BucHoBKU. MPOTAroM oCTaHHIX AECATUNMITL 3pOCTaE CepefHbOpiYHa TemnepaTypa HaBKO/IMLWHbLOTO cepeno-
BULLA, L0 HEraTMBHO BMN/IMBAE Ha 340POB’A M0AEN, 30KpeMa Ha CepLeBO-CyANHHY CMCTeMY, BUKVKatouu Ti ypa-
XEHHS. TOMy BaXX/IMBO NOYNHATU AiATU 3apas, Wo6 YHNUKHY TN HeratuBHUX HACNiAKiB r/106a/1bHOr0 NOTENiHHSA.

K/TIOYOBI CJ/IOBA: cepefHboOpiyHa Temnepartypa; cepueBo-CyANHHI 3aXBOpPIOBaHHA; MiCbKe Ta Ciflb-
CbKe HaceneHHs; iHAeKc 3a6pyAHeHHs.
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