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Abstract. Background. In Ukraine, mortality rates from cerebrovascular diseases (CVD) are 10— 17 % higher
than in Europe. The number of registered cases of strokes is increasing in the world and this tendency is expected
to continue in the coming years. One of the factors affecting epidemiological indicators is military conflicts. This
mostly applies to low- and middle-income countries due to the complexity of providing medical care. Large
studies testify to the negative impact of military actions on the morbidity and mortality from CVD, a change in
the structure of strokes due to an increase in the proportion of intracerebral hemorrhages, and an increase in the
number of young and middle-aged patients. People who live in war zones have a higher risk of heart disease and
stroke, even years after the war ends. This is due to an increase in the share of both medical and non-medical risk
Jactors. Considering world tendency, the study of epidemiological indicators regarding the prevalence, morbidity,
and mortality of both cardiovascular disease in general and cerebral strokes in particular and the comparison
of these data in the pre-war and war periods is relevant not only for Ukraine. The purpose was to provide an
epidemiology of CVD and cerebral stroke among the adult population of Kyiv in the prewar and wartime periods.
Materials and methods. The data from the statistical reports of CVD and stroke in Kyiv from 2007 to 2023 were
analyzed using statistical methods and the systematic approach. Results. There was a decrease in the prevalence
and morbidity of cerebrovascular diseases and cerebral stroke among adult residents of Kyiv in the pre-war
period. These epidemiological findings were comparable to the general level in Ukraine but remained higher than
in Western Europe. The most common risk factors were hypertension (28 % of the population), coronary heart
disease (18.1 %), diabetes (1.3 %) as well as a high percentage of bad habits. In the first year of the war, the
incidence rate of CVD and stroke in Ukraine decreased, and in the second year, it increased by 15 and 22 %,
respectively. The incidence of cerebral strokes was the lowest in 2022 and amounted to 82.1 per 100,000 adult
population, increasing in 2023 by 22.4 % to 100.5 per 100,000 population. The number of stroke patients in the
city during 2022—2023 increased by 26.6 % compared to 2016. An increase in stroke hospitalizations was due to
repeated strokes. The ratio of stroke types had also changed: in prewar times, it was 8.4 cases of ischemic strokes
to 1 case of hemorrhagic stroke, during the war — 12.7: 1. In 2022—2023, the mortality from CVD and all forms
of cerebral strokes increased in Kyiv. Conclusions. The results of the study prove the negative impact of war on
the epidemiology of CVD and stroke. An increase in the number of patients with CVD and cerebral strokes as well
as a change in the ratio of stroke types and an increase in hospital mortality were noted.
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Introduction

Worldwide, stroke is the leading cause of disability and
the second leading cause of death [1]. Globally, the life-
time risk of stroke, its incidence, prevalence, disability, and
mortality has increased by 50, 70, 143, 102, and 42 %, re-
spectively, for the last ten years [2]. The number of strokes is
disproportionately increasing in lower- and lower-middle-
income countries (86 % of deaths due to stroke and 89 % of
disability) compared to the high-income countries and this
trend is expected to continue in the coming years, posing an
unprecedented problem to families with less resources [3].
According to the World Health Organization, cardiovascular
diseases take an estimated 17 million lives annually in the
world, which is 30 % of all deaths [4, 5]. The lifetime risk of
stroke and rates of mortality from cerebrovascular diseases
(CVD) are 10—17 % higher in Ukraine compared to Western
European countries [6—8]. The most important factor, con-
tributing to the higher rates of CVD and stroke in Ukraine,
is the war. Not only does war cause direct damage to people’s
health, safety, and property, but it also increases stress levels
dramatically, causing severe social and economic insecurity.

The negative impact of military operations on morbidity
and mortality from cerebrovascular diseases is proven scien-
tifically [9, 10]. The increased number of intracranial he-
morrhages, especially in young and middle-aged patients, is
typical of the war. People who live in war zones have a higher
risk of heart disease and stroke even years after the war ends.
This is due to an increase in the share of both medical and
non-medical risk factors.

War contributes to speedy aging, increased health issues,
and mortality rates among people with cardiovascular di-
sease and cerebrovascular pathology [11]. In early studies of
the Lebanon war’s impact on CVD, Sibai (1989) noted that
there is a connection between the influx of acute and chronic
stress factors along the rise of CVD among civilians during
the war conflict [12]. During and after the war in Iraq, a sig-
nificant increase (from 1.19/1,000 in 2003 up to 2.42/1,000
in 2014) in the incidence of stroke was reported [13].

A systematic analysis of the global war burden was carried
out in 195 countries over ten years (2007—2017), showing
that the mortality rate due to violent conflicts and terrorism
increased by 118.0 % [14]. The impact of war on CVD mor-
bidity and mortality was also confirmed by the analysis of
6,255 types of cerebral strokes in Sarajevo (Bosnia and Her-
zegovina), which revealed a 48 % increase in stroke mortality
during the war compared to the pre-war period. The struc-
ture of strokes changed, and the incidence of intracerebral
hemorrhage has increased in patients with atherothrombotic
cerebral infarction; the number of patients aged 51—60 years
increased significantly [15]. The results of current studies
proved that people living near combat zones are at greater
risk for CVD and stroke compared to those living further
away. A systematic review by Mahase (2019) revealed that
these conditions are associated with an increased risk of de-
veloping heart attack, stroke, high blood pressure, and high
cholesterol as well as increased consumption of alcohol and
recreational drugs [16].

As with every war, the military campaign in Ukraine
can’t help but affect the prevalence, morbidity, and morta-

lity of CVD and cerebral stroke. However, there is a lack of
scientific reports on the epidemiology of CVD and stroke in
Ukraine during the war [17]. According to statistical data
from the Ministry of Health of Ukraine, the number of
strokes in the country increased by 16 %.

The purpose is to provide an epidemiology of CVD and
cerebral stroke among the adult population of Kyiv in the
pre-war and wartime periods.

Materials and methods

The data from the statistical reports of CVD and stroke
in Kyiv from 2007 to 2023 were analyzed using statistical
methods and the systematic approach. To exclude the influ-
ence of the COVID-19 pandemic and therefore analyze the
impact of the war solely on the epidemiology of CVD and
stroke in Ukraine, 2019—2021 were not considered in this
study.

Results and discussion

The prevalence of CVD in Ukraine increased starting
from 2009, stabilized in 2012, decreased in 2014 and 2015
(from 8,220 to 7,260 per 100 thousand), and remained stable
in 2016—2021 [18]. The prevalence of risk factors among the
Ukrainians was as follows: hypertension (28 % of the popula-
tion), ischemic heart disease (18.1 %), cardiovascular dia-
betes (1.3 %), poor eating habits, smoking, and increased
intake of alcohol [19, 20].

The rate of CVD in Ukraine reached 868.1 in 2009,
subsequently increased to 937.7 in 2013, and then began to
gradually decrease, reaching 682.5 in 2018 (p < 0.05). We
also note that the number of patients who seek medical care
due to various neurological conditions has changed signifi-
cantly. The number of patients with CVD was traditionally
the highest, but never exceeded 74 %, except for 2022—2023
when it rose to 75.5 %.

In the pre-war period, there was a positive trend in the
rate of CVD with a tendency to decrease. However, due to
the rise in the war-related death toll and migration (of the
population to the Kyiv from the active war zone as well as
out of the Kyiv and country for safety), the number of Kyiv
residents has changed significantly. Immigrants temporarily
resettled in Kyiv were not registered in the medical system
and sought medical help only in emergencies.

War events reduced the number of visits to doctors
and sometimes made it impossible to record all cases of
illness. However, practically all stroke patients turned to
the emergency department and were hospitalized in neu-
rological departments and received free examination and
treatment.

The fact that the number of CVD is growing in hyperten-
sive patients registered in the city is important: for example,
in 2023, the percentage of such patients was 93 %, while in
2016, it reached 78 %. This is confirmed by the observations
in other countries where military operations took place.

Stroke incidence among the urban adult population has
a positive trend in 2009—-2018. In 2009, it was 251.3 per
100,000, gradually decreasing by 1.7 times to 143.9 in 2018
(p<0.05). Stroke incidence in Kyiv was almost half as much
as in Ukraine.
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Figure 1. Dynamics of the rate of cerebrovascular
diseases in adults of Kyiv during 2009-2018
and 2022-2023

At the beginning of the war, the stroke incidence was the
lowest and amounted to 82.1 per 100,000 adult population.
During the second year of the war, it increased by 22.4 % and
was 100.5 per 100,000 population. If we translate this indica-
tor into the number of registered new stroke cases, the data
will be as follows: in 2018, 3,373 new cases were registered;
in 2019 — 2,613; in 2020 — 2,246.

At the same time, the total number of patients treated in
the city’s hospitals for stroke did not decrease during the war
years and remained at the level of 6—6.5 thousand (data re-
fer to public hospitals and do not include private hospitals).
Consistently, the number of stroke cases remained high due
to the occurrence of repeated strokes.

However, the situation in the city changed during the
war. In 2022, the total number of stroke patients treated in
the hospitals was 7,744. Compared to 2016, this number has
increased by 26.6 %. In 2016, the ratio of primary to recur-
rent strokes was 48.7 to 51.3 %, while in 2022, it was 25.0 to
75.0 %.

In 2023, more stroke patients were treated in hospitals
of Kyiv — 9,666. This number is the highest in all years of
our observation (the second highest was 7,559 in 2018). In
2023, the ratio of primary strokes to recurrent ones was 1 : 4.
The number of stroke hospitalizations in Kyiv during the first
two years of the war increased significantly due to repeated

Figure 2. Dynamics of the cerebral stroke incidence
in the adult population of Kyivin 2009-2018
and 2022-2023

stroke. This is caused by patients’ non-adherence to mea-
sures preventing the recurrences. The growth of risk factors
like hypertension, cardiovascular diseases, and diabetes is
associated with increased stress levels due to the war. Such a
phenomenon as wartime hypertension is observed during the
war and is a variant of stress-induced hypertension.

The ratio of ischemic and hemorrhagic strokes in the
pre-war period was 8.4 : 1,in 2022 — 12.6 : 1, and in 2023 —
12.7 : 1. Consequently, the number of ischemic strokes du-
ring the military operations increased significantly.

The in-hospital mortality from CVD during the pre-war
period was relatively low and amounted to 6.85 % (2015),
7.32 % (2016), 6.72 % (2017), and 6.78 % (2018). In 2022, it
increased sharply to 12.77 %, and then decreased to 10.92 %
in the following year. Mortality varied based on the stroke
type and was as follows: in all pre-war years (2014—2018), it
fluctuated from 14.73 to 15.99 % in case of ischemic stroke,
and from 37.93 to 41.83 % in intracerebral hemorrhage. Du-
ring the first year of the war, these indicators increased sharply
and amounted to 19.31 and 44.13 % (2022), respectively, and
slightly decreased (16.79 and 41.13 %) in 2023. This dynamics
might be explained by the stabilization of the war situation
in Kyiv and the improvement of health care care availability.

In-hospital mortality from CVD was the lowest in 2011
amounting to 113.68 cases per 100 thousand population
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Figure 3. Dynamics of in-hospital mortality of stroke
patients in Kyivin 2016—-2018 and 2022-2023

Figure 4. Dynamics of CVD mortality of the adult
population of Kyivin 2011-2018 and 2022
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Figure 5. Dynamics of mortality due to cerebral
stroke among the adult population of Kyiv
(2011-2018 and 2022)

compared to the pre-war years. It was the highest in 2016 —
117.99 cases per 100 thousand population, while in 2018 —
116.07 cases per 100 thousand population. However, these
differences were statistically insignificant (p > 0.06). During
the first year of the war, CVD mortality increased sharply:
by 10.7 cases per 100 thousand population and amounted to
126.77 or increased by 1.09 times (p < 0.05). Even though
the incidence of CVD decreased in Kyiv during the war, the
mortality from this pathology has increased.

Stroke mortality did not undergo significant fluctua-
tions in the pre-war years. Its lowest rate was in 2011 (82.37
cases per 100 thousand population), and the highest — in
2015 (87.85 cases per 100 thousand population) (Fig. 5).
If we compare the indicator of 2022 (98.81 cases per 100
thousand population) with that in 2018 (85.93 cases per 100
thousand population), then its growth by 1.15 times is noted
(p <0.05).

Consequently, we have found an increase in mortality
among the adult population of the city both from CVD in
general and from cerebral strokes. At the same time, the rate
of increase in mortality from strokes was higher, which gives
reason to think that strokes were the main cause of death
among all forms of CVD.

Conclusions

1. The incidence of CVD and cerebral strokes in the adult
population of Kyiv in the pre-war period (2018) decreased by
1.3 times (p < 0.05) compared to 2009 with t reliability cri-
teria of 26.89. It decreased further during the first year of the
war in 2022 to 389.1 cases per 100 thousand population, but
in 2023, it slightly increased to 403.4 cases per 100 thousand
population.

2. In the pre-war period, the number of patients with ce-
rebral strokes receiving treatment in communal hospitals of
Kyiv was 7.2—7.5 thousand annually; in the first year of the
war, it increased by 2.4 % and in the following year — by
27.9 %.

3. An increase in the number of patients with stroke du-
ring the war occurred due to an increase in the number of
ischemic strokes: in the pre-war period, the ratio between
ischemic and hemorrhagic strokes was 7.9—8.4 : 1, and du-
ring the war, it became 12.6—12.7 : 1.

4. Retrospective analysis revealed a change in the ratio of
primary to recurrent strokes: before the war, primary strokes
predominated by a ratio of 1.9 : 1, and during the war, by a
ratioof 3: 1.

5. During the first year of the war, 2022, there was a
ra-ther sharp increase in the hospital mortality rate: up to
19.3 % in cases of ischemic stroke and 44.1 % in hemorrha-
gic strokes. The next year, in 2023, these numbers decreased
to 16.8 and 41.8 %, respectively.

6. In 2022—2023, an increase in mortality among the
adult population of Kyiv was noted both from CVD in gen-
eral and from the cerebral strokes by 1.15 times (p < 0.05).
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BnAvB BOEHHUX NOAIN HO €niAeMIOAOTIIO LLepebpOBACKYASPHUX XBOPOO
TA MO3KOBUX iHCYAbTIB cepea, xuteais M. Knesa (YkpaiHa)

Pesiome. Axmyaavnicmo. B Yxpaini NokazHUKU CMEPTHOCTI
BiJ LiepedbpoBacKysspHux xBopob (LIBX) na 10—17 % Buii, Hix
y €Bporri. Y CBiTi 3pocTa€ KiJbKiCTh 3ape€CTPOBAHUX BUTIANIKIB
iHCYJIBTIB, i B HAWOIMIKYI POKU, 3a IIPOTHO3aMU, I TEHICHIisI
oyae yrpumyBaTtucs. OgHuM i3 (akTopiB, 110 BILUIMBAE Ha
eIiIeMioNIOriuHi MOKa3HUKM, € BOEHHI mojii. Haiibinbiie e
CTOCYETBCS KpaiH i3 HU3BKMM Ta CEepeaHiM piBHEM MTOXOIYy
yepe3 yCKJIAIHEHHS HaJaHHS MeAW4YHOI mormomoru. Bemuki
MOCTIIKEeHHS 3aCBiIuyIOTh HeTaTUBHMI BIJIMB BOEHHUX il
Ha 3aXBOPIOBAHICTh i cMepTHicTh Bia LIBX, 3MiHy cTpyKkTypu
IHCYJIBTIB 4Yepe3 3pOCTaHHS YaCTKW BHYTPIIIHHOMO3KOBUX
KPOBOBUJIMBIB Ta 30iMbIIEHHS KiJTbKOCTiI XBOPUX MOJIOIOTO I
cepenHboro Biky. JItoau, sKi XKUBYTb y 30HaxX 00MOBUX Aill, MalOTh

BULIUI PU3UK PO3BUTKY CEPLIEBO-CYAMHHUX 3aXBOPIOBaHb Ta
IHCYJIBTY HaBiTh Uepe3 pOKM Iiciis ix 3aKiH4eHHs. Lle 3yMoBieHO
30IBIIEHHAM YacTKM (DAKTOPIiB PU3UKY SIK MEIMYHOTO, TakK
i HEeMeOUYHOTO XapakTepy. 3BaxkalouM Ha CBIiTOBi TeHIEHIIIi,
BUBUYEHHS eNiAeMioJOriYHMX ITOKa3HUKIB MOIIUMPEHOCTI,
3axBOpIOBaHOCTI, cMepTHOCTi Bim LIBX 3araiom ta M0o3KOBHX
IHCYJIBTIB 30KpeMa i TOPIBHSIHHS LIMX NaHWX y JTOBOEHHWIA
i BOEHHMI Tlepiogu € akTyaJbHUMM He Julle s YKpaiHu.
Mema: nocninutu enigeMionoriio uepedpoBacKyISIpHUX XBOPOO
i MO3KOBHUX iHCYJIBTIB cepell Jopocioro HacejaeHHs: M. Kuesa y
JIOBOEHHUI Ta BOEHHUI niepionn. Mamepiaau ma memoou. I1pu
MMPOBeIeHHI 11iei poOOTH BUKOPUCTAHO CTATUCTUUYHUN METO.
i cucTeMHMiA miaxig. MaTepiagamMu DOCHIIKEHHSI CIYTyBalu
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NaHi raJly3eBOi CTaTUCTUYHOI 3BiTHOCTI 110 M. Ku€eBy ympomoBx
2007—2023 pp. Peszyabmamu. BcTaHOBIEeHO TEHACHIIIO 10
3HUKEHHS 3aXBOPIOBAHOCTI i1 momupeHocTi LIBX Ta Mo3koBMX
IHCYJIBTIB cepen Jopocaux xkuteniB Kuesa y 10BoeHHUI repios.
PiBeHb BKa3aHUX MOKA3HUKIB OyB MOPIBHSHHUI i3 3arajibHUM
no YKpaiHi, aje BUIIMI 3a TakKuii y KpaiHax 3axigHoi €Bpomnu.
Haii6inpm momupeHuMu (pakTopamMyd pU3UKY € apTepiajibHa
rinepreHsis (28 % HacelleHHs), inleMiyHa XBopoGa cepis
(18,1 %), uykposwii nia6et (1,3 %), a TaKOX MIKiTWBI 3BUYKU. Y
mepuInii pik BitHu yactoTta LIBX i MO3KOBUX iHCY/IBTIB B YKpaiHi
3HU3MJIACS, 4 Ha APYTUid pik 3pocna BiamosinHo Ha 15 ta 22 %.
3axBOPIOBAHICTh HA MO3KOBI iHCYJIbTH Oysa HaitHUXK4YOoI0 Y 2022
poui (82,1 na 100 Tuc. nopocnoro HaceneHHs), y 2023-my 3pocia
Ha 22,4 %, nopiBHiotoun 100,5 Ha 100 Trc. HaceneHHs . KibKicTh
nauieHTiB 3 yciMa ¢dopMaMu iHCYJBTIB y MiCTi BIPOAOBXK

2022—2023 pp. nmigBummiaacs Ha 26,6 % nopiBHsiHO 3 2016 p.
30iMbLIeHHS KiJTbKOCTI FOCHIiTali30BaHUX XBOPUX 3YMOBJIEHO
BUHUKHEHHSM IMOBTOPHUX iHCYIbTiB. CIIiBBiIHOIIEHHS TUIIiB
iHCYJIBTIB TaKOX 3MiHUJIOCH: Y JOBOEHHUIA YaCc BOHO CTAHOBUJIO
8,4 BUMaAKy ilIeMiYHUX iHCYJIBTIB 10 1 BUITAAKY TeMOpariaHoro
iHCYNbTY, Tin vac BiiHu — 12,7 : 1. ¥ 2022—2023 pp. y Kuesbi
3pocia JikapHsiHa JeTaiabHicTb Big LIBX Ta Bcix hopm Mo3KoBHX
iHcynbTiB. Bucnoeku. Pe3ynbraTt 1OCTIIKEHHS MiNTBEPIKYIOTh
HETaTUBHUI BIUIUB BOEHHUX IMOAIM Ha eIigeMioJIOTiuHi
MOKAa3HUKM ILepeOpOBACKYIIPHUX XBOPOO Ta MO3KOBUX
iHCYJBTIB. BinmiueHo 30ibleHHS KibKOCTI ManieHTiB i3 LIBX i
MO3KOBUMM iHCYJBTaMU, a TAKOX 3MiHY CITiBBiTHOIIIEHHS TUTIIB
IHCYJIBTIB Ta ITiIBUIIEHHS TOCITTAILHOI CMEPTHOCTI.

KouoBi cioBa: siitna; Kuis; nepe6posackynsipHi XBopo6iu;
iHCYJIBT; 3aXBOPIOBAHICTh; CMEPTHICTD; JOPOC/IE HACEIEHHS
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