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CMEPTHICTD BIA XBOPOb CUCTEMMU KPOBOOBIT'Y
MEIIKAHIIIB PAIIOAKTUBHO 3ABPYJTHEHUX TEPUTOPI
YKPATHU BHACJIIIOK ABAPII HA YAEC 3AJIEXKHO BIJI 103
PAJIIALIITHOTO OITIPOMIHEHHS TA BIKY.

1988—2010 POKH CIIOCTEPEXEHHA

MeTta pgocnigeHHsA. [JlecKpUNTUBHMIA enigemionoriyHnin aHanis piBHA CMepTHOCTI Bif XBOpPOO cUCTEMU KPOBOOGiry
MeLKaHLiB pafioakTMBHO 3a0pyaHeHUX TepUTOpii YkpaiHu 3 ypaxyBaHHAM PiBHA CyMapHUX HaKOMWYeHUX edeKTuB-
HUX 003 pafialiitHOro onpoMiHeHHs Ta Biky Ha MOMeHT aBapii Ha YAEC.

Marepianu Ta meToau AocnigKeHHA. 3aNeXHO Bij napameTpiB CyMapHUX HaKOMMYeHUX eeKTUBHUX 403 pagialiii-
HOro ONpoMiHeHHs 3a 1988-2010 poku MellKaHLi pafioakTMBHO 3abpyaHEHNUX TepUTOPiN YKpaiHu nofineHi Ha fBi Ko-
roptu: ocobu 3 fo3amm onpomiHeHHs 5,6—20,99 Ta 21,00-50,99 mM3B (KoxHa cTpaTudikoBaHa 3a BiKOBUMMU KaTeropi-
amu — po 18 pokis, 18-39, 40-60 pokiB). [1nf ouiHIOBaHHA CMEPTHOCTI Bif XxBOpob cucTemMu KpoBoobiry 3a 1988—
2010 pp. BM3Hayanucs nokasHuk pisHsa cmeptHocti (ID/10° nloguHo-pokiB), cepepHs noxubka (+ m) Ta AoCToBip-
HocTi 3a kpuTepiem CTblogeHTa (t).

Pe3synbTtatu gocnigxeHHs. 3a 1988-2010 poku cnocTepexeHHs BUsBNeHa focToBipHo Buwa (ID/10° noauHo-pokis
cTaHoBUTb 8,08 + 0,10) cMepTHiCTb Bif XBOPOO CUCTEMU KPOBOOGIiry B MeLKaHLIB PafioaKTUBHO 3a6pyLHEHNX Tepu-
TOpif 3 HaKoNUYeHUMU eDEeKTUBHUMU [O3aMK pagialinHoro onpomiHeHHs 21,00-50,00 M3B NOpiBHAHO 3 MeLKaH-
UAMW paaioakTMBHO 3abpyaHeHux Teputopiit (ID/10% nloanHO-poKiB cTaHOBUTD 6,29 + 0,06) i3 CyMapHUMU HAKOMK-
YyeHUMU epeKTUBHUMM [03aMK pafialliiHoro onpoMiHeHHsa 5,6—20,99 M3B 3a Toit e nepioa. Y BikoBuX KaTeropisx
MewkaHuis (fo 18 pokis, 18-39, 40-60) 3 go3amu 21,00-50,00 M3B piBEHb CMEPTHOCTI AOCTOBIPHO BULLNIA, HIX Y
TOTOXHMX BIKOBUX KaTeropisx MelwKaHuis 3 gosamu 5,6-20,99 m3s (signosigHo 1,31 + 0,08 I1D/10° nioguHo-pokis,
8,50 + 0,19; 48,95 + 0,33 npoTu 0,75 + 0,04; 5,00 + 0,11; 23,52 + 0,24). Y cTapwmx BiKOBUX KaTeropiax 3 BUWMUMU [O-
3aMM ONpOMiHEHHs CMepTHiCTb AOCTOBipHO BuWwa (p < 0,05), HiX y 0Ci6 3 MEHWKUMMU [O3aMU ONPOMiIHEHHA: y 0CiO
Bikom o 18 pokis ID/103 ntoguHo-pokis ctaHoBuB 1,31 + 0,08 npotu 0,75 + 0,04; y oci6 18-39 pokis — 8,50 + 0,19
npotn 5,00 +0,11; y oci6 40-60 pokiB — 48,95 + 0,33 npoTn 23,54 + 0,24. Y MelWKaHLiB 3 BUWMMMN [,03aMU ONPOMiHEH-
Hs piBeHb CMEPTHOCTI Bif illeMiyHOT XBOpoOM cepls, LepebpoBacKynApHMUX XBOPOO, rinepToHiYHOT XxBOpoOU, XBOPOO
apTepii, apTepion, KaninApis [OCTOBIPHO BiNbWWMA, HIX Yy MEWKAHLIB 3 MEHWWMU J03aMN.

BucHoBKU. CMepTHiCTb Bif XBOP0O cucTeMU KPOBOOGiry MelWwKaHLiB pafioakTUBHO 3abpyAHEHNUX TepuTOpiit YkpaiHu
3aNeXUTb Bif CYMapHUX HaKoMM4yeHUX edeKTUBHUX [O03 pafialilHOro OnpoMiHeHHs Ta BiKy Ha MOMEHT aBapii Ha
YAEC. Mpo ue cBigunTb focToBipHO BULWMIt (p < 0,05) piBEHb CMEPTHOCTI B 0Ci6 3 403aMW ONPOMiHEHHS B fiana3oHi
21,00-50,00 m3B, Hix y oci6 3 go3amu 5,6—-20,99 M3B. Y BiKOBMX KaTeropisx 3 BUWMMW [03aMU OMNPOMiHEHHS
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CMepTHiCTb foCTOBipHO BUWaA (p < 0,05), HiX y 0Cib 3 MeHW UMK J03aMK ONpPOMiHEHHSA. HaliBuwWwmii piBeHb cMepTHOCTI
CTaHOBMB Yy MellKaHLiB 40—60 poKiB, HaliMeHW Wil piBeHb CMEPTHOCTI — Yy 0Ci6 A0 18 pokiB. MoXNMBO TaKoX npunyc-
TUTW, WO pafiauiiiHnii akTop y LbOMy BUNAAKY € GaKTOPOM MPUCKOPIOBAHHA NMPOLECIB CTAapiHHA Ta PO3BUTKY na-
TodhizioNnoriyHmx 3MiH B opraHiami noctpaxpganux. OCHOBHUMK NPUYMHAMU CMEPTHOCTI Bif, XBOPO6 cMCTEMU KPOBO-
06iry y pocnimkyBaHux € iwemiyHa xBopoba cepus, LepebpoBackynspHi xBopobu, rineptToHiyHa xBopoba, xBopobu
apTepiit, apTepion i kaninapis.
KniouoBi cnoBa: mewkaHui, pagioakTMBHO 3abpyaHeHa TepuTopis, CymMapHa HakonuyeHa edeKTUBHA [03a
papiauinHoro onpomiHeHHs, Bik, XBOPOOU CMCTEMU KPOBOOGIry, CMEPTHICTb.
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Dose- and age-dependent cardiovascular mortality among inhabitants of the
Chornobyl contaminated areas. 1988—2010 observation period

Objective. The goal of this study was to conduct a descriptive epidemiological analysis of cardiovascular disease
mortality among people living in contaminated areas of Ukraine with regard for total cumulative effective doses and
age at the time of the Chornobyl accident.
Materials and methods. Depending on respective total cumulative effective doses for 1986-2010 the people living
in contaminated areas of Ukraine were divided into cohorts of those exposed to 5.6-20.99 mSv (cohort 1) and
21.00-50.99 mSv (cohort 2) radiation doses. Each one was stratified by age categories — younger than 18 years old,
aged 18-39 and 40-60 respectively. Death rate (ID/10° person-years) and mean error (+m) were calculated and
Student’s test (t) was applied to estimate the mortality from cardiovascular diseases for 1988-2010 period.
Results. The significantly higher (ID/10° person-years is 8.08 + 0.10) cardiovascular disease mortality was
revealed within 1988-2010 observation period among inhabitants of contaminated areas exposed to 21.00-50.00
mSv total effective radiation doses accumulated over 1986—2010 as compared to that in cohort 1 (ID/10° person-years
is 6.29 + 0.06) for the same period. In the age groups (under 18, 18—-39 and 40-60 years old) exposed to 21.0-50.0
mSv doses the mortality rate was significantly higher than in the corresponding age groups of the inhabitants with
5.6-20.99 mSv exposure (1.31 + 0.08 ID/10° person-years, 8.50 + 0.19, 48.95 + 0.33 vs 0.75 + 0.04, 5.00 + 0.11,
23.52 + 0.24 respectively). In the elder age groups with higher radiation doses the mortality was significantly high-
er (p < 0.05) than in those with lower doses: ID/10° person-years was 1.31 + 0.08 vs. 0.75 + 0.04 (those under 18
years); 8.50 + 0.19 vs. 5.00 + 0,11 (those aged 18-39); 48.95 + 0.33 vs. 23.54 + 0.24 (people aged 40-60). Among
inhabitants with higher radiation doses the mortality rates for certain groups of cardiovascular diseases (coronary
heart disease, cerebrovascular disease, arterial hypertension, diseases of arteries, arterioles and capillaries) were sig-
nificantly higher compared to those having lower radiation doses.
Conclusions. Cardiovascular mortality among inhabitants of contaminated areas of Ukraine is dependent on the
total cumulative effective doses and age at the time of the Chornobyl accident. It is proved by a significantly higher
(p < 0.05) mortality in people exposed to 21.00-50.0 mSv radiation doses compared to those having 5.6-20.99 mSv
exposures. Mortality was significantly higher (p < 0.05) in age groups with higher doses as opposed to those with
low ones. Maximum mortality was observed among inhabitants aged 40-60, while the lowest death rate - in patients
younger than 18 years old. The data obtained also suggest that the radiation factor can be considered here as one
accelerating the aging and pathophysiological abnormalities in survivors. Coronary heart disease, cerebrovascular
disease, arterial hypertension, diseases of arteries, arterioles and capillaries are the main causes of death from car-
diovascular disease in people under investigation.
Key words: inhabitants, contaminated area, total cumulative effective dose, age, cardiovascular disease, mortality.
Problems of radiation medicine and radiobiology. 2014;19:59-66.
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ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

BCTYII
ABapisg Ha YAEC, i3 yacy sIKoi MUHYJIO Malixxe 28 poKiB,
CYIIPOBOJIXKYBajlaCh BUKUAOM BEJIMKOI KiJIbKOCTI TaKuX
JIOBrOiCHYIOUMX pamioHYyKJIiaiB, gk *Cs, ¥’Cs, Sr, wmo
TMPU3BEJIO 0 PalioaKTUBHOTO 3a0pyIHEHHS 36MHOI ITO-
BepxHi Ykpainu, Pocii, binopycii. ¥ mexax 3a0pyaHeH-
HSl paJioHYKJIiZaMu YOPHOOMJILCHKOTO MOXOMKEHHS,
neput 3a Bee *Cs, ¥7Cs, onuHmiocs Maitxe 7 MIIH JIO-
Jieid, y ToMy yuciii Ha YKpaini moHan 2,4 muH [1].

OnHUM i3 HAMBaXJIMBIIIMX HAMPSIMKIB HisSUIbHOCTI Y
cucTeMi 3a0e3MeyeHHsI 3axOdiB 1I0J0 MOJO0JaHHS
HacnigkiB aBapii Ha YAEC € po3po6neHHs Ta peatizanist
COLiaJIbHUX MPOTpaM IIOAO BMBUYEHHS CTaHYy 3I0pPOB’SI
NOCTpaxKaaJIuX, y TOMY UMCJIi MEIIKAHLIIB pajlioaKTUBHO
3a0pynHenux Tepuropiit (P3T). B Ykpaini ta B iHmmx
KpaiHax OyJu MpOBeNeHi erigeMioNoTiyHi JOCTiIKeHHS
IUIS. OLIHIOBaHHS paiialliiHOro PU3WKy BUHUKHEHHS
HeNyxJIMHHMX MaTooriid [2, 3]. OaHak 3a pe3yjabraTaMu
LUX poOiT OYyJ10 10BEIEHO, 1110 OAHO3HAYHO OLIHUTU pPU-
3MKM TOTipIIEHHST CTaHy 3I0pPOB’Sl, 3POCTAaHHS 3aXBO-
pIOBaHb CUCTEMU KPOBOOOIry, eHIOKPUHHOI CUCTEMH,
OpraHiB TpaBJICHHS Ta IICMXOHEBPOJIOTIYHMX 3aXBOPIO-
BaHb y MEIIKAHIIB pagiOaKTMBHO 3a0pyIHEHUX TepHU-
TOpIil TIOKM 110 HEMOXJIUBO [4, 5].

3ampornoHoBaHa poOOTa MpPUCBSIYEHA EMiAeMioJo-
TIYHOMY JOCITIIKEHHIO iHTeTPaJIbHOTO MOKa3HUKA CTaHY
3I0pOB’S HAaceJIeHHS — CMEPTHOCTI BiJl XBOPOO crucTeMM
KpoBoobiry MmemkaniiB P3T Ykpainu 3anexHo Bif BiKy
Ha MOMEHT aBapii Ta 3Ha4YeHHS PiBHS CyMapHUX HAKO-
nuyeHUX epeKTUBHUX A03 paliallifHOro onpoMiHEHHSI.

VY nocnigxeHHi Oyau BUKOpUCTaHi AaHi depxkaBHOro
peectpy Ykpainu (JAPY) mpo ocib, gki moctpaxmanu
BHacaigok YopHoOuIbchbKOi aBapii. JIxepenaom iHpop-
Mallii OyJM BiIOMOCTI IIOPiYHUX OMCHaHCepU3aliil 3a
1988—2010 poxu.

META JOCJIIIZKEHHSI

JecKpUINTUBHUM emigeMioNoriYHuid aHalliz piBHS
CMEPTHOCTI BiJl XBOPOO CUCTEMU KPOBOOOITY MELLIKAHILIiB
pamioakTUBHO 3a0pyIHEHUX TepUTOpill YKpaiHu 3 ypa-
XYBaHHSIM PiBHSI CyMapHUX HAKOMUWYEHUX e(heKTUBHUX
03 palialiiiHOro OIPOMIHEHHS Ta BiKy Ha MOMEHT
apapii Ha YAEC.

MATEPIAJIN TA METOJIU TOCILIZKEHHA
EninemMiosioriyHe AOCHiAXEHHS CMEPTHOCTI Bill XBOPOO
cucrteMu KpoBoobiry memkaHmiB P3T yrpogoBx 1988—
2010 pp. mpoBeaeHo 3 BUKOpUCcTaHHSIM iH(popMaii JIPY
po oci0d, sKi mocTpaxaanu BHaciaok aBapii Ha HAEC.
VY 3B’43Ky 3 TUM, 110 TOJIOBHMM 3aBIAHHSM HAIIIOTO
JIOCIII>KeHHsI OyJIO BUSIBJIEGHHSI PiBHSI CMEPTHOCTI Melll-

INTRODUCTION

The Chornobyl accident (which occurred almost
twenty-eight years ago) was followed by the large
releases of long-lived radionuclides ('3*Cs, '3’Cs,
%Sr) resulted in soil contamination in Ukraine,
Russia and Belarus. There were nearly 7 million
people (including more than 2.4 million persons in
Ukraine) in the Chornobyl areas contaminated
mainly by **Cs and '*'Cs [1].

Elaboration and implementation of social pro-
grams aimed at health examination in survivors
(including inhabitants of contaminated areas)
are essential for overcoming the consequences of
the Chornobyl accident. A number of epidemio-
logical studies have been conducted both in
Ukraine and in other countries to assess the radi-
ation risk of non-cancer disease [2,3]. However,
based on the results of these studies an unam-
biguous expert assessment of risks of public
health deterioration, increase in cardiovascular,
endocrine, digestive and psychoneurological dis-
ease incidence and prevalence among inhabi-
tants of contaminated areas still is not yet possi-
ble [4, 5].

This paper is concerned with epidemiological
study of integral index of population health — the
mortality from cardiovascular disease among
inhabitants of contaminated areas of Ukraine
depending on age at the time of the accident and
total cumulative effective radiation doses.

In our study we used the data from the State
Registry of Ukraine on persons survived after the
Chornobyl accident (SRU). Reports on annual
medical examinations (1988—2010) were the
source of information.

OBJECTIVE

The goal of this study was to conduct a descriptive
epidemiological analysis of cardiovascular disease
mortality among people living in contaminated
areas of Ukraine with regard to total cumulative
effective radiation doses and age at the time of the
Chornobyl accident.

MATERIALS AND METHODS

Epidemiological study of cardiovascular mortality

among inhabitants of contaminated areas was con-

ducted over 1988-2010. It was based on SRU data

on people affected by the Chornobyl accident.
Two cohorts stratified by age were formed to

identify the mortality for people living in contam-
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kaHuiB P3T 3ajeXHo Bil BeJIMYMH CyMapHUX HaKOIMU4Ye-
HUX e(heKTUBHMX 103 pafialliiiHOro OIMPOMiHEHHs 3a
1986—2010 poxu Ta Biky Ha MoMeHT aBapii Ha YAEC, 0y-
1 c(popMOBaHi JBi KOrOpTH, CTPaTU(iKOBaHi 3a BiKOM.
Koroptu 0ynu copMoBaHi Ha MiaCTaBi JaHUX 3arajJbHO1
JIO3UMETPUYHOI MacnopTU3allii HaceJeHUX IyHKTiB Bo-
JMHCbKOi, Kutomupcbkoi, KuiBcbkoi, PiBHEHCBHKOI,
Cymcbkoi, Yepkacbkoi ta YepHiriBcbkoi obOiacreii [6].
ITepiia koropta Bkitouana 124 984 ocibd, po3nonizeHux 3a
BiKoM (10 18 pokiB — 39 995 oci6, 18—39 pokiB — 42 506,
40—60 pokiB — 42 483), i3 cyMapHUMK HaKOIMMYEHUMU
e(eKTUBHMMMU J03aMU palialliiiHOro OIpoMiHEHHS B Jlia-
nas3oHi 5,6—20,99 M3B. [Jpyra koropra Bkitodaia 86 081
oci6 (BimmosimHo 28 733, 30 493, 26 855) i3 cymapHuUMU
HaKOMMYEeHNMHU e(PEKTUBHUMH T03aMU paialliifHOTO OIT-
poMiHeHHs B niama3oHi 21—50,99 m3B. CepenHiii Bik
(X £ ©) KOXXHOI BiKOBOI KaTeropii CTaHOBUB: TIEPILIOL KO-
ropti — 10 18 pokiB — 8,2 £ 4,86, 18-39 pokis — 28,8 &
6,06, 40—60 pokiB — 50,26 £ 5,17; apyroi Koroptu —
9,0 +4,85; 28,46 + 6,14; 50,00 & 5,13 pokiB, BillOBigHO.

PeecTpatiist xBopob cricteMu KpoBoooiry 3 1988 o 2000
pp., SKi OyJIM NPUUYMHOIO CMEPTi MOCTPaXKAAIUX, ITPOBO-
JIINJIACh 32 CTATUCTUYHOIO MiXKHAPOIHOIO KJTacu(iKalrieio
XBopo0O neB’sitoro nepersany (MKX-9), 3 2001 — 3a cra-
TUCTUYHOIO MiXKHAPOAHOIO KJ1acuikalliexo XBopoo Aecs-
toro nepenisiay (MKX-10). V cratTi peectpalliss XxBopoo
cUCTeMH KpoBooOiry HagaHa 3a MKX-10.

Jns aHamizy cMEpTHOCTI BiJ 3aXBOpPIOBaHb CUCTEMU
KpoBoo06iry memikaHuiB P3T Oynu 3acTocoBaHi cTaTuc-
TUYHI METOAY 3 BU3HAUCHHSM ITOKA3HMKA PiBHS CMEPT-
Hocrti (1D/10° monmHo-poKiB), cepenHboi MoXuoKy (+ m)
Ta JocTOBipHOCTI 3a Kputepiem CrbiogeHTa (t). Lli mo-
Ka3HUKU PO3PaxOBYBaJld 3 BUKOPUCTAHHSIM €JICKTPOH-
Hux Tabaues Microsoft Office EXCEL-2007.

PE3VJIBTATU TA OBTTOBOPEHHA
YV mewkanuiB P3T 3a nepion criocrepexxeHHs: (1988—
2010) BM3HaYeHi 3arajbHi piBHi CMEPTHOCTI Bil XBOpPOO
cuctemu KpoBooobiry (tmmdp MKB-10, 100—199) 3 ypaxy-
BaHHSIM CyMapHUX HaKOIMUYEHUX €(DeKTUBHUX 103 OMPO-
MiHEHHSs. Y TepIliil KoropTi i3 CcyMapHUMU HaKOITMYEHU -
MM e(PEKTUBHUMHU [03aMU OIpoMiHeHHs 5,6—20,99 M3B
3araJibHuUli cepenHiili piBeHb CMEPTHOCTI JOPiBHIOE
6,29 £ 0,06 ID/10° monuHO-poKiB, y APYrii, 3 103aMu
21,0—50,0 M3B, — 8,08 & 0,10 ID/103 moauHo-pokis. 3a-
rajbHUM piBeHb CMEPTHOCTI Y IPYTiii KOrOPTi JOCTOBIPHO
pummii (p < 0,05) mMoOpiBHSIHO 3 MIEPIIOI0 KOTOPTOIO.
AHaJi3 CMEpPTHOCTI Bil XBOPOO CUCTEMHU KpPOBOOOITy
3aJ1eXHO BiJl BIKOBO1 KaTeropii Ha MOMEHT aBapii IoKa-
3aB, 110 3arajbHUI piBeHb CMEPTHOCTI B KOXKHii BiKOBilt
KaTeropil Apyroi KOropTd 3HAYHO IEPEBUILYE 3arajib-

inated areas depending on the values of total
effective radiation doses accumulated over the
1986— 2010 period and age at the time of the
Chornobyl accident. Cohorts were formed
according to the general dosimetry certification of
settlements in Volyn, Zhytomyr, Kyiv, Rivne,
Sumy, Cherkasy and Chernihiv regions [6]. The
cohort 1 numbered 124,984 people stratified by
age (39,995 persons under 18 years old, 42,506
aged 18—39 years, and 42,483 aged 40—60 years),
total cumulative effective doses were 5.6—20.99
mSv. The cohort 2 included 86,081 persons
(28,733; 30,493 and 26,855 subjects respectively),
total cumulative effective doses were in a range of
21-50.99 mSv. Average age (X £ &) within each
age group was 8.2 £ 4.86 (under 18 years old),
28.8 £ 6.06 (aged 18—39 years), and 50.26 £ 5.17
(aged 40—60 years) in cohort 1 and 9.0 £ 4.85,
28.46 £ 6.14, and 50 % 5.13 years respectively in
cohort 2.

Cardiovascular disease that had caused death in
survivors was registered since 1988 till 2000 in accor-
dance with International Classification of Diseases,
Ninth Revision (ICD-9), since 2001 — in compli-
ance with International Classification of Diseases,
Tenth Revision (ICD-10). In our paper the cardio-
vascular disease was registered according to ICD-10.

To analyze the cardiovascular mortality among
inhabitants of contaminated areas we applied the
statistical methods to determine the mortality
rates (ID/10° person-years), mean error (£m) and
Student’s test (t). These rates were calculated
using the Microsoft Office EXCEL-2007 spread-
sheets.

RESULTS AND DISCUSSION

Overall cardiovascular mortality rates (ICD-10
codes 100—199) among inhabitants of contaminat-
ed areas for the entire period of observation (1988-
2010) were estimated with regard to the total
cumulative effective doses. In the cohort 1
(5.6—20.99 mSv total cumulative effective doses),
overall mortality rate was 6.2 ID/103 person-years,
in the cohort 2 (21-50.00 mSv doses) — 8.08
ID/10? person-years. It has been found that over-
all mortality rate was significantly higher (p < 0.05)
in the cohort 2 vs. cohort 1.

Review of mortality from cardiovascular disease
depending on the age revealed that the overall
mortality rate in each age group of the cohort 2
was much higher than the respective value of
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Ta6auusa 1

3aranbHuit piseHb cmeptHocti (ID/10° nioauHo-poKiB) Bif XBOPO6 cMcTeMu KpoBooGiry B MewkaHyis P3T 3a
BiKOBUMMU KaTeropiAamMu 3 ypaxyBaHHAM BiKy Ha MOMEHT aBapii Ta CyMapHUX HaKONMMYeHUX e(PeKTUBHMX [03
onpomiHeHHs 3a 1986-2010 poku. Mepioa cnoctepexeHHa 1988-2010

Table 1

The overall mortality (ID/10° person-years) from cardiovascular disease in people living in contaminated
areas by age groups with regard to age at the time of the accident and the total effective doses accumulated

over 1986-2010 (1988-2010 observation period)

Bik oco6u Ha MOMeHT aBapii, pokiB
Age at the time of the accident (years)

Mepwa koroprta / Cohort 1
5,6—20,99 m3B / 5.6—20.99 mSv

Apyra koroprta / Cohort 2
21,0-50,0 m38 / 21.0-50.0 mSv

Jo18/upto 18 0,75+ 0,04 1,31 +0,08*
18-39 5,00+ 0,11 8,50 £ 0,19**
40-60 23,52 £ 0,24 ### 48,95 + 0,33%:#:##

[MpuMiTky. * — LOCTOBIPHA Pi3HWLISA PIBHIB CMEPTHOCTI B KOXHIiA BIKOBIiA kaTeropii MoMixX ABOX KOropT.
** — OCTOBIpHA PI3HULIA PIBHIB CMEPTHOCTI MOMiX BikoBUMM Cybkoroptamm o 18 i 18—39 pokis.
# _ [ocTOBIpHA Pi3HNLA PIBHIB CMEPTHOCTI NOMIX BikoBMMY CybKoropTamu fo 18 i 4060 pois.
## _ pocTosipHa pisHILIA PIBHIB CMEPTHOCTI NOMIX BikoMMM cyBkoroptami 18—39 i 4060 pois.

Notes. * — significant difference in mortality for each age groups between two cohorts.
** — significant difference in mortality between age subcohorts (under 18 and 18-39).
# _ significant difference in mortality between age subcohorts (under 18 and 40—60).
## _ significant difference in mortality between age subcohorts (18—39 and 40—60).

HUI piBeHb CMEPTHOCTI iI€HTMYHOI BiKOBiil Kareropii
nepiroi Koroptu (taosm. 1).

PiBHi moka3HukiB cMepTHOCTI MemikaHLiB P3T 3a rpy-
namMy XBOPOO CHCTEMM KpOBOOOIry B 000X KOroprax 3
Pi3HUMM BeJIMYMHAMU CyMapHUX HaKONMMYEHMX edeK-
TUBHUX 103 pafialliiTHOTO OIMpOMiHeHHS HaJaHi B Ta0OI. 2.
3 Tabnuui BUOHO, 110 HAWBUILMI piBeHb MOKa3HMKa
CMEPTHOCTI HaJIEXXUTh TPyIli “ilieMiyHa XBopoba ceplis”
Yy KOXHIill BiKOBili KaTteropii He3ajeXHO Bil 103U pajia-
LiiAHOTO OTIPOMiHEHHS. Y MeIIKaHIIiB 10 18 poKiB Ha MO-
MEHT aBapii Ipyroi KOropTu CIIOCTEePIra€Thbcsl JOCTOBIPHO
BUILMIA piBeHb MOKa3HUKA CMEPTHOCTI, HiXK y MepIilt Ko-
ropTi, 11ie 3a TpyIo “iHIiIi XBopoOu cepus”. Y BiKOBIi
Kareropii MewkanuiB 40—60 pokiB (apyra Koropra) BcTa-
HOBJICHO JOCTOBipHO BUILIMI piBeHb CMEPTHOCTI 3a BcimMa
HaJaHUMMU B Ta01. 2 rpynaMu XxBopo0O. Taka ocoOIMBicTh
Y Pi3HMLII PiBHIB CMEPTHOCTI CITOCTEPIra€ThCS il y BiKOBIl
Kareropii 18—40 pokiB, 30KpeMa, 3a TPYyIT0I0 XBOpOO BEH,
JiMdaTUIHUX CYOUH, JiM(GATUIHUX BY3JTiB.

PiBHi cMepTHOCTI 3a BciMa rpynaMu XBOpoO CUCTEMU
KPOBOOOIry MEIIKAHLiB JTOCTOBIpHO Pi3HATHCS MOMIiX
BiKOBUMU KaTeropisimu. B 000x 1030BUX CcyOKOroprax
piBeHb CMEPTHOCTI 3a BciMa rpyrnaMu XBOpoO HocC-
TOBIpHO BUILMIA Y CTAPIIMX BIKOBUX KaTETOPisiX.

Tpeba 3ayBakuTu, 110 Oe3MOcepeqHIMU ITPUYMHAMU
CMEPTHOCTI B 000X J1030BUX CYOKOropTax € Taki OCHOBHi
HO30JIOTiuHi (popMM: XpOHiYHA ileMiyHa XBopoba cep-
1141, 3aKyTOpKa MO3KOBMX apTepiif, BHYTPIllIHili MO3KOBUIA
KPOBOBWIMB, TiIIEPTOHIYHA XBOpOOa 3 MepeBaXKHUM ypa-
KEHHSIM ceplisl, BTOPMHHA TillepTeH3isi, cepleBa Heaoc-

death rate in the same age group of cohort 1
(Table 1).

Table 2 presents mortality among people living
in contaminated areas by groups of diseases of car-
diovascular system in both cohorts with different
total cumulative effective doses. It is clear here that
the “coronary heart disease” mortality is highest in
each age group regardless the radiation dose val-
ues. There is a significantly higher mortality rate
among the contaminated area inhabitants under
the age of 18 years old at the time of the accident
(cohort 2 vs. cohort 1) also for the group of “other
heart diseases”. In elder age group (aged 40—60
years old) a significantly higher mortality was
found in cohort 2 for all groups of the diseases
(Table 2). Such a difference in mortality is
observed in the age group 18—40 years old in par-
ticular for the diseases of veins, lymphatic vessels
and lymph nodes.

Mortality rates for all groups of cardiovascular
disease in people living in contaminated areas dif-
fer significantly between the age groups. In both
dose subcohorts the mortality rates for all groups of
disease are significantly higher in elder age groups.

Such clinical entities as coronary heart disease,
cerebral artery occlusion, cerebral hemorrhage,
arterial hypertension mainly affecting the heart,
secondary arterial hypertension, heart failure, mis-
diagnosed conditions and complications of heart
disease, atherosclerosis, phlebitis and throm-
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Ta6nuua 2

PiBeHb NOKa3HUKIB CMEpPTHOCTI 3a rpynamu XxBopo6 cuctemMn KpoBoobiry 3a 1988-2010 poku cnocTepexKeHHA
y BiKOBUX KOropTtax MewKaHUiB pafioaKTMBHO 3a6pyAHEHNX TepuTOpiil 3 pi3HUMKU CYMapPHUMU HAKONUYEHUMMU
eeKTMBHUMM f03amu pagiayiinHoro onpomiHeHHs 3a 1986-2010 poku, ID/103 nioguHo-pokis

Table 3

Mortality by groups of cardiovascular disease (1988-2010 observation period) in the age cohorts of people
living in contaminated areas with different total effective radiation doses accumulated over 1986-2010,
ID/103 person-years

Fpynu xsopo0 Windpp MKX-10 Bik Ha momeHT aBapii Ha YAEC / Age at the time of accident

cucTemm KpoeooGiry Mo 18 pokis 18-39 pokis 40-60 pokis

Groups of ICD-10 code Under 18 years old 18-39 years old 40-60 years old

cardiovascular diseases 1koropra  2koropra 1 KoropTa 2 koropta 1koropta 2 koropta
Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 2

XpOHi4Hi peBMaTvuHi xBopobu cepus 105 — 109 0,01 £0,001 0,01 £0,001  0,09+0,02* 0,16+0,03** 0,13+ 0,02** 0,24 = 0,04***

Chronic rheumatic heart disease

XBOpO6M, ILI0 XapaKTepuaylTLCs 110 - 115 0,05 £ 0,01 0,09+0,02 033+0,03* 0,55+0,02** 0,58 +0,04*" 1,17 £0,08***

MiABMLLIEHUM KPOB’HUM TUCKOM

Hypertensive diseases

lwemiyHa xBopoba cepusi 120 — 125 0,39+0,03 0,69+0,06* 267+0,08  45+0,14* 17,23 +0,2*" 36,14 £ 0,43***

Coronary heart disease

JlereHeBe cepLie | NOpYLLEHHS! 126 — 128 0,01 £0,004 0,02+0,01 007+0,01* 071£0,02* 0,21 +0,02* 0,44+ 0,05***

NIEreHeBoro KpoBoooiry

Pulmonary heart disease and

diseases of pulmonary circulation

[HLWLi XBOpOOM CepLs 130 — 152 0,16+0,02 031+0,04* 1,06+0,05% 1,89+0,09** 1,25+0,06%" 270,12

Other forms of heart disease

LiepeGpoBackynsipHi xsopoou 160 — 169 0,1 +0,01 0,1 +0,02 0,6 + 0,04* 1,02 £0,07** 3,01 £ 0,08*" 5,99 +0,18***

Cerebrovascular disease

XBopo6u apTepiii, apTepion 70 — 179 0,03 + 0,01 0,05+0,002 0,13+0,02* 0,2+0,03** 1,030,057 2,06+0,1**#

Ta Kaninspis

Diseases of arteries, arterioles

and capillaries

XBOpoOM BeH, nimdaryHmx cyamd, 180 — 189 0,01 =0,01 0,02 + 0,01 0,02 + 0,01 0,1£001  009=+001%" 0,19+ 0,03***

NimbaTyHUX BY3NiB
Diseases of veins, lymphatic vessels
and lymph nodes, not elsewhere classified

[MpuMiTky. * — LOCTOBIPHA Pi3HULIS PIBHIB NOKA3HMKIB NOMIX KOropTamu B KOXHiii BikOBIiA CyOKOropTi.
# _ pocToBipHa PisHNLIA PIBHIB MOKA3HIKIB MOMIX BikOBMMY KaTeropiamu 0 18 pokis npotin 18—39 Ta 40—60 B iNEHTMYHMX KOFOPTaX.
+ — [I0CTOBIpHA Pi3HNLA PIBHIB NOKA3HUKIB MOMIX BikoBUMM KaTeropiamu 40—60 pokis npoti o 18 Ta 18—39 B inEHTUYHMX KOropTax.

Notei. * — significant difference in rates between the cohorts (in each age group).

# _ significant difference in rates between age groups — under 18 years old vs. 1839 and 40—60 years old in similar cohorts.
+ — significant difference in rates between age groups 40—60 years old vs. under 18 and 18—39 years old in similar cohorts.

TaTHICTh, HETOYHO BU3HAUEHi CTaHU Ta YCKJIaTHEHHS XBO-
po0 ceplisl, aTepocKiIepo3 CyauH, ¢aeoit i TpoMOodIeoiT.

Otxe, 3a 1988—2010 poku BusiBIeHA JOCTOBIPHO BUIlA
CMEPTHICTb BiJl XBOPOO cUCTeMHU KPOBOOOITry, 1110 CTaHO-
BuTh 8,08 + 0,10 ID/10 Mr0omMHO-pOKiB, y MEIIKAHLIB
P3T i3 cymapHuMu HaKONMMYEHUMHU €(DEKTUBHUMM 103a-
mu onpomineHHs 21,00—50,00 m3B 3a 1986—2010 poxu
nopiBHIHO 3 MemKaHIsMu P3T i3 cymapHIMM HaKOITH-
YeHUMU e(@EeKTUBHUMHU J03aMM paliallifHOro OIl-
poMiHeHHs 5,6—20,99 M3B 3a Toli Xe Tepiol, ¢ piBeHb
CMEPTHOCTI CTaHOBUTE 6,29 + 0,06 ID/10° moauHO-pOKiB.
Taka 3aKOHOMIpPHICTb CITOCTEPITa€ThCs 1 3a TpynaMu XBO-

bophlebitis are the main causes of death in both
dose subcohorts.

Thus, a significantly higher cardiovascular mor-
tality (8.08 £ 0.10 ID/103 person-years) was
revealed in 1988—2010 among inhabitants of con-
taminated areas who had received total cumulative
effective doses of 21.00—50.00 mSv over 1986—
2010 as compared to that (6.29 £ 0.06 ID/10° per-
son-years) in subjects with 5.6—20.99 mSv doses
accumulated over the same period. Same pattern is
characteristic also for the groups of cardiovascular
disease class. So the mortality rates for disease
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po0, sKi opMyloTh KJIac XBOPOO CUCTEMM KPOBOOOITY.
Tak, y MelIKaHIIiB i3 cyMapHUMU HAaKOMWYEHUMU edeK-
TUBHUMH no3aMu orpoMiHeHHS 21,00—50,00 M3B piBeHb
CMEPTHOCTI 3a TpyIaMu XBOpOO BUIIIE, HixK Y MEIIIKAHIIIB 3
no3amu 5,6—20,99 M3B. VY crapimx BiKOBUX CyOKOTropTax
MOPiBHSHO 3 MOJIOAIIMMU PiBEHb CMEPTHOCTI JOCTOBIPHO
BUIIMI B 000X J030BUX KOoroprax. Tak, y nepiiiii KoropTi
i3 CyMapHMMU HaKOMUWYEHUMM J03aMHU OIPOMiHEHHS
5,6—20,99 M3B y 40—60-piyHUX piBeHb CMEPTHOCTI CTa-
HOBUTD 23,54+0,24 1D/103 monnHo-pokiB, y 18—39-piu-
aUX — 5,00£0,11, y memkanmiB 1o 18 pokiB — 0,75+0,04.
VY npyriii KOropTi 3 cyMapHUMM HaKOIMMYEHUMHU T03aMU
ornpoMiHeHHs1 21,00—50,00 M3B piBeHb CMEPTHOCTI CTa-
HoBUTb 48,951+0,33; 8,50%0,19; 1,31+0,08, BianoBigHoO.

BUCHOBKU

1. PiBeHb CMEPTHOCTI Bifl XBOPOO CUCTEMM KPOBOOOITY y
MEIIKAHLIiB palioaKTUBHO 3a0pyaAHEHUX TEPUTOPiil YKpai-
HU i3 cyMapHUMHM e(peKTUBHUMM J03aMH OIPOMIHEHHS
21,0—50,0 m3B 3a iepion 1986—2010 pp. BUILIMi1 TOPiBHSIHO
i3 cyononyJsiieto i3 cymapHumu no3amu 5,6—20,99 M3B.

2. Haiibinbl BUCOKMIA piBEeHb CMEPTHOCTI Bif XBOPOO CHC-
TeMU KPOBOOOIry BCTAHOBJIEHO B OCi0, BiK SIKMX HA MOMEHT
asapii Ha YAEC cranoBuB 40—60 pokiB, IO CJTiji, HacaM-
nepen, MoB’sI3yBaTu 3 (pakTOpoM cTapiHHS. MoxHa TaKoxXK
MPUITYCTUTH, 10 pamialliifHNIi BIUIMB Y 1IIbOMY BUIIAIKY €
(akTOpOM TIPUCKOPEHHST CTapiHHS i pO3BUTKY TaTOdi-
3ioyoriynux 3MmiH. [1po 1e cBimunTh moctoBipHo (p < 0,05)
BUIIMI PiBEHb CMEPTHOCTI MEIIKAHIIIB CTapIlioi BiKOBOI
Karteropii NOpiBHSIHO 3 MOJIOAILIMMM: Y MEPILiil KOropTi i3
CyMapHMMM HaKOMNWYEHVWMH [103aMM paiialliiHOro om-
pomineHHst 5,6—20,99 m3B y 40—60-piunux — 23,54 £ 0,24
ID/ 10° momuno-pokis nipotu 5,00 £ 0,11 ID/10° moau-
HO-poKiB y 18—39-piuHux ta npotu 0,75 £ 0,04 y Mer-
KaHIIiB 10 18 pOKiB; y IpyTiit KOTOpPTi, i3 CyMapHUMM Ha-
KonmnyeHUMHU go3aMu orpomiHeHHst 21,00—50,00 m3B
BinmosigHo 48,95 + 0,33; 8,50 £ 0,19; 1,31 £+ 0,08.

3. OCHOBHMMHU MNpPUYMHAMM CMEPTHOCTI Bil XBOpPOO
CUCTEMU KpOBOOOITy MEIIKaHIIiB pagioaKTUBHO 3a0py/-
HEHUX TEPUTOPIl i3 CyMapHUMM HaKOMWYEHUMU J03a-
MM pagialiiiHoro ornpomiHeHHs 5,6—20,99 m3B Ta 21,00—
50,00 M3B y BikoBuX Karteropisgx mo 18 pokiB, 18—39
pokiB, 40—60 pokiB Ha MOMEHT aBapii € illeMiyHa XBO-
poba cepiid Ta iHIII XBOpoOU cepls. Y BiKOBUX KaTe-
ropisgx 18—39 ta 40—60 poxiB 1lie J0AATKOBO CITOCTEPI-
raloTb LIepeOpPOBACKY/ISIPHI XBOPOOU, TiMEPTOHIYHY XBO-
po0y, XBOpoOU apTepiii, apTepioi i KamijspiB.

BcTranoBneHHSs n0303a1esKHUX e(heKTiB CMEPTHOCTI Bifl
XBOPOO CUCTEMM KPOBOOOITY B MEIIKAHIIIB PalioaKTUB-
HO 3a0pyoHEHMX TEPUTOPill € 3aBOAaHHSIM HACTYITHMX
QHAJIITUYHUX €NiAeMiOJIOTIYHUX JOCITiIKEHb.

groups among inhabitants who had received
21.00—50.00 mSv total cumulative effective radia-
tion doses exceed the respective values in people
exposed to 5.6—20.99 mSv. Death rate was signifi-
cantly high in both dose groups of the elder age
subcohorts vs. younger ones. Thus, in cohort 1
where 5.6—20.99 mSv total cumulative doses were
received the death rate is 23.54 + 0.24 ID/10° per-
son-years in those aged 40—60 years, 5.00 £ 0.11
in age group of 18—39 years old, and 0.75 = 0.04 in
subjects under 18 years. In the cohort 2 (21.00-
50.00 mSv total cumulative doses) the mortality
rate is 48.95 + 0.33, 8.50 = 0.19, and 1.31 £ 0.08
respectively.

CONCLUSIONS

1. There are higher cardiovascular mortality rates
in people living in contaminated areas of Ukraine,
nemely in subpopulation with 21.00—50.00 mSv
total effective doses accumulated over 1986—2010
vs. exposed to 5.6—20.99 mSv.

2. The highest mortality from cardiovascular dis-
ease is among inhabitants of contaminated areas of
Ukraine aged 40—60 at the time of the Chornobyl
accident, that can be linked primarily with aging.
Radiation impact moreover can be considered as
a factor of accelerated aging and pathophysiolog-
ical abnormalities. It is proved by a significantly
(p < 0.05) higher mortality in the elder age group
vs. younger ones. In cohort 1 where 5.6—20.99 mSv
total cumulative doses were received the death rate
is 23.54 + 0.24 1D/10° person-years in those aged
40—60 years, 5.00 £ 0.11 in age group of 18—39
years old, and 0.75 = 0.04 in subjects under 18
years. In the cohort 2 (21.00—50.00 mSv total
cumulative doses) the mortality rate is 48.95 £ 0.33,
8.50 £ 0.19, and 1.31 =+ 0.08 respectively.

3. Coronary heart disease both with other heart dis-
eases are the leading causes of death from all car-
diovascular diseases in people living in contaminat-
ed areas and having received 5.6—20.99 mSv and
21.00—50.00 mSv total cumulative doses in age
groups under 18 years, 18—39 years, and 40—60
years old at a time of the accident. Cerebrovascular
disease, arterial hypertension, diseases of arteries,
arterioles and capillaries are also observed in the
18—39 and 40—60 years old age groups.

Probable dose-dependent excess in mortality
from cardiovascular disease among inhabitants of
contaminated areas is a task of further analytical
epidemiological research.
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