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PIBHI I BUTHOCHI PU3UKU CMEPTHOCTI YYACHUKIB
JIKBIIAIIT HACJIIJIKIB ABAPIi HA YAEC 1986—1987 pp.
BIJI OCHOBHMX HEITYXJIMHHUX XBOPOB

(MTEPIOJT CIIOCTEPEXEHHS 1988—2021 pp.)

ABapiiiHe pyiiHyBaHHs 4-ro peakTopa YopHOOMNbLCLKOT aTOMHOT €1eKTPOCTaHLiT CNPUYUHUAO NPOBEAEHHS MacWTab-
HUX aBapiiiHUX pobiT, [0 AKKUX OYNO 3aNy4eHO BENNKi KOHTUHIEHTH NpaLiBHUKIB. AHani3 IXHbOT CMEPTHOCTI € BaX/u-
BMM i aKTyaNbHUM MiLFPYHTAM A5 NNaHYBAaHHA 3aX0LiB MEANYHOrO 3aXMUCTY B YMOBAX MOTEHLiHOT 3arpo3un BUHMK-
HEHHS HafA3BMYANHMX Ta THWMX CUTYaLil ONPOMiHEHHS.
MeTa gaHoi po6oTu nonArae y BU3HaYeHHi piBHiB i BiHOCHMUX PU3MKIB CMEPTHOCTI y4YacHMKiB NikBigauii Hacnigkis
aBapii Ha YAEC 1986-1987 pp. Bi OCHOBHUX HEMYXIMHHUX XBOPOO 3aNeXHO Bij OTPMMAHOT 403K pagialinHoro on-
pPOMiHeHHA 3 ypaxyBaHHAM BiKy Ta yacy nicna asapii (nepiog enigemionoriyHux gocnigxenb 1988-2021 pp.).
Marepianu i metoau. Koropta yyacHukiB nikBigauii Hacnigkie aBapii Ha YAEC 1986-1987 pp. 3aranbHOl 4u-
cenbHicTio 64 490 0ci6 4onoBiyoi cTaTi 3 BifOMUMM A03aMU Y-ONPOMiHEHHS BCbOTO Tina Gyna po3nofineHa 3a BikoMm
Ha AaTy aBapii Ha YopHOOUIbCLKIN aTOMHIN €NeKTPOCTaHLT Ta Ha MiZrpyny 3aneXHo Bif OTPUMAHOT [LO3M ONPOMiHEH-
HeA. EnigemionoriyHunit aHania cMepTHOCTI Bif HENyxAWHHMX XBOPOO NpPOBEAEHO 3a Becb NicnsaBapiHWil nepiof
1988-2021 pp. i B AMHamiLi 3a N’'ATUPIYHMMU NEPiOAAMU MOHITOPUHTY.
Pe3ynbratu. HaiiBuwi nokasHukn cmeptHocTi YTHA He3anexHo Bif Biky Ha aaty YopHoOUIbCbKOT KaTacTpodu Oynu
Bif XBOpPOO cMcTEMM KPOBOOGIry, opraHiB TpaBfeHHs i opraHiB auxanHs. Onsa Y/IHA Bikom 18-39 pokiB Ha aaty aBapii
BiLHOCHI pU3MKM CMEPTHOCTI Bif, HEMYXNMHHMUX XBOPOO 3a BeCb Nepiof CNoCTepeKeHHs Oyn AOCTOBIPHO BULLUMU Y
BCix fo30Bux nigrpynax (Big 0,05 p go 0,7 [p) BigHOCHO fo30BOT Nigrpynu < 0,05 p. Y nepiog 1993-1997 pp. (4e-
pe3 6-10 pokis nicns aBapii Ha YAEC) BuABNeHO [OCTOBIPHO BULLI BIAHOCHT PU3NKN CMEPTHOCTI Bifi XBOPOb cucTemu
KpoBOOOiry (nereHese cepLe i NOpyLWeHHsA lereHeBoro KpoBoooiry, kapaiomionaris, iHhapKT Miokapay); Yepes 26-30
pokiB — Bif LepebpoBacKynsapHMX XxBopo6. 3a3HayeHi [OCTOBIPHO BULLi BiAHOCHI pU3NKKU XapaKTepHi ans BCix [030-
BMUX Nigrpyn BifHOCHO NiArpynu NOpiBHAHHSA.
BucHoBKM. 3aranbHa cmepTHicTb YJTHA Bif HenyxiMHHUX XBOPOO Ma€ TeHAEHUil0 [0 3pOCTaHHA. Pe3ynbTatn pusmnk-
aHanisy A030BUX 3anexHocTell cmepTHOCTI B KoropTi YJTHA 3aceigumnu Buwly 4yTamMBicTb JO Aii i0Hi3yl04Oro Bun-
pOMiHIOBaHHA 0ci6 monopwoi BikoBoi rpynu (18-39 pokiB Ha faty aBapii). BctaHoBneHo Hanbinbw Hebe3neyHwui
nepiop BifLHOCHOIO A0303anexHOro pusunky cmepti Y/THA yepes HenyxnuHHi xBopobu: yepes 6—10 pokis nicns papgia-
uiiHoro BNAMBY Ans BCix go3osux nigrpyn (Big 0,05 p fo 0,7 [p) BigHOCHO MiArpyny 3 403010 onpoMiHeHHs < 0,05 Ip.
KntoyoBi cnoBa: BifHOCHI pU3NKM CMEPTHOCTI; 10Hi3yloue BUMPOMiHIOBAHHA; HEMYXJMHHI XBOPOOW; pagialiHe on-
pomiHeHHs; cmepTHicTb; Y/THA Ha YAEC; YopHobunbcbka AEC.
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LEVELS AND RELATIVE RISKS OF MORTALITY OF CHORNOBYL
CLEAN-UP WORKERS IN 1986—1987 YEARS FROM MAIN
NON-NEOPLASTIC DISEASES (OBSERVATION PERIOD 1988-2021)

The emergency destruction of the 4™ reactor of the Chornobyl nuclear power plant necessitated large-scale emer-
gency work, which involved large contingents of specialists. Analysis the mortality of Chornobyl clean-up workers is
an important and relevant basis for planning medical protection measures in conditions of a potential threat of
emergency and other radiation situations.
The objective of this work is to determine the levels and relative risks of mortality of Chornobyl clean-up workers in
1986-1987 years from major non-tumor diseases depending on the received dose of radiation exposure, taking into
account age and time after the accident (period of epidemiological studies 1988-2021).
Materials and methods. The cohort of Chornobyl clean-up workers in 1986—1987 years with a known dose of exter-
nal y-irradiation of the whole body, totaling 64,490 male, was divided by age at the date of the accident at the
Chornobyl nuclear power plant and dose of external y-irradiation of the whole body. Epidemiological analysis of mor-
tality from non-tumor diseases was conducted for the entire post-accident period and in dynamics over five-year
monitoring periods.
Results. The highest mortality rate, regardless of age, on the date of the Chornobyl disaster, were from diseases of the
circulatory system, of the digestive and respiratory systems. For Chornobyl clean-up workers 18-39 years on the date
of the accident, relative risks of mortality from non-tumor diseases over the entire observation period were signifi-
cantly higher in all dose subgroups (from 0.05 Gy to 0.7 Gy) compared to the dose subgroup < 0.05 Gy. In the period
1993-1997 (6-10 years after the Chornobyl accident), significantly higher relative risks of mortality from diseases of
the circulatory system (pulmonary heart and pulmonary circulatory disorders, cardiomyopathy, myocardial infarction)
were found; in 26-30 years — from cerebrovascular diseases, including cerebral infarction. The indicated reliable
dose-dependent relative risks are characteristic of all dose subgroups relative to the subgroup with a dose < 0.05 Gy.
Conclusions. The overall mortality of Chornobyl clean-up workers from non-tumor diseases tends to increase. The
results of the risk analysis of dose dependent mortality in the Chornobyl clean-up workers cohort showed a higher
sensitivity to ionizing radiation of persons of the younger age group (18-39 years old at the date of the accident).
The most dangerous period of relative dose-dependent risk of death of Chornobyl clean-up workers due to non-tumor
diseases was established — 6-10 years after radiation exposure for all dose subgroups (from 0.05 Gy to 0.7 Gy) rel-
ative to the subgroup with a radiation dose < 0.05 Gy.
Key words: Chornobyl NPP; ionizing radiation; mortality; non-tumor diseases; radiation exposure; clean-up work-
ers; relative risks.
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BCTYII
Ho nikBimauii HacniakiB katactpodu Ha HAEC 6ynu
3aJIy4eHi BeJIMKi KOHTUHTEHTHU (haxiBLiB Pi3HOTO IPO-
dimto, AKi 3a3HaINU CYTTEBOTO pamiallifHOTO BIJIMBY
mig yac aBapifiHux pooit [1, 2].

Jis1 ioHi3yr0ouOro BUIPOMiHIOBAaHHSI Ha OpPraHi3M
JIIONVHY Ma€ 0araToOBEKTOPHE CIIPSIMyBaHHSI Ta BUK-
JINKA€E YNUCIeHHi O6iooriuni epext |3, 4]. OcTtaHHIM

P«J Pavlo A. Fedirko, e-mail: eye-rad@ukr.net

INTRODUCTION
Large contingents of various profiles specialists were
involved in the liquidation of the consequences of the
Chornobyl disaster (Chornobyl clean-up workers),
were exposed to significant radiation dose during emer-
gency operations [1, 2].

The effect of ionizing radiation on the human body
has a multi-vector direction and causes numerous bio-
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4acoM 3’sIBJISIEThCS BCe Oifbllle JaHUX LIOJO ITiABUILIE-
HOT'O0 PU3WKY BUHUKHEHHS HENYXJIMHHUX XBOPOO,
0C00JIMBO 3aXBOPIOBAaHb CUCTEMU KPOBOOOITY, Y BilllO-
Bilb Ha OITPOMiHEHHS B HU3bKMX Ta [IOMipHUX J03aX pa-
niarii [4—6]. Hanpukian, 3MiHKM miaMeTpy i Xomy Kpo-
BOHOCHUX CYIOVH BUSBJISUIA B YMOBaX BIUIMBY HaBiTh
HE3HaYHMX J03 10Hi3yI0UOro BUIIPOMiHIOBaHHS [7].

CriocTepiraetbes 30iIbIIEHHSI B MOJIOINX OCi0 yac-
TOTH 3aXBOPIOBaHb, 11O IIPUTAMAHHI JIIOASIM TTOXMJIOTO
BiKy. Ile Moxe OyTH MPOSIBOM ITiATBEPIKEHOTO PSIIOM
JOCHiIXeHb e(heKTy NPUIIBUILLEHOTO CTapiHHSI OIIPO-
MiHeHux ocib6 [8, 9]. YacTuHa 3axBOoploBaHb 3 HASBHUM
pamianiitHo 00YMOBJIEHUM PU3MKOM PO3BUTKY MPU3BO-
IUTH 0 ITOTipIICHHS SKOCTIi KATTSI Ta IIpalle3aaTHOCTI
noctpaxkmanux ocio [10, 11], a okpeMi 3aXxBOpIOBaHHS,
MepeBaXkKHO CUCTEMU KPOBOOOITY, B TIepCNeKTUBI 34aTHI
3HAYHO CKOPOTUTHU TPUBAJIICTh XKUTTSI JIIOACH, OIIPOMi-
HeHMX BHacigok aBapii Ha HAEC [12—15].

Binomo, 1110 B YKpaiHi B cepegabomy 74—75 % cmep-
Teil y Bili 25—64 poku BinOyBa€eTbcs BHACIIIOK
XPOHIYHMX HEMYXJIMHHMX 3aXBOpioBaHb [16]. AHaii3
MpPUYMH, PiBHIB i pU3UKIB CMEPTHOCTI OMPOMiHEHUX
TPyl HaceJIeHHs, B TOMY YMCJIi YYACHMKIB JIiKBimairii
HacnigkiB aBapii (YJIHA) na YAEC, € BaxkuBuMm i ak-
TyaJIbHUM TAIPYHTSIM JUISI TUIAaHYBAHHSI 3aXOIiB Me-
JUYHOTO 3aXMCTY B YMOBaX IMOTEHIIIITHOI SIAepHOI 3ar-
pOo3u, IJis1 BIOCKOHAJIEHHST MEAUYHOI TOTIOMOTIH Ta IS
3a0e3reuyeHHs] cTabiIbHOI poOOTH SIIEPHOI eHepreTh-
ku [17, 18].

META

MeTta gaHoi poOOTH MOJATAE y BU3HAYEHHi PiBHIB i
BiIHOCHUX PU3MKIB CMEPTHOCTI YYaCHUKIB JiKBifallii
HacmigkiB aBapii Ha YAEC 1986—1987 pp. Bix 0oCHOB-
HUX HEIyXJMHHUX XBOpPOO 3ajieXKHO BiJ OTpUMAaHOI
JIO3U palialliifHOTO OIMPOMiHEHHS 3 ypaXyBaHHSIM BiKy
Ta Yacy micias aBapii (mepiom emiIeMioJOoTiYHUX
nociigpkeHb 1988—2021 pp.).

MATEPIAJIN 1 METOJIN
HxepenoM BUXimHOI iHdopMalii a1 emnigeMiono-
TiYHOTO AOCIIXKEHHS i aHai3y Oyau aaHi Jlep>kaBHO-
ro peectpy YKpaiHu oci0, MocTpaxaaauxX BHACJiI0K
YopHoOuUIbCHKOI KaTacTpodu, oTpruMaHi Bia Jlepkan-
HOI YCTAaHOBU «YKpaiHChKMI LIEHTP iH(pOpMaLiiHUX
TexHoJioriii Ta HauioHanbHoro peectpy MiHictepcTBa
OXOPOHU 310POB’ST YKpaiHM».

KpuTtepii 3anydeHHs 10 JOCTiIKEHHSI:
> yYacHUK JikBimauii HacmhinkiB aBapii Ha YAEC,
nepion y4yacti B aBapiiiHuUX poboTax: 1986—1987 pp.;
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logical effects [3, 4]. Recently, more and more data
have appeared on the increased risk of non-tumor
diseases, especially diseases of the circulatory sys-
tem, in response to exposure to low and moderate
doses of radiation [4—6]. For example, changes in
the diameter and course of blood vessels have been
detected under conditions of exposure to even small
doses of ionizing radiation [7].

There is an increase in the frequency of diseases
characteristic in young people, which may be a man-
ifestation of the effect of accelerated aging of irradi-
ated individuals, confirmed by a number of studies
[8, 9]. Some diseases with a radiation-related risk of
development lead to a deterioration in the quality of
life and working capacity of the affected individuals
[10, 11], and some diseases, mainly of the circulato-
ry system, in the long term can significantly reduce
the life expectancy of people irradiated as a result of
the Chornobyl accident [12—15].

It is known that in Ukraine, on average, 74—75%
of deaths at the age of 25—64 years occur as a result
of chronic non-tumor diseases [16]. Analysis of the
causes, levels and risks of mortality of irradiated
population groups, including Chornobyl clean-up
workers, is an important and relevant basis for plan-
ning medical protection measures in conditions of a
potential nuclear threat; for improving medical care
and for ensuring the stable operation of nuclear
power [17, 18].

OBJECTIVE

The objective of this work is to determine the levels
and relative risks of mortality of Chornobyl clean-up
workers in 1986—1987 from major non-tumor dis-
eases depending on the dose of radiation exposure,
account age and time after the accident (period of
epidemiological studies 1988—2021).

MATERIALS AND METHODS
The source of information for the epidemiological
study and analysis was the data from the State Re-
gister of Ukraine of Persons Affected by the Chor-
nobyl Disaster, obtained from the State Institution
«Ukrainian Centre for Information Technology and
the National Register of the Ministry of Health of
Ukraine».

Eligibility criteria:
> participant in the Chornobyl clean-up works, the
period of participation in emergency work: 1986—
1987;
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> BiJloMa 1032 30BHIIIIHBOTO Y-OMIPOMiHEHHS BChOTO
TiNa;

> Bik Ha MoMmeHT aBapii Ha YAEC: Bix 18 g0 60 pokis;
> YOJIOBivya CTaTh.

Koropra YJIHA Ha YAEC 3arajibHOI0 YMCEIbHICTIO
64 490 ocib 4oJ10BiYOi cTaTi Oy/Ia po3MoaijeHa 3a BIKOM
Ha gaTy aBapil Ha YopHOOUJIbChKili aTOMHIli eJIeKTpOoC-
taHLii: 58 862 ocobu BikoM 18—39 pokiB i 5 628 oci6d
BikoM 40—60 pokiB. [liana3oH 103 30BHIIIHBOTO Y-OTI-
POMiHEHHS BChOIO Tijla, OTPUMAHOIO IIiJ yac pooiT 3
JIKBigamii HaCiaKiB aBapii, ckimangaB Bim meHIre 0,05
Ip 1o 0,7 Ip.

s BUBYEHHS 3aJIeXKHOCTI CMEPTHOCTI Bill BILJIUBY
pagiauii 3arajabHy i BikoBi koroptu YJIHA po3snoaiiu-
JIM Ha TATPYIIM 3a7€KHO Bil OTpMMaHOI 403U 30BHillI-
HBOTO Y-ONMPOMiHEHHs Bchoro Tijia — meHie 0,05 Ip
(<0,05 Ip); Bim 0,05 Ip 1o 0,09 Ip (0,05—0,09 Ip); Bin
0,1 Ip mo 0,199 Ip; (0,1—0,199 Ip); Bim 0,2 Ip mo 0,249
Ip (0,2—0,249 Ip); Bim 0,25 Ip 1o 0,7 Ip; (0,25—0,7 Ip).
ITigrpymna 3 go3oto onpomineHHs < 0,05 Ip Oyna Bu3-
HayeHa SK Miarpymna nopiBHsaHHs. Po3nonin 3a mo30-
BiKOBMMMU IpyliaMu HaBeIeHOo B Ta0JI. 1.

EnigemMionoriyuHuii aHaniz CMepPTHOCTI MOCTpaxkaa-
JINX OCi0 Bil OCHOBHUX HEMYXJIMHHMX 3aXBOPIOBaHb
MPOBENEHO 3a BeCh MicasiaBapiliHuii mepioa 1988—2021
pp. i B AMHaMilli 32 I’ ITUPIYHUMMU TIepioJaMU MOHITO-
punry (1988—1992 pp., 1993—1997 pp., 1998—2002 pp.,
2003-2007 pp., 2008—2012 pp., 2013—-2017 pp.,
2018—2021 pp.).

MenuyHa 6a3a naHux cmeptHocTi YJIHA Bin ocHOB-
HUX HETTyXJIMHHUX XBOpOoO cTpaTr(iKoBaHA HA OCHOBI
MixxHapoaHOI CTaTUCTUYHOI KJ1acudikallii XBopoO ne-
caroro neperysay (MKX-10) 3a kiacom xBopo0 3 ypa-
XYBaHHSIM MEpesiiKy TpU3HAUYHUX PYOPUK i YOTUPU3-
HauyHUX MiIpyOopUK.

CrarucTnunuii aHaji3 nanux. J1ag emigeMiosoriyHo-
TO aHaJli3y CMEPTHOCTI 3[iiICHEHO pO3paxyHOK Koedi-
LieHTy cMepTHOCTI (mortality rate, MR na 10° mon.-
POKIiB CITOCTEpEKEHHS), TOT0o CepeaHIO TTOXMOKY (m);
kputepiii Ct’toneHTa (t) y BIKOBUX CyOKOropTax 3a Ja-
COBUMM IIepioJaMyu CITOCTEpPEKEHHS 3 ypaXyBaHHSIM

Ta6nauusa 1

Po3nopin YJIHA 3a BikoM 3anexHo Big 4031 ONpoOMiHEeHHA

Table 1

> known dose of external radiation to the whole
body;

> age at the time of the Chornobyl accident: from
18 to 60 years;

> gender: male.

The Chornobyl clean-up workers cohort of 64,490
men was divided by age at the date of the Chornobyl
accident: 58,862 people aged 18—39 years and 5,628
people aged 40—60 years. The range of doses of
external y-radiation to the whole body received dur-
ing the accident was from less than 0.05 Gy to 0.7 Gy.

To study the dependence of mortality on radiation
exposure, the total and age cohorts of Chornobyl
clean-up workers were divided into subgroups de-
pending on the dose of external whole-body y-radi-
ation — less than 0.05 Gy (< 0.05 Gy); from 0.05 Gy
t0 0.09 Gy (0.05-0.09 Gy); from 0.1 Gy to 0.199 Gy
(0.1-0.199 Gy); from 0.2 Gy to 0.249 Gy (0.2—
0.249 Gy); from 0.25 Gy to 0.7 Gy (0.25—0.7 Gy).
The subgroup with a dose < 0.05 Gy was defined as
a comparison subgroup. The distribution by dose-
age groups presented in Table 1.

Epidemiological analysis of the mortality of vic-
tims from major non-cancer diseases was conducted
for the entire post-accident period 1988—2021 and
in dynamics over five-year monitoring periods
(1988—1992, 1993—1997, 1998—2002, 2003—2007,
2008—2012, 2013—2017, 2018—2021 years).

The medical database of mortality of Chornobyl
clean-up workers from major non-cancer diseases is
stratified based on the International Statistical
Classification of Diseases and Related Heals
Problems, Tenth Revision (ICD-10) by disease
class, taking into account the list of three-digit head-
ings and four-digit subheadings.

Statistical analysis. For the epidemiological analy-
sis of mortality, the mortality rate (MR) per 10° per-
son-years of observation, its standard error (m), and
Student’s test (t) were calculated in age subcohorts
by time periods of observation, taking into account
radiation doses [19]. The quantitative assessment of

Distribution of Chornobyl clean-up workers by age depending on the radiation dose

Bik Ha paty aBapii Ha YAEC

Yucno ocib i3 fo30t0 onpomineHHs, Mp / Number of people with radiation dose, Gy

Age at the date of the Chornobyl accident < 0,05 0,05-0,09 0,1-0,199 0,2-0,249 0,25-0,7
18-39 pokis / years 6136 17 342 14 561 14 525 6298
40-60 pokis / years 903 1645 1370 1075 635
1860 pokiB / years 7039 18 987 15 931 15 600 6 933
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1103 pafdiauiiHoro onpoMiHeHHs [19]. KibKicHY O1liH-
Ky PU3HMKiB CMEPTHOCTi OIPOMiHEHUX OCi0 IMPOBOAMIN
3 BUKOPUCTAaHHIM BigHocHOTO pr3nKy (RR) 3amexHo
Bilm mo3u 3 BU3HAYeHHsIM goBipyoro iHTepsany (CI)
BiTHOCHO MiArpynu 3 a030t0 onpomiHeHHs < 0,05 Ip.

st modynosu Mmogaeneit cmeptHocti YJIHA na YAEC
BUKOPUCTAHO PErpeciiiHO-KOpeasILUiiHuM aHali3 ajist
OITMCY B3aEMO3B’SI3KY MiXX PU3UKOM HECITPUSITINBO-
ro pes3yabTaTy (3MiHHOIO pe3yJbTaTy € CMEPTh
VJIHA) i MOSCHIOBAJIBHUMU 3MiHHUMU (4ac PUBKKY,
Bik YJIHA, no3oBe HaBaHTaxkeHHS). Perpeciiino-ko-
pensuiiHui aHaji3 3AiliCHEHO B IPOrpaMHOMY cepe-
posuii EPICURE [20], sake Oyjgo po3pobiieHO
creLiaabHO JJIs1 BUPILLIEHHS €MigeMioJI0oriyHUX 3aB-
JaHb. AHaIi3 CMEPTHOCTI MPOBEIEHO 3a JOIMOMOI0I0
monynst AMFIT, axuii monenioe (GyHKIiIO PU3UKY
JJIsl eTiIeMioJIOriuyHMX AaHUX 3a JOMOMOIOI0 Mapa-
METPUYHOI MOAEi HAIUTUILIKOBOTO BiTHOCHOTO PU3U-
Ky (ERR).

PE3VYJIBTATU TA IX OBTOBOPEHH4
AdecKkpunTuBHNA aHani3 CMepPTHOCTI y4YaCHUKIB
nikeipgauii Hacnipkie aBapii Ha YAEC 1986-1987 pp.
Bij, OCHOBHUX HEMYXJINHHUX XBOPOO

Amnaniz cmeptHocTi YJIHA Ha YAEC Bin HemyxJIMH-
HUX XBOpOO IIOKa3aB, IO B CTPYKTYpPi CMEPTHOCTI
OpoBigHE Miclie 3aiiMalOTh XBOPOOU CUCTEMU KPOBO-
006iry (74 %), xBopobu opraHiB TpaBieHHs (13 %) Ta
XBopoOu opraHiB muxaHHs (7 %). Maja Jactka B
CTPYKTYpi CMEPTHOCTI HaJIEXKUTh Kj1acaM XBOpOO: XBO-
pobOu HEPBOBOI CUCTEMU, EHIOKPUHHI XBOPOOU, PO3-
JIaIu XapyyBaHHS Ta TMOPYIIEHHSI OOMiHY pPeYOBUH,
XBOPOOM CEYOCTATEeBOI CUCTEMM, XBOPOOU KiCTKOBO-
M’SI30BOI CUCTEMU Ta CIIOJYYHOI TKAHUHU, XBOPOOU
KpOBi Ta KPOBOTBOPHUX OpraHiB, Ta OKpeMi IOpYy-
LIEHHS i3 3aJIydeHHSIM iMyHHOT'O MeXaHi3My.

B VJIHA Bikom 18—39 pokiB Ha gaTy aBapii cepeaHi
MOKa3HUKU CMEPTHOCTI Bill XBOPOO CUCTEMU KPOBO-
00iTy 3 KOXXHUM IT'ITUPIYHNAM TIEPiOZOM IOCTYIIOBO
TUIaBHO 30iJbLIYBAJIMCh Y BCiX J030BMX MiArpymnax
(puc. 1). MakcuManbHUI cepeHiii MOKa3HUK CMEPT-
Hocrti 16,08 = 0,19 (MR / 10°moa.-pokiB, = m) BcTa-
HoBIIeHO B niepion 2018—2021 pp. B miarpyIri 3 103010
orpoMiHeHHs 0,2—0,249 Ip.

3arajioM, noAiOHa TeHJACHIiS 3 IMiABUILEHHSIM I10-
Ka3HUKIB CMEPTHOCTI 3 4acOM MPOCTEXKYETbCSI i B
VJIHA Bikom 40—60 pokiB Ha mary aBapii 3 AeSIKUMU
KOJIMBAaHHSIMU B OCTAHHBOMY IIEPiOJIi CIIOCTEPEKEH -
H4 (puc. 2).

HaiiBuiuuii cepenHiii mokasHUK cMepTHOCTI 54,9 £
1,35 (MR / 10° moa.-pokiB, & m) BU3HAYEHO B IePiof

mortality risks of irradiated individuals was performed
using the relative risk (RR) depending on the dose with
the determination of the confidence interval (CI), in
comparison with the subgroup from radiation dose <
0.05 Gy, which was chosen as the comparison group.

For construction the models of mortality of
Chornobyl NPP emergency workers, regression-cor-
relation analysis was used to describe the relationship
between the risk of an adverse outcome (the outcome
variable is the death of the emergency worker) and
explanatory variables (risk time, age of the emergency
worker, dose). Regression-correlation analysis was per-
formed in the EPICURE software environment [20],
which was developed specifically to solve epidemio-
logical problems. Mortality analysis was performed
using the AMFIT module, which models the risk
function for epidemiological data using a parametric
excess relative risk (ERR) model. A risk regression
model was also used.

RESULTS AND DISCUSSION

Descriptive analysis of mortality Chornobyl
clean-up workers in 1986—-1987 from major
non-tumor diseases

The analysis of mortality of Chornobyl clean-up
workers from non-tumour diseases showed that the
leading place in the mortality structure is occupied
by diseases of the circulatory system (74 %), dis-
eases of the digestive system (13 %) and diseases of
the respiratory system (7 %). A small share in the
mortality structure is accounted by diseases of the
nervous system, endocrine, nutrition and metabolic
diseases, diseases of the genitourinary system, dis-
eases of the musculoskeletal system and connective
tissue, diseases of the blood and blood-forming
organs, etc.

In Chornobyl clean-up workers aged 18—39 years at
the date of the accident, the average mortality rate
from diseases of the circulatory system gradually
increased over each five-year period in all dose sub-
groups (Fig. 1). The maximum average mortality rate
of 16.08 £ 0.19 (MR / 10° person-years, £ m) was
established in the period 2018—2021 in the subgroup
with a dose of 0.2—0.249 Gy.

In general, a similar trend with an increase in mor-
tality rates over time is observed in Chornobyl clean-
up workers aged 40—60 years at the date of the acci-
dent with some fluctuations in the last observation
period (Fig. 2).

The highest average mortality rate of 54.9 + 1.35
(MR / 10° person-years, = m) was determined in the
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PucyHok 1. iunamika cmeptHocti VJIHA Bikom 18-39 pokiB Ha paty aBapii Ha YAEC Big xBOopo6 cuctemu
KpPoB006iry 3anexHo Big nepiofy cnocrepeXeHHs i f03M onpomiHeHHsA, Ha 10° noa.-pokiB

Figure 1. Mortality dynamics of Chornobyl clean-up workers aged 18-39 years on the date of the Chornobyl
accident from circulatory system diseases depending on the observation period and radiation dose, per 10°
person-years
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PucyHok 2. iunamika cmeptHocti VJIHA Bikom 40-60 pokiB Ha paty aBapii Ha YAEC Big xBopo6 cuctemu
KpPoB006iry 3anexHo Bif nepiofy cnocrepeXeHHs i f03M onpomiHeHHsA, Ha 10° nioa.-pokiB

Figure 2. Mortality dynamics of Chornobyl clean-up workers aged 40-60 years on the date of the Chornobyl
accident from diseases of the circulatory system depending on the observation period and radiation dose,

per 10° person-years

2018—2021 pp. B miarpymi 3 A03010 OIMPOMiHEHHS
0,1-0,199 Ip.

IToka3HUKU CMEPTHOCTI, SIK i OYiKyBaJOCh, y OCiO
BikoM 40—60 pokiB Ha gaty aBapii Ha HAEC Oynu
Bui, HiX B YJIHA BikoM 18—39 poxkiBs.

CTaTUCTUYHO BipOTiAHY TEHIAEHLiIO 30iJbILIEHHS
piBHiB cMepTHOCTI YJIHA Bikom 18—39 pokis i 40—60
pokiB Ha gaty aBapii Ha YAEC Bixg xBopoO cucreMu
KpOBOOOITy MM MPOIEMOHCTPYBaJIM Ha IPUKIAdi
pPO3pO0JIEHNX MaTeEMaTUYHUX MOJEJIe eKclecy Bil-
HocHoro pu3nky cMeptHocTi ERR (puc. 3, puc. 4).

period 2018—2021 in the subgroup with a dose of
0.1-0.199 Gy.

As expected, mortality rates in persons aged 40—60
years at the date of the Chornobyl accident were higher
than in Chornobyl clean-up workers aged 18—39 years.

We have demonstrated a statistically significant trend of
increasing mortality rates among Chornobyl clean-up
workers aged 18—39 years and 40—60 years as of the date
of the Chornobyl accident from diseases of the circulato-
ry system using the developed mathematical models of the
excess of the relative risk of mortality ERR (Fig. 3, Fig. 4).
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PucyHoK 3. MatematuyHa mopienb AMHAMiKM eKcuecy BigHOCHOro pusuky cmepTtHocti YJIHA Bikom 18-39 pokie
Ha pary aBapii Ha YAEC Big xBopo6 cuctemu KpoBoobiry

Figure 3. Mathematical model of the dynamics of the excess of the relative risk of mortality of Chornobyl
clean-up workers aged 18-39 years on the date of the Chornobyl accident from diseases of the circulatory
system
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PuUcyHOK 4. MatemaTtu4yHa Mmoaenb AMHAMiKK eKcuecy BigHOCHOro pusuky cmeptHocti YIHA Bikom 40-60 pokis
Ha pary aBapii Ha YAEC Big xBopo6 cuctemu KpoBoobiry

Figure 4. Mathematical model of the dynamics of the excess of the relative risk of mortality of Chornobyl
clean-up workers aged 40-60 years on the date of the Chornobyl accident from diseases of the circulatory
system

OcHoBHo1o npuurHoIo cMepTtHocTi YJIHA B micisgaBa- The main cause of mortality of Chornobyl clean-
piitHOMY TIepioi Bim XBOpoO crucTeMu KpoBooOiry Oymaxpo-  up workers in the post-accident period from diseases
HiyHa immeMiuHa XxBopo0a ceplis. Y oci0 BikoMm 18—39 pokiB  of the circulatory system was chronic ischaemic heart
Ha naty aBapii Ha YAEC makcumanbHMii cepenHiii moka3-  disease. In persons aged 18—39 years at the date of the
HUK cMepTHOcTi 3,25 + 0,11 (MR / 10° mon.-pokiB, + m)  Chornobyl accident, the maximum average mortali-
BCTAHOBJICHO B IIIATPYI 3 A03010 ompomiHeHHs 0,05—  ty rate — 3.25 £ 0.11 (MR / 10° person-years, & m)
0,09 Ip; y oci6 Bikom 40—60 pokiB MakcUMalbHMII ce-  was established in the subgroup with a radiation dose
penHiii mokasHuk 11,09 + 0,96 (MR / 10° mon.-pokiB, £ m)  of 0.05-0.09 Gy; in persons aged 40—60 years, the
JOCITIAWIM B MiArpyIi 3 103010 orpomiHeHHs < 0,05 Ip. maximum average rate — 11.09 £ 0.96 (MR / 10°

Ha npyromy wmicui cepen nmpuuuH cmepteit YJIHA Bim ~ person-years, = m) was investigated in the subgroup
XBOpPOO CHCTeMU KpOBOOOITYy 3HAXOIMTLCI CMepTHICTh  with a radiation dose of < 0.05 Gy.
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PucyHoK 5. lunamika cmeptHocti VJIHA Bikom 18-39 pokiB Ha paty aBapii Ha YAEC Bip xBopo6 opraHis
TpaBJiIeHHA 3a/IeXKHO Bif nepioay cnoctepexeHHaA i fo3u onpomiHeHHA, Ha 10° noA.-pokiB

Figure 5. Dynamics of mortality of Chornobyl clean-up workers aged 18-39 on the date of the Chornobyl
accident from digestive diseases depending on the observation period and radiation dose, per 10° person-years

BilIl 1IepeOpoBacKyISIpHUX 3aXBOPIOBaHb. AHaJIi3yi0-
yu cMepTHicTh YJIHA Bia rocTpux LiepedpajbHUX CY-
JUHHUX MOAi, CJIif BiA3HAYMUTU, IO HAWBUILI PiBHI
CMEPTHOCTI BUSIBJICHI BiJl iH(apKTy TOJIOBHOTO MO3KY
B 000X BiKOBHX KaTeropisx, Hamajli — BiJ iHCYJIBTY,
HEYTOYHEHOTO K KPOBOBWIMB UM iH(papKT. HaiiBu-
111 cepenHi MOKa3HUKM CMEPTHOCTI Bif iH(hapKTy ro-
JjoBHOro Mo3ky B YJIHA BikoM 18—39 pokiB Ha gaTy
apapii Ha YAEC cnoctepiranm B MArpyImi 3 103010
onpomiHeHHs 0,05—0,09 Ip, a B ocid Bikom 40—60 po-
KiB — y miarpymi 3 103010 onpomineHHs 0,2—0,249 Ip.

BusHaueHO KoJMBaHHSI IMOKA3HUKIB CMEPTHOCTI
VJIHA Big xBopoO opraHiB TpaBJieHHSI B OKpeMUX
nepiogax cCnocTepeskeHHs. Y OiJIbII MOJIOAi BiKOBiit
rpyni cepeaHi MOKa3HUKM CMEPTHOCTI Bil XBOpPOO
OpraHiB TpaBJI€HHS 3 IUIMHOM 4Yacy IIOCTYIIOBO
30iJIbITYBAIUCh 3 JOESIKUM 3HUXEHHSM y Tepion
2013-2021 pp. (puc. 5). HaitBummii cepenHiit mo-
kasHuk 2,2 = 0,1 (MR / 10° mon.-pokiB, £ m) 3aik-
coBaHo B 1iepion 2008—2012 pp. B miarpymi 3 103010
orpoMineHHs 0,05—0,09 Ip.

V¥ BikoBiii rpyri 40—60 pokiB Ha naTy aBapii BU3Ha-
YEHO TEHAEHIII0 TOCTYIOBOTO 3POCTAHHS CMEpT-
HOCTIi BiJ XBOpOO OpraHiB TpaBJeHHS 3i 30iJblIECH-
HsM dacy ticis aBapii Ha YAEC (puc. 6). Criocre-
piraroTbcs 3HaYHi KOJMBaHHS CEPEeIHbOTO MOKa3HU-
Ka CMEPTHOCTI Y BCiX JO30BUX MiArpymnax 3 MaKCUMY-
MoM 5,41 + 0,43 (MR / 10° mon.-pokiB, £ m) B oc-
TaHHbOMY nepiofi crioctepexxeHHs (2018—2021 pp.)
B n030Bii niarpyrmi 0,2—0,249 Ip.

HaiiBuii nmokasHuku cmeptHocTi YJIHA 3aranb-
HOI KOrOpTHU BiJ XBOpOO OpraHiB TpaBJE€HHS y BCiX

Mortality from cerebrovascular diseases is the sec-
ond leading cause of death among Chornobyl clean-
up workers from diseases of the circulatory system.
Analysing Chornobyl clean-up workers mortality from
acute cerebral vascular events, we should be noted that
the highest mortality rates were found for cerebral
infarction in both age categories, followed -by stroke,
not specified as hemorrhage or infarction. The highest
mortality rates from cerebral infarction in Chornobyl
clean-up workers aged 18—39 years at the date of the
Chornobyl accident were observed in the subgroup with
a dose of 0.05—0.09 Gy, and in persons aged 40—60
years — in the subgroup with a dose of 0.2—0.249 Gy.

The fluctuations in the Chornobyl clean-up workers
mortality rate from diseases of the digestive system in
certain periods of observation were determined. In the
younger age group, the average mortality rate from
digestive diseases gradually increased over time with a
slight decrease in the period 2013—2021 (Fig. 5). The
highest average rate — 2.2 £ 0.1 (MR / 10° person-
years, = m) was recorded in the period 2008—2012 in
the subgroup with a dose of 0.05—0.09 Gy.

In the age group of 40—60 years, we can observe a
trend of gradual increase in mortality from diseases of
the digestive system with increasing time after the
Chornobyl accident (Fig. 6). There are significant
fluctuations in the mean mortality rate in all dose sub-
groups with a maximum of 5.41 = 0.43 (MR / 10° per-
son-years, £ m) in the last observation period
(2018—2021) for the dose subgroup 0.2—0.249 Gy.

The highest mortality rates of Chornobyl clean-up
workers from digestive diseases, regardless of the dose
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PucyHoK 6. lunamika cmeptHocti YJIHA Bikom 40-60 pokie Ha paty aBapii Ha YAEC Bip xBopo6 opraHis
TpaBJIeHHA 3a/IeXKHO Bif nepioay cnoctepexeHHA i 4o3n onpomiHeHHA, HA 10° nioa.-pokiB

Figure 6. Mortality dynamics of Chornobyl clean-up workers aged 40-60 years on the date of the Chornobyl
accident from digestive diseases depending on the observation period and radiation dose, per 10° person-years

JIO30BUX TTArpyIrnax BUSIBJICHO Bil XBOpOO TEUiHKM.
HaiiBuiuii cepenHiii mokasHuk cmepTtHocTi YJIHA
BikoMm 18—39 pokiB Ha maty asapii 6ys 0,92 = 0,06
(MR / 10° mon.-pokiB, £ m) B 1030Biil miarpyri
0,05—0,09 Ip; y oci6 Bikom 40—60 pokiB 1,33 + 0,33
(MR / 10° mon.-pokiB, = m) — B MATPYMi 3 103010
onpomiHeHHs1 < 0,05 Ip. Cepen xBopoO MedyiHKU
npeBamoBann (iopo3 Ta umpo3. HaiBummiit mokas-
HUK cMepTHocTi YJIHA Bikom 18—39 pokiB Ha gaTy
aBapii Bim (i6po3y Ta umposy medinku OyB 0,67 +
0,05 (MR / 10° mon.-pokiB, £ m) B minrpymnax 3 mo-
3amu onpomineHHs 0,05—0,09 Ip i 0,2—0,249 Ip; y
oci6 BikoM 40—60 pokis 0,67 + 0,24 (MR / 10°mox.-
pokiB, = m) — B go30Biii miarpymi < 0,05 Ip.

AHaJsi3younM CMEpPTHICTh Bil XBOpPOO OpraHiB Au-
XaHHS ciin Big3Hauwuty, mo B YJIHA Bikom 18—39
POKIiB Ha JaTy aBapii cepeHi MOKa3HUKKU CMEPTHOCTI
3 KOXHHUM IT’ITUPIYHUM MEePioJOM MOCTYITOBO 3pOC-
TaJM 3i 3HKeHHIM y nepiog 2013—2017 pp. i Hac-
TYITHUAM TigBUIIEeHHAM y riepion 2018—2021 pp. B ne-
JKUX A030BUX Tiarpymax (puc. 7). HaiiBumuit ce-
penHii mokasuuk 1,35 £ 0,1 (MR / 10° mon.-po-
KiB, = m) 3adikcoBaHo y mepion 2018—2021 pp. B
nmo3oBiit minrpymi 0,25—0,7 Ip.

B YJIHA Bikom 40—60 poKiB CIIOCTEPIra€ThCsT TEH-
JIEHIIisI MOCTYINOBOrO 30iJbIIEHHS CEPEAHbOIO I0-
Ka3HWKa CMEPTHOCTI 3i 3HWXEHHSIM Yy Mepioa
2013—2021 pp. (puc. 8); MaKCUMaIbLHUI CepeaHiii
MoKa3HUK cMmepTHocTi 2,9 + 0,33 (MR / 10° 1rom.-
POKiB, = m) BCTAHOBJIEHO B MEPiOJ CITOCTEPEKEHHS
2008—2012 pp. ans nozosoi miarpynu 0,2—0,249 Ip.

and age at the date of the accident, were found to be
due to liver diseases. The highest mortality rate for
Chornobyl clean-up workers aged 18—39 years at the
date of the accident was 0.92 £ 0.06 (MR / 10° person-
years, = m) in the dose subgroup of 0.05—0.09 Gy; for
persons aged 40—60 years, 1.33 £ 0.33 (MR / 10° per-
son-years, = m) in the subgroup with an exposure dose
of < 0.05 Gy. Among liver diseases, fibrosis and cirrho-
sis prevailed. The highest mortality rate due to liver
fibrosis and cirrhosis in Chornobyl clean-up workers
aged 18—39 years at the date of the accident was
0.67 £ 0.05 (MR / 10° person-years, = m) in the sub-
groups with radiation doses of 0.05—0.09 Gy and
0.2—0.249 Gy; 0,67 £ 0,24 MR / 10° person-years, = m)
in persons aged 40—60 years — in the dose subgroup
<0.05 Gy.

Analysing the mortality of Chornobyl clean-up
workers from respiratory diseases, it should be noted
that in Chornobyl clean-up workers aged 18-39 years
at the date of the accident, the average mortality rates
gradually increased with each five-year period with
some decrease in the period 2013—2017 and a subse-
quent increase in the period 2018—2021 in some dose
subgroups (Fig. 7). The highest value — 1.35 £ 0.10
(MR / 10° person-years, = m) was recorded in the pe-
riod 2018—2021 in the dose subgroup of 0.25—0.7 Gy.

In Chornobyl clean-up workers aged 40—60 years, a
gradual increase in the mean mortality rate with a
decrease in the period 2013—2021 is observed (Fig. 8);
the maximum mortality rate 2.90 + 0.33 (MR / 10° per-
son-years, = m) was established in the observation pe-
riod 2008—2012 for the dose subgroup 0.2—0.249 Gy.
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PucyHoK 7. lunamika cmeptHocti VJIHA Bikom 18-39 pokiB Ha paty aBapii Ha YAEC Bip xBopo6 opraHis
AVXaHHA 3aNeXHO BiA nepioay cnocrepexeHHs i fo3u onpomiHeHHA, HA 10° nioA.-pokiB

Figure 7. Dynamics of mortality of Chornobyl clean-up workers aged 18-39 years on the date of the
Chornobyl accident from respiratory diseases depending on the observation period and radiation dose, per 10°
person-years
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PucyHoK 8. [lunamika cmeptHocti VJIHA Bikom 40-60 pokie Ha paty aBapii Ha YAEC Big xBopo6 opraHis
LAVXaHHA 3aNeXHo BiA nepiofy cnocrepexxeHHs i 4o3u onpoMiHeHHA, Ha 10° nioA.-pokKis

Figure 8. Mortality dynamics of Chornobyl clean-up workers aged 40-60 years on the date of the Chornobyl
accident from respiratory diseases depending on the observation period and radiation dose, per 10°
person-years

HaiiBuii cepeaHi MoKa3HUMKM CMEPTHOCTI B KO-
ropti YJIHA Big xBopo0 opraHiB 1MxaHHS B yCiX J0-
30BUX MiATpymnax BUSIBJICHO Bil XpPOHIYHUX XBOPOO
HIDKHIX TUXQTbHUX LUISIXiB. MaKcUMalIbHUI cepe/-
Hill moka3HuK cMepTHOCTI YJIHA Momoa11101 BiKOBO1
rpymu 0,18 £ 0,02 (MR / 10° mroa.-pokiB, = m) Bcra-
HOBJIEHO B TIArpyMHi 3 03010 ornpoMiHeHHS 0,2—
0,249 Ip; B oci6 BikoM 40—60 pokiB Ha maTy aBapii
nokasHuk cmeptHocTi 0,83 £ 0,26 (MR / 10° moz.-
pOKiB, = m) BusBIeHO B 1030Biit miarpymi < 0,05 Ip.

The highest average mortality rates among Chornobyl
clean-up workers from respiratory diseases, regardless
of the radiation dose and age at the time of the accident,
were found to be due to chronic lower respiratory tract
diseases. The maximum mortality rate of younger age
group was 0.18 = 0.02 (MR / 10° person-years, = m) in
the subgroup with an exposure dose of 0.2—0.249 Gy;
in persons aged 40—60 years at the date of the acci-
dent, a mortality rate of 0.83 + 0.26 (MR / 10° person-
years, = m) was found in the dose subgroup of < 0.05 Gy.
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BiAHOCHI pU3NKn CMepTHOCTi y4YaCHUKIB
nikeipgauii Hacnipkie aBapii Ha HAEC 1986-1987 pp.
Bi, OCHOBHUX HEMYXJINHHUX XBOPOO

30ibIIEHHS BiTHOCHUX pU3HMKIiB cMepTHOCTI YJIHA
Ha YAEC Big HEMyXJIMHHUX XBOPOO YIIPOJOBX BChO-
ro nepiony croctepexkeHHs1 (1988—2021 pp.) BUsIB-
neHo B YJIHA Bikom 18—39 pokiB Ha maTy aBapii
(TabJ. 2). BinHOCHI pu3uKu OyJu 1OCTOBIPHO BUILIM-
MU Y BCiX TO30BUX ITiArpyIax MOPiBHSHO 3 J030BOIO
nigrpymnoo < 0,05 Ip.

B YJIHA Bixom 18—39 pokiB Ha maty aBapii BUu3Ha-
YeHO JOCTOBIPHO BUILi BiTHOCHI pU3UKU CMEPTHOCTI
Bil HEMMyXJINHHUX XBOPOO B IEPioj CITIOCTEPEKEHHS
1993—1997 pp. y BCix 1030BUX IiATpyNHax i y nepioau
2003—2007 pp. Ta 2013—2017 pp. B 1030Bii1 MiArpyITi
0,05—0,09 Ip BimHOCHO MiATrPYNM HOPiIBHSIHHS
(tabn. 3). Bognouac B YJIHA Bikom 40—60 pokiB
JOCTOBIipHUX PU3UKIB CMEPTHOCTI BU3HAYEHO HE
oyo.

AHaJli3 TIOKa3HMKIB BiJHOCHUX PU3UKIB CMeEpT-
HocTi YJIHA 3a ki1acamu XBopoO 3acBiguuB, 110 3a
nepiog 1988—2021 pp. BUSBIECHO CTATUCTUYHO AOC-
TOBIpHO BMILI BiIHOCHiI pu3uku cMepTHocTi YJIHA
BikoMm 18—39 pokiB Ha JaTy aBapii Bil XBOpoO cucre-
MU KpOBOOOITy B yCiX JO30BUX ITiArpyIax Ta Bil XBO-
po0 opraHiB TpaBjieHHSI B MiArpymi 3 O03010 OIl-
pomineHnHs 0,05—0,09 Ip BimHOCHO I0O30BOI MiATPY-
mu < 0,05 Ip (tabun. 4).

BusnaueHo TeHIOeHLil 40 NMiABUILIEHHS BIZHOCHUX
PU3KMKiB CMEPTHOCTI BiJl XBOPOO CEYOCTATEBOI CUCTE-
MU, BiJl eHIOKPUHHHUX XBOPOO, pO31adiB XapuyBaHHS
Ta TOPYIIEHHS 0OMiHY PEYOBMH, BiJl XBOPOO HEPBO-
BO1 CUCTEMU B YCiX JO30BUX IMiArpymax.

B YJIHA Bikom 40—60 pokiB He BUSIBUJINA BiTHOC-
HUX PU3UKIB CMEPTHOCTI, CIOCTepiraad He IiaTBe-
pIKEHY CTAaTUCTUYHO TEHACHIiI0 10 30iJbIIeHHS
PU3KKIB CMEPTHOCTI BiJl XBOPOO cEYOCTaTEBOI CUCTE-

Ta6nuusa 2

Relative risks of mortality of the Chornobyl
clean-up workers from the main non-cancerous
diseases

An increase in the relative risks of mortality Chornobyl
clean-up workers from non-cancer diseases during the
entire observation period (1988—2021) was detected
only in the age group 18—39 years at the date of the
accident (Table 2). Relative risks were significantly
higher in all dose subgroups compared to the subgroup
with an exposure dose < 0.05 Gy.

In Chornobyl clean-up workers aged 18—39 years at
the date of the accident in the observation periods from
1993 to 1997 in all dose subgroups and in the periods
2003—2007 and 2013—2017 in the dose subgroup of
0.05—0.09 Gy, a statistically significant increase in rela-
tive mortality risks was determined compared to the
comparison subgroup (Table 3). At the same time, no
significant risks of mortality were identified in Chor-
nobyl clean-up workers aged 40—60 years.

The analysis of the mortality relative risks of Chor-
nobyl clean-up workers by classes of disease showed for
the period 1988—2021 a statistically significant increase
in the relative mortality risks of Chornobyl clean-up
workers aged 18—39 years at the date of the accident
from diseases of the circulatory system in all dose sub-
groups and from diseases of the digestive system in the
subgroup with an exposure dose 0.05—0.09 Gy com-
pared to dose subgroup 0.05 Gy (Table 4).

Trends in the relative risk of mortality from diseases
of the genitourinary system, endocrine diseases, nutri-
tional and metabolic disorders, and diseases of the
nervous system were identified in all dose subgroups.

No statistically significant relative risks of mortality
were found in Chornobyl clean-up workers aged
40—60 years, but there was an unstatistically con-
firmed trend towards an increase in mortality risks
from genitourinary system diseases, endocrine system

BipHocHi pusuku RR (95 % CI) cmepTHOCTI Big HenyxnuHHMX xBopo6 YJIHA 3 pisHUMK fo3amu onpoMiHeHHA
BiJHOCHO MOKa3HMKa CMePTHOCTiI B A030Bii nigrpyni < 0,05 p

Table 2

Relative risks RR (95 % CI) mortality from non-tumor diseases of Chornobyl clean-up workers with different
radiation doses in relation to the mortality rate of the dose subgroup < 0.05 Gy

Bik Ha paty aBapii Ha YAEC

[o3a onpomiHeHHs, p / Radiation dose, Gy

Age at the date of the Chornobyl accident 0,05-0,09 go < 0,05 0,1-0,199 go < 0,05 0,2-0,249 go < 0,05 0,25-0,7 oo < 0,05

18-39 pokis / years
40-60 pokis / years
18-60 pokis / years

1,26* (1,17-1,37)
0,91 (0,78—1,07)
1,05 (0,98-1,13)

1,16* (1,07-1,25)
0,96 (0,82-1,11)
0,97 (0,91-1,04)

1,15% (1,06—1,24)
0,96 (0,83-1,11)
0,95 (0,89-1,02)

1,11* (1,01-1,22)
0,93 (0,78-1,11)
0,94 (0,87-1,02)

Mpumitka. *CratucTnyHo focToBipHa pisHuug, p < 0,05
Note. *The statistically significant difference, p < 0.05
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BinHocHmit pusuk (RR, 95 % CI) cmepTHocTti V/IHA 060x BikoBUX rpyn Bif HenyxAMHHMX XBOPOO B 3a3HauyeHi
nepioau cnoctepexXeHHA 3aieXHO Bif 403U onpomiHeHHA (BiAHOCHO fo30BOi Nigrpynu < 0,05 Ip)

Table 3

Dynamics of relative risk indicators (RR, 95 % CI) of mortality from non-tumor diseases of Chornobyl clean-
up workers with different radiation doses in relation to the mortality in the dose subgroup < 0.05 Gy

Mepiogyu cnocrepexeHHs Bik Ha paTty aBapil, . i
poK¥ ’ poKy ’ [o3a onpomineHHs, I'p / Radiation dose, Gy
Observation periods, Age at _the date 0,05-0,09 0,1-0,199 0,2-0,249 0,25-0,7
years of the accident, years
1988—1992 pp. 18-39 1,28 (0,64—2,58)  1,48(0,76-2,89)  1,2(0,62-2,35) 0,83 (0,36—1,89)
40-60 0,59 (0,23-1,52) 0,27 (0,09-0,81) 0,81(0,35-1,89) 0,83 (0,29-2,38)
1993-1997 pp. 18-39 1,8 (1,37-2,37)  1,8*(1,38-2,35)  1,51*(1,16=1,97)  1,52* (1,1-2,09)
40-60 0,91 (0,58-1,43) 0,87 (0,56-1,35) 1,06 (0,69-1,62)  1,25(0,77-2,02)
19982002 pp. 18-39 1,22 (0,98-1,52)  1,09(0,88-1,35) 1,09 (0,88-1,35) 1,12 (0,87—1,43)
40-60 0,93 (0,63-1,38) 0,97 (0,66-1,42) 1,11(0,77-1,6) 1,07 (0,67-1,64)
2003-2007 pp. 18-39 1,19 (1,0-1,41)  1,04(0,88-1,23)  1,0(0,85-1,18) 0,93 (0,75-1,14)
40-60 0,76 (0,54-1,05) 0,99 (0,73-1,35)  0,95(0,70-1,29) 0,98 (0,68—1,41)
2008—-2012 pp. 18-39 1,11 (0,94-1,32) 0,94 (0,79-1,11) 0,98 (0,84-1,16) 0,96 (0,79-1,16)
40-60 0,84 (0,64-1,21) 0,74 (0,54-1,02) 0,68 (0,50-0,94) 0,55 (0,36-0,83)
2013-2017 pp. 18-39 1,21* (1,0-1,45) 1,05 (0,87-1,25) 1,11 (0,93-1,32) 1,02 (0,83-1,26)
40-60 1,03 (0,71-1,50) 1,03 (0,72—1,49) 1,03 (0,72-1,49) 0,88 (0,57-1,36)
2018-2021 pp. 18-39 1,01 (0,79-1,29) 1,04 (0,83-1,31) 1,11 (0,89-1,4) 1,04 (0,8-1,36)
40-60 0,77 (0,44-1,36) 1,11 (0,66—1,86) 0,93 (0,54-1,59) 0,71 (0,36—1,37)

Mpumitka. *CTaTucTyHO AOCTOBIPHA pisHuug, p < 0,05
Note. *The statistically significant difference, p < 0.05

Ta6nuus 4

BipHocHi pusuku (RR, 95 % CI) cmepTHOCTI Big HenyxnuHHMx xBopo6 YJIHA Bikom 18-39 pokiB Ha paty aBapii
3 pi3HUMM J03amMU ONPOMiHEHHS BifHOCHO A030BOT nigrpynu < 0,05 Mp

Table 4

Relative risks (RR, 95 % CI) of mortality from non-cancer diseases in Chornobyl clean-up workers aged 18-39
years on the date of the accident with different radiation doses in relation to the dose subgroup < 0.05 Gy

Knacu HenyxJMHHUX XBOPOG
Classes of non-neoplastic

Wudp 3a MKX-10

[losa onpomiHeHHs, I'p / Radiation dose, Gy

diseases ICD-10 code 0,05-0,09  0,1-0,199  0,2-0,249 0,25-0,7
Yci HenyxiuHHi XBopobu, 3a BECh Nepion, D50.0-R94.8 1,26* (1,17-1,37) 1,16* (1,07-1,25) 1,15* (1,06-1,24) 1,11*(1,01-1,22)
All non-neoplastic diseases for the entire period

XBOpOOW EHAOKPUHHOI CUCTEMU, PO3Naay E00.0-E90.0 1,65 (0,67-4,04) 1,92(0,81-4,54) 1,46 (0,61-3,48) 1,06 (0,37-2,66)
XapuyBaHHS Ta NOPYLLEHHsI 0OMiHY PeYOBUH

Diseases of the endocrine system, nutritional

disorders and metabolic disorders

XBOpo6K HepBOBOI CMCTEMU G00.0-G99.0 1,45(0,92-2,28) 1,21 (0,77-1,90) 1,22 (0,79-1,90) 0,89 (0,52-0,98)
Diseases of the nervous system

XBopoGu cuctemn kKpoBoobiry 100.0-199.0 1,27* (1,15-1,40) 1,20* (1,09-1,32) 1,17*(1,06-1,28) 1,18* (1,06—1,38)
Diseases of the circulatory system

XBOp0oOW OpraHiB AUXaHHs J00.0-J99.9 1,08 (0,80-1,46) 0,93 (0,70-1,25) 1,01 (0,76-1,34) 0,90 (0,64—1,28)
Diseases of the respiratory system

XBOpOOM OpraHiB TPaBNEHHs K00.0-K93.9 1,26 (1,02-1,56) 1,01 (0,82-1,25) 1,12(0,91-1,37) 0,97 (0,76-1,25)
Digestive system diseases

XBOpoOW ceyocTaTeBoi cUCTEMU N00.0-N99.9 2,79(0,97-7,99) 2,73(0,97-7,66) 2,06 (0,73-5,83) 1,99 (0,62—6,34)

Genitourinary system diseases

MpumiTka. *CratucTyHO AocTosipHa pisHuug, p < 0,05
Note. *The statistically significant difference, p < 0.05
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MU, Bil eHIOKpUHHUX XBOPOO, PO3JIaJliB XapuyBaHHSI Ta
HOpYyLIEHHsI 0OMiHY PEYOBHMH, BijJi XBOPOO OpraHiB TpaB-
JICHHSI.

30iNbIlIeHHST BiTHOCHUX PU3UKIB CMEPTHOCTI BiJ OK-
peMUX XBOPOO CUCTEMU KPOBOOOITY BUSIBJIEHO TiIBKU B
VIJIHA BikoM 18—39 pokiB Ha gaty aBapii (Ta6.. 5). Joc-
TOBIpHO BUILI OyJM PU3UKU CMEPTHOCTI B YCiX JO30BUX
miArpymnax Bif LepeOpOBaCKYyJISIPHUX XBOpPOO; Bil Kap-
JioMionarii, 3a BUHITKOM ITATPYNX 3 T03010 OIMPOMi-
HeHHs 0,05—0,09 Ip; Bix imemiyHOi XBOpoOU cepls B
nigrpyii 3 go3oto0 onpoMineHHs 0,05—0,09 Ip (BizHOCHO
no3oBoi miarpynu < 0,05 Ip).

Ha momenT YopHoOuinbchbkoi kKatactpodu YIIHA
BikoM 40—60 pokiB nepedyBaiu B Mpaie3I1aTHOMY Billi.
ITocTynoBo Ha MOKAa3HUKU CMEPTHOCTI, OKPIiM JJ030BO-
ro HaBaHTaXXE€HHSI, OTPMMAaHOI0 3a Yac y4acTi B poboTax
3 JiKBigalii HacaiakiB aBapii Ha YAEC, BruBanu ¢i-
3i0J10TiuyHi Tpouecu ctapiHHg. ToMy morauOaeHui
aHaJli3 BiITHOCHUX PU3UKIB CMEPTHOCTI MU IIPOBOJIMJIU 3
aKIIEeHTOM Ha BiKOBY KaTeropiro 18—39 pokiB Ha marty
apapil.

Y npyromy mepiozi cnoctepexeHHs (1993—1997 pp.)
BIZHOCHI PU3MKM CMEPTHOCTI BiJ illIEMiYHOI XBOpPOOU
cepliisd, B TOMY YMCJIi Bif iH¢papKTy Miokapaa, Oyau cTa-
TUCTUYHO JOCTOBIPHO BHUIIVMMU B YCiX TO30BHX ITIATPY-
nax MOPiBHSIHO 3 MOKAa3HMKAMU CMEPTHOCTI B ITO30Biil
nigrpymi < 0,05 Ip.

JocToBipHe MiABUILIEHHST BiIHOCHUX PU3UKIiB CMEpT-
HOCTIi BiJI 1IepeOpOBaCKYISIPHUX XBOPOO, Y TOMY YMCIi
Bii iH(apKTy roJOBHOIO MO3KY, BCTAHOBJIEHO 3a BECh
nepion criocrepexkeHHs (1988—2021 pp.) Ta y mocTomy

Ta6nuusa 5

diseases, nutritional and metabolic disorders, and
digestive system diseases.

An increase in relative risks from certain diseases
of the circulatory system was detected only in
Chornobyl clean-up workers aged 18—39 years at
the date of the accident (Table 5). Statistically sig-
nificant were the mortality related risks in all dose
subgroups from cerebrovascular diseases; from car-
diomyopathy, except for the subgroup with a dose
of 0.05—0.09 Gy; from ischaemic heart disease in
the subgroup with a dose of 0.05—0.09 Gy — com-
pared to dose subgroup 0.05 Gy.

At the time of the Chornobyl disaster, Chornobyl
clean-up workers aged 40—60 years were of work-
ing age. Gradually, in addition to the dose burden
received during participation in the Chornobyl
accident response, physiological processes of age-
ing affected mortality rates. Therefore, we con-
ducted an in-depth analysis of relative mortality
risks with a focus on the age group of 18—39 years
at the date of the accident.

In the second observation period (1993—1997),
the relative risks of mortality from coronary heart
disease, including myocardial infarction, were
statistically significant in all dose subgroups
compared with mortality rates in the dose sub-
group < 0.05 Gy.

A statistically significant increase in the relative
risks of mortality from cerebrovascular diseases,
including cerebral infarction, was found for the
entire observation period (1988—2021) and in the

BinHocHi pusukmu RR (95 % CI) cmeptHocti VJIHA Bikom 18-60 pokiB Ha party aBapii Big okpemux xBopo6
CUCTEMU KPOBOODiry 3 pi3HuMu fo3amu onpomMiHeHHA BifHOCHO f030BOi nigrpynu < 0,05 p

Table 5

Relative risks RR (95 % CI) of mortality of Chornobyl clean-up workers aged 18-60 years at the date of the
accident from certain diseases of the circulatory system depending on the radiation dose in relation to the

mortality rate of the dose subgroup < 0.05 Gy

[lo3sa onpomiHeHHs, 'p / Radiation dose, Gy

XBopoOu cucTemMmn KpoBoooGiry Bik, poku
Circulatory system diseases Age, years  0,05-0,09 0,1-0,199 0,2-0,249 0,25-0,7
XBopo6u cucTemu KpoBooGiry, i3 HuX: 18-39 1,27* (1,15-1,40) 1,20* (1,09-1,32) 1,17*(1,06—1,28) 1,18* (1,06-1,38)
Circulatory system diseases, of which: 40-60 0,90 (0,76-1,07) 0,96 (0,81-1,13) 0,94 (0,80-1,11) 0,90 (0,74—1,10)
> ilwemiyHa xBopoba cepuis / ischemic heart disease 18-39 1,17% (1,04-1,32) 1,11 (0,99-1,24) 1,08 (0,96—1,20) 1,09 (0,95-1,91)
40-60 0,83 (0,68—1,02) 0,93 (0,77-1,13) 0,88 (0,72-1,06) 0,89 (0,70—-1,12)
» kapaiomionaris / cardiomyopathy 18-39 1,47 (0,99-2,08) 1,62* (1,14-2,32) 1,63* (1,14-2,31) 1,57* (1,05-2,34)
40-60 0,51 (0,15-1,75) 0,68 (0,22-2,07) 0,82 (0,28-2,41) 0,58 (0,14-2,44)
> LiepebpoBackynsipHi xBopobu / cerebrovascular diseases | 18—39 1,65% (1,28-2,11) 1,54* (1,21-1,96) 1,54* (1,21-1,96) 1,65* (1,26—-2,16)
40-60 1,08 (0,73-1,57) 1,01 (0,69-1,47) 1,08 (0,74—1,56) 0,95 (0,61—1,48)

IMpumitka. *CratncTuyHo focToBipHa pistuug, p < 0,05
Note. *The statistically significant difference, p < 0.05
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nepiomi (2013—2017 pp.) B yciX M030BUX IMiArpyIax
BiTHOCHO MiArpyIM MOPiBHSHHSI.

CratucTUIHO BaromMe 30iJbIIeHHS BiTHOCHUX PU3M-
KiB CMEPTHOCTI BiJl XBOp0oO OpraHiB TpaBJIeHHS 3a BeCh
Mnepioa cnocTepeKeHHs BU3HAYEHO B MiATpyIli 3 103010
onpomiHeHHs 0,05—0,09 Ip. JlocToBipHO BUILIMIA Bia-
HOCHMI pU3UK CMEPTHOCTI Bif XBOpOO IEeUiHKU BU3-
Ha4YWIM B IMiArpymi 3 703010 onpomineHHs 0,25—0,7 Ip
y niepioa crioctepexkeHHs 2008—2012 pp. mopiBHSHO 3
no3oBo10 migrpynoto < 0,05 Ip.

JlocTOBipHUX BIZHOCHMX PU3UKIB CMEPTHOCTI Bil
XBOpPOO OpraHiB JMXaHHSI BUSIBJIEHO He OYJ0, CITOC-
Tepiraau TiJbKM TeHACHLIl 10 301IbIIEHHS BiIHOCHUX
PU3MKiB CMEPTHOCTI Bil XBOPOO OpraHiB AUXaHHS 3a-
rajjoM Ta BiJ XpOHIYHOI OOCTPYKTMBHOI XBOpOOU Jie-
reHb B miArpynax 3 go3amu onpomineHHs 0,05—0,09 Ip
i0,2—0,249 Ip.

BUCHOBKU

BcraHoBeHO, 110 3arajibHa CMEPTHICTh YYaCHUKIB JIiK-
Bimauii HacainkiB aBapii Ha YOpHOOMIbCHKiiA aTOMHIN
eJIEKTPOCTaHLIII Bif HEMyXJIMHHUX XBOPOO Ma€ TE€HIEH-
mito mo 3pocraHHs. IlokasHuku cmeptHocti YJIHA
CTapIoi BiKOBOI T'PyNM OYJIM BMIILi, HiXX Y OCi0 BikoM
18—39 pokiB Ha gaTty aBapii. ¥ CTPYKTYpi CMEPTHOCTI
OpoBiJHEe Miclle 3aliMaroTh XBOPOOMU CUCTEMU KPOBO-
00iry, XBOpoOU OpraHiB TPaBJIEHHS Ta XBOPOOU OpraHiB
JUXaHHS. Y BCiX BU3HAYEHMX iHTepBasaX 103 30BHilll-
HbOT'O ONPOMiHEHHS MepeBaxkHa OLIbIIICTh JeTaTbHUX
BUMNAJKIB B YYaCHUMKIB JIiKBifallil HAC/IiIKiB aBapii 3a-
rajbHOi KOropTu Oyjia 3yMOBJIEHAa XBOPOOaAMU CUCTEMU
KPOBOOOITY.

Pesynbrati pM3uK-aHallily AO30BUX 3aJIEXKHOCTEH
BIZHOCHOIO PpU3UKY CMEPTHOCTI B KOIOPTi yYaCHUKIB
JikBigawii HachinkiB aBapii Ha YAEC 3acBiguuiau Bu-
11y YyTAUBICTh 0 il iOHi3yI0UOrO BUIIPOMiHIOBAHHS
oci® Mosnoamoi BikoBoi rpynu (18—39 pokiB Ha gaty
apapii). g miei BiKOBOI KarTeropii BHUSIBIEHO TOC-
TOBipHO BUILIi BiTHOCHI pU3MKU CMEPTHOCTI, MMepeBax-
HO BiJl XBOPOO CUCTEMU KPOBOOOITY.

BcraHoBieHO HailOiIbII HeOe3IeuHU epioj 1030-
3aJIeXKHOTO BiZHOCHOro pu3uky cmepti YJIHA uepes
HEIyXJIMHHI XBopoOu: uepe3 6—10 pokiB micis panmia-
LiAHOTO BIIUBY JJIs1 BCiX Jo30BUX miarpy (Bix 0,05 Ip
1o 0,7 Ip) BiTHOCHO MiArpyIHM 3 103010 ONPOMiHEHHS
< 0,05 Ip.

VY nepion 1993—1997 pp. (uepe3 6—10 poxkiB micist
aBapii Ha YAEC) BUsBI€HO TOCTOBIpHO BUIILi BiTHOC-
Hi PU3UKM CMEPTHOCTI Bif XBOpOO CUCTEMU KPOBO-
00iry (JIereHeBe cepile i TOPYIIEHHS JISTeHEBOTO KPO-

sixth period (2013—2017) in all dose subgroups com-
pared to the mortality risks in the control subgroup.

A statistically significant increase in the relative
risks of mortality from digestive diseases over the
entire observation period was determined in the sub-
group with a dose of 0.05—0.09 Gy. A significantly
higher relative risk of mortality from liver diseases
was determined in the subgroup with a dose of
0.25—0.7 Gy during the observation period 2008—2012
compared to the mortality rate in the subgroup with
a dose < 0.05 Gy.

There was no statistically significant increase in
the relative risks of mortality from respiratory dis-
eases, only trends towards an increase in the relative
risks of mortality from respiratory diseases in gener-
al and from chronic obstructive pulmonary disease
in subgroups with radiation doses of 0.05—0.09 Gy
and 0.2—0.249 Gy were observed.

CONCLUSIONS

It has been established that the overall mortality rate
of Chornobyl clean-up workers from non-cancerous
diseases tends to increase. The mortality rates of
Chornobyl clean-up workers in the older age group
were higher than in those aged 18—39 years at the
date of the accident. In the structure of mortality, the
leading place is occupied by diseases of the circula-
tory system, diseases of the digestive system and dis-
eases of the respiratory system. In all defined inter-
vals of external y-radiation doses, the vast majority
fatalities in the clean-up workers aged 18—60 years at
the date of the Chornobyl accident were caused by
circulatory system diseases.

The results of the risk analysis of dose dependencies
of the relative risk of mortality in the cohorts of
Chornobyl clean-up workers aged 18—60 years at the
date of the accident showed a higher sensitivity to ion-
ising radiation of the younger age group (18—39 years
at the date of the accident). For this age group, signif-
icantly higher relative mortality risks were found,
mainly from diseases of the circulatory system.

The most dangerous period for the dose-depend-
ent relative risk of death of Chornobyl clean-up
workers due to non-cancerous diseases was found to
be 6—10 years after radiation exposure for all dose
subgroups (from 0.05 Gy to 0.7 Gy) compared to the
subgroup with an exposure dose of < 0.05 Gy.

In the period 1993—1997 (6—10 years after the
Chornobyl accident), statistically significantly higher
dose-dependent relative risks of mortality from dis-
eases of the circulatory system (pulmonary heart and
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BOOOIry, Kapjaiomiornaris, iH¢hapKT MioKapmy); 4epes
26—30 pokiB — Bif LiepeGPOBACKYISIPHUX XBOPOO, Y TO-
MY YMCJI, Bim iH(apKTy TOJJOBHOTO MO3KY. 3a3HaueHi
JOCTOBIpHO BHIILI BiIHOCHI PU3MKM XapaKTepHi IJIsg
Bcix po3oBux miarpyn (8ig 0,05 Ip mo 0,7 Ip) BigHOCHO
HiArpyny MOPiBHSIHHSI.

AHati3 mpu4KH 301JIblLIEHHS PiBHIB i pU3UKIB CMEPT-
Hocti YJIHA Ha YAEC Big HenmyxXJIMHHUX XBOpPOO €
BaKJIMBUM i aKTyaJbHUM MiATPYHTIM JJ1s1 TIJIaHYBaHHS
3aXO0/iB cIieliaji3oBaHOI MEIMYHOI JOIMOMOTU B YMO-
Bax HaA3BUYAMHUX Ta iHIIMX CUTYyaLii ONPOMiHEHH:SI,
aJleKBaTHOTIO JIIKyBaHHSI Ta 3al100iraHHsI PO3BUTKY YCK-
JIaIHEeHb i, BiAMOBiAHO, 3MEHIIEHHS BTpaT BHACIiAOK
CMEPTHOCTI Bi HUX.

Oxepena nigTpuMKun

HocnimxeHHs BAKOHAHO B paMKaX HayKOBO-IOCiAHOT
poootu HHIIPMIO, ska ¢diHaHcyBanach 3 O10IKETY
HAMH VYxpainu (Ne mepxkpeectparii 0122U002258).

KoHdnikT iHTepecis

ABTOpU HE€ pPO3ToJIOIIYIOTh KOHGimeHUiiiHy iHdop-
Mallilo Ta He MarThb KOJAHOI MpUHAaJIEKHOCTI abo
¢iHaHCOBOI 3alliKaBIeHOCTI B Oyab-sIKili opraHizaliii,
siKa MOIJIa O CTBOPUTHU KOH(MJIIKT iHTEPECIB.
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diseases of pulmonary circulation, cardiomyopathy,
myocardial infarction) were found; in 26—30 years —
from cerebrovascular diseases, including cerebral in-
farction. These significantly higher relative risks are
characteristic of all dose subgroups (from 0.05 Gy to
0.7 Gy) vs. the comparison group.

The analysis of the reasons for the increase in the
levels and risks of mortality of the Chornobyl NPP
survivors from non-tumour diseases is an important
and relevant basis for planning measures of spe-
cialised medical care in emergency and other expo-
sure situations, adequate treatment and prevention
of complications and, accordingly, reduction of
losses due to mortality.
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