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BINAHUE PAJINALIMOHHOI'O 1 HEPAAMALIMOHHBIX
PAKTOPOB HA PABBUTUE HEPEBPOBACKVJIAPHbBIX
3ABOJIEBAHUI Y JINKBUJIATOPOB ABAPVI HA YADC.
PE3YJBTATBI SITMJIEMUOJOTNYECKUX UCCJIETJOBAHMUIA.

Llenb. OnpepeneHne puckos pa3BuUTUs LepebpoBaCKyNAPHO NAaTONOTMM CPEAN YYACTHUKOB IMKBUAALMM aBapun Ha
YAJC (YJINA) c yueToMm f03bl BHELWHEr0 06/1y4eHNs BCEro TeNa, a TakKe HepafuaLnoHHbIX hakTopoB (6MONOrUYECKMX,
COLMANBHO-TUTMEHNYECKUX, MOBELEHYECKNX)
Matepuanbl u metoabl. 10 gaHHbIM KNMHKUKO-3NuAemuonormyeckoro perncrpa HHLUPM nposefeH puck-aHanus Ha
koropTe Y/IMA 1986-1987 rr. myxckoro nona (8625 4enoBek, B T.4. 3623 4eN0BEK C [03aMU BHEWHETO 06/1yYeHUs
Bcero Tena). Nepuog HabnwoaeHns 1992-2010 rr. Ucnonb3oBanach BHYTPEHHAS KOHTPOJbHAA Fpynna C 403aMU MeHb-
we 0,05 p uan 0,1 Ip.
Pe3ynbTarbl. YcTaHOBNEHbI CTAaTUCTUYECKM LOCTOBEPHbIE PAANALMOHHbBIE PUCKM PA3BUTUA XPOHUYECKUX opM Lepeb-
POBACKy/ApHOIA natonoruu npu go3sax ot 0,5 p, ans oTaenbHbIX HopM LepeOGpoBaCKYNAPHON NATONOTUN B HEKOTOPbIX
[030-B0O3pacTHbIx cTpatax — o7 0,25 [p. 3aduKcMpoBaHbl CTaTUCTUYECKM AOCTOBEPHbIE HEpPaANaLMOHHbIe PUCKK pas-
BUTUA LLepebpOoBaCKYNAPHBIX 60NE3HEN C y4eTOM BO3PaCTa, NCUXO3IMOLMOHANILHOTO NEPEHANPsXEHNS, 3n0ynoTpebne-
HUSA anKorofem, HapylweHUin B NUTAHUK, KypeHUs, HebNaronpuaTHLIX YCIOBKIA TpyAa v Ap. MNpu oueHKe paanaLnoHHbIX
PMCKOB NpoaHanM3MpoBaHa posb Bo3pacTa Kak (hakTopa CMelnBaHuA; C MCNoib30BaHWemM metoda MaHTen-XaH3ena
BHeCEeHbl onpefeneHHble YTOYHEHNS B OLeHKN pafnaLMOHHbIX 3P (eKToB.
KnioueBble cnoBa: YepHoObinbckas katacTpoda, Y4aCcTHUKM NUKBUAALMM nocneacTBuii aBapumn Ha YAIC, pernctpel,
LepebpoBackynsapHas natonorus, paguaLnoHHble U HepaAMaLMOHHbIE haKTOPbl, PUCK.
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Radiation and non-radiation factors impact on development of
cerebrovascular diseases in the Chornobyl clean-up workers.
The epidemiological study results.

Objective. To establish the cerebrovascular disease risks in the Chornobyl clean-up workers with regard to whole-
body external dose and non-radiation factors i.e. biological, social-and-hygienic, behavioral ones.

Materials and methods. Risk-analysis was based on the cohort of the Chornobyl male clean-up workers of 1986-
1987 period (8625 men including 3623 with known whole-body external radiation dose values). Data from the
Clinical-and-epidemiological registry, National Research Centre for Radiation Medicine were used. Observation peri-
od was since 1992 till 2010. We have used the approach with the internal control group with radiation doses less
than 0.05 or 0.1 Gy.
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Results. The statistically significant radiation risks were established for the chronic forms of cerebrovascular dis-
ease at doses 0.5 Gy and higher, for some forms of the disease in certain dose-age strata i.e. 0.25 Gy and more.
Statistically significant non-radiation risks for cerebrovascular disease were recorded with regard to age, psychoe-
motional stress, alcohol abuse, malnutrition, smoking, harmful working conditions etc. Role of age as a confounding
factor was analyzed under the assessing of radiation risks with Mantel-Haenszel method application to improve the

estimates of radiation effects.

Key words: Chornobyl accident, Chornobyl clean-up workers, registries, cerebrovascular disease, radiation and non-

radiation factors, risk.

Problems of radiation medicine and radiobiology. 2013;18:82-93.

[To maHHBIM BMUIAEMUOJOTMYECKUX HCCIEIOBAaHUN Y
MOCTpaJaBIINX BeiieacTBrue YepHOOBUIBCKOI KaTacTpo-
(b1, Ipexae BCero y yYaCTHUKOB JIMKBUAALIMM aBapuu
(VJIITA) ra YADC, Ha COBpeMEHHOM 3Tare PerucTpu-
pyeTcs pocT LepeOpoBacKyIsIpHbIX 3a0oeBaHuit (L[B3)
M CMEPTHOCTHU OT HUX, a pa3Butue LIB3 y YJIITA npouc-
XOIUT B O0Jiee paHHEM BO3pacTe MO CPaBHEHUIO C Hace-
nenneM YkpauHbl [1-3]. CHmkeHMnio mepeOpoBacKy-
JISIpHOH 3200J71€Ba€MOCTH U MPEAOTBPAILIEHUIO TSIXKEJIbIX
CJIEICTBUI 3TOM ITATOJOIMM MOTYT CIIOCOOCTBOBATH
npodmIaKTHIECKIe MEphl HA OCHOBE OLICHKM U KOPPEK-
TUpOBaHMUA (pakTopoB pucka. OmnpeneseHne PHUCKOB
pasButusa LIB3 cpenu YJITIA ¢ yuyeToMm 103bI BHEIITHETO
00JTydeHMS BCETO Tea, a TaKKe HepaauallMOHHBIX (hak-
TOPOB (OMOJIOTMYECKMX, COLUATbHO-TUTUCHUYECKUX,
MOBEACHYECKNX) U SIBUJIOCH 1IEIbI0 JaHHOM paOOTHI.

MATEPUAJIBI 1 METO/IbI UCCJIEZOBAHUI
Hccnenosanue mpoBeaeHo Ha Koropre YJIITA 1986—
1987 IT. MyXCKOTO I10J1a, COCTOSIIMX Ha YIeTe B KIIMHU-
Ko-snuaemuonornyeckom peructpe (K9P) HHLPM u
MPOXOISIINX KOMITJIEKCHbIE MEIUIIMHCKIAE CTaHIAPTH-
3MpOBaHHBIC O0CIEHOBAHUS B COOTBETCTBMU C CIICII-
aJbHBIM 1poTokooM. KOP ¢ynkunonupyer ¢ 1992 .
O6mas uncineHHoctb YJIITA 1986—1987 rr. MyXcKoro
nona Ha koHel 2011 r. coctaBasieT 8525 uel., U3 HUX
VIIITIA 1986—1987 IT. ¢ MHAMBUOYAJIbHBIMM JO3aMU
BHEILLHEro 001y4eHus1 Bcero Tesa 3623 yer.

Cpennuii Bo3pact YJIITA Ha MoMmeHT 001yueHus — 37,8
rozaa, npudyem 64,8 % YJIIA 6bi1u Mmosoxe 40 net. Cpen-
HsIs 103a BHeIIHero obyiyueHust Bcero tena — 0,254 Ip.
Hossl 1o 0,05 Ip monyurnm 24 % muu, 0,05—0,099 Ip —
9,3 %, 0,1-0,249 Ip — 24,3 %, 0,25—0,499 Ip — 24,8 %,
0,5-0,99 I — 12,2 %, no3swl 1 Ip u Gonbiue — 5,4 % BbI-
o6opku. CpenHss go3a B auamnaszoHe 1 Ip u 6osblie coc-
tapiser 1,32 Ip. 63,1 % YJIIIA Hayanu paboTaTh B 30HE
B anpeJsie-utoHe 1986 .

ITo BpeMenu HaGmogeHus1 B cucteme KOP koropra
VIJIHA sBnsgercss HEOOTHOPOAHOM, YTO 00YyCIaBIMBAETCS
Pa3sHOBPEMEHHOCTHIO, KaK BKIIOUEHUS ITOCTPaIaBIINX B

According to the epidemiological studies data
there is a growth of cerebrovascular disease inci-
dence and prevalence (CVD) and resulted CVD
mortality among the Chornobyl accident sur-
vivors, particularly among the Chornobyl clean-up
workers. The development of CVD is observed
among younger (compared to the population of
Ukraine) clean-up workers [1—3]. Preventive
measures based on the assessment and adjustment
of risk factors can reduce the cerebrovascular mor-
bidity and prevent severe consequences of the dis-
ease. This study was focused on the risk identifica-
tion of CVD development among the clean-up
workers with regard to whole-body external radia-
tion dose and a number of non-radiation factors
(biological, sociohygienic, behavioral).

MATERIALS AND METHODS

A study was based on a cohort of male clean-up
workers of 1986—1987 period. The latter were regis-
tered in the Clinical-and-epidemiological registry
(CER), NRCRM and have underwent the standard-
ized comprehensive medical examinations in accor-
dance with a special protocol. CER works since
1992. By the end of 2011 a total number of male
clean-up workers of 1986—1987 period amounted to
8525 people. There are individual whole-body exter-
nal dose values available for 3623 of them.

Mean age of clean-up workers at the time of expo-
sure was 37,8 years (<40 in 64,8% of them). The who-
le-body external radiation dose was ~0.254 Gy. The
24% of persons had received doses <0.05 Gy, 9.3 % —
0.05—-0.099 Gy, 24.3 % — 0.1— 0.249 Gy, 24.8 % —
0.25—0.499 Gy, 12.2 % —0.5—0.99 Gy, and 5.4 % — 1
Gy or more. The dose of 1,32 Gy is an average in the
range of >1 Gy. The 63.1% of clean-up workers had
started their work in the zone in April-June of 1986.

The cohort of clean-up workers was heteroge-
neous as to the time of observation in the CER sys-
tem i.e. there was a different time of inclusion to
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KBP, Tak u BbIObIBaHUS UX U3 CUCTEMbl MOHUTOPUHTA,
00YCJIOBJICHHOIO HESIBKOM Ha odepedaHble obcienoBa-
Hud. 3a mepuona pynkunonupoBanusgs KOP VIITIA u3
KOTrOpThI UCCIEAOBAaHUSI MPOIILIM KOMIUIEKCHbIE 00CIe-
JOBaHUs 10 9 pa3, B cpeaHeM — 3,6 pa3a.

B b1 KOP 3apernuctpupoBaHbl JUIIb eAMHUYHbIE CTY-
yan ocTpeix LIB3 (MHCYIBTOB MO3ra u Jp.), TaK KakK Ta-
Kue OOJIbHbIE He SIBJISIIOTCS Ha O4YepeaHOM 3tar obcie-
noBaHuili B KOP. IToaToMy aHanu3upoBaiuch 3a0oieBa-
€MOCTb U PUCKH pa3BUTHSI XpoHUYeckux ¢opm LIB3.

Ocobennoctn KOP, o0ycioBieHHBIE HEOTHOPOI-
HOCTBIO COCTaBa MOCTPAIaBIIMX B IMHAMUKE MOHUTOPUH-
ra, ydTeHbl B BHIOpAaHHOM CITOCOOe pacueTa MoKazaTesiei.

Jlist pacueTra 3a00JIeBAEMOCTU YUYUTHIBAJIOCH UMCJIO Ue-
JIoBeKO-J1eT HaOmoaeHus B cucteme KOP. OuenuBanach
cpenHeromonasi 3a00JieBa€MOCTh Ha TMeproje HaOIoIe-
Husl. PacueTnl 3a001€Ba€MOCTH MPOBEAEHBI HA BCEM MH-
¢dopmMauimoHHOM MaccuBe 1isl Koropthl YJIHA B 1ieiom
HE3aBUCHMO OT HAJIMYMsI JaHHBIX O J03aX OOJTyYCHMUSI.

Mg pacuera paauallMOHHBIX PHUCKOB YYUTHIBAJIOCh
YHCJIO YEJIOBEKO-JIET IO PUCKOM (C MOMEHTa oOJIyde-
HUSI), YTO OOYCJIOBICHO CIeIM(UKOM 3a1a4 BEISIBICHUS
3aKOHOMEPHOCTE!I BO3HMKHOBEHMS IIOCIE aBapyUM MC-
cjemyeMbIX 3a0osieBaHUi. YKCIo YyenoBeKo-JIeT Mo/ puc-
KOM PacCYMTHIBAIIOCh KAK CyMMa MHIWBUAYaIbHBIX JIJTN-
TEJIbHOCTEH MpeObIBaHMS B TOJaX ITOA PUCKOM OT Havdaja
IelcTBUS (paKTopa pUCKa 10 MOMEHTA YCTaHOBJICHMS 3a-
OoJieBaHus (J1J1s1 3a00JI€BIIMX) WIK 0 BPEMEHHOTO Cpe3a,
BBIOPAHHOTO VTS aHAIM3a (U151 He 3a00J1€BIINX); AJISI BbI-
OBIBIIVX 1 HE 3a00JICBIIIMX BPEMEHEM IO PUCKOM SIBJISI-
€TCSI BpeMsl C MOMEHTa OOJIydeHMsI, BKIIIOYasl II€PUOI
HaomoaeHus. [Tpu pacuerax mpUHATHI BO BHUMaHUE pe-
3yJIbTaThl BCEX ITAIIOB MEPUOANUECKUX 00CIeI0BaHUI 3a
1992—2010 rr. AHanIU3 1151 OTAEAbHBIX BpEMEHHBIX Mepr-
OIIOB IIOCJIE aBapuM 31ech He mpoBoawics. KoHTpoieM
IUIS OIpenesieHUs] paadallMOHHBIX PUCKOB SIBJSIACH
yacTb koropthbl YJITIA ¢ pozamu <0,05 Ip unu <0,1 Ip.

IlokazaTenu mist pucK-aHaIn3a OMpPeIeICHBI C YIETOM
METOAMYECKMX MOIXOA0B IPUBEACHHBIX B MCTOUHMKAX
[4—10]. OnpeneneHHOM MPOOJIEMON SIBSIETCS HEJOCTa-
TOYHas YHU(UKAIUSI ONMpeAeeHUi MmoKa3aTeael puc-
Ka, Ha 4To yKa3aHo B [8]. B yacTHOCTH, 3TO KacaeTcs OIl-
peneneHus: aOCOJIOTHOIO U aTPUOYTUBHOIO PUCKa, 3KC-
11€CCOB PUCKOB.

YTouHeHNEe OLIEHOK PaguallMOHHBIX PUCKOB C YUETOM
BO3MOXHOTO 3((eKTa CMEIIMBAaHNS B CBSI3U C HEOTHO-
POOHOCTBIO MO30BBIX TPYMII IO IPYruMm QakTopam
(TIpexne BCcero Mo BO3PacTy) OCYIIECTBISUIOCH C TO-
MOIIIBIO OTHOCUTEJIBHBIX PUCKOB, OIIPEAC/ISIEMBIX 110 Me-
toay MaHnTten-XaH3ena. OCHOBHbIE pacyeTHbIE (OpMY-
JIbI TIpUBEAEHbI B Tabaule 1.

CER or exclusion from monitoring (due to
absense for regular examination). The clean-up
workers of the study cohort had underwent 9 (3.6
at an average) comprehensive examinations during
the period of CER operation.

Only a few cases of acute CVD (cerebral stroke
etc.) were recorded in CER database because such
patients fail to appear for subsequent CER exami-
nations. With the above in mind we analyzed the
incidence and risks of chronic CVD.

The method of calculation was selected consid-
ering CER characteristics specified by the sur-
vivor’s heterogeneity in the course of monitoring.

The number of person-years of observation in CER
was used to calculate the incidence rates. Mean an-
nual incidence rate was estimated for the observation
period. The entire data set for clean-up workers’
cohort was used to calculate incidence rates regard-
less of the availability of data on radiation doses.

Radiation risk assessment was based on the
number of person-years at risk (since exposure).
Our problem is to identify the patterns of occur-
rence of the diseases under investigation in post-
accident period. The number of person-years at
risk was calculated as the sum of individual lengths
of stay (in years at risk) from exposure to risk fac-
tor till diagnosis of the disease (for the gone sick)
or till the time period selected for analysis (for the
not diseased). For those dropped out and not dis-
eased the time-at-risk was measured from the
moment of exposure with observation period
included. Our calculations were based on the
results of all observation periods (1992—2010).
Analysis for some post-accident periods was not
performed. Part of the cohort of clean-up workers
with doses of <0.05 Gy or <0.1 Gy was taken as a
control to assess ther radiation risks.

Indices for the risk-analysis defined with due
consideration of methodological approaches are
presented in papers [4—10]. Lack of standardized
definitions of risk factors as specified in [8] is a bit
challenging here. Estimation of absolute and
attributable risks, and excess risks is of especial
concern.

Radiation risk estimates were adjusted for a
potential confounding effect in the context of
heterogeneity of dose groups by other factors (pri-
marily by age) by means of application of the rela-
tive risk values defined using the Mantel-Haenszel
method. Basic formulas for calculation are pre-
sented in Table 1.
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Ta6bnuuysa 1
®opmynbl pacyeTa pUCKOB pa3BuTUA 3a601eBaHMI NO AaHHbIM HAGMOAEHUI
Table 1
Formulas for risk assessment of diseases using observation data
Mokasatenb PacuetHas ¢popmyna Ne dopmynbi
Measure Calculation formula Formula #
Koadppuument 3abonesaemoctu Ha 1000 yenoseko-net IR = 1000 x uncno HoBbIX Cyyaes 3a60NEBaHNIA 3a JAHHBIN (1)

Incidence rate per 1000 person-years

nep1oz, BPEMEHM / YMCIIO YeNOBEK-NET HabNoaeHNS!
IR = 1000 x number of new cases in a given period

of time / person-years of observation

YnCIo 4EenoBEKO-NET NOJ, PUCKOM; N (2)
Ti — HOMBUAYaNbHAa [IUTENLHOCTL NPEBbIBAHMS MOL PUCKOM PY = Z Ti
Person-years at risk; 7i — individual length of stay at risk i- 1
A6contoTHbIi puck ARY (Ha 1000 yenosex-ner); a (3)
a — YNCNO HOBBIX Ciy4aeB 3a00neBaHuin ARY = 1000x
Absolute risk ARY (per 1000 person-years); a — number of new cases PY
OTHOCUTENbHBIV PUCK B FPynMe 3KCMOHUPOBAHHBIX (E) ARY (4)
M0 CPABHEHMIO C KOHTPOJIbHO (C) RRY, = £
Relative risk in the exposed group (E) compared to the control one (C) ARYc
AtpubyTUBHBII puck (NpupateHme abconioTHOro prcka (5)
B Ipynne 3KCMOHUPOBAHHbIX MO CPABHEHMIO C KOHTPOJIEM) ATRY F= AR YE — AR YC
Attributive risk (absolute risk increment in exposed group vs. control)
95 % [OBEPUTENbHbIV UHTEPBAN OTHOCUTENBHOTO PUCKA; X2 — KPUTEPHiA X1-KBaZpaT _ (141,96/y 2) (6)
95% confidence interval for the relative risk; %2 — chi-square test 95 % CI = RRY
9KCLLECC OTHOCUTENLHOrO pucka (p™!) B Fpynne SKCMOHMPOBAHHIX; RRY —1 (7)
DE — cpemnsis [,03a B 3TOi rpynne ERR=———
Excess relative risk (Gy™') in the exposed group; Dr — average dose in this group E
AkeLecc abconioTHoro pucka (den-ner, M) ARY. — ARYc (8)
Excess absolute risk (person-years, Gy') FAR="—"""2 t "~

E
OTHOCUTENbHBIV pUck MO MaHTen-XaH3eny (B3BELLEHHbIA MO CTpaTam n 9)
“u3yyaemblii pakTop pucka — GpakTop CMeLMBaHus”); Z a. ( PY. ) /TY.
i=1, 2.... n rpagauum $GakTopa CMeLIMBaHNS; - ! 0i !
PY0i — 4ncno 4enoBeko-NeT nof, PUCKOM 11 HE3KCTIOHUPOBAHHBIX RRY, MH =,
Mpu i-M 3Ha4eHnn hakTopa CMeLINBaHNS; Z c. (PY .)/TY
PY1i — 4ncno 4enoBeko-neT Nof PUCKOM ANt IKCMOHMPOBAHHBIX - ! li !
Mnpu i-M 3HaueHnn GbakTopa CMeLINBaHNS; !
TYi — CyMMapHOe Y1CN0 YeNOBEKO-IET MO, PUCKOM
Mpu i-M 3HaYeHUn $akTopa CMEeLINBaHNS.
Mantel-Haenszel relative risk (weighted by strata “risk factor under study —
confounding factor”);
i=1, 2.... n range of confounding factor;
PY0i — person-years at risk for unexposed people, the i-th value of confounding factor;
PY1i — person-years at risk for exposed people, the i-th value of confounding factor;
TYi — the total number of person-years at risk, the i-th value of confounding factor.
Xu-kBappar no MaxTen-Xanseny 2 (10)

. +c)(PY,
Mantel-Haenszel chi-square {Z a-2 (ac)(l)}
K = !
M” 5 (a +c)(PY)(PY,)
T2

®opmyibl 3—8 OLIEHNBAIOT BEIUMYNHBI “TPYOBIX~ puC-
KoB, opMyabl 9, 10 — CKOPPEeKTUPOBAHHBIX 3HAUYCHUI
PUCKOB C YYE€TOM BJIHUSIHUS (haKTOPOB CMEIIMBaHUSI.
B maHHOM ciyyae YTOYHSUIMCh 3HAYEHUST pagualldOH-
HBIX PUCKOB C YY4E€TOM BO3pacTa KakK BO3MOXKHOIO (hak-
TOpa CMEIIIMBaHMSI.

The “crude” risk estimates follow formulas
(3—38), the risks values adjusted for the effects of
confounding factors follow formulas (9, 10). In
this case we have adjusted the radiation risk values
for age as a possible confounding factor.
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PE3VYJIBTATBI 1 OBCYXK/JIEHUE

3abonaesaemocms U pucku pazeumus

XPOHUHECKUX Uepedpo8acKyAIpHbIX 3a001e8aHUL
KoadhpuiimeHTs XpoHUUYECKOHN 11epe0poBacKyISIPHOM
3a00JIEBAEMOCTH OIIPEIEICHbI B COOTBETCTBUU C YNCIIOM
BIIEPBBIC YCTAHOBJICHHBIX HEBPOIATOJIOTOM B CHCTEME
K3P LIB3; ocTprie cimydyan HapyIIeHUS MO3TOBOTO KPO-
BOOOpAIICHUST B CBSI3M CO CIeLU(PUKON 3TUX Oone3Hel
3a(pUKCUPOBAHBI TOJILKO B eIMHUYHBIX cirydasx. Cpenu
xpoHuueckux 1IB3 nuaupyert LiepedpaibHblii aTepOCK-
Jepo3 (Tadi. 2).

Ta6nuua 2

RESULTS AND DISCUSSION

Incidence rates and risks of

chronic cerebrovascular diseases

Incidence rates for chronic cerebrovascular dis-
eases were estimated according to the number
of a for the first time ever diagnosed CVD cases
(by CER neurologist). Only few cases of acute
stroke due to specific character of the disease
were documented. Cerebral atherosclerosis is

the most prevalent cerebrovascular disease
(Table 2).

Llepe6poBackynsapHana 3aboneBaemoctb y y4actHukoB JIMA Ha YA3C

Table 2

Incidence of cerebrovascular diseases among the Chornobyl clean-up workers

HaumeHoBaHusa 3abonesaHuii

Wndp MKB-9  LWudp MKB-10

IR na 1000 yen.-ner

Disease ICD-9 code ICD-10 code IR per 1000 person-years
LiepeGpoBackynsipHble 60ne3Hu, B T.4. 430-438 160-169 59,7+1,2
Cerebrovascular diseases, including 430-438 160-169 59,7+1,2
LiepeOpaibHbIi aTePOCKNIepo3 437.0 167.2 17,0+0,7
cerebral atherosclerosis
LiepebpanbHas miemus 4371 11,6+0,6
cerebral ischemia
rMnepToHnyeckasHa sHuedanonarus 437.2 167.4 4,1+0,3
hypertensive encephalopathy
Jpyrie HETOYHO 0603HaueHHble LIB3 437.8 167.8 14,2+0,6
other specified CVD
HeyTo4HeHble LIB3 437.9 167.9 11,3+0,6
CVD, unspecified
oTaaneHHble nocneacteus LIB3 438 169 1,120,2

sequelae of cerebrovascular disease

Ilo pesynabrataM puCK-aHaJIM3a OMNPEIETICHbI OLEHKU
BJIMSIHUST paayallMOHHOTO (TabJ. 3—5) M HEKOTOPBIX He-
pagMalMOHHBIX (paKTOpOB prcKa (Tabi1. 6) pa3BUTUS XPO-
anveckux LIB3 y VJITTA, cocrogmmnx Ha yuete B KOP.

Hns uepedpanbHoit uiemnuu (437.1 mo MKB-9) cra-
TUCTUYECKU 3HAYMMBIX 3HAaUeHUI “TpyObIX” pUCKOB Ha
KOropTe B 1IeJIOM HE YCTaHOBJIEHO, OJHAKO MJisi 00Jy-
YyeHHBIX B Bo3pacTe 10 40 et mpu no3ax 0,25—0,5 Ip BeI-
SIBJICHBI CTATUCTUYECKU ToCcTOBepHBIe puckin RRY=3,22
(1,97; 5,3).

PammanimoHHBIe PUCKM YTOUHSUIMCH 10 MeTony MaH-
Te-XaH3ela ¢ Y4eTOM BO3MOXKHOIO BIMSIHUS 3 dekTa
CMEIIMBaHMsI, 00YCIOBIEHHOTO CIyYaliHO HEOTHOPO/I -
HOCTBIO T10 BO3PacTy IPYIIl cpaBHeHUS (TabI. 4).

Paznmuue cratrctnaeckoii 3HaunMoctu rpyosix (RRY) n
B3BenieHHBIX (RRYwMmx) 110 1030-BO3pacTHBIM CTpaTaM OT-
HOCHUTEJIbHBIX PUCKOB O0YCJIOBJIEHO, BO3MOXKHO, HEOTHOPO/I-
HOCTBIO TT0 BO3PACTY JI030BbIX IPYIII CpaBHEHUSI (Ta01. 3).

The results of risk analysis were used to estimate
the radiation risk factor (Tables 3—5) and some non-
radiation risk factors (Table 6) for the chronic CVD
among clean-up workers registered with CER.

As for cerebral ischemia (ICD-9 code 437.1) no
statistically significant “crude” risk estimates in
the cohort as a whole were established, while a sta-
tistically significant risks RRY=3.22 (1.97; 5.3) for
the exposed people under age 40 were found at
doses of 0.25—0.5 Gy.

The radiation risks were adjusted using Mantel-
Haenszel method for potential confounding effect
resulted from a random age heterogeneity in com-
parison groups (Table 4).

The difference between statistical significance of
crude (RRY) and weighted (RRYwmn) relative risks
by dose-age strata is caused by an age heterogene-
ity among comparison dose groups (Table 3).
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Ta6nuuya 3
fpy6ble moKasaTenu PUCKOB BO3HUKHOBEHUA XPOHWUYECKOW Lepe6pOBacKyNAPHOM NaTonorMum B [030BbIX
cy6Koroprax yyactHukos JIMA

Table 3
Crude risk estimates for chronic cerebrovascular diseases in dose subcohorts of clean-up workers

_ A .
= = [
o q=, = T>- = o o
) (1]
e =S 26 88 2.E
sz ¢ga S& 555 i <£&
2g 88 S= g 89S 2%S S &
gS 22 =2 ~ 88 gisg g5%e 8%
5 53 2& &g 2% 53 T8%E 5:%% =
'—_ ” P g ze o o =G T o § = S 5 § r © 8_ g
§8 > &%& = > < xx 3558 S:£§35 &35
Q Q
g8 S5 £k & & b & & 58 &%=5 &2=5 &z
Xponnyeckune LYB3 B yenom (437-438 no MKb-9, | 67, 1 69 no MKb 10)
Chronic CVD as a whole (ICD-9 codes 437-438, ICD-10 codes I 67, | 69)
<0,05* 22,8 37,2 37,2 0,014
0,05-0,09 21,7 -1.1 0,95 (0,73; 1,25) -0,69 (0,09; 5,35) 49,6 36,3 36,3 0,069
0,1-0,24 18,5 -4,3 0,81 (0,66; 0,99) 0,05 -1,12 (1,00; 1,25) 48,7 35,1 35,1 0,169
0,25-0,49 24,6 1,8 1,08 (0,90; 1,29) 0,24 (0,01; 7,18) 474 35,8 35,8 0,332
050,99 322 9,4 1,41 (1,13; 1,77) 0,01 0,59 (0,42; 0,83) 478 38,2 38,2 0,697
1+ 38,8 16 1,70 (1,23; 2,35) 0,01 0,52 (0,35; 0,77) 49,8 39,5 39,5 1,348
Llepe6panbHbiii atepocknepo3 (437.0 no MKb-9, 167.2 no MKB-10)
Cerebral atherosclerosis (ICD-9 codes 437.0; ICD-10 codes 167.2)
<0,05* 13,0 48,6 36,2 0,014
0,05-0,09 14,0 1 1,08 (0,72; 1,61) 47,8 35,4 0,069
0,1-0,24 10,4 -2,6 0,80 (0,53; 1,21) 47,3 34,7 0,167
0,25-0,49 14,9 1,9 1,14 (0,81; 1,62) 47,5 35,6 0,332
050,99 22,0 9 1,69 (1,14; 2,5) 0,01 1,02 (1,01; 1,03) 13,24 48,7 37,3 0,678
1+ 32,1 19,1 4,01 (2,47; 1,52) 0,001 1,13 (1,06; 1,20) 14,65 50,7 39,2 1,302
Tmnepronnyeckas axHyegpanonatns (437.2 no MKb-9, 167.4 no MKb-10)
Hypertensive encephalopathy (ICD-9 codes 437.2; ICD-10 codes 167.4)
<0,05* 41 46,3 33,8 0,015
0,05-0,09 53 1,2 1,29 (0,58; 2,86) 452 32,6 0,069
0,1-0,24 44 0,4 1,09 (0,71; 1,67) 4.5 31,9 0,167
0,25-0,49 5,6 1,5 1,36 (0,68; 2,74) 45 33,2 0,328
05099 96 55 2,35 (1,1; 5,04) 0,05 46,1 34,9 0,674
1+ 20,5 16,5 5,03 (1,84; 13,8) 0,01 2,89 (1,49; 5,59) 11,79 479 37,4 1,397
[pumeyaHne. * — KOHTPOSb.
Note. * — control.
OTMETUM, YTO CKOPPEKTUPOBAHHbINI C y4eTOM BO3pacTa It should be noted that relative risk age-

OTHOCUTENIBLHBIN pUCK 1Mo MaHTen-XaH3eny npu go3ax — adjusted by Mantel-Haenszel method (proce-
Menblie 0,25 Ip aBnseTca HemocToBepHBIM (B oTinune oT  dure) at radiation doses under 0.25 Gy is uncer-
rpydboro OTHOCUTEILHOTO PrcKa). DTO CBUAETENLCTBYET 0  tain (unreliable) unlike a crude relative risk. It
HelleJiecoo0pa3HOCTU TPAaKTOBAaHUSI OLIEHKM Ipydboro oT-  means that crude relative risk estimates within
HOCUTEJTLHOTO pHCKa B 3TOM J030BOM auama3oHe Kak  this dose range should not be treated as a
OoTOOpaKeHue ropMesnca, Tak Kak, ckopee Bcero, ooyc-  hormesis effects as this is more likely caused by
JIOBJIEHA CIy4allHOCTBIO, MpPOSIBUBILEICS B HeogHopoAd- randomnicity appeared throuth heterogeneity
HOCTU BO3PAaCTHBIX pacmpeneleHnii B 3TUX mo30BbIX  of the age distributions in these comparison dose
rpymiax CpaBHEHUS. groups.
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Ta6nuua 4

PaauauuoHHble PUCKM BO3HMKHOBEHUA LepebpoBackynapHou naronorumn (437-438 no MKB-9, 167, 169 no
MKB-10) cpepu yyactHukoB JINA Ha YA3C 1986-1987 rr., myxxumH. Koppekuus no metony MaHten-XaHsena
npu cTpatuUKaLmMm no BO3pacTy Ha MOMEHT 06cei0BaHuUA.

Table 4

Radiation risks of CVD (ICD-9 codes 437-438, ICD-10 codes I 67, I 69) among the Chornobyl male clean-up work-
ers of 1986-1987 period. Adjustment using Mantel-Haenszel method, stratum age at the time of examination.

Dosa, Mp RRYmx p< ERR, 'p! EAR (Ha10?® yen-nert, p-1)
Dose, Gy RRYmu ERR (Gy'') EAR (per10® person-years, Gy'')
0,05-0,09 1,01
0,1-0,24 0,96 (0,77; 1,19)
0,25-0,49 1,29 (0,98; 1,48) 0,1 0,6 (0,34; 1,07) 13,84 (0,7; 274,41)
0,5-0,99 1,38 (1,08; 1,76) 0,01 0,55 (0,35; 0,86) 12,56 (1,87; 84,34)

1+ 1,63 (1,16; 2,3) 0,01 0,47 (0,28; 0,80) 10,78 (2,06; 56,42)

B no3oBoii rpynne 0,25—0,49 Ip noBeputenbHast Bepo-
SITHOCTh CKOPPEKTUPOBAHHOTO C YU€TOM BO3pacTa OTHO-
CUTEJIbHOTO pHucKa Mo ManTen-XaH3eay BbIIIE, 4YeM
Trpy0oOro OTHOCUTEIBLHOTO PYCKa, a CTaTUCTUYECKasl 10C-
ToBepHOCTB focturaet 90 %. B pesynbsraTe KOppeKTUPO-
BaHUsI KpUBBIE 103a-3(P@EeKT U JOBEPUTETbHOMN BEpOSIT-
HOCTHU CTaHOBSITCSI OoJjiee IJIaBHBIMU, a CTaTUCTUYECKU
JIOCTOBEPHBIN 10303aBUCUMBIN 3¢hdekT pazsutus L1B3
nposieaseTcs rpu no3ax mexay 0,25 u 0,5 Ip (puc 1. A).
Takum o6pa3om, Ha UcclieayeMoii BbIOOPKE MPOSIBISIET-
cs apdexT cMmermBaHus npu no3ax 0,05—0,49 Ip, obyc-
JIOBJICHHBII B JaHHOM cJIydyae CIy4allHbIM KOMITOHEH-
TOM M3-3a HEOTHOPOTHOCTH BO3PACTHBIX pacIpenesie-
HU B TO30BBIX IPYIIIIaX CpaBHEHUSI.

Ta6amua 5

In the dose group of 0.25—0.49 Gy a confi-
dence probability of Mantel-Haenszel age-
adjusted relative risk is higher than that of crude
relative risk. The statistical significance at that is
90%. As a result of adjusting the dose-response
and confidence probability curves both become
smoother, and statistically significant dose-
dependent effect of CVD appears being observed
at a dose range 0.25 to 0.5 Gy (Fig. 1. A). Thus,
a confounding effect is observed in the study
sample at doses of 0.05—0.49 Gy. In this case it is
caused by a random component due to the het-
erogeneity of age distributions in the comparison
dose groups.

lpyGble M CKOPpEeKTUPOBaHHble MO BO3PAcTy Ha MOMEHT 06C/Nef0BaHMA pajWaLMOHHbIE PUCKU PasBUTUA
XpPOHMYECKUX LiepebpoBacKkynapHbix 6onesven (437-438 no MKB-9, 167, 169 no MKB 10) y VANA Ha YA3C,

061y4eHHbIX B pa3HOM BO3pacTe
Table 5

Crude and adjusted for age at the time of examination radiation risks of chronic cerebrovascular diseases
(ICD-9 codes 437-438, ICD-10 codes 167, 169) in the Chornobyl clean-up workers exposed at different age

Bospact Ha MmoMeHT oOnyyenns  [lo3a, p  MpyOble oTHOCUTENbHbIE PUCKM  CKOPPEKTMPOBAHHbIE OTHOCUTEJIbHbIE PUCKM
Age at the time of exposure Dose, Gy Crude relative risks Adjusted relative risks
RRY (95 % OU/Cl) p< RRYmx/RRYmn (95 % AWU/CI) p<
18-39 0,1-0,24 0,95 (0,7; 1,29) 1,04 (0,76; 1,43)
0,25-0,49 1,35(1,1; 1,81) 0,05 1,40 (1,04; 1,87) 0,05
0,5-0,99 1,56 (1,06; 2,32) 0,05 1,48 (1,01; 2,16) 0,05
1+ 1,32 (0,48; 3,63) 1,35 (0,66; 2,76)
40 u crapwe 0,1-0,24 0,89 (1,11;0,71) 0,90 (0,67; 1,19)
40 and over 0,25-0,49 1,05 (0,93; 1,19) 1,07 (0,81; 1,40)
0,5-0,99 1,27 (1,04; 1,57) 0,05 1,31 (0,97; 1,77) 0,1
1+ 1,54 (1,16; 2,05) 0,01 1,60 (1,09; 2,35) 0,05
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PUCYHOK 1. A6ContoTHbIe PUCKM Pa3BUTUA XPOHUYECKUX LiepebpoBacKynApHbIx 3a6oneBanuin y VIMA 1986-
1987 rr. (My»X4MH) B 3aBUCMMOCTHU OT 03bl BHELIHero o6nyyeHuns Bcero Tena (A) u ot Bo3pacra (b)

Figure 1. Absolute risks of CVD among male clean-up workers of 1986-1987 period depending on whole-

body external radiation dose (A) and age (B)

st ymeHbleHus1 3¢gpdekra CMEeMBaHUSI TTPOBEIECHO
HCClIeoBaHUe paauallMOHHBIX PUCKOB B 00Jiee OJHO-
POIHBIX MO BO3PAacTy Ha MOMEHT OOJIydeHUs IpyIliax
VIITIA (tabn. 5). 3aech KOHTpOJEM CIIyxXKuUJa TpyIina
VIITIA ¢ nozamu mensbine 0,1 Ip B ¢BSI31 ¢ TeM, 4TO HU
MpU KaK1X BapraHTax aHaJM3a He YCTAaHOBJIEHBI CTaTUC-
TUYECKM 3HAYMMBbIE paJuallMOHHBIE PUCKMU TIpU 103aX
0,05—0,09 Ip, a Takxke ajist OoJiblIeil OJHOPOJHOCTHU
CpaBHMBAeMBIX IPYIII IO BO3pacTy HAa MOMEHT 00CIeI0-
BaHMSI.

CraTUCTUYECKNA JOCTOBEPHBIC pamgvalliOHHbIE PUCKU
Pa3BUTHS XPOHUUYECKHUX LIepeOPOBACKYISIPHBIX OOJIe3HE
B MJIaJilIeil HA MOMEHT OOJIydeHHUsI BO3PACTHON rpyIirie
VIJIIIA 3aduxcupoBanbl Ipu go3ax 0,25—0,99 Ip; y 1uk-
BuaaTopoB aBapuu Ha YADC, o6nydyeHHbBIX B Bo3pacte 40
JIET U cTtapliue — npu go3ax 0,5 Ip u 6osbliie. DTo0 MOXKET
CBUIECTEILCTBOBATh O OOJBIIC YYBCTBUTEIBHOCTU K
BJIMSIHUIO MOHU3UPYIOILETO U3JIydyeHus 00Jiee MOJIOIbIX
M 11eJIeCO00Pa3HOCTU JATbHEUIINX MCCIeIOBAaHUI BO3-
PACTHBIX Pa3IMYIN PamgrMOYyBCTBUTEILHOCTA IIPU BO3-
HUKHOBEHMU 11IepeOpOBACKY/ISIPHON ITaTOJIOTUH.

HenocpencrtBeHHas olieHKa paguallMOHHBIX PHUCKOB
npu 6oJee AeTAIM3MPOBAHHON IPYIIITMPOBKE 110 BO3pac-
Ty 3aTpyJHEHa B CBSI3U C MaJOYMCICHHOCTBHIO OTIEJIb-
HBIX J030-BO3PACTHBIX TPYIII. DTO, B YACTHOCTU, OTHO-
cuTCs K 1030Boii rpynre 1+ Ip B muagiieir Ha MOMEHT
001y4eHHsT BO3pacTHOI rpyrrme (TadJ. 5)

s ompenelieHUsT JOCTAaTOYHON AeTalM3alliy TpyIl-
MUPOBKM I10 BO3PACTy PAaCCMOTPUM 3aBUCUMOCTHU abCo-
JIIOTHOT'O pMCKa OT JA03bl BHEIIIHEro OOJyYeHUs U BO3-
pacTta Ha MOMEHT O0CJIeJOBaHUSI M CPaBHUM IIpupale-
HUSI a0COJTIOTHBIX PUCKOB B 3aBUCMMOCTH OT 3TUX (haK-
TopoB (puc. 1, Tadm. 3).

We studied the radiation risks in more homoge-
neous for age-at-exposure groups of clean-up
workers to reduce the confounding effect (Table
5). The group of clean-up workers with doses less
than 0.1 Gy was used as a control since none of
the analyses found statistically significant radia-
tion risks at 0.05—0.09 Gy doses. An attempt was
also made to obtain greater homogeneity by age
at the time of examination in groups under com-
parison.

Statistically significant radiation risks of chronic
cerebrovascular disease were recorded in a young
at the time of exposure age group of clean-up
workers under 0.25—0.99 Gy radiation doses,
whereas in emergency workers exposed at age 40
and older — at doses of 0.5 Gy or more. This may
be indicative of a greater sensitivity to the effects of
ionizing radiation in young people. There is a good
reason to investigate further the age-related differ-
ences in radiosensitivity when cerebrovascular di-
sease occCur.

Direct estimation of radiation risks under the
more detailed age grouping is difficult due to
small size of some dose-age groups. This is par-
ticularly true for the dose group of 1+ Gy in the
age group been young at the time of exposure
(Table 5).

Let us consider the dependence of absolute risk
on external dose and age at the time of examina-
tion and compare the absolute risk increments
depending on these factors to identify the enough
particularization of grouping by age (Fig. 1,
Table 3).
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E A (B/B) B/C

) S —

T T T
0,10-0,24 0,25-0,49 0,50-0,99 1+

A — “rpybble” OTHOCUTENbHLIE PAMALMOHHBIE PUCKM Pa3BUTUS LiepebpoBackynspHbIX 3aboneBaHuit

B — oTHOCHTENbHbIE papuaLyMoHHbie puckv no MawTen- XaHaeny cpeaHeB3BeLLeHHbIE NPy CTPATUGMKALWMN N0 BO3PACTY HA MOMEHT 0BCNeA0BaHMS
B — OTHOCUTENbHBIE PaVALIMOHHBIE PUCKW N0 MaHTen- XaHaeny cpenHeB3BelLeHHbIe MW CTpaTduUKaLym Mo BO3pacTy Ha MOMEHT 0ByyeHus

A — “crude” relative radiation risks of cerebrovascular diseases

B — Mantel-Haenszel relative radiation risks are weighted averages of stratum age at the time of examination
C — Mantel-Haenszel relative radiation risks are weighted averages of stratum age at the time of exposure

T T T T
0,10-0,24 0,25-0,49 0,50-0,99 1+
[o3a, I'p / Dose (Gy)

T T T T 1
0,10-0,24 0,25-0,49 0,50-0,99 1+

PucyHOK 2. lpy6blit 1 CKOppeKTUPOBAHHbIE C Y4eTOM BO3MOXKHOI0 3h(heKTa “cMelmBaHuA" OTHOCMTENbHbIE
PUCKN BO3HUKHOBEHUA Lepe6poBacKynapHoi narosorum y yyactHuko JIHA 1986-1987 rr. mycKoro nona
Npu pasHbIxX f03ax BHewHero 06nyyeHus. Koutponb — VNINA c po3amu menbwe 0,1 Ip.

Figure 2. Crude and adjusted for potential “confounding” effect relative risks of CVD in male clean-up work-
ers of 1986-1987 period with different external radiation doses. Control - clean-up workers with radiation

doses under 0.1 Gy.

K nmpuMepy, nmpupalieHre abCOTIOTHOIO pYCKa Pa3BU-
tust 1IB3 B Bo3pacTHoii rpymiie 50—59 ner 1o cpaBHe-
Huto ¢ rpymnmoit 40—49 net cocrasnser 31,2—14,0=17,2
cayyag Ha 1000 yen.-jet, T.e., B cpedHEM yBeJIUUEHUE
BO3pacTa Ha 1 Tom B 3TOM BO3PacTHOM JMAIla30HE JaeT
npubaBky Ha 1,7 HoBbIX ciydyaeB [IB3 Ha 1000 yen.-Jert.
ClieioBaTeIbHO, Pa3IMYKe IO CIyYalHbIM IpPUYMHAM
CpEeIHEro BO3pacTa B CpaBHMBAEMBIX JO30BBLIX IPyIITax
Ha 1—3 roga MoxXeT paguKalbHO ITOBJIUSITh Ha 3HAUYCHUSI
rpyOBIX aTPUOYTUBHOTO M OTHOCHUTEJIBHOTO pagualliOH-
HbBIX PUCKOB B TY WJIM MHYIO CTOpPOHY. B cpenHeM, ¢ yBeu-
YyeHueM Bo3pacTa (auara3oH oT 35 10 65 yier) npupaiie-
Hue abcomoTHoro pucka IIB3 cocraBnsier (47,3—7,8) =
39,5 cayuast Ha 1000 uen.-jet, T.e. Ha 1,31 ciyyas Ha 1000
Yell. ¢ KaxabiM rogoM. OueBHIOHO, YTO Pa3sOMEHMS 110
Bo3pacTy U Ha 10-JleTHHEe U Ha 5-JIeTHUE IIEPUOIbI He 1a-
JOT TOCTATOYHOI rapaHTUM OTHOPOJHOCTH BO3PAaCTHBIX
pacrmpeneaeHNi B TPYIIIaxX CpaBHEHUS 110 MCCIICIYeMOMY
dakropy.

OTMeTuM, 4YTO OOllee IMpupalleHue adbCOIIOTHOro
pucka B go3oBoii rpymnme 0,5—0,99 Ip no cpaBHeHUIO
¢ no3oBoii rpynnoit 0,05—0,09 Ip cocraBasger 10,5
ciydasg Ha 1000 gen.-JeT MM, ¢ y4eTOM CPEeTHUX 103

As an example the increment in absolute risk of
cerebrovascular disease for the age group of 50—59
years (vs. 40—49 years) is 31.2—14.0=17.2 cases
per 1000 person-years. An average one-year
increase within this age range gains 1.7 new cases
of cerebrovascular disease per 1000 person-years.
So, random differences in the mean age (1 to 3
years) among dose groups under comparison can
drastically affect the estimates of crude attributive
and relative radiation risks. Along with the age
increase (range from 35 to 65 years) the mean
annual increment of absolute risk of cerebrovas-
cular disease is 47.3-7.8=39.5 cases per 1000 per-
son-years, i.e. 1.31 case per 1,000 people. It is
apparent that distribution (categorizing, or “dril-
ling-down™) by age and ten- or five-year periods
fail to provide sufficient homogeneity of age dis-
tribution in comparison groups for the factor
under investigation.

Please note, the total increase in absolute risk
for 0.5—0.99 Gy dose group (compared to dose
group of 0.05— 0.09 Gy) is 10.5 cases per 1000
person-years, or in terms of average doses (in
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Ta6auua 6

CraTuyeckn pocToBepHble OTHOCUTeNbHble puckn (p<0,05) passutua y VIMA uepebpoBackynapHbIx
3a00/1€BaHMNI Y4eTOM BIMAHUA HEKOTOPbIX HEPAAUALMOHHBIX (haKTOPOB

Table 6

Statistically significant relative risks (p<0,05) for the development of CVD in clean-up workers with regard to

some non-radiation factors

dakrop pucka
Risk factor

OTtHocuTenbHbIN puck, 95 % AN
Relative risk, 95 % CI

BoapacT Bo3HMKHOBEHMS 3abonesaHus (Mo cpasHeHuio ¢ 30—39 netHumu):
Age at the time of diagnosis (compared to people aged 30—39):

40-49 net/years 1,80 (1,35; 2,39)
50-59 net/years 4,03 (3,10; 5,24)
60—69 ner/years 6,1 (4,83; 7,60)
OTaroweHHas HacneacTBeHHOCTb / tainted heredity 1,4(1,1;1,9)
Hanuuue/current:
runepToHnyeckoit Gonesun / hypertension 2,10 (1,86; 2,38)
uwemnyeckoit 6onestn cepaua / ischemic heart disease 3,79 (3,34; 4,30)
caxapHoro anabera / diabetes mellitus 1,82 (1,50; 2,20)
GonesHeit WmToBMAHOM Xeneabl / thyroid disease 1,23 (1,09; 1,39)
MoBbILLEHHBIV YPOBEHb 0BLLEro xonectepuHa B kposm / hypercholesterolemia 1,40 (1,22; 1,60)
®uanyeckoe nepeHanpsxenue / physical overstrain 1,61 (1,44; 1,86)
McuxoamoumoHanbHoe nepeHanpsxetue / psychoemotional stress 2,38 (1,45; 3,90)
Yactoe ynotpebnetue ankorons fo asapuu / alcohol abuse before the accident 1,79 (1,12; 2,74)
MoBbieHHoe ynoTpebnetne conm / high salt intake 1,53 (1,26; 1,87)
OtcyrcTeue 3aHsTuii duskynbTypoid / lack of physical training 1,38 (1,01; 1,88)
KypeHue / smoking 1,49 (0,98; 2,33) p<0,1
HebnaronpusitHble ycnosust paboTsl B npotwnom / adverse working conditions in the past 1,53 (1,29; 1,81)

(8 Ip) B aTux rpynmnax, 10,5/(0,697-0,069) = 16,7 no-
MOJHUTEIbHBIX caydyaeB Ha Ip uiu 0,17 1onmoaHUTEb-
HBIX ciydaeB Ha 1 6op. T.e., B aTux nuanasoHax (35—65
jget u 0,05—0,99 Ip), B cpenHem, IpupailieHue adco-
moTtHoro pucka IIB3 mpu yBennuyeHuu Bo3pacTa Ha
roj MpuOJU3UTEIbHO SKBUBAJIEHTHO BO3PacTaHUIO
nmo3el Ha 0,077 Ip.

Takum o0Opa3oM, MpU OLIEHKE PUCKOB BO3pacT-3aBU-
CUMBIX 3200JIeBaHUIT HEOOXOAUM OCOOBIII KOHTPOJIb O/~
HOPOJHOCTU BO3PACTHBIX pacrpeie/ieHUii B CpaBHUBae-
MBIX IO30BBIX TpYyMIIaX Ha 3Tame IuiaHupoBaHus. Ha
aTare aHajiu3a OIpeAe/ICHHYIO TOJIb3y MOXKET 1aTh YUeT
BJIMSTHUAST CMEIIMBAIOIINX (haKTOPOB, HaIIpUMep, METO-
noM MaHten-XaH3ena.

B xauecTBe BO3MOXHBIX (haKTOPOB CMEIIMBAHUS pac-
CMaTPUBAJIKCh HE TOJIHKO BO3pAacCT HA MOMEHT 00CJIe10-
BaHUs, HO U BO3pacT Ha MOMEHT o0yyyeHus (puc. 2).

IIpu mozax 0,1-0,24 Ip RRY=0,82 (0,67; 0,98) cra-
TUCTUYECKN mocToBepHBI ¢ p<0,05, (T.e. mepedpoBac-
KyJsipHas 3a00JIeBa€MOCTh MEHbIIIEe, YeM B KOHTpose!),
HO ckoppekTtupoBaHHble RRYmx ¢ yueToMm Bo3pacta Ha
MOMEHT 00CjieoBaHUsI, BO3pacTa Ha MOMEHT o0Jyue-
HUSI HEIOCTOBEPHHI.

Gy) it is 10.5/(0.697-0.069)=16.7 additional
cases per 1 Gy or 0.17 additional case per 1 rem.
Thus it means that within age range of 35—65
years and dose range of 0.05—0.99 Gy an average
increase in absolute CVD risk with one-year age
increasing is roughly equivalent to dose growth
of 0.077 Gy.

Thus the assessment of age-related disease risks
requires special controlling for homogeneity of age
distribution in dose groups under comparison just
at the planning stage. In the analysis phase the
Mantel-Haenszel method application may be of
somr usefulness to account for the confounding
effect.

Both age at the time of examination and age-at-
exposure were considered as the potential con-
founders (Fig. 2).

At doses of 0.1-0.24 Gy the RRY = 0.82 (0.67;
0.98) was statistically significant with p<0.05 (i.e.
the cerebrovascular morbidity is less than in the
controls), while the adjusted RRYwmn (based on age
at the time of examination and age at exposure)
was insignificant.
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ITpu nozax 0,25—0,49 Ip RRY HemocToBepHbIii, HO A0-
BepuTeabHbIN ypoBeHb RRYMmx € ydeTOM BO3pacTa Ha MO-
MeHT obcnenoBanus gocturaeT 90 % (p<0,1) RRYux =
1,19 (0,98; 1,45).

IIpu no3ax B auamnazone 0,5—0,99 Ip , a takxke 1 Ip u
oosabiie RRY 1 RRYumx cTaTUCTUUYECKU TOCTOBEPHBI C
p<0,05.

OTanyusl 3HaYeHU IpyObIX M CKOPPEKTUPOBAHHBIX
OTHOCHUTEIbHBIX PUCKOB mocturanu 20 %.

W3 HepaguauMOHHBIX (AKTOPOB MCCIENOBAINUCH U
npyrue (akTopbl, KpoMe Bo3pacTa (YCJIIOBUSI Tpylda U
ObITa, MOBEJeHUYECKIE, UMEIOLIMeCcs 00JIe3HU U Ap.). Yc-
TaHOBJICHHBIE TIPM 3TOM CTATHUCTUYECKM TOCTOBEPHBIE
OTHOCHUTENIbHBIE pUCKM pa3Butusi 1IB3 mpuseneHBl B
Tab;1. 6. B Tabauiie npuBeaeHbl “rpyobie” OTHOCUTEIb-
HbIE PUCKH, 0€3 yyeTa Toro, 4ro Ipu OLIEHKEe Hepaaua-
LIMOHHBIX PUCKOB 103a OOJy4eHUs] MOXKET BBHICTYIATh
Kak (paKTOp CMEIIMBAHUS IIPY HEOTHOPOTHOCTU J030-
BBIX pacIipefe/ieHUi B CpaBHMBAaEeMbIX I'pyIIIIax.

OTaenbHOro BHUMaHUsI TPpeOyeT U3ydyeHre BO3MOXKHO-
ro MoaUGUILIMPYIOLIETO ASUCTBUS paglalliOHHOTO (haK-
TOpa, BO3MOXHOI CMHEPTUYHOCTH WM aHTarOHUCTHUY-
HOCTU COBMECTHOTO BJIMSHMS paaudalliOHHOIO W Hepa-
JUALIMOHHBIX (PaKTOPOB. DTO peaiu3yeMo MpU JeTallb-
HOIf MHOTOKOMITOHEHTHOM cTpaTU(UKALINM Ha OYeHb
OosblMX BblOOpKax. OaWH M3 BO3MOXHBIX CITIOCOOOB
VIIPOIIIEHHOIO OIpEAesIeHNs] POJIM paaualOHHOIO u
HepagualMOHHBIX (akTopoB B pa3Butuu L[B3 mpuse-
neH B [11, 12].

BbIBO/IbI

1. Jo3a BHelIHero oOJydyeHUsI BCEro Teja B Ipenesax
0,25—1,0 Ip moxkeT ObITh (haKTOPOM pUCKA PA3BUTHS 1ie-
pebdpoBackyisipHbix 3a0oieBaHuil y YJIIIA Ha HADC ¢
MaKCHUMaJIbHBIM 3HAaY€HHEM CTaTUCTUYECKHU ITOCTOBEpP-
Horo (p<0,05) OTHOCUTENHLHOTO PUCKA paBHBLIM 1,7.

2. YcTaHOBJIEHBI CTAaTUCTUYECKU TOCTOBEPHbBIC PUCKU
pa3BUTUSI LIEpEOPOBACKYJISIPHBIX 3a00/IeBaHUII B 3aBUCU -
MOCTH OT BJIMSIHUS CIEAYIOINX (paKTOPOB HepaarualioH-
HOUW MNpUPOIBI: BO3pACTa, OTIATOILICHHOM HACJIEICTBEH-
HOCTH, MMEIOIIMXCST OOJIe3HEN CepaecUHO-COCYAUCTON 1
SHIOKPUHHONI CHCTEM, IICUXO3MOILIMOHAILHOTO CTpecca,
KypEeHMSI, YaCTOTO YIOTPEOJIICHNUST aJIKOTOJIsI, HePETyJIsIp-
HOTO MUTAHMSI, YPE3MEPHOTO YIOTPEOJIeHUS COIU, Hepa-
LUOHAJBHBIX (PU3MIECKMX HArpy30K, HeOIaronmpusITHBIX
yciaoBuii Tpyga. Juama3oH 3HAY€HUM CTAaTUCTUYECKU
JOCTOBEPHBIX OTHOCUTEIbHBIX PUCKOB BO3HHUKHOBEHMUS
1HepeOpoBaCKYISIPHBIX 3a00JIeBaHUI B CBSI3M C Hepaaua-
LIMOHHBIMU (haKTOpaMu coctasister 1,2—6,15.

3. Ilpu olleHKe paguMalMOHHBIX PMCKOB BO3pacT-3aBH-
CUMBIX 3200/1eBaHUII HEOOXOAUM OCOObII KOHTPOJIb O -

At doses of 0.25—0.49 Gy the RRY was insignif-
icant but the confidence level of RRYmn with
regard to an age at the time of examination reach-
es 90% (p<0.1) RRYmu = 1.19 (0.98; 1.45).

At doses of 0.5—0.99 Gy and 1 Gy and more the
RRY and RRYwmpy are statistically significant, p<
0.05.

The difference between crude and adjusted rela-
tive risks was estimated to be 20%.

Besides an age, some other non-radiation fac-
tors (working conditions and living environment,
behavior style, current diseases etc.) were also
considered. Statistically significant relative risks
of CVD established at that are shown in Table 6.
The “crude” relative risks presented in the table
were estimated without considering the radiation
dose as a confounding factor under heteroge-
neous dose distribution in groups under compa-
rison.

Special attention is required to explore the
potential modifying effect of radiation factor and
possible synergistic or antagonistic combined
effect of radiation and non-radiation factors.
This task is achievable through the detailed
multi-component stratification approach on very
large data sets. Possible way to simplify the defi-
nition of the role of radiation and non-radiation
factors for the development of CVD is given in
references [11, 12].

CONCLUSIONS

1. The whole-body external radiation dose within
0.25—1.0 Gy may be a risk factor for cerebrovascu-
lar diseases among the Chernobyl clean-up work-
ers with a maximum value of statistically signifi-
cant (p<0.05) relative risk of 1.7.

2. Statistically significant risks of cerebrovascu-
lar diseases due to and depending on the impact
of a number of non-radiation factors (age, taint-
ed heredity, present cardiovascular and endo-
crine diseases, psychoemotional stress, tobacco
smoking, frequent alcohol consumption and
abuse, irregular meals and malnutrition, exces-
sively high salt intake with food, adverse working
conditions etc.) were found. The statistically
significant relative risk values for the cerebrovas-
cular disease onset and development due to
impact of non-radiation factors range from 1.2
to 6.15.

3. A special and close control for the homoge-
neous age distribution in dose groups under
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HOPOJHOCTH BO3PACTHBIX paclipeie/IeHil B CpaBHUBae-
MBIX JO30BBIX IPYIINaxX Ha 3Tare IiaHupoBaHus. Pa3nu-
Yyye MO CIyJ4allHbIM IIpUYMHAM CPEIHEro BO3pacTa B
CpaBHMBaeMbIX TO30BbIX IpymIlaXx Ha 1—3 roma MoOXeT
pagvKaJbHO TIOBJIMSITh Ha 3HAYEHMST TPYOBIX aOCOIIOT-
HOTO, aTpUOYTUBHOTO U OTHOCHUTEJIHLHOTO paIvalliOH-
HBIX PMCKOB B Ty WIM UHYIO CTOpOHY. Ha aTame aHanuza
OIIpEeJEICHHYIO T10JIb3Y MOXET aTh YYET BIMUSHUS CMe-
muBammuX GakTropoB, HalpuMep, METOIOM MaHTel-
XaH3zea.

4. JI;1 yTOYHEeHUST OLICHOK BIIMSTHUS (DAaKTOPOB pUCKA Ha
pazsutue L1B3 1enecoodbpasHo nanbHeliee HaKOIJIeHUE
JAHHBIX YIIYOJIECHHOTO KIIMHUKO-3ITHIEMUOJIOTMYECKOTO
MOHUTOPUHTA.

comparison in a study is required just at the
design eleboration stage to assess the radiation
risk values vor age-related diseases. Random dif-
ferences in a mean age (1 to 3 years) among dose
groups under comparison can drastically affect
the estimates of crude absolute, attributive and
relative radiation risks in one or the other way
round.The Mantel-Haenszel method can help to
account for the confounders’ effect in the analy-
sis phase.

4. Further accumulation of in-depth clinical and
epidemiological monitoring data is advisable to
improve our estimates of risk factors of the cere-
brovascular diseases.
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