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PE®EPAT

[IpoBenen Mera-aHamu3 uccueoBaHU HHIEKcOoB «CTaHIapTH30BaHHOE OTHOIIEHHE cMepTHOCT (‘Standardized mortality ratio’; SMR,
B % CPaBHHUTEIBHO C FEHEPAIBHON MOMYJIALMEH) 110 MOKa3aTessiM 00IIel CMEPTHOCTH U CMEPTHOCTH OT BCEX 3JI0KaueCTBEHHBIX HOBOOO-
pasoBaHui 17isi paOOTHUKOB siiepHOU uHAyCcTpun (nuclear workers; NW) 15 crpan (Ha 2007 1), a Takke Ui paOOTHUKOB, HMCIOLIHX JIE]I0
¢ Hanbosee TokcuuHbIME TsDKenbIME MeTamiamu (Hg, Cd, Pb, Cu) u ¢ Gera-HadTHIaMUHOM (KaHIIEPOTCHHBIN aHTUOKCUIAHT, HCIIONb3Y-
eMbIii paHee mpH M3roToBieHnH kpacok). s NW BbisBieH «3ddext 3nopoBoro padorunuka» (‘Healthy worker effect’; HWE) mo o6oum
nokasaresiM (SMR = 62 (95 % CI: 56; 69) u 74 (95 % CI: 69; 78) coorBercTBenHO). [Tomyuennsie Bemmunasl SMR s NW cpaBauBamm ¢
JAHHBIMH JUISL IPYTHX PO ECCHOHANBHBIX TPYII (PEe3y/IbTaThl METa-aHAIM30B M OTACNBHBIX paboT ¢ MAKCUMaJIbHBIMU U MHHHMAaJIbHBIMU
BesmurHaMu SMR: 0T KOCMOHABTOB/aCTPOHABTOB, ITMJIOTOB U aTJIETOB, 10 PAa0OTHI ¢ XUMHYECKUMHU COSJMHEHUSIMU B LIEJIOM HJIM C UX OT-
JeJIbHBIMH THUIAMH (PAacTBOPHUTENH, TSOKEIbIe MeTalllbl, OeTa-HadTriamMuH), a Takke ¢ acoecrom. OOHapyxeHo, uTo ypoBenb HWE st
NW cpaBHUM ¢ HOKa3aTesJsAMH Ul OAHOW TPYIMIBl awIeToB M 3HauuTensHo (B 1,30—1,45 pasa) Belle, ueM Ui MEepPCOHAIa XUMUUECKUX
MPOU3BOJICTB, XOTsI 00beTMHEHHBIE TaHHEIE Uit NW He OKOHYATeNIBHEL.

J171s 3aHATBIX B XUMHYECKOW WHIYCTPHUHU B LIEJIOM, COINIACHO OITyONMKOBAaHHBIM MeTa-aHaln3aM, Takxke oonapyxen HWE mo nokazaremnto
SMR, Ho cabbIii: BeanunHa 1t o0mmeit cmeprHoctu cocrasmia 90 (95 % CI: 87; 92). IIpu 3ToM cMEpPTHOCTB OT BCEX 3JI0KaUYeCTBEHHBIX
HOBOOOpa30BaHMil CPAaBHUTEIIHHO C HACEJICHNHEM He BhisiBiIIa siBHOr0O HWE, HO 1 He Obuta noBbiiieHa. CaMbIMU BPEJHBIMU THIIAMH 3aHSTO-
CTH SBJISIIOTCS, 110 HapacTalolel, paboTa ¢ TSHKeIbIMU METAJUIaMH, B YTOJIBHBIX IAXTax, ¢ OeTa-HaTHIaAMUHOM U ¢ acOecToM.
[Mory4yennble JaHHBIE YCTPAHSIOT CIOXKUBIINECS CTEPEOTHIIBI M MOTYT YITydIIaTh MMHUJDK 3aHATOCTH Ha NMPEANPHUSTHSX SIEPHOH U XUMH-
YECKOW MHYCTPHUH B LIEJIOM.

KawueBble ciioBa: cmandapmu3o8anHoe omHouieHue CMepmuocmu, 3¢hgexnm 300p08020 pabomHuKa, 0epHask UHOYCmpust, Xumuye-
CKOe NPoU3B00CMBE0, MANiCeIble MEMAibl, GEMa-HAGMULAMUN, MEMA-AHATU3
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ABSTRACT

A meta-analysis of studies of the ‘Standardized mortality ratio’ (SMR, in % compared with the general population) indexes
of overall mortality and mortality from all malignant neoplasms for nuclear workers (NW) from 15 countries (for 2007), as
well as for workers dealing with the most toxic heavy metals (Hg, Cd, Pb, Cu) and beta-naphthylamine (a carcinogenic anti-
oxidant previously used in the manufacture of paints) was carried out. For NW, a ‘Healthy worker effect’ (HWE) was found
for both indexes (SMR = 62 (95 % CI: 56; 69) and 74 (95 % CI: 69; 78), respectively). The obtained SMR values for NW
were compared with data for other professional groups (the results of meta-analyses and individual studies with maximum
and minimum SMR values: from cosmonauts/astronauts, pilots and athletes, to work with chemical compounds in general or
with their individual types (solvents, heavy metals, beta-naphthylamine), as well as with asbestos. It was found that the level
of HWE for NW is comparable to that for one group of athletes and is significantly (1.30—1.45 times) higher than for chemical
production personnel, although the combined data for NW is not final.

For workers in the chemical industry as a whole, according to published meta-analyses, HWE was also found in SMR, but
weak: the value for total mortality was 90 (95 % CI: 87; 92). At the same time, mortality from all malignant neoplasms com-
pared with the population did not reveal a clear HWE, but was not increased either. The most harmful types of employment
are, on the rise, work with heavy metals, in coal mines, with beta-naphthylamine and with asbestos.

The data obtained eliminates the prevailing stereotypes and can improve the image of employment in the nuclear and chemical
industries in general.
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Brenenne

«Iddext 3mopoBoro padotanka» (‘Healthy worker ef-
fect’; HWE [1]) BiepBbie ObL1 IposieMOHCTpUpOBaH B Bein-
koOputanmu B 1885 1. William Ogle [2], a cam TepmuH BBe-
ner B 1974 1. A.J. McMichael (CIUA) [3]. Paznuunbie BubI
CEJICKIIMM W CaMOOTOOp TpH 3aHSITUH TPYIHBIMHU W/WIIN
BPEIHBIMU NTPOPECCUSIMU TIPUBOIAT K TOMY, YTO ITOITYISILIUS
pabOTHHUKOB OKa3bIBAETCS B LIEJIOM 3[J0POBEE 110 PA3HBIM I10-
KazaTensM, YeM TeHepasbHas WM OIM3KHE PErHOHAIbHBIC
[1], Bxmrowast moka3arens «CTaHIapTU30BAaHHOE OTHOIIEHUE
cmeprHoctiy (‘Standardized mortality ratio’; SMR) [1, 3]".

CornacHo [1, 13]), cocrasnstonias HWE Tpuana Britto-
qaer:

a) Otbop 3mM0pOBOTO HACEIECHHUSA [TO €CTh caMOOTOOp HpHU
pELICHUH MHANBUyyMa 3aHIThCSI Takoil paboTOM u OT-
Oop mpu Haiime].

0) «BbpkuBanue» (survival) [1, 13] Bo BpeaHOM MpOU3BO/I-
cTBe OoJee 37J0POBBIX MHIMBHUIYYMOB [YXO HIIH YBOJIb-
HEHHE TeX, KTO He CIMOCOOCH MpOOKATh MOJA00HYIO
paborty].

B) IIpomomKUTETBHOCTh BPEMEHH OTCICKHBAaHUS 3(dek-
ToB y paboraukoB (‘Follow up”). ITo nokazarento SMR
HWE mmMeet muHamugeckyto a3y u ¢asy Imiaro B 3aBU-
CUMOCTH OT IPOAOJLKUTCIBHOCTHU Ha6J'I}OI[eHI/I${, TO €CTh
IIPU YBEIMYEHUH BPEMEHH 3aHATOCTH (KT CTAaHOBHT-
cs cmabee [1].

BaxHbIME SIBIISIFOTCS TaKXkKe cMelleHue otoopa (selec-
tion bias) W yaydmieHWe CONHATHHO-YKOHOMHUYECKOTO IT0-
noxenus (changes in lifestyle accompanying employment —
HKOHOMHYECKas BBITOA, MEIUIIMHCKOE CTPAXOBAHUE M W3-
MeHeHue oOpasa xu3Hn) [1, 14].

HWE, nopoii, oTHOCSIT K cyObeKTHBHBIM yKiIoHaM (bias)
[15] (1 mp.), HO TIpaBHIBHEE, KaK ATO cAenaHo B [1], oTHO-
CUTh ero K Bmemmparomumes pakropam (confounder), mo-
CKOJIBKY 3(h(heKT He 3aBUCHUT OT MCCIIEI0BATENS.

3uaunmocth penomena HWE 3akimodaercst B ToM, 4TO

OH SIBJISIETCSl BMEIIMBAIOIINMCS (haKTOPOM IPH OIpesaee-

Hun SMR, nckaxas ero oneHky. B cBoro oueperns, BaXKHOCTh

uHaekca SMR o0ycrioBiicHa €ro OTpaXCHUEM CMEPTHOCTHU

TPYII/IIONY/ISINM, TOIBEPraBIINXCSl BO3JICHCTBHIO MPO-

(deccuonanpHoro Qakropa pucka [1-3, 13], uto Tpebdyer

CPaBHECHHUSI C COOTBETCTBYIOIIMMH TMOKAa3aTeJIIMH HEKOH

«CTaHAAPTHOW» TPyIIIbI/IOMy/suun. BenencTsue toro, uro

CMEPTHOCTH 3aBHCHUT OT BO3pacTa M MO0Ja, a pacrpe/esieHue

3THX MapaMeTPOB BHYTPH PA3IUUHBIX I'PYI HEOJUHAKOBO,

JUIsl KOPPEKTHOTO CpaBHEHUs TpeOyeTcsi MpeaBapuTeIbHas

CcTaHAapTU3alus Mo JaHHOMY mokaszaremo [1, 5, 16, 17].

SMR u npexacraBnser co0oi CpeIHEB3BEIICHHOE OTHOIIE-

HHE 4aCTOThl CMEPTHOCTH IO BO3pacTaM B IIPO(heCCHOHAb-

HON TpyIIe K COOTBETCTBYIOIIMM YacCTOTaM CMEPTHOCTH

JUIs. CTaHJAPTHOM MOMYJSIIMU, OOBIYHO T€HEepalbHOM, TO

ecTb Hacenenus [12].

!B pyCCKOSI3BIYHOM JINTEPATypE UCTIONB3YHOTCSI HETOYHBIC TEP-
MUHBL «DddekT 300poBoro padodero (Hanpumep [4] u Pyner), a
BMecto SMR — «CranmapTu3oBaHHBIH KOI(DGHUIIMEHT CMEPTHO-
cti» [5-7] mubo «CraHIapTH30BaHHOE OTHOIICHUE PUCKOBY [8].
[IpaBunbHee, oqHako, «padotHuka» (n6o HWE nmeercs u 'y dep-
MepoB [9]), 1 «CTaHIapTH30BAaHHOE OTHOLIICHUE CMEPTHOCTHY, KaK
[0 CYTH TEPMHUHA, TaK M IO €r0 MCIIOIb30BaHHIO aBTOPHUTETHBIMU
aBropamu [10, 11] n HekoTOpbIMU Opra"u3anusMu [12].

Uctoprueckn SMR mnutensHOE BpeMs SBISIICS HAHOO-
Jiee BaKHBIM TOKa3aTesieM pUCKa I MpodeCCHOHATBHBIX
BosaeiicTeuit [1, 2, 17, 18], HO B Oojee MO3AHKME AECITH-
JIETHS OH OBLT BRITCCHEH WHICKCOM OTHOCHTEIBHOTO PUCKA
(RR) [19], xak pa3 BcienctBue HWE. Ilocnennauit penomen
o mokaszaressiM odmieit cmeprHocTh (manee ‘all causes’)
U TI0 CMEPTHOCTH OT 3JI0Ka4e€CTBEHHBIX HOBOOOpA30BaHMM
(mamee ‘all cancer’) ObUT MPOAEMOHCTPHUPOBAH LTS Psina
0c000 BpenHBIX (WM CYHATAIOMIUXCS TAKOBBIMH) IIPOM3-
BOJICTB, B TOM YHCJE A paOOTHUKOB SICPHON HMHIYCTPUU
[20] u ans mepcoHana XUMHYECKOH MPOMBIIUIEHHOCTH,
KOHTaKTHPYIOIIETO C PSIOM TOKCHKAaHTOB [21] (smepHas
WHAYCTPHUS — 3TO «OTPAcih MPOMBIIUICHHOCTH, CBSI3aHHAS
C SIICPHBIM TOTUIMBHBIM IIUKJIOM JJIsl TIPOU3BOJICTBA KOMIIO-
HEHTOB SIIEPHOTO OPY)KUSI M TOIJIMBA JUISl SHEPTeTHYECKUX
WJIA TPAHCIIOPTHBIX YCTaHOBOK» [22]).

Oco0eHHO Ba)XHOH TIpM HCIIONB30BaHWN MHIeKkca SMR
CUMTAETCS HEJJOOLIEHKA YaCTOThI PaKkoB IOCIE MpodeccHo-
HalbHBIX BosnercTBuil BeneacTsue HWE [23]. Tlonarator,
YTO BO3HHKHOBCHHE 3JIOKAYCCTBEHHBIX HOBOOOpPa30BaHHIA
MeHee MpeICKa3yeMo, YeM HHBIC TTAaTOIOTHH [24], U 3TO MpH-
BOJIUT K TOMY, YTO IIPH MEPBUYHOM MPOPECCHOHATLHOM OT-
Oope (IIpru4eM MOJIOABIX ¥ OTHOCUTEIBHO MOJIOBIX JIFOAEH)
HEBO3MOKHO BBIIIOJIHUTH COOTBETCTBYIOUINM CKpUHUHT [13,
18, 25, 26]. CrexyeT OTMETUTH U OOBIYHO UIUTENBHBIN JIa-
TEHTHBIM MEepuoJ JUIS COMUAHBIX pakoB [13, 25], mpuuem
OOJIBIIMHCTBO BUIOB PaKa HE CBS3aHBI C MTPOJODKUTEIILHBIM
TIEPHUOIOM TIIOXOTO COCTOSHHUS 3I0OPOBbS, YTO MOIJIO OBI IMO-
BIIHMSITH HA BO3MOKHOCTH TPYHOYCTpPOICTBA 3aI0JTO 0 Ha-
CTYIUICHHS cMepTH [26].

OpnHaxko, kak ckazaHo, HWE mno all cancer mponemosn-
CTPUPOBAH IJIs MHOTMX BpeOHbIX Npou3Boacts [20, 21]
(1 1p., cM. HIKE).

Kazamock Obl, BCJICACTBHE HM3JIOKCHHOTO, JUISI TOUHOM
OLICHKH pHCKa NpodecCHOHaIbHON CMEPTHOCTH CIIEyeT HC-
monb30Bath He SMR, a RR (wm otHOmmeHune mrancos — OR),
CpaBHHUBAs MOKA3aTeN C BHYTPCHHUMH KOHTPOJIEM, XapaK-
TEPU3YIOIIMMCS HAMMEHBIIIUM YPOBHEM 3KCIO3UIIMU MHTE-
pecytomero (akropa, 1, pyu STOM, MaKCUMaJIbHO OJIM3KUM
K JPYTHM TPyIIIaM IO CHEKTpPYy KoH]ayHIepoB. MIMeHHO
Takas KapTHHA UMEET MECTO, CKaKeM, IS OTCYECTBEHHBIX
HCCIIEIOBAaHUM PUCKOB CMEPTHOCTH Yy PabOTHHKOB sIep-
HOW WHIYCTPHUH; NMPAKTHYECKH BCEMH aBTOpamu (3a pea-
kumu uckmouenussMu — H.A. KomrypHaukoBa ¢ coaBropamu
(1994-2008) [27-30]) ucmome3yrores mubo RR, mmbo OR
(mammpumep, [31]), B oTIMUKE OT 3amaIHbIX UCCIea0BaTeNeH,
rae vame gurypupyer SMR (cm. HEXKeE).

Opnako ucnonb3zoBanne SMR Hepenko He UMeEET ajbTep-
HATHB, TOCKOIBKY HHAEKCH RR/OR mpemmonaraioT paznene-
HUE TOMYJISALIN Ha TPYIIIIBI C Pa3HBIM YPOBHEM JKCIIO3MIIHH,
YTO BO3MOXKHO CZieaTh He Beerna. Eciu sxe rpymnmna oTHOCH-
TEJBHO OHOPOIHA II0 BO3ICHCTBHUIO, €CIIH TAaHHBIC JJIS €ro
YpOBHEW BHYTPH TPYTITEI HETOYHBI, FUTH K€ MMEIOTCS oIrace-
HUsI 0 BOBMOXKHBIX cMmetenusix (bias) npu crparudukaimy,
TO MOXET OBITh JKENIaTeNbHBIM CpPaBHEHHE CMEPTHOCTU C
MTOKA3aTeISIMA KaKOH-T100 BHEUIHEH TPYIIIBL, TO €CTh HC-
monp3oBaHre SMR, mpudeM B OCHOBHOM, Kak OTMEYalloCh
BBIIIIE, — CPABHUTENLHO C TeHepaabHOU nomyssiiuei [ 18].

Hecmotpst Ha To, uro cyrb HWE Obuta monsita euie B
1885 1. [2], a pa3paboTka KOHIETIIUN (CHOMEHA OCYIIEeCT-
BieHa B cepeaune 1970-x rr. [13], 1o HacTosIIEr0 BpeMeHN
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HEW3BECTHBI MHTETpalibHbIC ONCHKH BeamduHbl HWE s
PabOTHUKOB SIIEPHOW MHIYCTPHHU, XOTS JUISI TIEPCOHANA XH-
MHYECKOW IPOMBIIIIEHHOCTH MIPOBEICH PSIT METa-aHAIN30B
KakK 1 BOSﬂeﬁCTBHﬂ Ppa3JIMYHbIX XUMHUKATOB Ha Pa3HbIX
poU3BOACTBAxX [32], Tak U JIJIsl ©X KOHKPETHBIX TUIIOB [33—
36]. IIpencTaBisIoCh aKTyallbHBIM COTIOCTABICHUE BEITAYH-
vl HWE 1115 yka3aHHBIX BPEIHBIX MPOU3BOICTB (SIIEPHON
WHJIyCTPUM ¥ XUMHUYECKOH NPOMBIIIJIEHHOCTH) C COOTBET-
CTBYIOLIMMH MOKA3aTEJISIMK JIUIsI HHBIX PO(eCcCHOHaIbHBIX
TPy, HEe HMEIOIINX OTHOIICHUS K TPYAHBIM HIIH ONAaCHBIM
TUTIAM 3aHATOCTH, HIIU XapaKTePU3YIOMUXCsI 0c000 cephes-
HBIM OTOOPOM U CeNEKIHeH mepcoHana (Hapumep, KOCMo-
HaBTBI/aCTPOHABTHI, ITUJIOTHI M CIIOPTCMEHBI).

Lexnb mpeacTaBICHHOTO MCCICIOBAaHUS — CPAaBHEHHE TI0-
JyYCHHBIX PEUMYIIECTBEHHO B pPE3yIbTaTe METa-aHaJIN30B
nHterpanbubix BeindnH HWE s all causes u all cancer,
OLICHEHHBIX N0 Toka3zarensiM SMR, mist paboTHHKOB sizep-
HOM MHAYCTPUM M XMMHUYECKOM MPOMBILUIEHHOCTH. Meta-
QHAJIN3BI [T TIEPBOTO KOHTUHTEHTA, PABHO KaK IS BO3JCH-
CTBUsA Han60nee TOKCHUYHBIX TSAXKEJIbIX METAJIJIOB U 6eTa—Ha—
(runaMuHa, BIEpBHIC BBHIIIOJIHEHBI B HAcTosIIEH padoTe, a
JUTS OCTAIIBHBIX MPO(ECCHOHANBHBIX TPYII B3SATH PE3YiIb-
TaThl OMyOIMKOBAHHBIX HCCIIEIOBAHHM.

Marepuana u MeToabI

Ilouck u omoop ucmounuxoe

[Touck Mera-aHaNM30B HAa TEMY OCYLIECTBIISUICS C TIO-
momrsio PubMed/Medline Ha xoHCTpyKInio [“standardized
mortality ratio”&occupational&meta-analysis], BeIIaBIIyIO
29 pabot. Ho npeacTapisiomyMu HHTEpec ObUIN HE MTPOCTO
MeTa-aHau3bl (wiu pooled-aHanu3bl), a T, B KOTOPBIX HC-
caepoBamnck SMR all causes w/mm SMR all cancer, HO He
MTOKA3aTeNId TOIBKO I KOHKPETHBIX 3a0oneBanmii. B aByx
paboTax mpeaycMarpuBaIMCh HMHbIE HMHAEKCHI CMEPTHO-
CTH. YMECTHBIX METa-aHAJIN30B OKazaloch 14 (Ha Jekadpb
2022 1) u 9 u3 HuX (BKIItOYast 1Ba pooled-ananmza), OH3KUX
K TeMe, HCIIOIh30BAIHCH B ITPEICTABICHHOM HCCICJOBAHHUH.

Janubie mo SMR miusi paOOTHHKOB SIACPHON HHIY-
CTpUH B3STHI M3 U3BecTHOU myOmukanuu Vrijheid M. et al,
2007 [37], BBIIOJIHEHHON B paMKaX MHTEPHALMOHAILHOIO
pooled-ananmsa 3dexron a1 padboTHHKOB 15 cTpan, ocy-
mecTBieHHoro k 2005-2007 rr. mox aruaoi MexayHapos-
HOW KoMuccuu 1o paauanuonHoi 3amute (MKP3; ICRP).

[Towrck MCTOYHWKOB JUTS BO3ACUCTBHSI TAKHX TSKCIBIX
MetaioB, kak Hg, Cd, Pb u Cu, a Taxxe Oera-HadTmia-
MUHA (OUYeHb TOKCHYHBIH U KaHIIEPOTCeHHBIH aHTUOKCH/IAHT,
UCIIONB3yEeMBbIi paHee Mpu NPOU3BOJCTBE kKpacurenei [38]),
OCYIICCTBIISUTH B C(OPMUPOBAHHON HAMU 0a3e TaHHBIX IS
SMR all causes u SMR all cancer (cpaBHUTEIBHO C TeHE-
paIbHBIMU MOMYJISILMSIMU ) Ha Pa3HbIX IIPOU3BOICTBAX U PU
pa3HbIX THnax 3aHsTocTd (706 KOropr/rpynm Ha Jekadpb
2022 r., mpeACTaBICHHBIX B 689 MyONMKanusAxX; MOYTH Ha-
IEJI0 — TAaHHBIE [T MYKIUH).

Memoouxa mema-ananusa

B mccnenoBanum omepupoBanmu mokazaresivu SMR, B
%, CpPaBHHUTEIBHO C T€HEPATbHBIMU TOMYIALUSIME BKyIE C
195 % noseputensHbIMU HHTepBantaMu (CI).

Mera-aHanu3 BBINONHSUICS C IOMOILBIO HPOrPaMMBI
WinPepi (version 11.60; J. Abramson; Israel). IIporpamma
OIICHUBAET TeTEePOTCHHOCTh BBHIOOPKH IO CTAaHIAPTHBIM KO-
sppunmentam ‘Higgins and Thompson’ [39]. [Tokazarens
H menee 1,2 cBUAETENBCTBYET O TOMOT€HHOCTH BBIOOPKH,
a cBbllIe 1,5 — 0 BbIpaKEHHON reTeporeHHocT. Bennunna
P orpaxaer % BapHaHT B BBIOOpKE, aTpUOYTHBHBIX T'eTe-
porennoctu [39]. Ilpu HaNIUYUM TETEPOTEHHOCTH U3 JIBYX
CTaTHUCTHYECKUX Mojeneld Mera-aHanm3a (Fixed-effect u
Random-effect) pexoMenmyercss BHIOMpaTh BTOPYIO, YTO U

UMeeT MecTO Ui OOJIBIIMHCTBA MEIUKO-OHOJIOTHYECKHX
uccnenoanwuii [40].

[Tporpamma WinPepi ananusupyer Takxe myOnmkanu-
onHoe cmemieHne (publication bias) mo ‘Regression asym-
metry test’ mst Funnel plot or M. Egger ¢ coasropamu [41]
U TIO3BOJISICT B TOM uHnciie paccuuTbiBath SMR + 95 % CI o
OTHOIICHHIO yKcia HabmonaeMbIx (Observed) k uucity oxu-
nmaembix (Expected; E) ciyuaeB cmeprti/3aborneBaeMOCTH.
[TosToMy KOTIa B HEKOTOPBIX paboTax aBTOPBI MPHUBOAMIH
Toipko SMR 1 uncio Observed cmepreit (4To MO3BOJISACT
paccuntarh uncio Expected cmepreii), mmbo npuBoanim
TonbKko otHomeHne Observed /Expected, nnm e ncmons3o-
Baym He 95 % CI, a 90 % CI, to Henocraronme SMR u/uinu
+95 % CI paccunThIBaJIMCh HAMH.

Kpumepuii nanuuua HWE no SMR

O nanmunu HWE cyaunu, ucxozst U3 TOro, 4TO BEPXHSS
rpanuna 95 % CI s SMR gomkHa Otk <1,0 [42]. Cxon-
HBII MOJXOA MCHOIb30BAJICS B UTAIBSHCKOM HCCIIEI0BAaHUU
SMR y BaroHOpeMOHTHUKOB [43], 11t yronsmukoB Bemmko-
Oputanuu [44], a Tak)Ke MMPHU OLICHKE [TOPOTOBOM 03Bl IS
HMHAYKIUHN KaTapakT B KOropTe MOCTPaJaBIIUX OT aTOMHON
6omOapnupoBku [45, 46]. Jloruka 31ech B TOM, 9TO pa3mep
CTaHJAPTHON T€HEPATbHOM MO OY€Hb BEIHK H, MO-
Tomy, BeanuuHbl £95 % CI myst TabenbHOro Ko3dduireHTa
CMEPTHOCTH JIOJDKHBI OBITH OueHb Maibl. [loaTomy, Teope-
THUYECKH, OHU HE OYIyT NepeKpbIBaThest ¢ BepXxHuM 95 % CI
HCCIIeyeMO# TPYIITBl PaBHBIM, CKakeM, gaxe 0,99 (a mpu
BepxHeM 95 % CI paBHBIM, OKpymIeHHo, enuaune, HWE
CUUTANICA OTCYTCTBYIOIIUM).

Pe3ysibTarhl U 00Cy:K/IeHHE

B Tabn. 1-3 npencraBieHsl BHIOOPKH UCCIEIOBAaHHN 110
SMR all causes u SMR all cancer y paOOTHUKOB siAepPHOI
HHJIyCTPUH, Y TEPCOHANA, KOHTAKTUPYIOIIEro ¢ Hauboiee
TOKCHUYHBIMH TSDKEJIBIMH METAJUIAMH, U Y JIIONEH, MoaBep-
raBIIMXCSl paboueil skcno3unuu Oera-HapTHIAMUHA COOT-
BETCTBEHHO, a B Ta0I. 4 — pe3ysbTarhl IPOBEACHHBIX METa-
AHAaJIM30B.

Tabnuya 1
Bri6opka ucciaenosannii no SMR all causes
u SMR all cancer y paGoTHHKOB s11epHOii HHIYCTPHH,
HCIOJIB30BAHHBIX /ISl MeTa-aHAIH3a"

Sample of studies on SMR all causes and SMR all cancer
in nuclear workers used for meta-analysis”

Cohort or study SMR all causes SMR all cancer
(+95 CI), % (+95 CI), %
Australia 55(42;71) 65 (41; 98)
Belgium 69 (62;77) 62 (50; 76)
Canada 62 (59; 66) 76 (69; 84)
Finland 86 (77; 96) 54 (38;75)
France CEA-COGEMA 59 (55; 64) 65 (57;73)
France EDF 49 (44; 54) 62 (52; 74)
Hungary 40 (33; 48) 68 (49; 91)
Japan 78 (73; 82) 87 (79; 95)
Korea (South) 52 (40; 67) 103 (65; 153)
Lithuania 40 (33; 49) 67 (44; 97)
Slovak Republic 53 (37;73) 69 (35; 122)
Spain 45 (35; 57) 57 (38; 83)
Sweden 80 (74; 86) 95 (82; 109)
Switzerland 77 (60; 97) 91 (59; 133)
UK 78 (76; 80) 81 (78; 84)
USA Hanford 74 (73;76) 80 (76; 85)
USA INL 70 (67; 72) 72 (68; 77)
USA NPP 41 (39; 44) 65 (59; 73)
USA ORNL 72 (68;77) 82(72;93)

Ipumeuanue: " [lanuble B3sThl U3 paboTsl Vrijheid M. et al., 2007 [37].
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Tabruya 2

Boioopka ucciaegoBanuii mo SMR all causes u SMR all cancer y paboTHHKOB IIPOU3BOJACTB
¢ Bo3jeiicTBHEM HauGo/1ee TOKCUYHBIX THKeJIbIX METAJIOB™

Sample of studies on SMR all causes and SMR all cancer in workers in industries exposed to the most toxic heavy metals*

Reference, country

Type of work

SMR all causes
(95 % CI), %

SMR all cancer
(95 % CI), %

Cooper W.C., Gaffey W.R. J Occup Med. 1975;17(2):100-7. USA™

Pb

101 (95; 106)

108 (95; 122)

Cooper W.C. Ann N'Y Acad Sci. 1976;271:250-9. USA™

Pb, foundry (maBunbHs)

107 (96; 119)

133 (98;159)

Cooper W.C. Ann N'Y Acad Sci. 1976;271:250-9. USA™

Pb, batteries (akKyMysaTOpPBI)

99 (93; 105)

103 (89; 118)

Cooper W.C. Scand J Work Environ Health. 1985;11(5):331-45. USA™

Pb, batteries (akKyMyIIsITOpBI)

107 (102; 112)

113 (102; 126)

Cooper W.C. Scand J Work Environ Health. 1985;11(5):331-45. USA™

Pb, production

113 (104; 122)

113 (94; 136)

Malcolm D., Barnett H.A. Br J

Pb, production, batteries

Ind Med. 1982;39(4):404-10. UK (aKKyMyIATOpEL) 99 (92; 106) 106 (94; 118)
Armstrong B.G., Kazantzis G. Cd: Cd-Ni, Cd-Cu batteries . .

Lancet. 1983;1:1425-7. UK (@xicyMynsTops) 92(92; 101) 104 95; 113)
Davies J.M. Br J Ind Med 1984;4(2):170-8. UK Pb; pigments (TUrMeHTbI) 148 (105; 204) 108 (43; 222)
Selevan S.G. et al. Am J Epidemiol. 1985;122(4):673-83. USA Pb, foundry (mnaBuabHs) 98 (91; 106) 95 (78; 114)

Gerhardsson L. et al. Br J Ind Med. 1986;43(10):707—-12. Sweden™

Pb, foundry (ruaBusbHs)

115 (108; 121)

114 (100; 128)

Gerhardsson L. et al. Occup Environ Med. 1995;52(10):667—72. Sweden™

Pb, foundry (maBuibHs)

144 (116; 179)

165 (109; 244)

Barregard L. et al. BrJ Ind Med 1990(2);47: 99—-104. Sweden

Inorganic Hg

98 (76; 126)

120 (90; 160)

Michaels D. et al. Int J Epidemiol. 1991;20(4):978-83. USA Pb, printers (meqaTHUKR) 74 (68; 81) p <0,01 84 (69; 100)
Steenland K. et al. Am J Public Health. 1992;82(12):1641-4. USA Pb, foundry (ruaBuiibHs) 107 (100; 114) 98 (84; 112)
Ellingsen D.G. et al. Br J Ind Med 1993;50(10):875-80. Norway Hg, vapor (mapsr) 87 (84; 111) 104 (78; 137)
Cocco P.L. et al. Pb, Zn miners on the surface . .
Occup Environ Med. 1994;51(10):674-82. Ttaly (LIAXTepE1 Ha TIOBEPXHOCTH) 92(83;102) 91 (75 110)
Cocco P.L. et al. Pb, Zn miners underground . .
Occup Environ Med. 1994;51(10):674-82. Ttaly (axrep mox encied) 113 (105; 121) 96 (83; 111)
Boffetta P. et al. Cancer Causes Control. 1998;9(6):591-9. Occup Environ Inorganic Hg, miners . .
Med. 2001;58(7):461-6. United cohort of Spain, Slovenia, Italy and Ukraine | (maxtepsr) 108 (104; 112) 87 (80; 95)
Jarup L. et al. Occup Environ Med. 1998;55(11):755-9. Sweden Cd, Ni, batteries 106 (94; 118) 125 (98; 157)
(aKKyMyJIITOPEI)

Lubin J.H. et al. Am J Epidemiol. 2000;151(6):554—65. USA

Cu, foundry (TutaBuIBbHS)

114 (111; 117)

113 (107; 121)

Esmen N.A. Occup Environ Med. 2004;61(2):108-16. UK

(aKKyMyJIITOPEI)

110 (100; 121)

Wong O. et al. Pb, foundry (raBuiabHs); . .
Am J Ind Med. 2000;38(3):255-70. USA batteries (akKymyasTOpBI) 105 (101; 108) 104 (97 11)
Sorahan T., Cd, Ni, batteries

113 (94; 134)

Ilychova S.A., Zaridze D.G.
Occup Environ Med. 2012;69(2):87-92. Russia

Pb, printers (meuaTHUKH)

104 (100; 112)

95 (81; 111)

McElvenny D.M. et al. Occup Environ Med. 2015;72(9):625-32. UK

Pb

110 (106; 114)

115 (108; 122)

IIpumeyanue:

* Tlony>kupHBIM IPUQTOM BbLIENeHbI oKasarenu ¢ HannuneM HWE (Bennunna sBepxuero CI <1,0);
** Jyist XpOHOJIOTMYIECKH MOCIIE0BATEIBHBIX HCCIEOBAHNI OHOM U TOM K€ KOTOPTHI [IPU METa-aHaJIM3€ MCIOIb30BaHbl JaHHbIE OCIIEAHEl MyOnHKalmmn

Tabauya 3

Bri0opka ucciaenoanuii mo SMR all causes 1 SMR all cancer y paGoTHUKOB NIPOM3BOACTB ¢ Bo3/ielicTBHeM OeTa-HaTHIaMHHA

Sample of studies on SMR all causes and SMR all cancer in workers in industries exposed to the beta-naphthylamibe

Reference, country SMR all causes SMR all cancer
(95 % CI), % (+95 % CI), %
Mancuso T.F. et al. ] Occup Med 1967;9(6):277-85. USA (benzidine and beta-naphthylamine) No data’ No data”
Axtell C.D. et al. Am J Ind Med. 1998;34(5):506-11. USA 146 (133; 159) 120 (105; 160)
Bernardinelli L. et al. Br J Ind Med. 1987;44(3):187-91. Italy 85 (72; 100) 119 (84; 166)

Cassidy L.D. et al. Am J Ind Med. 2003;44(3):282-90. USA [38]

198 (156; 249)

308 (205; 446)

Marsh G.M. et al. Am J Ind Med 1991;19(3):291-301. USA

165 (115; 230)

234 (112; 428)

Morinaga K. et al. Nihon Eiseigaku Zasshi. 1990;45(4):909—-18. Japan (benzidine and/or beta-naphthylamine)

75 (60; 93)

101 (70; 140)

naphthylamine and o-toluidine)

Sorahan T. et al. Occup Environ Med. 2000;57(2):106—15. UK (2-mercaptobenzothiazole, aniline, phenyl-beta-

101 (96; 108)

102 (91; 114)

naphthylamine and other agents in rubber production)

Szeszenia-Dabrowska N. et al. Pol J Occup Med Environ Health. 1991;4(2):149-57. Polska (beta-

113 (101; 126)

113 (97; 125)

Ipumeuanue: * [TyGnukaiys HELOCTYIIHA

W3 naHHBIX, IPUBEICHHBIX B Ta0MI. 4, CIEAyeT reTepo-
T€HHOCTh BCEX BBIOOPOK (110 mHAekcaM H u [, CM. BbIIIE),
MO3TOMY, KaK B OOJIBIIMHCTBE MEIMKO-OMOJIOTHYCCKUX U
SMUAEMHOJIOTMYECKUX ucciaenoBanuit [40], Mera-aHaiu3bl
TIPOBOAMIINCH C MUCIIOJI30BAHUEM MOJIENH CIIyYalHBIX (ran-
dom) a¢ddexros. 3a nckiaroucane uHaekca SMR all cancer
JUIsl BO3JICUCTBHS OeTa-HaTHIIaMKHa, HE 0OHAPY)KUBAFOTCS
NpU3HAKK ITyOIMKauoHHOro cMemieHus (publication bias

[41]): Egger’s test (st accumerpun Funnel plot) memoH-
CTpUpYeT moka3arenu p He npocto Beire 0,05-0,1, Ho 3Ha-
YUTENILHO BbIle. UTo ke Kacaercsi yKa3aHHOTO HMCKJIIoYe-
HUSI, TO OHO MOXKET HOCUTh CITy4YaifHbIH XapakTep (BBIOOpKa
MaJta), HIOCKOJBKY TOKa3aHo, 9To OeTa-HaPTHIIAMUH SIBIISET-
¢ CIUIBHBIM HHTYKTOPOM paka MO4eBOTo Iy3bIps [32, 38] u,
KaK BHJIMM, 3JI0Ka4€CTBEHHBIX HOBOOOpA30BaHUM B LIEJIOM
(tabm. 3).
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Tabruya 4

PesyabraTtel meta-anaau3os no SMR all causes u SMR all cancer y paboTHHUKOB siIepPHOI HHAYCTPUH, IIPH BO3/1EHCTBHH TSKeJbIX METAIIOB H
NIPH YKCHO3HIHUH OeTa-HAPTHIAMHHA

Results of meta-analyses on SMR all causes and SMR all cancer for nuclear workers, for workers exposed to heavy metals and for personal
exposed to beta-naphthylamine

Index

Meta-analysis (+95% CI)

Nuclear workers

SMR all causes, %

Random effect model: 62 (56; 69); n=15. H=7,0; > = 98%; Egger’s test: p = 0,228

SMR all cancer, %

Random effect model: 74 (69; 78); n = 15. H=2,0; I* = 75%; Egger’s test: p = 0,205

Heavy metals exposure

SMR all causes, %

Random effect model: 103 (98; 108); n=19. H=3,3; > = 91%, Egger’s test: p = 0,432

SMR all cancer, %

Random effect model: 104 (98; 109); n=19. H=1,7; P = 67%, Egger’s test: p = 0,903

Beta-naphthylamine exposure

SMR all causes, %

Random effect model: 118 (97; 138); n="7. H=3,7; I> = 93%; Egger’s test: p = 0,383

SMR all cancer, %

Random effect model: 115 (98; 133); n="7. H=1,6; I> = 62%; Egger’s test: p = 0,037

YroObl OLECHUTHh BEITUYHUHBI MOJOKHUTEILHOTO MU «OT-
punarensHoro» HWE (cormacuo [47] — «addexT He3mopo-
Boro pabornukay; ‘unhealthy worker effect’) mis nmepcona-
Ja sIIepHOM MHIYCTPUM W NPOYMX KOHTHHI€HTOB, JUIS KO-
TOPBIX 3/1€Ch ObLIH BBIMOIHEHbI META-aHAIH3bI (TIOCKOIBKY
COOTBETCTBYIOIIUX JINTEPATYPHBIX JaHHBIX HET), YMECTHO
CpaBHUTH UX C IMOKa3aTCIAMH IJIsI UHBIX HpO(i)eCCI/IOHaHB-
HBIX TPYII, BKJIIOYAs TIEPCOHAN NPEIIPUATHH XUMUYECKOH
uHaycTpuu. B Tabn. 5 mpejacraBieHbl MOJA00HBIC JaHHBIC
BKyIIE C pe3yJbTaTaMu OTAENBHBIX padoT (He MeTa- M He
pooled-ananu3amu) UIsi 3aHATOCTH C MAaKCHUMAJIbHBIMH H
MUHUMAaJIbHBIMU 3HaueHusIMU SMR.

[ToMuMO JOOBIYM, TPOLECCUHTA U UCIIOIBb30BAHUS ac-
Oecra, a Taxke MpUMeHeHHUs Oera-HadTmIamMuHa (TalmI. 5),
CaMbIMU BPE€AHBIMU, KPOME YT'OJIbHBIX HIAXT, ABJIAIOTCA, 110
BCEH BUAMMOCTH, PaOOTHI, CBSI3aHHBIE C TAKUMH TSDKEJIBIMU

Tabruya 5

Metainiamu, kak Hg, Cd, Pb, Cu: s aToit kaTeropuu, B OT-
JIMYME OT UHBIX TUIIOB 3aHSATOCTH, HAM W3BECTHBI BCETO JIBa
nokazaresst ¢ HWE: o ogaomy mist SMR all causes u SMR
all cancer (ropsinika 5 % ot BEIOOpKH; cM B Ta0. 3).
Crefyer OTMETHUTD, YTO TOHSITHE «TSIKEIIbIE METAILIbD)
Pa3MBITO, O YeM MMEIOTCS KpUTHYeCKue obcyxaenus [57].
B oty rpynmy 3adactyio Britouator He Tosibko Cr, Ni, Co
U T.I., 4YTO OTHOCHUTENILHO JIornuHo, HO naxe Fe [57] (mo-
CKOJIBbKY, BEPOSITHO, HUKTO HE CMOJKET CKa3aTh, YTO JKEIEe30 —
JIeTKoe). 3MeCh MBI aHATU3UPOBAIH ((EKTH CaMBIX TOK-
CHYHBIX M KJacCHYecKux Tspkenabix mMetawioB (Hg, Cd, Pb,
Cu), ucxozst U3 UX onpezaenacHus B padore Srivastava N.K.,
Majumder C.B., 2008 [58]: 370 MeTaIBl C OTHOCHTEIHHO
OOJIBIIMMH aTOMHBIMHU MaccaMmu B auamasone 63,5-200,6 r/
MOJIb U IJIOTHOCTBIO Ooitee 5 r/em?. Cr, Ni, Co u Fe ne non-
MAJA0T MOJ 3TU Kareropuu. CieayeT yHOMSIHYTh, YTO JUIs

Beamuunsl HWE no 3nadennsim SMR all causes u SMR all cancer 17151 pa3in4HbIX IpogecCHOHATLHBIX TPynm*
HWE values for SMR all causes and SMR all cancer indexes for various occupational groups*

Group or cohort

SMR, all causes (95 % CI), % SMR, all cancer (95 % CI), %

Cosmonauts (Ushakov L.B. et al., 2017 [48]) 40 (27; 61) 71 (32; 106); p < 0,280
Astronauts (Reynolds R.J., Day S.M., 2019 [49]) 51 (38; 68) 51 (27; 87)
Athletes, Poland (Gajewski A.K., Poznanska A., 2008 [50]) 50 (41; 56) No data

Pilots (Hammer G.P. et al, 2014 [51]). Pooled analysis for 10 countries 56 (54; 58) 69 (64; 76)
Athletes NBA (basketball), USA (Reynolds R.J., Day S.M., 2019 [49]) 60 (53; 68) 54 (42; 69)
aN:acll;:;:)workers (padoTHHKH s/1epHOIT MHAYCTPHU; presented meta- 62 (56; 69); n = 15 74 (69; 78); n =7
Athletes MBA (basketball), USA (Reynolds R.J., Day S.M., 2019 [49]) 67 (63; 70) No data

Military personnel (BoeHHOCTyXamue; meta-analysis: McLaughlin R. et al.,
2008 [52])

76 (65; 89); n = 10

78 (63; 98); n =10

Synthetic rubber production (IIpoM3BOACTBO CHHTETHYECKOTO Kay4dyKa; metd-
analysis: Alder N. et al., 2006 [35])

86 (82; 91); n =31

94 (89; 101); n = 31

Chemical industry (xumudeckast nagyctpus; meta-analysis: Greenberg R.S.
etal, 2001 [32])

90 (87;92); n=181

99 (94; 104); n = 181

Production of organic solvents (IpoH3BOACTBO OPraHUYECKUX PACTBOPHUTEICH;

meta-analysis: Chen R., Seaton A., 1996 [33])

90 (89; 90™); n = 85

96 (94; 97); n =85

Acrylonitrile production (mpou3BoACTBO aKPUIOHUTPUIIA; meta-analysis:
Rothman K.J., 1994 [34])

103 (92; 115); n =12

No data

Heavy metals (Hg, Cd, Pb, Cu, non Cr, Co, Ni; presented meta-analysis)

103 (98; 108); n = 19

104 (98; 109); n = 19

Production of carbon black (mpou3BoaCTBO TEXHUUECKOTO yIIIepoOa; meta-
analysis: Morfeld P. et al., 2016 [36])

105 (81; 134); n =3

No data

Coal mines (yrombHble maxtel; meta-analysis: Alif S.M. et al, 2022 [53])

114 (100; 130); 1 =21

No data

Beta-naphthylamine (presented meta-analysis)

118 (97; 138); n=17

115(98;133);n=17

Asbestos cement production (mpon3BojcTBO acboneMeHnTa; pooled-analysis:
Luberto F. et al., 2019 [54])

123 (119; 126); n=21

147 (141; 153); n =21

Extraction of chrysotile asbestos in mines (100bI4a XpH30THIOBOrO acbecTa B
maxrax; Piolatto G. et al., 1990 [55])

150 (135; 164)™

110 (86; 134)™

Application of chrysotile asbestos (nmpuMeHeHHE XPU30TUIIOBOTO acOecTa;
Dement J.M. et al, 1983 [56])

150 (134; 167)""

168 (128; 217y

IIpumeuanmne:

* TosmyXupHbIM WPHGTOM BbIIEIEHBI JaHHBIE META-aHAIM30B, BHIMOIHEHHBIX B HACTOSIIEM MCCIIEOBAHNH, a TaKke rokasarenu ¢ HamnarneM HWE (Benn-
quna Bepxuero CI <1,0); ™ Tak B opurunaine; ™ 95 % CI paccunTanbl HaMH 110 TIPECTABICHHBIM B OpUrHHane aaHHbIM Juist uuncia Observed n Expected

cmepreit
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pabotr ¢ Cr, Ni u Co mons WcCiIeqoBaHUA C BBISBICHHBIM
HWE no SMR all causes cocrasiser 52 %, a ¢ HWE 1o
SMR all cancer — 14 % (MCTOYHUKH HE TPUBOASTCS; BCETO
HaM M3BECTHHI 23 TakuX paboTel). DTO MHOTO OOJbIIE, YeM
JUTSL KITACCHYECKUX TSDKENBIX METauIoB (CM. B TaOI. 3).

Wrak, ecian UCXOMUTh U3 CPABHUTEIIBHBIX JIAHHBIX B Ta-
Onuie 5, paOOTHUKH SIEPHON NHTyCTPUH XapaKTEPHU3yIOTCS
BechbMa BeicoknMu HWE, cpaBHUMBIME € TTOKa3aTeIsIMU 1S
amepukaHCcKux atieToB MBA (6acket6o:). X0Ts, KOHEYHO,
CTOJIb MaprHHAIBHBII BBIBOJI HE MOXKET OBITh OKOHYATENb-
HBIM B KOJIMYECTBEHHOM Il1aHe. [lefiCTBUTENIFHO, HaIlla BbI-
0O0OpKa MCTOYHHMKOB JUII PAOOTHHUKOB SIAEPHONW MHAYCTPHH,
XOTSI ¥ pETIPE3CHTATUBHA (YTO CIEAYeT U3 BOLICAIINX B HEE
JIAHHBIX HMHTEPHALMOHAILHOTO HCCIIeIoBaHusl 15 cTpaH
[37]), HO He monHa Ha TeKymuii MOMeHT. [ToaTomMy noyuen-
HBIC JITAaHHBIC TSI 9TOTO METa-aHaJIM3a CIEeIyeT paccMaTpH-
BaTh KaK aJIeKBaTHBIC, HO TpeABapuTeibubie, Ha 2007 1., TO
€CTh Ha MOMEHT MyOJIHKaIuK 00beTUHEHHOU paboThI [37].
BepostHO, nononHeHHbIH 1 yrouHeHHbIH (‘updated’) mera-
aHaJM3 Mogo0HOTo poja Oy/eT BHITIOIHEH HAMU B OyTyIIeM,
MIPUYEM CIIEAYeT MMEThb B BHIY, YTO C TCUCHHUEM JECSATH-
neTuil, HaunHas ¢ Kounma 1940-x rr., mokasarear SMR all
causes U1l paOOTHUKOB SIIEPHON MHIYCTPUH YMEHBILACTCS
[59]. Bo3aMoxkHO — M3-3a YBEIUYEHHUSI BPEMEHU 3aHATOCTH,
koTopomy mokazarens HWE, kak oTMedanocs BeIiie, 00pat-
HO MponopiuoHaieH [1].

Bunno takxke (Tabmn. 5), 4TO B 1ENOM INEpcoHAl U XH-
mudeckoil mHIycTpun uMeeT HWE mo oOmelt cmeptHOCTH
[32, 33], a mpu paboTe ¢ pacTBOPUTEISIMH — U (POPMATTHHBII
(ouens cnabsiii) HWE mo cMmepTtHOoCcTH OT Beex 3JjI0Kade-
CTBCHHBIX HOBOOOpa3zoBauuit [33]. /s xumudeckod mpo-
MBIIIJIEHHOCTH, CPAaBHUTEJIBHO C SACPHOW MHAyCTpHEH, Be-
mmanHa HWE wmensme B 1,30-1,45 pasa, HO 3ddexTs Bce
xe nmerotcs. IlocnenHee BaXxHO, MOCKONBKY HAa XHUMHYe-
CKUX TPEIIPHUITUSIX BPSJ JIM OCYIIECTBISIETCSI TAaKOH Iep-
BUYHBIN W BTOPHYHBIH 0TOOP, KaK B SCPHOI MHITyCTPHUH.

[Tpu aHanu3e NMpenCTaBICHHBIX 37€Ch PE3YIbTATOB BaXK-
HO TIOHMMarTh, YTO, B II€JIOM, OXKHJaeMasi IPOIOKUTEb-
Hocth ku3HM (Life expectancy) cBsi3ana oOparHO 3aBUCH-
MocThio ¢ SMR [60-63], To ecth o SMR MOXHO CynuTh
00 3TOM MHTETpaTFHOM TTOKa3aTesie OBITOBOTO U MPOQecCH-
OHAJILHOTO OJyaromonyuus [64].

Beixogur Tak, 4ro paOOTHHKH SIAEPHOW WHIYCTPUH
MUMCIOT 3aBHIHBIC IOKA3aTelIN MOMO00HOTO poja, MpUYeM

HE TOJBKO ISl 0OIIeH CMEPTHOCTH, HO U AJISl CMEPTHOCTH
OT 3JI0KaUeCTBEHHBIX HOBOOOPA30BaHU, a MEepCOHAI MPe/-
MPUSTHH XUMHYECKOW TPOMBIIIIEHHOCTH, HECMOTpPS Ha
CIIOXKHBIIHMECS CTEPEOTUIBI O «XUMHHM», 32 PEAKHMH HC-
KITFOYEHUSIMU pabOT ¢ KOHKPETHBIMH KJIACCaAMU COCIMHEHNI
[34, 36] (u npeacTaBICHHBIC 31€Ch METa-aHAIU3bI s 3(-
(eKTa TSDKETBIX MEeTauIoB U OeTa-HaTHIaMUHA), OTHIOIb
HE XapaKTepU3yeTcs CHIKCHHOW NPOAOIDKUTEIBHOCTHIO
KHM3HU CPABHUTEIIBHO C HACEJICHNEM U HE UIMEET TeHACHIINI
K yYaleHUIO CMEPTHOCTH OT BCEX THIIOB paKa.

[TonyueHHBIE B HACTOSIIIIEM HCCIICIOBAHIH CPaBHHUTEIIb-
HBIC JJAaHHBIC YCTPAHSIOT CIOKUBIIUECS CTEPEOTHUITBI U MO-
TYT YIy4miaTh UMUK 3aHSATOCTH Ha NPEANPUATHSIX sAep-
HOHM M XMMHUYECKON UHyCTPUU B LICJIOM.

BriBoabI

1. TIpoBeneHHBI MeTa-aHAJIN3 HWCCICAOBAHUNA HHICKCOB
SMR mo o01eil CMEpPTHOCTH M CMEPTHOCTH OT BCEX
3JI0KQYECTBEHHBIX HOBOOOpa30BaHWil Uil paOOTHHKOB
SIIEPHOW MHIYCTPHUH 15 CTpaH BBIABMII 3HAUUMBIH «d(-
(exT 3m0poBOTO PAabOTHHKA» MO O0OOWM ITOKA3aTeIsIM
(SMR =62 (95 % CI: 56; 69) u 74 (95 % CI: 69; 78) co-
OTBETCTBEHHO), CPABHUMBIN C MHJIEKCOM OJHOW TPYIIIIBI
amICTOB M 3HAYUTENIFHO OOJNBIINIA, YeM JuIsl TIepcCOHaa
XMMHUYECKUX MPEANpPUSTHH, XOTA JaHHbIE HE OKOHYa-
TEINbHBI.

2. Jns paOOTHUKOB XMMHUYECKOW MHAYCTPHHU B IIEJIOM, CO-
IJIaCHO OITyOJIMKOBAaHHBIM METa-aHaJIM3aM, TaKkke OOHa-
pyxer HWE npumenurensHo k mokazarermro SMR 1o
o01Ieil CcMepTHOCTH, HO HAMHOTO Oostee cinadbiii: SMR =
90 (95 % CI: 87; 92). Tem He MeHee, HAMUIO (DaKT HE
YBEJIMUCHHONH CPaBHUTEIBFHO C HACEJICHHUEM oOmei
CMEPTHOCTH M CMEPTHOCTH OT BCEX 3JI0Ka4E€CTBEHHBIX
HOBOOOpPa30BaHUii.

3. CambIMM BpeTHBIMH BHIAMH 3aHSITOCTH, COIVIACHO IIPO-
BE/ICHHBIM 3/1€Ch TPEM MeTa-aHaJIN3aM M JINTEPATypHBIM
JIAHHBIM, SIBIIAIOTCS, MO HapacTaromel, pabora ¢ Taku-
MU TsDKeJIbIMU MeTautamu, kak Hg, Cd, Pb, Cu, no0biua
yIJISl B IIAXTAX U €ro nepepaboTKa, 1esITeNbHOCTD, Tpel-
ycMaTpHBaloIias KOHTaKThl ¢ OeTa-HadTHIAaMHHOM, a
TaKke 00br4a, 00paboTKa U MCIIONB30BaHNE acOecTa.

4. TlonydeHHbIC TaHHBIC YCTPAHSIIOT CIOKHUBIIMECS CTEpe-
OTHITBI U MOTYT YJIy4IIaTh UMUK 3aHSATOCTH Ha Tpel-
TIPUATHSX SAACPHON M XUMHUECKOW MHIYCTPHH B IIEJIOM.

CIIMCOK UCTOYHHKOB

1. Monson R.R. Observations on the Healthy Worker Effect // J. Occup. Med. 1986.
V.28, No. 6. P. 425-433. https://doi.org/10.1097/00043764-198606000-00009.

2. Ogle W. Letter to the Registrar-General on the Mortality in the Registration Dis-
tricts of England and Wales During the Ten Years 1871-80. Supplement to the
45th Annual Report of the Registrar-General of Births, Deaths, and Marriages, in
England. London, 1885. P. 23.

3. McMichael A.J., Spirtas R., Kupper L.L. An Epidemiologic Study of Mortality
Within a Cohort of Rubber Workers, 1964—72 // J. Occup. Med. 1974. V.16, No.
7.P. 458-464.

4. Tpy6euxoB A.JI., XKupo K.C. «Dddekr 3mopoBoro pabGouyero» B pas-
JIMYHBIX O0MACTSIX MERWIMHBI Tpy#a // IIpoGieMbl COLMANBHON THIHEHBI,
3/[paBOOXpaHeHus U ucrtopun Meauiuuel. 2021. T.29, Ne 2. C. 254-259. https://
doi.org/10.32687/0869-866X-2021-29-2-254-259.

5. JHemorpaduueckas u coumanbHas cratuctuka 1.5 //  Duuoukmonenus
CTaTHCTHYECKUX TepMUHOB. B 8-mu 1. M., 2011. 482 c.

6. Camopojckas U.B., Cemenor B.JO. CMepTHOCTE HaceleHUs OT 3J10KaYeCTBEH-
HbIX HOBoOOpasoBauuii B Mockse u Cankr-ITerepGypre B 2015 u 2018 rogax //
Cospemennas Oukonorusi. 2020. T.22, Ne 3. C. 79-84. https://doi.org/10.26442/
18151434.2020.3.200192.

7. Hpankuna O.M., Camopojckas 1.B., bBonorosa E.B., [lynnukosa A.B. Ananu3
JIMHAMHUKH CMEPTHOCTH OT Oose3Heil opraHoB JbixaHus B Poccuiickoit denepa-
uunn 3a 2019-2020 rr. / Tepanesruueckuit apxus. 2022. T.94, Ne 3. C. 401-408.
https://doi.org/10.26442/00403660.2022.03.201403.

8. Tuxomosa I'M., Tukrymanckas T.E., IopuakoBa T.IO., Uypanosa A.H.,
Bpeutea M.C. BiusiHue JUIMTENIBHOCTM M MHTGHCHBHOCTH BO3JCHCTBHS
HPOU3BOJICTBEHHBIX (HAKTOPOB HA YPOBHH CMEPTHOCTH IIAXTEPOB-YIOJIBIIHKOB
// MeauuuHa Tpyja u npomsliuieHHas skonorus. 2018. Ne 7. C. 16-21. https://
doi.org/10.31089/1026-9428-2021-61-9-580-587.

9. Mastrangelo G., Marzia V., Marcer G. Reduced Lung Cancer Mortal-
ity in Dairy Farmers: is Endotoxin Exposure the Key Factor? / Am. J. Ind.

Med. 1996. V.30, No. 5. P. 601-609. https://doi.org/110.1002/(SICI)1097-
0274(199611)30:5<601::AID-AJIM8>3.0.CO;2-V.

10. Dnmaemuonorundeckuit cnosaps / [lox pen. Jlacta k. M.; Ilep. ¢ anrn. Biacos
B.B. u 1p. M.: Tmobyc, 2009. 316 c.

11. Buacos B.B. Dnmnemuosnorus: Yaeonoe nmocobue. M.: I'DOTAP-Meaua, 2006.
464 c.

12. MeToanyueckue peKOMEHIAIMH 110 pa3pabdOTKe PernOHaIbHbIX MPOTPaMM JIeMO-
rpaduueckoro pazsutus. M., 2012. 50 c.

13. Fox A.J., Collier P.F. Low Mortality Rates in Industrial Cohort Studies Due to
Selection for Work and Survival in the Industry // Br. J. Prev. Soc. Med. 1976.
V.30, No. 4. P. 225-230. https://doi.org/10.1136/jech.30.4.225.

14. Wen C.P,, Tsai S.P., Gibson R.L. Anatomy of the Healthy Worker Effect: a Criti-
cal Review // J. Occup. Med. 1983. V.25, No. 4. P. 283-289.

15. Sheikh K. A Review of the Healthy Worker Effect in Occupational Epidemiol-
ogy // Occup. Med. (Lond). 2000. V.50, No. 2. P. 146. https://doi.org/10.1093/
occmed/50.2.146.

16. Roessler M. Can We Trust the Standardized Mortality Ratio? A Formal Analysis
and Evaluation Based on Axiomatic Requirements // PLoS One. 2021. V.16, No.
9. P. ¢0257003. https://doi.org/10.1371/journal.pone.0257003.

17. Gatfey W.R. A Critique of the Standardized Mortality Ratio // J. Occup. Med. 1976.
V.18, No. 3. P. 157-160. https://doi.org/10.1097/00043764-197603000-00007.

18. Monson R.R. Observations on the Healthy Worker Effect // J. Occup. Med. 1986.
V.28, No. 6. P. 425-433. https://doi.org/10.1097/00043764-198606000-00009.

19. Guidotti T.L. The Handbook of Occupational and Environmental Medicine: Prin-
ciples, Practice, and Problem-Solving. In 2 volumes. Praeger-ABC-CLIO: LLC.
2020. 1212 p.

20. Metz-Flamant C., Rogel A., Caer S., Samson E., Laurier D., Acker A., Tirmarche
M. Mortality among Workers Monitored for Radiation Exposure at the French
Nuclear Fuel Company // Arch. Environ Occup. Health. 2009. V.64, No. 4. P.
242-250. https://doi.org/10.1080/19338240903348246.

MeIMIIMHCKas PAMONIOTUs U pajnalionHas 6e3zoracHocTh. 2023. Tom 68. Ne 4

Medical Radiology and Radiation Safety. 2023. Vol 68. Ne 4




PaI[HaLIHOHHa}I SMUACMHOJIOT U

Radiation epidemiology

21.

22.
23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Bond G.G., Bodner K.M., Olsen G.W., Cook R.R. Mortality among Workers En-
gaged in the Development or Manufacture of Styrene-Based Products: an Update
// Scand. J. Work Environ Health. 1992. V.18, No. 3. P. 145-154. https://doi.
org/10.5271/sjweh.1594.

Bexman U.H. Snepuas unnycrpus: Kype nexuuit. M.: U3n-so MI'Y, 2005. 867 c.
Kirkeleit J., Riise T., Bjorge T., Christiani D.C. The Healthy Worker Effect in
Cancer Incidence Studies / Am. J. Epidemiol. 2013. V.177, No. 11. P. 1218—
1224. https://doi.org/10.1093/aje/kws373.

Breslow N.E., Day N.E. Statistical Methods in Cancer Research. V.II. The De-
sign and Analysis of Cohort Studies. Lyon: World Health Organization, 1987. P.
17-20.

Carpenter L.M. Some Observations on the Healthy Worker Effect // Br. J. Ind.
Med. 1987. V.44, No. 5. P. 289-291. https://doi.org/10.1136/0em.44.5.289.

Li C.Y., Sung F.C. A Review of the Healthy Worker Effect in Occupational Epi-
demiology // Occup. Med. (Lond). 1999. V.49, No. 4. P. 225-229. https://doi.
org/10.1093/occmed/49.4.225.

Koshurnikova N.A., Buldakov L.A., Bysogolov G.D., Bolotnikova M.G., Kom-
leva N.S., Peternikova V.S. Mortality from Malignancies of the Hematopoietic
and Lymphatic Tissues among Personnel of the First Nuclear Plant in the USSR //
Sci. Total. Environ. 1994. V.142, No. 1-2. P. 19-23. https://doi.org/10.1016/0048-
9697(94)90068-x.

Kourypuukosa H.A., Bonoraukosa M.I, I'pyznesa E.A., Kabuposa H.P., Kpecios
B.B., Okarenko I1.B. u ap. OtaaneHHble MOCIEACTBHS HPO(ECCHOHATBHOTO
PaaNalMOHHOTO BO3/ICHCTBHS (ITOKA3aTeNl cMepTHOCTH nepconana 10 «Mastk»
3a 45 ner nadmonenns) // Paguarms u puck. 1995. Ne 5. C. 137-144.
Koshurnikova N.A., Bysogolov G.D., Bolotnikova M.G., Khokhryakov V.F.,
Kreslov V.V., Okatenko P.V., et al. Mortality among Personnel who Worked at
the Mayak Complex in the First Years of Its Operation // Health Phys. 1996. V.71,
No. 1. P. 90-93. https://doi.org/10.1097/00004032-199607000-00015.
Komrypuukosa H.A., Oxarenko I1.B., CokonbnukoB M.D., Bacunenko E.K.,
XoxpsikoB B.B. Meaumunckue mociaeacTBust IpohecCHOHaTBHOTO OOILydeHHs:
KaHIIEPOreHHbIH pHCK B Koropre mnepconana 10 «MASK» // MeanuuHckas
paauosorus M paauaionHas 6esonacHocts. 2008. T.53, Ne 3. C. 23-33.
Azizova T.V., Batistatou E., Grigorieva E.S., et al. An Assessment of Radiation-
Associated Risks of Mortality from Circulatory Disease in the Cohorts of Mayak
and Sellafield Nuclear Workers // Radiat. Res. 2018. V.189, No. 4. P. 371-388.
https://doi.org/10.1667/RR14468.1.

Greenberg R.S., Mandel J.S., Pastides H., Britton N.L., Rudenko L., Starr
T.B. A Meta-Analysis of Cohort Studies Describing Mortality and Cancer In-
cidence among Chemical Workers in the United States and Western Europe //
Epidemiology. 2001. V.12, No. 6. P. 727-740. https://doi.org/10.1097/00001648-
200111000-00023.

Chen R., Seaton A. A Meta-Analysis of Mortality among Workers Exposed to Or-
ganic Solvents // Occup. Med. 1996. No. 46. P. 337-344. https://doi.org/10.1093/
occmed/46.5.337.

Rothman K.J. Cancer Occurrence among Workers Exposed to Acrylonitrile //
Scand. J. Work Environ. Health. 1994. V.20, No. 5. P. 313-321. doi: 10.5271/
sjweh.1391.

Alder N., Fenty J., Warren F., et al. Meta-Analysis of Mortality and Cancer In-
cidence among Workers in the Synthetic Rubber-Producing Industry / Am. J.
Epidemiol. 2006. V.164, No. 5. P. 405-420. https://doi.org/10.1093/aje/kw;j252.
Morfeld P., Mundt K.A., Dell L.D., Sorahan T., McCunney R.J. Meta-Analysis
of Cardiac Mortality in Three Cohorts of Carbon Black Production Workers //
Int. J. Environ. Res. Public. Health. 2016. V.13, No. 3. P. 302. doi: 10.3390/
ijerph13030302.

Vrijheid M., Cardis E., Blettner M., Gilbert E., Hakama M., Hill C., et al. The
15-Country Collaborative Study of Cancer Risk Among Radiation Workers in the
Nuclear Industry: Design, Epidemiological Methods and Descriptive Results //
Radiat. Res. 2007. V.167, No. 4. P. 361-379. https://doi.org/10.1667/RR0554.1.
Cassidy L.D., Youk A.O., Marsh G.M. The Drake Health Registry Study: Cause-
Specific Mortality Experience of Workers Potentially Exposed to Beta-Naphthyl-
amine // Am. J. Ind. Med. 2003. V.44, No. 3. P. 282-290. https://doi.org/10.1002/
ajim.10268.

Higgins J.P., Thompson S.G., Deeks J.J., Altman D.G. Measuring Inconsistency
in Meta-Analyses // Brit. Med. J. 2003. V.327, No. 7414. P. 557-560. https://doi.
org/10.1136/bm;j.327.7414.557.

Blettner M., Sauerbrei W., Schlehofer B., Scheuchenpflug T., Friedenreich C.
Traditional Reviews, Meta-Analyses and Pooled Analyses in Epidemiology // Int.
J. Epidemiol. 1999. V.28, No. 1. P. 1-9. https://doi.org/10.1093/ije/28.1.1.
Sterne J.A., Egger M., Smith G.D. Systematic Reviews in Health Care: Investigat-
ing and Dealing with Publication and Other Biases in Meta-Analysis // Br. Med.
J.2001. V.323, No. 7304. P. 101-105. https://doi.org/10.1136/bmj.323.7304.101.
Axelson O. Negative and Non-Positive Epidemiological Studies // Int. J. Occup.
Med. Environ. Health. 2004. V.17, No. 1. P. 115-121.

REFERENCES

Monson R.R. Observations on the Healthy Worker Effect. J. Occup. Med.
1986;28;6:425-433. https://doi.org/10.1097/00043764-198606000-00009.

Ogle W. Letter to the Registrar-General on the Mortality in the Registration Dis-
tricts of England and Wales During the Ten Years 1871-80. Supplement to the
45th Annual Report of the Registrar-General of Births, Deaths, and Marriages, in
England. London, 1885. P. 23.

McMichael A.J., Spirtas R., Kupper L.L. An Epidemiologic Study of Mortality
Within a Cohort of Rubber Workers, 1964-72. J. Occup. Med. 1974;16;7:458—464.
Trubetskov A.D., Zhirov K.S. ‘The Effect of Healthy Worker’ in Various Ar-
eas of Occupational Medicine: the Publications Review. Problemy Sotsialnoy
Gigiyeny, Zdravookhraneniya i Istorii Meditsiny = Problems of Social Hy-
giene, Public Health and History of Medicine. 2021;29;2:254-259. https://doi.
0rg/10.32687/0869-866X-2021-29-2-254-259 (In Russ.).

Demographic and Social Statistics T.5. Entsiklopediya statisticheskikh terminov.
V 8-mi t. = Encyclopedia of Statistical Terms. In 8 Volumes. Moscow Publ., 2011.
482 p. (In Russ.).

Samorodskaya 1.V., Semenov V.Yu. Malignant Neoplasms Mortality Rates in
Moscow and Saint Petersburg in 2015 and 2018. Sovremennaya Onkologiya =

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

60.

61.

62.

63.

64.

10.

Gerosa A., letri E., Belli S., Grignoli M., Comba P. High Risk of Pleural Meso-
thelioma among the State Railroad Carriage Repair Workers // Epidemiol. Prev.
2000. V.24, No. 3. P. 117-119 (In Italian.).

Miller B.G., MacCalman L. Cause-Specific Mortality in British Coal Workers
and Exposure to Respirable Dust and Quartz / Occup. Environ. Med. 2010. V.67,
No. 4. P. 270-276. https://doi.org/10.1136/0em.2009.046151.

Nakashima E., Neriishi K., Minamoto A. A Reanalysis of Atomic-Bomb Cata-
ract Data, 2000-2002: a Threshold Analysis // Health Phys. 2006. V.90, No. 2. P.
154-160. https://doi.org/10.1097/01.hp.0000175442.03596.63.

Neriishi K., Nakashima E., Minamoto A., Fujiwara S., Akahoshi M., Mishima
H.K., et al. Postoperative Cataract Cases among Atomic Bomb Survivors: Radia-
tion Dose Response and Threshold // Radiat. Res. 2007. V.168, No. 4. P. 404-408.
https://doi.org/10.1667/RR0928.1.

Juel K. High Mortality in the Thule Cohort: an Unhealthy Worker Effect //
Int. J. Epidemiol. 1994. V.23, No. 6. P. 1174-1178. https://doi.org/10.1093/
ije/23.6.1174.

Ushakov L.B., Voronkov Y.I., Bukhtiyarov L.V. Tikhonova G.I., Gorchakova
T.Yu., Bryleva M.S. A Cohort Mortality Study among Soviet and Russian Cos-
monauts, 1961-2014 // Aerosp. Med. Hum. Perform. 2017. V.88, No. 12, P.
1060-1065. https://doi.org/10.3357/AMHP.4701.2017.

Reynolds R.J., Day S.M. Mortality of US Astronauts: Comparisons with Profes-
sional Athletes // Occup. Environ. Med. 2019. V.76, No. 2. P. 114-117. https://
doi.org/10.1136/0oemed-2018-105304.

Gajewski A.K., Poznanska A. Mortality of Top Athletes, Actors and Clergy in
Poland: 1924-2000 Follow-Up Study of the Long Term Effect of Physical Acti-
vity // Eur. J. Epidemiol. 2008. V.23, No. 5. P. 335-340. https://doi.org/10.1007/
s10654-008-9237-3.

Hammer G.P., Auvinen A., De Stavola B.L., Grajewski B., Gundestrup M., Hal-
dorsen T., et al. Mortality from Cancer and Other Causes in Commercial Airline
Crews: a Joint Analysis of Cohorts from 10 Countries / Occup. Environ. Med.
2014. V.71, No. 5. P. 313-322. https://doi.org/10.1136/0oemed-2013-101395.
McLaughlin R., Nielsen L., Waller M. An Evaluation of the Effect of Mili-
tary Service on Mortality: Quantifying the Healthy Soldier Effect / Ann.
Epidemiol. 2008. V.18, No. 12. P. 928-936. https://doi.org/10.1016/j.annepi-
dem.2008.09.002.

Alif SM., Sim M.R., Ho C., Glass D.C. Cancer and Mortality in Coal Mine
Workers: a Systematic Review and Meta-Analysis // Occup. Environ. Med. 2022.
V.79, No. 5. P. 347-357. https://doi.org/10.1136/0oemed-2021-107498.

Luberto F., Ferrante D., Silvestri S., Angelini A., Cuccaro F., Nannavecchia A.M.,
et al. Cumulative Asbestos Exposure and Mortality from Asbestos Related Dis-
eases in a Pooled Analysis of 21 Asbestos Cement Cohorts in Italy // Environ.
Health. 2019. V.18, No. 1. P. 71. https://doi.org/10.1186/s12940-019-0510-6.
Piolatto G., Negri E., La Vecchia C., Pira E., Decarli A., Peto J. An Update of Cancer
Mortality among Chrysotile Asbestos Miners in Balangero, Northern Italy // Br. J.
Ind. Med. 1990. V.47, No. 12. P. 810-814. https://doi.org/10.1136/0em.47.12.810.
Dement J.M., Harris R.L.Jr., Symons M.J., Shy C.M. Exposures and Mortality
among Chrysotile Asbestos Workers. Part II: Mortality / Am. J. Ind. Med. 1983.
V.4, No. 3. P. 421-433. https://doi.org/10.1002/ajim.4700040304.

Duffus J.H. ‘Heavy Metals’— a Meaningless Term? // Pure and Applied Chemis-
try. 2002. V.74, No. 5. P. 793-807. http://dx.doi.org/10.1351/pac200274050793.
Srivastava N.K., Majumder C.B. Novel Biofiltration Methods for the Treatment
of Heavy Metals from Industrial Wastewater // J. Hazard Mater. 2008. V.151,
No. 1. P. 1-8. https://doi.org/10.1016/j.jhazmat.2007.09.101.

. Korepos A.H., Ymenkosa JI.H., Kanununa M.B., Bupiokos A.I1. Kparkuit 06-

30p MHPOBBIX HCCIICIOBAHHUI JyYeBbIX U Hely4eBbIX 3P(eKkToB y pabOTHUKOB
siIepHO HHycTpuH // MeanKO-OHOIOrHIeCKUe IPOOIeMBI KU3HEACITCIBHOCTI
(Tomens). 2020. Ne 1. C. 17-31.

Skriver M.V., Vaeth M., Stovring H. Loss of Life Expectancy Derived from
a Standardized Mortality Ratio in Denmark, Finland, Norway and Swe-
den // Scand. J. Public Health. 2018. V.46, No. 7. P. 767-773. https://doi.
org/10.1177/1403494817749050.

Tsai S.P., Hardy R.J., Wen C.P. The Standardized Mortality Ratio and Life
Expectancy // Am. J. Epidemiol. 1992. V.135, No. 7. P. 824-831. https://doi.
org/10.1093/oxfordjournals.aje.al 16369.

Lai D., Guo F.,, Hardy R.J. Standardized Mortality Ratio and Life Expectancy: a
Comparative Study of Chinese Mortality // Int. J. Epidemiol. 2000. V.29, No. 5.
P. 852-855. https://doi.org/10.1093/ije/29.5.852.

DeVivo M.J, Savic G., Frankel H.L., Jamous M.A., Soni B.M., Charlifue S.,
et al. Comparison of Statistical Methods for Calculating Life Expectancy after
Spinal Cord Injury // Spinal. Cord. 2018. V.56, No. 7. P. 666—673. https://doi.
org/10.1038/541393-018-0067-1.

Lutz W., Striessnig E., Dimitrova A., Ghislandi S., Lijadi A., Reiter C., et al.
Years of Good Life Is a Well-Being Indicator Designed to Serve Research on Sus-
tainability // Proc. Natl. Acad. Sci. USA. 2021. V.118, No. 12. P. ¢1907351118.
https://doi.org/10.1073/pnas.1907351118.

Journal of Modern Oncology. 2020;22;3:79—84. https://doi.org/10.26442/18151
434.2020.3.200192 (In Russ.).

Drapkina O.M., Samorodskaya 1.V., Bolotova E.V., Dudnikova A.V. Analysis of
the Dynamics of Mortality from Respiratory Diseases in the Russian Federation
for 2019-2020. Terapevticheskiy Arkhiv = Therapeutic Archive. 2022;94;3:401—
408. https://doi.org/10.26442/00403660.2022.03.201403 (In Russ.).

Tikhonova G.I., Piktushanskaya T.E., Gorchakova T.Yu., Churanova A.N.,
Bryleva M.S. Influence of Duration and Intensity of Exposure to Occupational
Hazards on Mortality Levels of Coal Miners. Meditsina Truda i Promyshlen-
naya Ekologiya = Russian Journal of Occupational Health and Industrial Ecol-
ogy. 2018;7:16-21. https://doi.org/10.31089/1026-9428-2021-61-9-580-587
(In Russ.).

Mastrangelo G., Marzia V., Marcer G. Reduced Lung Cancer Mortality in Dairy
Farmers: is Endotoxin Exposure the Key Factor? Am. J. Ind. Med. 1996;30;5:601—
609. https://doi.org/110.1002/(SICI)1097-0274(199611)30:5<601:: AID-AJIM&>
3.0.CO;2-V.

A Dictionary of Epidemiology. Ed. Last J.M. Oxford, Oxford University Press,
2001.

MeauunHCKast panosIorks U pauaiorHas 6esonacHocTb. 2023. Tom 68. Ne 4

Medical Radiology and Radiation Safety. 2023. Vol 68. Ne 4




PaguanmonHast S1uIeMHOIOT st

Radiation epidemiology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

KondaukTt naTepecos. ABTOPHI 3asBIISIOT 00 OTCYTCTBHH KOH(INKTA HHTEPECOB.

Vlasov V.V. Epidemiologiva = Epidemiology. Textbook. Moscow, GEOTAR-
Media Publ., 2006. 464 p. (In Russ.).

Guidelines for the Development of Regional Demographic Development Pro-
grams. Moscow Publ., 2012. 50 p. (In Russ.).

. Fox A.J., Collier PF. Low Mortality Rates in Industrial Cohort Studies Due

to Selection for Work and Survival in the Industry. Br. J. Prev. Soc. Med.
1976;30;4:225-230. https://doi.org/10.1136/jech.30.4.225.

Wen C.P., Tsai S.P., Gibson R.L. Anatomy of the Healthy Worker Effect: a Criti-
cal Review. J. Occup. Med. 1983;25;4:283-289.

Sheikh K. A Review of the Healthy Worker Effect in Occupational Epidemiology.
Occup. Med. (Lond). 2000;50;2:146. https://doi.org/10.1093/occmed/50.2.146.

. Roessler M. Can We Trust the Standardized Mortality Ratio? A Formal

Analysis and Evaluation Based on Axiomatic Requirements. PLoS One.
2021;16;9:¢0257003. https://doi.org/10.1371/journal.pone.0257003.

Gaffey W.R. A Critique of the Standardized Mortality Ratio. J. Occup. Med.
1976;18;3:157-160. https://doi.org/10.1097/00043764-197603000-00007.
Monson R.R. Observations on the Healthy Worker Effect. J. Occup. Med.
1986;28;6:425-433. https://doi.org/10.1097/00043764-198606000-00009.
Guidotti T.L. The Handbook of Occupational and Environmental Medicine: Prin-
ciples, Practice, and Problem-Solving. In 2 Volumes. Praeger-ABC-CLIO, LLC.
2020. 1212 p.

Metz-Flamant C., Rogel A., Caer S., Samson E., Laurier D., Acker A., Tirmarche
M. Mortality among Workers Monitored for Radiation Exposure at the French
Nuclear Fuel Company. Arch. Environ Occup. Health. 2009;64;4:242-250.
https://doi.org/10.1080/19338240903348246.

Bond G.G., Bodner K.M., Olsen G.W., Cook R.R. Mortality among Workers Engaged
in the Development or Manufacture of Styrene-Based Products: an Update. Scand J.
Work Environ Health. 1992;18;3:145-154. https://doi.org/10.5271/sjweh.1594.
Beckman I.N. Yadernaya Industriya = Nuclear Industry. Lecture Course. Mos-
cow Publ., 2005. 867 p. (In Russ.).

Kirkeleit J., Riise T., Bjorge T., Christiani D.C. The Healthy Worker Effect in
Cancer Incidence Studies. Am. J. Epidemiol. 2013;177;11:1218-1224. https:/
doi.org/10.1093/aje/kws373.

Breslow N.E., Day N.E. Statistical Methods in Cancer Research. V.II. The De-
sign and Analysis of Cohort Studies. Lyon, World Health Organization, 1987. P.
17-20.

Carpenter L.M. Some Observations on the Healthy Worker Effect. Br. J. Ind.
Med. 1987;44;5:289-291. https://doi.org/10.1136/0em.44.5.289.

Li C.Y., Sung F.C. A Review of the Healthy Worker Effect in Occupational Epi-
demiology. Occup. Med. (Lond). 1999;49;4:225-229. https://doi.org/10.1093/
occmed/49.4.225.

Koshurnikova N.A., Buldakov L.A., Bysogolov G.D., Bolotnikova M.G., Kom-
leva N.S., Peternikova V.S. Mortality from Malignancies of the Hematopoi-
etic and Lymphatic Tissues among Personnel of the First Nuclear Plant in the
USSR. Sci. Total. Environ. 1994;142;1-2:19-23. https://doi.org/10.1016/0048-
9697(94)90068-x.

Koshurnikova N.A., Bolotnikova M.G., Gruzdeva E.A., Kabirova N.R., Kreslov
V.V., Okatenko P.V., et al. Late Effects of Occupational Radiation Exposure (Mor-
tality in Personnel of ‘“Mayak” Complex for 45 Years of Follow-Up). Radiatsiya i
Risk = Radiation and Risk. 1995;5:137—44 (In Russ.).

Koshurnikova N.A., Bysogolov G.D., Bolotnikova M.G., Khokhryakov V.F.,
Kreslov V.V., Okatenko P.V. et al. Mortality among Personnel who Worked at the
Mayak Complex in the First Years of Its Operation. Health Phys. 1996;71;1:90—
93. https://doi.org/10.1097/00004032-199607000-00015.

Koshurnikova N.A., Okatenko P.V., Sokolnikov M.E., Vasilenko E.K., Khokh-
ryakov V.V. Medical Consequences of the Professional Exposure: Carcinogenic
Risk in the Cohort of ‘Mayak’ PA Workers. Medits. Meditsinskaya Radiologi-
ya i Radiatsionnaya Bezopasnost = Medical Radiology and Radiation Safety.
2008;53;3:23-33 (In Russ.).

Azizova T.V., Batistatou E., Grigorieva E.S., et al. An Assessment of Radiation-
Associated Risks of Mortality from Circulatory Disease in the Cohorts of Mayak
and Sellafield Nuclear Workers. Radiat. Res. 2018;189;4:371-388. https://doi.
org/10.1667/RR14468.1.

Greenberg R.S., Mandel J.S., Pastides H., Britton N.L., Rudenko L., Starr T.B.
A Meta-Analysis of Cohort Studies Describing Mortality and Cancer Incidence
among Chemical Workers in the United States and Western Europe. Epidemiol-
ogy. 2001;12;6:727-740. https://doi.org/10.1097/00001648-200111000-00023.
Chen R., Seaton A. A Meta-Analysis of Mortality among Workers Exposed to
Organic Solvents. Occup. Med. 1996;46:337-344. https://doi.org/10.1093/occ-
med/46.5.337.

Rothman K.J. Cancer Occurrence among Workers Exposed to Acrylonitrile.
Scand. J. Work Environ Health. 1994;20;5:313-321. doi: 10.5271/sjweh.1391.
Alder N., Fenty J., Warren F., et al. Meta-Analysis of Mortality and Cancer Inci-
dence among Workers in the Synthetic Rubber-Producing Industry. Am. J. Epide-
miol. 2006;164;5:405-420. https://doi.org/10.1093/aje/kw;j252.

Morfeld P., Mundt K.A., Dell L.D., Sorahan T., McCunney R.J. Meta-Analysis of
Cardiac Mortality in Three Cohorts of Carbon Black Production Workers. Int. J.
Environ Res. Public. Health. 2016;13;3:302. doi: 10.3390/ijerph13030302.
Vrijheid M., Cardis E., Blettner M., Gilbert E., Hakama M., Hill C., et al. The
15-Country Collaborative Study of Cancer Risk Among Radiation Workers in
the Nuclear Industry: Design, Epidemiological Methods and Descriptive Results.
Radiat. Res. 2007;167;4:361-379. https://doi.org/10.1667/RR0554.1.

Cassidy L.D., Youk A.O., Marsh G.M. The Drake Health Registry Study: Cause-
Specific Mortality Experience of Workers Potentially Exposed to Beta-Naphthyl-
amine. Am. J. Ind. Med. 2003;44;3:282-290. https://doi.org/10.1002/ajim.10268.

®dunancupopanue. Mccenosanue He UMENO CIOHCOPCKOM MOIIEPIKKH.
Yuactue aBTopoB. Crarbs IOATOTOBJIEHA C PABHBIM y4aCTHEM aBTOPOB.
TMocrtynnia: 20.02.2022. Ipunsra k myonuxannn: 27.03.2023.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

Higgins J.P., Thompson S.G., Deeks J.J., Altman D.G. Measuring Inconsistency
in Meta-Analyses. Brit. Med. J. 2003;327;7414:557-560. https://doi.org/10.1136/
bm;j.327.7414.557.

Blettner M., Sauerbrei W., Schlehofer B., Scheuchenpflug T., Friedenreich C.
Traditional Reviews, Meta-Analyses and Pooled Analyses in Epidemiology. Int.
J. Epidemiol. 1999;28;1:1-9. https://doi.org/10.1093/ije/28.1.1.

Sterne J.A., Egger M., Smith G.D. Systematic Reviews in Health Care: Investi-
gating and Dealing with Publication and Other Biases in Meta-Analysis. Br. Med.
J.2001;323;7304:101-105. https://doi.org/10.1136/bm;j.323.7304.101.

Axelson O. Negative and Non-Positive Epidemiological Studies. Int. J. Occup.
Med. Environ. Health. 2004;17;1:115-121.

Gerosa A., Ietri E., Belli S., Grignoli M., Comba P. High Risk of Pleural Meso-
thelioma among the State Railroad Carriage Repair Workers. Epidemiol. Prev.
2000;24;3:117-119 (In Italian.).

Miller B.G., MacCalman L. Cause-Specific Mortality in British Coal Workers and
Exposure to Respirable Dust and Quartz. Occup. Environ. Med. 2010;67;4:270—
276. https://doi.org/10.1136/0em.2009.046151.

Nakashima E., Neriishi K., Minamoto A. A Reanalysis of Atomic-Bomb Cata-
ract Data, 2000-2002: a Threshold Analysis. Health Phys. 2006;90;2:154-160.
https://doi.org/10.1097/01.hp.0000175442.03596.63.

Neriishi K., Nakashima E., Minamoto A., Fujiwara S., Akahoshi M., Mishima
H.K., et al. Postoperative Cataract Cases among Atomic Bomb Survivors: Ra-
diation Dose Response and Threshold. Radiat. Res. 2007;168;4:404-408. https://
doi.org/10.1667/RR0928.1.

Juel K. High Mortality in the Thule Cohort: an Unhealthy Worker Effect. Int. J.
Epidemiol. 1994;23;6:1174—1178. https://doi.org/10.1093/ije/23.6.1174.
Ushakov [.B., Voronkov Y.I., Bukhtiyarov I.V. Tikhonova G.I., Gorchakova
T.Yu., Bryleva M.S. A Cohort Mortality Study among Soviet and Russian Cos-
monauts, 1961-2014. Aerosp. Med. Hum. Perform. 2017;88;12:1060-1065.
https://doi.org/10.3357/AMHP.4701.2017.

Reynolds R.J., Day S.M. Mortality of US Astronauts: Comparisons with Pro-
fessional Athletes. Occup. Environ. Med. 2019;76;2:114-117. https://doi.
org/10.1136/0oemed-2018-105304.

Gajewski A.K., Poznanska A. Mortality of Top Athletes, Actors and Clergy in
Poland: 1924-2000 Follow-Up Study of the Long Term Effect of Physical Activ-
ity. Eur. J. Epidemiol. 2008;23;5:335-340. https://doi.org/10.1007/s10654-008-
9237-3.

Hammer G.P., Auvinen A., De Stavola B.L., Grajewski B., Gundestrup M., Hal-
dorsen T., et al. Mortality from Cancer and Other Causes in Commercial Airline
Crews: a Joint Analysis of Cohorts from 10 Countries. Occup. Environ. Med.
2014;71;5:313-322. https://doi.org/10.1136/0oemed-2013-101395.

McLaughlin R., Nielsen L., Waller M. An Evaluation of the Effect of Military
Service on Mortality: Quantifying the Healthy Soldier Effect. Ann. Epidemiol.
2008;18;12:928-936. https://doi.org/10.1016/j.annepidem.2008.09.002.

Alif SM., Sim M.R., Ho C., Glass D.C. Cancer and Mortality in Coal Mine
Workers: a Systematic Review and Meta-Analysis. Occup. Environ. Med.
2022;79;5:347-357. https://doi.org/10.1136/0emed-2021-107498.

Luberto F., Ferrante D., Silvestri S., Angelini A., Cuccaro F., Nannavecchia
A.M., et al. Cumulative Asbestos Exposure and Mortality from Asbestos Related
Diseases in a Pooled Analysis of 21 Asbestos Cement Cohorts in Italy. Environ
Health. 2019;18;1:71. https://doi.org/10.1186/s12940-019-0510-6.

Piolatto G., Negri E., La Vecchia C., Pira E., Decarli A., Peto J. An Update of
Cancer Mortality among Chrysotile Asbestos Miners in Balangero, Northern Ita-
ly. Br. J. Ind. Med. 1990;47;12:810-814. https://doi.org/10.1136/0em.47.12.810.
Dement J.M., Harris R.L.Jr., Symons M.J., Shy C.M. Exposures and Mortal-
ity among Chrysotile Asbestos Workers. Part II: Mortality. Am. J. Ind. Med.
1983;4;3:421-433. https://doi.org/10.1002/ajim.4700040304.

Duffus J.H. ‘Heavy Metals’— a Meaningless Term? Pure and Applied Chemistry.
2002:74;5:793-807. http://dx.doi.org/10.1351/pac200274050793.

Srivastava N.K., Majumder C.B. Novel Biofiltration Methods for the Treatment
of Heavy Metals from Industrial Wastewater. J. Hazard Mater. 2008;151;1:1-8.
https://doi.org/10.1016/j.jhazmat.2007.09.101.

Koterov A.N., Ushenkova L.N., Kalinina M.V., Biryukov A.P. Brief Review of
World Researches of Radiation and Non-Radiation Effects in Nuclear Industry
Workers. Mediko-Biologicheskiye Problemy Zhiznedeyatelnosti = Medical and
Biological Problems of Life Activity. 2020;1:17-31 (In Russ.).

Skriver M.V., Vaeth M., Stovring H. Loss of Life Expectancy Derived from a Stan-
dardized Mortality Ratio in Denmark, Finland, Norway and Sweden. Scand. J.
Public Health. 2018;46;7:767—773. https://doi.org/10.1177/1403494817749050.
Tsai S.P., Hardy R.J., Wen C.P. The Standardized Mortality Ratio and Life Ex-
pectancy. Am. J. Epidemiol. 1992;135;7:824-831. https://doi.org/10.1093/0x-
fordjournals.aje.al16369.

Lai D., Guo F., Hardy R.J. Standardized Mortality Ratio and Life Expectancy: a
Comparative Study of Chinese Mortality. Int. J. Epidemiol. 2000;29;5:852—-855.
https://doi.org/10.1093/ije/29.5.852.

DeVivo M.J, Savic G., Frankel H.L., Jamous M.A., Soni B.M., Charlifue S., et al.
Comparison of Statistical Methods for Calculating Life Expectancy after Spinal
Cord Injury. Spinal Cord. 2018;56;7:666—-673. https://doi.org/10.1038/s41393-
018-0067-1.

Lutz W., Striessnig E., Dimitrova A., Ghislandi S., Lijadi A., Reiter C., et al.
Years of Good Life Is a Well-Being Indicator Designed to Serve Research on
Sustainability. Proc. Natl. Acad. Sci. USA. 2021;118;12:¢1907351118. https:/
doi.org/10.1073/pnas.1907351118.

Conflict of interest. The authors declare no conflict of interest.
Financing. The study had no sponsorship.

Contribution. Article was prepared with equal participation of the authors.
Article received: 20.02.2022. Accepted for publication: 27.03.2023.

MeIMIIMHCKas PAMONIOTUs U pajnalionHas 6e3zoracHocTh. 2023. Tom 68. Ne 4

Medical Radiology and Radiation Safety. 2023. Vol 68. Ne 4




