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Consequences of parental preconceptional irradiation:
Endocrine-metabolic pathology in offspring
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Epidemiological studies of late effects of preconceptional (prior to conception) radiation exposure are necessary
in order to understand the risks of tumor and non-tumor pathology in next generations. Research of possible relation
between parental preconceptional exposure and development of endocrine and metabolic disorders in the offspring
is one of the topical issues of radiation hygiene. The objective of the study: comparative analysis of endocrine and
metabolic pathology in children of the individuals exposed to long term preconceptional external gamma-radiation at
the Mayak Production Association — at the first atomic industry facility on Russia. Materials and methods: A retro-
spective research was performed based on the Ozyorsk Children’s Health Registry. Ozyorsk — the city where Mayak
Production Association is the enterprise forming the city. Analysis of endocrine and metabolic disorders was performed
Jor 13880 children of 1949- 1973 years of birth who were born and resided in Ozyorsk; parents of 9321 children of this
number had accumulated doses of prolonged external gamma-radiation exposure at the production facility prior to
conception. A comparative analysis of the structure and incidence of “Endocrine, nutritional and metabolic diseases”
and nosological forms of this class of pathology was performed. Characteristic features of parental preconceptional
exposure were analyzed in relation to thyroid pathology in children. Relative risk of endocrine and metabolic disorders
among the children of exposed and unexposed parents was calculated for the whole disease class and for certain no-
sologies. Results: A significant predominance of thyroid diseases, particularly, iodine deficiencies, was detected at an
earlier age among the offspring of Mayak Production Association workers compared to the control group; these cases
were mostly related to low dose parental preconceptional exposure. Thyroid cancer was further detected in 0.16%
(15/9321) of the studied cohort of the offSpring of exposed parents with average manifestation age of 42.6. Relative risk
of thyroid diseases was significantly higher among the exposed parents’ offspring compared to the controls: 2.0 among
boys (95% confidence interval 1.38-2.9), 1.59 among girls (1.25-2.02) and in the group as a whole — 1.64 (1.34-
2.01). Relative risk of thyroid diseases related to iodine deficiency among the offspring of Mayak Production Associa-
tion personnel was almost twice higher than the in the control group: 1.92 (1.3-2.84) among boys, 1.68 (1.29-2.2)
among girls, 1.7 (1.36-2.12) in the whole group. Discussion and conclusion: A statistically significant overweight of
non-tumor thyroid pathology in the offSpring of Mayak Production Association personnel cannot be explained through
external reasons taking into account similar climate and geographic conditions, possible technogenic exposure and the
same unified medical survey of the followed children. We cannot exclude increased sensibility if thyroid tissue to iodine
deficiency and its predisposition to hypertrophy and hyperplasia among the offspring of individuals exposed to long
term occupational contact with ionizing radiation sources; that should be taken into account in the course of medical
monitoring of these patients. Further research of transgenerational effects in the offspring of personnel of radiation
hazardous production facilities are needed for complete understanding of the role of parental occupational exposure in
health risks for further generations.

Key words: Endocrine metabolic diseases, thyroid disorders, iodine deficiency, thyroid cancer, preconcep-
tional radiation exposure, offspring, external gamma-exposure, gonadal dose, Mayak Production Association.
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¢ opmuposanuem IHOOKPUHHO-00MEHHBIX HAPYUIEHUI Y NOMOMKO8 51645emCsl 00HUM U3 AKMYANbHbIX
acnekmog paduayuoHHoll eueuensl. Lleab pabomol: cpasHumenvHblil aHaAU3 IHOOKPUHHO-00MEHHOU na-
monoeuu cpedu demeil, bU pooumenu NO08epPeAUCh NPOAOH2UPOBAHHOMY NPEKOHUENMUBHOMY GHeulHe-
MY eAMMa-o0ay4enuto Ha npou3eodcmeenHom obsedunenuu «Mask» — nepeom 6 cmpatne npednpusmuu
amomnoi ompacau. Mamepuanel u memoodsl: pempocnekmusHoe Uccaedo8aHue GbiNOAHEeHO HA OCHO8e
Peeucmpa 300poevsa demckoeo Haceaenus e. O3epcka, epadoodpasyouwum npeonpusmuem Komopozo 18-
Asiemest npouzsoocmeertoe obsedunerue «Masi». AHarUu3 SHOOKPUHHO-0OMEHHBIX PaAccmpoicme npo-
geden cpedu 13 880 demeii 1949—1973 ee.p., poousuiuxcsa u npoxcueasuiux 6 2. O3epck, U3 KOMopsix
v 9321 pebenka podumenu 00 3a4uamus noogepeauct NPOAOHSUPOBAHHOMY BHEUIHEM) 2AMMAa-004y4eHU
Ha npousgodcmee. IIposeden cpasHumenvHolil anaiu3 cmpykmypusl u uacmomsl Kaacca «boaesnu sndo-
KDUHHOUL cucmeMbl, paccmpoiicmea NUManus U HapyuleHus. 00MeHa Geuecms» U e20 HO30102UYeCKUX
gopm. Ilpoanaruzuposarnvl 0cobeHHOCMU NPEKOHYENMUBHO20 00AYHeHUs podumenell npu 0emcKol mupe-
ouownoil namonoeuu. Paccuuman omuocumenvrblit puck dHOOKPUHHO-00MEHHBIX HAPYUEeHUL cpedu demell
IKCNOHUPOBAHHBIX U HEIKCNOHUPOBAHHBIX poOumenell 8 4yeaoM no Kaaccy u no Hosonoeusam. Pezyrsmamol
uccnedo8anus: cpedu NOMoMKo8 pabomHUK08 npou3e00cmeeHHo20 obsedunenus «Masak» ommeueHo 3Ha-
yumoe npeobaradanue 6oae3Hell WUMOoBUOHOU Jcenesdbl U, 8 YACMHOCIMU, H0000e(UUUMHbIX COCMOAHUIL,
Komopble duazHocmupoeanucs @ 6onee paHHem 8o3pacme, 4em 8 KOHmpoae, U 8 60AbUlUHCMEe CAYHAa-
€6 OMHOCUNUCH K NPEKOHYeNMUBHOMY 004yueHut0 podumenell 6 obaacmu manvix 003. Pak wumoeuodnoii
acenesnl 3apeeucmpupogar ¢ nocaedyruwem 'y 0,16% (15/9321) uccaedyemoii koeopmol NOMOMK08 004y -
YeHHbIX podumeneil co cpeOHUM 803pacmom manugecmayuu 42,6 eooa. OmHocumenvulil puck 6onezuell
WUMOBUOHOI Jcene3bl Obla 3HAHUMO bluie cpedu NOMOMKO8 IKCHOHUPOBAHHBIX podumenell no CPaGHeHUIo
¢ koumpoaem: cpedu manvuukos — 2,0 (95% odosepumenvhoiii unmepsan 1,38—2,9), cpedu degouex —
1,59 (1,25—2,02), 6 yeaom no epynne — 1,64 (1,34—2,01). Omnocumenwvrulii puck 601e3Heil uiumosuo-
HOll Jicene3vl, C8A3AHHBIX ¢ HIOOHOU HeAOCMamo4yHOCMbI0, cpedu NOMOMKO08 NepCOHANd NPOU3B00CMBEH-
Ho2o obsedunenus «Mask» noumu 6deoe npesviuian noxazamenu ¢ koumpone: OP 1,92 (JIU 1,3—2,84)
cpedu manvuukos, 1,68 (1,29—2,2) cpedu desouex, 1,7 (1,36—2,12) 6 yeaom no epynne. Obcysicoenue
U 3aKAI0HeHUe: CIMamucmu4ecky 3Ha4umoe npeobaadanue Heonyxoneaoi namoroeuu WUmogUOHoOI Jce-
Ae3bl Yy NOMOMKO08 NepPCoHANa NPOU3B00CMEeHH020 00sedunenuss «Masi» Heav3s 00ssACHUMb GHEWHUMU
NpUMUHAMU, YHUMbIEAs] 00UHAKOBble KAUMAMO-2eocpaguyeckue YcA08Us, G03MOJICHOE MeXHOLeHHOe
paduayuontoe 8o3delicmsue u edunoe meduyuHckoe obecnevenue Habaroaemvix demeii. Ilosviuwennasn
B0CNPUUMYUBOCMb MUPEOUOHOU MKAHU K Odepuyumy 6ioda U eé npeopacnonodlceHHoCms K eunepmpo-
guu u eunepnaazuu cpedu NOMOMKO8, bl pooument n008epeauUcs OAUMeNbHOMY NPODecCUOHANbHOMY
KOHMAKmy ¢ UCMOYHUKAMU UOHUSUPYIOWUX UAYUEHULl, He UCKAIOYAem s, YO 8aJICHO YHUMbIeams npu
nposedenuu MeOUYUHCKO20 MOHUMOPUHea dSmux auy. Jarvreliuiue uccaedo8anus mpanceeHepayuoHHbIX
aghpekmos y nomomkos nepcoHara paduayuoOHHO-0NACHbIX NPOU3BOOCME He00X00UuMbl 0451 NOAHO20 NO-
HUMAHUs poau NPOU3800CmMEeHH020 00ayUeHUs 8 pucke 045 300pP08bs NOCAeOYIOUUX NOKOAEHUL.

KunioueBbie cioBa: sH00KpuHHO-00MeHHble paccmpoiicmea, mupeouonas namoaoeus, 1ododeguyum,
DAK WUmoguoHoli dcenesvl, 00ayHeHue 00 3a4amus, NOMOMKU, 6HeUlHee 2aMMa-ooaytenue, 003a HA 20HA-
Obl, npouzeodcmeerHoe 00sedunerue « Masi».

Introduction

The effects of parental preconceptional (prior to
conception) exposure to the offspring health remain one of
the disputable issues of radiation hygiene. While the effects
of radiation exposure in the offspring of exposed individuals
are beyond all doubt in numerous experimental studies [1-
3], the results of epidemiological assessments are rather
contradictory [4, 5].

Specific character of the response of various organs and
systems to preconceptional exposure is complicated for
research, since their damage can be associated not only with
radiation exposure, but also with a lot of non-radiation factors.
At the same time, analysis of the possible role of parental
preconceptional exposure as a potential factor of cancer
development and of a number of non-tumor multifactorial
diseases in children is necessary to develop preventive
measures for personnel at radiation hazardous production
facilities and for their offspring.

The endocrine system is one of the most sensitive
systems to external effects. Predisposition to diseases of the
endocrine apparatus among the offspring of the individuals
exposed to acute or chronic contact with ionizing radiation
sources is a topical issue of epidemiological research [6, 7].

Beepnenve

MocnencTBus NPEKOHLENTUBHOMO (00 3a4atus) obnydye-
HUS poauTenen ong 300poBbs MOTOMKOB OCTaOTCH OOHUM U3
CMOPHbIX BONPOCOB PaaVaumMOHHON rmrmeHsl. Ecnv B MHOro-
YUCNEHHbIX 3KCMEPUMMEHTaIbHbIX UCCnenoBaHnax addek-
Thl PaAMaUMOHHOIO BO3LAENCTBMS Y MOTOMCTBA 00JTy4EHHBIX
ocobell He BbI3bIBAIOT COMHEHU [1-3], TO peaynsTaThl 9nu-
O0EeMMNONOrMYeCcKNX OLLEHOK A0CTaTO4HO MPOTUBOPEYMBLI [4,
5].

Crneundurka pearmpoBaHusi pPasnnyHbIX OPraHoB U CWU-
CTEM B OTBET Ha NPEKOHLENTMBHOE 0ONy4EHNE CNOXHA A9
N3Y4eHNs, MOCKOJbKY VX MOBPEXAEHNE MOXET ObITb CBA3AHO
He TOJIbKO C pafnaLOHHbIM BO3LENCTBMEM, HO U C MHOXE-
CTBOM (PaKTOPOB HepaAMaLMOHHON NpUPoabl. BMecTe C Tem,
aHanM3 BO3MOXHOIM pPOMM MPEKOHLUENTUBHOrO 061yYeHns
poouTenern kak noTeHuManbHOro dakropa KaHueporeHesa
W LLENOro psifa HeomnyxoneBblx MynsTUGAKTOPHbIX 3ab0neBa-
HWIA Y BeTein HeobxoamM Ansa pa3paboTkm NPOPUNaKTUYECKNX
Mep B OTHOLLEHUWN nepcoHana pagnaumoHHO-0MNaCcHbIX NPo-
M3BOACTB 1 NX MOTOMKOB.

OHOOKPUHHAs CUCTEMA OTHOCUTCS K uymnciy Haubonee
BOCMPUMMYYMBBIX K BHELLUHEMY BO3OENCTBUIO CUCTEM Opra-
H13Ma. MNpenpacnonoXeHHOCTb K 6HONE3HIM SHOOKPUHHOMO
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However, there are few publications describing the long term
effects of parental preconceptional exposure.

In addition to the short period of follow up, the small
number of study groups [8, 9] is another problem of the
epidemiological analysis of this issue. A cohort of the offspring
of the workers of Mayak Production Association (PA) — the
country’s first atomic production enterprise, which has been
operating since 1948, can be used as a valuable information
resource for assessing the effects of occupational parental
exposure. The long period of follow up of the first generation
of offspring of Mayak PA personnel and the possibility of
combination of representative study groups make it possible
to perform an analysis with sufficient statistical power.

The objective of the study: assessment of the risk of
endocrine and metabolic pathology among children whose
parents were exposed to prolonged preconceptional external
gamma-irradiation at Mayak PA.

Materials and methods

Ozyorsk Children’s Health Registry of the Closed
Administrative Territorial Unit (CATU) Ozyorsk where Mayak PA
as the city-forming enterprise was the source of information
for the retrospective epidemiological analysis. The register
was developed and maintained in the Laboratory of Radiation
Epidemiology in the Southern Urals Biophysics Institute and
contains medical and social information from archival medical
records of the child population of the CATU [10]. Information
on individual doses of occupational parental exposure was
obtained from the “Mayak Workers Dosimetry System -
2013” [11]. The characteristics of the accumulated absorbed
doses of external gamma radiation to the gonads and the Hp
equivalent doses (10) of photon radiation are presented.

This research work comprises a 25-year period of
childbirth in the CATU (1949-1973 years of birth) including the
first generation offspring of Mayak PA workers. Initial data for
the analysis taken from the Registry are presented in Table 1.

annapaTta Cpean MOTOMKOB NvL, MOABEPrLUMXCS OCTPOMY
WY XPOHNHYECKOMY KOHTAKTY C MCTOYHMKAMM NOHUSNPYIOLLIMX
N3NY4YEHUI, ABASETCS aKTyaslbHOW TEMOW 3aNMAEMUNOSIOrNYeC-
KUX uccnepoBanuii [6, 7]. OgHako nyénukaumm, onncbiBaro-
LUMe J0NrOCPOYHbIE NMOCNEACTBUS MPEKOHLLENTUBHOIO 06y-
YeHUsi POANTENEN, HEMHOTO4YMCIEHHbI.

Momnmo KpaTkoBPeMEHHOCTN HABNOAEeHNUS, APYrol Npo-
61eMoil aNMMAEMMONONMYECKOr0 aHanmM3a [aHHOro BOMpo-
ca sIBNSeTCs ManoYMCNEHHOCTb rpynn uccnegyemsix [8, 91.
KoropTta noTOMKOB pabOTHMKOB MPOWU3BOACTBEHHOIO 00b-
eanHeHus (MO) «Mask» — NepBOro B CTpaHe NpeanpusaTus
aTOMHOIN oTpacnu, dyHKUMOHMpyowero ¢ 1948 r., moxet
CNYXUTb LEHHbIM MHDOPMALMOHHBIM PECYPCOM AN OLEHKN
addeKTOB NPodeCCMOHaNbHOro 06ydYeHns. OantenbHbIn
CPOK HabnaeHns 3a nepBbiM MOKOSIEHMEM MOTOMKOB Mep-
coHana MO «Masik» 1 BO3MOXHOCTb GOPMUPOBAHMS penpe-
3EeHTaTVBHBIX FPynn Ajis UccnegoBaHuiA NO3BONSIOT MPOBO-
OWTb aHanM3 40CTaTOYHOM CTaTUCTUYECKOM MOLLIHOCTU.

Llenb nccnepoBaHus — oLEHKa prcka 3HOOKPMHHO-00-
MEHHOIN MaTonornm cpegn AeTen, Yol POAUTENN MOABEPT-
JINCb MPOSIOHIMPOBAHHOMY MPEKOHLENTUBHOMY BHELLUHEMY
raMmma-o6ny4eHunto Ha MO «Masik».

Ma‘repmanbl n metToabl

NcToyHnkoM nHdopmaumm oas peTpocnekTUBHOro anu-
OEMUONOrMYecKoro aHannaa nocnyxun Peructp 340poBbst
[ETCKOr0 HaCeneHus 3akpbiTOro afMWHUCTPATUBHO-TEPPU-
TopuansHoro obpasosaHus (3ATO) r. O3epck, rpamoobpa-
3ylwmm npegnpustnem kotoporo asasetcsa MO «Mask».
Pernctp cospaH 1 nogaepxmBaeTcs B nabopatopumn pagu-
aunoHHon anuaemuonorun OYpUBD n copepxut meau-
KO-COLMasbHYI0 MHOPMALMIO N3 apXMBHBLIX aMOynaTOpPHbIX
KapT getckoro HaceneHus 3ATO [10].

WHdopmaums 06  mHOMBMAYyanbHbIX — [03ax  Npo-
deccrmoHanbHoro obnydYeHns poguTenei nonydeHa w3
«[JoanmeTtpuyeckoii Cuctemsl PaboTHukoB Masika — 2013»

Table 1

Characteristics of the Ozyorsk Children’s Health Registry (1949-1973 years of birth)
[Tabnnya 1
XapakTtepucTtuka Pernctpa spopoBbsi eTcKoro HaceneHnus r. O3epcka (1949-1973 rr.p.)]

Number of individuals in the Ozyorsk Children’s Health Registry
[HYucno nuw B PerncTtpe 380poBbst AeTCKOro HaceneHus 3ATO]

including measured accumulated doses of preconceptional
Of them Mayak PA

Years of , : occupational exposure:
birth [Tozp! VE/;rkers offspring [B TOM YMC/e N3MEPEHHbIE HAKOMEHHbIE [O3bl
3 HUX NOTOMKM
poxaeHus Male Female Total Hepconana npodeccrmoHanbHOro 06y4eHns fo 3a4atus]
neteii] [Myx.] [XXen.]  [Bcero] MO «Masik»] father only mother only both parents
[Tonbko y oTual  [Tonbko y maTepu] [y o6oux ponuteneii]
Abs. o Abs. o * Abs. o Abs. o *
[A6C.] o el T 6] P [A6G.] %
1949-1953 594 711 1305 539 41.3 193 35.8 97 18.0 58 10.8
1954-1958 1903 1880 3783 1619 42.8 753 46.5 257 15.9 391 24.2
1959-1963 3386 3151 6537 2877 44.0 1996 69.4 201 7.0 330 11.5
1964-1968 2596 2437 5033 2285 454 1691 74.0 103 4.5 157 6.9
1969-1973 2854 2771 5625 2001 35.6 1426 71.3 83 4.1 97 4.8
1949-1973 11333 10950 22283 9321 41.8 6059  65.0 741 7.9 1033 11.1
* — percentage calculated against the total number of Mayak PA workers’ offspring.
[* — NpoueHT paccunTaH oT yncna NoToMKoB paboTHMKOB MO «Masik»].
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The study groups were formed as follows:

— the main group: medical data on the first generation
offspring of Mayak Production Association workers employed
in 1948-1982 and exposed to preconceptional occupational
radiation was taken from the Ozyorsk Children’s Health Registry;
the offspring were born in the CATU in 1949-1973 and resided
in the city. The study sampling of children made a total of 9321
individuals: 51.2% (4776) boys, 48.8% (4545) girls;

— the control group: medical data on the children of
unexposed individuals (the parents were not exposed to
occupational radiation prior to conception, were not relocated
from radioactively contaminated areas, never took part in
liquidation of the consequences of radiation accidents)
was taken from the Ozyorsk Children’s Health Registry; the
offspring were born in the CATU in 1949-1973 and resided in
the city. The comparison group contained 4559 individuals:
43.8% (1996) boys, 56.2% (2563) girls.

The formed groups are comparable by years of birth,
gender, by the fact of birth in the CATU. Children born
outside the city and migrated into it in childhood were
excluded from the study in order to provide the same climate
and geographical conditions and possible technogenic
background of residence as well as the same level and quality
of medical survey for both groups.

Class IV “Endocrine, nutritional and metabolic diseases”
(codes E00-E90) of the International Statistical Classification
of Diseases and Related Health Problems of the tenth revision
was analyzed. Cases of newly registered diagnoses in children
under 15 years were taken into account.

Information on the cases of malignant neoplasms of the
thyroid gland among the children and adults of the CATU was
obtained from the “Cancer Register of the CATU Ozyorsk
population” [12]. The cases of thyroid cancer were traced to
31.12.2020; the total number of person-years of observation
was 406456 person-years.

Statistical data analysis was performed using the
STATISTICA software package Version 10 (StatSoft, USA). The
normality of distribution was assessed using the Kolmogorov-
Smirnov test. Descriptive statistics for normally distributed
characteristics are presented as mean values (M) * standard
square deviation (s); in case of a distribution different from
normal, as a median (Me) and an interquartile range (25th and
75th percentiles).

The level of statistical significance of the differences be-
tween the compared groups was defined using the 2 test and
Fisher’s exact test. The differences were considered statis-
tically significant at p<0.05. Calculation of relative risk (RR)
among the offspring of exposed and unexposed parents was
performed with 95% confidence interval (Cl).

Results and discussion

Analysis of the accumulated preconceptional doses of
occupational exposure of the parents — Mayak PA workers,
had demonstrated an intense spread of values due to diversity
of occupational exposure scenarios (Table 2).

In the first years of operation of the enterprise, Mayak PA
workers could be exposed to significant radiation doses due
to extremely short deadlines for obtaining artificial sources
of ionizing radiation for industrial and weapon purposes, due
to lack of experience and imperfection of the technology, as
well as due to official occupational exposure dose limits that
existed at that time.

[11]. MpeacTaBneHbl XxapakTEPUCTUKLA HAKOMEHHbIX MOr0-
LLIEHHbIX 103 BHELLHEr0 raMMa-001y4eHnst Ha roHaapl 1 9KBU-
BaneHToB 003 Hp (10) GOTOHHOr0 U3ny4eHus.

[aHHoe wnccnemoBaHMe OxBaTbiBaeT 25-NeTHUIN nepu-
on poxgeHus peteri B 3ATO (1949-1973 rr. poxaeHus),
B TOM 4MC/le MEPBOr0 MOKOJIEHNS MOTOMKOB PabOTHUKOB
MO «Mask». cxoaHble OaHHble ANs aHanna3a, U3BNeYeHHble
13 Pernctpa, npeacraBneHsl B Tabnvue 1.

®dopmrpoBaHne nccneayemblix rpynn NPoOBeAeHO creay-
oLLMM 06pa3om:

— OCHOBHag rpynna: u3 Perncrpa 300p0OBbsi AETCKOro Ha-
cenenna 3ATO r. O3epck u3BneyeHbl MEOULMHCKNE CBeae-
HWUSI 0 NEPBOM NOKOJIEHMM NOTOMKOB paboTHMKoB MO «Masik»
1948-1982 rr. HaiimMa, MNOABEPrnXcs MNPEKOHLENTUBHO-
My MPOV3BOACTBEHHOMY OONYy4EHMIO; MOTOMKU POOUNINCH
B 3ATO B 1949-1973 rr. 1 npoxwmBanu B ropoae. Mdyvaemas
BblOOpka aeteit B mtore coctasuna 9321: 51,2% (4776)
Manb4mkoB, 48,8% (4545) neBouek;

— rpynna cpaBHeHusi: 3 Pervncrpa 340pOBbs AETCKOro
HaceneHus 3ATO r. O3epck M3BeYEHbl MEAULMHCKMUE CBe-
OEeHNs 0 AeTax HeoOnyYeHHbIX nuy, (poauTeNny OO 3a4vatus
pebeHka He noaBepranMcb nNpodeccruoHansHoMy obny4ye-
HUIO, HE SBNSNCL MepecesieHuamMu C PagvoakTMBHO 3a-
rPA3HEHHBIX TEPPUTOPUIA, HE YHACTBOBANN B IMKBUAALLMM MO-
CNeacTBuii pagmaumnoHHbIX aBapuii), oetn pogmnnce B 3ATO
B 1949-1973 rr. 1 npoxueanu B ropofe. lpynna cpaBHeHUs
BKtoyana 4559 yenosek: 43,8% (1996) manbunkoB, 56,2%
(2563) neBouex.

CdhopMrpoBaHHbIE rpymnmnbl COMOCTABMMbI MO FOAAM POX-
neHus, nony, dakty poxaeHus B 3ATO. PogmBLumecst BHe ro-
poja 1 nprexasLUre B HEro B 4ETCKOM BO3PaCTE UCKITIOYEHDI
13 nccnenoBaHns, 4ToObl Habnaaemble rpynmnbl Xapakre-
pPU30BaNIMCb OAMHAKOBLIMU KNMMATO-reorpaduyecknmmn yc-
JIOBVSIMU N BO3MOXHbIM TEXHOTEHHO W3MEHEHHbIM (DOHOM
NPOXMBaHUS, @ TAKXe eAMHbIM YPOBHEM 1 KQ4eCTBOM Meau-
LIMHCKOr0 006Cy>XNBaHMS.

MpoaHanuamposaH knacc IV «bonesHn 3HOOKPUHHOM
CUCTEMBI, PACCTPOCTBA MUTAHUS U HapylleHns obmeHa
BelecTs» (kogbl E00-E90) MexpyHapogHol cratuctuye-
ckol knaccudukaumm 6onesHen 1 NpobaeM, CBA3AHHbIX CO
3popoBbeM, 10-ro nepecmoTpa. YyTeHbl Cilyd4an BrepBble
3aperncTpupOBaHHbIX AMarHo30B y ageten o 15-netHero
BO3pacTa.

NHdopmaLms o cnyyasx 310ka4ecTBeHHbIX HOBOOOPa3o-
BaHui (3HO) wutoBnaHom xenessl (LK) cpeamn netckoro n
B3pocnoro Hacenexnns 3ATO nony4veHa ns «KaHuep-permcrpa
HaceneHusa 3ATO r. O3épck» [12]. Cnyyan 3HO LK npocne-
XeHbl 40 31.12.2020 r., CcyMMapHOE YnC0 Ye0BEKO-NET Ha-
onogeHna coctasuno 406 456 yen.-net.

CTtaTncTnyecknii aHanm3 JaHHbIX NPOBEAEH C NMOMOLLbIO
naketa nporpamm STATISTICA Version 10 (StatSoft, USA).
HopmanbHOCTb pacnpeneneHnss OueHvBanacb C  MOMO-
weto kputepus Konmoroposa — CmupHoBa. OnucartenbHas
CTaTUCTVKa AN HOPMasibHO pPacnpefeneHHbIX NPU3HaKoB
npencTasneHa B BUOE CPefHuX 3HaveHun (M) = cpepHee
KBaApaTnyeckoe OTKIOHEHWE (S); MpU pacnpeaeneHnn, oT-
NnyaLwemMcss OT HOPManbHOro, — B BuAe MeauaHbl (Me)
1 VIHTEPKBAPTUIBbHOrO pasmaxa (25-1 1 75- npoueHTunmn).

OnpeneneHne ypoBHS CTaTUCTUYECKON 3HAYNMMOCTU pas-
JIN4NIA MEXAY CPaBHMBAEMbIMU FPyNnaMy NPOBEAEHO MPY MO-
MoLLyM KpuTepust 2 n TodHoro kputepus @uwepa. Pasnmuus
CYMTaNNChb CTaTUCTMYECKN 3Ha4nmbimn npu p<0,05. Pacyet
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Table 2

Characteristics of cumulative preconceptional doses of external gamma-radiation at production facility

[Tabnvya 2

XapaK'repucTuKa CYMMapPHbIX NPEeKOHUEeNnTUBHbIX 4,03 BHeLIHero ramma-06nyqeum1 Ha npousBop,cnae]

Preconceptional doses Dose range Mis Me
[MpekoHuenTMBHbIE 03bI] [Avnana3oH £o3] - [Q25;Q75]
Maternal exposure prior to conception
[MMpekoHuenTuBHOE 06/1y4eHe maTteperi]
Doses to ovaries, Gy 0.01-4.08 0.39+0.53 0.17 [0.04;0.54]
[[03bl Ha An4HKKK, TP]
Doses Hp (10), Sv B " .
(It Hp (10), 38] 0.01-6.69 0.57+0.79 0.24[0.05;0.78]
Paternal exposure prior to conception
[[pekoHuenTuBHOE 061yHEHNE OTLIOB]
Doses to testicles, Gy 0.01-5.65 0.42+0.64 0.17[0.05;0.51]
[[Ao3bl Ha ceMeHHuKK, p]
Doses Hp (10), Sv 0.01-6.92 0.49:0.72 0.19 [0.05;0.6]

[Oo3bl Hp (10), 3B]

M - mean value, s — mean square deviation; Me — median of the sampling, [Q25; Q75] - interquartile range.
[M - cpenHee 3HaueHwue, s — cpeaHee KBapaTUYECKOE OTKIIOHeHME; Me — MeamaHa Boibopku, [Q25; Q75] — MHTEPKBaPTUIIbHBIN pa3max]

In general, the range of parental total preconceptional
doses of occupational external gamma-radiation exceeded
the dosimetry data on maternal exposure reaching 5.65 Gy
to the testicles. At the same time, the medians of parental
preconceptional doses both to gonads and individuals dose
equivalents Hp (10) of photon radiation differed insignificantly.

The class “Endocrine, nutritional and metabolic diseases”
(Table 3) took the 6™ ranking place in the structure of all non-
tumor pathology in children aged under 15, and made 4.5% in
the main group and 5.0% in controls, p>0.05.

oTHocuTenbHoro pucka (OP) cpean MOTOMKOB 3KCMOHMPO-
BaHHbIX M HE3KCMOHUPOBAHHBIX POAMTENEN NPOBOAUNCH C
95% poBepuTenbHbIM MHTEPBaNoM (AN).

Pe3ynbTratbl n obcyxaeHne

AHaNN3 HaKoMIEHHbIX NPEKOHLENTUBHBIX 103 NPOdeccu-
OHanbHOro obnyvyeHns poauTenein-padboTHukoB MO «Mask»
nokasan BblpaXeHHbI pa3bpoc 3HaYeHNiA, 0OYCNOBEHHbIN
MHOrOMJIaHOBOCTLIO CLIEHAPUEB NPOU3BOACTBEHHOMO 006y-
YyeHus (Tabn. 2).

Table 3
Structure of endocrine and metabolic diseases in the compared groups
[Tabnnuya 3
CTpyKTypa 9HA,0KPUHHO-00MEHHbIX 3a005eBaHuii B cpaBHMBaeMbIX rpynnax]
Endocrine and metabolic The main group [OcHoBHas rpynna] The control group [[pynna cpaBHeHUS]
pathology Boys Girls Both genders Boys Girls [Iesouku] Both genders
(ICD-10 codes) [Manbunkm] [AeBoukn] [O6a nonal [Manbuunku] (n=2563) [O6a nona]
[OHAOKPUHHO-06MEHHas (n=4776) (n=4545) (n=9321) (n=1996) (n=4559)
natonorus
_ Abs. o Abs. o Abs. o Abs. o Abs. o Abs. o
(kone! no MKB-10)] ec] ©  [aee] P [A6e] P [aee] P ee] P [A6e] P
Disorders of thyroid gland
[BonesHu WuToBNAHOM 158* 6.6 242* 10.02 400* 8.3 33 3.27 86 6.1 119 4.9
xeneabl] (E00-E07)
Diabetes mellitus
[CaxapHbIli anaber] 3 0.13 1 0.04 4 0.1 2 0.2 3 0.2 5 0.2
(E10-E14)
Other disorders of glucose
regulation and pancreatic
internal secretion [dpyrue 0 0.0 0 0.0 0 0.0 0 0.0 1 0.07 1 0.0
HapyLLeHNs peryasummn
rnoko3bl] (E15-E16)
Disorders of other endo-
crine glands [Hapywerna 49 50, 3y 128 80 17 18 178 18 128 36 15
OPYryx 9HAOKPUHHbBIX
xenes] (E20-E35)
Malnutrition
[HepoctaTtouHOCTb 456 19.0 595 24.64 1051~ 21.8 206 20.4 370 26.2 576 23.8

nutaHus] (E40-E46)
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OkoH4aHve Tabnanibl 3

Endocrine and metabolic

The main group [OcHoBHas rpynna)

The control group [[pynna cpaBHeHus]

pathology Boys Girls Both genders Boys Girls [Jesoukn] Both genders
(ICD-10 codes) [Manbumnkmn] [OeBoukn] [O6a nona] [Manb4nkm] (n=2563) [O6a nona]
[@HAOKPUHHO-0OMeHHas (n=4776) (n=4545) (n=9321) (n=1996) (n=4559)
nartosnorus
_ Abs. o Abs. o Abs. o Abs. o Abs. o Abs. o
(kone! no MKB-10)] 6c] © 6] ® [A6e] P [A6e] a6l ® [A6e] P
Other nutritional defi-
ciencies [flpyrve sunel — yeng 667 1395+ 57.77  2995* 622 706  69.9 861 61.0 1567 64.7
HepoCcTaTo4HOCTH
nuTaHus] (E50-E64)
Obesity and oth-
er hyperalimentation
[OxupeHne n opyrue Buab 123 5.13 143 5.92 266 55 45 4.45 68 4.8 113 4.7
M36bITOYHOCTY NUTAHNSA]
(E65-E68)
Metabolic disorders
[HapyeHnsa obmeHa 9 0.4 8 0.33 17 0.4 0 0.0 5 0.35 5 0.2
BewecTB] (E70-E90)
TOTAL [BCEIO] 2398 100 2415 100 4813 100 1010 100 1412 100 2422 100

*- statistically significant differences with the control group.
[*- cTaTMcTUYeCKM 3HA4YMMbIE Pa3nnNYKMs C FPYNMO CPaBHEHNS].

A proper comparison with national statistics values by
specific weight of endocrine pathology in the whole structure
of child incidence is impossible as far as we have no avail-
able statistical data for the followed period. According to later
data, endocrine diseases, nutritional and metabolic disorders
made 1.7% and 3.7%, correspondingly, in the structure of the
overall child and teenage incidence in the Russian Federation
(2009) [13].

The subclass “Malnutrition” (codes E40-46, E50-64)
mainly represented by mild protein-calorie deficiency and
manifestations of vitamin deficiency including rickets con-
sequences, took the lead among endocrine and metabolic
diseases in both groups. A comparative analysis indicated a
statistically significant excess of nutritional deficiency cases
in the control group among girls (p=0.012) and in the whole
group (p<0.01). A detailed analysis of this pathology revealed
more frequent manifestations of rickets and post-infectious
hypotrophy among non-exposed parents’ children. The fact
of better social maintenance of city-forming enterprise work-
ers [14] deserves attention which could possibly explain a
smaller number of malnutritions among Mayak PA workers’
offspring.

The subclass “Disorders of thyroid gland” took the
second ranking place, making 8.3% (400/4813) of the whole
endocrine pathology in the main group and 4.9% (119/2422)
in the control group, p<0.001. Significant statistical
differences in the groups were found not only by the total of
follow-up but also in analyzing thyroid disorders depending
on sex. Significant excess of thyroid pathology incidence
was registered in comparison to controls both among boys
(p=0.0002) and girls (p=0.0001) whose parents were Mayak
PA workers.

Comparison of other subclasses of endocrine and
metabolic diseases did not reveal any statistically significant
differences between the groups. Thus, glucose metabolism
disorders were in individual cases and were mostly
represented by insulin dependent diabetes that belongs
to socially significant diseases, it is one of the most serious

B nepBble roabl akcnyaTaumy npeanpuatis paboTHUKN
MO «Masik» MO NoABePraTbCs 3HAYUTENbHOMY pPaavaum-
OHHOMY BO3AENCTBMIO B CBA3MN C KPAMHE CXaTbiMU CPOKaMu
ONS MONYYEHUS UCKYCCTBEHHBbIX MCTOYHUKOB MOHW3UPYIO-
LLLEero 13nyy4eHnst NPOMBILLIIEHHOMO 1 OPYXXEMHOro Ha3Have-
HUS, OTCYTCTBMEM OMbITA N HECOBEPLUEHCTBOM TEXHONOMMMU,
a TaKkxke CyLIeCTBOBABLUMMM HA TOT MOMEHT OpULManbHbIMU
npegenamu 103 NpodeccrnoHanbHoOro 061y4eHuns.

B uenom, amanasoH cyMMapHbIX MPEKOHLENTUBHBIX 103
NPON3BOACTBEHHOIO BHELIHEro ramma-obsay4yeHns OTLOB
npeBsbiLLan 4O3MMETPUYECKME AaHHbIE MO MaTEPUHCKOMY 00-
Jy4yenunio, gocturas 5,65 'p Ha 061acTe CEMEHHMKOB. B TO e
BPEMSI MeJvaHbl 003 NMPEKOHLENTUBHOrO 0byyYeHns poau-
Tenewn, kak Ha 0651acTb roHag, Tak v MHOMBUAYAbHbIX 9KBU-
BaneHToB 003 Hp (10) GOTOHHOro nanyyeHus, pasnmyanmcb
HECYLLLECTBEHHO.

Knacc «bone3Hn aHaOKpUHHOM CUCTEMBI, PACCTPONCTBA
NUTaHUS M HapylleHns obmeHa BellecTB» (Tabn. 3) 3aHu-
Man B CTPYKTYpe BCElM HeOonyxofieBOW MaTonorun y netemn
0o 15-neTHero Bo3pacta 6-e paHroBoe MecTo M COCTaBASAN
4,5% B ocHoBHOW rpynne n 5,0% B koHTpone, p>0,05.

KoppekTHoe cpaBHEHMWE C MoKa3aTensiMn HaLMOHabHOW
CTaTUCTUKM MO YAENbHOMY BECY 3HOOKPWMHHOW MaTofiorum
B CTPYKTYpE BCEeW HEeomnyXxosieBon OeTCKon 3ab0neBaemMocTu
HEBO3MOXHO, TaK Kak Mbl HE pacrnonaraem CTaTUCTUYeCKu-
MU OaHHbIMU 059 Habnogaemoro nepuoga. CornacHo 60-
fee No3gHUM CBeAeHusM, O0Ne3HU 3HOOKPUHHOM cucte-
Mbl, PACCTPONCTBA NUTAHUS U HapyLleHNs oOMeHa BELLECTB
COCTaBNsSNIN B CTPYKType o00Lleli 3aboneBaeMoctu aeten
1 nogpocTkoB B Poccuiickoii Pepepaumm 1,7 n 3,7% coot-
BeTcTBEHHO (2009 1) [13].

Beaywme  nosvumm  cpeayM  SHOOKPUHHO-OOMEH-
HbIx 3aboneBaHunii B 00eux rpynnax 3aHuman Mnoakiace
«HepocTaTodHOCTh nuTaHus» (koapl E40-46, E50-64),
Oonbllen 4acTblo MNPeacTaBieHHbI OeNKoOBO-3HepreTmnye-
CKOW HEOCTATOYHOCTbLIO JIEFKOW CTENEHU U MPOSBNEHUAMUI
BUTAMWHHOIO AeduumMTa, BKIIO4as MOCNEACTBMS paxuTa.
CpaBHUTENbHBIV aHaNM3 Nokasdan CTaTUCTUYECKN 3HAYMMOE
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sociomedical problems and the most common cause of
disability among non-tumor diseases of the endocrine system
[15, 16]. The structure of the subclass “Disorders of other
endocrine glands” (codes E20-E35) was mostly represented
by thymus diseases including thymomegalia as a leading
nosology. It should be noted that thymus enlargement was
often defined as an incidental finding during a chest X-ray and
was not accompanied by any specific clinical symptoms. The
age at diagnostics of this state related mainly to the period
of infancy and early childhood, and further a natural thymic
involution was registered.

Among the other states in the subclass “Other endocrine
glands’ disorders”, rare cases of impaired puberty and
Cushing syndrome caused by a long-term exogenous intake of
corticosteroids, were registered in both groups. The subclass
“Obesity and other hyperalimentation” was registered in both
groups with the same frequency, on the average 4.7-5.5% of
the whole child’s endocrine pathology (p>0.05); compliance
with dietary structure, physical activity and parents’ style of
living as their children health determinants [17] played a rather
important role in the development of this type of disorder.

Taking into account statistically significant thyroid
pathology differences between the groups, thyroid diseases
were considered in more detail (table 4).

In the structure of thyroid pathology, “lodine-deficiency-
related thyroid disorders and allied conditions” (code EO1)
which significantly predominated over a specific weight

NpPeBbILLEHME 4YMcna ClyYaeB HenoCTaTOYHOCTM MUTaHUS
B rpynne cpaBHeHus cpeau aeeoyek (p=0,012) n B uenom no
rpynne (p<0,01). JeTanbHblil aHann3 aTo natonorum 0603-
Hauun 60s1ee YacTble NPOSBAEHUS paxnTa U NOCTUHPEKLMOH-
HOW runoTpodun cpeam Oetei HeobyYeHHbIX PoaUTENe.
3acnyxvBaeT BHUMAHWS B CBSI3M C 3TUM aKT JIy4yLlero co-
umanbHoro obecnevyeHns paboOTHUKOB rpagoobpasyowero
npeanpusatia [14], 4TOo, BO3MOXHO, OOBLACHAET MeHbLlee
YMCNO PacCTPONCTB MUTAHUS CPeau NMOTOMKOB MepcoHana
MO «Masik».

BTopoe paHroBoe Mecto 3aHuman nogknacc «bonesHu
LUINTOBMAHON Xenesbl», coctaenasa 8,3% (400/4813) scen
9HOOKPWHHOM MaTonorMm B OCHOBHOW rpynne u 4,9%
(119/2422) B rpynne cpaBHeHus, p<0,001. 3Haunmble cTa-
TUCTMYECKME Pa3NNYung B rpynnax Obinn HalaeHbl He TOMbKO
no cymme HabnaeHni, HO U Npu aHanuae 3abonesannin LUK
B 3aBMCMMOCTM OT nona. CylLleCTBEHHOE MPEBbILLEHME Ya-
CTOTbl TUPEOVAHOWM NATONOrMM MO CPABHEHUIO C KOHTPOSIEM
OTMEYEHOo Kak cpean manbumkos (p=0,0002), Tak n cpeam
nesoyek (p=0,0001), ybn poauTenn obinu padoTHUkammn MO
«Masik».

CpaBHeHVe Apyrux noaknaccoB SHAOKPUHHO-O0OMEHHbIX
60Ne3HeN He BbISBUIO CTATUCTUYECKM 3HAYUMBIX Pa3nnymii
Mexzay rpynnamu. Tak, HapyweHus metabonvamMa rioko3bl
BCTPEYasIMCb B €AMHUYHBIX Clyqasx 1 60sbLUe HacTbto Oblin
NpeacTaBneHbl UHCYMH3AaBUCKMbBIM CaxapHbiM AvabeTom,
KOTOPbIA OTHOCUTCS K COUMabHO-3HAYUMbIM 3a60neBaHn-

Table 4
Structure of thyroid diseases in the compared groups
[Tabnnuya 4
CTpyKTypa Gone3Hei LMTOBUAHOM Xene3bl B CpaBHUMBaeMbIX rpynnax]
The main group [OcHoBHas rpynna) The control group [[pynna cpaBHeHWS]
Endocrine and meta-
bolic pathology Boys Girls [lesoukn] ~ Coth genders Boys Girls [lesoukn]  DOth genders
(ICD-10 codes) [Manbumnkmn] (n=4545) [O6a nonal [Manbunkm] (n=2563) [O6a nona]
[BHOKDVHHO- (n=4776) (n=9321) (n=1996) (n=4559)
obMeHHasi natonorus % % % % % %
(ko no MKB-10)] [ﬁgz'] (for 10%) [222'] (for 10%) [ﬁ\\gi'] (for 10%) [ﬁgg'] (for 10%) [ﬁ\\gi'] (for 10%) [222'] (for 10%)
o [Ha 10%] “ [Ha 109 “ [Ha 109 1 [Ha10%] “ [Ha 10%] 1 [Ha 109
lodine-deficiency-
related thyroid
disorders and allied
conditions [BoneaHn
o N 87.3 N 85.1 N 86.0 90.9 80.2 83.2
“;:;;’:Sf;g"{'}”;i’;iﬂ 198" g9y 206" 453 3 369y 0 50 89 2690 P 217
HEeA0CTaTOYHOCTbIO, U
CXO[Hble COCTOSAHMSA]
(EO1)
Hypothyroidism,
unspecified
0.4 0.25 1.2 0.8
[rI/II'IOTI/IpeOC-i 0 0.0 1 (0.2) 1 (0.1) 0 0.0 1 (0.4) 1 (0.2)
HEYTOYHEHHbIN]
(E03.9)
Other nontoxic goitre
[Apyrve dopmbl 1.3 2.1 1.75 4.65 3.4
HETOKCUYECKOro 2 (0.4) 5 (1.1) 7 (0.8) 0 0.0 4 (1.6) 4 (0.9)
306a] (E04)
Thyrotoxicosis
(hyperthyroidism) 2.5 1.5 4.65 3.4
[TpeoToKcnko3 0 0.0 6 (1.3) 6 (0.6) 0 0.0 4 (1.6) 4 (0.9)

(runeptupeos)] (E05)
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OkoHYaHne Tabnnibl 4

The main group [OcHoBHas rpynnal

The control group [[pynna cpaBHeHus]

Endocrine and meta-

. Boys . Both genders Boys . Both genders
(blglg:_?gt(r:g(lj%gsyg [Manbunku] G'rl(sn[:ﬂz‘gi%l;m] [O6a nona] [Manbunkn] Glrl(sn[:ﬂ.zeszc")al;m] [O6a nona]
(n=4776) (n=9321) (n=1996) (n=4559)
[OHAOKPUHHO-
obMeHHas naTonorus % % % % % %
(kogbl N0 MKB-10)] [//:22'] (for 10%) [ﬁgi'] (for 10%) [ﬁgz'] (for 10%) [ﬁgi'] (for 10%) [ﬁgz'] (for 10%) [ﬁgi'] (for 10%)
 [Ha 10%] " [Ha 109 o [Ha 10’ " [Ha 10%]  [Ha 10%] " [Ha 109
Autoimmune
thyroiditis 0.4 0.25
[AyTOMMMYHHBII 0 0.0 ! (0.2) 1 (0.1) 0 0.0 0 0.0 0 0.0
TnpeonaunT] (E06.3)
Other disorders of
thyroid [Apyrue 11.4 9.5 10.25 9.1 9.3 9.2
6051€3HM LNTOBMAHOMN 18 (3.8) 23 (5.1) 41 (4.4) 8 (1.5) 8 (3.1) R (2.4)
xenesbl] (EO7)
TOTAL [BCEIO] 158* 100 242* 100 400* 100 33 100 86 100 119 100

*- statistically significant differences with the comparison group.
[*- cTaTMCTMYECKM 3HAYMMbBIE PA3ANYMS C FPYNMO CpaBHEHWS].

of other thyroid nosologies in children, were registered in
both groups most often. High incidence of iodine deficiency
states is due to the fact iodine deficiency was found on 70%
of the territory of the Russian Federation in environmental
compartments [18, 19], and the Ural region which belongs
to the endemic area of iodine deficiency, is no exception.
Moreover, anatomical and physiological characteristics of
a young organism predispose to increased sensitivity to the
impact of environmental factors [20] that explains high level
of this thyroid pathology among children.

The observed groups are comparable for birth and
residence in the CATU Ozyorsk, so the difference between
them in natural iodine content in the environment is unlikely.
However, the comparative assessment of iodine deficiency
states revealed their marked statistically significant excess
among exposed parents’ offspring compared to the controls.
These differences were reliable both when comparing the
groups in the whole and when analyzing by sex (p<0.001).

No significant difference in the periods of iodine deficiency
manifestation was registered: the peak of this pathology
diagnostics was in the period of 1970-1979 that may have been
related to greater attention of the public health service in CATU
to the problem of metabolic disorders due to iodine deficiency
and diagnostic and development of prevention techniques
for given states during these years. At the same time, end of
iodine preventive measures in the country starting from the
late 1970-ies with increasing levels of chemical pollution on
many territories resulted in stable iodine deficiency and in
“appearance of specific features of goitrous endemia — high
prevalence of goiter not only among school children but among
younger children, and bridging the sex gap” [18].

Mean age at iodine diagnosis in the studied groups was
in the pre-puberty period. Meanwhile, earlier development of
the disease was registered among exposed parents’ children
(meanageis 8.1 years, in the comparison group — 11.6 years).

lodine deficiency disorders in both groups were
significantly more often registered among girls — 59.9%
(206/344) of cases in the main group and 69.7% (69/99) in the
control group. In the range of iodine deficiency states among

M, SIBNSETCS OAHOW M3 Hambosiee OCTPbIX MEAMKO-COLM-
aNbHbIX NPOGIEM 1 CamOl YacTON NPUYNHON UHBANIMAHOCTU
cpeaun HeonyxoneBblx 3ab60neBaHnin 3HOOKPUHHOM CUCTEMbI
[15, 16].

CTpykTypa noaknacca «HapyleHus apyrux SHOOKPUH-
HbIX Xxene3» (koapl E20—-E35), B 0ocHOBHOM, Obina npeacras-
JieHa 60N1e3HsAMI BUIIOYKOBOM Xeneabl, B TOM YUC/e TUMOME-
rannein B ka4ecTBe BeayLlen Hozonornun. Cnegyet OTMETUTD,
YTO YBEIMYEHME BUIOYKOBOW XeENEe3bl YaCTO ONPeaensnoch
KaK cnyyariHas Haxoaka npw NnpoBedEeHNN PEHTreHorpaMmbl
rPYAHOM KNETKN U HE COMPOBOXAAN0Ch CNeunduyeckom Knmn-
HMYECKOM CMMNTOMATMKON. Bo3pacT anarHoCTukm 3Toro co-
CTOSIHUSA, [TTaBHbIM 06Pa30M, OTHOCUIICS K NEePUOy rpyaHOro
1 paHHEero Bo3pacTa AeTeln, B NOCeayoLLeM OTMeYanach 3a-
KOHOMEpHas MHBOOLMS TUMYCA.

N3 ppyrmx COCTOSHWIA nopgknacca «HapyweHus ppy-
rMX 3HOOKPWHHBIX Xenes» B 006enx rpynnax pernctpuposa-
JINCb €MHMNYHbIE Clly4an HAPYLLUEHWUS MONOBOro CO3PEBAHUS
1 cuHgpomMa MueHko — KylimHra, BbI3BAHHOIO OJINTENbHBIM
9K30rEHHbIM MOCTYMIEHNEM TIIOKOKOPTMKOMAHbLIX MNpena-
patoB. Mogknacc «OxupeHne n apyrue Buabl N3ObITOYHO-
CTV MUTaHMUs1», HEMAIOBAXHYIO POJib B Pa3BUTUN KOTOPOro
urpatoT cobniogeHne agekBaTHOro pauuoHa nutaHus, ou-
3nyeckas akTMBHOCTb M 00pas XWU3HU POAUTENEN B LENOM
KaK JeTepMuHaHTa 340poBbs aeteli [17], BcTpeyancs B obe-
MX rpynnax ¢ OAMHaKOBOM YaCTOTOW, COCTaBNsS B CPEAHEM
4,7-5,5% BceW neTckol 3HO0KPUHHOM naTonorum (p>0,05).

YunTbiBas CTAaTUCTUYHECKN 3HAYMMbIE PA3NNYNS B rpynnax
no TMPeOoUaHOoM naTonoruu, 6onesnn LK 6binmn paccmoTpe-
Hbl noapobHee (Tabn. 4).

B ctpykType natonorum LK Hanbonee vacto B 0benx
rpynnax perncTpmpoBanncb «bonesHn WMToBMAHOW Xene-
3bl, CBSI3aHHbIE C MOOHOW HEAOCTaTOYHOCTbIO, WU CXOOHble
cocToaHusa» (kog, EO1), cywectBeHHO npeobnagaslive Hag
yOenbHbIM BECOM APYrMX TUPEOUAHbIX HO30/0MMIA Y AEeTeNn.
Bbicokas pacrnpoCTPaHEHHOCTb MoaAedUUNTHBIX COCTOS-
HUIA 06ycnoBneHa Tem, 4To Ha 70% TeppuTopumn Poccuiickoi
depepaunn BoiSBNeH oeduumT ioga B 06bekTax okpyxaro-
et cpenbl [18, 19], 1 Ypanbckuii permoH He sBASieTCS UC-
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children under the age of 15, a nontoxic goiter characterized
by thyroid diffuse or nodular enlargement with its function
saved was the most frequent manifestation.

A statically significant increase of thyroid volume
depending on radioactive *'l dose was revealed based on the
screening results of the Belorussian-American cohort study
of Belarus residents aged up to eighteen years exposed to
the accidental release following the accident at Chernobyl
NPP [21]. At the same time, as compared to the Gomel
and Nagasaki areas, iodine deficiency screening in school
children on the territory close to Semipalatinsk Nuclear Test
Site did not reveal any symptoms of severe iodine deficiency
and transgenerational risk for children whose parents were
exposed as a result of the tests [22].

Probability of technogenic intake of radioactive iodine
as a result of the Mayak PA operation for the CATU child
population remains possible. It is known that 'l is one of
“the most radiation-hazardous radionuclides that is a part of
routine (and/or accidental) releases of nuclear reactors and
spent nuclear fuel reprocessing plants” [23]. According to the
data from Glagolenko Y.V. et al. [24], in the period of 1948-
1967 when there were no standard systems for continuous
emission monitoring, “in total, atmospheric emissions from
the radiochemical plants released from 0.72 min Curie (the
lowest estimates) to 1.3 min Curie (the highest estimates) with
the most probable value of 1.0 min Curie of '*'I”. The residents
of the territories contaminated due to radioactive fallout are
exposed to internal radiation not only as a result of inhalation
intake during the period of radiation cloud passage but also as
a result of consumption of contaminated food and water [25].

At the same time, it seems to be impossible to associate
supposed chronic exposure to radioactive iodine with iodine
deficiency diseases in the studied children since before 1967
only isolated cases of this thyroid pathology were registered
in our study. 2.6% (9/344) of the cases in the main group
diagnosed in 1956-1967, and 4% (4/99) of the cases in the
control group diagnosed in 1961-1967 (p>0.05) belonged
to this period. The main part of iodine deficiency states was
registered after normalization of the radiation situation in
CATU. According to published data, the method of continuous
monitoring of the radioactive emissions was introduced in the
Mayak PA plants after 1970, with the use of special filters, the
exposure time of which was 3-5 days [24].

The fact of excess number of iodine deficiency states
and thyroid pathologies in whole among Mayak PA workers’
offspring deserves close attention. Along with the absence of
any difference in climatic and geographic conditions, identical
iodine intake from the environment, common approaches
to diagnostics and prevention of iodine deficiency states in
CATU, thyroid pathology was registered more often and at
earlier age among exposed parents’ offspring in comparison
to intact individuals’ children.

Healthcare of CATU child population was organized based
on the uniform nationwide standards and was the same
for Mayak PA workers’ children and non-exposed parents’
offspring. As opposed to the plant health service with special
status and routine observation of Mayak PA workers, members
of their families had not got any benefits. Consequently, more
frequent registration of thyroid pathology due to better periodic
health examination of Mayak PA workers’ offspring is excluded.

It is also important to consider that the studied groups
consisted of the children born and resided in CATU which

KJIIO4YEHNEM, OTHOCSCh K 3HAEMUYHOMY PAOHY MO HeJocTaT-
Ky opa. Kpome Toro, aHatommyeckue n opuanonormyeckme
0COOEHHOCTM MONI0A0ro OpraHM3mMa npeapacnonaratoT K no-
BbILUEHHOW CEHCUTUBHOCTM K BO3AENCTBMIO (HaKTOPOB BHELL -
Helt cpeabl [20], 4TO 06BACHAET BbICOKMI YPOBEHb OaHHOM
TUPEOUIHOM NATONOrNN CPeamn OETEN.

Habniogaemble rpynnbl CONOCTaBUMbI MO HakTy POX-
neHuns n npoxusanna B 3ATO . O3epck, NoaToMy pasHuua
MeXAay HUMU B €CTECTBEHHOM COAEPXaHMM 10Aa B OKPYXalo-
Ler cpene manoBepositTHa. OoHako CpaBHUTENbHASA OLLEHKa
noanedPuUNTHBIX TUPEOUAHbIX COCTOSIHWI nokasana Mx Cy-
LLLIEeCTBEHHOE CTaTUCTUYECKM 3HA4YMMOE MPEBLILLEHNE CPEaAMN
NMOTOMKOB 0GJ1y4EHHbIX POAUTENEN Hal, KOHTPoNieM. 3Tu pas-
n4ms Obiny OCTOBEPHBIMU KaK NPV CPaBHEHUW TPynn B Lie-
JIOM, Tak 1 Npu aHanmse B 3aBmcrumMocTy ot nona (p<0,001).

Becomow pasHuubl B nepuogax MaHudectauumn moaae-
duupTa B rpynnax He oBHapyXeHo: MUK ANArHOCTMKU 3TOMN
nartonorum npmuxoauncs Ha nepuog 1970-1979 rr., uto, BO3-
MOXHO, OblfI0 CBA3AHO C MOBBILEHHLIM BHUMaHWEM 3[pa-
BooxpaHeHus B 3ATO k npobrneme OOMEHHbIX HapyLleHWi
BCNencTeue nogogeduunta n pa3sutuUio METOLOB ANarHoC-
TUKN 1 NPODOUNAKTUKN AaHHBIX COCTOSHUIA B 3TU rogbl. B 1o
Xe Bpemsi npekpailieHne ¢ koHua 1970-x rr. MogHou npo-
bunakTnkn B CTpaHe Npu HapaCTaHUM YPOBHEN XUMUYECKO-
ro 3arpsi3HEHNS Ha MHOTMX TEPPUTOPUSAX MPUBENO K COXpa-
HEHWI0 NogHoro geduumta 1 «nosBAEHNIO cneunduieckmx
4yepT 300HOM 3HOEMUM — BbICOKOW PaCMpPOCTPAHEHHOCTU
300a He TOJIbKO Yy LIKOJIbHUKOB, HO U Yy AETeN paHHero Bo3-
pacTa, 1 CraXuBaHMIO MOOBbIX pasnnyunin» [18].

CpenHuii BO3pacCT YCTaHOBNEHUS amarHosa nogonedun-
umuTa B MCCeayeMblx rpynnax npuxoamncst Ha gonybeprar-
HbIi Nnepuoa. Mexzay Tem cpeau fetei 06ay4eHHbIX poauTe-
ne oTMeyeHo bonee paHHee Havano 3aboneBaHuns (CpegHuii
Bo3pacT - 8,1 roaa, B rpynne cpaBHeHus — 11,6 neT).

MonopedprumTHbIE COCTOSIHUSA B 06EMX rpynnax 3Ha4MMo
yalle perncTpupoBannch cpeam nesoydek — 59,9% (206,/344)
cllyyaeB B OCHOBHoOI rpynne n 69,7% (69/99) B KOHTpose.
B cnektpe noponeduumTHbIX COCTOSHUI cpean AeTen Ao
15 neT Hanbonee 4acTbiM NPOSABIIEHNEM OblNl HETOKCUYECKWUIA
300, xapakTepuayoLmics anddy3HbIM Uv y3n0BbIM YBENN-
yeHnem LLK ¢ coxpaHeHnem eé pyHKumn.

CratucTmyecku 3HauMmMoe yeenndeHne oobvéma LUK B 3a-
BMCVMMOCTU OT [03bl paanoakTuBHoro 'l 6uino o6HapyXeHo
no AaHHbIM CKPUHUHIa 6EN0PYCCKO-aMepPUKaHCKOro KOropT-
HOrO wuccnepoBaHua xutenen benapycu, NOABEPrLUMXCH
BO3[ENCTBMIO BLIOPOCOB NOCE aBapun Ha YepHOObINLCKOM
A3C B BO3pacte g0 18 net [21]. B TO e Bpemsi CKPUHWUHI
nopogeduumnTa y WKONbLHUKOB B parioHe CemrnanaTtuHCKoro
A0EPHOr0 UCMbITaTeIbHOrO MOJINFOHA B CPaBHEHWUW C parno-
Hamu fomens n Haracaku He BbISiIBUN MPU3HAKOB TSXENOro
bedununta noga 1 TpaHCreHepaLroHHOro pucka ong aeten,
POXAEHHBIX OT poAnTENei, 06y4YEeHHbIX B Pe3ynbTaTe UCMbl-
TaHui [22].

BeposiTHOCTb TEXHOrEHHOr0 MOCTYMNIEHUS PaOMOaKTUB-
HOro ropa B pesynbrate geatensHocTu MO «Masik» ans net-
ckoro HaceneHunst BATO r. O3epck He uckoyaeTcs. N3BecTHo,
yto ®'l ABNAETCA OOHUM U3 «Hanbonee paavaLMoHHO-oMnac-
HbIX PAAMOHYKIIMAOB, COOEPXALUMXCS B PErfaMeHTHbIX (1/
W aBapuiiHbIX) BbIBPOCAX SAEPHBLIX PEAKTOPOB W 3aBOAOB
no nepepadotke 0b6ny4eHHOro saepHoro Tormea» [23]. Mo
baHHblM haronexko K0.B. n coasrt. [24], B nepuog ¢ 1948 no
1967 r., korga Ha N0 «Mask» OTCyTCTBOBaM LUTATHbIE CUCTE-
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excludes the possibility of registration of thyroid disease
cases that were “brought” from other territories. Besides, if we
take into account better social welfare of Mayak PA personnel
and possibly a more diverse food ration of their children then
the range of possible exogenous factors explaining higher
incidence of iodine deficiency states among the offspring
becomes much narrower.

One could assume that a tendency of the exposed parents’
offspring to development of thyroid pathology results from
their genetic predisposition to hypertrophy and hyperplasia
of thyroid tissue that leads to clinical manifestation under
unfavorable environmental factors. Thus, Troshina E.A. [26]
indicates that “a genetic predisposition of endemic goiter may
be realized only under corresponding external factors — iodine
deficiency in environment”.

According to the evidence of Fucic A. et al [27] a
statistically higher frequency of genome damage in the form
of dicentric and ring chromosomes, chromosome breaks,
acentric fragments, translocations and micronuclei was
registered among the children born from fathers-liquidators
and parents exposed to radiation due to Chernobyl accident.
A significant increase of specific weight of autoimmune
thyroiditis in the second generation of the offspring of females
exposed to radiation close to Semipalatinsk test site was
indicated by Dudareva Y.A. and Gurieva V.A. [28]. Baleva L.S.
et al [29] had indicated activation of the processes of anti-
thyroid antibody development and a statistically significant
increase of the proportion of children with goiterously
changed thyroid gland compared to the control group in their
prospective morphofunctional study of thyroid in the offspring
of exposed parents 20 years after the Chernobyl accident.
In a retrospective study among 24588 adults and 20087
children survived after Chernobyl accident Kaminskyi O.V. et
al [30] point out a significant increase of thyroid diseases in
the first generation offspring of exposed parents with average
cumulative dose of external gamma-radiation of 0.187 Gy.

In order to specify the issue whether there are some
characteristic features of parental exposure in relation to
childrenthyroid pathologyananalysisofiodine deficiencieswas
performed taking into account preconceptional occupational
radiation exposure. Analysis of cumulative preconceptional
parental doses of external occupational gamma-radiation
among children with iodine deficiency (Table 5) demonstrated

Mbl HEMPEPBLIBHOrO KOHTPOS BbIGPOCOB, «BCEr0 C BbIOpOCaMM
B atMocdepy 13 Tpyb pagmoxMMmn4eckux 3aBoA0B NOCTYNUIO
ot 0,72 MaH Kn (MuHMManbHble oueHkn) go 1,3 maH Kn (mak-
cuManbHbIe) Npy Hanbonee BepOATHOM 3Ha4eHun 1,0 maH Kn
811, XKntenun 3arpsisHeHHbIX PaA0aKTMBHBLIMY BbiNaaeHUsSMU
TEPPUTOPWIA NOABEPraloTCa BHYTPEHHEMY 00y4YeHnio B pe-
3y/bTaTe He TOJIbKO UHIraNsLUMOHHOIO NMOCTYMIEHUS B NepUoL,
NPOXOXAEHNS PaaMoakTUBHOro obnaka, HO M notTpebneHuns
3arpsI3HEHHbIX MPOAYKTOB NUTAHUS 1 BOAbI [25].

BmecTe ¢ Tem, cBa3aTb npeanonaraemMoe XpoHUYeckoe
BO3LENCTBME PAAMOAKTMBHbIM MOOOM C PUCKOM KMogone-
GUUNTHBIX 3ab60neBaHnli y HabMOAAEMbIX OEeTell He npea-
CTaBNsSieTCs BO3MOXHbIM, Tak Kak B HalleM uccriegoBaHum
0o 1967 r. 3aperncTpmpoBaHbl eOuHUYHbIE Cllydan OaHHOWM
TMpeonaHon natonorun. K aTomy nepuogny 6bliv OTHECEHbI
2,6% (9/344) cnyvaeB B OCHOBHOW rpynne, AUarHOCTMPO-
BaHHble B 1956-1967 rr., 1 4% (4/99) cny4aeB B KOHTPONE,
BbiiBNEHHble B 1961-1967 rr. (p>0,05). OcHoBHas 4yacTb
nopnaeduUMTHBIX COCTOSIHWIA PErMCcTPUpPOBanack Nocse Hop-
Manuaauun paguaumonHoli obctaHoskn B 3ATO. CornacHo
onybnvMKoBaHHLIM AaHHbIM, nocne 1970 r. Ha 3aBogax MO
«Masik» Gblna BHeApEeHa METOAMKA HEMPEPBLIBHOrO KOHTPOS
BbIGPOCOB C MCMOIb30BAHMEM CreLnanbHbiX GUNLTPOB, Bpe-
MS§1 9KCMO3MLMK KOTOPbIX COCTaBAsno 3-5 cyTok [24].

®dakT npeBbileHNs 10A04eDULMTHBIX COCTOSHUIA N TU-
pPEeoVHON NaTonornM B LLeNoM cpeav NoToOMKOB paboTHUKOB
MO «Mask» 3acnyxmBaeT NPUCTaNbHOro BHUMaHus. Hapsaoy
C OTCYTCTBMEM Pa3HULbl B KIIMMATO-reorpaduyeckmx ycno-
BMSIX, OOVHAKOBbLIM MOCTYMJEHWEM MOAa M3 OKPYXaloLlen
cpedbl, eAVHbIMM NoAXoAamMu K AMarHOCTMKe 1 npodunak-
THKE nogoaedununTHbIX coctosHmi B S3ATO, cpeam NOTOMKOB
006nyyeHHbIX poauTeneit natonorua LUK Bo3Hukana uvalle
1 paHbLLe N0 CPABHEHUIO C AETbMU UHTAKTHbLIX POAUTENEN.

MeauumHckoe 06CnyXuBaHWe [OETCKOr0 HaceneHus
3ATO 6bII0 OPraHM30BaHO MO €AMHbIM FOCYAAPCTBEHHbLIM
cTaHgapTaM U He pasnuyanocb Ans neTeit paboTHMKOB
MO «Mask» 1 geTeit Heobny4eHHbIX poauTenei. B otnnune ot
3aBOJICKOro 34paBOOXPaHeHNst C 0COObIM CTAaTyCOM W pery-
NSpHLIM HabnaeHnem 3a nepcoHanoM MO «Masik», YneHbl
cemeli paboTHNKOB HE UMeNK Kaknx-nnbo nerot. Becneacteve
aToro 6osiee YacTasi perucTpauus TMPeoWaHOW NaTosnorum
n3-3a JNydwein aucnaHcepusaumy NOTOMKOB pPabOTHUKOB
MO «Mask» ncknoyeHa.

Table 5

Characteristics of radiation exposure in parents of the children with iodine-deficient conditions

[Tabnnuya 5

XapakTepucTuka paavuaumoHHOro BO3AeNCcTBUS y poauTtenei aeten ¢ nioaaepuumUTHbIMU COCTOSHUAMUA]

Preconceptional doses*
[MpekoHuenTMBHblE 03bl*]

Dose range
[Anana3zoH 0o3]

Ms Me [Q25;Q75]

Maternal exposure prior to conception [[TpekoHuenTnBHoe 061y4eHue maTepeii]

Doses to ovaries, Gy [[103bl Ha SM4HKKK, [P]
Doses Hp (10), Sv [Jo3bl Hp (10), 3B]

0.001-2.95
0.001-3.75

0.39£0.57
0.54+0.73

0.14 [0.04;0.49]
0.19[0.07;0.77]

Paternal exposure prior to conception [[TpekoHuenTuBHoe 061y4eHne oTLoB]

Doses to testicles, Gy [[03bl Ha ceMeHHuKN, p]
Doses Hp (10), Sv [Ao3bl Hp (10), 3B]

0.005-4.21
0.004-4.98

0.49+0.69
0.57%0.81

0.20 [0.07;0.57]
0.25[0.07;0.71]

* —accumulated preconceptional doses of external occupational gamma-radiation; M — mean value, s — mean square deviation; Me — median

of the sampling, [Q25; Q75] - interquartile range.

[* — HakoMNEHHbIE NMPEKOHLIENTVBHbIE A03bl BHELLHETO raMMa-006/1y4eHnsi Ha NPOU3BOACTBE; M — cpeaHee 3HayeHne, S — cpeaHee

KBaapaTnyeckoe oTkioHeHne; Me —meavaHa Buioopku, [Q25; Q75] — MHTepPKBapTUbHbIA pa3max].
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a smaller dose range with slight differences of mean values
compared to earlier analyzed dosimetry data for the whole
group of Mayak PA workers’ offspring (Table 2). Occupational
doses of the fathers insignificantly exceeded preconceptional
doses of the mothers.

Actually it is impossible to trace further development of
thyroid non-tumor pathology in these children. Effects of io-
dine-deficient conditions can include development of hypo-
thyrosis, multinodular toxic goiter and its complications, un-
favorable obstetric and neonatal outcomes in adulthood [31,
32].

As for malignant transformation of thyroid pathology, ac-
cording to the Ozyorsk cancer registry, thyroid cancers were
further diagnosed in 0.19% (26/13880) members of the CATU
child population cohort included in the studied groups, 0.16%
(15/9321) of them were among Mayak PA workers’ offspring
and 0.24% (11/4559) were among non-exposed individuals’
offspring, p>0.05. Average age at diagnosis of thyroid cancer
was 42.6 years in the main group (range 26.5-53.5), and 38.1
years (25.7-58.9) in the control group. The median of ma-
lignant transformation age was 44.7 years in the main group
[interquartile range was 38.9-47.9], and 36.8 [28.7-45.2] in
controls. Thyroid cancer was the most frequent for females:
80% (12/15) in the main group, and 90.9% (10/11) in the
control group, p>0.05. Analysis of cancer histologic types re-
vealed that thyroid follicular adenocarcinoma was registered
in both groups in most cases. According to the analysis of
thyroid cancers in Chelyabinsk region population, along with
predominance of cancer in females at the age of 30-50 and
well differentiated carcinomas among histological grades, no
dependence between incidence and pattern of thyroid cancer
and severity of goiter endemia was registered [33].

Distribution of children’s iodine deficiency cases by the
categories of parental preconceptional doses of occupational
external gamma-exposure revealed the fact that this thyroid
pathology was mostly registered at parental preconceptional
exposure in the range of low doses (fig.).

Number of cases
[Uucno cnyuaes]

BaxHO Takxe y4yecTb, 4TO MccnengyemMble rpynnbl COCTO-
ANN TONBbKO U3 OEeTel, POXAEHHbIX U NpoxmBaBLLnx B SATO,
YTO UCKJIIOYAET BEPOSTHOCTb PermcTpaumm cnyyaes 3abone-
BaHU LK, «npuBe3éHHbIX» C apyrux tepputopuin. Kpome
TOro, ECNN NPUHATL BO BHUMaHUE fyyllee coumanbHoe obec-
neveHne nepcoHana MO «Masik» n, N0 BCeN BMAMMOCTMU,
6onee pasHoobOpa3Hblil pauMoH NUTaHUS UX AeTel, TO Kpyr
BEPOSATHBLIX 9K30reHHbIX (GakToOpoB A5t 0OBbACHEHUS] BbICO-
KOM 4acTOTbl N0A0AeDULNTHBIX COCTOSAHUN CPeaAM NOTOMKOB
3HAYUTESNIBHO CYXaeTCsl.

MOXHO NpeanonoXuTb, YTO CKJIOHHOCTb MOTOMKOB 006-
Jly4eHHbIX poauTenen Kk GOpMMPOBAHUIO TUPEeonaTonorum
MCXOONT N3 NX FEHETUYECKOWN NPEeAPaCMOIOKEHHOCTN K M1-
neptpodun 1 runepnnasum Tkaim LUK, 4to npu HeGnaronpu-
ATHbIX GaKTOpax BHELLHEN cpeapl MPOSBASETCS KIMHUYECKN.
Tak, TpowwmHa E.A. [26] yka3bIBaeT, YTO «reHeTudeckas npes-
pacnosioXeHHOCTb MPU SHAEMUYECKOM 300€ MOXET peanu-
30BaTbCS TOMBLKO NPU HANMYMM COOTBETCTBYIOLLENO BHELUHE-
ro daktopa — gedunumnta noga B OKpyXKatoLLen cpene».

Mo paHHbIM Fucic A. et al. [27], ctatuctuyeckn Gonee
BbICOKAs 4acToTa MOBPEXAEHWUA reHoMa B BUAE AMLEHTPU-
YECKMX U KOMbLEBBLIX XPOMOCOM, XPOMOCOMHbIX Pa3pbIBOB,
aLeHTprnyeckux GparMeHToB, TPaHCIOKaLMi U MUKposaep
perncTpupoBanack Cpeamn eTei, POXAEHHbIX OT 001y4EeHHbIX
OTLOB-/IMKBNOATOPOB, U poanuTese, noasepriumxcs obnyye-
HUIO B peaynbTate YepHoObINbCKOM 94epHON KaTacTpodbl.

Ha 3HaunTenbHoe yBenuyeHwe yAenbHOro Beca ayTo-
VMMYHHbBIX TUPEOWOWUTOB Y BTOPOro MOKOJSIEHUS MOTOM-
KOB >KEHLUMH, MOABEPrLUNXCA PaavauUMOHHOMY BO3OEN-
CTBUIO B parioHe CemMmnanaTtuHCKOro MOAMroHa, ykasblBaloT
Oynapesa lO.A. n l'ypbesa B.A. [28]. AkTnBaumio NpoLeCCOB
AHTUTUPEONOHOrO aHTUTEN00OPA30BAHNS U CTATUCTUYECKM
3HaYMMOe YBENMYEeHWEe O0NM OeTeir ¢ 300HO-U3MEHEHHOW
LK no cpaBHeHMO C KOHTposem oTMevaloT banesa J1.C.
nap. [29] B npocnekTMBHOM MOP@PODYHKLMOHANBHOM UC-
cnepoBaHun LUK y neTeli-noToOMKOB 06sy4EHHBIX poamuTe-
nen cnycta 20 net nocne aBapun Ha YepHobbiibeko ASC.

200 -
150
100
50 -
0 . l . , ——
0.01-0.5 0.51-1.0 1.01-2.0 2.01-3.0 3.01-4.0 >4.01

Preconceptional doses, Gy [[o3bl go 3auartus, p]

M Paternal doses ([o3bl oTuoB) Hp 10

M Doses to testicles ([,03bl Ha CEMEHHUKM)

Maternal doses ([lo3bl maTepeit) Hp 10 M Doses to ovaries ([03bl Ha ANYHUKK)

Fig. Distribution of cases of thyroid iodine deficiency disorders in Mayak PA workers’ offspring taking into account parental accumulated
preconceptional doses of external gamma-exposure
[Puc. PacnpeneneHve yncna cnyyaes iognedunumTHbix 3abonesarmii LLK y notomkoB pa6oTHUKoB MO «Masik» ¢ y4eTOM poaUTeNIbCKMX
HaKOMMEHHbIX MPEKOHLENTUBHBIX 103 BHELLHEro ramma-obnyyeHus]
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The calculation of the relative risk of endocrine-metabolic
diseases among children of exposed and non-exposed par-
ents was carried out both in general for each subclass and
separately for each nosology. Statistically significant relative
risk values are presented in Table 6.

Assessment of relative risk of endocrine and metabolic
pathology in exposed and non-exposed parents’ offspring
had indicated a significant predominance of thyroid disorders
in Mayak PA workers’ offspring in the whole group — RR 1.64
(Cl 1.34-2.01), among boys - 2.0 (1.38-2.9) and among
girls — 1.59 (1.25-2.02). Just as in the previous comparative
analysis, statistically significant differences were found for
the subclass “Malnutrition” that is registered more often in the
group of non-exposed parents’ children: RR 0.92 (0.89-0.96).
RR values in other subclasses of endocrine and metabolic
disorders did not reveal any essential difference between the
groups.

Risk of thyroid diseases related to iodine deficiency among
the offspring of Mayak PA personnel was almost two times
higher than the values in the control group: RR 1.92 (Cl 1.3-
2.84) among boys, 1.68 (1.29-2.2) among girls, 1.7 (1.36-
2.12) in the whole group. There was no statistically significant
increase in the risk of other non-tumor thyroid diseases.

B peTtpocnekTnBHOM mnccnegosanun cpeoun 24 588 B3poc-
nbix 1 20 087 petelr, BbIKMBLLMX nocne aBapum Ha YASC,
Kaminskyi O.V. et al. [30] akLeHTUPYIOT BHUMAHNE Ha 3Ha4n-
MOM npeBbilLeHnn 6onesHein LUK y nepBoro nokonexHus 06-
JYYEHHbIX POAUTENEN, CPeaHas CyMMapHasa 4032 BHELLHEro
rammMa-obsy4yeHuns kKotTopblx coctasuna 0,187 Mp.

C uenbio yTOYHEHMS BONPOCA, CYLLECTBYIOT 1 Kakue-nu-
60 0COOEHHOCTM NPEKOHLENTUBHOIO 06NYYEHNS poaMTeENnen
npu AeTCKoW TupeonaTonoruun, 6bin NpoBeaeH aHanna noao-
DedNUNTHBIX COCTOSHUIA C y4eTOM 03 NPOdECCNOHANBHOIO
pagnaumoHHOro BO34encTeumsa. AHann3 CyMMapHbIX NPEKOH-
LENTMBHbIX 403 MPON3BOACTBEHHOINO BHELUHErO ramma-o6-
JlyyeHus pooutenein geten ¢ hogogeduumtom (tabsn. 5) no-
Kasan MeHbLUMI AnManas3oH 003, HO Manble OTANYUS CPedHUX
3HAYEHUI B CPABHEHMM C paHee PacCMOTPEHHbIMU J03MMe-
TPUYECKMMU O@HHLIMWU A1 BCEWA rpynnbl NOTOMKOB paboT-
HukoB MO «Mask» (cM. Tabn. 2). MNpodeccroHanbHbie 403kl
OTLLOB HE3HAYMMO MPEBbLILLIANKU [03bl NPEKOHLENTUBHOIO 06-
Nly4eHuns MaTepen.

Pacnpenenerne cnyyaes nogonedunumnta 'y geten no ka-
TEropusiM pPoamUTENbCKUX NMPEKOHLLENTUBHBIX 0,03 BHELUHEro
raMmMa-obny4yeHnss Ha NPOM3BOACTBE MOKAa3asao, YTO yalle
BCEro [aHHas TMpeouaHas MaTtonorus permctpupoBanachb

Table 6

Relative risk of endocrine and metabolic disorders

[Tabnvua 6

OTHOCUTEIbHBIV PUCK SBHAOKPUHHO-00MEHHBIX PACCTPOMNCTE]

Outcome [Wcxoa] RR (95%Cl) [OP (95%

Sex [Mon Group [[pynna
(Mon} P [Tpynnal Found [EcTb] Not found [HeT] an)i
Disorders of thyroid gland [BonesHnu wutosuaHo xenessl] (E00-E07)
Exposed* [QkcnoHMpoBaHHbIe™] 158 4618 2.0**
Boys [Manbunku] 29
Unexposed [HeakcnoHpoBaHHbie] 33 1963 (1.38-2.9)
Exposed [OkcnoHMpoBaHHbIE] 242 4303 1.59%*
Girls [[1eBoukm] 952 02
Unexposed [HeakcnoHnpoBaHHbie] 86 2477 (1.25-2.02)
Exposed [OkcnoHnpoBaHHblIe] 400 8921 B4
Both [O6a nona] 1 23242 01
Unexposed [HeakcnoHnpoBaHHbie] 119 4440 (1.34-2.01)
Malnutrition [HepoctatouHocTs nutanus] (E40-E46, ES0-E64)
Exposed [OkcnoHpoBaHHbIE] 2056 2720 0.94**
Boys [Manbyumku]
Unexposed [HeakcnoHnpoBaHHble] 912 1084 (0.89-0.99)
Exposed [9kcnoHvpoBaHHbIe] 1990 2555 0.91**
Girls [AeBouku]
Unexposed [HeakcrnoHpoBaHHbie] 1231 1332 (0.86-0.96)
Exposed [OkcnoHpoBaHHbIE] 4046 5275 0.92**
Both [O6a nona]
Unexposed [HeakcrnoHpoBaHHbie] 2143 2416 (0.89-0.96)
lodine-deficiency-related thyroid disorders and allied conditions
[BonesHu LWMTOBNAHOW Xenesbl, CBA3aHHbIE C NOOHON HELOCTATOYHOCTLIO, U CXOLHbIE COCTOsIHUSA] (EO1)
Exposed [9kcnoHMpoBaHHbIe] 138 4638 1.92%+
Boys [Manbyumku] 3-2.8
Unexposed [HeaKcrnoHnpoBaHHbie] 30 1966 (1.3-2.84)
Exposed [9kCcrnoHMpOBaHHbIE] 206 4339 1.68**
Girls [deBou4ku] 2922
Unexposed [HeakcnoHnposaHHbie] 69 2494 (1.29-2.2)
Exposed [OkcnoHMpoBaHHbIE] 344 8977 1.70**
Both [O6a nona] 519
Unexposed [HeakcnoHnpoBaHHbie] 99 4460 (1.36-2.12)

* — children of the parents exposed to preconceptional occupation radiation, **- statistically significant differences with comparison group.
[* — netu, ybn popmTENV NOABEPIINCH NPEKOHLENTUBHOMY 001y4EHUIO HA MPON3BOACTBE, **- CTAaTUCTUYECKM 3HAYNMbIE PA3NINYKS C FPYMMoi

CcpaBHeHus].
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As the result, risk of such outcomes as thyroid pathology
including thyroid disorders related to iodine deficiency in
Mayak PA workers’ offspring aged under 15 was statistically
significantly higher compared to the group of children without
a factor of parental preconceptional industrial exposure.

The factor analysis we had performed earlier in the cohort
of Mayak PA female workers’ offspring indicated a significant
role of preconceptional occupational contact with ionizing
radiation sources in development of endocrine pathology in
children (dispersion 6.2%) and a high factor weight of the
variable “Dose to gonads” (0.8) characterizing maternal
preconceptional accumulated absorbed dose of external
gamma-exposure to ovaries [34].

To date explanation of pathophysiological mechanisms
resulting in more frequent and earlier dysfunction of endocrine
system, in particular, of a thyroid as a target organ in children
of individuals exposed prior to conception, is a difficult
task. Certain mechanisms of radiation effects to human
gametogenesis and transgenerational transfer of radiation-
induced effects remain poorly examined.

Potential of thyroid tissue to struma formation could be
caused by damages in regulating mechanisms of hypothalmic-
pituitary thyroid system in offspring. It is known that “importance
of iodine for body growth and development determines
rigid regulating mechanisms of its intake, distribution and
homeostasis” [35]. Under conditions of iodine deficiency,
biosynthesis of thyroid hormones regulated by hypothalmic-
pituitary thyroid system on the principle of feedback is disrupted,
and long-term hyperproduction of thyroid stimulating hormones
leads to a goitriferous effect. Therefore, genetic features of
neuroendocrine regulation in offspring whose parents were
exposed to preconceptional radiation could result in more
frequent and earlier thyreocytes proliferation. Solntseva A.V.
and Yakimovich N.I. point at more severe manifestations of
even mild case of iodine deficiency in children with genetically
modified function of hypothalmic-pituitary thyroid system and
biosynthesis of thyroid hormones [36].

Epigenetic modifiers are considered as triggers of
endocrine and metabolic pathology along with genetic
predisposition and external effects of environmental
factors [37] as far as “epigenetic and epigenomic genome
modifications act as an interface between environment and
organism” [38]. Tyrtova L.V. et al. [39], when describing
genetic and epigenetic aspects of obesity and metabolic
syndrome, note that DNA epigenetic features can be inherited
with full penetrability (100%), and in distinction from genetic
information, can be reproduced within 3-4 generations.
Scientific search of long term genetic and epigenetic
disorders in radiation-exposed individuals and their offspring
is continued [40].

Conclusions

The retrospective epidemiological analysis of endocrine
and metabolic disorders was performed for 13 880 children
aged under 15 born in CATU Ozyorsk in 1949-1973; parents
of 9321 of these children were exposed to long term
preconceptional occupational radiation at Mayak PA.

A comparative assessment of the class “Endocrine,
nutritional and metabolic diseases” had revealed the following
special features:

1. The subclass “Malnutrition” presented by rickets and
mild protein-calorie deficiency cases took the lead in both

npv MPEKOHLLENTUBHOM 00Ny4YeHun poauTeneii B obnactu
Manblx 403 (puc.).

B HacTosiLlee BpeMs He CyLLeCTBYET BO3MOXHOCTU MPO-
cneguTb JanbHeWllee pasBUTME HEOMyxXOJIeBOV MaToNorMm
LK cpean atux peten. Mocneacteusmu moaneduLmnTHbIX
COCTOSIHWUIA MOTyT ObITb (pOPMMPOBAHNE BO B3POCIOM BO3-
pacTte rmnoTMpeosa, MHOroy3joBOro Tokcuyeckoro 3o06a u
€ro OCNOXHEHWU, HEGNAronpUSATHbLIE aKyLLIEpCKNe N HeoHa-
TanbHble ncxoapl [31, 32].

Y10 KacaeTcs ManvrHu3aumm TUPEOUAHON naTonoruum,
TO, cornacHo KaHuep-peructpy r. O3epcka, 310Ka4yeCTBEH-
Hble Heomnnaambl LUK 6binv gnarHocTMpoBaHbl BNOCNEACTBIN
cpean 0,19% (26/13880) uneHoB KOropThl AETCKOro Hacene-
Hust BATO, BoLueaLnX B Uccnemyemble rpynnbl, 3 Hux 0,16%
(15/9321) cpeam noToMkoB paboTHMKOB MO «Masik» 1 0,24%
(11/4559) cpeon NOTOMKOB HeoOnydeHHbix nuu, p>0,05.
CpepnHuii Bo3pacT yctaHoBneHms amardHosa 3HO LUK B oc-
HOBHOW rpynne 6bin 42,6 roga (ananasoH 26,5-53,5 net), B
rpynne cpaBHeHus — 38,1 net (25,7-58,9). MegmaHa Bo3pac-
Ta ManuMrHmMsaumm coctaBuia B OCHOBHOM rpynne 44,7 roga
[MHTepkBapTUNbLHLIN pa3max 38,9-47,9], B koHTpone — 36,8
[28,7-45,2]. Hanbonee 4acTo TMPEOUaHbI pak pa3BmBancs
y xeHwmH: 80% (12/15) B ocHoBHoM rpynne, 90,9% (10/11) B
rpynne cpasHeHusi, p>0,05. AHann3 rucTonorM4yeckmnx TMNoB
paka nokasasn, 4To B 06eux rpynnax yaiie Bcero Habnioga-
nace donnukynspHas ageHokapumHoma LLPK. CornacHo aHa-
M3y TUPEOUOHOro paka y xutenenn YensbuHckorn obnactu,
Hapsay ¢ npeobnagaHneM paka y xeHwmH B Bospacte 30-50
NeT 1 BbICOKOANPDEPEHUMPOBAHHBIX KapLVMHOM Cpeau rv-
ctonornyeckux Gopm, NokasaHo OTCYTCTBME 3aBUCUMOCTU
4acToTbl 1 xapaktepa pacnpocTtpaHeHns 3HO LK oT Beipa-
XEHHOCTU 300H0I aHaemMum [33].

PacuyeT OTHOCUTENBHOIrO puUcka SHAOKPUHHO-OOMEHHbIX
OonesHei cpeau OeTen 3KCMOHWPOBAHHBLIX W HESKCMOHU-
POBaHHbIX poauTenelt Obl1 NPOBEAEH KaK B LLEJIOM AJ1s KaX-
00ro nogknacca, Tak u OTAENbHO ANS KaXAOW HO30M0rMMu.
CTaT1CTMYECKM 3HAYMMbIE BENNYMHBI OTHOCUTENBHOIO PrYCKa
npencTasneHbl B Tabnue 6.

OueHka OTHOCUTENBHOrO pucka BbiAENUNa 3HA4YMMOe
npeobnaganve 6onesHenn LXK y notoMkoB pabOTHUKOB
MO «Mask» B uenom no rpynne — OP 1,64 (AN 1,34-2,01),
cpeaun manbymkos - 2,0 (1,38-2,9) n cpean gesoyek — 1,59
(1,25-2,02).

Kak v B npeablayLLemM CpaBHUTEbHOM aHann3e, ctaTuc-
TUYECKM 3HAYMMbIE Pa3Nnyms ObiNM HaAEHbl Ana nogknac-
ca «HepocTtatoyHOCTb MUTaHMS», yYalle PerncTtpupyemMoro
B rpynne AeTelr He3KCMOHMPOBaHHbIX poamTtenen: OP 0,92
(0,89-0,96). Nokasatenn OP cpean ocTanbHbIX NOAKIACCOB
9HLOKPUHHO-0OMEHHbIX PACCTPONCTB He 0603HAYMNM CyLLe-
CTBEHHOW pa3HuLLbl MeXAy rpynnamu.

Cpenu Ho3onornyeckmnx Gopm puck 6onesHen WuToBnz-
HOV Xenes3bl, CBA3aHHbIX C NOAHOM HEAOCTAaTO4HOCTbIO, Cpe-
Oy notomkoB nepcoHana MO «Mask» no4yTn BABOE MPEBbI-
wan nokasarenu B koHTpone: OP 1,92 (AN 1,3-2,84) cpean
manbumkos, 1,68 (1,29-2,2) cpeam gesouek, 1,7 (1,36-2,12)
B LesioM no rpynne. CTaTUCTUYECKN 3HAYMMOrO YBEIMYEHNS
pucka Apyrvux Heomnyxonesbix 3aboneBaHuin LUK He 6bino
0BHapYXeHO.

B utore cpean notomkoB nepcoHana No «Masik» B BO3-
pacTte oo 15 neT puck MCXoO0B B BUAE TUPEOUOHONM NaToo-
rn, B TOM yncne 6onesHein LUK, cBsi3aHHbIX C MOAHON He-
[OCTaTOYHOCTbIO, OblN CTATUCTUYECKN 3HAYUMO BbILLE, YEM B
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groups, with statistically significant excess in the control
group among girls (p=0.012) and in the whole group (p<0.01);

2. The subclass “Disorders of thyroid gland” with incidence
of thyroid pathology significantly higher in Mayak PA workers’
offspring by the sum of observation and by sex (p<0.001) was
in the second place;

3. Among thyroid diseases iodine-deficient conditions
with the spectrum mainly presented by diffuse nontoxic
thyroid growth with long term preservation of euthyroid status
were mostly registered in both groups.

4. In the group of Mayak PA workers’ offspring, iodine-
deficient thyroid states were registered significantly more
often (p<0.001) and with earlier disease onset compared to
the controls.

5. Distribution of iodine-deficient thyroid conditions
in children by the categories of parental preconceptional
accumulated doses of external occupational gamma-
radiation revealed that the most cases related to parental
preconceptional exposure in the range of low doses.

6. No difference between incidence of thyroid pathology
malignant transformation in the groups was found: thyroid
cancers were further diagnosed in 0.16% (15/9321) of
Mayak PA workers’ offspring and in 0.24% (11/4559) of non-
exposed individuals’ offspring (p>0.05) with the average age
of manifestation 42.6 and 38.1 years, correspondingly, and
the most frequent histological type in both groups was thyroid
follicular adenocarcinoma.

7. Calculation of relative risk indicated a statistical
significance of effect of parental prolonged preconceptional
occupational contact with ionizing radiation sources on the
development of thyroid pathology in general and iodine-
deficient thyroid states, in particular, in the offspring.

It should be noted that children in both groups were born
and resided in CATU and, consequently, were in the same
conditions of iodine intake from environment, medical care,
possible technogenic radiation exposure. Therefore, all other
conditions being equal, significantincrease of iodine-deficient
thyroid pathology among Mayak PA workers’ offspring cannot
be explained by external factors and, most likely, is the
evidence of increased susceptibility of thyroid tissue to iodine
deficiency and genetic predisposition to its hypertrophy and
hyperplasia.

It is necessary to continue research of late effects of
long term radiation exposure in order to understand the
contribution of parental radiation exposure to pathogenesis of
offspring’s health problems, including genetic and epigenetic
predispositions for neuroendocrine imbalance, increased
sensibility of the endocrine system and, as a result, earlier
development of endocrine and metabolic disorders.

Revealed special characteristics of endocrine and
metabolic pathology in Mayak PA workers’ children can be
used for medical monitoring of the offspring of individuals
chronically exposed to occupational radiation for formation
of the risk groups, timely registration and treatment of these
states.

Information about the authors’ personal
contribution to the paper
Sosnina S.F. - research concept; data analysis; writing
the text;
Okatenko P.V. — formation of the study groups; statistical
data analysis;

rpynne geten, rae oTcyTcTBOBan GakTop NPEKOHLENTUBHOIO
0061y4eHns poauTenein Ha NPON3BOACTBE.

MpoBefeHHbIM HamMn paHee GakTOPHbLIA aHann3d B KO-
ropte noToMkoB paboTHuu MO «Mask» nokasan 3Ha4MMyto
pPOSib MPEKOHLLENTMBHOIrO MPOMECCMOHANbHOrO0 KOHTakTa €
WNCTOYHNKAMUN NOHU3VPYIOLLMX U3NYHEHUI B PA3BUTUN SHAO-
KPUHHOWM natonornn y peten (6,2% ancnepcum) n BoblCOKYHO
daKTOpHYO Harpy3ky nepemMeHHol «Josa Ha roHaabl» (0,8),
XapakTepuayloLLeli MaTePUHCKYIO MPEKOHLENTUBHYIO HAKOrM-
JIEHHYIO MOMJIOLLEHHYIO 1,03y BHELLHEr0 ramMmMa-oby4yeHns Ha
AanyHmkm [34].

O6bsicHeHVe NaTodr3MONIOrMYECKMX MEXAHN3MOB, Mpu-
BOASALLMX K 6Onee 4acTol U paHHel ANCHYHKUUN SHOOKPUH-
HOWM CUCTEMbI 1, B YACTHOCTU, LUMTOBUAHOM Xenesbl Kak op-
raHa-MuLeHN, y OeTell NPEKOHUENTUBHO OOYyYEHHbIX ML,
ABNSETCH HA [AHHbIN MOMEHT TPYAHOPA3PELLNMON 3aaqen.
KoHKpeTHble MexaH3Mbl BO3OENCTBUS 00/TyHEHUS HA rame-
TOreHes 4YenoBeka 1 TPaHCreHepaLUMOHHbI NepeHoc pagna-
LIMOHHO-MHAYLIMPOBaHHbIX 9OGMEKTOB OCTAIOTCS HE 40 KOHLA
MCCNefoBaHHbIMU.

CknoHHocTb TkaHu LK k popmmupoBaHmio CTpyMbl MOT-
na 6blITb 0BYCNOBNEHA HAPYLUEHUSIMU MEXAHU3MOB pery-
UMM TMNOTanamo-rmnodru3apHO-TUPEONIHON  CUCTEMBI
Yy NOTOMKOB. M3BECTHO, YTO «BaXHOCTb Moga Afas pocTta 1
pa3BUTMS OpraHn3ma MNpPesonpeaenseT Hanmume XECTKUX
MeXaHW3MOB Perynsauumn ero NocTyniaeHus, pacnpeaeneHuns
1 romeoctasa» [35]. B ycnoBusix nogopeduunta HapyLuaeT-
cs1 6uocuHTes ropmoHoB LUK, B CBOIO o4epenp, perynmpye-
MbIX rMNoTanamo-runopusapHoO-TUPEOULHON CUCTEMON MO
npuHUMNY obpaTHol CBA3U, N ANUTENbHAS TMNepnpoayKums
TUPEOTPOMNHOIO FOPMOHA BbI3bIBAET CTPYMOMEHHbIN 3 dEKT.
Bcnencteue aToro reHeTUYeckne 0cCo6eHHOCTN HEMPO3HO0-
KPWUHHOW perynsiummy noTOMKOB, YbM POAUTENN NOABEPTINCH
NPEKOHLENTUBHOMY PAAMALMOHHOMY BO3AENCTBUIO, MOMIM
npuBecTn K Gosiee 4acTol 1 paHHel nponavdepauun Tmpe-
oumnToB. Ha Gonee Taxenble NPOSIBNEHUS Aaxe Nerkon cre-
neHn nopgogedunumTa y AETen ¢ reHeTUYECKN N3MEHEHHbBIM
GYHKUMOHMPOBAHMEM  FMnoTanamo-rmnodusapHo-TMpeo-
WOHOWM cucTeMbl 1 BUOCUHTE30M FOPMOHOB LLIK ykasbiBaloT
ConHuesa A.B. n Akumosny H.U. [36].

Hapagy C reHetmyeckom npenpacrnosioKeHHOCTbIO U
BHELLUHUM BO3AencTBMEM GakTOPOB OKPYXaloWwen cpenpl,
B KauyecTBe TPUITEPOB 3HOOKPUMHHO-OOMEHHON MnaTosiorMm
paccMaTpuBaloTCsl anureHeTudeckme moamdukaumm [37],
MOCKOJIbKY «3MUrEHETUYECKME U 3MUr€HOMHblE MoanduKa-
LM reHoMa BbICTynatoT B Ka4ecTBe nHTepdenca mexay cpe-
0oV 1 opraHnamom» [38]. Teiptosa J1.B. u ap. [39], onuceisas
reHeTU4eCKne 1 ANUreHeTUYECKME acnekTbl OXUPEHNS N Me-
TaboNMYeCcKoro CUHAPOMA, OTMEYALOT, YTO NUreHeTnyeckmne
ocobeHHocT AHK moryT nepepaBatbCsi MO HAcNencTBy C
nonHom (100%) NneHeTPaHTHOCTLIO U, B OTIINYKNE OT FreHeTu4e-
CKOWN MHpOPMALLMU, MOTYT BOCMPOU3BOAUTLCH B TEHEHWE HE
6onee 3-4 NoKoNeHWN. Hay4uHbI MOUCK AONTOCPOYHbIX FreHe-
TUYECKMX N NUreHETUYECKNX HaPYLUEHWI Y NOABEPrLUNXCS
pagnaumoHHOMY BO3LAENCTBUIO NIOAEN U UX NOTOMKOB MpPO-
nonxaetcsa [40].

3akno4eHue

PeTpoCnekTVBHbIN 3NMAEMUONOTMYECKUIA aHanmn3 9H-
OOKPUHHO-0OMEHHBIX HapylleHuii npoeeneH cpean 13
880 pmetenn no 15-neTHero Bo3pacTta, poamslumxcs B 3ATO
r. O3epck B 1949-1973 rr., 13 kotopbix y 9321 pebeHka po-
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ONTENN NOABEPIINCE MPEKOHUENTUBHOMY MPOJSIOHMMPOBAH-
HOMY MPOW3BOACTBEHHOMY PAAMALMOHHOMY BO3OENCTBUIO
Ha MO «Masik».

CpaBHUTENbHAsA OLeHKa knacca «bonesHn sHAOKPUHHON
CUCTEMbI, PacCTPOICTBA NUTaHWS U HapyLLleHWsi 0bMeHa Be-
LLlecTB» Nokasana creaytoLime 0co6eHHOCTH:

1. lngupytowiee Mecto B 06enx rpynnax 3aHmmMan nop-
Knacc «HemoCTaTo4HOCTb NUTaAHWUS», NPEOCTaBAEHHbIN Cy-
YyasMu paxmTta 1 6eKOBO-3HEPreTUYECKOM HeOCTAaTOYHOCTM
JIErKOW CTeNeHu, CO CTaTUCTUYECKN 3HAYUMbBIM MPEBLILLEHM-
€M B rpynne cpaBHeHus cpeam aesodek (p=0,012) n B uenom
no rpynne (p<0,01).

2. BTropble no3vummn 3aHmMman nogknacc «bonesHu wm-
TOBUOHOW Xenesbl», B KOTOPOM 4acToTa TMPEOUAHON naTo-
norum 6bia 3HAYMMO BbIlLE Cpeay NOTOMKOB PaBOTHMKOB
NO «Mask» no cymme HabnAEHUA 1 NpU pasaeneHun no
nony (p<0,001).

3. Cpean 6onesHelt LK Hanbonee yacto B 06enx rpyn-
nax pPerncTpmpoBanncb nNogoaedUUNTHBIE  COCTOSIHUS,
CMNeKTP KOTopbIX Obl1, B OCHOBHOM, npeactaBneH andodys-
HbIM HETOKCUYeckum yBenuyeHnem LK ¢ anutenbHbiM co-
XPaHEHNEM 3YTUPEOUIHOro cTaTyca.

4. B rpynne notomkoB nepcoHana Mo «Mask» hopaedu-
LUMTHbIE TUPEOVAHbIE COCTOSIHUS PEMMCTPUPOBANNCH 3HAYUN-
Mo yvaule (p<0,001) n c 6onee paHHMM Hayanom 3abonesa-
HWS, 4EM B KOHTpONE.

5. Pacnpegenenune nopoaedpuumTHbiXx cocTosHu LLDK
y OeTel No KaTeropusiM NPeKOHLLENTUBHBLIX HAKOMIEHHBIX 103
BHELLUHEr0 raMma-o06sy4yeHns poauTeneil Ha NPoM3BOACTBE
nokasasno, 4To 60NbLUNHCTBO C/ly4aeB OTHOCUIIUCH K MPEKOH-
LenTMBHOMY 061y4eHun0 B 061acTy Manbix 403.

6. PasHuubl B rpynnax no 4actoTe MaaurHnu3aumm tmpe-
ounpgHol natonorun He HanageHo: 3HO LUK 6binn guarHocTtu-
poBaHbl Bnocneacteum cpegun 0,16% (15/9321) notomkoB
paboTHmkoB MO «Masik» n 0,24% (11/4559) noToMKOB HEOO-
nydeHHbIx any, (p>0,05) co cpegHnm BoO3pacTom maHudecTa-
umn B 42,6 n 38,1 roga COOTBETCTBEHHO, U Hanbosee 4acTbiM
FMCTONIOMMYECKNM TUMOM B BUAE PONINKYISPHON afeHoKap-
uMHoMbI LLIDK B 06eunx rpynnax.

7. PacyeT OTHOCMUTENIbHOrO pucka nokasas CTaTucTu-
YECKYI0 3HA4YMMOCTb BANSHUSA HakTopa MPEKOHLENTMBHOIO
NPOJIOHIMPOBAHHOIO NPON3BOACTBEHHOIO KOHTaKTa poamuTe-
Nel C NCTOYHNKaMUN MOHU3UPYIOLLMX N3NYHEHWNIA HA pa3BUTME
y MOTOMKOB TMPEOWAHON NaToNnornm B LLEeNom n nogonedun-
LMTHBIX cocTosiHMI LLIDK B yacTHOCTWN.

BaxHO 3amMeTutb, 4TO AeTM B 00eux rpynnax poauInCh
nnpoxusanm B 3ATO U1, COOTBETCTBEHHO, HAxXOOUIUCb
B OMHAKOBbIX YCNOBUSAX MOCTYMAEHNS NOAA U3 OKPYXKalOLLLEn
cpefdbl, MeguuUmMHCKOro 06CnyXnBaHusl, BO3MOXHOIO TEXHO-
rFEHHOr0 pagnaunoHHOro BO3AeNCTBMS. B ¢BA3KW ¢ aTum npu
NPOYMX PaBHbIX YCIOBUSX 3HA4YMMOE yBennyeHne nopaedu-
unTHOM natonorun LK y notomkoB nepcoxana MO «Mask»
He MOXET ObITb 0O bSCHEHO BHELLHVMMMW NPUYMHAMU U, CKOPEE
BCEro, CBMAETENbCTBYET O MOBbILUEHHOW YyBCTBUTEIbHOCTM
TKaHn LK Kk gedpumumty noga n reHeTu4eckom npeapacnono-
XEHHOCTU K €€ runepTpodun n runepnnasuu.

MponomkeHe N3ydeHnst oTaaneHHbIX NOCNeACTBUIA NPO-
JIOHTMPOBAHHOIO AENCTBUSA pagmaumm Heob6xoaMMo Ans no-
HUMaHWS BKNaaa paanaLrOHHOro BO3AENCTBISA B MaTOreHe3
OTKJIOHEHWI 300POBbS MOTOMKOB, B TOM HYMC/E FEHETUYECKNX
M 3NUreHETUYECKMX NPEeAnoChIIOK 4151 HEMPOSHAOKPUHHOIO
amcbanaHca, MOBbILEHHOW YSI3BUMOCTU 3HAOKPUHHOW Cu-
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