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HE3JIOAKICHA TUPEOITHA TA THITA EHTOKPUHHA
ITATOJIOI'TA Y JOPOCJIUX I AITEU, OITPOMIHEHHUX
BHACJIIIOK ABAPII HA YAEC

MeTa pocnigKeHHs. Y3aranbHuUTH BepudikoBaHi KNiHiYHi Ta enigemioNnoriyHi aaHi Woa0 po3BUTKY HE3NOAKICHOT eH-
LOKPUHHOT natonorii y signaneHunii nepion asapii Ha YAEC y noctpaxpanux oci6 gopocnoro i gUTa4oro Biky.
Marepianu i meToamn gocnigKeHHa. [poBefieHa peTPOCNEKTUBHA OLiHKa faHux 24 588 ocib gopocnoro Biky Ta 20
087 pgiTeit, nocTpaxpanux B pesynbrati aBapii Ha YAEC, i3 6a3u kniHiko-enigemionoriyHoro peectpy (KEP) HHLPM 3a
23 poku (nepiog 1992-2014 pp.), sAKi 6ynu 34OPOBMMU YM MANKU WHUPOKKIA CNEKTP EHAOKPUHHOT naTonorii. Y gopoc-
nnx 0Cib cepefHs f03a 30BHiLWHbOrO onpoMiHeHHs cknana 0,187 Ip, y AiTeit onpoMiHeHHs WwuTOoNoAiOHOT 331031 — B
mexax 0,1-1,55 p. Ui paHi BepudikyBanncs B oKpeMomy KIiHIYHOMY [OCHIAXKeHHi. 3anyyeHi aHTPONOMETPUYHi, Nna-
6opaTopHi 6i0oXiMiYHi Ta TOPMOHaNbHi MOKA3HWKM, YNbTPA3BYKOBE AOCHIMKEHHSA LWMTONoAiOHOT 3an03u, [o3M on-
POMiHEHHS.
Pe3ynbratu. PeTpocneKkTUBHUI aHani3 aaHux 1992-2014 pp. nokasye, Wo YacToTa TMPeOoifHOT naTonorii cepep BCix
0cib, nocTpaxpanux BHacnigok aeapii Ha YAEC cknapae 40,29 %, B yyacHuMKiB nikBifauii Hacnigkie aBapii — 35,37 %,
€BaKyNOBaHUX i3 30HM BifUYKEHHSA — 27,24 %, XnTenis pagialiiiHo 3abpyaHeHUX TepuTopiit — 28,6 %, Lo 3HaYHO Ginb-
we (p < 0,0001), Hix y 3aranbHiin nonynauii (3,9 %) HaceneHHs YkpaiHu. Hanbinbw nowmnpeHnMn He3NOAKICHUMM eH-
LOKPUHHMMM 3aXBOPIOBAHHAMM B 0Cib, nocTpaxaanux BHacnifok asapii Ha YAEC 6ynu: By3noBuit 306 — 14,35 %, Xpo-
HiYHMIA ayTOIMYHHUI TUPEOTANT ~ 8 %, NepeaoXMUpPiHHA/0XMUPiHHA 41,9 % / 36,8 %, nepeaniabet/piabet 15,5 % / 21,4
%. HaityacTiwmmm He3Nn0AKiCHUMN EHAOKPUHHUMU 3aXBOPIOBAHHAMM B 0Ci0, y4aCHUKIB NiKBiaauii HacnigkiB aBapii Ha
YAEC 6ynun By3noBuii 306 — 21,8 %, XpOHiYHUI ayTOiMyHHMIT TupeoianT — 12,95 %, nepefoXupiHHA/OXKUPIHHA —
41,71 %/33,61 %, nepenpiabet/piabet— 8,6 %/12,15 %. KputnuHoto rpynoto aiteit 6ynu eBakyinoBaHi 3 30-KM 30HM
BiZUY)KEHHS, ONPOMiHeHi y Billi 3-6 poKiB. Y HUX AUY3HMIA HETOKCUYHNIT 306 BCTAHOBNEHO Y 43,68 %, XpOHiuHMiA ay-
TOIMYHHUI TUpeoiguT— 1,74 %, nepBuHHMIA rinotupeo3 — 0,96 %, By3noBuit 306 — 2,57 %, a NiK NOWMPEHOCTI
XPOHIYHOro ayToiMyHHOTO TUpeoiauTy npunas Ha 2001-2003 pp. — nepiof ix aKTMBHOTO CTaTeBOro Ao3piBaHHsA. Ce-
pen fiTeid, ki GynuM HapOAXeHi Bif, onpoMiHeHUX 6aTbKiB (Neplle NOKOiHHA), 3aXBOPIOBAHHA WKUTONOAI6HOT 33103
BUABUAN Y 42,64 %, WO NepeBuILYBaNO YaCTOTY B rpyni KOHTPOMIO, XPOHIYHWIA ayTOIMyHHWIT TUPEOTANUT BUABAANH
noMiTHoO pigwe —y 0,45 %, AUdY3HMII HETOKCUYHUI 300 Y 41,56 %, By3n0BUil 306 y 0,56 %.
BucHOBKM. He3nosKicHa eHA0KPMHHA NaToNorisa y ONPOMiHEHUX AOPOCAMX i fiTel € YacToto, 3ycTpivaeTbeca y 3—-53 %
0cib, BUHMKAE y GinblwocTi nocTpaxpanux yepes 10-15 pokis nicns BNAUBY pafiallinHoro aktopa B pe3ynbrari Tex-
HOreHHOoi aBapii UM iHUMAEHTY, NPOAOBXKYE NOBiNbHO HapocTaTh Yepe3 30 pokis.
KniouoBi cnoBa: aBapis Ha YAEC, noctpaxpani BHacnifoK aBapii, y4acHWKM NikBigauii HacnigkiB aBapii, ioHi3youe
BUNPOMiHIOBAHHSA, iTU, EHLOKPUHHA CMCTEMA, WKUTONOAIOHA 331033, OXKMPiHHSA, LYKPOBUIA AiabeT, ropMOH.
Mpo6nemu padiayiiiHoi meduyuru ma padiobionozii. 2015. Bun. 20. C. 341-355.
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Non-cancer thyroid and other endocrine disease in children and adults
exposed to ionizing radiation after the ChNPP accident

Study objective. To summarize the verified clinical and epidemiological data on the natural history of non-cancer
endocrine disease in remote period after the ChNPP accident in survivors of adult and children age.
Materials and methods. Retrospective estimation was carried out of data on 24,588 adult persons and 20,087 chil-
dren survived after the ChNNP accident and being healthy or having any diseases. Data were retrieved from database
of the Clinical-Epidemiological Registry (CER), NRCRM for the 23 years (1992-2014) of survey. Average total external
radiation dose in adults was 0.187 Gy, range of thyroid dose in children was 0.1-1.55 Gy. These data were verifies in
a separate clinical study. Anthropometric, laboratory biochemical and hormonal assay values, thyroid ultrasound
imaging patterns and radiation dose values were retrieved for the study.
Results. Retrospective data review for the 1992-2014 period indicated that incidence of thyroid disease in all per-
sons survived after the ChNPP accident run at 40.29% with 35.37% among the clean-up workers, 27.24% among evac-
uees, and 28.6% among population of contaminated territories that all is significantly (p<0.0001) higher vs. the
entire population of Ukraine (3.9%). Following non-cancer endocrine diseases were most prevalent in the ChNPP acci-
dent survivors: nodular goiter (14.35%), chronic autoimmune thyroiditis (~8%), pre-obesity and obesity (41.9% and
36.8% respectively), prediabetes and diabetes mellitus (15.5% and 21.4% respectively). Nodular goiter (21.8%),
chronic autoimmune thyroiditis (12.95%), pre-obesity and obesity (41.71% and 33.61% respectively), and predia-
betes and diabetes mellitus (8.6% and 12.15% respectively) were most often diagnosed in the ChNPP accident clean-
up workers. Children evacuated from the 30-kilometer exclusion zone were a critical population group. They were
diagnosed diffuse non-toxic goiter in 43.68%, chronic autoimmune thyroiditis in 1.74%, primary hypothyroidism in
0.96%, and nodular goiter in 2.57%. Peak prevalence of chronic autoimmune thyroiditis occurred in 2001-2003 i.e.
in a period of their intensive pubertal maturation. In children (first generation) of exposed parents the thyroid dis-
ease was revealed in 42.64%, that exceeded the incidence in control group, chronic autoimmune thyroiditis was found
rarer i.e. in 0.45%, diffuse non-toxic goiter in 41.56%, nodular goiter in 0.56%.
Conclusions. Non-cancer endocrine disease in children and adults exposed to ionizing radiation is frequent and reg-
istered in 3-53% of persons. It occurs in most of survivors 10-15 years upon the impact of radiation factor as a result
of man-made accident and continues to grow slowly in 30 years.
Key words: ChNPP accident, accident survivors, accident clean-up workers, ionizing radiation, children, endocrine sys-
tem, thyroid, obesity, diabetes mellitus, hormone.
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BCTVYII

Apapisi Ha YopHOOMJILCHKili aTOMHI eJleKTpOCTaHLIil
(YAEC) 1986 poKy CynpoBOIKYBAIACsI BUKUIOM OKPEMUX
panioizoToIIiB, TPOMHUX IO HU3KU TKAHUH €HIOKPUHHOI
cuctemu. Taki i3oTomnu, nepii 3a Bce, pagioaKTUBHOTO HO-
Iy, TIpY BHYTPILIHOMY IMOIJIMHAHHI BifirpaBaiy pojib OC-
HOBHUX J030yTBOPIOIOUMX UMHHUKIB, a X MOILIKOIXKYHoUa
JlisT HA TOPMOHTIPOAYKYIOUi KITITUHU IMOCUITIOBAIAacs BILIN-
BOM 30BHIIIIHBOTO Y-BUITPOMiHEHHS. ToMy iCHye 3HauHa
MOIIMPEHICTh 3aXBOPIOBAHb EHAOKPUHHOI CUCTEMU Hace-
JIeHHSI YKpaiHu, y TOMY YUCJIi TTOCTpakaaJoro BHACIiI0K
aBapii Ha YAEC. Ix BUHUKHEHHS CIPUUYMHIOE 3HIDKEHHS
Mnpane3aaTHOCTI HaceJIeHHsI, 3MEHILEHHS SIKOCTi Ta TpUBa-
JIOCTi KUTTSI, MOTpeOye 3HAYHUX (hiHAHCOBUX BUTpAT Ha
JIIKyBaHHSI, pea0iJliTallito XBOpUX Ta COLiaIbHY afanTallilo.

INTRODUCTION

Accident at the Chornobyl nuclear power plant
(ChNPP) in 19896 was followed by a release of
radioactive isotopes affine to a range of endocrine
system tissues. Such isotopes foremost of
radioactive iodine upon incorporation were main
dose contributors. Their detrimental impact on
hormone-producing tissues was exacerbated by
external y-radiation. That’s why there is a sub-
stantial prevalence of endocrine disease in popu-
lation of Ukraine including the ChNPP accident
survivors. Such diseases cause a decrease of pub-
lic labor ability, quality and expectancy of life,
substantial expenditures on disease management,
rehabilitation of patients and their social adapta-
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Hawii nonepenHi gociakeHHs MoKa3aau, 110 B oci0, siKi
noctpaxnann BHachimok asapii (OIIBA), ocobnuBo B
YYacHUKIB JikBigatii HacinkiB aBapii (YJIHA) na YAEC
MPOTATOM BCiX MOaBapiifHUX POKIB CIIOCTEPIra€ThCsl 3HAU-
He 30UTBIIEHHS YaCTOTH Y JeKiIbKa pa3iB OCHOBHUX KJIaciB
€HIOKPUHHUX 3aXBOPIOBAHb: TUPEOIAHOI MATOJOril, 1IyK-
pPOBOTO MiabeTy 2 TUITY, OKUPIHHS, METAOOIIYHOTO CHH/I-
poMYy y BilgaJieHi moaBapiliHi TepMiHU 3 TIiIKOBUM TIEpiogoM
peanizauii yepe3 10—20 pokis [1—3].

Ho aBapii Ha HAEC ocHOBHUM mXepeaoM iHhopmallii
3 OLHKM BimmaJieHWX PU3MKIB I 3MOpOB’S Bim mii
paniauii ciyryBanu 87 000 oci0, sKi Tepexxuau aToMHe
ooMbapayBaHHs B Xipocimi i Haracaki, 6i1bLIicTh 3 HUX
3a3Hajla nii ioHi3yrodoro BumnpomiHeHHs (IB) B mosi
amxue 0,5 Ip. B HuX mpomeMoHCTpoBaHa 3aIeXXHICTb
“mo3a-edeKkT” M1 CMEPTHOCTI Bil HEMYyXJIMHHUX 3aXBO-
ploBaHb, paky I3 Ta By3igoBoro 300y, KOTpi yacTilie
PO3BUBANIMCS Y TUX OCi0, Ki OyJIM ONMPOMiHEHi y OibII
MoJioaioMy Bili [4—9], ocobauBo y miTei, OIpoMiHe-
Hux in utero. Ilpu LBOMY 111 BUHUKHEHHS HOOPO-
sgkicHux ageHoMm I3 mexka cranoBuna < 0,25 Ip, po3pa-
XyHKOBA CepeIHS 103a Ha TPYAM ISl paKy MOJIOUHOI 3a-
Jo3u — 0,69 Ip. B3aeM03B’s130K MiX 103010 OIIPOMiHEH-
Hs i “ayTOIMyHHUM TiMMOTUPEO30M~ OYB 3apeeCcTpOBaHUM
cepell TUX, XTO BUXKMB ITiCJISI aTOMHOTO OOMOapayBaHHS
Haracaxi [10], i y miteii, sIKi 3a3HaiM BIUIMBY panialiii
micys aBapii [11]. Cxoxi maHi oTprMaHi Iicas BUTTPOOy-
BaHHs siepHOi 30poi Ha MapiuajiioBux octpoBax (26
aToMHMX Ta 1 BogHeBoi 6oM0OM), Koau aisg 'l cipuyu-
HUJIA MIBUIIEHHS YaCTOTU BUHMKHEHHS BY3JIOBOTO 30-
Oy cepel MEIIKaHIIIB, AKi 3a3HAJM BIJIUBY aTMocdep-
HUX BUMNaaiHb [12—13].

BHacnigok atoMmHoro 6omoapayBaHHs B SImoHii 3ax-
BopioBaHHs 1113 Oynu miarHocrosani y 44,8 Tta 51,0 %
XKIHOK, 3 SIKWX TBepHi By3iau craHoBwin 14,6 %, 3i0-
SKicHI myxianHu 2,2 %, nodposikicHi By3iu 4,9 %, KicTu
7,7 % [14]. donaTkoBo, y XibaKycsl BUSIBJICHO TTO3UTHUB-
HUI piBeHb TUPEOIAHUX aHTUTIN y 28,2 % BUMIAAKIB,
AHTUTUIONO3UTUBHMI Tirmotupeos3 — y 3,2 %, xBopoba
IpeiiBca — y 1,2 %. 3HayHa JiHiliHa 3aJeXHICTb “103a-
eekT” crocTepiraiacs s BCiX 3JI0SIKICHUX MyXJIWH,
noOposiKicHMX By3JiB i KicT (p < 0,01). 3a ouiHKaMu aB-
TOPIB LIbOTO AOCIIKEHHS, OJIM3bKO 28 % BCiX TBEpAMX
BY3J1iB, 37 % 3n0sKicHUX IyxJIMH, 31 % moOGPOsIKiCHUX
BY3J1iB, 25 % KicT — ITOB’s13aHi 3 pagialliitHUM BILTUBOM
cepennix (0,449 3B) i manux (0,087 3B) mo3 omn-
poMiHeHHsI. B Toii e yac HiSIKMX iCTOTHUX 3aJIe3KHOC-
Tel MiX 103010 OTIPOMiHEHHS Ta TUPEOITHUMU e(heKTa-
MU 100 MO3UTUBHUX aHTUTIN Ao I3, aHTUTINNO3M-
TUBHOIO TinoTupeo3y abo xBopodbu Ipeiica He Oyio
oTpuMaHo [14].

tion. Our previous research indicated a substan-
tial several-fold incidence increase of endocrine
diseases from principal classes of thyroid disor-
ders, type 2 diabetes mellitus, obesity, and meta-
bolic syndrome in remote terms after the accident
with a peak of realization in 10—20 years in per-
sons who had survived after the Chornbyl acci-
dent and accident clean-up participants in par-
ticular [1-3].

Data on 87,000 A-bombing survivors in Hiroshi-
ma and Nagasaki were the main source of informa-
tion on the remote health risks of radiation expo-
sure before the ChNPP accident. Most of A-bomb-
ing survivors were exposed to less than 0.5 Gy radi-
ation doses. Dose-effect dependence was demon-
strated in them for the mortality from non-cancer
disease, thyroid cancer and nodular goiter that
more often occur in persons exposed to radiation in
younger age [4—9] especially in children irradiated
in utero. The threshold of origination of benign
thyroid adenoma was <0.25 Gy, and the calculated
average radiation dose on breast for the breast can-
cer was 0.69 Gy. Relationship between the radia-
tion dose and “autoimmune hypothyroidism” was
registered in Nagasaki A-bombing survivors [10]
and in children exposed to ionizing radiation after
the accident [11]. Similar data were received after
the thermonuclear testing on the Marshall islands
(26 atomic and 1 hydrogen bombs) where the
impact of "'I induced the increased incidence of
nodular goiter in islanders exposed to atmospheric
radioactive fallout [12—13].

Thyroid disease as a result of A-bombing in
Japan was diagnoses 44.8% and 51.0% of females.
There were 14.6% of solid thyroid nodules, 2.2%
of malignant tumors, 4.9% of benign nodules and
7.7% of cysts among that [14]. Positive level of thy-
roid antibodies was additionally found in 28.2%,
antibody-positive hypothyroidism in 3.2%,
Grave’s disease in 1.2% of hibakusha. Significant
linear “dose-effect” relationship was seen for all
malignant tumors, benign nodules and cysts
(p<0.01). According to opinion of the authors of
the study about 28% of all solid nodules, 37% of
malignancies, 31% of benign nodules, and 25% of
cysts are related to impact of medium (0.449 Sv)
and low (0.087 Sv) radiation doses. At that no any
significant relationship was found between radia-
tion dose and such thyroid effects as positive thy-
roid autoantibodies, antibody-positive hypothy-
roidism, or Grave’s disease [14].
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B xoroptHOMY nmociimxeHHi [15] moka3aHo, 1110 THU-
peoigHa MaTojorisd y ocibd, ski OyJu OonpoMiHEHi B
Xandopai (3191 oci6 3 moszorw Big 0,29 mo 2823 mIp
(meniana 97 mIp; cepenns 174 mIp), niarHocTOBaHO —
XAT y 18,2 % Bumnankis (23,1 % xinok i 13,1 % y 4Jo-
noBikiB). IIpu mpomy paxk L3 BusBnenuii y 0,7 %
xkiHok 1a 0,4 % 4JonoBikiB, rimotupeo3y 7,8 % (11,7 %
XiHOK i 3,7 % 40JOBIKiB, ayTOIMyHHUI TUPEOIOUT 3
Oyab-siKuM rinmotupeosom y 5,1 % (7,7 % xinok i 2,4 %
YOJIOBIKiB), 3 HOCTiiHUM Trinmotupeo3oM y 4,7 % (7,0 %
XKiHOK i 2,3 % 4oJoBiKiB), ajge H0303aJeKHOI J0C-
TOBipHOCTiI He OyJ0 oTpuMaHo. JocmigHUKM, KOMEH-
TYIOUM 1Ii pe3yabTaTH, HIWIIIA BUCHOBKY, IO BOHM
cnocTepiranucsg a0 50 pokiB i MOBHICTIO He peallizyBa-
Jnucs [15].

Jlo ocTaHHBOTO Yacy Majo yBaru Oyao TpUAiIeHO TT0-
TEHLIMHUM Haciinkam BIUIMBY IB Ha po3BHUTOK He3Jo-
SIKICHMX 3aXBOPIOBaHb CHIOKPWHHOI CHUCTEMHM, XO4a
NpakTUKYIUi Jikapi B YKpaiHi BiIMidalOTb 3HAUYHYy IX
MOILIMPEHICTh ceped 0cib, mocTpaxkaaaux BHACITiTOK
asapii Ha YAEC [16—17].

Ilpu mopiBHSIHHiI PU3UKY PO3BUTKY MaHieCTHOro
rinoTUpPeo3y y KOropTi JITHIX SINOHLIIB, SIKi MEepexXuin
aToMHe boMOapayBaHHS MaHi(DeCTHU rimoTupeos OyB y
YOTUPHU pa3u OibII iIMOBIPHUM Yy OCi0 3 CYOKJIiHIYHOIO
¢dopmoro, HiXX 3 eyTUpeo3oM, a BuxigHuit pisedb TTT €
NOTEHUIAHUM MNpPEeIuKTOPOM IOpYylIeHb MaiOyTHbHOI
¢ynxkuii 3. ITpu nboMy aBTOpY HE 3HAMIIUIM Y HUX 3a-
JIEXKHOCTI MiX 103010 ONPOMiHEHHS Ta TillOTUPEO30M
abo 103010 3amicHOI Teparii [18].

BuBuenHns crany 3mopos’s i L3 mocTpakganmx miteid,
I3 gxux 3a3Hana onpomiHeHHs B mexkax 0,15—1,55 Ip
0e3 ypaxyBaHHS YaCTKU Y-BUIPOMiHIOBAaHHS, AiTeil mep-
1LIOTO TOKOJIIHHSI — HApOMXKEHMX BiJl 0aThKiB, SIKi 3a3Ha-
Jiu BBy 1By mimliTKoBoMYy Billi, € TAKOX aKTyaJIbHUM.

B ananmoriyHux AOCTiIXKEHHSIX y ONPOMiHEHUX 0ilo-
PYCbKUX MiAJIITKiB AiarHOCTOBAHO IMiABUILIEHHS YaCTOTH
BUSIBJICHHSI TUPEOIMHUX aHTUTIA [16, 19]. JocmigHuku
poOJISITh BUCHOBOK, IO TaKa CHUTYyallisi MOXe OyTu
MMOB’s13aHa 3 JOAATKOBUM MOCUJIEHHSIM BIIUBY 1B Ha T1i
noMmipHoro aedinuty omy [20]. TosoBHMMM He3no-
sgKicHuMU 3axBoproBaHHaMu I3 cepen 55 054 niteii Oy-
JIA BY3JIOBHI 300 1 XpoHiyHMil THpeoizut — 6,4 %
donikynsipHuX HOBOYTBOpeHb; 18,7 % — ameHOMAaTo3-
HUit 300, 31,0 % — xpoHiuHuUii TUpeoinuT, 24,0 % — KicT
[21]. Pe3yabraT AOCTiAXKEHHS 3B’ 43Ky “mo3a-eheKkT” y
JIOPOCIUX KiHOK 3 TpuBaJioto aiero 1B mokaszanu, 1o B
HUX 30iJbIIYETHCS YAaCTOTa XPOHIYHOTO ayTOIMyHHOTO
tupeoimuty (XAT) (10,0 % nipotu 3,4 % y KoHTpoIi, p <
0,05; BigHOLIEeHHs aHCiB 3,46 y 95 % moBipuoMmy iHTep-
Baui) [10]. IToka3zaHo, 1110 iCTOTHi 3HAYE€HHS BiZTHOCHOTO

It was demonstrated in the cohort study [15] that
in persons exposed in the Hanford neighborhood
(0.29—2823 mGy dose, 97 mGy median, 174 mGy
average, n=3191) the thyroid disease i.e. chronic
autoimmune thyroiditis (CAT) was diagnosed in
18.2% of cases (23.1% of females and 13.1% of
males). Thyroid cancer at that was revealed in 0.7%
of females and 0.4% of males, hypothyroidism — in
7.8% (11.7% females and 3.7% males), CAT with
hypothyroidism of any kind in 5.1% (7.7% females
and 2.4% males) and with permanent hypothy-
roidism in 4.7% (7.0% females and 2.3% males).
No significant dose relationship however was
found. Effects were analyzed for period of 50 years
been not realized to a full extent [15].

Too little attention was paid until quite recently
to the potential aftermath of impact of ionizing
radiation (IR) on the development of non-cancer
endocrine disease despite practicing physicians in
Ukraine note its significant prevalence in persons
survived after the ChNPP accident [16—17].

In comparing the risk of overt hypothyroidism in
a cohort of the elderly Japanese who survived A-
bombing the disease was four-fold more probable
in persons with its subclinical form vs. with euthy-
roid state. Baseline TSH level is a potential predic-
tor of thyroid dysfunction later. Authors at that
found no any relationship between radiation dose
and hypothyroidism or dose of replacement thera-
py in elderly Japanese survivors of A-bombing [18].

Study of health and thyroid state in the survived
children with thyroid exposed to 0.15—1.55 Gy ra-
diation doses exclusive of y-radiation and in chil-
dren of the first offspring generation born in parents
exposed to IR in adolescence is also important.

Increased incidence of positive identification of
thyroid autoantibodies was found in similar studies
in Belorussian adolescents [16, 19]. Authors con-
clude that such situation can be related to extra-
exacerbated impact of IR with underlying moderate
iodine deficiency [20]. Nodular goiter and chronic
thyroiditis were principal non-cancer thyroid dis-
eases amounting to 6.4% of follicular lesions in
55,054 children with 18.7% of them having adeno-
matous goiter, 31.0% chronic thyroiditis, and
24.0% cysts [21]. Results of “dose-effect” relation-
ship study in adult women experiencing a long-term
impact of IR indicated the increased incidence of
CAT (10.0% vs. 3.4% in control, p<0.05; 3.46 odds
ratio in 95% confidential interval) [10]. It was
shown that significant values of relative risk of non-
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PU3KKY PO3BUTKY HEMyXJIMHHUX 3aXBoploBaHb B YJIHA
3ajeXaTh BiJi 103 30BHIIIIHBOTO OIMPOMIHEHHS BCHOTO
tina. s po3sutky XAT BoHa cranosuia Bix 0,5 mo 0,99
Ip, nns HaGyToro rinotupeo3y — oinbiie 0,1 Ip [22].

META JOCJIIJI2ZKEHHA

V3aranpHUTH Bepu(iKOBaHI KITiHIYHI Ta emimeMiono-
TiYHi JaHi 1OJ0 PO3BUTKY HE3JOSIKICHOI €eHIOKPUHHOIL
naToJiorii y BigmaneHuit nepion aBapii Ha YAEC y moct-
paxaaaux ocid 1OpPOCoro Ta AUTSIYOro BiKYy.

MATEPIAJI TA METOIUN TOCIII2KEHHA

3naificHeHa peTpoCHeKTUBHA OlliHKa gaHux 24 588 ocib
nopociioro Biky Ta 20 087 miTei, SKi € MocTpaxaaaiuMu
BHachimok aBapii Ha YAEC, 3 0a3m KIiHiKO-
eminemiosioriunoro peectpy (KEP) HHIIPM 3a 23 poku
(rtepion 1992—2014 pp.), sIKi Oyau 3mOpoBUMHU 200 Maju
Pi3HOMAaHITHMIA CIIEKTp eHAOKpMHHOI martoJiorii. Cepen
obcTexeHunx gopociaux ocio oynmu YJIHA — 10 798 ocio,
eBakyitoBaHi 3 30-KM 30HU BimuyxxeHHs — 7144 ocobwu,
MEeNIKaHIi paaialiifHo 3a0pynHeHUX TepuTopiit — 5385
oci0. CepeaHs 103a 30BHIILIHLOIO OMPOMiHEHHSI CTaHO-
Buna s popocimx 0,187 Ip, y miTeil BU3HAYEHO OIT-
pominenHs I3 B mexax 0,1—1,55 Ip. Bepudikosani
KJIiHiYHiI maHi OyJ1u OoTpMMaHi MpU OOCTEXEHHi OCi0 B
aMOyJaTOpHMX abo crauioHapHUX ymoBax. o KOHT-
POJILHOI IPyNU YBIMIIJIM 0COOM i3 3arajibHO1 MOITYJIsILil
HaceJeHHs YKpaiHu, nepeBakHo MelnkaHui M. KuiB i
KwuiBcbKoi 061acTi, sIKi He 3a3HaIM KPUTUYHOTO BILUTUBY
IB; TakoxX m1s1 MOPiBHSHHS 3aJly4eHi CTAaTUCTUYHI JdaHi
MinicTepcTBa 0XOpOHU 300pOB’sT YKpainu [23].

Cepen ooctexeHnux aiteii B KEP (1992-2012 pp.): eBa-
KyitoBaHux 3 30-kM 30HU BimuyxxeHHS — 3331 ocoba,
MELIKAHILIB Pali0OaKTUBHO 3a0pyIHEHUX TEPUTOPIA —
6932 ocobu, HAPOIKEHUX BiJl OIPOMiHEHUX OAThKIiB —
4646 oci6, koHTpoJbHa rpyma — 1410 ocib (MelIKaHIIi M.
Kuena i KuiBchkoi obmacti). PeTpocnieKTUBHUIA aHaTi3
pe3yabTaTiB MOTJUOJEHOTO KJIIHIYHOrO OOCTEXEHHS
npoBoauBed i miteit y mepiom 2000—-2014 pp. Be-
pudikauis 3pificHeHa 3aBASIKU TiaTHOCTUYHUM KpHU-
TepissM BcecBiTHBOI opraHizailii OXOpOHU 310POB’S
(BOO3), IOHICE®, €sBpomneiicbkoi THpPEOimHOL
acomianii €TA), MixHaponHoi miabetnunoi (eneparii
(MA®D), AMeprKaHCbHKOI niadbeTnuHoi acowiauii (AJ1A).
AHaJtizyBanucsl aHTPOMOMETPUYHI MaHi (IOBXWHA Ta
maca Tija, ingekc Macu tina (IMT)), mabopaTopHi (Tito-
KO03a TIJ1a3MM KPOBI, JIiMMiAN) Ta TOPMOHAIbHI TOKa3HUKN
(6azanbHi piBHI TUPEOTPOMHOTO TOPMOHY, TUPEOITHUX
TOPMOHIB i aHTUT1, C-MeNTUIY Ta iHCYJIiHY) CUPOBAaTKU
KpOBi, IIPOBOAMJIOCS YIBTPAa3BYKOBE MOCIIIKECHHS M-
TonoxioHoi 3amo3u (00’em 3a Metoankoio Brun, 1981).

tumor disease in the ChNPP accident clean-up
workers depend on the whole-body external radia-
tion doses. It was from 0.5 to 0.99 Gy for the CAT
onset and over 0.1 Gy for hypothyroidism [22].

OBJECTIVE

To summarize the verified clinical and epidemiolo-
gical data on the natural history of non-cancer
endocrine disease in remote period after the ChNPP
accident in survivors of adult and children age.

MATERIALS AND METHODS

Retrospective estimation was carried out of data on
24,588 adult persons and 20,087 children survived
after the ChNPP accident and being healthy or
having any diseases. Data were retrieved from data-
base of the Clinical-Epidemiological Registry
(CER), NRCRM for the 23 years (1992—2014) of
survey. There were 10,798 clean-up workers of the
ChNPP accident, 7144 evacuees from the 30-km
zone, and 5385 residents of contaminated territo-
ries. Average total external radiation dose in adults
was 0.187 Gy, range of thyroid dose in children was
0.1-1.55 Gy. The verified clinical data were
received from the studied persons in outpatient or
in-ward settings. Persons from the general popula-
tion of Ukraine mainly from the Kyiv City and
Kiev province not exposed to critical impact of ion-
izing radiation were included to the control group.
Data from the Ministry of Health of Ukraine were
retrieved too for the comparison [23].

There were 3331 children evacuated from the
30-km exclusion zone, 6932 residents of radia-
tion-contaminated territories, 4646 children of
parents exposed to IR, and 1410 kids in the con-
trol group (living in Kiev City or Kiev province)
all been registered in the CER (1992-2012 peri-
od). Retrospective review of the profound clini-
cal examination was carried out in 2000—2014.
Data verification was held using diagnostic cri-
teria of the World Health Organization,
UNICEE, European Thyroid Association (ETA),
International Diabetic Federation (IDF), and
American Diabetic Association (ADA). An-
thropometric data i.e. body length and mass, body
mass index (BMI), laboratory findings i.e.
glycemia, blood lipid profile, and hormonal assay
results including basal serum TSH, thyroid hor-
mone, thyroid antibodies, C-peptide and insulin
levels were analyzed. Thyroid ultrasound imaging
was conducted with thyroid volume calculation by
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ITpu po3paxyHKy CTaTMCTUUYHOI 3HAUYIIOCTI, ii piBeHb
p < 0,05 BBaxanu CTaTUCTUYHO AOCTOBipHUM. ITpoBO-
JMBCSL KOPEISILiMHMI aHali3 Ta TecT Xi-kBaapat (x*)
ITipcona, B ToMy 4yucii 3 nmomnpaskolo fArca Ha mpaBao-
TOMIOHICTD () *strca)-

PE3VIJIBTATU TA OBTTOBOPEHH#
PetpocnexktuBHuit aHani3 nanux 24 588 ocid mopocioro
BiKy 3 6a3u KEP HHIIPM neMoHcCTpye, 110 YacToTa TU-
peoigHoi narosorii cepen Bcix OITBA 3a nepion 1992-
2014 pp. B cepeanbomy craHosmia 40,29 %, 1110 3Ha4HO
oinbiie (p < 0,0001), Hix B 3aranbHii momysswii (3,9 %)
HaceJieHHs Ykpainu (puc. 1, a). Cepen pi3HUX KaTeropii
OIIBA 3axBoprooBaHHs1 I3 BUSBASIOTBCS HAKOiIbII
yacTo y 35,37 % YJIHA (p < 0,0001), a takox y 27,24 %
eBakyiioBaHMX i3 30oHU BimuyxkeHHs (p < 0,0001)
(puc. 1, 0), MellIKaHUiB paaialiiHO-3a0pyIHEHUX Te-
putopiii — 28,6 % (p < 0,0001), (puc. 1, B), Ta B 46,74 %
JIiTe#t, AKi TmocTpaxknmanu BHacaimok aBapii Ha YAEC
(puc. 1, ).

3a poKkaMu 4acToTa BUSIBJIEHHSI TUPEOITHOI MaTOJIOTii Y
Jopociaux 3MiHioBajacs Bim 17 go 53 %, a Haiibinblie
3pocTaHHs BU3Havajaocs yepe3 10—15 poxis micus mii 1B.

I1pu ananisi ganux KEP 3 yactrotu TupeoigHoi maro-
Jorii cepen aiteit 3a 20 pokiB (mepioa 1993—2012 pp.)
nudy3Huil HeToKcuuHuii 300 (JIH3) BusiBenuii y 50,5
% niTeil B OUIBLIOCTI TPYIT JOCIIIKEHHS (puUC. 2).

Brunn, 1981. Values of statistical significance
p<0.05 were considered reliable. Correlation was
checked and Pearson’s chi-square (y?) test was
applied with introduced Yates’ correction for con-
tinuity ()*vates)-

RESULTS AND DISCUSSION
Retrospective review of data for the 24,588 adults
available at the NRCRM CER database indicates
that incidence of thyroid disease in 1992-2014 peri-
od among all survivors was in average 40.29% being
much higher (p<0.0001) vs. in general population
of Ukraine (3.9%) (Figure la). Thyroid disease
among the subgroups of survivors are most often
revealed in 35.37% of the accident clean-up work-
ers (p<0.0001) and in 27.24% of evacuees from the
exclusion zone (p<0.001) (Figure 1b), residents
of radiation-contaminated territories (28.6%,
p<0.0001) (Figure 1c), and in 46.74% of children
survived after the ChNPP accident (Figure 1d).
Incidence of thyroid disease in adults through
the years varied from 17 to 53% with most dramat-
ic increase 10—15 years upon the radiation impact.
Review of thyroid disease incidence for 20-year
period (1993—2012) in children the diffuse non-
toxic goiter (DNG) was found in 50.5% of chil-
dren in the most study groups (Figure 2).

Bci OMMBA / all survivors

EBakyitoBaHi 3 30 km 30Hu / evacuees from the 30-km zone

B/C

r/d

cepepnHii piBeHb 3a 23 poku / average level for the 23 years
NiHiA Tperay ekcrnoHeHuiiHa / exponential trend line

PucyHOK 1. lunamika yactotu TMpeoigHoi natonorii cepea pisHux Kateropiit oci6, nocrpaxpganux, BHacnifok
asapii Ha YAEC (24588 popocnux, 3a paHumm KEP HHLIPM npotarom 1992-2014 pp.)

Figure 1. Time pattern of thyroid disease incidence in subgroups of the ChNPP accident survivors (24,588

adults from the NRCRM CER data for 1992-2014 period)
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I EBakyiioBaHi / evacuees
I [litv (in utero) / children (in utero) -
[ Hawapakw 1 nokoniHHs / descendants of first generation
3 MewkaHui P3T / residents of RCT -
— KoHTpons / control

e s I v e, R I o e |

AH3 / NDG XAT / CAT BysnoBuii 306 Finotupeos lFinepTupeos
Nodular goiter Hypothyroidism Hyperthyroidism

PucyHokK 2. Yacrota TupeoigHoi natonorii cepep 20 087 piteir, nocTpaxkaanux BHacnifok aeapii Ha YAEC
(3a paHumm kniniko-enipemionoriytoro peectpy HHLUPM npotarom 1992-2012 pp.)
Mpumitka. OH3 — nudy3HUit HeToKCMYHNMIt 306, XAT — xpoHiuHmit ayToiMyHHUI TupeoiauT, P3T — pagioakTuBHO 3abpyaHeHi TepuTopii.

Figure 2. Thyroid disease incidence in 20,087 children survived after the ChNPP accident (NRCRM CER data
for the 1992-2012)

Note. NDG - diffuse non-toxic goiter, CAT — chronic autoimmune thyroiditis, RCT — radiologically contaminated territories.

OO0cTeXXeHHs IiTeit, orpoMiHEHMX BHACIIIOK aBapii Ha There was revealed a most critical subgroup of'i.e.
YAEC, B ymoBax KEP BusiBuio Haitbinein kputuuHy the evacuees from 30-km zone irradiated at the age
rpyny — eBakyiioBaHux i3 30-kM 30HHM, onpoMiHeHuXx y  of 3—6 years. Radiation predisposed them to devel-
Billi 3—6 pokiB. B Hux nis IB cnipusina po3sutky IH3 —  opment of DNG, namely in 43.68% (x>=23.9,
43,68 % (x*=23,9; p < 0,0005 mo rpynu KoHTpoiw), p<0.0005 vs. control), CAT (1.74%, y?>=31.6,
XAT — 1,74 % (x>=31,6; p < 0,0005, no koHtpono) Ta  p<0.0005 vs. control), primary hypothyroidism
nepBUHHOTO Tinmotupeosy — 0,96 (x2=28,6; p < 0,0005)  (0.96%, x>=28.6, p<0.0005) (Figure 2), and nodu-
(puc. 2), By3noBoro 300y (B3) — 2,57 %, a nik mommpe-  lar goiter (NG) in 2.57%. Peak prevalence of CAT
HocTi XAT npumnas Ha 2001—-2003 pp., y nepioa aktuB-  occurred in 2001—2003 corresponding to the peri-
HOIO CTaTE€BOTO A03piBaHHS (puc. 3). od of intensive pubertal maturation (Figure 3).

30

b2 I

201

154 - T e e e e e e em R mm Em e Em o . - -- -

PucyHoK 3. luHamika 4acToTU XpOHiYHOro ayToiMyHHOro TUPEoifuTy y AiTeid, eBaKyioBaHUX 3 30-KM 30HM
Big4y>keHHA (20 087 ocib, 3a paHMMm KniHiko-enipemionoriynoro peectpy HHLIPM npotarom 1992-2012 pp.)
[0 focarHeHHa 18-piyua

Figure 3. Time pattern of incidence of chronic autoimmune thyroiditis in children evacuated from the 30-km
exclusion zone up to the age of 18 years old (n=20,087; NRCRM CER data for the 1992-2012 period)
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Taoauusa 1

YacToTa 3axBOplOBaHb WMTONOAIOHOT 3an03 B pi3HUX rpynax o6CTexeHux AiTen 3a AaHMMU KNiHiKo-

enigemionoriyHoro peecrpy
Table 1

Thyroid disease incidence in subgroups of studied children according to the CER data

Fpynu / groups, %

P1-2 P1-3 P2-3
1 2 3

Hosonoriuna gopma eBaKyiioBaHi HapoKeHi Bifl KOHTpONIbHA x2 x2 X2
Disease 330-KM 30HM  ONpOMiHeHUX OaTbKiB rpyna (piBeHb p) (piBeHb p) (piBeHb p)

evacuees born from control (p value) (p value) (p value)

from 30-km zone  exposed parents (n=1410)
(n =3331) (n = 4646)

AundyaHuii HeToKCUYHUIA 300 43,68 + 0.61 41,54+ 0.49 37,83+ 1,01 75 23,9 10,6
Diffuse non-toxic goiter (0,007) (0,0005) (0,002)
XpoHiyHUii ayTOiMyHHUIT TUPEOTAUT 1,74 £ 0,23 0,45+ 0,1 1,21 £0,29 31,6 1,5 8,68
Chronic autoimmune thyroiditis (0,0005) (0,22) (0,004)
Byanosuii 300 0,36 + 0,1 0,56 + 0,11 0,64 = 0,21 1,2 1,2 0,02
Nodular goiter (0,27) (0,28) (0,89)
FinoTupeos 0,96 + 0,17 0,13+ 0,05 0,28 +0,14 26,6 5,2 0,8
Hypothyroidism (0,0005) (0,02) (0,38)

Mpumitky. P1—p — BOCTOBIPHICTb BiMIHHOCTEN MiX MokasHukamm 1-i Ta 2-i rpynu; P1_3 — LOCTOBIpHICTb BiAMIHHOCTEI MiX nokasHukamn 1-i Ta 3-i rpynu; Po_3 — [OCTOBIpHICTL

BiIMIHHOCTE# MiX NMOKasHukamu 2-i 1a 3-i rpynu.

Notes. P1_o — significance of differences between 1t and 2" groups; P1_3 — significance of differences between 15t and 3 groups; P2_3 — significance of differences between 2"

and 3" groups.

VYV niteit, gxki OynM HapomXXeHi BiIl OIMPOMiHEHUX
0aThKiB (meplie MOKOJiHHS), 3axBoploBaHHs 1113 BusB-
s 'y 42,64 %, 110 TiepeBUILYBAIO YaCTOTY B KOHTPOJII
(x*=10,6; p< 0,002), XAT 6yB nomiTtHo pimmum — 0,45 %,
HaBiTh Yy TIOPIiBHSIHHI 3 TPYyINolo KoHTposiw (y2=8§,68;
p< 0,004) (Tabm. 1).

Cnin 3ayBaxkutu, 1o nounHarouu 3 2004 poky, mitu,
SKi Oyau orpomiHeHi BHachimok aBapii Ha YAEC, me-
peinuIM 10 Kateropii “mopociaux ocido”, micist yoro oo-
CTEeXXEHHIO MifJjIsirajay Julle AiTh, HapOMKEeHi Bill OIpo-
MiHeHuX 0aTbKiB. B rpymi giteii, onpoMiHeHUX in utero,
He BUSIBJIEHO BipOTigHOTO 30iJIbIIIEHHS OiJIbIIIOCTI 3aXBO-
proBaHb I113 B MOpiBHSIHHI 3 iHIIMMHU IpyllaMu 00CTeXe-
HUX, ajie B HuX yactota XAT nocsrama 9,9—12,8 %. Ce-
pen miteii 1-ro mokoninug OINIBA J1H3 BussneHuit y
41,54 %, B3y 0,56 %.

Taki maHi mpo oONpoMiHEHUX AiTed BiIMOBIAAIOTH
TUM, IO OTpUMaHi Npu obcTexkeHHi gopocaux OITBA
(puc. 1), Ta CTPyKTypi €HTIOKPUHHUX 3aXBOPIOBAHbB.
Haitnommpenimmvmu B OITBA Oynu: By3noBuii 300
(B3) — 14,35 % (p < 0,01 mo 3arajbHOI MOIYyJALiI) Ta
XAT — ~8 % (p < 0,01 no kourpomo). B YIHA na YAEC:
B3 — 21,8 % (%2=9602, p < 0,0001) tTa XAT — 12,95 %
(x2=5381, p <0,0001) (puc. 4).

B3 i XAT npesamorots B OIIBA, YJIHA Ta y omnpo-
MiHEHUX [JiTeil, BOHU CIIOCTEpiraJiMcs JacTilie, HiX B
rpymi oci0 i3 3arajibHOI MOMYJISILii HaceJeHHsI YKpaiHU

Thyroid disease was found in 42.64% of children
(first generation) born in exposed parents. This
value was exceeding the disease incidence in con-
trol (x2=10.6, p<0.002). CAT at that was marked-
ly rarer even vs. the control group (y2=8.68,
p<0.004) (Table 1).

Since 2004 children exposed to IR after the
ChNPP accident had become attributed to the
registration group “Adults”, thus after that only
children of exposed parents were subject to survey.
In children irradiated in utero no reliable increase
in majority of thyroid disease was revealed vs.
other study groups. Incidence of CAT however was
reaching in them 9.9—12.8%. DNG was revealed
in 41.54% and NG in 0.56% of immediate chil-
dren of the survived persons.

Such data on the exposed children correspond to
the findings received under examination of adult
survivors (Figure 1). NG and CAT were most preva-
lent diseases in the survivors i.e. 14.35% (p<0.01 vs.
general population) and ~8% (p<0.01 vs. control).
In the ChNPP accident clean-up workers the NG
was found in 21.8% (x2=9602, p < 0.0001) and CAT
in 12.95% (x2=5381, p<0.0001) (Figure 4).

NG and CAT are prevalent in the ChNPP acci-
dent survivors, clean-up workers and exposed chil-
dren and are observed more often that in general
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PucyHoK 4. Crpykrypa natonorii wuronoai6Hoi 3ano3u B VIHA na YAEC 3a pokamu (10 771 oci6, paHi

kniniko-enigemionoriyHoro peectpy HHLIPM) Ta ekcnoHeHuis
Mpumitka. OH3 — gudy3HMit HETOKCUYHWIT 306, B3 — By3n10BMil 306, XAT — XpoHiuHMit ayToiMyHHUI TUpeoiguT, AT3 — audy3HMit TOKCUYHMIT 3006.

Figure 4. Thyroid disease pattern by years in the ChNPP accident clean-up workers (n=10,771; NRCRM CER

data) and exponent
Note. DNG - diffuse non-toxic goiter, NG — nodular goiter, CAT — chronic autoimmune thyroiditis, DTG - diffuse toxic goiter.

(TpyTri KOHTpOJTI0). 3a3HadeHi 3aXBOpIOBaHHS Kopenmo-  population of Ukraine (i.e. in control group). Men-
IOTh 3 J03aMM 30BHIIITHBOTO OMPOMiHEHHs B nmiama3oHi  tioned diseases correlate with external radiation
0,2—0,5 Ip (puc. 5). doses in a range of 0.2—0.5 Gy (Figure 5).

ITpu npoBeaeHHI KJIiHiYHOI BepMdiKallil CIiBBiIHO- Proportion of thyroid disease under clinical veri-
IIEHHSI TUPEOITHMX 3axBOPIOBaHbL Bimpi3Hsutocd, ane  fication was a bit different with however remaining
teHneHuis 30epiranacsa. B rpyni OIIBA na YAEC IH3  trends. In the group of ChNPP accident survivors

DNG was revealed in 40.4% ()2vates = 73.82, p = 0),

BusiBiieHu# y 40,4 % () %srea = 73,82; p=0), B3y 23,1 %
(srca = 14,13; p = 0,002). B Hux He BctaHoBieHO NG in 23.1% (Y ?vawes = 14.13, p =0.002). No differ-

60%

40%

20%

[IH3 /DNG 0%
B3 /NG KoHTponb /control
XAT /CAT

rinotupeos .
hypothyroidism
inepTupeo3
Eypgrthglroidism

0,1-0,29 Ip / Gy
0,3-0,69 Ip / Gy
0,7-7,1Tp / Gy

PucyHoK 5. Ctpykrypa (%) TupeoinHoi natonorii cepep YIHA iiogHoro nepioay 3a aianazoHamu 3,03 30BHiLu-

HbOr0 ONPOMiHEHHA BCbOTO Tijla Y NOPiBHAHHI 3 rPyNoio KOHTPOJIIO
Mpumitka. OH3 - aucdy3HKit HETOKCMYHWIT 306, B3 - By3n10BMit 306, XAT - XpoHiYHWIA ayTOIMYHHNMIT TUpPEOigNT.

Figure 5. Structural pattern of thyroid disease (%) by external whole-body dose ranges in the ChNPP acci-

dent clean-up workers of the iodine exposure period vs. control
Note. DNG - diffuse non—toxic goiter, NG — nodular goiter, CAT — chronic autoimmune thyroiditis
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pizauni 1 XAT (y%srca = 0,54; p < 0,46), a rimoTupe-
03 (X%irca = 4,24; p < 0,04) i rineptupeo3 (Y srca =
16,68; p = 0) HaBIaku 3ycTpivyaiaucs IepeBaXHO B
TPYIli KOHTPOJIIO.

HaxonuueHi KiiHiuHiI Ta emnigeMioysoriyHi JaHi BKa3y-
10Tb Ha Te, 1o onpoMiHeHHs1 OTIBA nHa HAEC npu3sseiio
JIO 3HAYHOI IOLIMPEHOCTI B HUX HE3JIO0SKICHOI TH-
peoigHOI Ta HETUPEOINHOI eHAOKPMUHHOI MaTOJIOTil y 10-
pOCUX i AiTel, Y MOPiBHSIHHI 3 0co0aMU, sIKi He 3a3HaIu
BBy IB. Tak B OIIBA 4yacToTra mnepeaoXupiH-
Hsi/oxupinas craHosuna 41,9 %/36,8 % (p < 0,001 mo
KOHTpoJIO; 24,6 %/31,1 % BinnoBigHo) (puc. 6). Cymap-
He MepeBUILEeHHSI Macu TiJla TIOHAJ HOPMY CIocTepira-
nock y 6inbmocti OITBA na YAEC (78,7 %), B KOHTpO-
ai — 55,7 % oci6. B YJIHA niepenoxXupiHHs/0xXUpiHHS
BusiBiieHo y 41,71 %/33,61 % (p < 0,001 1o KOHTpoJIIO),
110 Biamosinae 75,32 % cymapHOMY MepeBUIIICHHIO Macu
TiJla MOHaa HOpMY (puc. 6).

[lomupeHicTh TepeaoXupiHHsI/OXUPIHHSI B OIIPOMi-
HEHUX IiTeit € 3HauHO HIk4oto — 3,2 %/1,1 %, HixX ce-
pel 1opocaux 0cid, 110 CBiAYUTH MPO Pi3HUIA XapaKTep
ix onpomiHeHHs. binbuicts YJIHA, ocobnuBo B nepuii
micai aBapii Ha YAEC, 3a3Hanm KoMOiHOBaHOTO BIUTN-
BY BHYTPIIIHbOTO OMNPOMIHEHHS 32 pPaxyHOK KOpPOTKO-
>KWBYYMX i30TOITiB Oy Ta 30BHIIIHBOTO Y-BUMIPOMiHEH-
HS, 30Kpema, Ha TOPMOHIIPOAYKYIOUi iHTerpajbHi
CTPYKTYPHU TOJIOBHOTO MO3KY, B SIKMX BCTaHOBJICHO I1O-
PYILIEHHS CeKpellii TOpPMOHIB, 1110 MePeayIOTh OXKUPIHHIO
(0-MCIT, nentuiH, iHCYJIiH Ta iHIIKX), a 1I€, B CBOIO Yep-
Iy, COPUYMHWIIO LIEHTPaJbHi IMOPYLIEHHS 3i 3MiHOO

ence was found for CAT (y2vaes = 0.54, p < 0.46),
whereas hypothyroidism and hyperthyroidism were
in contrast present preferentially () 2vaws = 4.24, p <
0.04 and % 2vaes = 16.68, p = 0) in the control group.
Exposure of the ChNPP accident survivors to IR
had led to meaningful prevalence of non-cancer
thyroid and non-thyroid endocrine disease in
adults and children vs. persons not exposed to IR.
In particular the incidence of pre-obesity and obe-
sity in survivors was (41.9% and 36.8%, p < 0.001
vs. control; 24.6% and 31.1% respectively) (Figure
6). Integral excess of body mass over the normal
level was surveyed in majority of survivors (78.7%),
in control it was found in 55.7% of persons. In
ChNPP accident clean-up workers the pre-obesity
and obesity was found in 41.71% and 33.61% (p <
0.001 vs. control) corresponding to 75.32% sum-
marized excess of mass over the norm (Figure 6).
Prevalence of pre-obesity and obesity in exposed
children is much lower i.e. 3.2% and 1.1% vs.
adults indicating to the different mode of expo-
sure. Most clean-up workers especially in the first
moths of emergency work were exposed to a com-
bined radiation impact from internal radiation by
the short-living iodine isotopes and external 7y-
radiation. Hormone-producing integral cerebral
structures were affected where abnormal secretion
was found of hormones preceding the obesity i.e.
o-MSH, leptin, insulin etc. In its turn it resulted
in a range of central disorders with abnormal inter-

%60

%25

YJIHA / clean-up workers

YJIHA / clean-up workers

\

2008
2009
1
1
1
1
1

NiHiA TPEeHAY EKCNOHEHLjiHA (NepenoXnpiHHS, nepepaiabeT)
exponential trend line (pre-obesity, pre-diabetes)

NiHiA TpeHAy eKCNOHEeHUiHa (OXMPIHHSA, aiabeT)

exponential trend line (obesity, diabetes mellitus)

PucyHoK 6. luHamika yactot HagmipHoi Macu Tina/oxupiHHa (a) Ta npeapiaberty/piaberty (6) cepep yuac-
HuKiB nikBigauii Hacnipkis aBapii Ha YAEC (10798 oci6), 3a paHumu KEP HHLIPM npotarom 1992-2014 pp.

Figure 6. Time pattern of body mass excess and obesity (a) and pre-diabetes and diabetes mellitus (b) in
the ChNPP accident clean-up workers (n=10,798). NRCRM CER data for 1992-2014 period.
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iHTeTpaJbHOI PETyJIsllii eHepreTUYHOro OajlaHey i xap-
yoBoi noBeainku OITBA.

Taka cuTtyallist € xapaKTepHOIO i 1JIs1 BAHUKHEHHSI T1e-
penniabery/mykpoBoro niadety (MemiaHa ais OITBA —
15,5 %/21,4 % (B octaHHi poku g0 18,44 %), nna
VJIHA — 8,6 %/12,15 % (B octanHi poku 1o 18,44 %), B
VYJIHA itogHoro niepiogy 1986 p. — 23,5 %; p < 0,001 mo
KOHTpOJI0) (auB. puc. 6). Lle 3HaYyHO MepeBUIllyE naHi
MixHapoaHoi aiadbeTnyHoi (eaepauii mIsl MelIKaHIiB
VYkpainu. IlinTtpumyemo nmymky Vathaire et al. [24] nipo
HaJ4YyTJIMBICTh EHIOKPUHHUX KJIIITUH XBOCTOBOI1 YACTUHU
MiITyHKoBOI 3aj103u 1o aii 1B, Ha BigmiHy Bim 99 %
IHIIMX KJIITUH 11 TOJIiBKM i Tijia, 1110 YTBOPIOIOTh €K30K-
PUHHY YaCTHUHY.

I1pu aBapii Ha HAEC giti 6yau oripoMiHeHi TOJIOBHUM
yypHOM 3a paxyHok "'I, ToMy B HHMX BCTaHOBJEHA
HaiOiIbIIa TTOIMUPEHICTh TUPEOinHUX edekTiB mii IB.
OpHak, MOPiBHIOWOYM 1X KJIiHIYHI AaHi 3 JAaHUMU OJHO-
JIITKiB, OTpUMAaHUMU TIPU PETEJbHOMY JIOCIiIXKEHHI B
YMOBax CTalliOHapy, B HUX BUSIBJISIETbCS (PYHKIIIOHATbHA
JIaOLTBHICTh TimoTajlaMo-TinodizapHoi cuctemMu 3 (op-
MYBaHHSIM HECHPUSTINBOIO IIpeMOpOiZHOro (GoHy mIst
BUHUKHEHHSI pi3HOMaHITHUX HEHPOSHIOKPUHHUX CUH]I -
POMIB i CyOKJTiIHIYHOI PE3UCTEHTHOCTI A0 Ail HU3KU rop-
MOHIB, B T. 4. y iTell, HapomxXeHuXx Bix 6aTbkiB — OTTBA
(nepiue nokoJiHHg). TpuBaje iCHyBaHHS TaKOrO Hampy-
>KeHHSI TIPU3BOAMUTD 10 3HIDKEHHS Tepru(epUIHOrO CUH-
Te€3y TOPMOHIB, IO BUKJIMKAE AUCPYHKIIIO ceKpelii
TPOITHMX TOPMOHIB Tinoi3y, sika criocrepiraerbest y 26 %
o0cTexkeHux aiteit. 1o BUSBIEHUX HAMUW HE3JIOSKiCHUX
NOpylIeHb B €eHIOKPUHHIN CUCTEMi OIPOMiIHEHUX AiTei
BimHocsThes JAH3 —y 43,68 %, XAT —y 1,74 %, rinora-
JIaMiYHUH i MeTabOMIYHUI CMHAPOMU, 3MiHU CTaTE€BOIO
PO3BUTKY Ta AU(ePEHIIiIOBaHHS, ITOPYIICHHS BYIJIEBOI-
Horo ooMiHy. KiiHiuHe oOCTexXeHHs OiTeil, onmpoMiHe-
HuxX BHacainok aBapii Ha YAEC, nmoka3ye moimpeHicTb
rinoTajlaMiyHOro CUHApPOMY IIyOepTaTHOTO Iepioay y
25,4—28.9 % ocib, 1110 CyPOBOIKYETLCS HASIBHICTIO MHO-
KUHHUX cTpiit (y 83,0 % 1ux ocibd), acumeTpiero apTepi-
anbHOTrO THCKY (Y 36,8 % niTeit). B miTeit mepiioro moxko-
JIIHHS BiZl OPOMiHEHUX OATBHKiB Ili TOPYIIEHHS BU3HA-
YalOThCsl 3HAYHO vactiie — y 41,5-52,3 % Bumnaaxis.
ITpoBeaeHHSs CripoleHOI IPOoLeAYPU CKPUHIHTY TUPEO-
iTHOIT Ta iHIIMX HETUPEOITHUX EHAOKPUHHUX CUCTEM 0e3
BUKOPHMCTAHHS TECTIB 3 HABAaHTAXKCHHSIM He J03BOJISTIOTh
JiarHOCTYBaTH Taki MopyllieHHs. B 1ieil yac Mu crpsiMo-
BYEMO JOCJII)KEHHSI HA BUBHAYEHHST LIMX OCOOJMBOCTEM.

TakyM YyMHOM, eHIOKPUHHA CUCTEMa JOPOCIUX i TiTei
pearye Ha BUCOKI 1031 oripoMiHeHHs (rmoHan 1 Ip) B Ko-
POTKi MoaBapiiiHi TepMiHU Yepe3 pyiHyBaHHS nepude-
PUYHUX TOPMOHIIPOAYKYIOUMX KITUH (HAIlpUKJIaI, TH-

gal regulation of energy balance and eating behav-
ior in survivors.

Such pattern is also peculiar for onset of pre-dia-
betes and diabetes mellitus. Median values are
15.5% / 21.4% (up to 18.44% last years) in sur-
vivors and 8.6% / 12.15% (up to 18.44% last years)
in clean-up workers. In clean-up workers of a
iodine period in 1986 it reaches 23.5% (p<0.001 vs.
control) (see Figure 6). It is much exceeding the
IDF data for population of Ukraine. We support
the opinion of Vathaire et al. [24] about hypersen-
sitivity of endocrine cells in pancreatic tail to IR
unlike 99% of other cells of pancreatic caput and
corpus constituting exocrine part of a gland.

Children in the ChNPP accident were exposed
to IR mainly from "*'I, therefore they’ve got high-
est prevalence of radiation thyroid effects.
However comparing their clinical data with data
received from peers under the through in-ward
examination a functional hypothalamic-pituitary
instability was revealed resulting in unfavorable
premorbid background for a range of neuroen-
docrine syndromes and subclinical resistance to
some hormones. It is relevant but not be limited to
the immediate children of survivors. Such a strain
if being protracted leads to the decrease of periph-
eral hormone synthesis resulted in abnormal
secretion of hypophysiotropic hormones that is
seen in 26% of the surveyed children. The revealed
non-cancerous endocrine diseases in exposed
children included DNG (in 43.68%), CAT (in
1.74%), hypothalamic and metabolic syndromes,
disorders of sexual maturation and differentiation,
and disorders of carbohydrate metabolism Cli-
nical examination of children exposed to IR after
the ChNPP accident indicates the prevalence of
pubertal hypothalamic syndrome in 25.4—28.9%
expressed among other with multiple striae (in
83.0% of persons) and bilateral asymmetry of arte-
rial blood pressure (in 36.8% of children). Such
disorders are identified much more often
(41.5—-52.3%) in the immediate children of irradi-
ated parents. Simplified approach in the screening
of thyroid and other endocrine disease without
application of challenging tests prevents from
diagnostics of such disorders. Here and now we
focus our research on the described issues.

In such a manner the endocrine system of
adults and children responds to the high radiation
doses (over 1 Gy) in a remote period upon acci-
dent through disruption of peripheral hormone-
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PUCYHOK 7. 3miHa 4acToTM BUABNEHHA NAaTONOrii eHAOKPUHHOT cMCTEeMM 3a Aiana3oHamu A03 30BHiWHbLOrO
onpomiHeHHA B V/IHA kBiTeHb—nunenb 1986 poky (AaHi KniHiYHOro AoCHiAKEHHSA)

Figure 7. Incidence of endocrine disease by external exposure dose ranges in the clean-up workers of April-

July of 1986 period (clinical study data)

PEOLIMTIB) 3 HACTYITHUM IIBUIKUM BUHUKHEHHSIM IIOPY-
1IeHb (PYHKIIOHAJIBHOTO CTaHy (HANpUKJIa[, Y BUIJISIL
TPaH3UTOPHOI HOPMOTPOITHOI TiMEePTUPOKCUHEMIi), a B
MOJANBIIOMY 3 PO3BUTKOM CTiliKOI TiMmoMyHKIIi1 (Tirmo-
TUPEO3, OXKUPIHHS, IIYKPOBUIA 1iabeT), ajie B OOMEXEeHOI
KiJTBKOCTI OCi0.

B OinbmocTi BumagkiB pamiallilHUX TEXHOTEHHUX
aBapiii ab0 IHUMIOEHTIB CIOCTEPIra€Thcsl OMPOMiHEHHS
ocib y cepenHix no3zax (0,1—0,5 Ip), BHacainok yoro eex-
TH 1ii 1B BUHMKAIOTh MOCTYMNOBO, 1110 CTA€ MOMITHUM JI-
mre yepe3 10—15 pokiB, KoM Taki HACITIAKN pPeaTi3yloThCs
y OUIBIIOCTI TTOCTPAXKIATNX OCi0, TPOTOBXYIOTh pealizo-
ByBaTUCS 3 TEHACHIIIEI0 10 MONAJIBINOI Tporpecii y
tepMinu micis 30 pokis. ITepi 3a Bee, nist IB Ha ropMoHIT-
POAYKYIOUi CUCTEMU peasli3yeThCsl Yepe3 aKTUBALlilo CIlajl-
KOBOi CXWJIBHOCTi, T€HETUYHY BapiaOesIbHiCTh, BUHUK-
HEHHS AUCOYHKIIII iMyHHOI CUCTEMU, IO OOYMOBIIIOE
PO3BUTOK ayTOIMyHHMX 3anajibHUX TpolieciB (XAT, niabet
LADA (1 Turm), Ta iHmi), i yepe3 BUHUKHEHHS MHOXKIH-
HUX MyTalliii — 4acTO HE3/MOSIKICHUX i pimlie 3705KiCHUX
MyXJIVH (BY3JI0BUIA 300, al€HOMM, paK Ta iHiii) (puc. 7).

BHUCHOBKU

1. PeTpocnieKTUBHUIT aHAaJi3 JAaHUX TTOKA3ye, 110 YacCTO-
Ta TUPEOIAHOI MATOJIOTi1 cepell BCiX 0cib, mocTpaXkaainx
BHacJigok aBapii Ha YAEC, ctanosuts 40,29 %, B yuac-
HUKIB JiKBigawii HacaiakiB aBapii — 35,37 %, eBakyiio-
BaHMX i3 30HM BimuyxxeHHs — 27,24 %, MelIKaHLiB
pamianiiiHO-3a0pynHeHUX TepuTopiii — 28,6 %, mo
3HayHO Oinbiie (p < 0,0001), HixK B 3arajabHiil mOmyasIiii
(3,9 %) nacenennst Ykpainu). Yactora THpeoinHOI ma-

producing cells (e.g. thyrocytes) followed by a
rapid onset of functional disorders (e.g. transient
normotropic hyperthyroxinemia) and later by a
stable hypofunction (e.g. hypothyroidism, obesi-
ty, diabetes mellitus) albeit in a limited number of
persons.

More often than not in the man-made accidents
the human exposure to IR occurs in a median
doses (0.1—0.5 Gy) therefore radiation effects arise
gradually being noticeable only 10—15 years later
when such consequences appear realized in major-
ity of survivors and continue to appear with a trend
to further progress upon 30 years. Effect of IR on
hormone-producing cells is realized first of all
through activation of hereditary predisposition,
genetic variability, and immune system dysfunc-
tion that all together promotes the development of
autoimmune inflammation (e.g. CAT, LADA, dia-
betes mellitus type 1 etc.) and through multiple
mutations of benign are rarely malignant tumors
(e.g. NG, adenoma, cancer etc.) (Figure 7).

CONCLUSIONS

1. Retrospective data review indicates the inci-
dence of thyroid disease being 40.29 % in all per-
sons survived after the ChNPP accident, 35.37 %
in the accident clean-up workers, 27.24% in evac-
uees from the exclusion zone, and 28.6% in popu-
lation of contaminated territories that much
exceeds (p < 0.0001) value (3.9%) in the entire
population of Ukraine. Incidence of thyroid dis-
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ToJiorii y mopociux 3MiHioBanacsa Bin 17 % no 53 %,
HaioinblIe 3pocTaHHd 1i BuU3Hauvaiaocs yepesd 10-15
POKiB Tics il pagialifHOro YMHHUKA.

2. HalinmommpeHilnuMu He3JI0SKiCHUMHU €HIOKPUHHU-
MM 3aXBOPIOBAHHSIMU B 0Ci0, TMTOCTPaXKAAINX BHACTITOK
aBapii Ha YAEC, Oyau: BysimoBuii 300 — 14,35 %,
XPOHIYHUI ayTOIMyHHUI TUpeoinut ~8 %; mepeno-
KUPiHHS/OXUpPiHHS cTaHoBwM 41,9 %/36,8 %, mne-
penniaber/miabdet — 15,5 %/21,4 %.

3. Haii6inplr yacTUMU HE3JIOSKiCHUMU €HAOKPUHHUMMU
3aXBOPIOBAHHSIMU B 0OCi0, YYaCHUKIB JIiKBigalil HACTid-
kiB aBapii Ha YAEC, Oynu By3moBuii 300 — 21,8 %,
XPOHIYHMI ayTOiMyHHUI TUpeoinut — 12,95 %; nepeno-
SKUPiHHSL/oXUpiHHS cTaHoBunu 41,71 %/33,61 %, ne-
penmiaber/miadet — 8,6 %/12,15 %.

4. KpUTHU4YHOIO TPYIIOIO JiTei € eBaKyiioBaHi 3 30-KM 30-
HM BiI4y>XeHHSI, sIKi OyJI OIpoMiHeHi y Billi 3—6 poKiB.
B Hux nudy3HUil HETOKCUYHUI 300 BCTAaHOBJIEHUM Yy
43,68 %, XxpoHiYHMIT ayTOiIMyHHUIA TUpeoinut — 1,74 %,
MepBUHHUI rimotupeos3 — 0,96 %, BysnoBuii 300 — 2,57
%, a nik nmomupeHocti XAT mpumas Ha 2001—-2003 pp.,
y IIepiox aKTUBHOTO CTAaTEBOIO JO3piBaHHSI.

5. Cepen miteit, SKi Oyam HapomXKeHi Bill OIMPOMiHEHUX
0aTbhKiB (Mmeplie MOKOJiHHS), 3axBoploBaHHs 1113 BusaB-
s y 42,64 %, 1110 iepeBUILLYBAJIO YaCTOTY B KOHTPOI,
XPOHIYHUI ayTOIMyHHMU THUpPEOIiAUT OYB IOMITHO
pimmmm — 0,45 %, nudy3HUil HETOKCUYHUM 300 BUSIB-
nenuit y 41,56 %, By3noBuii 300y 0,56 %.

6. HesnosikicHa eHIOKpHWHHA TIATOJIOTisl Y OMPOMiHEHHMX
JOPOCHIMX i AiTeii € JacTolo, crioctepiraetbhes y 3—53 %
0ci0, BUHMKAE B OiTBIIOCTI TTocTpaxkmanux gepe3 10—15
POKIiB TTicas Aii pamgialliiiHOro YMHHUKA BHACITOK TEX-
HOTreHHOI aBapii abo iHLUUAEHTY, MPOJOBXYE IMOBLIbHO
3pocTtaru yepe3 30 pokiB.
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4. Radiation exposure and circulatory disease risk: Hiroshima and Nagasaki
atomic bomb survivor data, 1950—2003 [Electronic resource] / Y. Shimizu,

ease in adults varied from 17% to 53% with dra-
matic increase 10-15 years up[on the impact of
radiation.

2. Nodular goiter revealed in 14.35%, chronic
autoimmune thyroiditis (~8%), pre-obesity and
obesity (41.71% / 33.61%), pre-diabetes and dia-
betes mellitus (15.5% / 21.4 %) were the most
prevalent non-cancerous endocrine diseases in the
ChNPP accident survivors.

3. Such diseases as nodular goiter (diagnosed in
21.8%), chronic autoimmune thyroiditis (12.95%),
pre-obesity and obesity (41.71% / 33.61%) pre-
diabetes and diabetes mellitus (8.6% / 12.15%)
were also most frequent in the ChNPP accident
clean-up workers.

4. Children evacuated from the 30-km exclusion
zone and irradiated at the age of 3—6 years are a crit-
ical group. They were diagnosed a diffuse non-toxic
goiter in 43.68%, chronic autoimmune thyroiditis in
1.74%, primary hypothyroidism in 0.96%, nodular
goiter in 2.57%. Peak prevalence of CAT occurred in
2001—2003 at an active pubertal maturation.

5. Thyroid disease was revealed in children of
exposed parents in 42.64% that exceeded inci-
dence in control; chronic autoimmune thyroiditis
was markedly rarer (0.45%), diffuse non-toxic
goiter was revealed in 41.56%, nodular goiter
in 0.56%.

6. Non-cancerous endocrine disease in adults and
children exposed to ionizing radiation is frequent
and diagnosed in 3—53% of persons. It arises in
10—15 years after the impact of ionizing radiation
as a result of man-made accident or emergency. Its
incidence continues to increase upon 30 years.
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