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OCOBJIMBOCTI PO3BUTKY HE3JIOIKICHOI EHIOKPUHHOI
ITATOJIOT'II B OCIB, IKI IIOCTPAXJIAJIN BHACJIIIOK ABAPII HA
YAEC, TA POJIb TOPMOHAJ/IbHUX B3AEMO3B’A3KIB

MeTa pocnigxKeHHA. BU3HAUMTM PONb MIXKCUCTEMHUX FOPMOHANBHUX 3B'A3KIB Y PO3BUTKY HaWGiNbLW NOWMNPEHUX HE3-
NOAKICHUX KNiHIKO-METaboNiYHUX NOPYLIEHb, WO BUHUKAU B LLEEHTPabHii Ta nepudepuyHin naHkax eHA0KPUHHOT cuc-
TeMU B 0Ci6, AKi 3a3Hanu BNIMBY i0Hi3yl040ro BUNPOMiHEHHsA BHacnigok aBapii Ha YAEC.
Marepian Ta metoaum. [lpoBefieHO PeTPOCNEKTUBHUI aHaNi3 HE3N0AKICHNX eeKTiB Lii 10HI3y04Oro BUNPOMIHEHHSA HA
eHAO0KPUHHY cuctemy 18 192 oci6, noctpaxpanux BHacnigok asapii (ONBA) Ha YAEC, 3a gaHuMu KniHiko-enigemio-
noriyHoro peectpy 1Y “HauioHanbHuii HayKoBUiA LeHTP paaiauinHoi meanunHn HAMH Ykpainn” 3a nepiog 1993-2010
pp. 3anyyeHi aHTponoMeTpMYHi AaHi, nabopaTopHi 6ioXiMiyHi Ta rOpMOHANbHI NOKA3HUKM, YIbTPAa3BYKOBE [OC/TifAKEH-
HS WKUTONOAIOHOT 3a7103M, O3M 30BHILIHLOTO ONPOMiHEHHS, 064YMCtoBaNMUCA KoedilieHTU iHCYNTHOPE3UCTEHTHOCTI.
Pe3ynbratu. 3a faHumm kniviko-enigemionoriyHoro peectpy y OMBA Ha YAEC yacToTa nartonorii wutonofioHoi 3ano-
31 MoYyana NoMiTHO 3pocTath Yyepes 10 pokiB Micns BNAMBY paAiauiliHOro YMHHMKA, B cepeaHboMy, cTaHoBMNa 39,33 %,
Ans By310B0ro 306a 14,35 % (p < 0,01 fo 3aranbHoi nonynALii) Ta Anf XPOHIYHOrO ayTOIMYHHOTO TMPEOifUTYy 6aK3b-
ko 8% (p < 0,01). Mpwn npoBefeHHi NormmMbAEHOro KNiHiYHOro BepudikauiiHoro gocnigpxeHHs OMNBA yactoTa gudys-
HOTO HETOKCUYHOTO 306a cTaHOBMUAA 40,4 % () stirca = 73,82; p =0), By371080r0 3062 — 23,1 % () strca = 14,13; p=0,002)
no BifHOWEHHI0 [0 0Ci6 3 rpynu KOHTponto (4,8 Ta 17,6 %, BifNOBiAHO). B 06CcTeXeHMx 0Cib BCTaHOBNEHT MiXKCUCTEMHI
rOpMOHanbHi 3B'A3KH, WO CBifYaTh Npo hOPMYBAHHA TUPEOiAHOT NaToNOriT Nig BNANBOM Aii i0Hi3yl040ro BUNPOMiHeH-
HA 3aBAAKW THCYNTHOPE3UCTEHTHOCTI HA TN HAAAMIWIKOBOrO HAKOMWYEHHS XWUPOBOT TKAHUHU, WO CYNPOBOAKYETLCA
3pOCTaHHAM iHAEKCY Macw Tina, piBHiB C-nenTuay Ta NenTUHY, BUHUKHEHHS NiNiLHMX NOPYLWeHb.
BucHOBKU. BcTaHOBNEHO JOCTOBIpHE MiABUILEHHSA YacTOTW natonorii wutonofioHoi 3ano3u (y 1,5-3 pasu), LyKpoBo-
ro giabety 2 Tuny (y 3-7 pasiB), NnepefoXUPiHHA i 0OXKUPiHHA (Ha 25,67 %), meTaboniyHoro cuHapomy (y 5 pasis) y
BifAaneHi nicnaaBapiitHi TepMiHM y NOPiBHAHHI 3 3aranbHOK NONyNALiE HaceneHHs Ykpainu. BussneHi cknagHi na-
TOTEHETUYHI MiXKCUCTEMHI rOpMOHaNbHi B3aEMO3B'A3KM, 1O CNPUAIOTb BUHMKHEHHIO MATONOriT WKUTONOAIOHOT 3an03K
3a PaxyHOK PO3BUTKY iHCYNiHOPE3UCTEHTHOCTI, CynyTHLOT rinepiHcyniHeMmii, 36iNblWeHHs THAEKCY MacK Tina Ta iHWKX
FOPMOHANbHUX i 6IOXIMIYHUX YNHHUKIB.
KniouoBi cnoa: aBapis Ha YAEC; ocobu, ski nocTpaxpanu BHACNifoK aBapii, ioHi3yto4e BUNPOMiHEHHSA; eHAOKPUH-
Ha CUCTEMA; WMUToNoAiOHA 3a103a; OXKMPIHHS; LYKPOBUiA AiaberT.
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Peculiarities of non-malignant endocrine disease in the Chornobyl NPP
accident survivors, and hormonal interaction role

Study objective. Identification of the role of intersystemic hormonal interactions in development of most preva-
lent central and peripheral non-malignant clinical/metabolic endocrine disorders in the Chornobyl NPP accident
(ChNPPA) survivors.

Materials and methods. Retrospective assay of non-malignant radiation effects on endocrine system was applied in
18,192 survivors of the ChNPPA. Data from the Clinical/Epidemiological Register of the SI “National Research Center
for Radiation Medicine of the National Academy of Medical Sciences of Ukraine” for the period of 1993-2003 were
involved. Anthropometric values, biochemical and hormonal assay indices, diagnostic thyroid ultrasound data, exter-
nal radiation dose values were taken into account both with calculated insulin resistance index.

Results. Thyroid disease incidence in ChNPPA survivors increased dramatically 10 years upon radiation impact being
39.33 % in average, 14.35 % (p < 0.01 vs. entire population) for nodular goiter, and about 8 % for autoimmune thy-
roiditis (p < 0.01 vs. the same). As a result of an advanced examination of ChNPPA survivors the incidence of dif-
fuse non-toxic goiter was 40.4 % (Y%vaes = 73.82; p = 0), of nodular goiter — 23.1 % ()’vates = 14.13; p = 0.002) vs.
values in the control group (4.8 % and 17.6 % respectively). Some hormonal interactions were identified in study
subjects indicating the thyroid disease onset under radiation impact through insulin resistance at the background
of adipose tissue excess followed by body mass index increase, elevation of serum C-peptide and leptin levels, and
onset of lipid metabolic disorders.

Conclusions. Significant increase of the incidence of thyroid disease (1.5-3-fold), diabetes mellitus (3-7-fold),
pre-obesity and obesity (in 25.67 %), and metabolic syndrome (5-fold) vs. entire population of Ukraine was found
in remote terms upon the accident. Intricate pathogenetic intersystemic hormonal interactions were identified pre-
disposing to thyroid disease due to insulin resistance, accompanying hyperinsulinemia, increased body mass index

and some other hormonal and biochemical factors.

Key words: ChNPP accident, accident survivors, ionizing radiation, endocrine system, obesity, diabetes mellitus.
Problems of radiation medicine and radiobiology. 2014;19:256-266.

VYKkpaiHa € nepxaBoro, 3HauHa YacTHMHA HaceJIeHHs SIKOi
nocTtpakaaia BHacaigok aBapii Ha YAEC. CyrreBe miclie
B 3pOCTaHHI 3aXBOPIOBAHOCTI HAaceJIeHHsI YKpaiHU, Y TOMY
quchi B 0ci0, sIKi mocTpaxaaji BHacainok aBapii (OI1BA)
Ha YAEC, 3aiiMaloTh €HIOKPUHHI MOpYIIEHHS. 1X BU-
HUKHEHHSI CIIPUYMHIOE 3HMKEHHS TTpalie3qaTHOCTI Hace-
JIEHHSI, 3MEHILIEHHS SIKOCTi Ta TPUBAJIOCTI KUTTsI, TIOTPE-
Oye 3HaYHUX (PiHAHCOBUX BUTpPAT Ha JIIKYBaHHS Ta pe-
abimitauito xBopux. IlomepeaHi Ta HOBi JOCHiIKEHHS,
MPOBEIeHI MPOBITHUMY HAyKOBUMHU yYCTAaHOBAMM, BCTa-
HOBUWJIM 3POCTaHHS I1aTOJOril LIMTOMNOAIOHOI 3aJl03U
(II3), ocobnuBo y perioHax, sIKi 3a3HalOTh il HEraTUB-
HUX YMHHMKIB JOBKLIS, Y TOMY YMCIHi ITiCJas aBapii Ha
YAEC, ta 3 npupoaHuM aehiuuToM Hoay, KOTpUd iCHY€E
Ha tepuTopii Ykpainu. IcHye obMexeHa KilbKiCTb pobiT
[1-4], mo mpucBsiueHi HEeNMyXJMHHUM edeKTaM IMpu
BILIMBI i0Hi3ytouoro BuripoMiHeHHs (IB) Ha eHIOKpUHHY
CHCTEMY, TOMY I1Ii ITMTAHHSI ITOTPEOYIOTH MOMAIBIIOTO
YTOUHEHHS.

The significant part of population in Ukraine
had survived after the Chornobyl NPP accident
(ChNPPA). Endocrine disorders possess a
meaningful place in elevated morbidity of the
Ukrainian population including the ChNPPA
survivors. All that leads to decreased labor abil-
ity, decrease in life quality and life span, and
requires the significant expenditures on health-
care and rehabilitation. Previous and new
research held at the leading scientific institu-
tions resulted in revelation of an increased thy-
roid disease incidence especially in regions
exposed to unfavorable environmental impact
including the ChNPPA factors and natural
environmental iodine deficiency in Ukraine.
There are few works [1—4] dedicated to the
non-tumor effects of ionizing radiation (IR) on
endocrine system, thus the issue ought to be
evaluated further.
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Bigomo, 110 aJ1s1 BUHUKHEHHSI OiIbILIOCTI €HAOKPUHHUX
3aXBOPIOBAHb iCHYE TEHETUYHA MEPEeayMOBa, IKa peati3y-
€TbCS CaMe Mil BIUIMBOM YMHHMKIB HAaBKOJMIIIHBOIO Cepe-
Josuia. Ockinbku ais 1B Bpaxkae reHeTUUHMI armapar Kiti-
THH, 11€ MOX€e MTPU3BOIUTH JO HECTAOLTBHOCTI 1i FEHOMHO-
ro anapary [5—8], coMaTMYHUX MyTallili i, IK HACTiAOK, —
JI0 3HMXKEHHSI e(PEeKTUBHOCTI penapallil onpoMiHEHUX KJIi-
TUH, 3aMiHU IX CITOJYYHOIO TKAHWHOIO, TIOpYIIeHb (i3io-
JIOTIYHUX BHYTPIIIHBOCUCTEMHUX 3B’S3KiB i pelienToOpHOI
B3a€EMO/Iil TOPMOHIB, 110 cOpusi€ (PopMyBaHHIO TKAHUHHOI
PE3UCTEHTHOCTI A0 1X i, He3aTHOCTI CUHTEe3yBaTU aiaeK-
BaTHI KiJIbKOCTi TOpMOHiB. HeraTtuBHMiT KoMOiHOBaHMUit
BIUIMB YMHHUKIB YOpHOOMIIBCHKOI aBapii Ha EHIOKPUHHY
CHCTEMY IIPU3BIB IO PO3BUTKY TOPMOHAJIBHMX ITOPYIICHD
€HEepPreTMYHUX MeXaHi3MiB peryJsiilii Macu Tija, 3MiHU MO-
BEIiHKOBMX XapyOBMX peakiliii, 30iJIbIIIEHHSI BMIIAJKiB
¢dopMyBaHHSI HaIIUILKY Macu Tina [9—10], aucainigemiii,
OKCHJIATUBHOTO CTpeCy, IO CIPUSUIO BUHUKHEHHIO TH-
peoinHoi marosnorii [11], mykpoBoro miadety (L) [12] Ta
iHIIIMX 3aXBOPIOBaHb, KOTPi MAaIOTh OiIbII arpeCUBHUIA TIe-
pedir i mepBUHHY PE3UCTEHTHICTb 0 JIIKYBaHHSI, CYITPOBO/I -
JKYIOTbCS aCOLIIMOBAaHUMM KJIiHIYHMMU CEPLEBO-CYIUHHU-
MU, HeUPOIICUXiaTPUYHUMMU Ta iHIIMMU [POsIBAMMU.

META JOCJIIIZKEHHS

BuzHauuTH posb MixKCUCTEMHUX TOPMOHAIBHUX 3B’SI3KiB
Yy PO3BUTKY HaWOiAbll MOLIMPEHUX HE3JIOSIKICHUX
KJIiHIKO-MeTa0OoMiYHUX MOPYILIEHb, 1110 BUHUKIIU B LIEHT-
pajbHill Ta nmepu@epruyHiil JaHKaX eHIOKPUHHOI CUCTE-
MU B 0cCi0, §Ki 3a3HaiM BIUIMBY i10OHi3ylOUOIro BUII-
poMiHeHHd BHacminok aBapii Ha YAEC.

MATEPIAJI TA METOAU

BukoHaHa peTpocnekTuBHa oliHKa maHux 18 192 ocib 3
6asn “Kiiniko-emigemionoriunuit peectp” (KEP) lep-
KaBHOI ycTaHOBM “HamioHalbHMII HAyKOBUM LIEHTP
pamiauifiHoi MeauuuHu HanioHalbHOI akagemii Meauy-
Hux Hayk Ykpainu” (HHIIPM) 3a 18 pokiB (mepion
1993-2010 pp.), sKi Oynu 3H0poBi ab0 Majiu pi3HO-
MaHITHUI CIEeKTp eHIoKpuHHOI matonorii (L3, 3minu
Macu Tina, MOPYILIEHHS BYIJIEBOIHOTO i/abo0 JimigHoro
OOMiHiB Ta iHIi), MpollIIM oO0cTexXeHHs (OioxiMiuHe,
ropMoHajdbHEe, IHCTpYMEHTaJlbHE) Yy KIiHiIi abo
noikaiHiLi pamiauifinoro peectpy HHILIPM. Jlo xate-
ropii OITBA (cepeaHsi 103a 30BHILLIHLOTO OMPOMiHEHHS
(0,094 £ 0,03 Ip) Ha YAEC Oynu BimHeceHi yJYaCHUKU
miksiganii HacuigkiB asapii (YJIHA) na YAEC (7588
oci6, no3a 0,134 = 0,3 Ip), eBakyiioBaHi 3 HopHOOUIbCH-
Koi 30HU (6367 ocio, no3a 0,052 = 0,1 Ip), MewmKaHIi
pamioaKTHMBHO 3a0pygHeHMX TepuTopiii (4237 ocib, mo3a
0,014 = 0,17 Ip). /1o KOHTPOIBLHOI TPYITN YBIMIIIJIN METII-

Genetic background is recognized for the vast
majority of endocrine disease, where the disease
itself occurs just under environmental impacts.
As the IR affects cellular genetic apparatus it can
lead to cellular genomic instability [5—8], somat-
ic mutations and as a result to decreased repara-
tive capacity of irradiated cells, their replacement
with a connective tissue, abnormalities of physio-
logical intrasystem pathways and hormonal
receptor interactions finally predisposing to hor-
monal tissue resistance and inability of adequate
hormonal synthesis. Unfavorable combined
impact of the ChNPPA factors on endocrine sys-
tem has led to abnormalities of hormonal regula-
tion of energy metabolism, body mass, eating
behavior, both with increased incidence of body
mass excess [9—10], dyslipidemia, and oxidative
stress predisposing to thyroid disease [11], dia-
betes mellitus [12], and other disorders peculiar
with more aggressive disease progress and pri-
mary drug resistance followed by the associated
clinical cardiovascular, neuropsychiatric and
other manifestations.

STUDY OBJECTIVE

Identification of the role of intersystemic hor-
monal interactions in development of most
prevalent central and peripheral non-malig-
nant clinical/metabolic endocrine disorders in
the Chornobyl NPP accident (ChNPPA) sur-
vivors.

MATERIALS AND METHODS

Data from the Clinical/Epidemiological Register
of the SI “National Research Center for Radiation
Medicine of the National Academy of Medical
Sciences of Ukraine” (NRCRM) for the 18-years
period (1993-2010) were analyzed on persons
(n=18,192) been healthy or had having a range of
endocrine disease (thyroid disorders, body mass
abnormalities, carbohydrate and/or lipid metabol-
ic disorders etc.). Biochemical, hormonal and
instrumental examination was applied to study
subjects at the NRCRM Clinic or Outpatient
Clinic of Radiation Registry. The ChNPPA clean-
up workers (CUW) (n = 7588, 0.134 + 0.3 Gy
radiation dose), Chornobyl exclusion zone evac-
uees (n = 6367, 0.052 £ 0.1 Gy dose), and resi-
dents of contaminated regions (n = 4237, 0.014 +
0.17 Gy dose) were grouped as the ChNPPA sur-
vivors (0.094 = 0.03 Gy dose). Ukrainian citizens
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KaHIli YKpainu, nepeBaxxHo 3 M. Kuea i KuiBcbkoi 00-
JIacTi, SKi odiuiiiHo He 3a3Hanau BIuiMBY IB min yac aBapii
Ha YAEC.

Haii6inpi moBHI naHi OyJM OTpUMaHi MpY MPOBEASHHI
KJIiHIYHOTO JOoCiaKeHHs ocib (3arasom 1195 ocid: ocHOB-
Ha rpymna — 606 oci6, KoHTpoibHa rpyna — 589 oci6). Ce-
peIHili BikK Bcix o0cTexXeHux ocid craHoBuB 43,25 + 0,37
poxu (18-75 pokiB Ha yac 0OCTeKEeHHST).

3 aHTPOITOMETPUYHUX ITOKA3HUKIB BU3HAYAIACS JOBXM-
Ha Ta Maca Tijla, po3paxoByBaBcs iHaekc Macu Tija (IMT).
JlabopaTopHi TMOKa3HUKM diMiAHOTO0 OOMiHY y CHpPOBATLI
KpOBi BU3HaYaau (hepMEHTATUBHUMHU MeTOJaMM. YJIbTpa-
3ByKOBe nociaimkeHHs 1113 mpoBoauioch y pexxumi peasib-
HOTO Yacy 3 BUKOPMCTAHHSIM JIIHITHOTO JaTYMKa 3 YaCTOTOIO
7,5—10 MIi1, mrg BU3HaUYeHHS 11 00’€MY 3aCTOCOBYBAJIN ME-
tonuku (Brun, 1981) 3 BUKOpUCTaHHSIM YTOYHIOIOUOI'O KO-
edinienty. OyHKIIOHATBHUN CTaH €HIOKPUHHOI CUCTeMU
OLIIHIOBAJIA 3a JOITIOMOTOIO TOCTiIDKEHHSI BMICTY Y CUpOBaT-
Li KpOBi HU3KK TOPMOHIB LIUISIXOM iMYHOPaAiOMETPUUYHOIO
aHaJi3y, KpiM TOro, OOUYMCIIIOBAJINCS CTPYKTYpHi MaTema-
tnuHi Moaeni HOMA, QUICKI. Pesynsratv perpocriex-
TUBHOTO aHaIi3y B MOJAIbIIOMY OOYMCITIOBAIICS MaTeMa-
TUYHO, a CTATUCTUYHA O0pOOKa OTPUMAHUX AAHUX IIPOBO-
JIAIacy i3 3aCTOCYBaHHSIM METO/IiB BapialliiiHOI CTaTUCTUKU
IIJISIXOM PO3paxyHKy cepenHix 3HauyeHb (Mtm, M=o, t-
kputepito CtelogeHTa). IIpu po3paxyHKy CTaTUCTUYHOI
3HAYYIIOCTI, ii piBeHb p < 0,05 BBaXKaaM CTATUCTUIHO JOC-
ToBipHuM. KopensauiiiHuii aHani3z (3B’S130K MiX IBOMa
3MIHHMMM) TPOBEACHUI 3a JOIIOMOTOI0 ITapaMeTpUYHOIO
(nminHifiHOro) KoediuieHty Ilipcona (r) y mporpami SPSS
(Bepcii 17—19). Y mamouncenbHUX BUOipKaXx JIj1s1 BU3HAYCH-
HST aCOLIIOBAHOCTI JaHMX 33 BEIMYMHOIO BUKOPUCTOBYBAIU
HemapaMeTpuyHuil KoedilieHT paHroBoi Kopessiii Crip-
maHa. /1 MOpiBHSIHHSI JBOX 3MiHHMX, 10 BBaXKAIOThCSI
B3a€MHO He3aJIEXHUMU 3aCTOCOBYBAJIM TECT ) -KBaapar (x2),
posnonineHHs [lipcona, B Tomy uucii 3 momnpaskoro Atca Ha
MPABIOIOMIOHICTD (Y firca), IO OOUUCITIOBAIUCH 3 JOTIOMO-
rol0 KOMIT'10TepHOI IporpaMu Statistica (Bepcis 6,0).

PE3VJIBTATU NOCIIZKEHDb TA OBI'OBOPEHHA

1. Ctan TMpeoigHoi cucTeMu

ITpu npoBeaeHHi aHai3y daHUX, OTPUMAHMX 3 KJIiHiKO-
enigemiojioriuHoro peectpy HHIIPM, BctaHOBJEeHO, 1110
cepen 18 192 OIIBA na YAEC uacrora natosorii 1113, B
cepenHboMYy, craHoBuaa 39,33 % (puc. 1).

Bona nouana nmomiTHO 3pocTtaTu yepe3 10 pokiB micis
BIUIMBY pajialliflHOro YMHHMKAa, aje TepMiHM peaiizallil
JIJIS1 pi3HMX 11 Ho30JI0Ti# Oyu BimMiHHUMU. Cepes BCix Mmo-
CTpaxkaaJuX oci0 T0pOCaoro BiKy il 4acToTa, B CEpeIHbOMY
3a poKaMu, CTaHOBWJIA ISt By3JoBoro 306a 14,35 % (p <
0,01 o 3aranbHOI moryJsiwii) Ta ~8 % (p < 0,01 10 KoHTpo-

mainly residing in Kiev city and Kiev province
officially not exposed to IR impact after the
ChNPPA were recruited as a control group.

The most complete data set was received
through the clinical examination of 1195 persons
(606 survivors and 689 subjects in the control
group). Average age of all study subjects was
43.25 + 0.37 years (18—75 range at examination).

Among anthropometric indices the height and
bodyweight were determined with body mass
index (BMI) calculation. Laboratory parameters
of lipid metabolism were assayed in serum with
enzymatic methods. Thyroid ultrasound was
applied in a real-time mode using 7.5—10 MHz
linear transducer. Thyroid volume was assayed
with approach by Brun (1981) using a qualifying
factor. Functional status of endocrine system was
estimated through the serum hormonal assay
with radioimmune method application. More-
over, HOMA and QUICKI structural mathe-
matical models were calculated. Further the
results of retrospective analysis were received
with statistical data management application
using the methods of variation statistics i.e. the
mean values were calculated (M £ m, M * o,
Student’s t-test). Value of p < 0.05 was consid-
ered a statistically significant threshold. Corre-
lation analysis (i.e. check of relationship between
two variables) was applied using a parametric
(linear) Pearson coefficient (r) in the program
SPSS (version 17—19). The non-parametric
Spearman’s rank correlation coefficient was
used to determine data associations in limited
samples. The chi-square test ()?), Pearson distri-
bution including the adjusted Yates’ correction
for plausibility ()?yaes) calculated by a computer
program Statistica (version 6.0) were used to
compare the mutually independent variables.

RESULTS AND DISCUSSION

1. Thyroid system

Thyroid disease incidence in 18,192 survivors of
the ChNPPA was 39.33 % in average (according
to data analysis from the NRCRM Clinical-
Epidemiological Registry) (figure 1).

The incidence started to increase significantly
10 years upon radiation impact however the terms
of onset of specific diseases were different.
Nodular goiter incidence at the mean was 14.35 %
(p < 0.01 vs. the entire population), and inci-
dence of autoimmune thyroiditis (AIT) was
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PucyHok 1. luHamika yactotu TupeoigHoi naronorii cepep oci6, AKi nocTpaxaanu BHacnifgoK aBapii Ha
YAEC, 3a pokamu (cepep, 18 192 oci6, 3a paHumu KEP HHLIPM)

Figure 1. Trend of thyroid disease incidence in ChNPPA survivors by years (n = 18,192, NRCRM CER data)

JII0) JUISL XPOHIYHOro ayToiMyHHOTO THupeoinuTy (XAT).
Taki pe3yabTaTu CHiBIagalOTh 3i CKPMHIHTOBUM 0OCTe-
xkeHHsiM OTTBA na YHAEC, mo memkarots B CIIA [1].
3a nanumu KEP, criocTepiraerbesl 3HauHe 30i/bIIeH-
Hs KinbkocTi BunaakiB XAT, mo npumnano Ha 2001—
2005 pp. — yepe3 15—20 pokiB micnst BBy IB. Ileii
noaBapiiHU nepioa MOXHa BBaXKaTu MiKOBUM IS 1Lib-
Oro 3aXBOPIOBaHHS, KOTPE acOILIIOEThCI 3 i€l0
pagiauiitHoro ynHHuKa Ha OTTBA Ha HAEC.

3a HalllMMU ITONePeaHIMI PO3paxXyHKaMM 4acTOTa TH-
peoinHoi marosorii mpeBamoe y OIIBA nam ocobamu
3arajbHOI monyJsuii ykpainuiB [13]. i yTouHeHHS
peanbHOI mowmupeHocTi natoJjorii I3 Ta iHmIMX 3aXBO-
pIOBaHb EHIOKPUHHOI CUCTEMU B IIUX OCi0 MM IIPOBEIN
MOJATKOBMIA aHalli3 KJiHIYHUX JaHUX IOTJMOJIEHOIO
obcrexeHHs. OTprMMaHi Ha BeJUKili BUOIpLi MallieHTiB
KJIiHiuHi gaHi mokaszanu rnepeBary cepen OIIBA Ha
YAEC mudysnoro HerokcumyHoro (40,4 %; Y’drca =
73,82; p = 0) i Bysnosoro (23,1%; Y’ = 14,13; p =
0,002) cdopm 300a MO BiZHOIIEHHIO O OCI0 3 Tpymnu
koHTpoio (4,8% ta 17,6%, BinnosinHo). He BcTaHOBITE-
Ho Takoi pisHuLt Wit XAT () *ara = 0,54; p < 0,46), a 1i-
noTUPe03 (Y snea = 4,24; p < 0,04) i rineptupeos (y srca =
16,68; p = 0) HaBITaKu 3yCcTpivajucs epPeBaKHO B IPYITi
KOHTpoJio (Tab. 1).

YacToTa TUpeoimHOI MmartoJiorii 0ynaa BuIow B 1,5—2
pasn y OI1BA na YAEC, HixX B TpyIi KOHTPOJIO, 0CO0-
JUBO B oci0 3 oxupinHsaMm. B Hux piBenr TTI maB
HaziiiHy acouiawio 3 06’emoM 1113 npu eyrupeosi (r> =
0,62) i rimotupeosi (r> = 0,66), ane He NIPU BY3JTOBOMY
306i (1> = 0,34 ir’> = 0,14, BiANoBinHO), 110 CBiIYUTH IIPO
pi3HUIT MeXaHi3M PO3BUTKY 1LINX 3aXBOPIOBAHb.

Cepen oOcTexkeHUX OCi0 BUSIBIeHAa HM3Ka MiXCHUC-
TEMHUX TOPMOHaJIbHUX 3B’13KiB. Ha po3BUTOK audy3-
HOr0 HETOKCUYHOTO 3002 3HAYHO BIUIMBAIM TakKi rop-

about 8 % (p < 0.01 vs. control) among all adult
survivors. These data are in line with ones from a
screening survey in survivors living in the USA [1].

According to the CER data there is a dramatic
increase of AIT incidence within 2001—2005 peri-
od i.e. 15—20 years upon radiation impact. This
period can be recognized as a peak one for AIT
that is associated with radiation impact on the
ChNPPA survivors.

According to out previous calculations the thy-
roid disease incidence in survivors is exceeding the
value in entire Ukrainian population [13]. Extra
review of clinical examination data was applied to
clarify and substantiate the real prevalence of thy-
roid and other disease. Clinical data received on a
large sample of patients indicated the overrepre-
sentation of diffuse non-toxic goiter (40.4 %;
X vates = 73.82; p = 0) and nodular goiter (23.1 %;
Yvaes = 14.13; p = 0.002) in survivors over the
control group (4.8 % and 17.6 % respectively).
No such difference was found for AIT ()*vates =
0.54; p < 0.46), whereas hypothyroidism ()’vates =
4.24; p < 0.04) and hyperthyroidism (}*vaess =
16.68; p = 0) were on the contrary more common
in the control group (Table 1).

Incidence of thyroid disease in the ChNPPA sur-
vivors was 1.5—2-fold higher vs. control especially in
obese subjects. TSH level was significantly associat-
ed with thyroid gland volume in euthyroidism (r? =
0.62) and hypothyroidism (r> = 0.66) but not in
nodular goiter (1> = 0.34 and r> = 0.14 respectively)
indicating to the different pathways of the diseases.

A range of intersystemic hormonal interactions
was found in study subjects. Such hormones as sero-
tonin (r> = 0.8), leptin (1> = 0.95), cortisol (r> = 0.95)
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Ta6auusa 1

YacToTa BUABJIEHHA TUPEOiAHOT maTonorii y rpynax noctpaxkganux BHacnigok aeapii Ha YAEC i kniHiyHoMy

KOHTponi
Table 1

Thyroid disease incidence in the ChNPPA survivors and in clinical control

Hosonoriuxi popmu Moctpaxpani BHacnigok aBapii Ha YAEC KoHTtposnb MopiBHAHHS MiX rpynamm
Clinical entities ChNPPA survivors Control Comparison between groups
(n = 606) (n = 589) ckopuroBaHuii y2 irca  p

abe. /n % abc. /n % corrected y2 Yates

[Indy3Huii HETOKCUYHMIA 306 245 40,4** 104 17,6 73,82 <0,01

Diffuse non-toxic goiter

Byanosuii 306 140 23,1** 85 144 14,13 0,02

Nodular goiter

XPOHi4HMIA ayTOIMYHHWIA TUPEOIAUT 134 22,1 119 20,2 0,54 0,46

Autoimmune thyroiditis

linotnpeos 60 9,9 82 15,1* 4,24 0,04

Hypothyroidism

NicnsionepaLiiiHuii rinoTMpeo3 28 4.6 29 49 0,1 0,91

Postoperative hypothyroidism

linepTupeos 4 0,7 27 4,6%* 16,68 <0,01

Hyperthyroidism

Pak L3 6 0,99 5 0,8 0 0,96

Thyroid cancer

[MpuMiTka. p — CTATUCTYHA 3HAYYLLICTb MiX MOPIBHSHOIO FPYNoIo | KoHTponeM, ae *p < 0,05; **p < 0,01.
Note. p — statistical significance between the compare group and control, where *p < 0.05; **p < 0.01.

MOHHU, SIK cepoToHiH (1’ = 0,8), nentun (r> = 0,95),
koptuson (r> = 0,95) Ta HaABHICTb iIHCYJIIHOPE3UCTEHT-
nocti (QUICKI 3a incyninom, 12 = 0,79). Kopensuiiina
3aJIEXKHICTh AU(PY3HOI0O HETOKCMUYHOTO 3004 BiJl HErop-
MOHAQJIbHUX €HIOTeHHUX YMHHMKIB Oyla MaKCHUMaJjb-
HOIO [UId IOKA3HUKIB JinigHoro oominy (r> = 0,68—
0,92) ta moB’sa3aHoi 3 HUMM Jinasu (r> = 0,89). 3Hau-
HU# BIUIMB Ha PO3BUTOK BY3JIOBOTO 300a YMHWIIM TaKi
TOPMOHH, SIK O.-MEJIaHOIMTCTUMYIIOIOUYNIT TOPMOH
(0-MCT, 12 = 0,7), menaronin (r> = 0,99), HagBHIiCTb
cybkiiHiyHOro mopyuenHsa ¢yunkuii I3 (r> = 0,63), a
TakoxX iHcyniHope3ucteHTHOCTI (QUICKI 3a C-nenTu-
noM, r> = 0,53) Ta JIeNTUHOPE3UCTEHTHOCTI (iHIEKC JIeTI-
iHY, 12 = 0,59). 3 HErOPMOHAJIBHUX YNHHUKIB (HOPMY-
BaHHS BY3JIOBOI0 300a 3ajiexajlo Bil piBHSI TpUIJile-
punis (r> = 0,88), saranbHoro xonecrepuny (r2 = 0,5),
XC-JINOHIII (12 = 0,9). Posputok XAT acouiroBascs
3 KOHUeHTpali€to incyminy (r=0,73; p <0,01), nentu-
Hy (r =1; p £0,01), noB’sI3aHUMU 3 HUMHU JICTITUHO-
(r =09, p £ 0,01) Ta iHCYAiHOPE3UCTEHTHICTIO
(HOMA-IP, r = 0,68; p < 0,01), a TakoX KOPTU30JI0M
(r=1;p<0,01), C-nentuznom (r> = 0,61) i HOMA 3a
C-nrentunom (r = 0,87).

TakuMm 4yMHOM, MeXaHi3Mu (OPMYBaHHSI TUPEOIMHOL
naroJiorii miJ BiuiiBoM IB mocTtyrnoBo peani3yroThes dye-

and presence of insulin resistance (QUICKI by
insulin, r> = 0.79) significantly affected the develop-
ment of diffuse non-toxic goiter. Correlation of dif-
fuse non-toxic goiter with non-hormonal innate fac-
tors was maximum for the lipid metabolic indices
(r> = 0.68—0.92) and related lipase (r’> = 0.89). De-
velopment of nodular goiter was under the effects of
o-melanocyte-stimulating hormone (o-MSH, r? =
0.7), melatonin (r? = 0.99), subclinical thyroid dys-
function (r? = 0.63), insulin resistance (QUICKI by
C-peptide, r* = 0.53), and leptin resistance (leptine
index, r> = 0.59). Onset of nodular goiter was influ-
enced by the non-hormonal factors i.e. triglycerid-
emia (r> = 0.88), level of total cholesterol (r> = 0.5),
and of a very-low-density lipoprotein (VLDL) cho-
lesterol (12 = 0.9). In its turn, the development of AIT
was associated with insulin concentration (r = 0.73;
p <£0.01), leptin concentration (r=1; p<0.01), and
related to that leptin resistance (r = 0.9; p <0.01) and
insulin resistance (HOMA-IP, r = 0.68; p < 0.01).
Concentrations of cortisol (r = 1; p < 0.01), C-pep-
tide (1> = 0.61), and HOMA value for the C-peptide
(r=0.87) were important here too.

Thus thyroid disease pathways under the IR
impact become gradually apparent through an ini-
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pe3 MOYaTKOBUI PO3BUTOK iHCYIiHOPE3WCTEHTHOCTI Ha
TJIi HaJJTUIIIKOBOTO HAKOMMYEHHS XKNPOBOi TKAHMHU, 1110
CYITPOBOJIKYETHCST 3pOCTaHHAM piBHIB C-mienTHay i IIo-
KO3H1, a B TTOAAJIbIIIOMY CTa€ IMiAIPYHTSIM 1s1 (pOopMyBaH-
HSI IlyKPOBOTO JiabeTy 2 TUILY, Ha TJi JOJATKOBOTO 30i1b-
ILIeHHS 3arajbHOoro xojectepuny (p = 0,08) i mo3akaiTUH-
Hoi minmasu (p < 0,01). IHCyniHOpPEe3UCTeHTHICTh B Oilb-
IIOCTi BUMAAKIB CTA€E OCHOBOIO TSI TTOAAJIBIIOTO (hOpMY-
BaHHS TUPEOITHOI MATOJIOT1, a i0Hi3yI0ue BUIIPOMIHEHHS
30i7blIye e(peKTUBHICTh 1X BUHUKHEHHSI, OCOOJMBO B
yMoBax #omgHoro aedimury. lle minTBepIKyeThcs Ha-
SIBHICTIO KOPEJISILIITHOTO 3B’ 13Ky MiK 103010 30BHIlIIHbO-
ro onpomiHeHHs1 YJIHA itonHoro nepiomy 1986 p. i C-nien-
oM (r2 = 0,504; p < 0,05), incyminom (12 = 0,644; p <
0,05), tenrrraoM (r? = 0,658; p < 0,05) Ta MOB’A3aHUMH 3
HUMU iHIEKCaMU KJIITUHHOI Pe3UCTEHTHOCTI.

Cepea HErOpMOHAJIbHUX UMHHMKIB, 1110 aCOLIiIOI0THCS 3
ayToiMyHHO!0 natosorieo I3, BcTaHOBIEHA BMCOKA KO-
peJisLis 3 piBHAMM INIIOKO3U Y TUIAa3Mi KpoBi HaTie (1’ =
0,61), Tpuniinepunis (r> = 0,73). 3BOPOTHA KOPEJIALLiS aH-
TUTIJT 10 TUPEOTI00YJTiHY BCTAHOBJIEHA JIJII IPOATEPOTeH -
Hux ¢pakuiii Xonecrepuny (r> = -0,8), ninasu (r* = -0,8),
3araJibHOrO KaJbllilo.

2. HetupeoinHna eHI0KPHMHHA MATOJIOTisS
KiiHiyHMiIA aHasi3 4acTOTH HETUPEOiAHO1 HE3JIOSKiCHOL
eagokprHHoi matosorii y OIIBA na YAEC moxkasaB
BIpOTiIHILIMIA PO3BUTOK mNepenoxupinusa 41,9 % (x* =
39,47; p = 0) i mepBUHHOIO OXUPiHHS 36,8 % (x> = 4,52;
p < 0,03), nHixk B rpymi KoHtpomo (24,6% ta 31,1 %,
BIITTOBIMHO), B Kiii OijblIe TTOIIMpeHa HOpMaJibHa Maca
tina (39,3%, x’ara = 14,35; p < 0,01). CymapHe
TIEPEeBUILIEHHSI MacH Tijla TIOHAI HOPMY CIIOCTEPIirajgoch y
oinbmocti OTIBA nHa YAEC (81,37 %), a B 3aranbHiit
nonyisuii ykpainuiB — 55,7 % oci6. Lle Mmoxe 6yTu 1mo-
B’S13aHO 3 MIPOJIOHTOBAaHUM BILUIMBOM IB Ha HelipokpuHHi
CTPYKTYpPU TOJIOBHOTO MO3KY (30Ha AYTOMOMiOHUX siIep
rinodisy), 1O MPU3BOAUTH 10 PYMHYBaHHSI 3aXWCHOTO
PETyISITOPHOIO MEXaHi3My y CHUCTeMi IIpOooIlioMelaHo-
KoptuHy — cuHTe3y o.-MCI. ¥V ocib, He mpuYeTHUX 10
apapii Ha YAEC, nponopuiiiHO 30ibllIeHHI0O MacH Tija i
KOHILIEHTpallii JIENTUHY BiAOyBa€TbCs MiIBMILIEHHS B
KpoBi piBHIB ¢.-MCI, 1m0 MoXHa pO3LIHUTHU SIK TO3U-
TUBHE i (pizioyoriyHe sBuUIlEe, COpsSMOBaHEe Ha 3MEH-
IIEHHSI CIIOXMBAHHS Xap4yoOBUX IIPONYKTIB. 3a THUX XKe
YMOB, aje npu Oilbll BUpaXeHill TinmepjenTUHeMii, y
nocTpaxgannx BHacHimok aBapii Ha YAEC 3 Hammmkom
Macu Tila abo oxupiHHaM cekpeuis o-MCI He
smiHtoBasack (p < 0,05) (puc. 2).

Horo JediuuT y Hux ocid BUKJIMKAE HaJAMipHE HAKOTIU -
YEHHSI KMPOBOI TKAHMHU B OpraHi3mi 3 pO3BUTKOM TKa-

tial onset of insulin resistance at the background
of adipose tissue excess followed by the increased
levels of C-peptide and serum glucose. Further
all that predispose to type 2 diabetes mellitus
along with extra increase of total cholesterol level
(p = 0.08) and extracellular lipase activity (p <
0.01). Insulin resistance in most of cases appears
to be the source of further onset of thyroid dis-
ease, whereas the IR amplifies the effect of its
onset especially under the environmental iodine
deficiency. It is evident from correlation of exter-
nal radiation dose in CUW of “iodine” period in
1986 with levels of C-peptide (r> = 0.504; p <
0.05), insulin (2 = 0.644; p < 0.05), leptin (1> =
0.658; p < 0.05), and related indices of cellular
resistance.

Regarding non-hormonal factors associated
with thyroid autoimmunity the high correlation
with fasting glycemia (r> = 0.61) and triglyc-
eridemia (r> = 0.73) was found. Reversed correla-
tion of thyroglobulin antibody titer with proathe-
rogenic cholesterol fractions (r?> = -0.8), lipase
(r> = -0.8), and total calcium was revealed.

2. Non-thyroid endocrine disease
Clinical analysis of the incidence of non-malig-
nant endocrine disease in ChNPPA survivors
resulted in a statistically significant onset of pre-
obesity 41.9 % (x> = 39.47; p = 0) and primary
obesity 36.8 % (x> = 4.52; p < 0.03) vs. control
group (24.6 % and 31.1 % respectively) where
normal body mass was more common (39.3 %,
Yvaes = 14.35; p < 0.01). Integral body mass
excess over the norm was in the most ChNPPA
survivors but in 55.7 % of the entire Ukrainian
population. This phenomenon can be related to a
prolonged impact of IR on cerebral neurocrine
structures (zone of pituitary arcuate nuclei) lead-
ing to breakdown of a protective regulatory path-
way in proopiomelanocortin system, namely of
a-MSH synthesis. In persons not affected by the
ChNPPA the serum o-MSH concentration is
increased proportionally to the body mass and
Ieptinemia considered being a physiological event
aiming a decreased food consumption. Under the
same circumstances but with more severe hyper-
leptinemia the o-MSH secretion in the obese
ChNPPA survivors or those having body mass
excess was unchanged (p < 0.05) (Fig. 2).

Its deficiency in those persons leads to excess
of adipose tissue in a body resulting in tissue
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pmol/L
16 |-~

I 0NBA Ha YAEC / ChNPPA survivors

I Kowmpons / Control |-

14

12

10

IMT < 25 kr/m2
BMI < 25 kg/m2

IMT 25-29,5 Kr/m2
BMI 25-29,5 kg/m2

IMT >30 kr/m2
BMI >30 kg/m2

PucyHOK 2. MopyweHHA 3p0CTaHHA KOHLEHTpaLii 0--MeJIaHOLUTCTUMYANIOIYOro rOpMOHY Npu 36inbLeHHi

Macu Tina ocib, aki noctpaxkpanu BHacnigok asapii Ha YAEC

ONBA - ocobu, noctpaxpaani BHacnigok asapii; IMT - iHgekc macu Tina

Figure 2. Breakdown of increase of a-melanocyte-stimulating hormone concentration following body mass

excess in the ChNPPA survivors

ChNPPA survivors — persons, who survived after the Chornobyl NPP accident; BMI — body mass index

HUHHOI JISNTUHOPE3UCTEHTHOCTI, CYIIyTHbOI iHCYyJIiHOpe-
3UCTEHTHOCTi, (DOpMYBaHHSIM METa0OIIYHOTO CUHIPOMY
Ta acOLiOBaHMX 3 HMMM IIaTOJIOTIYHMX CTaHiB. Taki
LIEHTPaJIbHI MOPYIIEHHSI MPU3BOASATH OO0 3MiH B iHTer-
paIbHIN peryisiii eHepreTUUHOro OajiaHCy i Xap4yoBoOi
MOBEIiHKM y 0Ci0, SIKi MOCTpaXKaaJiu BHACHIIOK aBapii Ha
YAEC, 1m0 moenHyeTbCd 3i 3HIKEHHSIM KOHIIEHTpaLliii
CepOTOHIHY i MenaToHiHy. HecTaua ocTtaHHiX cripusi€e Bu-
HUKHEHHIO ACMpeciii, Ha TJIi SIKOi JIKyBaHHS OKMPiHHS
Oyne Hee(heKTUBHUM.

PeanbHa yacTora BUNaaKiB repenaiadeTy, BUSBISHOTO
3a KpuTepissMu AMepUKaHCHKOI niabeTUUHOI acolliallii
(2003—2014 pp.) i MixHaponHoi aiabeTuyHol (ene-
pamii (2011 p.), y OIIBA nHa YAEC cTaTUCTUYHO He
BiIpi3HSIACh Bif KOHTPOJIIO i Oyjia JiarHocTOBaHa Iie-
peBaxkHO B 0ci0, sIKi Maau HamIuiok Macu Tina (IMT >
29 xr/m?).

B OIIBA na YAEC, BiporigHicTs BusBneHas LI 2 Tumy
Oyaa 6inbioio (21,4 %, Y e = 25,64; p < 0,001), HiX B
IpyIli KOHTPOJII0, 0cobarBo B YJIHA, gki HalinoBIle mpa-
wioBaau B ymoBax Jii IB y 1986—1987 pp. (60 %, ¥ firca =
89,72; p < 0,001), B YJIHA iiogHoro mepiomy 1986 p.
BiporigHicte BustmeHHs LIJI 2 Tuny craoBwia 23,5 %
(%sirca = 25,21; p < 0,001).

KniHiyHi 03HaK1 MeTabO0JiYHOTO CUHPOMY, diarHOC-
TOBAaHOTO 3a KputepisMu MixHapomgHol aiadOeTU4YHOI
deneparii, cmocrepiranuck 3HagHo yacTtime y OITBA
Ha YAEC (49,8 %; y’ara = 207,14; p < 0,001), HiX y

leptin resistance with concomitant insulin
resistance, onset of metabolic syndrome and
associated disorders. Such central abnormali-
ties lead to bias in the integral regulation of
energy balance and food behavior, along with
decreased concentrations of serotonin and
melatonin in the ChNPPA survivors. Lack of
serotonin and melatonin predispose to depres-
sion under which the obesity management
would be ineffective.

Real incidence of pre-diabetes revealed accord-
ing to criteria of American Diabetes Association
(2003—2014) and International Diabetes Federa-
tion (2011) was in the ChNPPA survivors statisti-
cally the same as in control, been diagnosed main-
ly in subjects having body mass excess (BMI >
29 kg/m?).

Probability to diagnose a type 2 diabetes melli-
tus in the ChNPPA survivors was higher (21.4 %,
Y vates = 25.64; p < 0.001) vs. control group, espe-
cially in ACW with the most long time of work
under the IR impact in 1986—1987 (60 %, Y vates =
89.72; p £ 0.001) and in CUW of the "iodine"
period ()*vaes = 25.21; p < 0.001).

Clinical presentation of metabolic syndrome
diagnosed according to criteria of the Internation-
al Diabetes Federation were evident much more
often in the ChNPPA survivors (49.8 %; ¥ vates =

263 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. Ipobnemu pagiauiitHol Mequumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

oci6 3 rpynu koHTpouo (9,5%). Lle cynmpoBoIKyBajoCch
30iAblIeHHSIM KOHUeHTpauii C-mentuay, iHCYdiHY i
JICTITUHY Ta MOB’SI3aHUX 3 HUMU KoeillieHTiB TKaHWH-
HOI Pe3UCTEHTHOCTI, SKi OyJIM CTaTUCTUYHO 3HAUYIIU-
mu (p < 0,05) nnsg OIIBA Ha YAEC 3 0XUpiHHSM IO
BiTHOIIIEHHIO 1O aHAJOTIYHUX XBOPUX 3 TPYIU KOHTPO-
0. O3HaKM MeTabOoJIITHOTO CUHAPOMY OYJIM BUSBJICHI Y
OIIBA na YAEC y 15,3 % BumankiB Ipu HOpMaJibHiit
Mmaci Tina, 25,3 % - HagauIIKOBii Maci Tina, 38,7 % —
OXUpiHHI, a B rpymi KoHTpomwo — y 4; 13,7; 15,7 %,
BiAMOBiAHO.

VY OIIBA, ski MaloTh KJIiHiYHI 03HaKU MeTa0O0JIiIYHOrO
CHHIPOMY, BUSIBJICHO 30iJIbIIEHHS ITOHAA HOPMY IJTI0OKO-
34 TIa3MM HaTlle, TJiKO3WJIbOBAHOTO TIeMOTJIOOiHY,
tpurninepunis, XC-JITTOHILL. Taki 3MiHK CyTPOBOIXY-
Bajiucs 30iMbIIeHHSIM 0a3ajbHOI CeKpellii iHCymiHy i
JIEITUHY, 3HMKEHHSIM PELIENITOPHOI YyTIIMBOCTI TPOII-
HUX 0 HUX TKaHUH. lle mpu3BOAUTh HE TiJIBKM OO ITOC-

207.14; p £0.001) vs. control group (9.5 %). It was
followed by an increased concentration of C-pep-
tide, insulin and leptin both with related indices of
tissue resistance been statistically significant (p <
0.05) in the ChNPPA survivors having obesity vs.
similar patients in the control. Signs of metabolic
syndrome were revealed in the ChNPPA survivors
in 15.3 % of subjects having normal body mass, in
25.3 % having body mass excess, and in 38.7 %
obese persons, whereas in the control group there
were 4 %, 13.7 %, and 15.7 % of cases respectively.

Blood plasma glucose, glycosylated hemoglobin,
triglyceride, and very low-density lipoprotein con-
centration excess over the normal values was reve-
aled in survivors having signs of metabolic syn-
drome. Such abnormalities are followed by an in-
creased basal insulin and leptin secretion both with
a decreased receptor sensitivity of the respective

MipoHyTpieHTHUI fediunT (Mo, ceneH)
Micronutrient deficiency (iodine, selenium)

TupeoigHa natonoris
Thyroid disease

0xupiHHSA, rinepnenTuHemis
Obesity, hyperleptinemia

MopyLueHHs BYINEBOAHOTO 0OMiHY
Disorders of carbohydrate metabolism

loHi3yl0oue BUNPOMIHEHHA
lonizing radiation

CepueBo-cyanHHi Ta iHWi pU3NKK ANA 300pOB’A
Cardiovascular and other health risks

Jediumnt o-MCT rinodizy
Pituitary o-MSH deficiency

MopyweHHs ninigHoro 06MiHy
Disorders of lipid metabolism

IHcyniHOpe3uncTeHTHiCTb
Insulin resistance

basanbHa rinepiHcyniHemis
Basal hyperinsulinemia

PucyHOK 3. (xemMa natoreHeTUYHMX FOPMOHANIbHUX 3B'A3KIB MiXK CKIafloBMMU KnacTepy KniHiko-
MeTaboniyHUx noniopraHHMX NopyuweHb B 0Ci, AKi 3a3Hanu BNAuBY ioHi3ylouoi pagiauii

Figure 3. Pathogenetic hormonal pathways between components of a cluster of clinical/metabolic multior-

gan disorders in persons exposed to ionizing radiation
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TYIIOBOTO ITiIBUILIEHHS PU3UKIiB BUHUKHEHHS CITOpiTHE-
Hoi marostorii, Harpuknan, LI 2 tury (g = 77,4; p <
0,001), ame ¥ cmnpuse pPO3BUTKY B TOCTpPaKIaInX
BHACJIiIOK aBapii BCiX KJaciB HE3JI0SKiCHOI TaToJOTii
III3. V ocid 3 rpynu KOHTPOJIIO Ha TJi METabOJiYHOTO
CUHAPOMY BUSBJIEHO 30i7bIIIEHHS BipOTiAHOCTI AiarHoC-
tyBaHHg nuire LJI 2 tumy i 1udy3HOro HETOKCUYHOTO
300a.

Hist IB pu3BOAUTH 10 PO3BUTKY CKJIAIHUX TOJTiOpraH-
HUX KJIiHiKO-MeTaboJiYHUX MNOpYILIeHb B LEHTPaIbHUX i
nepudepUIHNX TJaHKaX eHIOKPUHHOI cucTeMu (puc. 3).

Bonu yrBOpiolOTH KiIacTep O3HaAK (CUHAPOM), IO
MOENHYE HAIJIUIIKOBE HAKOIMMYEHHS KUPOBOI TKAHWHMU,
MOPYLIEHHS JiMiIHOro i BYIJIEBOAHOIO OOMiHiB, iHCY-
JIIHO- Ta JISMTUHOPE3NUCTEHTHICTh, TUCQYHKIIIIO TOPMO-
HOIIPOAYKYIOUMX CTPYKTYP T'OJOBHOTO MO3KY i IMiIIILIyH-
KOBOI 3aJI03U 3 pi3HUMMU KJjlacaMu 3axBoproBaHb II[3 Ta
MiIBUIIYE CEPLEBO-CYINMHHI PU3UKHU IJISI 3MOPOB'S.

BUCHOBKU

1. Hig xoMruiekcy YMHHMKIB aBapii Ha YAEC, B Tomy
YUCi JXKepena ioHi3yBalbHOro BunpoMiHeHHs1, Ha OTTBA
JOPOCJIOTO BiKy cHpusijia IiABUILIEHHI YacTOTU TU-
peoinHoi nmatonorii (y 1,5—3 pa3u), mykpoBoro aiadety 2
tuny (y 3—7 pasiB), MepeaoXUpiHHS i OXUpiHHA (Ha
25,67 %), metaboiyHoro cuHapomy (y 5 pasiB) y Bigma-
JIEHi roaBapiiiHi TepMiHU 3 TIIKOBUM IEpioJoM peaizaLiii
yepe3 10—20 poxis.

2. ITaToreHeTMYHY OCHOBY PO3BUTKY HalOUIBII MTOIIMpE-
HUX eHIoKpuHHUX nopyueHb B OITBA na YAEC cxitanu
1HCYJIIHOPE3UCTEHTHICTb 1 IENTUHOPE3UCTEHTHICTh Ha TJIi
301IBIIEHHST MAaCH Tijla MOHax 25 Kr/M?, 110 y OiUIBIIOCTI
BUIAMKIiB Ccripusie (POpMYBaHHIO BCiX KJIaciB TUPEOiTHOI
MaToJIOTiI.

3. XapaKTepHOIO PUCOI0 €HIOKPUHHUX ITOPYIIIEHD B LICHT-
pajbHUX i TTepudepUIHUX JaHKAaX eHIOKPUHHOI CUCTEMU,
10 BUSBJISIIOTBCS Y BimajaeHi TepMiHM TIC/IS aBapii Ha
YAEC y ocib, gKi 3a3HaiM BIUIMBY i0OHi3Yyl0UOI paiallii, €
¢opMyBaHHS CKJIATHOTO KJTiIHIKO-METa0OoIiYHOTO KIIaCTeEPY
€HIOKPUHHMUX O3HaK (CUHIpPOMY), IO CKJIAJa€ThCs 3
IeiuTy o-MeJTaHOLIMTCTUMYJTIOI0YOTO TOPMOHY, HaJMip-
HOI'0 HAaKOIMMYEHHS XXMPOBOI TKAHWHM, PO3BUTKY iHCYIIi-
HOPE3UCTEHTHOCTI Ta JIENTUHOPE3UCTEHTHOCTI, MTOPYILIEHb
JIIMIHOTO Ta BYIJIEBOJHOTO OOMiHIB, Y CYKYITHOCTI 3 pO3-
BUTKOM HE3JI0SIKiCHOI ITaTOJIOTii IIUTOMOAIOHO]1 3aJI03M.
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tropic tissues. All that leads not only to gradual risk
elevation of the related diseases, e.g. type 2 diabetes
mellitus () *vaes = 77.4; p < 0.001) but predispose to
development of any non-malignant thyroid dis-
eases in the accident survivors. Increase of proba-
bility to diagnose only the type 2 diabetes mellitus
and diffuse non-toxic goiter was found in the con-
trol group subjects having metabolic syndrome.

IR impact leads to development of complex mul-
tiorgan clinical/metabolic disorders in central and
peripheral parts of endocrine system (Fig. 3).

All that constitute the cluster of signs (i.e. syn-
drome) combining the excessive accumulation of
adipose tissue, lipid and carbohydrate metabolic dis-
orders, insulin resistance and leptin resistance, dys-
function of hormone-producing cerebral and pan-
creatic structures with a range of thyroid diseases
and leads to cardiovascular health risks elevation.

CONCLUSIONS

1. Impact of the Chornobyl NPP accident factors
including the ionizing radiation sources on the
adult survivors had predisposed to an incidence
increase of thyroid disease (1.5—3-fold), type 2 dia-
betes mellitus (3—7-fold), pre-obesity and obesity
(by 25.67 %), metabolic syndrome (5-fold) in
remote terms upon accident with a peak manifesta-
tion 10—20 years after.

2. Insulin resistance and leptin resistance at the
background of body mass excess over 25 kg/m?
were the pathogenetic basis of most prevalent
endocrine disease in the ChINPPA survivors, in
most cases contributing to onset of thyroid diseases
of all classes.

3. Development of a complex clinical/metabolic
cluster of endocrine signs (syndrome) including
a-MSH deficiency, excessive adipose tissue
accumulation, development of insulin resistance
and leptin resistance, lipid and carbohydrate
metabolic disorders combined with non-malig-
nant thyroid disease are a specific feature of
endocrine disorders in central and peripheral
parts of endocrine system revealed in remote
terms upon the ChNPPA in persons exposed to
ionizing radiation.
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