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KJITHIYHUM AHAJII3 YACTOTH TTITEPILIA3ZIN
I[MPUIIIUTOITIOAIBHUX 3AJI03 TA TIITEPIIAPATUPEO3Y
B OCIB, ITIOCTPAXKIIAJINX BHACJIIIOK ABAPII HA YAEC

MeTa: HayKOBMIt aHaNi3 4acTOTH CTPYKTYPHO-DYHKLiOHANbHMX 3MiH y NpuiuTonofioHux 3ano3ax (MLW3) y pizHux ka-
Teropisx nocTpaxaanux BHacnigok aBapii Ha YAEC (onpomiHeHux oci6).
Marepianu Ta metoau. BukoHaHo npocnekTUBHe JocnimKeHHs 815 ocib Ta peTpocnekTMBHUIA aHani3 3 849 icTopiii
XBOPOOM (3aranom 4 664 oci6) y Bili 19-75 pokiB Ha Yac 0OCTEXEHHSA, ¥ Aiana3oHi 403 30BHIlHbLOTO OMPOMiHEHHS
0,05-0,2 Tp ans YJIHA Ha YAEC, i3 3anyyeHHsM aHTponomeTpuyHux, nabopatopHux (MPI, 25(0H)D, kanbuiii, docdop,
TUPeOoifHi rOPMOHU, aHTUTING, 6I0XiMiuHi) NoOKa3HuMKiB, iHcTpymMeHTanbHuUX (Y34, W3/MLLU3) i cTaTucTUYHNUX METOAIB.
Pesynbratu. Moctpaxpani Big Hacnigkie aBapii Ha YopHoOunbCbKil aToMHil enektpocTaHuii (YAEC) maioTb Buly
4acToTy YNbTPA3BYKOBMX 03HaK HafBHOCTI rinepnnasii MMLL3 nopiBHAHO 3 koHTponem (cykynHo RR = 1,43; p< 0,001),
i3 HaWbiNbIWKMMK 3HAYEHHAMK cepep eBaKyitoBaHux Ta YJIHA. YacToTa HepeHanbHOro HOpMOKanbLEeMiyHoro rinepna-
patupeo3y (HK-TTIT) pemoHcTpye TeHaeHUilo fo nigBuwerHsa y noctpaxpanux (RR = 1,35; p= 0,095), a Takox 3poc-
Ta€ 3 BiKOM; y XiHOK piBHi MPT Buwi, HiX y YonoBikiB. ¥ nepioa 2019-2024 pp. BigmideHo 3pocTaHHs YacTkn HK-TTT
y 000X rpynax; npupict y noctpaxpanux Buiumin (pisHuusa cxunis = +0,75 B. n./pik; p = 0,03). Y nigrpynax 3 ko-
mop6iaHicTio yactku HK-TMT 6ynu BUWMMK y NOCTpaXKaanux, OaHaK y Mexax HasBHOT BUBIpKHM Ui BigMiHHOCTI He fo-
CAMM CTaTUCTMYHOT 3HauywocTi (crude-ouiHku; p> 0,3).
BucHoBku. PapiauiiiHuit ynHHuk aBapii Ha YAEC acouitoeTbcs 3 NigBUWEHUM PU3UKOM BUHUKHEHHS CTPYKTYPHO-
dyHKUioHanbHux 3MiH y T3 Ta HopmokanbuemiyHoro HepeHanbHoro [MIT. MocTpaxgani BHacnigok asapii YAEC,
0co6nu1Bo eBakyiioBaHi Ta YJ/THA, MaloTb Bullly 4acToTy yibTPa3BYKOBKUX 03Hak rinepnnasii M3, Hix nauieHTw, aki He
3a3HaBanu [OJATKOBOrO BN/MBY i0Hi3yl0uot0 pafiauii y cBoiit NoBCAKAEHHI Yu npakTuyHin gisnbHocTti (RR = 1,43;
p<0,001).
KnioyoBi cnoBa: napatropMoH; rinepnapatupeos; npuwmutonoaioHi 3anosum; YopHobunbcbka katactpoda; ioHizytoue
BMMNPOMiHEHHA; cOHorpadis.
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CLINICAL ANALYSIS OF THE FREQUENCY OF PARATHYROID
HYPERPLASIA AND HYPERPARATHYROIDISM IN THE
CHORNOBYL NPP ACCIDENT SURVIVORS

Objective: the scientific analysis of the frequency of structural and functional changes in parathyroid glands (PTH)
in different categories of the Chornobyl NPP (ChNPP) accident survivors (i.e. the irradiated individuals).
Materials and methods. The prospective study of 815 individuals and retrospective analysis of 3,849 case records
(total 4,664 individuals) aged 19-75 years at the time of survey, in the range of 0.05-0.2 Gy external radiation doses
among the ChNPP accident clean-up workers, was performed. Anthropometric, laboratory (parathyroid hormone,
vitamin D, calcium, phosphorus, thyroid hormones, thyroid antibodies, and biochemical assays), instrumental (thy-
roid and parathyroid diagnostic ultrasound) and statistical methods were applied.
Results. There was a higher incidence of the ultrasound signs of parathyroid hyperplasia in the ChNPP accident sur-
vivors compared to controls (pooled RR = 1.43; p < 0.001), with the highest values among evacuees and clean-up
workers workers. Incidence of non-renal normocalcemic hyperparathyroidism (NRHPT) featured a trend to increase
in survivors (RR = 1.35; p = 0.095) increasing with age. Level of parathyroid hormone was higher in females than in
males. Increase in the proportion of NRHPT was noted in the period 2019-2024 in both groups with more the
increase in survivors (slope difference = +0.75 p.p./year; p = 0.03). In subgroups of persons with comorbidities the
proportion of NRHPT was higher in survivors, however not reaching a statistical significance in the study sample
(crude estimates; p > 0.3).
Conclusions. The radiation factor of the ChNPP accident is associated with an increased risk of structural and func-
tional parathyroid changes and normocalcemic NRHPT in particular. There is a higher incidence of ultrasound signs
of parathyroid hyperplasia in the ChNPP accident survivors, especially the evacuees and local residents, than in sub-
jects not exposed to extra exposure to ionizing radiation in their daily or practical activities (RR = 1.43; p < 0.001).
Key words: parathyroid hormone; hyperparathyroidism; parathyroid glands; Chornobyl disaster; ionizing radiation;
sonography.
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BCTVYII

I[Mpumuromnonioni 3amo3u (ITLL[3) momruit wac 3anm-
IIaJucs 1mo3a yBarolo KJIiHIilMCTiB Ta JOCTiAHUKIB, HE-
3BaXkalyy Ha iXHI0O QYHIaAMEHTaJIbHY POJb Y IMiATPU-
MaHHi roMmeocTtasy opraHizmy. I3 € ronoBHUMU pe-
TYJISITOPaMU KaJibllieBO-¢pochopHOTO 00MiHY B Opra-
Hi3Mi. 3aBOSIKM MapaTropMoOHY 1Ii 3aJ103M MUTTEBO pe-
aryroThb Ha Oy/Ib-$Ki 3MiHU piBHIB KaJIbllit0, pochopy Ta
IXHiX KMCJIOTHMX 3aJMIIKiB y KPOBi, BU3HAYAIOUYU 1li-
JIICHICTh CKeJIeTy Ta BIUIMBAIOYM Ha (PYHKIIFOBAaHHS
MPaKTUYHO BCiX CUCTEM i KJIITUH, e Ait0Th 1i ioHu. [1o-
pYILIeHHSI TapaTUpPeoinHOoi (PYHKIIiI CYIMPOBOIKYETHCS
3HAaYHUMM YCKJIaIHEHHSIMU, BKJIIOYAIOUM apuTMii, ap-
TepiaJIbHy TillepTeH3il0, HelipomnaTii, 0CTeonopo3 / oc-
TEOIEeHil0, YTBOPEHHSI KaAMEHIiB Y HUPKaX Ta >KOBYHOMY
Mmixypi [1, 2].

B«J Oleksyi V. Kaminskyi, e-mail: endocriner@gmail.com

INTRODUCTION

Parathyroid glands (PTG) have long been over-
looked by clinicians and researchers, despite their
fundamental role in maintaining homeostasis in
the body. PTG are the main regulators of calcium-
phosphorus metabolism. By means of parathyroid
hormone (PTH) these glands instantly respond to
any changes in the levels of calcium, phosphorus
and their acid residues in the blood, determining
the skeleton integrity and affecting the function of
almost all systems and cells where these ions act.
Parathyroid dysfunction is accompanied by signif-
icant complications, including heart rhythm disor-
ders, arterial hypertension, neuropathy, osteo-
porosis / osteopenia, and formation of kidney and
gallstones [1, 2].
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B3aemo3p’sa30k Mixk ctaHoMm IIIII3 Ta BMicToM
BiTaMiHy D y cupoBaTli KpoBi HaA3BUYAHO BaxKJIM-
BUI JIsI PO3YMiHHSI MAaTOTreHe3y TineprapaTupeosiB
(I'TIT). Cran I11113 3HauHOIO MipOIO 3aJI€3KUTh Bifl KOH-
neHTpatlii Bitaminy D y cupoBatui Kposi [3, 4]. Hedi-
LUT BiTamMiHy D Moxe NpU3BOAUTU A0 BTOPUHHOTO
rinepmapaTtupeo3sy (90 % Bcix BUIaKiB), a TpUBaja lo-
IO HEJOCTATHICTh BBAXKAETLCS (PAKTOPOM PUBUKY PO3-
BUTKY IMapaTUPEOITHUX TiMepIria3siii Ta aneHoMm |5, 6].
3 iHIoro 60Ky, nepBuHHMIA rinepnapatupeo3 (ITI'TIT)
caM 110 co0i MOXe MPU3BOAUTU OO 3HUXKEHHSI PiBHIB
25-rigpokcuBiTamiHy D, cTBOpIolOYM CKJIamHi diar-
HOCTWUYHI BUKJIMKY [7, 8]. Taka HegooIiHKa TTprU3BeIa
IO 3HAYHOI 3aTpMMKU Yy BUBYEHHi paaialiiiHuX
edexriB Ha [11L3 — mocmimkeHHST HACTIOKIB OIIPOMi-
HEHHSI LMX 3aJI03 Y 0Ci0, MOoCTpaXkJajaux BHACHTiIOK
aBapii Ha YopHoounbscbkiit AEC (HAEC), po3noyanu-
¢ e yepes 25 pokis miciig katactpodu 1986 poky.
ITpote HasiBHI AaHi NEpeKOHJIMBO CBigYaTh, 110 pajia-
LiliHI YUHHUKKW aBapii, BKIIOYAIOUYM i30TONMMU HOMY, 1110
HaKOMWYYIOThCS IIUTOIOAIOHOIO 3a7103010 Ta OIl-
POMiHIOIOTh HABKOJIMILIHI TKAHUHU, BKJTIOYAIOUYX CYCif-
Hi [1113, 30BHIIIHE anbda-, 0eTa- Ta raMMa-BUTIPOMi-
HEHHSI, a 0COOJIMBO i30TOIM 1Ie3il0 i CTPOHIIi0, BAaTOMO
BIIMHYJIM Ha 3pOCTaHHS YaCTOTU TMapaTUPEOiaHOl Mma-
TOJIOTii, 0COOJMBO TinepIuiasiii Ta HepeHaIbHOro HOP-
MokasnbLeMiuHoro rinepnapatupeosy (HK-I'TIT) [9].

IcTopuuHo ckitanocs yaBaeHHS PO BiTHOCHY pagio-
pe3ucteHTHicTh TTII3 mopiBHSIHO 3i LIMTOMOAIOHOIO
3a103010 (1113), 1110 YacTKOBO MOSICHIOBAIOCS BEJIbMU
TPpUBAJIUM JIATEHTHUM I€PiOoJOM PO3BUTKY paidialliii-
Horo ITIT (25—47 poxkiB) [10]. OmHak cy4acHi
JOCJiIKeHHST CIIPOCTOBYIOTH 1€ TBEPAXKEHHSI, JEMOH-
CTpylouM OiIbII paHHI Hacaiaku ornpomiHeHHs TT1113
Ta YYTJMBICTb 1X OO il iOHI3yr0UOro BUIIPOMiHIOBAH-
Hs. JlocmimkeHHsI OCTaHHIX POKiB BUSIBUIM J10303a-
JIEXXKHUM B3a€EMO3B’SI30K MixK OITIPOMiHEHHSIM i PO3BUT-
koM ageHoM ITI3, ocobauBO Iicasi OMPOMiHEHHS B
autsyomy Bili [11]. Iepuri nmepekoHIMBI 10Ka3U pa-
JialliifHOTO BIUIMBY Ha MapaTupeoiafHy (yHKIIil0 Oyau
OTpPUMaHI SATTOHCHKUMU JOCIIIHUKAMU TIPU TPUBAJIO-
MY CHOCTEpPEXEeHHi 3a 0co0aMu, SIKi MepeKUIn aTOMHi
OGoMOapayBaHHS. IXHi maHi Moka3aiM MiIBULIEHUI
BMicT mapatupeoinHoro ropmony (ITPI') y kpoBi Ta
HaUTMIIKOBUI pu3uK po3BUTKy ['TIT y onpoMiHeHUX
oci0 [12]. VzaranbHeHi pe3yJbraTu LUX OOCITiIKEHb
BCTAHOBWJIM, 11O Cepel BiggadeHuUX pagialiiHuxX
edexTiB nodposikicHi HoBoyTBopeHHs I3 Ta I3 €
CTaTUCTUYHO JOCTOBIpHUMMU i f0303a1exXxHuMu [13].

MexaHizmu pagialiiHo-iHaykoBaHoro I'TIT Bkiio-
YaloTh K MPsIMi FTeHETUYHi MOLIKOAKEHHSI, TaK i eMi-
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The relationship between the state of the PTH and
the content of vitamin D in the blood serum is
extremely important for understanding the patho-
genesis of hyperparathyroidism (HPT). The status of
the parathyroid gland is largely dependent on serum
vitamin D levels [3, 4]. Vitamin D deficiency can
lead to secondary HPT (90% of all cases), and pro-
longed deficiency is considered a risk factor for the
development of parathyroid hyperplasia and adeno-
mas [5, 6]. On the other hand, primary hyper-
parathyroidism (PHPT) itself can lead to a decrease
in 25-hydroxyvitamin D levels, creating complex
diagnostic challenges [7, 8]. This underestimation
has led to a significant delay in the study of radiation
effects on the PTG — studies of the effects of radia-
tion on these glands in the Chernobyl nuclear power
plant (ChNPP) accident survivors had began only 25
years after the 1986 disaster. However, the available
data strongly suggest that radiation factors of the
accident, including iodine isotopes accumulated by
the thyroid gland (TG) and irradiating surrounding
tissues, including the adjacent parathyroid glands,
external alpha, beta and gamma radiation, and espe-
cially cesium and strontium isotopes, significantly
influenced the incidence increase of parathyroid dis-
ease, especially hyperplasia and non-renal normo-
calcemic hyperparathyroidism (NNHPT) [9].

Historically, there has been a perception of relative
radioresistance of the PTG compared to the TG,
which was partly explained by the very long latent
period for the development of radiation-induced
HPT (25—47 years) [10]. However, current studies
refute this statement, demonstrating the earlier
effects of parathyroid irradiation and their sensitivi-
ty to ionizing radiation. Recent studies have shown a
dose-dependent relationship between the radiation
exposure and development of parathyroid adeno-
mas, especially upon exposure in the childhood [11].
The first convincing evidence of radiation effects on
parathyroid function was obtained by the Japanese
researchers during long-term follow-up of the atom-
ic bombing survivors. Their data showed an
increased content of PTH in the blood and an excess
risk of developing HPT in the irradiated individuals
[12]. The generalized results of these studies have
established that among the late radiation effects the
benign neoplasms of PTG and TG are statistically
significant and dose-dependent [13].

Mechanisms of the radiation-induced HPT
include both direct genetic damage and epigenetic
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TreHeTU4Hi 3MiHU. bin3bpko 5 % ameHoM MiCTSITh XpOMO-
COMHY nepeOya0BY, 1110 MPU3BOIUTh JO aKTUBallil OHKO-
reny PRAD-1 (muximin D1), a generii xpomocomu 11q13
(Micue po3ramryBanHs reHa MEN 1) criocrepirarotbest y
26—39 % napatupeoinHux aneHoM [14]. lonizyroue Bum-
POMiHIOBaHHSI ACOLIIOETLCS 3 YOTUPUKPATHUM 30iJIb-
IMIEHHIM pU3UKY po3BUTKY ageHoM [113, ocobmmBo B
oci0, onpomiHeHux y Xipocimi [15].

IMoganplui KaiHiYHI cIOCTepeXKeHHs MiATBEpAUIN pa-
JialiifHy eTioJIorilo mapaTMpeoigHOl MaToaoTil. 30Kpe-
Ma, yBary (axiBIiB TIpuBepHyIO sBuile po3Butky [TIT
icJis TIpOMEHEBOI Teparlii OpraHiB roJIOBU Ta Ui 3a SIT-
pOreHHUx pi3HUX yMoB [16]. YuciaeHHi gocCiTigKeHHS
MiATBEpAWIM TakKuii edEeKT K Iic/asl peHTreHoTepallii,
TaK 1 BHACJiJOK JIiKyBaHHSI paJioaKTUBHUM MOIOM 3aX-
BopioBaHb I3 [17—20]. BcTtaHoBIEeHO, 110 30BHIILITHS
MpoMeHeBa Teparlisl aCOLIIOETHCS 3 pUBMKOM BUHUKHEH-
Hs T'TIT 3 mateHtHuM niepiogoM 20—45 pokiB, TOOI SIK
ONpPOMiHEHHS pafioaKTUBHUM MOAOM MOXKE MPU3BOIM-
™ g0 I'TIT B koportki Tepminm [21]. LlikaBo, 1110 HaBIiTh
OIPOMiHEHHS TPYIHOI KJIITKU TIPH JIIKyBaHHI paKky Mo-
JIOUHOI 3aJI03U KOpPEJIOE 3 PO3BUTKOM IMapaTUPEOinHOL
NaToJIOTil, MPUYOMY ICHYE CUJIbHA KOPEJsLisl MiX CTO-
POHOIO ITPOMEHEBOI Teparlii Ta CTOPOHOI0 BUHUKHEHHS
napaTUpEOiTHOI afeHoMHU [22].

Oco0uBHMi1 iHTEpEC CTAHOBJISITH JaHi MPO IPOMEHeE-
BUI BIUIMB y OUTSYOMY Billi, SIKMI XapaKTepH3YEThCS
Jelro MeHIIow 4acrorolo BuHuUKHeHHs [TIT, mpore
3HAYHO KOPOTIIMM JIATEHTHUM TiepionomM — MmeHiie 20
pokiB y npubausHo 80 % Bunazakis [19]. JocmigKeHHS
MoKa3ajiu, IO BMCOKi H03M TepameBTUYHOTO OIl-
POMiHEHHS B MOJIOIOMY Billi poOJISITh THUX, XTO MEPEKUB
IUATSYi 37T0SIKICHI 3aXBOPIOBaHHS, OCOOJIMBO Bpa3UBU-
mu 1o po3Butky I'TIT [23]. HemonaBHi mMpocneKTUBHI
JOCIHIIXXEHHS BUSIBUIM HaWOIMXK4Yi IapaTUpeOoiHi
eeKTu MpOMEHEeBOI Tepallii: Y XBOpUX Ha paK OpraHiB
TOJIOBM Ta 1M CIIOCTepiraaocs 3HauHe 3HUKEHHSI PiBHS
ITPT" oxpasy micias 3aBepllieHHsI MPOMEHEBOI Teparlii,
K€ TPUBAJIO i 4yepe3 6 MicsLiB, 3a BiACYTHOCTI 3MiH
Kanbiemii [20].

HocnimxeHHsl, MpoBeAeHi cepe yYaCHUKIB JIiKBigaLlii
HaciakiB aBapii (YJIHA) na YAEC, BusiBuIu oco011BO
BUCOKi MoKa3HUKU pusuky po3Butky IIT'TIT. ¥ koropri
o BkJitovasia 61 YJIHA, siki Oy cepen HaiOiIbI o1-
poMiHeHuX TpaliBHUKiB, puduk [TI'TIT 6yB Han3BUyaii-
HO BHMCOKMM, 3 BifHOLICHHSIM InaHciB 63,4 (95 % O,
35,7—112,5) 1IOpiBHSIHO 3 KOHTPOJBHOIO Tpymoio [24].
Kniniuni mani, otpumani B YJIHA BnipogoBx miBTOpa
gecatunitta micaa asapii Ha YAEC, nokaszanu Auxo-
TOMIYHUI papiauiiHuii edekt mopo Bmicty ITPT y
KpOBi 3a HasIBHOCTI TilepKaJbllieMii Ta HedpomiTiasy.

changes. About 5 % of adenomas contain a chro-
mosomal rearrangements that lead to activation of
the PRAD-1 oncogene (cyclin D1) and deletions
of chromosome 11ql13 (location of the MEN 1
gene) being observed in 26-39% cases of parathy-
roid adenoma [14]. Ionizing radiation is associated
with a fourfold increase in the risk of developing
parathyroid adenomas, especially in the individu-
als irradiated in Hiroshima [15].

Further clinical observations confirmed the
radiation etiology of parathyroid disease. In par-
ticular, the phenomenon of HPT development
after radiotherapy of the head and neck under var-
ious iatrogenic conditions had drawn the experts’
attention [16]. Numerous studies have confirmed
this effect both after X-ray therapy and as a result
of radioactive iodine treatment of the thyroid dis-
eases [17—20]. External beam radiotherapy has
been associated with a risk of developing HPT with
a latency period of 20—45 years, whereas radioac-
tive iodine exposure can lead to HPT in a short
time [21]. Interestingly, even chest irradiation for
breast cancer is correlated with the development of
parathyroid disorders, with a strong correlation
between the side of radiotherapy and the side of
parathyroid adenoma [22].

Of particular interest are data on radiation expo-
sure in childhood, which is characterized by a
somewhat lower incidence of HPT, but a much
shorter latency period of less than 20 years in
approximately 80 % of cases [19]. Studies have
shown that high doses of therapeutic radiation at a
young age make survivors of the childhood malig-
nancies particularly vulnerable to the development
of HPT [23]. Recent prospective studies have re-
vealed the immediate parathyroid effects of radio-
therapy: a significant decrease in PTH levels was
observed in the head and neck cancer patients im-
mediately after the end of radiotherapy, which per-
sisted for 6 months with no calcemia changes [20].

Studies conducted among the ChNPP accident
clean-up workers (ACUW) revealed a particularly
high risk of PHPT. In a cohort of 61 ACUW, who
were among the most exposed personnel, the risk
of PHPT was extremely high, with an odds ratio of
63.4 (95% CI: 35.7—112.5) compared with a con-
trol group [24]. Clinical data obtained in the
ACUW over a decade and a half after the
Chornobyl accident showed a dichotomous radia-
tion effect on blood PTH levels in the presence of
hypercalcemia and nephrolithiasis. Epide-
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EninemioioriyHmii aHasi3 BITYM3HSIHUX TaHUX BUSIBUB
noctoBipHo niguieHuit pusuk [ITTITy ~ 25 % YJIHA
yepe3 25 pokiB micasg onpoMinenHs T3, 1o mposs-
JISIBCA MigBuIieHUM BMicToM y KpoBi I1PT Ta ionizoBa-
Horo Kajblito [25]. BaxnauBo 3a3Hauutu, wo I'TIT y
LUX 0Ci0 He OyB BTOPUHHUM €(heKTOM, OCKiJIbKU MO-
psia 3 TilepKalbLiEMi€l0 BM3HA4YaBCS HOPMaJbHUM
BMicT 25-TigpokcuBitaMiny D y KpoBi.

IlikaBuM criocTepexxeHHSIM OyJIO MTOCTOBipHE 3HM-
keHHs piBHs ITPI y kpoBi YJIHA, gKi He xBopiau Ha
I'TIT. 3aramom, pusuk III'TIT B YJIHA € Bucoxomoc-
toBipHUM (p < 0,001) Ta mepeBuIIye aHATOTIUHUI MO~
Ka3HUK y HEOMNpOMiHEeHOro HacejeHHsl. OKpiM Toro,
BUSIBJICHO HE3HAYHE ITiABUIIECHHS YaCTOTH BCiX Timep-
mnaziii 1113 cepen MelIKaHIIIB pagioaKTUBHO 3a0-
pynHeHux Tepurtopiit (P3T) mopocnoro Biky [25].

Oco0a1BO1 yBaru 3aciIyroBye€ HOPMOKaJbLIEMIYHUIA
IITTIT, axuii xapaKTepu3yeThCSI CTIMKO MiABUILEHUM
piBHem ITPI' mpu HopMalibHOMY PiBHi KaJlblil0 B CU-
pOBaTLIi KPOBi i Ay>e 4acTo MoB’s13aHuil 3 AedilluToM
BiTamiHy D. 3a geskuMu AOCHiIXEHHSIMU ITOIIU-
penicts I'TIT y 3aranbHiii momyJsiii CTAaHOBUTb Bif
0,18 % nmo 0,6 %, xoua JaHi BapilOIOTh 3aJ€KHO Bif
KputepiiB miarHoctuku [26, 27]. Hopmokanblemiu-
Huii I'TI'T Moxe MpeacTaBISITH paHHIO CTalil0 KJacud-
Horo IITTIT aGo okpemy KJiHiUHY (POpPMY 3aXBOPIO-
BaHHA [28, 29]. JlocmimkeHHs 3 y9acTIO XipypriB ITOKa-
3y10Th, 110 mauieHTd 3 I'TIT yacTto MaroTh emizomu
TirepKajbllieMii, a CTililka HOPMOKAJbIIEMIisI CITOC-
TepiraeTbes pigko [30].

Hiarnoctuka III'TIT Bumarae BUKJIIOUEHHSI BTOPUH-
HUx npuuuH migsuineHHs [TPT, Bkmouatoun gediuut
BiTaMiHy D Ta iHIIMX eJleMeHTIB (KaJbllilo, MarHito),
XPOHIUHY XBOpPOOYy HUPOK, MPUIIOM MpenapaTiB (aiype-
TUKiB, 1HTIOITOpIB HAaTpili3ajekKHOro KOTpaHCIopTepa
rmoko3n 2-ro tuny (SGLI2)) ta manbabcopOiiito
Kanblito [31]. [TpubarM3HO MOJOBMHA MALIEHTIB 3 HOP-
mokanblemiyauM IITTIT matots octeonopos, a 4—35%
CTpaXkIaroTh Ha HedpoiTia3, Xo4ya MPUIMHHO-HACITII-
KOBMIT 3B’SI30K 3aJIMIIAEThCS AUCKyciitHuM [32]. PiBHi
(akTopa pocty ¢iopodaactis 23 (FGF-23) 3nHauHo
3MiHIOIOTBCSI TIPYU aBTOHOMHI Tinepcekpelii ITPT, 1o
MoOXe OyTM KOPHCHMM MapKepoM IpPOrpecyBaHHsS Ta
TSDKKOCTI 3axBoproBaHHs [33]. Xoua 3a HAILIMMU JOCITi/I-
>KeHHsIMU, nyxe yacto (y 90 % BumaakiB) HOpMOKaJlb-
ueMiuHuii I'TIT nepBMHHO MOB’S1I3aHMI 3 HecCTayelo
BiTaminy D, a mpn3HaueHHs iioro y Burisni 25(OH)D B
iHAWBIAyalTi30BaHOMY J03YBaHHi BMCOKOE(EKTUBHO
HiBeJIo€ OiIbLIiCTb criekTpy narosorii TTI3.

TakuM YMHOM, KOMIUICKCHE IOCIIIKCHHS BIUIMBY
I'TIT Ha cTaH 3MOpOB’S 0Ci0, TOCTpaXKIAINX BHACIIIOK

miological analysis of the national data revealed a
significantly increased risk of PHPT in ~25% of
ACUW 25 years upon parathyroid irradiation, man-
ifested by the increased serum content of PTG and
ionized calcium [25]. It is important to note that
HPT in these individuals was not a secondary effect,
since along with hypercalcemia, a normal serum
content of 25-hydroxyvitamin D was determined.

A significant decrease of the serum PTG level in
urban residents who had got no HPT was an inter-
esting observation. In general, the risk of HPT in
urban residents is highly significant (p < 0.001)
exceeding the same parameter in the unirradiated
population. In addition, a slight increase in the inci-
dence of all parathyroid hyperplasia cases was found
among adults living in radiologically contaminated
areas (RCA) [25].

The normocalcemic HPT is of a particular note,
being characterized by persistently elevated PTH
levels against normal serum calcium levels and very
often associated with vitamin D deficiency.
According to some studies, the HPT prevalence in
the general population ranges from 0.18 % to 0.6 %,
although data vary depending on the diagnostic cri-
teria [26, 27]. Normocalcemic HPT may represent
an early stage of the classical HPT or a separate clin-
ical form of the disease [28, 29]. Studies involving
surgeons show that patients with HPT often have
episodes of hypercalcemia, while the persistent nor-
mocalcemia is rare [30].

Diagnosis of PHPT requires exclusion of the sec-
ondary causes of PTH elevation, including vitamin
D and other nutrient deficiencies (calcium, magne-
sium), chronic kidney disease, medications e.g.
diuretics, sodium-dependent glucose cotransporter
type 2 (SGLT?2) inhibitors, and calcium malabsorp-
tion [31]. Approximately half of patients with nor-
mocalcemic PHPT have osteoporosis, and 4-35%
suffer from nephrolithiasis, although the causal rela-
tionship remains controversial [32]. The fibroblast
growth factor 23 (FGF-23) levels are significantly
altered in autonomous PRG hypersecretion, which
may be a useful marker of the disease progression
and severity [33]. Although, according to our stud-
ies, very often (in 90% of cases) the normocalcemic
HPT is primarily associated with a lack of vitamin
D, and its administration in the form of 25(OH)D in
an individualized dosage highly effectively elimi-
nates most of the spectrum of parathyroid disease.

Thus, a comprehensive study of the impact of HPT
on the health of people survived after the ChNPP
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apapii Ha YAEC € HeoOXiaHUM JIs1 pO3YMiHHS Bimga-
JIEHMX HACJiJKiB pamialliiHOro BIUIUBY Ta PO3pOOKU
e(PeKTUBHUX MNPOQPITaKTUYHNX i TepaneBTUUHUX
nigxoxiB. 3a octanHi poku B HHIIPMI'O nipoBeaeHo
HU3KY JOCJiIKeHb, sIKi CBiIUaTh MPO 3pOCTAHHS Yac-
TOTHU CTPYKTYpHO-(pyHKUioHaTIbHMX 3MiH TTII3 cepen
nocTpakaajux Bif ONPOMiHEHHS KaTeropiii HaceaeH-
Hs [34]. OcobauBy yBary mNpuAiieHO HOPMOKAaJlb-
neMiyHuM HepeHabHUM (opmam [TIT (6e3 mopy-
1IeHb (PYHKIIiT HUPOK), SIKi € YaCTOIO MATOJIOTI€IO B OM-
POMIHEHOTO Ta HEOIPOMiHEHOI'0 HaCeJIeHHS 1 TpuBa-
JIMI yac MOXKYTb 3aJIMILIaTUCI O€3CMUMITOMHUMMU, IIPO-
T€ MPU3BOAATH IO MOCTYIOBOIO YpaXKeHHS He TiTbKU
KiCTKOBOI TKaHWHM, a TaKOX 4acTO 10 3MiH i CUMII-
TOMIB y CEpLIEBO-CYIMHHIli, HEPBOBIi1 Ta IHILIMX CUCTE-
max [35]. BpaxoBytouu 3pocTarodi 1aHi mpo pamiamiiHi
edextr Ha [THI3 i BaxXIMBiCTh Kasbli€BO-(hOoCchOpHO-
ro roMeocTasy JJjisl 310POB’ S MOCTPaXKAATMUX BHACTIIOK
aBapii Ha YAEC, nocnimkeHHs 3aKOHOMipHOCTEI PO3-
BUTKY €HIOKPUHHUX MOPYIIEHb i CYIIyTHIX 3aXBOpPIO-
BaHb, SIKi aCOLIiIOI0THCSI 3 HOPMOKAJIbLIEMiUHOIO MaTo-
Jorietro IIII3, € HaraabHUM MUTAHHSIM Cy4acHOI
pamialiiiHOT MEAIULMHU Ta KJiHIYHOI €HIOKPUHOJIOTII.

META
MeTta nmociigXeHHS — HayKOBMI aHalli3 4acTOTH
CTPYKTYPHO-(YHKILIOHAJbHUX 3MiH Yy MPUILIATONO-
nionumx 3ano3ax (ITI3) y pizHuX KaTeropisix mocrpax-
nanux BHaciaimok aBapii Ha YAEC (ompoMiHeHUX
oci0).

MATEPIAJIN TA METOJIHN
HocnimxeHnHs npoBoauaocs Ha 6a3i 1Y «HauioHans-
HUI HAyKOBUI LEHTpP pafialliiiHOI MeIULIMHU, reMa-
toJjorii Ta oHkomnorii HAMH Ykpainn» (HHLPMTI'O)
y nepion 2019—2024 pp. 3arajgom 0yJio 0O6CTEXKEHO
4 664 ocobu, 3 IKUX 815 — y IpocreKTUBHOMY Ta 3 849 —
Y PETPOCHEKTUBHOMY JOCTiIKeHHsIX. BikoBuii miarmazoH
00cTexXeHUX 0cib ctaHOBUB 19—75 pokiB Ha yac o0cTe-
KeHHs. Jlo Tpynu crocTepeskeHHs YBIAIIIN MOCTpaXkK-
Jgani BHachigok asapii Ha YAEC (onpoMiHeHi ocobm):
yJacHUKM JdikBigauii Hacniakis asapii (YJIHA), esa-
KyiioBaHi 3 30-KM 30HUM Bimuy>KeHHsI, MEIITKaHIIi pamio-
aKTHBHO 3a0pyIHEHUX TEPUTOPIii Ta IXHi HAILIAAKK, a Ta-
KOX BilicbKOBOCIYk00B1Li Cun o0opoHu YKpaiHU.
Hianma3oH 103 30BHILIHBOrO onpoMmiHeHHs 11 YJIHA
Ha YAEC oyB 0,05-0,2 Ip (cepemnst moza 0,187 Ip).
KoHTposibHY Tpyny CTaHOBWJIM HEOIPOMiHEHi ocodu,
SIKi HE 3a3HaJIW BIUTUBY iOHi3yI0UOTO BUTTPOMiHEHHS.

VY maHoMy JOCHiIXKEeHi BUBYAIMCS BUMAAKWA BTOPUH-
HOI'0 HOPMOKAJIbLIEMIUHOTrO TineprapaTupeo3y B OC-

accident is necessary to understand the long-term
consequences of radiation exposure and develop
the effective preventive and therapeutic approach-
es. In recent years, the staff of the NRCRMHO has
conducted a range of studies that indicate an
increase in the incidence of structural and func-
tional PTG changes among categories of the popu-
lation affected by radiation [34]. Particular atten-
tion was paid to normocalcemic non-renal forms of
HPT (without impaired renal function), being a
frequent disorders in the irradiated and non-irradi-
ated population and can remain asymptomatic for
a long time, leading however to the gradual damage
not only to bone tissue, but also often to diseases of
cardiovascular, nervous and other systems [35].
Given the growing data on parathyroid radiation
effects and importance of calcium-phosphorus
homeostasis for the health of the ChNPP accident
survivors, the study of the development of endo-
crine disorders and concomitant diseases associat-
ed with normocalcemic parathyroid disorders is an
urgent issue of contemporary radiation medicine
and clinical endocrinology.

OBJECTIVE

The objective of the study was to conduct a scientif-
ic analysis of the incidence of structural and func-
tional changes in the PTGs in the different cate-
gories of the ChNPP accident survivors i.e. the irra-
diated individuals.

MATERIALS AND METHODS
The study was conducted at the State Institution
«National Research Center for Radiation Medicine,
Hematology and Oncology of the National Academy
of Medical Sciences of Ukraine» (NRCRMHO) in
the 2019—2024 period. A total of 4,664 individuals
were examined, of which 815 were involved in a pros-
pective and 3,849 case records in a retrospective study.
The age range of the examined individuals was 19—75
years at the time of examination. The observation
group included the ChNPP accident survivors i.e. ir-
radiated individuals, including the ACUW, evacuees
from the 30-km exclusion zone, residents of RCA and
their descendants, as well as servicemen of the
Defense Forces of Ukraine. The range of external ra-
diation doses for the ChNPP ACUW was 0.05—0.2 Gy
(0.187 Gy average). The control group consisted of un-
irradiated individuals not exposed to ionizing radiation.
The cases of secondary normocalcemic hyper-
parathyroidism were studied in the main and control
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HOBHI Ta KOHTPOJIbHIl TpyIax, 110 He OYJIM IMOB’sI3aHi:
3 MOPYILIEHHSIMU (PYHKIiT HUPOK, MPUIOMOM MEBHUX
npenapatiB. bynu BiACyTHi AiarHOCTYBaHHI BUITaJKU
MEepBUHHOTO ab0 BTOPMHHOTO rineprnapaTupeosy. Bci
namieHTH Maiau nediluT adbo HecTady BiTamiHy D,
OCKIJIbKM B YKpaiHi iX MOLIMPEHICTb 3a MOMYJISLIiAHN-
MU JOCHIKEHHSIMU CTaHOBUTH ITpuban3Ho 90 %. Bu-
naaku rinepruiasii ado agenom ITII3 B Takux mari-
€HTIB He OyJ11 TTOB’sI3aHi 3 IEpBUHHUM TilleprapaTupe-
030M (0€3CUMIITOMHUM a00 KJTiHIYHO3HAYYILIUM).
MeTtoau AOCHiIXKEHHS BKJIOYAIW: KJIiHiYHE oOCTe-
JKeHHs Ta 30ip aHaMHe3y; aHTPOIIOMETPUYHI BUMipIO-
BaHH# (3picT, Maca Tijia, iHAEKC MacH Tijia); yIbTpa3By-
KoBe nociaimxkeHHs I3 ta T3 3 BU3HAUEHHSIM iXHiX
00’eMiB Ta €XOCTPYKTYpH; JIabopaTopHe BM3HAYCHHS
piBHiB maparropmony (ITPI; BBaxkaBcs 3a HOpMaJlb-
Hui B Mexax 10—65 Hr/m a6o Hmoib/n), 25(0OH)D
(Hopma 75—250 HMOJIb/T), 10HI30BAHOTO KaJbllilo,
dochopy, TTT, BiTbHOrO TUPOKCUHY, aHTUTIJ OO TH-
peoigHOoI mepoKCcuaa3n Ta TUPEOro0yiHy, OioXiMiuHi
noka3Huku. Y3/ ITI3 BukoHyBaau 3a CTaHIApPTU30-
BaHMM npoTokojoM. ['inepmnaszito ITII3 giarHocTyBa-
JI1 Opu BUSIBJIEHHI OJHi€l abo AeKiJbKOX 3a103
po3MipoM Bif 5 MM a0o Oibille, OyIb-sIKOi €XOTeHHOCTI
(rinmo-, i30-, rinep-), 6€3 03HaK MepPeTBOPEHHS Ha ajae-
HoMy. BusisnenHs kinbkocti ITII3 noHan 4 BBaxano-
cs1 MYJBLTUIJIAHAYJSIDHOIO TilepIuia3i€ro, vacTilue
HkHix T3, inkonu HrkHix Ta BepxHix [TI3. Cra-
TUCTUYHMIA aHaIi3 JaHUX MPOBOAWUIIM 3 BUKOPUCTAH-
HSIM METOJiB OMKCOBOI Ta BapialliiHOI CTATUCTUKM.

PE3VYJIBTATU TA OBTTOBOPEHHA
Ycworo npoaHaiizoBaHo KiiHiuHiI maHi 2 183 oci0 i3
rpyn nocrpaxganux micas aBapii Ha HAEC (onpowmi-
HeHNX) Ta 1 115 0ci6 KOHTPOABHOI Ipynu (HEOTpOMi-
HEHHX).

bazosuit pusuk rineprazii 1113 y KOHTpoJbHil
rpymni ctaHoBuB 18,0 % (201/1115). B ycix kaTeropisix
MOCTpaXXKAaJIMX CyMapHO pHU3MK OyB BulIMM: 25,8 %
(563/2183), RR = 1,43 (95 % Al 1,24—1,65); pizHuiis
pusukiB = +7,8 B. . (95 % 11 4,9—10,7); p < 0,001. Lle
Bignmosimae npubin3Ho +13 10JaTKOBUM BUMagKaM Ha
koxxHi 100 oci0d y Tpymax mocTpaxkaaanx ITOPiBHSIHO 3
KOHTpoJieM (OPiEHTOBHE «UMCJIO0, TIOTPiOHE IS 3a3Ha-
BaHHs wkoau» = 13; 95 % J1 ~9—20). 3a niarpynamu
crocTepiraBcs rpali€HT 3 HAUOIIBIIMM aOCOMIOTHUM i
BiIHOCHUM MiJBMILIEHHSM Cepell eBaKyloBaHUX i3
30-xm 3onu: 31,4 % (181/577), RR = 1,74 (1,46—
2,07); pizuuus pusukis = +13,3 B. . (8,9—17,7);
p <0,001 — ue opieHToBHO +13 1OAATKOBUX BUMAI-
KiB Ha 100 oci6 (NNH = 8; 95 % 1 ~6—11). Cepen

groups that were associated neither with impaired
renal function, nor with taking certain medications.
There were no diagnosed cases of primary or sec-
ondary HPT. All patients had a deficiency or lack of
vitamin D, since in Ukraine their prevalence
according to the population studies is approximately
90%. Cases of parathyroid hyperplasia or adenoma
in such patients were not associated with primary
HPT (asymptomatic or clinically significant).

The study methods included clinical examination
and case history recording; anthropometry (height,
body weight, body mass index); TG and PTG ultra-
sound examination with determination of their vol-
umes and echostructure; laboratory assay of PTH
(considered normal within 10—65 ng/L or nmol/L),
25(0OH)D (normal 75—250 nmol/L), ionized calci-
um, phosphorus, thyroid-stimulating hormone, free
thyroxine, antibodies to thyroid peroxidase and thy-
roglobulin, biochemical parameters. Ultrasound of
PTG was performed according to a standardized
protocol. Parathyroid hyperplasia was diagnosed
when one or more glands were detected with the
dimensions of 5 mm or more of any echogenicity
(hypo-, iso-, hyper-), with no signs of transforma-
tion into adenoma. Detection of more than four
PTG was considered a multiglandular hyperplasia,
more often of the lower parathyroids, sometimes of
the lower and upper PTG. Statistical analysis of the
obtained data was performed using descriptive and
variational statistics.

RESULTS AND DISCUSSION
A total of 2,183 individuals from the ChNPP acci-
dent survivors (irradiated group) and 1,115 persons
in the control group (non-irradiated) were analyzed.
The baseline risk of parathyroid hyperplasia in the
control group was 18.0 % (201/1,115). In all cate-
gories of survivors the overall risk was higher: 25.8 %
(563/2,183), RR = 1.43 (95 % CI: 1.24—1.65); risk
difference = +7.8 p.p. (95% CI: 4.9—10.7); p < 0.001.
This corresponds to approximately +13 additional
cases per 100 people in the affected groups com-
pared to the controls (estimated «<number needed to
experience harm» = 13; 95% CI: ~9—20). By sub-
group, a gradient was observed with the largest
absolute and relative increase among evacuees from
the 30-km zone: 31.4 % (181/577), RR = 1.74
(1.46—2.07); risk difference = +13.3 p.p. (8.9—17.7);
p < 0.001 — this is approximately +13 additional
cases per 100 people (NNH = 8; 95 % CI: ~6—11).
Among the ACUW the risk was 26.3 % (218/830),
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Finepnnasis npuwmTonoai6HUX 33103, 33 AAHUMM YILTPA3BYKOBOrO AOCNIAXKEHHSA 33 KaTeropiAMuU NOCTPaXKAANMUX

NopiBHAHO 3 KOHTPONEM

Table 1
Parathyroid hyperplasia according to diagnostic ultrasound
trols

data by categories of survivors compared to con-

MocTtpaxpani Bip, Hachipkis KonTtpon

Pi3Hnugs pusukis, B. n.

b RR

Kateropis aBapii Ha YAEC

P ol . Control . (95 % )

ChNPP accident survivors (95 % Al) S p
Risk difference, p. p.
Category cases,n cases,n (95 % Cl) o
BMMafAKu, N 0 BMnNagku, n  ’° (95 % CI)

YTIHA Ha YAEC
ChNPP ACUW 830 218 %3 1115 201 18,0 1,46 (1,23-1,73) 8,2 (4,5-12,0) < 0,001
Enaxyviosari 3 30-kM 30HM 577 181 314 1115 201 18,0 1,74 (1,46-2,07) 13,3 (8,9-17,7) < 0,001
30-km zone evacuees
Meuikai P3T 776 164 21 1115 201 180  1,17(0,97-1,41) 3.1 (-0,5-6,8) 0,092
RCA pipulation
Bceoro nocTpaxpanix 2183 563 258 1115 201 18,0 1,43 (1,24-1,65) 7,8 (4,9-10,7) < 0,001

All survivors

Mpumitku. RR — BigHocHwiA puank; 95 % [I — aBobiuHmii 95 % noBipumii iHTepsan; p — nBoGiYHe.
Notes. RR — relative risk; 95 % Cl — two-sided 95 % confidence interval; p — two-sided. Risk diffe

PisHuLs puankiB HaBefeHa y BiACOTKOBUX MyHKTax (B. M.).
rence presented in the percentage points (p.p.).

VJIHA pusuk cranosus 26,3 % (218/830), RR = 1,46
(1,23—1,73); pizaung pusukis = +8,2 B. 1. (4,5—12,0);
p < 0,001, o ekBiBaJIeHTHO MPUOJIU3HO +8 TOJATKO-
BuM Bumagkam Ha 100 ocio (NNH = 12; 95 % 1 ~8—22).
Hns memkanuiB P3T 3agikcoBano 21,1 % (164/776),
RR =1,17 (0,97—1,41); pisanus pu3ukis = +3,1 B. 1.
(-0,5-6,8); p = 0,092 — craruCcTMYHO HE3HAUyIla
BimminHicTb (95 % J1 mna RR oxommoe 1,0, mist pisHULI
pusukiB — 0) (tabu. 1).

Takum ynHOM, yacToTa rinepruiazii ITLL3 3a yasTpas-
BYKOBMMH O3HaKaMU Oyja BUIIOIO Y TTOCTPaXKIAINX 0Ci0
(ormpoMiHEeHMX) MTOPiBHAHO 3 KOHTpoJeM (25,8 % mpotu
18,0 %; RR 1,43 (1,24—1,65), p < 0,001). HaiiBuiii 3Ha-
YyeHHS BigMiueHi B eBakyiioBannx ta YJIHA na YAEC.

YacTota HOpMmoOKajibleMiuHoro HepeHaiabHoro ['TIT
(HK-TTIT) cepen moctpaxaanux ocio craHosuia 20,3 %
(107 i3 527), o Ha 5,2 B. M. BULIE, HIXK Y KOHTPOJIi —
15,1 % (33 i3 219). 3a OLiHKOIO BiTHOCHOTO PU3UKY, Y
noctpaxaganux iMmoBipHicte HK-T'TIT 6yna Ha 35 % Bu-
ma, Hix B KoHtpoui (RR = 1,35; 95 % A1 0,94—1,93).
AGCOIIOTHA Pi3HULIS PU3MKIB ckiaia 5,2 B. m. (95 % 1
-0,6 1o 11,1). CraructvuyHa nepeBipKa Tinore3n He J0-
csria moporosoi 3Hauymocti npu o, = 0,05 (x2(1) = 2,78;
p=0,095), a noBipui intepBanu 1151 RR oxorutoioTs 1,0,
1110 BKa3ye Ha TeHAeHLito a0 BuIoi yacrotu HK-TTIT y
nocTpaxialiux ocio, mpore 0e3 JOCTaTHIX MiAcTaB AJIs
BiIXWJIEHHSI HYJIbOBOI Tinmore3u. OTpuMaHi TOYKOBI
OLIIHKW MOXYTh MaTH KJiHiYHY BaXXJIMBICTb i BUTIPABIO-
BYIOTh IONAJIBIIIMIA aHAJIi3 3 ypaXyBaHHSIM ITOTEHIIIMHIX
3MIIIYBaJIbLHUX YWHHUKIB (BiK, cTaTh, BiTaMiH D,

RR =1.46 (1.23—1.73); risk difference = +8.2 p.p.
(4.5—12.0); p < 0.001, equivalent to approximate-
ly +8 additional cases per 100 people (NNH = 12;
95% CI: ~8—22). For residents of the RCA the
21.1 % (164/776) were recorded, RR = 1.17
(0.97—1.41); risk difference = +3.1 p.p. (-0.5—6.8);
p = 0.092 — statistically insignificant difference
(95% CI: for RR covers 1.0, for risk difference — 0)
(Table 1).

Thus, the incidence of PTG hyperplasia accord-
ing to the diagnostic ultrasound data was higher in
the survived (irradiated) individuals vs. controls
(25.8 % vs. 18.0 %; RR 1.43 (1.24—1.65), p <0.001).
The highest values were observed in the evacuees
and ChNPP NPP ACUW.

Incidence of NNHPT among the survivors was
20.3 % (107 out of 527), which was 5.2 p.p. higher vs.
in control — 15.1 % (33 out of 219). According to the
relative risk assessment, the NNHPT probability in
the survivors was 35 % higher vs. in controls (RR =
1.35; 95% CI: 0.94—1.93). The absolute risk differ-
ence was 5.2 p.p. (95% CI: -0.6 to 11.1). The statisti-
cal test of the hypothesis did not reach the threshold
of significance at oo = 0.05 (%*(1) = 2.78; p = 0.095),
and the confidence intervals for the RR encompass
1.0, indicating a trend towards higher frequency of
NNHPT in survivors, but without sufficient grounds
to reject the null hypothesis. The obtained point esti-
mates may have clinical importance and warrant fur-
ther analysis taking into account the potential con-
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Taoauuya 2

Yactota HopmoKanbuemiyHoro MTy nocTpaxpanux i B KOHTponi

Table 2
Incidence of normocalcemic HPT in study groups

MocTtpaxpani Bip, HacipkiB

Pi3Huus pusukis, B. n.

Karteropis aBapii Ha YAEC Kgunt)o;:b RR (95 % 1)
ChNPP accident survivors ontro (95 % 4l) - p
Category cases. n cases n (95 % Cl) Risk difference, p. p.
Bunap,l(’u, n % Bunap,K:n, n % (95 % ClI)
Hopwokansuemtskui T 557 107 03 219 33 151 13509%-19)  52(-06-111) 0,095

Normocalcemic HPT

Mpumitka. IMT — rinepnapat1peos
Note. HPT — hyperparathyroidism

(yHKIIiT HUPOK, WOTHMIT CTaTyC TOIIO) Ta OijbIIi BU-
Oipku.

OTtxe, 3a (pyHKUIOHAIbHUMHU TOKAa3HUKAMU CTaHY
I3 1moao 4acToTH HOPMOKAIbLEMIYHOTO HepeHaIb-
HOTO TilnepriapaTupeo3y y IocTpaxaalnx ociod crnocrepi-
rajach TeHaeHLis 10 3poctaHHsa (RR 1,35 (0,94—1,93),
p =0,095).

ITpu upomy, koHueHrtpauii ITPI" 6yau BUIIMMU Yy Ki-
HOK HOPIBHSIHO 3 YOJIOBiKaMM, SIK y TTIOCTpaXKaaanux ocio,
TakK i B KOHTPOJi; pi3HuUIlg cTaHoBMiIa 23,5 (9,5—37,5)
(p=0,001) y mocrpaxnanux ta 19,1 (7,5—30,7) (p = 0,001)
Y KOHTPOJT.

JlvHaMiKa 4aCTOTU BUSIBJIEHHSI HOPMOKAJIbLIEMiUYHOTO
rinepnapaTupeo3y B OIPOMiHEHUX OCi0 IEeMOHCTpYyeE
3pocTaHHs B 000X rpymnax. JIiHiiiHuii TpeHa I MoCT-
paxnpanux: +1,70 B. m./pik (R* = 0,95; t = 5,47; npub-
nu3Ho p = 0,005); mast konTposmo: +0,95 B. 1. /pik (R? =
0,92; t=6,76; p = 0,003). Big 2019 mo 2024 poky yacTka
HK-ITIT 3pocna 3 18,2 % no 26,6 % y moctpaxaaiux Ta
3 10,4 % no 14,7 % y xontpodi (puc. 1).

Lli naHi MmarOTh BaxKJIMBE 3HAUYEHHS [1J151 PO3YMiHHSI Bifl-
JaJleHUX HACJiIKiB pagialliiiHOro OMpoMiHEeHHS Ta Iia-

founding factors (age, gender, vitamin D, renal func-
tion, iodine status, etc.) and larger samples.

Thus, according to the functional parameters of
the state of parathyroids, there was a trend to
increase in frequency of NNHPT in the survived
individuals (RR 1.35 (0.94—1.93), p = 0.095).

At the same time, the concentrations of PTH
were higher in females compared to males, both in
the survivors and controls; the difference was 23.5
(9.5-37.5) (p = 0.001) in survivors and 19.1
(7.5—=30.7) (p = 0.001) in controls.

The incidence dynamics of the NNHPT in sur-
vivors demonstrates an increase in both groups.
Linear trend for the survivors: +1.70 p.p./year
(R2=0.95; t = 5.47; approximately p = 0.005); for
the controls: +0.95 p.p./year (R*=0.92; t = 6.76;
p = 0.003). Since 2019 till 2024 the proportion of
NNHPT increased from 18.2 % to 26.6 % in sur-
vivors and from 10.4% to 14.7% in controls
(Fig. 1).

These data are important for understanding the
long-term effects of radiation exposure and plan-
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Figure 1. Incidence of normocal-

cemic hyperparathyroidism detection
in dynamics, by year (2019-2024)
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HYBaHHS MEAMYHOIO CIIOCTEPEXKEHHS 3a MOCTpaXK1aau-
MU Bing HaciainkiB aBapii Ha HAEC. TToTpiOHi 1omaTKoOBi
TOCTiMKEeHHS 1151 3’ SICYBaHHS IPUYMH 3araJlbHOTO 3pOC-
TaHHS 3aXBOPIOBAHOCTI Ta OMNTHUMI3allii cTpaTerii
CKpUHiHTY. KJTIoOUOBMMM 3HAXiIKaMU €
1. Criiika pi3HMLSI MiXX IpylaMM: 4acTOTa HOPMOKaJb-
uemivyHoro I'TIT y mocTpaxkmanux Bil HaciaKiB aBapii
Ha YAEC crab6inbHo y 1,75—1,91 pa3za Builia, HiX Y KOHT-
POJIBHIN TPyITi, IO MiATBEPIKYE TOBrOTPUBAINI BILJIUB
panialiifHOro ONMpoOMiHEHHSI.
2. 3pocraioua TEHIEHIliS: OOMABI T'PYyNU IMOKA3yIOTh
MporpecruBHe 30iIblIeHHS YacTOTHU 3axBopioBaHb [11113
npotsirom 2019—2024 pokis, 1110 MoxXe Bimobpaxae pe-
ajJibHEe 3pOCTaHHS 3aXBOPIOBAHOCTI.
3. Hatisnmuit pusuk I'TIT criocrepirascs y 2022 poiri:
MiK 3aXBOPIOBAHOCTI B TPYIIi TTOCTPaXKIAIMX BiJ HACiI-
kiB aBapii Ha YAEC (26,4 %) Moxe OyTH ITOB’sI3aHUI 3
IOTAaTKOBMMU CTPECOBUMM (DAaKTOpaMU TOTO IIePiOmy.
YacTtka HopmokainbleMiyHoro I'TIT 3pocTana 3 BikoM
y MOCTpaXKaanux (3BaKeHUI TPeH/, 32 BIKOBUMMU ITiATPY-

Taoauuya 3

ning medical surveillance of the ChNPP accident
survivors. Additional studies are required to clarify
the reasons for the overall incidence increase and
optimization of screening strategies. Key findings
include:
1. A persistent difference between groups: the inci-
dence of normocalcemic HPT in the ChNPP
accident survivors was consistently 1.75-1.91 times
higher than in the control group, confirming the
long-term impact of radiation exposure.
2. A growing trend: both groups showed a progres-
sive increase in the parathyroid disease incidence
during 2019—2024, which may reflect a real inci-
dence increase.
3. The highest risk of HPT was observed in 2022;
the peak incidence in the group the ChNPP acci-
dent survivors (26.4 %) may be associated with the
additional stress factors of that period.

The proportion of NNHPT increased with age in
survivors (weighted trend by age subgroups: z = 2.96,

KoHueHTpauia napaTropMoHy 3a CTaTTIo: CepefHi 3HaYeHHA Ta PisHULUA (KiHKM-40noBiKK)

Table 3

PTH concentration by gender: mean values and difference (females- males)

Yonosiku XKinku A (XiH.-yon.), Hr/mMn

Fpyna (95 % M)
NPr, vr/mn (M = SE) NPr, vr/mn (M = SE) Hedgesg p
Group PTH, ng/ml (M = SE) PTH, ng/ml (M = sg)  (fem:-mal.), ng/ml
» Ng * » Ng = (95 % Cl)

MocTpaxaani Big, Hacniakie
aBapii Ha YAEC 254 446 +4,2 273 68,1 =5,8 23,5 (9,5-37,5) 0,28 0,001
ChNPP accident survivors
Kowtposnb / Control 111 37,142 108 56,2 +4,2 19,1 (7,5-30,7) 0,43 0,001

Mpumitku. NP — napatropmon; M + SE — cepepHe + cTangapTHa noxubka; Hedges g — craHnapTuaoBaHmii poamip edekTy.
Notes. PTH — parathyroid hormone; M £ SE — mean + standard effor; Hedges g — standardoses effect size

Ta6nuusa 4
HepeHanbHuit HOpMOKaKanbLeMiYHUI rinepnapaTMpeos 3a BiKOBUMM KaTeropiAMu: nocTpaxaani npoT KOHTPoio
Table 4
Non-renal normocalcemic hyperparathyroidism by age categories (survivors vs. control)
MocTtpaxpani Bip, HacnipkiB
Bik, poku aBapii Ha YAEC Kg““:”:" OR (95 % fil)
ChNPP accident survivors ontro p
Age, years cases, n % cases,n OR (95 % ClI)
BMMaAKu, N 0 BMNafKu, n 0
19-30 29 1 34 3 0 0,0 0,37 (0,01-10,90) 0,744
31-40 42 3 7.1 25 1 4,0 1,45 (0,20-10,46) 0,600
41-50 119 12 10,1 64 1 1,6 4,92 (0,88-27,54) 0,032
51-60 156 23 14,7 44 6 13,6 1,04 (0,41-2,67) 0,854
61-70 9% 4 427 36 10 27,8 1,89 (0,83-4,29) 0,117
> 70 85 27 31,8 47 15 319 0,99 (0,46-2,10) 0,986

Mpumitky. OR oLiHEHO 3 KOpeKLielo X0naeHa Yy BUNaZKy HYNbOBUX KNiTWH; p — TECT ABOX MPOMOpLLN

Notes. OR estimated with Holden correction in the case of zero cells; p — test of two proportions

423 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

Ta6nauua 5

HepeHanbHMin HOpMOKaKaibLueMiYHMI rinepnapaTtupeo3 3a HaABHOCTI KOMOp6igHoCTi: mocTpaxkaani nportu

KOHTPOJIIO
Table 5

Non-renal normocalcemic hyperparathyroidism with comorbidities: survivors vs. control

Moctpaxpani Big Hacnigkis

Koutponb RR

3axBoplOBaHHS aeapii Ha YAEC Control OR
ChNPP accident survivors ontro (95 % A1) (95 % A1) p
Disease cases, n % cases,n o (95 % Cl) (95 % Cl)
BUMNaAKu, N BUNAAKK, N

L1 2 tuny / Type 3 DM 266 69 25,9 91 19 20,9 1,24 (0,79-1,95) 1,31 (0,74-2,31) 0,334
OxwupinHs / Obesity 55 16 29,1 42 9 21,4 1,36 (0,67-2,76) 1,47 (0,59-3,70) 0,393
lnotupeos / Hypothyroidism 99 9 9,1 45 2 44 2,05 (0,46-9,09) 1,83 (0,43-7,70) 0,331
Byanoswuii 306 / Nodular goiter 68 6 8,8 23 3 13,0 0,68 (0,18-2,49) 0,61 (0,15-2,45) 0,558
Tupeotokcukos / Thyrotoxicosis 39 7 17,9 18 2 11,1 1,62 (0,37-7,02) 1,52 (0,32-7,17) 0,510

Mpumitkn. RR — BigHOCHMIA pu3uk; OR — BiHOLIEHHS! LWAHCIB; OLyjHKM crude (6e3 HaratodakTopHoi KopekLii)

Notes. RR — relative risk; OR — odds ratio; crude estimates (without multifactorial correction)

namu: z = 2,96, p = 0,003). Y nepiox 2019—2024 pp.
yactka HK-T'TIT 3pocrtana B 000x rpymnax; OLiHKa
cxuiiB craHoBujaa 1,70 B. I./pik y MocTpaxaalux Ta
0,95 B. m./pik y KoHTpoJi, pizuung 0,75 B. mm./piK
(p = 0,029).

VY migrpynax 3 KoMopOigHIiCTIO (IyKpOBHIA miadeT 2 TH-
1y, OXKUPiHHSA, Tinotupeo3 ToIo) yactku HK-TTIT Oy-
JIA BULIAMM Y TIOCTPaKIAINX TTOPIBHSIHO 3 KOHTPOJIEM,
OJHAK y MexXaX HasiBHUX YMCEJbHOCTEM 1LIi BiIMiHHOCTI
He JOoCSTaIn CTaTUCTUYHOI 3HaUyIocTi (ycip > 0,3).

TaxkyM UYMHOM, B JOCJIIJKEHHI ITOKa3aHO, 1110 YaCTOTU
JiarHoctyBaHHd rinepriazii ITII3 (rpu yasrpa3ByKo-
BoMy nociimkeHHi) (cykynHo RR = 1,43; p < 0,001) ta
HOPMOKAaJIbLIEMiYHOTO HEPEHAILHOTO TilleprapaTupeo-
3y (ropMoHaibHe AociimkeHHs ) (RR = 1,35; p = 0,095),
1110 He Oy/IM TIOB’s13aHi: 3 MOPYIIeHHIMU (hyHKIIiT HU-
POK, IIPUITOMOM IIEBHUX IIpeIlapaTiB, IIPEBaIOBAIA B
rpyTax rocTpaxaannx BHacainok asapii Ha YAEC, axi
Oynu onpoMiHeHi (y 1,75—1,91 pa3u Bullli, HixX Y KOHT-
poJbHil rpymi), 3 mikoM y 2022 poui. Bce e Bigoynocs
Ha TJ1i MOAU(DiKyI0UOro BIUIMBY iCHYIOUOIO ITOLLIMPEHHS
nedinuty/Hectadi BitaMiHy D B momysisiiii MeIIKaHIIiB
VYKpainu, K orpoMiHEHHX, TaK i HEOITPOMiHEHUX.

Mu npuALIIA BUCHOBKY, IO ITi 4Yac aBapii Ha
YAEC icHyBano nekiibKa BapiaHTIB ONPOMiHEHHS
I3, axi MOXYTh BiZOyBaTHCS TAKOX i y BHITamKax
STPOT€HHOTO BTPyYaHHS I103a HAcligKaMu aBapii 4ye-
pe3: 1) BropuHHe omnpoMiHeHHs ITII3 Bim cycimHboi
LIMTONOAIOHOI 3271031, 110 HAKOITMYWJIA palioOaKTUBHI
i30TONM Homy; 2) IMPKYJIOI0Ui Y KPOBi i30TOIMH, TIepIII
3a Bce panioitony, mo npoxoawin yepes [T 3; 3) Ha-
konuyeHHs y ITII3 TpormHux A0 ii KJiTHH pagioaKTUB-
HUX i30TOMiB (1I€3iii, CTPOHLIN Ta iHIIiX); 4) 30BHILIHE
rama-BUIIPOMiHIOBaHHSI, 1110 BIMBAJIO HAa 001aCTh 1IUI.

b 424

p=0.003). In the period of 2019—2024 the proportion
of NNHPT increased in both groups; the slope esti-
mate was 1.70 p.p./year in survivors and 0.95 p.p./year
in controls, a difference of 0.75 p.p./year (p = 0.029).

In subgroups with comorbid diseases (type 2 dia-
betes, obesity, hypothyroidism, etc.), the propor-
tions of NNHPT were higher in the survivors com-
pared to controls, however, within available numbers
these differences did not reach a statistical signifi-
cance (all p > 0.3).

Thus, the study showed that the incidence of diag-
nosing the parathyroid hyperplasia (by means of diag-
nostic ultrasound) (total RR = 1.43; p < 0.001) and
NNHPT (hormonal study) (RR = 1.35; p = 0.095),
which were associated with neither impaired renal
function, nor taking certain medications, prevailed
in the groups of the ChNPP accident survivors
exposed to ionizing radiation (1.75—1.91 times high-
er than in the control group), with a peak in 2022.
All this occurred against the background of modify-
ing effect of the existing prevalence of vitamin D
deficiency/insufficiency in the residents of Ukraine,
both irradiated and non-irradiated.

We concluded that during the ChNPP accident
there were several options for parathyroid irradia-
tion, which can also occur in case of iatrogenic
intervention outside the consequences of the acci-
dent due to: 1) secondary PTG irradiation from the
neighboring TG, which accumulated radioactive
iodine isotopes; 2) circulating isotopes in the blood,
primarily radioiodine, passing through the PTG; 3)
accumulation of radioactive isotopes in the PTG
tropic to its cells (cesium, strontium, etc.); 4) exter-
nal gamma radiation on the neck area.
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BUCHOBKU

1. IMoctpaxnani Big HachiakiB aBapii Ha HAEC maloTb
BUIIy YaCTOTYy YJIBTPa3BYKOBUX O3HAK HAasSBHOCTI
rinepriasii [TI3 mopiBHSAHO 3 KOHTpoJieM (CYKYITHO
RR =1,43; p <0,001), 3 HaliOIIbIIUMU 3HAYEHHSIMU CE-
pen eBakyiloBaHux Ta YJIHA.

2. YacTroTa HOPMOKAIBLEMIYHOTO HEPEHAJTBHOTO Tillep-
napaTupeo3y JeMOHCTPYE TEHJIEHLIIO A0 IiIABUILIECHHS Y
noctpaxnanux Bix Hacinkis aBapii Ha YAEC (RR = 1,35;
p = 0,095), a Takoxk 3pocTae 3 BikoM; y XkiHOK piBHi ITPT’
BUIIIi, HiXK Y YOJIOBIKiB.

3. ¥V nepion 2019—2024 pp. BinMidyeHO 3pOCTaHHS YaCTKU
HOPMOKAQJTBLIEMIYHOTO HEPEHAJILHOT'O TilleprapaTupeo3y B
000X Ipymax; IIpUPICT y MOCTpaKaaaMX Bil HACJIIAKIB aBa-
pii Ha YAEC Bumuii (pisHuns cxwiiB = +0,75 B. 1. /piK;
p = 0,03), mo BimoOpaxkae peajqbHe 3pOCTaHHS 3aXBOPIO-
BaHOCTI.

4. YV nigrpymnax MHali€HTiB 3 KOMOpPOiIHICTIO YaCTKU
HOPMOKaJIbLIEMiYHOI0 HePEHAJILHOTO TilepriapaTupeo-
3y Oy/M BUILIMMM Y MOCTPaXKIaaMX Bil HaciaKiB aBapii
Ha YAEC, onHak y Mexax HassBHOI BUOIPKH IIi BiIMiH-
HOCTi HE JOCATJIM CTaTUCTUYHOI 3HAUYylIOCTi (crude-
ouinku; p > 0,3).

CINMUCOK BUKOPUCTAHUX OXKEPEN

1. Manifestations of hyperparathyroidism in the jaws: concepts, mecha-
nisms, and clinical aspects / L. M. Guimaraes, A. T. Valeriano, H. Pon-
tes etal. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2022. Vol. 133,
no. 5. P. 547-555. DOI: 10.1016/j.0000.2021.08.020.

2. Cardiovascular manifestations of primary hyperparathyroidism: a nar-
rative review / J. Pepe, C. Cipriani, C. Sonato et al. Eur. J. Endo-
crinol. 2017. Vol. 177, no. 6. P. R297-R308. DOI: 10.1530/EJE-17-
0485.

3. Vitamin D content in population of radiologically contaminated areas in
Chernivtsi oblast (pilot project) / O. V. Kaminskyi, V. |. Pankiv, I.V. Pan-
kiv, D. E. Afanasyev. Probl. Radiac. Med. Radiobiol. 2018. Vol. 23. P.
442-451. DOI: 10.33145/2304-8336-2018-23-442-451.

4. Clinical-metabolic and hormonal relationships between parathyroid
disease and other non-cancerous endocrine disorders in the
Chornobyl NPP accident survivors / O. V. Kaminskyi, O. V. Kopylova,
D. E. Afanasyev et al. Probl. Radiac. Med. Radiobiol. 2021. Vol. 26. P.
410-425. DOI: 10.33145/2304-8336-2021-26-410-425.

5. Safety and efficacy of common vitamin D supplementation in primary
hyperparathyroidism and coexistent vitamin D deficiency and insuffi-
ciency: a systematic review and meta-analysis / A. Song, H. Zhao, Y.
Yang et al. J. Endocrinol. Investig. 2021. Vol. 44, No. 8. P. 1667-
1677. DOI: 10.1007/s40618-020-01473-5.

6. Lower vitamin D levels in surgical hyperparathyroidism versus thyroid
patients / B. M. Lindeman, C. E. Pesce, H. L. Tsai et al. Am. Surg.
2014. Vol. 80, no. 5. P. 505-510.

CONCLUSIONS

1. There is a higher incidence of ultrasound signs
of parathyroid hyperplasia in the ChNPP accident
survivors compared to controls (total RR = 1.43;
p <0.001), with the highest values among evacuees
and accident clean-up workers.

2. Incidence of normocalcemic nonrenal hyper-
parathyroidism shows a trend to increase in the
ChNPP accident survivors (RR = 1.35; p = 0.095)
featuring an increase with age; the PTH levels were
higher in females than in males.

3. Anincrease in the proportion of normocalcemic
nonrenal hyperparathyroidism was noted in the
period of 2019—2024 in both groups; the increase
in the ChNPP accident survivors was higher (slope
difference = +0.75 p.p./year; p = 0.03), which
reflects a real morbidity increase.

4. In subgroups of patients with comorbidities, the
proportion of normocalcemic nonrenal hyper-
parathyroidism was higher in the ChNPP accident
survivors, however, within study sample these dif-
ferences did not reach a statistical significance
(crude estimates; p > 0.3).
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