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TpeHpn 3aXBopHBAHOCTI
Ha paK LmTonoaibHol
3ano3un cepefi AITel

Ta MIANITKIB YKpaiHu,
noCTpamaanix BHacnIfoK

YopHobunbcbKol KaTacTpodum,

BMAVB MifIBULLIEHHA
NponiciepaTuBHOI aKTUBHOCTI
Ha KNIHIKO-TICTONATONOr IYH
XapaKTePUCTUAKN PABioreHHX
naninApHUX TUPEOoiAHNX
KapLWHOM

LY «IHCTUTYT engoKprHonorii Ta 0bmiHy peyosuH im. B.M. KomicapeHka HAMH Ykpainu»

T.l. borgaHoBa,
B.M. Wnak,
J1.10. 3ypHapxn,
M.I0. bonros,
C.B. bypko,

T.J1. JertapboBa,
C.B. YepHuwos,
C.B. l'yneBartun,
J1.0. Tynak,

H.A. Ma3ypuk,
M.A. TpoHbKO

Pe3stome. Y cTaTTi HaBEEHO OrNAA OCHOBHYX PE3YNbTaTiB, OTPHMAHKX 33 3aBepLIeH0t0 Y 2024 poLji HayKOBO-A0CIAHOK POBO-
Toto (HIP). MeToto focniaxeHHA 6yno NpoaoBXKITY MOHITOPKHT 3aXBOPIOBAHOCTI Ha pak LuTonoAibHoi 3ano3u (PLL3) B aitelt
Ta NIANITKIB YKpaiHM, NOCTpaxaanmx BHaCiAoK YopHOOUNBCHKOT KaTacTpodK, a TaKoX BU3HAUMTU MOXIMBICTb 3B'A3KY MiX
nponidepaTMBHOI aKTUBHICTIO, IHBA3IAHAMY BNACTUBOCTAMI NyXUH, HasBHICTIO BRAFYF myTauii Ta pO3BUTKOM peunauBsiB

© T.I. boedaHosa, B.M. llinak, J1.f0. 3ypHaoxu, M.fO. boneos, C.B. bypko, TJ1. leemapeosa, C.B. YepHuwios,
C.B. [ynesamud, J1.0. [ynak, H.A. Masypuk, M.J. TpoHbko
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3aXBOPIOBAHHA MPY PaioreHHill Ta CNOPaanYHii naninapHii TvpeoigHin kapuuHomi (MTK). MaTepian i metogu. Y poboTi
BMKOPWCTAHO faHi HauioHanbHoro KaHuep-peectpy Ykpainu (HKPY), kniniko-mopdonoriuHoro peectpy (KMP) Ta 6a3n gaHuix
YopHobunbcbKkoro GaHky TKaHuH (YBT); 3acTocosaHo enigemionoriuni, rictonoriuni, iMyHorictoximiuni (IFX) Ta cTaTncThyHi
MeToau BoChifKeHHs. Pesynbrati. [lo aHanituyHoi 6asn faHux BKoyeHo 22 966 ocib. [lHamika 3axBoptoBaHOCTI cepef
OMPOMIHEHMX XapaKTepr3yBanaca BUCXiAHUMM YaCoBUMM TPEHAAMM NPOTATOM NICAAYOPHOOWbCbKOTO Nepioay. Br3Hadanaca
CYTTEBA PI3HULA Mix HabINbL | HaMeHL NOCTPaXAanvMn perioHamn Ykpaitu, aka y 2021 poui ctaHosuna 1,9 pasa. [Mpu go-
CifPKeHHI ricTonaTonoriyHmx xapaktepuctuk MK npw nigsueHHi Ki67 nponidepatnsHoro iHaekcy (Ki67 Ml) Bu3HaueHo, wwo
He3anexHo iz eTionorii BRAFY-no3utreHi MTK xapakTepusysanucs sutiym Ki67 M nopisHaro 3 BRAFE-peratisHumu [1TK,
Y papioreHHyx BRAFY™E-peratugHux MTK nigsuiieHHs Ki67 Ml 6yno acouifioBaHo 3 pri3nKom po3BUTKY PELIMAVBIB METACTa3iB.
BucHoBKW. AHani3 3axBoptoBaHOCTI Ha PLL3 cepen nocTpaxaanyix BHacnigok YopHobuibcbKol aBapii AiTelt Ta nigniTkie Ykpa-
HY Mae ByTn obmexeHni nepiofom 3 1986 no 2021 pik. Mpu paaioreHHix MTK, Ha BiAMIHY Big cnopagnyHu, niasuieHHs Kio7
Ml NoB'A3aHO 3 riplWwmm NicnAoNepaLiiiHMM NPOrHO30M, @ CaMe 3i 36inblUeHHAM IMOBIPHOCTI PO3BUTKY peLuauBIB MeTacTasis,
L0 aCOLiiOBaHO BMKMIOYHO 3 BRAFY™E-HeraTuBHUM CTaTyCOM MyX/vH.

KniouoBi cnoBa: YopHobubcbka KatacTpoda, KNiHiKo-MopdOAOriyHmii PeecTp, 3aXBOPIOBaHICTb, Pak WMTONOAIGHOT 331031,

naninApHa TMpeoinHa kapuuHoma, Ki67 nponidepatnsHuii inaekc, BRAFE myTauis.

Piske 306impmienns 3axBopioBaHocti Ha PIIL3
cepenl cy0’exTiB Bikom 10 18 pokiB y 1986 p. € ro-
JIOBHUM MEIUYHUM HacIiaIKoM YOopHOOMIbCHKOT
asapii. JIY <«IHcTUTYT €HIOKPUHOJIOTII Ta 0OMiHY
peuoBuH im. B.II. Komicapenka HAMH VYxpainu»
(IEOP) mpoTsiroM ychoro MicJass90pHOOUTIBCHKO-
TO TIePioy 3aJUIIAETHCS TPOBIAHNM HAYKOBUM
IEHTPOM 3 BUBYeHHs Ta JikyBaHHd PII3 B 110-
CTPaKIAJINX JiTel Ta MiJIITKIB YKpaiHu BHACJIIIOK
aBapii Ha YAEC. MoHITOPUHT 3aXBOPIOBAHOCTI HA
PIIL3, sikuii BigOyBa€ThCs 3aBASAKH CTBOPEHOMY B
[EOP me B 1992 p. KMP, nocriitHo moennyeThes
3 KJiHiKo-TicTonarosnoriunumu, II'X Ta moseky-
JISPHO-TEHETUYHUMU  JIOCTi/PKEHHSIMU — TUPEOi -
HUX KapIIMHOM, $IKi BUKOHYIOTBCS 3a IJIAHOBUMMU
H/P na zamosienns HAMH Ykpainu, a Takox y
MesKax MiKHAPOIHOTO CIiBPOOITHUIITBA 3 MPOBI/I-
unmu 1tentpamu CIIIA, Bemukoi Bpuranii, dAmo-
nii Ta Himeuunnu 3aBisiku ctBopenomy B [EOP B
1998 p. Ykpainceromy UBT, skuii Hasiaye Ha CbOTO/I-
Hi oraz 4500 peTesbHO JOKYMEHTOBAHUX BUIIA/IKIB
JIOOPOSIKICHUX 1 3IOSIKICHUX TUPEOTIHUX Ty XJTHH.

bByio noBeneno 3B’s30K pi3KOro 3pocTaHHs 3a-
xBopioBanocTi Ha PII3 B o3HaueHNX BIiKOBUX KO-
roprax 3 OIPOMIHEHHSIM IUTONOAIOHOT 3amo3u ']
BHac/Ti 10K YOpHOOMIIBCHKOI aBapii, BUBHAYEHO 3Mi-
HU (BUCXI/IHI YU CXIi/IHI JIIHIWHI TPEH/IN) CTPYKTYP-
Hux xapakrepuctuk [ITK, sgka € ocHoBHMM THIIOM
micasuopHobuabebkoro PII3, ixuix iHBasiiiHMX
BiactuBocTei [1-4], BCTaHOBIEHO KIIHIKO-MOp-
¢domoriuni Bimminnocti pamioreraux [ITK (ocobwn,
HapoKeHi 10 YopHOOMIbChKOI aBapii) Bij| criopa-
muuanx [ITK (ocobu, HapomkeHi micis aBapii) B
JUTEN, TTITKIB 1 MOJIOANX IOPOCTUX BiKOM Bij 19

1o 29 pokiB Ha yac omeparttii [5-8]. 3’scoBano, 110
MOJIEKYJISPHO-TeHeTnYHI TomkokeHHsa B [ITK
Ta iXHiX MeTracTasaxX BHacJi0K JopHOOMIBCHKOrO
OINPOMiHEHHS 3YMOBJIEHI, TOJIOBHUM YUHOM, Tiepe-
OymoBamu (gene fusions) B pisHUX reHax, a He TOY-
KoBUMU MyTartigmu [9-10].

Tum yacom, ToukoBi MyTaiiii, a came BRAFV6"E
MyTallisi, 3i 30i/IbIIIEHHSAM Yacy, 10 MUHYB IiCJst
YopuobubcbKol aBapii  (Tiepiogy JIaTEHTHOCTI)
Ta 31 3pDOCTAHHAM BiKY OINPOMIHEHUX Yy JAUTIYOMY
Billi, cTaBajla CYTTEBO YACTIIlIOIO, TII0 TTPUBEPHYJIO
HaITy yBary Ta 3yMOBUJIO HATIPSM JTOCJiIKEHb, T10-
ypnaatoun 3 2019 poky. Tax, 3a monepennboio H/IP,
Mo BUKOHYBasacd mpotsirom Bijg 2019 mgo 2021
pory mMu mposesm II'X pocrijskeHHST HAsSBHOCTI
excrpecii myrantHoro BRAFYSF-ginka B pamio-
rennux i cnopaanunux IITK xBopux pisHoro Biky
ta 3'scyBasu, 1mo BRAFVE-riozutusni [1TK Biz-
pisustiorbest Bit BRAFYSE-peratuBHUX IMyXJmH
cyrreso BuinuM Ki67 I1I, nmpuyomy, gk y pagioren-
HuX, Tak i B ciopaanuaunx [ITK [11]. [lo Toro x y
xBopux crapiioro Biky 3 BRAFYV®E-nozutnBHOIO
[ITK mixBumyBaBcsi BiZICOTOK pajioiioapedpak-
TEePHUX PeIU/IMBiB MeTacTasiB /10 perioHapHuX JiM-
dosysmnis [12]. Tomy, y moitro 3aBepmeniii H/[P
(2022-2024) «llopiBHAJbHE OCJIKEHHS MPOJIi-
(deparusnoi aktuBHOCTI BRAFVSE-riosuTnBHMX i
BRAFYSE-geraTuBHUX paioreHHUX 1 CrIOpajny-
Hux [ITK y xBopux pi3Horo Biky 3 OrJisily Ha iHBa-
3iliHI BJIACTUBOCTI IYXJIMH 1 TicssionepaniiitHuii me-
pebir 3aXBOPIOBAHHSA» MU TIOEIHAIH TTPOIOBKEHHS
MOHITOPUHTY 3axBoptoBaHocTi Ha PII3 B xmiteit Ta
MU TKIB YKpaiHu, mocTpakaaanX BHACTigoK Yop-
HOOUJIBCHKOI KaTtacTpou 3 BUZHAYECHHIM MOSKJIH-
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BOTO 3B’3KYy MiXK MPOJihepaTuBHOI0 aKTUBHICTIO,
iHBa3iiHUMU BJIACTUBOCTSIMU IYXJIMH, HASBHICTIO
BRAFYS%E pytaltii Ta pO3BUTKOM PEIU/IUBIB 3aXBO-
PIOBaHHS TIPU pasiorenHiit Ta cnopaanunii [ITK y
XBOPUX Pi3HOTO BiKy. KOpOoTKOMY OTJIs11y OCHOBHUX
pe3yJbraTiB 3a 11i€to 3aBepiienoo H/[P i npucss-
YyeHa MoToYHa CTaTTSI.

Marepian i MmeToau

Mowimopunz uucia sunaokie ma 3axe0pro8aHOCmi
na PII[3

Ha ocHoBI cTBOpeHOi aHaiTUYHOI Gas3y AaHUX
KMP yrouneno Ta po3paxoBaHO PiBeHb 3aXBOPIO-
BanocTi Ha 100 000 HaceseHHS B Pi3HUX BIKOBUX
rpynax npotsirom 2020 ta 2021 pokis 3 ypaxyBaH-
HaM nonoBHeHnX ganux y HKPY, a Takox nopiBHs-
HO 3aXBOPIOBaHICTh y Haiibiibin 3a6pyaHennx ']
niectu miBHiYHUX perioHax (KwuiBcbka, Yepwiris-
cbKka, JKutomupcebka, PiBHeHcbka, Uepkacbka 00-
sacti Ta micto KuiB) 3 pemrroro Teputopii Ykpainu,
3a BUHATKOM YOTHPbOX TUMYACOBO OKYTIOBAHWX pe-
rioniB: aBroHoMHoi PecriyOusiku Kpuwm, /lonerpkoi,
Jlyrancobkoi obmacreii ta micta CeBacTorouib.

3 orJisgly Ha 1ie, TTPOBEJIEHO TaKOX yTOUHEHHS
nemorpadiunoi iHdopmarliii Ha 0bTacHOMY piBHI 3a
2020 ta 2021 poku (OKpeMo /IS AKiHOK i 4OJIOBIKiB,
OJIHOPiYHI BIiKOBi iHTepBasM I 0cib, HapoIKe-
Hux nounHaoun 3 1968 poky). /lani o /loHernpkii,
Jlyrancokiii obaactsx, AP Kpuwm i M. CeBacrormnosib
BUKJIIOUEHO 3 yCiX PO3PaxyHKiB 3a nepion Bix 2014
10 2021 poxy, 3pobJeHO epepaxyHOK BiAOBIIHOI
YUCEJIbHOCTI HACeJeHHs JIJIs1 BCIX BIKOBUX IDYIL.

Cran PIIL3 cepen ocib rpymu miBUIEHOTO PH-
suky y 2022 ta 2023 pokax, TO6TO 1Ii/] Yac BiitHH,
Ky posB’sizasna Pociiicbka @Dezepaitisi, MacoBoi
BTPaTH Ta Mirpailii HaceJieHHs YKpaiHu, olliHioBa-
JiM 32 KibKicTio 3apeectpoBanux y KMP i HKPY
BUTIQ/IKIB cepell 03HAUYEHWX BIKOBHUX TPYIl Ha dYac
YopHoOWIbCHKOI aBapii Ta Ha yac onepailii, BUAB-
JgeHnx y cy6’exriB 1968 Ta momasbiinx pokax Ha-
po/ukenns, 1 BHecenux o KMP i HKPY y 2023 ta
2024 poxkax.

Kuninixo-zicmonamonoeiuni ma II'X docrioncenmst

Kainiko-ricromarosoriuni ta [I'X gocmipkenns
3a H/IP Buxonani Ha Bunanakax IITK, Bumanennx
y 552 marfienTiB BikoMm 10 49 pokiB, mpoorepoBa-
nux B IEOP npotsrom nepioxy Big 1990 mo 2017
POKy, y sikux Oyuu nposeneni ITX peakiiii 3 aHTH-
timamu 10 mytoBanoro BRAFV®E-rentumy (VE1)
ta Ki67 (MIB-1). [locmimkenns ysromkeHo 3

6ioetrurum Komiterom IEOP 3rizHo 3 m03B0IAMEI
Bix 26.04.2018 p. (Ne 22-KE) Ta Bix 27.02.2020 p.
(Ne 31-KE), 3 UBT 3rigno 3 npoexkrom Ne 001-
2020 Tta 3 YuiBepcuterom Haracaki (Nagasaki
University), 3rizino 3 1o3Bosiom Ne 201304017 Bix
01.07.2021.

Cepen npoanasnizoBanux 552 IITK 416 Bumasz-
kiB crtanoBusm paziorenni IITK narientis Bikom
110 49 pokiB Ha yac ormepaitii, siki OyJI¥ IThMU BIKOM
110 4 pokiB y 1986 porii Ta MenKau B HalOiIbII 3a-
6pynnennx *!'1 Kuiscbkiit, Yepnirisebkiit ta JKu-
TOMUPCHKiN obsactsax ta 136 crnopammunux [TTK
MAIiEHTIB BiKOM /10 29 POKiB, IKi TAKOXK MeIKaJIN B
O3HAYEHMX BUIIE 00JIACTSX, ajle HAPOAUIIACS TTiCTIst
1 ciung 1987 poky, To6TO He 3a3HaM BIIUBY *'1.
/1T KopeKTHOTO TOPiBHSAHHS TIOKa3HUKIB pajio-
reannx i cnopaamunux IITK 3 416 pazmiorennmx
IITK Bizibparo 236 BUIa[KiB, BUAAJIEHUX Y Malli-
€HTIB BiKOM /10 29 POKiB Ha "ac omnepartii.

Ticrosoriuna 06pobka GiomciitHoro MaTepia-
JIy TIPOBOMMJIACS 3a CTAHAAPTHUM TIPOTOKOJIOM,
pospobienum st UBT [13, 14], marosoriununit
JIiarHO3 y3TO/IKEHO 3 TICTOJIOTIYHOTO KIacuiKallieo
4-to BujaHHsA BceecBiTHBOI oprasisaiii OXOpOHU
3nopos’st [15]. TlepeBakHa OiJIBIITCTD BUIAIKIB
GyJia JI0aTKOBO ITpOaHali30BaHa IPYIOI0 MiKHa-
pomHMX ekcrepTiB-marosoris npoekty UBT [13,
14]. [iarnos IITK Oyso miarBepakeHo B ycix Ha-
Begenux Bunazkax, pTNM kareropii Busnauaim 3a
OCTaHHIM 8-M BUJIAaHHSIM MiKHAPO/IHOI Kiacuika-
mii TNM [16].

ITX mocmikeHHS TPOBOANINCS BIACHOPYY BU-
konasiem H/IP (JI.3.) y Biamisi pagiamiiinoi MoJe-
KyJISIpHOI emiziemiosiorii [HCTUTYTY 3aXBOpIOBaHb,
NOB’sI3aHUX i3 HACJIIKaMu BHOYXy aTOMHOI 60MOH,
yuiBepcurery Haracaki (Department of Radiation
Molecular Epidemiology of the Atomic Bomb
Disease Institute of Nagasaki University). IIpo-
tokosn II'X nocaimxkens 3 antutigamu 10 V60OE-
myTtoBaHoro BRAF-niporeiny ta 1o Ki67 (MIB-1),
nepeJiik MPoaHaTi30BaHUX KJIHIKO-TiCTONATOJIO-
TIYHUX XapaKTEPUCTHUK, a TAKOXK 3aCTOCOBAHUX Me-
TOJIB CTATUCTUYHOTO aHAJIi3y JleTaJbHO ONKCAHI B
HAIUX MorepeHix myouikaisx [11, 12, 17].

Pesyabrati Ta 00roBOpeHHS

1. Monimopune uucaa eunaoxie ma 3axeopio-
eanocmi na PII[3

36ip manux, BHeceHux 10 KMP crocoBHO BH-
nagkis PIII3 B Ykpaini B cy6’ekriB 1968 Ta mno-

VERTE }
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JAJBIINX POKIB HAPOKeHHs 3a niepioz Bix 1986 1o
2021 poky 3abesneuyBaBCs 3aBASKUA aKTUBHIN
cruinparii 3 HKPY Ta 3 xminiuaum peectpom
[EOP. HKPY € nonyndamiiitHum Kapiiep-peecTpom,
1110 3/[i#ICHIOBAB 36ip JaHUX PO BUIIAJKU PaKy BCiX
JIoKaJmisaiii B ycix perionax Ykpainu [18]. OcHoB-
Hi mokaszHuku sxocti ganux y HKPY (mopiBusn-
HICTb, TOBHOTA, BIPOTiHICTH i CBOEYACHICTD), Bij-
TOBIZIATM  XapaKTePUCTUKAM KaHIIEP-PEECTPIB B
kpainax Cxiznoi €spornu [19].

Kriniuanii peectp [EOP micTtuB petampHy Kiti-
HiuHy iHdopmaltiio mpo nonazx 40% ocib osnaue-
HOTO BIKY 3a BKa3aHUU mepioji, SIKi Majid MaTOJO-
riuauii micasgonepariiinmii giarnos PIIL3 8 HKPY,
npu 1boMy 6J113bK0 25% 0c¢ib Oysm mpoorepoBaHi
B IEOP, pemra 15% ocib orpumyBasu pajioiiore-
partiio Y1 KOHCYJIBTAIlI0 MaTOJOTIYHUX ITperapaTiB
y IHicasionepaniiitHoMy nepiofi.

[Tpotarom 3BiTHOTO Tepioxy 3a HAP (2022-
2024 poxn) no nemorpadiuroi komnonentn KMP
BKJIFOUEHO JIaH1 PO YMCEeIbHICTh HAaceJIeHHs YKpai-
Hu 3a niepion Biz 2019 no 2021 poxy. [Homysii B
KMP (kisnbkicTh HaceneHHd, /Ui GKOTO (hikcyBa-
JINCS BUMAJIKK Ha Yac oriepaiiii) MopoKy 3poCTasu:
SKIIO B Tiepinuii pik croctepeskerns (1986) mory-
JIATIST B peecTpi OyJia ferno MeHtie, Hisk 14 MuTH 0cib,
TO B OCTAHHIN PiK CIIOCTEPEKEHHS 3 BKJIOYECHHIM
mpannx 2021 poxy MoMyJIsiiisi cTaHOBWJIA OGJU3BKO
29,5 mun ocib. Iemorpadiuna 6aza KMP 3a 1o-
CATHYTUM BIKOM 1 CIIiBBiJTHOIIICHHSAM OTIPOMiHEHUX
i HEOTIPOMiHEHNX 3MiHIOBaJacsd 3 POKy B pik. Mo-
HOTOHHO 3MEHIIyBajiacsl 4acTKa JiTed Ta MiJJIiT-
kiB (y 2021 porti Bci BoHM Oy/ii HAPOJKEHI TTiCIst
1987 poky), BojHOUAC 3pocTajia 4acTKa JOPOCTHUX.
Ocxinbkn, mounHaioun 3 2014 poky, ingopmariis
npo Bumnazaku PII3 3 Jlyrancekoi, JoHenpkoi 06-
gacreir, AP Kpum ta M. CeBactornosib mocrymnajia
YACTKOBO, I1i PEriOHU He BKJIOUAJINCS JI0 aHATI3y
NOKa3HUKIB 3axBopioBaHocTi. Ilicas o6’eaHaHHS
nanux nBox peectpis, HKPY ta kiiniunoro pee-
crpy IEOP, 6ysi0 copmoBano anamitudny 6asy
nannx KMP, mo sxmouana 22 966 oci6.

Jlist po3paxyHKIB 3aXBOPIOBAHOCTI HaNGIIbII
aJIEKBATHOIO OIIIHKOIO JIIOJIMHO-POKIB, TPOKUTUX
KOTOPTOIO TIPOTSITOM POKY, OyJI0 cepelHbOpiuHe Ha-
cesnernst. Cotizt GpaTu 10 yBar, o My MaJiu CIIPaBy
He 3 TOYHUM YHCJIOM, a 3 OI[IHKaMH, SIKUM IpHUTa-
MaHHa IleBHa HeBu3HaueHicTb. HaBenenuil anasuis
BaouaB 18 982 Bumazku cepem OMPOMiHEHOTO
HacesieHHs, 30kpema 14 602 cepen onpoMiHeHUX
y autsdomy Bitti, 3898 cepes onpoMiHeHUX y ITijI-

JIITKOBOMY Billi Ta 482 BUTIaIM cepesi OITPOMiHEHNX
BHYTPiTHBOYTPOOHO («in uteros). Cepen ocib Ha-
pozkeHux micyst YopHoOuIbChKOI aBapil (Heorpo-
MiHeHe HaceJieHH: ) JliarHocToBano 3984 Bumajiku.
CriBBiTHOTIIEHHS KIHKW/9OJIOBIKY JIJIT O3HAYEHUX
ONIPOMIHEHUX MONYJISAIINHUX IPYIT 3POCTANO 32 Bi-
KoM Ha vac aBapii: 380/102 (3,7/1) — y koropti «in
uterox; 11 816/2786 (4,2/1) — y niteit Ta 3222 /676
(4,8/1) — y miniTKiB.

[Ipu ananiszi faHux g NOMYJAAIIHHUX TPYT 3a
BiKOM Ha yac OTPOMIHEHHS CJIi/I BPaXOBYBaTH, 110
CTIOCTEpITAMNCSA, TaK 3BaHi, <«BIpTyaabHI KOTOP-
TH» 3 TIEBHUMHU TIOKA3HWKAMW OIPOMiHEHHS Ta 3i
3POCTAJIBHUM 4YacoM Tricyst onpomiHeHHs. OTike,
11 (hiKCOBAHUMX MOMYJSAIINHUX TPYT i3 POKY B PiK
TMOKAa3HUKHU JIOCATHYTOTO BiKy 3pOCTaJN Pa3oM 3i
3POCTAHHSIM 4Yacy Iicjsi onpoMiHeHHs. [locsrHy-
TUH BiK, SIK Bi/IOMO, € CYTTEBUM ITapaMeTPOM, SIK
CITOHTAHHOTO, TAaK 1 paJlialliifHOTO PU3UKY, a 4ac
ITiCJIST OIIPOMiHEHHS MOJKe I'PaTh POJib (haKTopa, 110
MOIU(DIKY€E PUBUK.

[IporsiroM  MiCASYOPHOOMIBCHKOTO  HEPioLy
BIiK TIPE/ICTABHUKIB /IaHOI I'PYIU 3MiHUBCS BiJl HO-
BoHapomkernx 0 14 poxkis y 1986 pori o Bu-
KJIIOYHO JIopocnx ocib BikoM Bix 35 10 50 pokiB y
2021 porti. Poamip 1ti€i rpynm ortintoBascs B 11,1 muta
Ha noyatok 1987 poxy. Ilg rpymna pemoHcTpyBasia
MaKcuMaJbHe KyMyJIaTuBHe yncyo Bunaikis PIIL3
(14 602, 64,4% sunaakis y KMP) i3 sxux 5954 oci6
MPOKUBAJIN B 6 HaWOLIbII 3a0py/THEHUX PETIOHAX.
3HayHe 3pOCTaHHs 3aXBOPIOBAHOCTI CIIOCTEPIralocs
BJKe B IIEPIIT POKHU ITiCJId 3aBePIlIeHHsT MiHIMaJIbHOTO
JIATEHTHOTO Tiepiofy, a came 1potsarom Big 1990 o
1994 poxky, Ta Tpusajio go 2019 poky (11,7 Bumasu-
ky Ha 100 Trcsu ompominenux miteir). ¥ 2020 Ta
2021 pokax TOKa3HUKU 3aXBOPIOBAHOCTI JIENO 3HU-
suicst Ta crabimisyBasmcst Ha pisHi Bigx 10,0 10
10,3 Bumnasiky #Ha 100 THCAY ONTpOMiIHEHUX JTiTET.

O1miHKa 4YMCEeJbHOCTI TOMYJANIHHOI  Tpynn
M/UIITKIB Ha Yac aBapii cranoBmia 2,2 MaH., Y
2021 porti nocATHYTHI BiK MPEACTAaBHUKIB TPYNN
cranoBuB Bix 49 10 53 pokiB. KymyssituBhe dric-
Jio BUnaAKiB pocsriao 3898, i3 sxkux 1373 (35%)
6yJI0 JiarHocTOBaHO B 6 Haibiabil 3a0pyAHEHMX
obmactax B!, 3naune 3poCTaHHS 3aXBOPIOBAHOCTI
cepell ONMMPOMiIHEHWX Ii/IITKIB TaKOK TPUBAJIO 0
2019 poky (11,6 Bunazky Ha 100 THCAY T 1/1ITKOBO-
ro Hacesiensst B 1986 porti). Y 2020 ta 2021 pokax
TMOKAa3HUKM 3aXBOPIOBAHOCTI B I1ill BIKOBIili rpyTIi Ta-
KOJK JIET0 3HU3UINCS Ta cTabii3yBaiucs Ha piBHi
Bin 9,3 10 9,9 Bunazaky Ha 100 THCSY OTTPOMiHEHUX.
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Tpenan 3axBOPIOBAHOCTI JIJIsI PO3TJAAHYTUX pa-
30M MONYJSAMIRHUX Pyl (OIPOMiHEHUX Y JIUTS-
YOMY Ta IMi/JIITKOBOMY Billi) CBITYWJIH, 1110 3aXBO-
proBaHicTh y 6 MiBHIYHUX perioHax TepeBuIlyBaja
TaKy B PENITI PErioHiB MPOTITOM yChOTO TEPiony
CIIOCTEPE:KeHHS. PisHUIL MiXK IIOKa3HUKaMU Y
2021 pomi cranoBuna 1,9 pasa, 1mo /103BoJIsIE TIPU-
mycTuTH 30epesKeH st JOJaTKOBOTO BHECKY pajia-
1iITHOT KOMIIOHEHTU B PiBEHb 3aXBOPIOBAHOCTI B
3a0py/IHEHUX PerioHax YKpaini mpotsarom 35 pokiB

(puc. 1).

3axBopioBaHicTb Ha 100 000 066
Incidence per 100 000 persons

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Poku
Years

Puc. 1. Yacosi TpeHaw 3axsoptoBaHocTi Ha PL3 cepen pitein Ta nig-
NiTKIB YKpaTHM B HalbiNbl i HaiMEeHL NOCTPaXAanMX perioHax nicna
YopHobunbCbKoi aBapii (Bik Ha Yac aBapii 8ig 0 10 18 pokiB).

llpumimka. 1 — ocobu, ki npoxusanu 6 Xumomupcokit, Kuigcokid, Pig-
HeHCbKil, Yepkacokill i YepHieigcukiti obnacmax ma 8 m. Kuesi; 2 — ocobu,
AKI NPOXUBANU 8 IHWUX 061acmax YKpaiHu.

Fig. 1. Time trends in the incidence of thyroid cancer among children
and adolescents in Ukraine in the most and least affected regions after
the Chornobyl accident (age at the time of the accident from 0 to 18
years).

Note. 1 — persons who lived in Zhytomyr, Kyiv, Rivne, Cherkasy, and
Chernihiv regions and in the city of Kyiv, 2 — persons who lived in other
regions of Ukraine.

Kpim Toro, cyTTeEBa Pi3HUI MK TTOKA3HUKAMU
3axsopioBanocti Ha PII[3 B ommakoBux 3a BikOoM
ocib, o Hapoaurcs 10 YopHOOUIBCHKOI aBapil un
nepeGyBajii y BHYTPIITHBOYTPOOHOMY EPiofi pos-
BUTKY B KBiTHI 1986 poky (1moTeHIiitHO pajiioreHHi
BUIIQ/IKN), Ta TUMH, sKi Hapojuiaucg B 1987 i mo-
JIAJTbIIT pOKU (HE pajlioreHHi / CIIOpaJIndHi BUTIAJIKH,
BUzIaJIeHi B 0cib, 1110 He 3a3HasM BILIUBY '), Takoxk
MiJITBEPIKYE JOBTOTPUBAJINI BIUIMB OIPOMiHEHHS
Ha 3axBopioBanicTh Ha P13 (puc. 2).

CJ1ii TOTOANTHCS 3 BUCHOBKOM IIOWHO O1Ty0JIi-
KOBAHMX Pe3yJbTaTiB CTOCOBHO TPEH/IIB 3aXBOPIO-
BaHocTi Ha PII3 miciss YopHoOMIbCHKOI aBapii B
Binopyeci, mo nigsumennii pusuk po3sutky PII3,

B

. s

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

3axBOpIOBaHICTS Ha 100 000 0ci6
Incidence per 100 000 persons
I’y
2

N

Pokn
Years

Puc. 2. Yacosi TpeHan 3axsoptoBaHocTi Ha PLL3 cepen oci6, onpomiHe-
HUX | HEONPOMIHEHUX BHACNIAOK YOPHOOMNBCHKOT KaTacTpodu (BiK Ha
yac onepalii o 34 pokis).

lpumimka. 1—ocobu 3 damoio HapooxeHHs 00 01.01.1987 poky, 2 — oco-
6u 3 damoro HapooxeHHA 3 01.01.1987 poky.

Fig. 2. Time trends in the incidence of thyroid cancer among subjects
born before and after the Chornobyl accident (age at the time of
surgery up to 34 years).

Note. 1 — persons born before 01.01.1987; 2 — persons born from
01.01.1987.

1oB’s13aHuil 3 onpominerusam 1 B qutsigomy Bit,
3aBskaM Oyze MPUCYTHIN, ajle YyacTKa TaKUX pajia-
ITHO-IHYKOBAaHUX KapIIMHOM TIOCTYIIOBO 3MEH-
HTYBAaTUMETbCST 3 JIOPOCJIIIAHHAM/CTAPIHHAM IIi€l
koropt [20]

Tum yacoMm, IOKa3HUKHU 3aXBOPIOBAHOCTI Yy
2020 ta 2021 pokax sento 3MEHITUJINCS CepPeJT T10-
TEHIIHHO ONPOMIHEHOI, CTapIliol 3a JOCATHYTUM
BiKOM, TOMYJIAIII B o3HadeHi poku (auB. puc. 1).
Ha me, 3a manumm JsiTepaTypu, MOTJIM BIUIUHYTH
KapaHTHHHI OOMEKEHHsI y 3B'SI3Ky 3 IMaHIeMi€lo
COVID-19, a came HeraTtuBHi 3MiHU B HaJIaHHI Me-
JIMYHOI OITOMOTH OHKOJIOTTYHIM XBOPUM, 0CO0JIH-
BO JIIOJISIM CTapIIOTo Ta MoXuJioro Biky [18, 21-24].
He BukinoudeHo, 1110 Ha 3HUKEHHS KiJIBKOCTI HOBUX
BUNIAJIKIB/3axBoptoBanocTi Ha PIIL3 morim takosxk
BILTUHYTHU 3MiHU B NATOJOTIYHIN Kiaacudikailii Tu-
peoinaux myxauH 2017 poky 1mo/10 BIPOBAKEHHS
JIiaTHO31B MyXJWH i3 HeBU3HAYEHUM TOTEHI1aJIOM
370siKicHOCTi [15], @ TaKOK OHOBJIEHI B 3B'SI3KY 3
MM TTPOTOKOJIN JIaTHOCTUKU Ta JIKyBaHHS TUPe-
oifHOI By3710BOi TTatoJiorii [25].

Crocosro Bunazikis P13, Bugsnennx y 2022 ta
2023 pokax cepeji 03HAYEHNX BIKOBUX KOTOPT, TO HA
IIOTOYHUI Yac IXHA KiIbKICTh cTaHOBUTH 1638, 1110
Malike B/IBIUi MEHIIIE HiXK y TIOTIEPEe/IHI POKHU, TIPUUO-
MYy 11e cTocy€eThes K 1142 BUMazKiB, BUSBIEHUX ce-
peit ocib, HapoKeHUX 10 aBapii (TOOTO TOTEHIIIHO
pazioreHHNX ), Tak i 496 BUTAIKIB, BUSBIEHNX CEPE

VERTE }
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0cCi6, HAPOJKEHUX MICIst aBapil, TOOTO CIIOpaIMIHIX.
Ile MOSICHIOETBCST THM, IO Yepe3 MUPOKOMACIITabHi
BOEHHI z1il Ha TepuTopii Ykpainu OyJio yrpyaHere abo
YACTKOBO TIepepUBAIOCs (DYHKITIOHYBAaHHS OHKOJIO-
TIYHUX TEHTPIB, a TAKOK OTPUMAHHSI iXHIMU ITi/[pO3-
JliJTaMU — PerioHaIbHUMU KaHIEP-PEECTPAMU — BiJl0-
MOCTEH ITPO OHKOJIOTTYHUX XBOPUX, SIK BIIEPIIC BUSIB-
JIEHVX, TaK 1 TUX, gKi BiKe nepeOyBaju Ha 00Ky, 3a
ominkamu ekcrieptiB HKPY mani 3a 2022-2023 pokn
He MOXKYThb XapaKTepU3yBaTH peabHUil OHKOJIOTiY-
HO-€TI/IEMIOJIOTIYHUI CTaH B KpaiHi Ta 1OCTPYIOTh
HETaTUBHUI BIJIMB BOEHHUX /[lii Ha CBOEYACHICTDH
HoZAHHS 00JIIKOBUX JOKYMEHTIB MeIMYHUMMU 3aK/Ia-
flaMu 10 00JIACHUX OHKOJIOTIYHUX YCTAHOB, @ TAKOK
Ha PoOOTY PEriOHATBHUX KAHIIEP-PEECTPIB 1 MiCIIEBOT
OHKOJIOTIYHOI cayskO0m yrpomosxk 2022-2023 po-
KiB [26]. /lomaTkoBOIO TIPOBGJIEMOIO € BiICYTHICTH
JJAaHUX TIPO YHUCEJbHICTh HACeJeHHSI B perioHax
Vkpainu y 2022 ta HacTynHux pokax [https://www.
ukrstat.gov.ua/|, 1o He I03BOJISIE OOUNCTIOBATH TT0-
Ka3HWKU 3aXBOPIOBAHOCTI, mounHatouu 3 2022 poky.

TaxuMm ynHOM, aHaJIi3 3axBopioBaHocTi Ha PII3
Ha 100 TuCcAY BiAMOBIZIHOTO HACEJIEHHS B TPyIax
MiIBUTIIEHOTO0 PU3NUKY (JIITH Ta M/UITKA HAa Yac
YopHOOUIbCHKOI KaTacTpodu), K y LIIOMY IO
Vkpaiti, Tak i B mectr HaiOiIbIIT MOCTPasKIATIX
MBHIYHUX PeTiOHax, Ha IMMOTOYHUN Yac Mae OyTH
obmeskennit iepiogom Bix 1986 mo 2021 poky, npu
IbOMY Ha TIOKa3HUKHN 3axBopioBanocti y 2020-2021
POKax MOIJIM BILUIMBATH KapaHTHHHI OOMEKEHHS
Ta 3aXOAU MO0 3aMobiraHHS PO3TOBCIOKEHHS
COVID-19. ¥ 2022 Ta 2023 pokax mpoBepeHHS
aHaJIi3y 3aXBOPIOBAHOCTI YHEMOJKJIUBIIOETHCS Ye-
pe3 BOEHHI [Iii, OKyTaIlito TEPUTOPIii, BTpaTh Ta Ma-
COBY Mirpaltito HacesieHHs. Buxij 3 HasgBHOI cuTya-
11ii 1oJIsiTa€ B POJIOBKEHHI MOHITOPUHTY KiJIbKOCTI
Bcix goctynunx BunaakiB PIIL3 Ta mopiBasTHHS iX-
HbOI YACTOTH B PI3HMUX BIKOBUX I'PyIax i 3a mMiciiem
nposkrBaHHA Ha yac YopHOOMIBCHKOI aBapii Ta/4u
MOCTIITHOTO MPOKMBAHHSA B YKpPaiHi /1J1s1 HEOIIPOMi-
Henoi momyisii. [Toxi6Hi oOMexeHHst crig Gpatn
no yBarm HAMH i MO3 Yxpainu npu ¢popmyBanHi
[lep;xaBHUX TIPOTPaM CTOCOBHO €TMifeMiOJIOTIUHUX
NOCTiKEHb Pi3HUX (POPM OHKOIIATOJIOTI].

2. Bnaue Ki67 Il na xainiko-zicmonamogio-
etuni xapaxmepucmuxu IITK

Cuaig sasmaunty, 1mo maui crocosHo Ki67 III
B pazmiorennux i crnopagnyanx [ITK 3a pisnoro
BRAFY®E-ctartycy, pisHoro po3mipy mMyxJuHU, a
TaKOX 32 YMOB BUHWKHEHHS PEIUINBY 3aXBOPIO-
BaHHS B)Ke HEOTHOPA30BO HABOIWINCS B HaIUX

10

nonepennix my6sikamisx [11, 12, 27-29]. Posrus-
JIAJTACS TAKOK PE3yJIBTATH JOCTIIZKEHD MO0 BILIH-
By 30impienns Ki67 111 wa mosexinky ITTK [17].

[Teprr 3a Bce, 3BepTasio yBary, 10 He3aJIeKHO Bijl
eriosnorii [ITK 4u Biky marieHTiB Ha yac onepartii
npoJidepaTBHa aKTUBHICTD, TOOTO BesmurHa Ki67
I1I 3aBxkau Oysia CTATUCTMYHO 3HAYKMO BUIIOIO B
BRAFVOE-o3uTBHUX ~IyXJIMHAX MOPIBHSHO 3
BRAFV®E-geratusaumu (puc. 3). [linsuinents pis-
Ha Ki67 111, gk y pagioreHHUX, Tak i B CHOPAINYHUX
IITK, 6yJ0 acomiiioBato 3 mertmm poamipom I1TK,
JOMIHAHTHOIO TATTJISIPHOIO OYIOBOIO TyXJIMH, 3 Yac-
TIIMTUMA OHKOITUTAPHUMU 3MiHAMU B IXHIX KJIITHHAX
Ta yactinoo BRAF"E+ myTatti€io, ajie He BIUTUBAJIO
Ha MMOBIPHICTDb TTOCUJIEHHS TaKUX iHBa3iHUX BJac-
tuBoctet [ITK, sk ekcTpaTtnpeoite po3moBCioKeH-
H$1, HAsIBHICTH MeTacTasiB, OararooKycHUI picT Ta
JiMbaTUIHO-CYIMHHA iHBa3is, M0 He 30iracTbes 3
JAHUMU JliTepaTypu cTocoBHO criopaanmunnx [ITK
narienTiB crapiioro Biky [30-32].

3ayBaxkumo, 1o pagiorenni [ITK marmienTis, sxi
3azHan YOPHOOUIBCHKOTO OTIPOMiHEHHSI B IUTHH-
CTBIi, JK MMOKa3aJM HaNIl TOMepeHi A0CTiKEHHS
[6-8], BimpisHsMCSA Biji CIOPaJiIMuHUX arpecuBHi-
1010 TOBEIIHKOT0, 30KpeMa BUTIIOTO0 YaCTOTOTO O3HA-
YeHUX [TOKA3HUKIB 1HBA31MHOCTI, aje SK CBIAYaTb
nani, orpuMani 3a o3Hadenoo H/IP, Taka mosenin-
Ka He acoIlioBaacs 3 [0JaTKOBUM 301JIbIIEHHSIM
Ki67 I1I. Tum uacom, miasuienns Ki67 111 B pazgio-
reanux [I'TK, Ha BigMiHy Bijl criopajinuHUX, BILJIU-
BaJIo HA HMOBIPHICTb PO3BUTKY PEIUANBY 3aXBOPIO-
Banns, npuyomy Tiibku B BRAFYVSE-geraruamx
[ITK, sxi came # BiZIPi3HAINCS arpeCUBHITIONO TI0-
BeZiHkoo mopiBHsHO 3 BRAFVSE-niozuruBHNMUI
MyXJIMHAMU TIPU TTOPIBHSIHHI Pi3HUX 32 €TI0JIOTIEI0
IITK [11].

BaxknuBo mikpecanTH, 1110 B NIUPIIIH 3a BikKOM
KOTOPTI maiienTiB (70 49 pokiB Ha yac omepaitii) i3
paziorentoio IITK gacrora BRAF"E myTartii Bu-
ABJIAJIAC Mailke B 3 pa3y yacTile, HiXK y MOJIOIUX
MarfienTiB BikoM 710 29 poKiB, i 3a HAIIMMU TIOTIEPE/I-
HIMM JOCJIPKEHHSIMU HasiBHICTh caMo 110 cobi Ta-
KOI MyTarlii Bike sIBJIsII0cs (PaKTOPOM PU3UKY PO3-
BUTKY pajiiofiofpedpakTepHUX PeIUnBIB MeTa-
crazis [12]. IIpore, mogasnbiie 36imbients Ki67 T11
JI0 TIPUTIBUJIIIIEHHS PO3BUTKY PEIU/INBIB HE MaJIO
JKOZIHOTO BigHOIIEHHS. SIK 1 B MOJIo/IX Cy0 €KTIB,
y TAIliEHTIB cepe/IHboro Biky miaBuieHHs Ki67 111
TIOTIPITYBAJIO TTPOTHOCTUYHI TOKA3HUKU BUKJIIOUHO
npu BRAFV®E-geratusnux IITK. 3 orysny Ha e,
CTT/T 3a3HAYUTH, IO JIETATHHO POITIIAHYTI peru-
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Puc. 3. Ki67 Ml B BRAFY-no3utreHii Ta BRAFY* -HeraTnsHii pagioreHHux MTK.

Mpumimka. A = [TTK 3 00MiHAHMHUM NANiNapHUM pOCMOM, 2eMamokcunuH-eo3uH, X200; C — nozumusHa INX peakuia 3 aHmuminom 0o aHmu-BRAF
(mymosaruti V60OE), X200; E — ITX peakuia 3 aHmuminom do Ki67 (MIB-1), Ki67 11=8,7%, x200; B — [1TK 3 domiHaHmMHuUM COMOHUM POCMOM, 2eMAMOK-
cunuH-eo3uH, X200; D — HeeamugHa ITX peakyif 3 aHmuminom 0o aHmu-BRAF (mymogaruti V600E), X200; F — ITX peakuia 3 aHmuminom oo Ki67 (MIB-1),

Ki67 1l = 2,4%, x200.

Fig. 3. Ki67 LI in BRAF' positive and BRAF*™ negative radiogenic PTCs.

Note. A — PTC with dominant papillary growth pattern, hematoxylin-eosin, X200, C — positive IHC reaction with antibody to anti-BRAF (mutated V60OE),
x200; E — IHC reaction with antibody to Ki67 (MIB-1), Ki67 LI=8.7%, x200; B — PTC with dominant solid growth pattern, hematoxylin-eosin, x200;
D — negative IHC reaction with antibody to anti-BRAF (mutated V600E), X200; F — ICH reaction with antibody to Ki67 (MIB-1), Ki67 LI = 2.4%, %200.

muBHi BRAFVSE-peratusni [ITK [12], mpoxemon-
CTPYBaJIM 3HAYHO OLIBIINI 3B’SI30K 3 OIPOMiHEH-
HsiM, HiK pernanBHi BRAFYE-nogutusHi myx-
JINHY 32 PiBHEM HMOBIPHOCTI TPUYMHHO-HACJII KO-
BOTO 3B’s13Ky Ta '] THpeoinHO0 103010. 3/1a€THCA
JIOTIIJIbHUM TP JIIKYBaHHI MAIi€HTIB, SIKi 3a3HAJIN
YopHOOUIIBCHKOTO OTPOMIiHEHHSI B JUTHHCTBI Ta
maiotb BRAFV6"E-geratusny I[ITK mnepeBaxmuo
HaIiIgpHOI OY0BU 3 OHKOLUTAPHUMU 3MiHAMU B
KJIITUHAX MMyXJWHYA, TPoBouTH nogaTtkoBe [T'X no-
caiprennd 3 antutigamu g0 Ki67 (MIB-1), saxe €

JIOCTYITHUM y J1ab0paTopisix maToJiorii MpoBiHUX
HAyKOBO-ME/IMYHUX YCTaHOB (€HIOKPUHOJIOTIY-
HUX, OHKOJIOTIYHWX, PaialliiHOl MeAWIMHNA) Ta
MOsKe OyTH KOPUCHUM /IS TiepeibadeHHsT yCKIIa/l-
HEHb Mic/IsonepaliiHoro mepebiry 3aXBOprOBaHHS.

B 1uismomy, HaykoBi nOCTijsKeHHS, CIIPsIMOBaHi
Ha 3’ICyBaHH4 PI3HUX JIAHITIOTIB TUPEOITHOTO pa-
JaliftHoro KaHileporeHe3y, 3 HAIIOTO TOTJISANLY, €
BKpail BAXKJIMBUMU [IJ1s1 YKPAiHU, siKa 3HAXOJAUTHCS
B [IOCTINHIH paziaiiiniii Hebesneri. Kpim Toro, Bu-
KOPUCTaHHS JI0IATKOBUX TECTIB, Y IIbOMY BUIIQJIKY

VERTE }
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ITX nmocnimkenns 3 antutimamu jpo Ki67, crpo-
MOKHUX MepeadaunT HECIPUSATIUBUAN TPOTHO3
PIII3 B namienTis, mo 3azHann YopHOOUIHCHKOTO
OTIPOMIHEHHS B JIMTUHCTBI (camMe BOHM HaJIeKaTh
n0 Mobimizariitnoro BiKy, npoxoasTh BJIK ta 3a
oTpebu OIepPyIOThCsI) MA€ Ha ChOTOJAHI HE TiJIbKH
HayKoBe, aJie i1 colliaJIbHO-CyCITiJIbHE 3HAYEHHSI.

Bucnosku

1. Amnamiz 3axBopioBanocti Ha PII3 cepen mo-
cTpaskaaanx BHacaizok YopHoOMIbChKOI aBapii
piTeit Ta miAITKIB YKpainu Mae Oyt oOMeKe-
nuit mepioziom Bijx 1986 no 2021 poxy.

2. Y 2022 ta 2023 pokax moniTopunr PII[3 mox-
JINBUH TiJIbKU IIJISIXOM PEECTpallii KiJIbKOCTI BU-
MaJIKiB, BUSIBJEHUX B HE OKYTIOBAaHUX BOPOTOM
obsactsx i Buecenux 10 HKPY ta KMP. Ilo-
1i6Hi oOMexkeHHs cyig 6patu 1o ysaru HAMH
i MO3 ¥Ykpaiam ipu dhopmysansi /leprkaBHUIX
MIporpaM CTOCOBHO  €ITiIEMiOJIOTIYHUX TOCJTi-
JKEeHb PisHUX (OPM OHKOTIATOJIOTI.

3. BRAFYSE_y103utusni [I1TK, nHezanexxuo Bixg ix-
HBOI eTioJsiorii, nos’d3ani 3 sumM Ki67 I11 mo-
piBHsiHo 3 BRAFVOE-peratuBHuMu myxsimHa-
MU, ajie OTo MOAJbIIe MiABUIICHHS He BILIU-
BaJ0 Ha KJIHIKO-TICTOTIATOJIOTIUHI MMOKa3HUKU
I[TTK i mporHO3 3aXBOPIOBAHHSI.

4. Iligumenns Ki67 111 B pagiorennux i cropa-
nmannx [ITK oxHOCTIpAMOBaHO acoriiioBano 3
JIOMIHAHTHOIO MAIiJIAPHOI0 OyI0BOI, OHKOIM-
TAPHUMU 3MiHAMU Ta 4yacTinoio BRAFVYE yy-
Talli€lo.

3. Y pamiorennux I[ITK, na Biaminy Bix criopaany-
nux, masuments Ki67 111 mos’sa3amno 3 ripimmm
micJistonepaniiHuM IIPOrHO30M, a caMe 3i 301J1b-
MIEHHSAM UMOBIPHOCTI PO3BUTKY PEIUANBIB Me-
TactasiB, 30KpemMa I pajiolioapedpakTEPHUX,
10 acOITiIOBaHO, CBOEIO YEPTOI0, BUKIIOYHO 3
BRAFY$"E-geratuaum crarycom I1TK.
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Abstract. The paper provides an overview of the main results ob-
tained from the completed in 2024 research project. The aim of
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OyHAaaMeHTanbHi AOCNiAXeHHA

study was to continue monitoring the incidence of thyroid cancer
(TC) in children and adolescents of Ukraine affected by the Chor-
nobyl accident, and to determine the possibility of associations
between proliferative activity, tumor’s invasive properties, the pre-
sence of BRAFYS% mutation and the development of disease recur-
rence in radiogenic and sporadic papillary thyroid carcinoma (PTC).
Material and methods. The work used data from the Ukrainian
National Cancer Registry (UNCR), Clinical and Morphological registry
(CMR) and the Chornobyl Tissue Bank (CTB) database; epidemiologi-
cal, histological, immunohistochemical (IHC) and statistical methods
were applied. Results. The analytical database included 22,966 sub-
jects. The dynamics of the incidence among the exposed population
was characterized by upward time trends during the post-Chornoby!
period. A significant difference has been determined between the re-
gions of Ukraine most and least affected by the Chornobyl accident,
which in 2021 was 1.9 times. When studying the histopathological
characteristics of PTC with an increase in Ki67 labeling index (Ki67 LI),
it was determined that, regardless of the etiology, BRAF*®t-positive
PTCs were characterized by a higher Ki67 LI compared to BRAF60-
negative ones. In radiogenic BRAFY*®-negative PTCs, an increase in
Ki67 LI was associated with the risk of developing recurrent metasta-
ses. Conclusions. Analysis of the TC incidence among children and
adolescents affected by the Chornobyl accident in Ukraine should be
limited to the period from 1986 to 2021. In radiogenic PTCs, in con-
trast to sporadic ones, an increase in Ki67 Ll is associated with a worse
postoperative prognosis, namely with an increase in the probability
of developing recurrent metastases, which is associated exclusively
with the BRAFY®E-negative tumors' status.

Keywords: Chornobyl accident, clinical and morphological registry,
incidence rate, thyroid cancer, papillary thyroid carcinoma, Ki67 la-
beling index, BRAF® mutation.
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0O.B. bonbluoBa,

Biramin D, nonimopiam

T.M. ManiHOoBCbKa,

reHa 1noro peuenTopa 1a

[.A. KBaueHI0K,
CUCTEMa rOpMOH pocTy| i

pOCTOBI haKTopK B AITEN
Ta NIANITKIB 3 EHLOKPUHHOH
naTosoriek

LY «IHcTUTYT eHgoKpuHonorii Ta 0bMiHy peyoBuH im. B.M. Komicaperka HAMH Ykpainu»

Pestome. [inositamiHo3 D BcTaHoBReHMI y 90,44% piTeli i3 3aTprMKoto pocTy, y 86,00% 3 OXMPIHHAM Ha TNi AMCOYHKUT ri-
notanamyca ([N, y 87,5% i3 uykposum aiabetom 1-ro Tuny (LA1). IcHye TiCHWI B3aEMO3B'A30K Mix BicClo ropmoH pocTy (P)/
iHcyniHonoaibHMiA YuHHKK pocTy-1 (INYP-1) Ta BMicTOM BiTamiHy D (BiT. D) i BiT. D-38"A3yt0uoro binka (BD-3b), wo niateep-
IKYETbCA CUNBHUMI/CEPEAHIMI KOPENALIMHUMM 3B'A3KaMM Mix LMK NOKa3HMKaMu. BCTaHOBNEHa 3BOPOTHa KOPeNALia Mix
BmicTom rpeniny (Grh) Ta BD-3b i npama kopenauia — i3 doHosrM pisHem [P i IMYP-1. Pusik po3BrTKy BiporiaHO NiaBMLLYETCA:
AnA comatoTponHoi HepoctatHocTi (CH) 3a HassHOCTI nonimopdiamie reHa VDR Bsml G/A; Tagl T/C; Apal C/A; ana inionatiuHol
Hu3bkopocnocTi (IMH) - 3a HassHoCTi aneni A nokycy rs1544410 Bsml, aneni C nokycy rs731236 Tagl ana cuHapomy bionoriuHo-
HeakTueHoro [P (CBHIP) — 3a HaasHocTi nonimopdismis Bsml A/A 1a Tagl C/C; AnA 3aTpyMKiM BHYTPILIHBOYTPOOHOTO PO3BITKY
(3BYP) 3a HasBHOCTi natonoriyHoro sapiaHta A/A nonimMopdiamy Bsml. HaitbinbLu cyTTeBI 3MiHW AiNigH1X GpaKLii, piBHiB nen-
THy, BD-3b, napatropmoHy cnocTepirani B nauieHTis i3 Il CT. oXKMpIHHA Ha TNi HaHXY0ro BMICTY 25-TiApoKcuxonekanbLmude-
pony (25(0H)D) y kposi (p<0,05). 3acTocyBaHHA A06aBKM BiT. D3 CynpOBOAKYETLCA TEHAEHLIE 0 MOKPALLEHHA FiKeMiYHOrO
KoHTpOMio B 71,4% niteit i3 L1, BUcHOBKW. HaaBHICTb y 6inblIOCTI NaLieHTIB i3 HM3bkopochicTio, LT, oxupiHHAM Ha Thi [T
rinositamiHo3y D, BiporigHux kopenauiitHux 38'a3kis Mix giccto [P/IMYP-1 Ta 8iT. D i BD-3b 3ymoBmio0Ts HEOOXIAHICTb BPaxo-
BYBATM BMICT BIT. D Npu [iarHOCTMLj, NiKyBaHHI Ta MOHITOPMHIY NAUIEHTIB i3 BU3HAUYEHUMN eHAOKPUHONATIAMM. [IoChigeHHs
nonimopdHux BapiaHTie Tagl T/C (rs731236), Bsml G/A (rs1544410) Ta ApalA/C(rs7975232) reHa VDR fa€ 3Mory OUiHATY pr3nK
PO3BUTKY HI3bKOPOCIOCTI. KoMOIHOBaHa Tepanisa (Mpenapat pekombiHaHTHoro [P + npenapat BiT. D) npr3soanTb A0 Nigsu-
LieHHA edeKTUBHOCTI PICT-CTMYAIOKYOT Tepanil.

Kntouosi cnosa: sitamiH D, nonimopdiam reHa peientopa Bitamiy D, rOpMOH POCTY, iHCYNiHOMOMIOHUI UMHHIK POCTY-1, rpe-
NiH, AiTV Ta NIANITKA, HU3bKOPOCNICTb, AUCHYHKLIA FiNoTanamyca, OXXUpiHHA, LyKPOBUIA jiabeT 1-ro Tuny.

© 0.B. bonbwosa, H.A. Cnpuruyk, T.M. ManiHosceka, I.B. flykawyk, [].A. Keaueriok, M.O. PusHuuyk,
B.I" Maxomosa, O.A. BuwHescobka, O.A. CamcoH
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Bir. D, penierrrop Bit. D (VDR) i BD-3b Binui-
rpaioTh KJIIOUOBY POJIb Y PEryIioBaHHI MeTabo i3My
KaJbIlifo Ta hochopy, THM caMUM CYTTEBO BILJINBA-
I0YM Ha PiCT KiCTOK i poitecu Minepadmisaitii. Omo-
CepeIKOBAaHO, Yepe3 CBill PerenTop, rOpMOHAIBHO
akTHBHA popMa BiT. D Moke BUKJIMKATH iU Kac-
Kaj GiosorivHnx epeKTiB, sIKi y CBOIl CYKYITHOCTI
BIIMBAIOTH HA 3/0POB’st moauuu [ 1].

Hecnpuatmusuii renetrnannii on VDR 3Ha9HO
3HMKYE eDeKTUBHICTH il BiT. D. CTaHOBUTH iHTE-
pec BUBYeHHS TosiMopgdi3miB rena VDR y po3Bu-
TKY pidHUX (hOPM HUBBKOPOCIOCTI, OCKIJIbKYU 1CHY-
10Th PO30IKHOCTI MiK JOC/IIKEHHSIMMU, [IPUCBIYe-
HUMU TeHeTUYHUM PU3UKaM i1 BUHUKHEHHS.

Kpim Toro, pnedinmur BiT. D maroreHeTmaHO
MTOB’SI3aHUH 13 PO3BUTKOM OKMPIHHSA 1 TIOPYIIEHHSI-
MU, TIEPIIT 32 BCE — BYTJIEBOJIHOTO 1 JITITHOTO MeTa-
6oumizmy. Jledinut BiT. D Bigirpae cyTTeBy poJib y
MMaTOreHeTUIHUX MexaHizMax (OpPMYyBaHHS 1HCYJTi-
HOpEe3UCTeHTHOCTI: BiT. D BIsIMBae Ha cexpellito iH-
CyJIiHY, Uy TJUBICTh TKAHUH [0 IHCYTIHY.

Onnak, BiomocTi 3 1€l npobaemu — (parmeH-
TapHi Ta cynepeuwiBi. MoHiTOpUHT cTaHy 3a0e3-
nederocti Bit. D, HeoOXizHicTh mpodisakTuK Ta
ONTUMI3allil KOMILJIEKCHOTO JIiKyBaHHS [IiTeill Ta
MiUITKIB i3 mopymieHHsaM y cuctemi I'P/pocrosi
(hakTOpU € BaXKJIMBOIO I aKTyaJTbHOIO MPOOJIEMOTO
Cy4acHOI JIMTAYOI €HIOKPUHOJIOTII.

Meta poGOTH — JOCTIIUTH B3aEMO3B SI30K MiK
Biccio I'P /pocToBi dakropu, BmMicTom BiT. D Ta 110-
JiMopdizMoM TeHa HoTo perienTopa B AiTel Ta Tiji-
JIITKIB 3 €HIOKPUHHOIO TIATOJIOTIETO.

Marepiai i MmeTou

O6c¢rexeno 207 miteil i3 HU3bKOpocaicTio (ce-
penniit Bik 10,8%0,3 poxy); 267 miTeit Ta miaTiTKIB
i3 /11, mo cympoBo/sKyBajsach HAIMIPHOIO Maco0
Tisia /oskupinasaM Bikom Bizx 10 10 17 pokis; 135 miteit
Ta miamiTKiB, xBopux Ha [IJ[1 (cepenniii Bik 12,1+
+3,6 poxy). Mertonu mocsi/pKeHHs: KJiHIYHI, aH-
TPOTIOMeTpUYHi, GioxiMivHi, iMyHODEpPMEHTHI, iMy-
HOXEMLTIOMIHICIIEHTHI, CIIEKTPOMETPUYHI, pajio-
IMYHOJIOTIYHi, TeHETUYHI, MOJIEKYJISIPHO-TeHETUYHI,
IHCTPYMEHTAJIbHI Ta CTATUCTUYHI.

Busnauennst aykcoJoriyHUX TOKa3HUKIB Ta CTU-
MyJiboBaHoro piBug ['P mpoBoauiu 3a ctaniapTHu-
MW METOJMKAMU BiITTOBIITHO 0 MiKHAPOIHUX TIPO-
TokoJiiB [2-6]. Bmict 25(OH)D y cupoBatiii Kposi
BU3HAYAIM IMYHOXEMIJIIOMIHECIIEHTHUM MEeTOJIOM

Ha Mmikpouactunkax («Abbott», CIIIA). Ouinio-
BaHHS PE3yJIbTATIB 3/[ICHIOBAIN BiJIIIOBITHO /10 pe-
KoMeH/1aiiit MizKHapoIHOTO TOBapHUCTBA €HI0KPHU-
HoJioriB (International Society of Endocrinologists,
2011) [7]. Bmict BD-3b Busnauasnu 3a 1011omMoroio
iMyHO(EPMEHTHOTO aHai3y CTaHIAPTHUM KOMep-
mititnum Habopom «Elabsciense Biotechnology Co.,
Ltd» (CIIIA). Pisui I'P i ITTYP1 y tura3mi kposi
BU3HAYAJIN TIJITXOM XeMIJTIOMIHECIIEHTHOTO iIMYHO-
aHaJIizy 3 BUKoprctaHusam Habopis «Immulite 2000
X3i» («Siemens», CIIIA). PiBenb jenTuHy B Kpo-
Bi BU3HAYA/IN IMyHODEPMEHTHUM METO/IOM i3 BHU-
KopucTanusM HabopiB dipmu «Roche Diagnostics
GmbH Mannheim» (Himeuunna). PiBenb imy-
HopeaktuBHOTO iHCyniny (IPI) Busnauascst dep-
MEHTATUBHUM MeTo/IoM (<«Siemens», Himeuunna).
PiBenb mapatropMoHy BU3HAYaJU 3a JOTIOMOTOIO
iMyHO(EPMEHTHOTO aHai3y CTaHIAPTHUM KOMep-
niitnum Habopom «Monobind» (CIIIA).

[lng Busnavenns nonimopdaux BapianTis Taql
T/C (rs731236), BsmI G/A (rs1544410) ta ApalA/
C(rs7975232)renaVDR i +1245G/T(rs1800012)
reny COLIA1 BuKOpuCTOBYBaJIM METOJ IOJi-
Mepa3Hoi JaHIIOTOBOI peakIlii 3 HaCTYITHUM aHa-
Ji3oM TomiMOpdi3My JOBKUHW PECTPUKITIITHUX
¢parmenTiB 3a MOAMMIKOBAHUMHU IPOTOKOJIAMU
3 OJITOHYKJICOTUIHUME MpaiiMepaMy BUPOOHUII-
tBa «Metabion» (HimeuunHa) Ta KOMepLiHUM
Habopom «Dream Taq Green PCR Master Mix»
(«Thermo Scientific», CIIIA).

CratuctruHa 0O6poOKa OTPUMAHMX JaHWUX 3iii-
cHioBasiacs B cepeznosuii nakera Excel 2003 for
Windows XP. O6paxoByBajii HemapaMeTpuYHUI
koeditient kopesaiii CripMena MiX MOKa3HUKA-
MU, BiPOTiZTHO 3HAUYNIMMU BBaXKAJIUCSd 3HAYCHHS
p<0,05. Anasi3 maHUX TPOBOAMBCS METOJAMU Ba-
pilalifiHOl CTATUCTUKN 3 BUKOPUCTAHHAM ITPOTPaM
SPSS 26,0 ta R (R version 4.1.3 (2022-03-10) —
«One Push-Up»). HopmasibHicTh po3IOALIiB HIEpe-
Bipanach 3a kpurepieM Koamoroposa-CmupHoBa
ta I[llamipo-Yinka. HopmanabHO posmnofisennmu
BBayKaucs psau, B akux kpurtepint [lamipo-Yinka
6ys Bumte 0,05, a kpurepiit Kosmmoroposa-Cwmup-
HOBa He HUKYe HUKHBOI TPaHUIll BiPOTiTHOCTI, SIKa
cranosuia 0,200.

CraructuuHy OOpPOOKY Ppe3yJbraTiB MOJIEKY-
JIIPHOTEHETUYHOTO JIOCI/DKEHHST TTPOBOJUIN 32
JIOTIOMOTOI0  CTATUCTHYHUX Tporpam  Microsoft
Excel.

Yacroru anenis pT i qC pospaxoByBasm 3a
dbopmynoro:

VERTE }
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2ncctnyre

207+ 07e
P T
¢ 2(ngrtnretnec)

r 2(nrtngetnge)’

N — KiJIbKICTD 0¢i0 i3 MeBHUM T'€HOTUIIOM.
PospaxosyBasnm Binnomenns mancis (OR):

ad

OR: E)

a — HasBHICTBD /1IarHO3Y Ta 03HAKH, 10 BUBYAETHCS,
b — HasiBHiCTH [iarHO3y Ta Bi/ICYTHICTH O3HAKH, IO
BUBYAETHCH,

C — 3/I0POBI Ta BiZICYyTHICTh 03HAKH, 1[0 BUBYAETHCH,
d — 3710poBi Ta HAsSIBHICTH O3HAKM, 1[0 BUBYAECTHCSL.

Josipunii inrepsas (JI1) 6yB pospaxoBaHuii /st
OR na piBni 3nauyiocti 95% [8]. Yci nani anamnisy-
BaJid HelmapaMeTPUYHUMH METOJaMHU BapialliitHOI
CTATUCTUKH 3 BUKOPUCTAHHSM KOMIT'IOTEPHOI 11PO-
rpamu MedCalc (2006).

HocaixenHs BUKOHYBaJIU BiZITTOBITHO 10 OCHOB-
Hux nojoxenb Gioernku Komsenmii Pagu €spo-
U TIPO TIpaBa JIOANHU Ta OiomenutuHy (4 KBiTHs
1997 poxy), Tesabcincbkoi nexsapaitii BeecBiTHBOI
MEIMYHOI acoIiaii Mo/10 eTUYHUX TTPUHITUATIIB TTPO-

823 n.H.
644 n.H.

179 n.H.

BeJIeHHsI MeINYHUX JIOCTI/KeHb 32 y4acTIO Jiojei
(1964-2013 poxn). IndopmoBaHa 3roga OyJia OTpu-
MaHa BiJl y9aCHUKIB Ta IXHiX 6aThKiB.

Pe3yabratn

Mu nipoBesiu KJTiHiYHe 0OCTEKEHHST 1 TOCII [PKEHHST
nosrimopgismis pertenitopa rena BiT. D (VDR) — Tagl
(rs731236), BsmlI (rs1544410), Apal (rs7975232) ta
nosrimopgdiamy rena komareny COL1A1 (rs1800012)
y 136 niteit (73,79% xsonunkn) i3 pisauMu dhopma-
MU HU3bKOpocJocTi: 1-a rpyna (42 narienTn) — aitu
3 CH; 2-a rpyna (41 nutnna) — narientn 3 [[TH; 3-a
rpyma (17 miteit) — martientn 3 CBHIP Tta 4-a tpy-
na (36 marienTiB) — AiTH 3 HU3LKOPOCJIICTIO Ha TJI
3BYP [9-10].

Jluis BU3HaueHHs noiiMOPGHUX BapiaHTIB TeHa
VDR ta rena COL1A1 aMIunikoHnu mijsaraian Tifg-
POJITUIHOMY PO3MIETITIEHHIO 32 CITeNNiuHNM caii-
TOM PeCTPUKIIii, y pe3yJsbrari hopmyBasiucs dpar-
MEHTH 3 MOJIEKYJISTPHOIO MACOI0 BiITIOBIZIHO PI3HUM
reHorunam (puc. 1-4).

500 mn.H.

250 m.H.

F 8 9 10 11 M

Puc. 1. Enektpodoperpama posnoginy pecTpukUinHux dparmentis nonimopdiamy Bsml (rs1544410) reHa VDR.

lpumimka. 3pazku 2 i 7 — eeHomun GG, 3pasku 3, 5, 9 10 — eeHomun GA; 3pasku 1,4, 6,81 11 — ceHomun AA; M — mapkep monekynapHoi macu [11-12].

Fig. 1. Electrophoregram of the distribution of restriction fragments of the Bsml polymorphism (rs1544410) of the VDR gene.

Note. Samples 2 and 7 — genotype GG, samples 3, 5, 9 and 10 — genotype GA; samples 1, 4, 6, 8 and 11 — genotype AA; M — molecular weight marker

[11-12].

M 1 2 3 4 5

Puc. 2. Enektpodoperpama po3noginy pecTpukLiiHux dparmeHTis nonimopdiamy Tagl (rs731236) reHa VDR.

[pumimka. M — mapkep MonexkynapHoi macu,; 3pasku 1,61 11 —eeHomun TT; 3pasku 2-5, 81 9 — eeHomun TG, 3pasku 7 i 10 — eeHomun CC [13-14].

Fig. 2. Electrophoregram of the distribution of restriction fragments of the Tagl polymorphism (rs731236) of the VDR gene.

Note. M — molecular weight marker; samples 1,6 and 11— TT genotype; samples 2-5, 8 and 9 — TC genotype, samples 7 and 10 — CC genotype [13-14].
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Puc. 3. Enektpodoperpama posnoginy pecTpukuinHux dparmeHTis nonimopdiamy Apal (rs7975232) reHa VDR.

lpumimka. M — mapkep MonekynapHoi Macu; 3pasku 1,4, 6 i 8 — eeHomun AA; 3pasku 2, 3,5, 7, 91 11 — eeHomun AGC, 3pasok 10 — eeHomun CC [15].

Fig. 3. Electrophoregram of the distribution of restriction fragments of the Apal (rs7975232) polymorphism of the VDR gene.

Note. M — molecular weight marker; samples 1,4, 6 and 8 — genotype AA; samples 2, 3, 5, 7, 9 and 11 — genotype AC; sample 10 — genotype CC [15].

250 m.1.

M 1 2 3 4 5

260 m.H.
242 n.h.

6 7 8 9 10 11

Puc. 4. Enektpodoperpama posnoginy pecTpukUinHux dparmeHtis nonimopdiamy+1245G/T (rs1800012) reHa COLTAT.

lpumimka. M — mapkep monekynapHoi macu; 3pasku 3 i 5-10 — eeHomun GG; 3pasku 2,41 11 —2eHomun GT, 3pasok 1 —eeHomun TT [16].

Fig. 4. Electrophoregram of the distribution of restriction fragments of the polymorphism +1245G/T (rs1800012) of the COLTA1 gene.

Note. M — molecular weight marker, samples 3 and 5-10 — genotype GG, samples 2, 4 and 11 — genotype GT, sample 1 — genotype TT [16]

3a KOHTPOJIbHY TPYIY JJIS OIMIHKH MOJIiMOPQ-
Hux BapianTiB rena VDR Tagl(rs731236), Bsml
(rs1544410), Apal (rs7975232) B3sito 47 miteii Bi-
koM 13,97£2,57 poky, siki IposkuBajy B M. [ TaHCHKY
(ITonpma) [17]. s oninku nosimopdisma rena Ko-
nareny COL1A1 (rs1800012) o6¢creskero 51 autuny
Bit 4 10 13 pOKiB, SIKi MENIKAIN B PI3HUX 00IACTSIX
Ykpaiau (y tomy umcsai Binnunbkiil, Yepkacbkil,
Ounecwkiit, KipoBorpaicokiii Ta KuiBcbkiit), 1o Ha-
sexath 110 [opinbebkoro periony [18].

[Tpu ananisi nosimopdismis rena VDR y niteit
i3 CH Bcranosieno, mo pusuk possutky CH Bi-
POTI/IHO TiIBUNILYETHCS 32 HASTBHOCTI TeTE€PO3UTOT-
nux noaimopdismis (Bsml: G/A (OR=2,98; 95%
CI 1,20-7,37; p<0,05); Tagl: T/C (OR=4,07 (95%
CI1,61-10,29); Apal: C/A OR=4,03 (95% CI 1,65-
9,82; p<0,01)). [19]. IIpu BuBUenHi osiMOpdi3mMiB
reda VDR y niteii 3 [TTH BusgBieHo, mo pusuk pos-
BUTKY I[i€i TATOJOTI1 BIPOTiZIHO Mi/IBUIILyBaBCS 3a
HasIBHOCTI TeTepO3UroTHUX mosimMopdismin (Bsml:
G/A (OR=3,44; 95% CI 1,38-8,55; p<0,01); Tagl:
T/C (OR=6,41 (95% CI 2,49-16,49; p<0,01), a Ta-
KOK 32 HAasIBHOCTI IATOJIOTIYHOTO FOMO3UTOTHOIO
nosimopdizmy Bsml A/A (OR=4,36 (95% CI 1,41-
13,48; p<0,05) [20-22].

Y girteit i3 CbHI'P nipu BuBuenHi mojyiMopdis-
MiB reHa VDR BCTaHOBJIEHO BipOTijIHE TTiABUIIEHHS

PU3MKY PO3BUTKY Ii€l ATOJIOTII 3a HAsIBHOCTI TO-
MO3UTOTHUX MATOJOTIYHUX TToJiMopdizmis (Bsml:
A/A rena VDR (OR=4,58 (95% CI 1,18-17,85;
p<0,05) Ta Taql: C/C rena VDR (OR=4,58 (95%
CI 1,18-17,85; p<0,05) [23]. ¥ mnamienriB, Hapo-
oKeHnX 3 o3Hakamu 3BYP Ta 3a HagBHOCTI marto-
sorigroro Bapianty A/A nonximopdizmy Bsml rena
VDR, pusuk 3BYP nocrosipno 3pocrae OR=2,03
(95% CI 0,59-7,02; p=0,26). Bcranosreno BiacyT-
HicTh BiporigHoro BrumBy reHa COL1A1(+1245
G/T) ma pusuK PO3BUTKY 3aTPUMKHU POCTY IpU
CH, IIIH, CBbHI'P Ta B miTeii, axi Maan O3HAKU
3BYP [24].

Mu BcTaHOBMIIH, TIIO B JiTEH-TOMO3UTOT 110 T1a-
TOJIOTIvHIN aznemi Ta rerepo3urot Bick ['P/TTTUP-1
Ta piBeHb BiT. D crpaskkiae 3HauHille, HixK y giTei
i3 HOPMAJbHUM TOMO3UTOTHUM TE€HOTHUIIOM Ha TJi
nedimury T'P, 1o 36ira€Tbes 3 gaHUMuU JiiTepaTypu
[25]. ¥V mamomy mpocsijizkeHHi BIiepiie oTpuMani
pe3yJIbTaT, I0/I0 MOKJINBOTO BIUIMBY IOJiMOP-
¢dismiB Bsml (rs1544410), Taql (rs731236), ta Apal
(rs7975232) rena perernrropa Bit. D Ta mosimMopdis-
my +1245 G/T (rs1800012) rena COLIA1, na pos-
Butok pedinuty I'P, ITTH, 3BYP ta CbHIP y xi-
Tell yKPaiHChKOI TOTTYJISIIIT.

Buepuie orpumani HOBI faHi Bi[THOCHO BMICTYy
rperiny (Ghr) B KpoBi ziTeil i3 HU3BKOPOCIICTIO:
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HemocTtaTHicTb BiT. D acouioersed 3 BMicrom Ghr,
KU TIePEBUIIYE HOPMaJibHi TOKa3HUKU B 1,5-
1,7 paza. Bcranosisiena 3BOpOTHA KODEJISIlisl MixXK
pisasimu Grh ta BD-3b i npsima kopeisitist piBHIO
Grh i3 onosum pisaem I'P, ITTYP-1 ta cTumy ibo-
BaHuM piBHeM I'P Ha TJ1i mpo6u 3 KJIOHIZUHOM, 1110
BKazye Ha MOXJIUBHI 3B’s130K cuctemu ['P/ITTHP-1
i3 Ghr [26-27].

YV nepeBakHOI OiIBIIOCTI AiTEH i3 3aTPUMKOIO
pocty (90,44%) BcTaHOBJIEHO HASIBHICTD TillOBiTA-
Mminosy D. /ledinmt/HenocrarnicTs BiT. D BcTaHOB-
nenuit y 45,2% /40,5% mnanientis i3 CH; 3 IIIH — y
48,8%,/39,0%; 31 3BYP — y 25,0%/75,0% Ta npu
CBHTP -y 47,1%/41,2% nireii [28-31], 1o 36ira-
€TBCS 3 Pe3yJIbTaTaMU JOCTiIPKEHHS, B TKOMY ITOKa-
3aHo, 10 72% niteit i3 gedimurom I'P Masu piBenb
BiT. D Hwxumii 3a ontumanbHuii [32]. Mu BBaskae-
Mo, 110 piBenb 25(OH)D caix ominioBaru B miteit
i3 gedinurom ['P mijg yac miarHOCTUKY Ta Tij 4ac
MTO/IAJIBIIIOTO CTIOCTEPEKEHHS.

OTtpumaHi HOBI JlaHi TIPO iCHYBaHHSI 3HAYHOTO
B3aemo3B’s13ky Bici [P/IITYP-1 ta piBasg Bit. D —
yuM Ol TinoBiTamino3 D, TUM cuJbHiIIA 3a-
JIESKHICTh TTOKa3HUKiB [33-35]. Tak, mokasano mpsi-
MU KOpPeNAMIHHNN 3B'930K Mix BiT. D Ta cTumy-
apoBanuM piBHeM ['P mpu CH Tta IITH (cepemnnoi
cwin, 3Hagytmii — +0,573, p<0,05) Ta Mixk BMicTOM
[TTYP-1 Ta BiT. D namienTis 3 [1TH na T gedimuty
BiT. D. IloTy:xHa B3aemoszasnesknicts Mixk [ITUYP-1 Ta
KICTKOBUM BIKOM BCTaHOBJeHa B marienris i3 CH
3 HemocTatHicTio BiT. D — KoedittienT nerepmina-
iii cranoBuB 0,555 Ta MaB BUCOKY BipOTiJIHICTb
(p=0,000). Hopmasbpauii BmicT BiT. D acoriiioBa-
HUI i3 TIPSMO TIPOTIOPIIIMHUM 3B'SI3KOM Koedilri-
€HTA CTAHJIAPTHOTO Bi/IXUJIEHHS TIOKa3HUKA 3POCTY
(Ht-SDS) Ta [IIYP-1 (xoedimmienT merepminariii
R?*=0,164, p=0,043); noMipHIM TIPIMUM JiHITHUM
3B’si3koM IITYP-1 ta kictkoBum Bikom (R?*=0,344,
p=0,002). ¥ rpymi narientis i3 CH, axi maju BmicT
BiT. D Bumme 100 ur/mu pisers (onoBoro I'P 6yB
JIOCTOBIPHO BUIIWM, HiXK Y TPy 3 1edillUTOM BiT.
D ra B rpymi 3 "Hegocrarhictio BiT. D (1,53%0,49,
0,96+0,30, 0,53+0,12, Bixnosigno p<0,01). ¥ ta-
KMX MaIli€HTIB BCTAaHOBJIEHA JIiHIIIHA 3aJIEKHICTD,
MiITBEP/IPKeHA HOPMAJbHICTIO PO3IOIINY 3aJInIll-
kiB, Mizk 25(OH)D Ta kictkoBum Bikom ( R?=0,247,
p=0,048).

O6c¢reskero 267 apiteit ta migmitkis i3 1T, cepen
ux 31,05% Maim HaJIMIIKOBY Macy Tiia, 62,0% —
oxupinng 1-3 cr. Hopmasbiy 3abesmedenicts Bit. D
BCTaHoBJIEHO TiMbkU B 4,0% marientis. Meaiana
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25(OH)D y rpymi xgiTeit 3 OKUPIHHSM CTAHOBUJIA
36,24 umomn/n (20,0-48,6), y KOHTpOJIBbHIHI Tpy-
mi — 70,8 umoms/n1 (42,2-99,9) [36]. [lokazana 3a-
gexxnicts BMicTy 25(OH)D Bif TSZKKOCTI 0KUPiH-
us (p<0,05) [37]. IIpu npoBeneHHi KOpesItiiiHo-
rO aHa/li3y BCTaHOBJIeHA JIiHINIHA 3aJI€KHICTh MiXK
BmictoMm BiT. D Ta ingekcom macu tina (R?=0,38;
p=0,000).

PiBenp iMyHOpPEaKTUBHOTO IHCYJiHY B KPO-
Bl 3HQYHO MiJIBUILYBaBCS 31 3pOCTAHHAM CTYIICHS
oxkupinnst (p<0,05). Bmict sentuny B miTeil 3 05ku-
PiHHSM, sIKi MaJjiy Tinositaminod D OyB 3HauYMMO
BUIIE TIOPIBHSAHO 3 TPYTIOI0 3 HOPMAJIBLHUM PiBHEM
25(OH)D (p<0,05). Bcranosieno, mo medirut
BiT. D y miTelt 3 o;kupiHHSAM acoliiioBaHu# i3 Juc-
JIITIZIEMI€I0 BHACJTIIOK 3HMKEHHST HU3bKOaTepOreH-
HuX paKIliii JimiiB; Mpy 1bOMY TTOAIOHI acomiarrii
BiICYTHI B Z1iTeil 3 OKMPIHHAM i HegocTaTHICTIO 200
HopMmasibHuM BmictoM BiT. D (p<0,05) [38]. Bax-
JIMBO THKPECTUTH, 10 TPOIEecH aucOamancy Ji-
miiHOTO TPOGIIIO0 BiOYBAIOTHCS TIPU BiPOTiAHOMY
amenienni Bmicty 25(OH)D y kpoBi marienris.
Haii6isbin cyTTeBi 3miam JinmigHux (pakiiii cro-
CTepirajy B MAIIEHTIB 3 OKUPIHHAM 3 CT., SIKi MaJIn
Hattakunii BMicT 25(OH)D y kposi. [Ipu innexci
macu Tisa >30 Kr/m? BiIOyBa€eThCsl CyTTEBE 3HU-
JKeHHs BMicTy BiT. D acorrifioBane 3i 3HaUHUM ITiJI-
BUILlEHHAM piBHA maparropmony [36, 39]. IIpose-
JIEHUH KOpeJIIiNHNN aHasi3 1oKas3as, 110 CyTTEBE
3HKEHHS BMICTY BiT. D y HallieHTiB CyITPOBOIKY-
BaJIOCh 3HAYHUM TIIiJBUINCHHAM PiBHS TapaTrop-
mony (R?=0,188 p=0,000). IIpu ingexci macu Tina
>30 Kr/m? CIIOCTEPITAETHCS Pi3Ke 3HUKEHHST PiBHS
BD-3b (p<0,05); BD-3b mae no3utusny KopeJisi-
11i10 3 piBHEM BiT. D Ta HeraTuBHO OB’ sI3aHU 3 iH-
JIEKCOM MacH TiJa.

VY 42 naiienTiB 3 0KUPIHHAM, SKi MaJN 3HAUHUM
nedinut Bit. D — (22,1£3,12) HMo7B /21 Oy10 IPO-
BeZICHO JOCTiKeHHd momiMopdizma Bsml rena
VDR. ¥ Bcix maii€enTiB BcTaHOBJIeHO reHoTutr A/G
(rereposurora) B aisstait A283G (rs1544410) rena
VDR: nmatiient € HOcissMu TIosiMopdi3my, 1110 CBi/I-
YUTb IIPO 3HUKEHHS 3aCBOEHHS BiT. D Ta momipHuii
PU3UK 3HUKEHHSI MiHEpPaJIbHOI IIJIBHOCTI KiCTKO-
Boi TKaHuHM [40].

[Tpu o6¢rexenni 135 pitei Ta migIiTKiB, XBOPUX
Ha [1/11 (cepenniii Bik 12,1+3,6 poky) nedinut Birt.
D BcranoBaennit y 51,9% nireit, y 35,6% — Hezo-
cratHicTh BiT. D, ocrarne 3a0esneyensd BiT. D —
qunte y 12,6% narienris. [Tokazuuku crupoBaTKO-
Boro 25(OH)D e 3asexann BiJi TpUBAIOCTI XBO-



ISSN 1680-1466" ENDOKRYNOLOGIA" 2025, VOLUME 30, No. 1

pobu. He BcTaHOBIIEHO 3B'SI3KY MiXK MOKA3HUKOM
25(OH)D i mokasaukom HbA1lc. Cepen 30 miteit
i3 ILJI1 y 19 oci6 (63,33%) BcTaHOBJIEHO HASIBHICTD
renotunny A/G nosimopdismy rena VDR, axomy
BJIACTHBE 3HMUKEHHA 3acBO€HH BiT. D — 17 13 11ux
Jiteli Masu rinositaminosd D [41].

Beranosnennst ¢akTy HagBHOCTI TiMOBITAMIHO3Y
D npu nusskopocsiocti, IL/I1 Ta oxxupinai mpu /11
a TaKOXK HAsIBHOCTI TiCHOTO B3a€EMO3B’sI3KY BIT. D
ta cuctemu ['P/IITYP-1 € ocHOBOMO /17151 BBE/IeHHS
npenaparis BiT. D y KoMmIieKe Tepartii 1iuX eH/I0Kpu-
Homatii. Tak, npu 3HMKEeHHI e(heKTUBHOCTI MOHO-
Tepariil pekoMGiHanTHOro I'P y maiieHTiB i3 HU3bKO-
POCJICTIO HAMK 3allPOIIOHOBaHa cxeMa KOMOiHOBa-
HOI Tepartii (TipernapaTt pekombGinanTHoro I'P B 103i
0,033 mr/kr Ha 100y Ta mpemnapar BiT. D y BikKOBUX
noszax 2000-4000 MO /100y 3a/e;KHO Bijl TIOKa3HK-
KiB BiT. D Ta Macu Tizia AuTHHM), 1110 TPU3BOUTD /10
BipOTiZITHOTO TPUCKOPEHHS IIBUIKOCTI POCTY B Talli-
€HTIB i3 HU3BKOPOCJICTIO K i3 HOPMAJTbHUM, TaK i 3
pi3ko 3HmKeHUM BUkujoM I'P [42-43]. lonaBanHs
nperaparty Bit. D (2000 a6o 3000 MO /100y 3amesx-
HO Bij Macu Tina) ipu 11/]1 cynpoBopkyeThes 3poc-
TaHHsIM PiBHS MOKa3HuKa cuposarkoBoro 25(OH)D,
Tenientio o miapumtenns [ITYP-1 (SDS- IITYP-1
minyc 0,04+2,0 mpotu minyc 0,46+1,11 1o JixyBan-
Hd) Ta TEH/IEHII0 /10 TOKPAIeHHST TJIIKEeMIYHOTO
koHTposio (y 71,4 % niteit) Bxke micast 3 MicsIiB
nobGaBKH mperapary Bit. D.

BucnoBku

HasiBHicTb y GibIIOCTI MAIi€HTIB i3 HU3BKOPOC-
gictio, /11, oxxupinaam xva i /I rinoBitaminosy
D, nmoctoBipHUX KOPEJSAIINHNX 3B’SI3KiB MiK BiCCIO
['P/IITYP-1 ra Bit. D i BD-3B 3ymMoBII0I0TH HEOO-
XiIHICTH BpaxoByBaTh BMIcT BiT. D mipu iarnoctwuiti,
JIIKyBaHHI Ta MOHITOPUHTY TAIIEHTIB i3 BU3HAUYCHU-
MW eHIoKpuHOMaTissMu. Jlocmimkenns mosiMopd-
wux BapianTtiB Taql T/C (rs731236), Bsml G/A
(rs1544410) ta ApalA/C(rs7975232) rera VDR nae
3MOTy OIIIHUTH PU3UK PO3BUTKY HU3BKOPOCJOCTI.
Komb6inosana Teparis (mpenapar peKoMOIHAHTHOTO
I'P + npenapar Bit. D npu3BouTh 10 Mi/IBUIIIEHHS
e(heKTUBHOCTI PiCT-CTUMYJIIOI0YOI Teparii.
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Vitamin D, its receptor gene polymorphism and
the growth hormone/growth factor system

in children and adolescents with endocrine
pathology

0.V. Bolshova, N.A. Sprynchuk, T.M. Malinovska,
I.V. Lukashuk, D.A. Kvachenyuk, M.O.Ryznychuk,
V.G. Pakhomova, O.A. Vyshnevska, O.Ya. Samson

State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. Hypovitaminosis D was found in 90.44% of children
with growth retardation, in 86.00% - with obesity associated with
hypothalamic dysfunction, in 87.5% — with type 1 diabetes mellitus
(TIDM). There is a close relationship between the growth hormone
(GH)/insulin-like growth factor-1 (IGF-1) axis and the content of vit.
D and vitamin D-binding protein (VD-BP), which is confirmed by
strong/medium correlations between these indicators. An inverse
correlation was found between the content of ghrelin and VD-BP
and a direct correlation with the basal level of GH, IGF-1. The risk
of development is significantly increased: for growth hormone
deficiency (GHD) in the presence of VDR gene polymorphisms Bsml
G/A; Tagl T/C; Apal C/A; for idiopathic short stature — in the presence
of allele A of the rs1544410 Bsml locus, allele C of the rs731236 Taq|
locus; for biologically inactive GH syndrome - in the presence of
Bsml A/A and Tagl C/C polymorphisms; for Intrauterine growth
retardation - in the presence of the pathological variant A/A of the
Bsml polymorphism. The most significant changes in lipid fractions,
leptin levels, VD-BP, and parathyroid hormone were observed in
patients with stage Il obesity against the background of the lowest
content of 25(OH)D in the blood (p <0.05). Vit. D3 supplementation
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is accompanied by a tendency to improve glycemic control in
71.4% of children with TIDM. Conclusions. The presence in most
patients with short stature, TIDM, obesity on the background of
hypothalamic dysfunction as a consequence of hypovitaminosis D,
significant correlations between the GH/IGF-1 axis and vit. D and
VD-BP determine the need to take into account the content of vit. D
in the diagnosis, treatment, and monitoring of patients with certain
endocrinopathies. The study of polymorphic variants Tagl T/C
(rs731236), Bsml G/A (rs1544410) and ApalA/C (rs7975232) of the
VDR gene allows us to assess the risk of short stature. Combination
therapy (rGH + vitamin D) leads to increased efficacy of growth-
stimulating therapy.

Keywords: vitamin D, vitamin D receptor gene polymorphism,
growth hormone, insulin-like growth factor-1, ghrelin, children
and adolescents, short stature, hypothalamic dysfunction,
obesity, type 1 diabetes mellitus.
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[leiumnt ecexLyanbHux

0.B. Pakos,

enemeHTIB | BiTaminy D (10, oacie

A.b. KynbunHcbKa

Y XBOPMX Ha LlyKpoBuiA alabet
2-ro TIny

LY «IHCTUTYT eHpoKpuHonorii Ta 0bMiHy peyoBKH im. B.MN. Komicaperka HAMH Ykpaitn»

Pestome. [lediuut eceHuianbH1x enemeHTiB € OOHNM i3 UNHHIKIB BUHUKHEHHA Ta NPOrpeCyBaHHA PI3HIX XPOHIUHYIX 3aXBOPIO-
BaHb, Y TOMY UNCNi @HAOKPUHHIX, 30KpeMa LiyKpoBoro AiabeTy 2-ro tvny (L[12). PosymiHHA CTaHy 3abe3neueHoCTi neBHUMM
MIKpOenemMeHTaMu Ta BiTamiHaMu BaKNMBe 1A BU3HAUeHHs iX MaToreHeTUYHo! poni npu Lykposomy aiabeTi (L) Ta ans pos-
POOKM NiKyBanbHO-NPODINAKTUUHMX pekoMeHaaLii. MeTa BocnigKeHHA: 3'ACYBaTU CMOXKUBAHHSA eCeHLianbHUX enemeHTiB
nogy (\2), Kkanbuito (Ca), marHito (Mg), ceneny (Se) i umHky (Zn), a Takox Bitaminy D npw L12. MaTepian i meTogu. Y Binkputomy
KOHTPONbOBAHOMY AOCTIMKEHHI B3AAM ydacTb 71 xsopuii Ha L2 (52 xiHkn Ta 14 4onosiki) Bikom 39-74 pokiB. KOHTPONbHY
rpyny cTaHoBwmu 40 ocib 6e3 eHOKPYHHMX Ta COMATHUUHIX 3axBopioBaHb (30 xiHok i 10 Uonosikis) Bikom 38-74 pokis. Y gocni-
IPKEHHA BKJIOYanu 0cib, AKi He NpuiiMani xapyoBi 106aBKM Ta BiTaMiHHI NpenapaTy NprUHaAMHI 0CTaHHI 3 MicALl. KoHUeHTpaLio
|, B Ceui B3HaYany Lepii-apceHiTHIM METOAOM Ha cekTpodoTomeTpi «UV-1280» («Shimadzuy, AnoHis), BMicT Se B cupoBatui
KpOBI — GNI0OPOMETPUYHUM METOAOM MICAA KMCNOTHOT MiHepanizauii npob Ha cnekTpodnyopumeTpi «MPF-4» («Hitachi», Ano-
Hin), BMicT Mg, Ca i 25(0H)D — Ha aHanizatopi «Cobas 6000» («Roshe Diagnostic», LLseiiuapis), Zn — Ha aToMHO-abCopOLiHO-
My cnektpodotomeTpi «contrAA 800 F» («Analytik Jena», HimeuyuHa). PesynbtaTu. Y xBopux Ha L|J12 cnocTepirasca aediumt
eceHuianbHix enemenTis (I, —y 70% Bunagkis, Ca -y 70%, Mg -y 65%, Se =y 50% i Zn -y 66%), a Takox sitaminy D (y 80%
BMNa/KiB). BUCHOBKM. B/ABNEHO BipOriaHe 3HKeHHA PIBHA eceHUianbHIx enemeHTis Ca, Mg, Se i Zny cupoBaTtLi KpoBi XBOPUX
Ha LIJ12. BMiCT eceHUianbHMX enemeHTiB y CMpoBaTLi KpoBi XBOpKX Ha LI[12 BiporifHO Kopeniosas i3 PIBHAMY M1I0KO3M Ma3mm
HaTue (ITH) Ta rikosaHoro remornobiny (HbATC).

B.l. KpaBueHKo,

KniouoBi cnoBa: Liykposuii aiabeT 2-ro Tvny, eceHuianbHi enemeHTH (

/I € nalinomupeHiniuM eHJOKPUHHUM 3aXBO-
PIOBaHHSIM B €TiOJIOTIl SIKOTO BasKJIMBY POJIb Bijli-
rpae okcunatusamil ctpec [1, 2]. Cepen dakxropis,
10 3yMOBJIIOIOTH [IiT0 OKCUAATUBHOTO CTPECy € He-
JlocTavya B OPraHi3aMi aHTUOKCUIATUBHUX PEYOBUH,
cepell HUX IIeBHE Miclle 3aliMaloTh MiHepaJu Ta Bi-

© B.I. Kpasyenko, O.I. Kos3yH, O.B. Pakos, K.fO. lsacwkis, f1.b. KyneyuHcobka

,Ca, Mg, Se, Zn), BitamiH D, nediunT.

Taminu. [obanbHa mipobiieMa HeZI0CTaTHhOTO Hajl-
xomxennsa iony (L) B opramism, Hoxozedinunty, €
aKTyaJbHOIO JIUIT HaceJIeHHsT GiIbIIocTi KpaiH cBi-
Ty, 60 € TPUIMHOIO TMUPOKOTO KOJIA TATOJIOTTIHIX
CTaHiB, 1[0 OTPUMAJM Ha3By HomojedinuTanx [3]
Ta OXOILIIOE BCi BEPCTBU HaceJeHHs. Y OiabInocTi
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KpaiH, y TOMY 4HCJi BCiX KpaiH €Bpo1u, BOHA BU-
pilieHa TJIAXOM 3aKOHOJABYOTO TIPU3HAYCHHS
OlyBaHHS BCi€l XapyoBOi cOi. 3arajabHa cTpaTe-
ris BcecBiTHBOI opranisariii 0XOpoHHW 370pOB’S B
PO3B’sI3yBaHHi 1Ti€l MPobeMr MOKa3ye, Mo 3acTo-
CyBaHHS MOJI0OBAHOI1 coJii 3pocyio 3 67 kpain y 2003
pori 0 118 y 2020 porti [4]. B Ykpaini Bona 3amm-
IIA€THhCs HEBUPiteHoo |5, 6]. Maiixke Bci 3axBopio-
BaHHS MIUTOTOIOHOT 32031 OB’ sI3aHi 3 HETOCTAT-
HiM Haaxo/pkeHHAM L. I, € Ba/IMBOIO CKJIaZ0BOIO
YACTUHOIO THPEOITHUX TOPMOHIB Ta Gepe y4acTb y
GaraThoX Iporiecax B opraiami. HemozasHi gociri-
JKEHHSI TIOKas3a/Iu, mo 3 I, moB’a3anmit MeTaboJIi3M
TJIIOKO3U, HETIEPEHOCHICTh TJIIOKO3H, TIOPYIIEeHHSAM
pisast T'TIH, nepemmiater i 11/1 [7, 8]. B Ykpaini
ioxHe 3abesnedenns npu /12 Hemocimkere.

[TpooBKYIOTBCS AOCTIIZKEHHS BasKJIUBOTO JIJIs1
U TONOAIOHOI 3a/1031 esileMenTa Se B po3ButKy L1/]
[9, 10]. TTarorenes I1/I mosxke OyTu TOB'sI3aHUN i3
MOPYIIEHHSIM OKHCHOTO CTpecy, B SKOMYy Se MOKe
BijlirpaBaTi BakJWBY POJIb. Se HeoOXiMHWil st
CUHTE3y CEJIEHONPOTEIHIB, SIKi MAalTh aHTUOKCH-
JAHTHI 1 IUTOIIPOTEKTOPHI BJACTUBOCTI Ta MOXKYTh
npotuaisaTi BunukaenHio [[/12 [11].

Y marorenesi [1/[2 ta fioro yckiiaanenb 3HauHa
yBara npuaisisgeTocss Mg, 1o BXOAUTh SK Kodak-
Top no ckiamy maitke 600 depmentin [12]. Bymno
BCTAHOBJIEHO, MO /00aBk Mg y XapuyBaHHi 1O-
KpaIyoTh YyTAUBICTh A0 iHCYJaiHY [13], BrnBa-
I0Th Ha MeTaboJi3M IIoKo3u [14], s3amobiraioTh
yekaaguenaam [[/[, raabmyioTb pPO3BUTOK TIpe-
miaGery B I1/1 [15]. Buxozasuu 3 1{bOro, JOCTITHUKI
CTaBJISATH 3aBJaHHS MPO NMPU3HAYEHHS TIPerapaTiB
Mg npu rinomarHiemii y xsopux Ha I[/[2 ax nep-
BUHHY MeMKO-caHitapuy pomomory [16]. oro
cnioskuBaHHs xopuMmu Ha LI/] B Ykpaini HeBizomo.
OcobBYy PoJIb y CUHTE31 1HCYJIiHY, y 31iiCHEeHH]
ioro edekTiB i matorenesi 11/] 3afimae Zn [17, 18].
JlocikeHHst pe3y srariB il 106aBOK 1bOTO eJie-
MEHTY HEOJHO3HAUYHi Ta MOTPeOYIOTh TOMAIBIITOTO
BuBYeHHA [19].

Cepen eceHIliabHIX eJIEMEHTIB 0COOIMBE MicIle
nocigae Ca. Ca Bigirpae BaxJnuBy poJib y cTabijib-
HOCTI MeMOpaHu, HOpMaJbHOMY (DYHKITIOHYBaHHI
KJIITUH, HEPBOBIiH niepesnadi, cTpykTypi Kictku. Ha-
SBHI JIOCIIJKEHHS MOKA3YIOTh, 1O 3MIiHU TOMEO-
ctazy Ca nos’s3ani 3 pusukom po3Butky LI [20].
Bei posrsisgnyTi esleMeHTH BUCTYHAIOTh SK aHTHU-
OKCHUJIAHTH Ta BiJlirPAOTh BAKJIUBY 3aXUCHY POJIb
Big [1/I. BaxkxnmBuM aHTUOKCUIAHTOM, IO Bimirpae
CYTTEBY 3aXHCHY POJIb IIPU €HJOKPUHHUX 3aXBO-
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poBanHAX, 30KkpeMa tipu I1/l, € Takox BiTamin D
[21, 22]. Mloro gocaifskeHHa B KOMILIEKC 3 IHITUMU
eJleMeHTaM1 He IIPOBO/IUJIOCSL.

Mertoro jpociimxkents OyJio 3’siICyBaTH CIIOKU-
BaHHsA ecennianpaux I, Se, Mg, Zn i Ca, a Takox
Bitaminy D nipu I1/12.

Marepiax i MmeToau

Y BifikpuTE KOHTPOJBOBAHE JOCIIIKEHHST OYJIH
BKJIOueHi 71 xBopwuit Ha 11/12, i3 HuX 52 KiHKH Ta
14 yvonosikiB BikoM 39-74 poOKiB, SKi KOHCYJIBTY-
BasMcs B JiiKapiB-eHAoKpuHoyoriB /1Y «IHctutyT
eHIOKpUHOJIOoTIi Ta 06Miny pedoBuH im. B.II. Ko-
micapenka HAMH VYkpaiau» y 2023-2024 pokax.
KonTtposbhy rpymy cranoBuiau 40 oci6 6e3 eHyo-
KPUHHHUX Ta COMAaTUYHUX 3aXBOpioBaHb — 30 JKiHOK
ta 10 9os0BiKiB BikoMm 38-74 PokiB. Y A0CiKEHHS
BKJIIOUYAJIN TAIEHTIB 000X TPYII, 1[0 HE MPUAMaIn
XapuoBi 00aBKM Ta BiTaMiHHI ITpenapaTy MpruHaii-
MHI 3 MicsI1i /10 TOYaTKY JIOCJII/IKEHHS.

Kpurepiem Briodennd: aiaraos 1112 Bigamnosiz-
HO /10 MI>KHAPOJHUX /IIarHOCTUYHUX CTaHAapTiB. Y
KOHTPOJIbHY T'PYILy BKJIOYAJIN TAIIEHTIB, SKi Bijl-
HOBIJIa/IN IIPOTOKOJIY JOCII/IKEHHS Ta B AKUX OYJIU
Bi/ICYTHI €H/IOKPUHHI Ta COMAaTUYHI 3aXBOPIOBAHHSI.

Kpwurepii Bukstouenss: xgopi Ha [/ 1-ro Ty,
HASIBHICTH TSDKKHX YCKJIQHEHD 3 OOKY CepIeBO-Cy-
JquHHOI cuctemu (iHpapKT, 1HCYJIBT), HUPOK (He-
(pomnaris), ypaxxeHHs odeil (peTuHONATIS ), BiACYT-
HICTB TiIMCcano1 iHhOPMOBAHOI 3TO/IH.

[TpoTokos focmiIzKeHHST CXBaJIeHO €TUYHUM KO-
mitetoMm /Y «IHCTHTYT €HIOKPHUHOJIOTIT Ta 0OMiHY
pedoBuH iM. B.II. Komicapenka HAMH Yxpainns.
s yuacti B 11bOMY JIOCTiIKEHH] Biji yCiX TaIli€H-
TiB GyJia OTpUMaHa MMCbMOBa iH(OpPMOBaHa 3ro/a.

Incmpymenmanvii docaioxncenns

Macy Tiza Ta 3picT BU3HAYAJIM 3a JIOTIOMOTOO
ceprudikoBanux esekrponnux Bar «KERN 440-
4» («Kern&Sohny», Himeuyunna) ta mopraTuBHO-
IO POCTOMipa. YYaCcHUKHU 3BAKYBAJIUCS B JIETKOMY
o131 6e3 B3yTTs. Bara BuMiproBasiacst 3 TOYHICTIO
no 0,1 xr, 3pict — i3 Tounictio 10 0,5 cm. THzmekc
macu Tisia (IMT) po3paxoByBasiv NIJISIXOM JIiJIEHHS
Baru (Kr) Ha 3picT y KBajapaTti (M?).

Bioximiuni mecmu

3abip KpoBi MPOBOAWJIM HATIIE BiATIOBIAHO 10
craHzapTHOI mpoleaypu 3abopy 3pasKiB KpOBi.
3pasku KpoBi 3ammimany g 3cijanas #Ha 20 xB
mpu KiMHaTHIN Temmepatypi. Ilicas mentpudy-
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ryBatus mpu 3000 06/xB mporsirom 10 xB, 3pasku
CHPOBATKM BiIOKpeMJIIOBai Ta 36epiranu mpu —
20 °C no anaJiasy.

[ocmipkeHHsT BMICTY Se B CMPOBATIli KPOBI ITPO-
BOIWIIH (DJTIOOPOMETPUYHUM METO/IOM TTCTIsT KHUC-
JIOTHOI MiHepasisallii 1mpob CHpOBATKM KpPOBI Ha
criekrpodryopumerpi «MPF-4» («Hitachi», Slmo-
Hist) IpU JOBKMHI XBUJIL 30ysKeH s 366 HM Ta dury-
opectientii 520 um [25], Mg, Ca i 25(OH)D — ko-
JIOPUMETPUYHUM METOIOM Ha aHasizaropi «Cobas
6000» («Roshe Diagnostic», IlIBeiiniapist), Zn y
CUPOBATI[i — Ha aTOMHO-aOCOPOLIHHOMY CIIEKTPO-
doromerpi «contrAA 800 F» («Analytik Jena,
Himeuunna). Pedepentni 3HaueHHS CTaHOBUJIU:
Se — 60-120 wmxr/mx, Mg — 16,37-26,54 wmr/u,
Ca —2,15-2,5 mmoun /7, 25(OH) D — 30-50 ur/m
(pusuk HepoctatHOCTI <30 HT/MJ, pU3UK Aediru-
Ty <10 5r/mi), Zn — 70-150 mMxr/m1.

Y Bcix y4acHUKIB JOCJiKeHHs Oy 3i6pani
3pas3ku cedi Ta 36epiranu ixX A0 JOCTiIKEeHHS KOH-
nenrpanii I, mpu -40° C. Konuentpariio I, B ceui
BU3HAYa/IM Ilepiii-apceHiTHUM MeTozioM Dunn [23]
Ha crnekrpodoromerpi «UV-1280» («Shimadzu»,
Anonis). Pesynbraté A0CIHiKEHHS TPaKTyBaIu
arigHo 3 kputepiamu BOO3 [24]. [locmimxenns
Hoypil MPOXOASATHh 30BHIIIHINA KOHTPOJb SKOCTI
B IleHTpi 10 KOHTPOJIIO i TPOMITAKTHII 3aXBOPIO-
Bab (Center for Disease Control and Prevention,
AtmanTa, CIIIA).

Pesyabrati Ta 00roBOpEHHs

Cepen obcrexennx Ha I[/[2 sKiHKM cTaHOBWIIN
70,3%, y KOHTpOJIbHIH Tpymi — 67,5%. BibimicTh
obcrexkeHnx mnaiienTis, 65,0%, Maiu Brepiie BU-
anenuit [1/[. Pemra namieHTiB Majau TPUBAJiCTh

Ta6nuusa 1. [okasHVKM aHTPONMOMETPUYHI, oAy pii, eceHUianbHNX enemeHTIB i ITI0K03K B 06CTeXeHMX rpynax
Table 1. Anthropometric indicators, ioduria, essential elements, and glucose parameters in the studied groups

. KoHTponb ua2
Lo b o ,,
(n=40) (n=71)
igép;eKaMrs . - 53,33+1,386 56,441,037 0,075
a‘;&?gm } - 170,031,118 170,041,257 0993
*
\Ej\?;ag rftr @ - 82,20+1,74 90,35+2,19 0,012
IMT ** ) 28,54 30,07 0018
BMI ** (25,50-30,88) (26,78-33,75) '
[TTH mmonb/n ** 3,3-5,5 Mmonb/n 5,06 8,50 <0001
FPG mmol/L ** 3,3-5,5 mmol/L (4,73-5,50) (7,65-10,07) '
510 7,30
0f *¥% _ 0 ’ ,
HbA1c, % 4,5-56% 465-5.61) ©50-8.20) <0,001
|, ceyi, mkr/n ** 100-200 mKr/n 79,40 79,00 0913
|, urine, pg/L ** 100-200 pg/L (59,65-113,55) (68,00-97,00) ’
Se, mKr/n ** 60-120 MKr/n 7545 58,75 <0001
Se, ug/L ** 60-120 pg/L (68,75-86,17) (34,37-77,25 '
Mg, mr/n ** 16,37-28,5 mr/n 17,37 15,49 <0.00]
Mg, mg/L ** 16,37-28,5 mg/L (16,27-19,10) (14,38-16,66) !
Zn, Mkr/gn ** 70-150 mKr/an 82,70 67,40 <0001
Zn, ug/dL ** 70-150 pg/dL (78,61-91,17) (62,50-70,40) !
Ca, Mmonb/n ** 2,15-2,5 mmonb/n 2,26 1,98 <0,001
Ca, mmol/L ** 2,15-2,5 mmol/L (2,18-2,32) (1,85-2,20) !
25(0OH)D, Hr/mn ** 30-50 Hr/mn 26,35 24,00 0037
25(0H)D, ng/mlL ** 30-50 ng/m L (23,25-30,00) (18,50-28,50) '

TNpumimka. Xapakmepucmuku po3nodiny npedcmassiei: HopMansHoeo (*) — AK CepeOHE 3HaYeHHA Ma cMaHOapMHa NOMUJTKA, GHOPMAbHOZ0 (*¥) — Ak me-
Oiaru i keapmuni (Q1-Q3). CepedHi 3HayeHHs nopieHIMbCA 3a t-kpumepiem CmetodeHma, mediaHu — 3a U-kpumepiem MaHHa—YimHi, HomiHaneHi 0aHi —3a

Kkpumepiem xi-keaopam. p — L{/]2 nopieHAHO 3 KOHMPOsIEM.

Note. Distribution characteristics are presented: normal (¥) — as mean value and standard error, abnormal (**) — as medians and quartiles (Q1-Q3). Means values
are compared by Student’s t-test and medians — by Mann—Whitney U-test, nominal data — by chi-square test. p — T2D compared with control.
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3axBOpIOBaHHs He Oisbiiie 5 pokiB. Pisenn T'TTH
XBOPUX CTAHOBWB BiJ 6,6 10 13,4 MMOJIb/J1 1 BKa3y-
BaB Ha HasBHicTh II/[. Piserr HbAlc y martienTis
KoJsimBaBcst Bix 6,5 10 11,4%. Bik XBopux cTaHOBUB
39-74 poxis. Kiiniuna kaptuna siamosigama I1/]
2-ro Tuny. BpaxoByioun HeBEJUKHUI PO3MIp TPYII,
JUISL TIOJIIIIEHHs CTaTUCTUYHOI 0OpOoOKM Ta B I0-
JAJIBIIIOMY PO3PaxXyHKy KOPEJIiil CTBOpeHa 0-
JlaTKOBa TPyMa, M0 BKIOYATa BCiX OOCTEKEHMX
KOHTPOJIbHOI TpynH Ta XBopux Ha II/[. 3a BikoBu-
MU TTokazHuKamu rpyna Ha [/l maiiske He BifipisHs-
Jlacs Bijl 3arajibHOI Ta KOHTPOJIBHOI TPyTH. 30BCIM
He OyJI0 BiIMIHHOCTEN 32 POCTOBUMHM ITOKa3HUKa-
MU, OJHaK Bara XBopux Ha II/[ Oy/a craTrcTUaHO
BUNIOKO HiXK y KOHTposi. [Toximuuii mokasHuk Bij
3pocty Ta Macu Tizta IMT takok 6yB BUIIMM TIpU
/1. PiBens rarokosu nipu 11/] cBiumB 32 HasIBHICTH
3aXBOPIOBaHHs i OYB 3HAYHO BMIUM HiXK Y KOHT-
poai (p>0,001) (tadm. 1). 3 BUCOKOIO BiporiHic-
ti0 (p<0,001) xonmenTpamis Se, Mg, Zn i Ca Gyna

sumskena 1pu 11J]. Takox npu L[] Gyia sHumxkeHa
konrentpariis 25(OH) D (Bitaminy D) y cupoBart-
111 KPOBI.

3MiHU TOKAa3HUKIB BMICTy €JIEMEHTIB y CHUPO-
Barii kKposi xBopux Ha I[/[2 mopiBHSHO 3 KOHT-
posieM Mory GyTH 1OB’si3aHi 3 MaHidecralli€io 3a-
XBOPIOBAHHS Ta 3 OCHOBHUMU ToKazHukamu [TITH
ta HbAlc. [l mepeBipku Takoi MOKIMBOCTI MU
TIPOBEJI KOPEJIAIINHNN aHasli3 MiK MOKa3HUKaMU
[JIIOKO3U B KPOBI Ta eCeHIiaIbHUMU eJleMeHTaMU B
KOHTPOJIbHIH rpyTii, rpyi xBopux i3 I/] Ta okpemo 3
KOKHUM €JIEMEHTOM B 00’€/IHaHiil 3araibHiil TPyIIi.
Biporigna nHeraTuBHa KOPEJAIisA B TPYI XBOPUX i3
/T cnocrepiranacst mizk ['TIH Ta okpeMo 3 KOKHUM
€JIEMEHTOM, 32 BUHATKOM 1, B cedi B rpymi KOHTp-
oo — tinbku Misk [TIH i Mg (ta6a. 2). Bixnosiz-
Hi Pe3yJIbTaTh MOKA3aJu BUCOKY BIPOTIJHICTH MiX
nokaszaukom ['TTH Ta Se, Zn, Ca. Taki sk pe3yisraTu
BHUCOKOI BiPOTiIHOCTI KOPEJIAIii BKa3aHUX eJIeMeH-
TiB CcriocTepirajncs cTocoBHO nokasHuka HbAlc.

Tabnuua 2. Kopenauii mixx nokasHukamu MMH, HbATc i piHAMY eceHUianbHYIX enemeHTiB B 06CTeXeHUX rpynax

Table 2. Correlations between fasting blood glucose, HbATc and essential elements levels in the studied groups

3aranbHa rpyna General KoHTponb ua2

Kopensuii mix nokasHukamm group Control T2DM
Correlations between indicators (n=111) (n=40) (n=71)

r p r p r p
N .
FPG\BMI 0,219 0,032 0,667 <0,001 -0,013 0,924
A, -0,071 0,491 0,045 0,784 -0,223 0,099
FPG\I,
[TIH\Se
FPC\Se -0,461 <0,001 -0,041 0,804 -0613 <0,001
MMH\Zn
FPG\Zn -0,626 <0,001 0,182 0,262 -0,734 <0,001
MH\Ca
FPC\Ca -0,677 <0,001 -0,138 0422 -0,565 <0,001
[MH\Mg
FPG\Mg -0,453 <0,001 -0,328 0,039 -0,247 0,072
[MH\25(0H)D
FPG\25(0H)D 0,218 0,048 0,040 0815 0,136 0,361
HbATAIMT
HbATABMI 0,086 0,396 -0,032 0,869 -0,237 0,049
HbATC\l, -0,166 0,109 -0,227 0,236 -0,222 0,074
HbA1c\Mg -0,422 <0,001 -0,103 0,596 -0,160 0,211
HbA1c\Se -0,471 <0,001 -0,216 0,261 -0,430 <0,001
HbA1c\Zn -0,690 <0,001 0,155 0422 -0,684 <0,001
HbATc\Ca -0,663 <0,001 0,245 0,237 -0,619 <0,001
HoATA\25(0H)D -0,259° 0,023 0,059 0,780 -0,144 0,307

HbA1c\25(0H)D

lpumimka. KoegpiuieHm kopenauii ma docmogipHicme po3nodiy pe3ynsmamie po3paxosaHi: aHopmansHo20 — 3a CnipMeHoM, HOPMAneHo20 — 3a [ipCOHOM.

Note. Correlation coefficient and reliability for distribution of results were calculated: abnormal — according to Spearman, normal — according to Pearson.
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38’30k Mix nokasnukom I'TIH i I, cedi nmpu II/]
OyB HEBIpPOTiIHUIL.

BpaxoBytouu BUSIBJIEHI KOPEJISAILii, TTPOJIOBKUIN
aHaJi3 3B’s13KiB MiXK eCceHITiaJbHUMH eJIeMEHTaMU B
ix mii mpum II/l. Taki mocToBipHi 3B’sI3KM BCTaHOBJIE-
mi Mik I, Zni Ca, mix Se, Zn i Ca, mizk Mg i Zn, Ca
i Zn (Tabn. 3). I, i Se yacTo B3aeMOZIIOTH y CBOIX
edexrax, 0COOIUBO 1€ CTOCYEThCS IUTONOAIOHOI
3a7103u. € TMOBiIOMJIEHHS TIPO 3B’ 30K MiK TTATOJIO-
rieto 113 i I1/] Ta mpo poJib itogHOTO 3a0€31eYeHHS
1pu 3aXBOpPIOBaHHi [7, 8]. Y Hamomy pocrijkerHi
BipPOTiIHOTO 3B’I3Ky MiX UMW €eJIeMEHTAMW TIPU
I1/12 e BugBIEHO.

Ta6bnuua 3. Kopensuia eceHuianbHux enemeHTiB y rpyni xgopyix Ha L2
3a CnipmeHom

Table 3. Correlation of essential elements in the group of patients with
T2DM according to Spearman

KoediuieHtn no

o .
Cnipmeny 95% posipui iHTepBanu

Mapametpu Spearman coefficients 95% confidence intervals
Parameters - -
; D BEepXHiii HUDKHI
upper lower
LN IMT 0,089 0475 -0,162 0,329
1\ Se 0,125 0,334 -0,137 0,370
I,\ Mg 0,096 0458 -0,165 0,344
1L\ Zn 0,333 0,038 0,010 0,593
L\ Ca 0,338 0,022 0,044 0,578
Ca \IMT -0,073 0,629 -0,364 0,230
Mg\ IMT -0,193 0,126 0425 0,062
Mg\ Zn 0438 0,005 0,133 0,667
Mg\ Ca 0171 0,260 -0,1370 0,450
Se\ IMT -0,074 0,552 -0,317 0,178
Se\ Mg 0,100 0,449 -0,167 0,354
Se \Zn 0619 <,001 0,368 0,785
Se\Ca 0,426 0,003 0,146 0,643
Zn\ IMT -0,067 0,684 -0,383 0,263
/n\Ca 0,449 0,004 0,146 0,675

g 3’sicyBanHs edexriB esemenTiB ipu 11712,
Ta BU3HAUYEHHS 1X BIZIMIHHOCTI Ta BUHATKOBOCTI Y
XBOPHUX MPOBEIEHUN aHasi3 X KOpeJasdiiil y KOHT-
poai. IlikaBo, mo B KOHTpPOJI I, IPOABIAB KOpe-
gsnio kpim 3 IMT, i3 mokasamkamu Zn i Ca, i 9K
OUiKyBaJIOCs, BUCOKY KOPeJIAIIiio 3 Se, criocTepira-
sacst kopeuistitist 3 Zn ta Ca (tabu. 4). Mg nposiBiisi
Bif'emuy Kopesaito 3 Ca ta IMT. Zn maB Big'eMuy
kopesattiio 3 IMT.

Orpumani TIpu TIOPIBHSHHI /IaHi B KOHTPOJIi Ta
npu I1/I, a TakoK Pe3yabTaTé KOPEJSIlii ToKa3aan
sanesxnictb pisas I'TIH ta HbA1c Bix ecenrianbamx
eJIEMEHTIB, TOMY OyJIO BaKJIMBHM 3’sICYyBaTH KPiM

abCOIIOTHUX TIOKA3HUKIB BMICTY €JIEMEHTIB y CHPO-
BaTIli KPOBI YaCTOTY AeDIiIUTY €JIeMEHTIiB, BUXOITIN
3 pedeperTHUX 3HaUYeHb (Tadu. 5). Haiibinbin 3Hau-
Huit fedinut y xBopux Ha [/l cioctepirases 1mono
Se, Mg, Ca i Zn. Ilpuseptae /10 cebe yBary HasiBHiCTh
O1/IBIIOT YaCTOTN HU3BKUX 3HAYeHb I, y XBOpHX Ha
/12, xoua B mizomy Meianne snadenns L, mpu I/12
He B TaKiil Mipi, IK iHIITi eJIeMeHTH, Bi/IPI3HAIOCS Bifl
IIHOTO TIOKA3HNUKA B KOHTPOJII.

Tabnuusa 4. Kopenauia eceHuianbHuX enemeHTiB y KoHTpori 3a CnipmeHom

Table 4. Correlation of essential elements in control according to Spearman

95% poBipui iHTepBanu
95% confidence

KoediuieHTn no
CnipmeHy

Mapametpu Spearman coefficients intervals
Parameters — —
; b BepPXHili HVDKHIN
upper lower
INIMT -0,261 0,007 -0,437 -0,067
I\Se -0,471 <0,001 -0,619 -0,291
INZn 0,349 0,002 0,132 0,534
I\Ca 0,267 0,016 0,045 0,464
Ca\IMT -0,086 0,389 -0,281 0,116
Mg\IMT -0,663 <0,001 -0,779 -0,503
Mg\Ca -0,690 <0,001 -0,800 -0,536
Se\IMT -0,166 0,109 -0,361 0,043
Se\Mg -0,076 0,440 -0,268 0122
Se\Zn -0,086 0,389 -0,281 0,116
Se\Ca 0,102 0372 -0,129 0,322
Zn\IMT -0,471 <0,001 -0,619 -0,291
Zn\Ca -0,067 0,550 -0,286 0,159

Tabnuua 5. [lediunt 3abe3neueHHA eceHUialbHUMU efemeHTamn Ta
BiTamiHOM D B 06CTEXEHMX rpynax

Table 5. Deficiency of essential elements and vitamin D in patients in the
studied groups

YacToTa 3HaueHb efleMeHTIB HUXKYe
MiHiManbHOro pedepeHTHOro
Frequency of element values is the minimum

Mapametpu reference value
Parameters (%)

KonTponb ua2

Control T2DM P
L 65,00+7,54 89,60+4,83 0,05
Ca 25,00+7,22 72,34+6,52 0,001
Mg 27,50+7,06 64,06%6,10 0,001
Se 17,50+6,01 50,00+6,15 0,001
/n 7,504+4,16 66,67+7,55 0,001
25(0OH)D 75,00+7,22 84,62+5,0 0,42

Buuennsa Makpo- i MiKpoeJIeMeHTIB ITPUBEPTAE
yBary (axiBIliB y 3B’I3Ky 3 TUM, 1[0 BOHU € CKJIAJI0-
BOIO YACTHHOIO GiOJIOTIYHMX TKAHUH i X BUKJIIOY-
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HOIO PETyJIAITOPHOIO YYacTio B 6HaraThox Iporecax i
peakiiisix B opranizmi. MiniMaabHUI BMICT B Opra-
Hi3Mi 3aiiMaloTh L, Ta Se. AJie 3a CBOEIO 3HAYYITICTIO
BOHM He TOCTYNAKThCS Tepejl iHIUMU eJIeMeHTa-
mu. [ToeHaHHS 1IUX €JIeMEHTIB TapaHTYE MiATPUM-
Ky IIUTONOAIOHOI 3a/1031 B 3/[0POBOMY CTaHi B CUH-
Te3i TupeoigHux ropmonis. Ily6mikamii ocTaHHixX
POKiB MTOKa3yIOTh, IO ITi €JIeMEHTU MaIOTh BAyKJTUBE
gHavenHd i mpu I/, ¥V mammx gocaiskeHHSIX Ha
BifMiHy Bin mestkux omyOsikoBanux [7, 8] ioane
3abesnedenns xsopux npu IIJ[ He 3miHiOBamOCH,
Hoypist B ceui XBOPUX HE Bif[pi3HAIACS BiJl 1[bOTO
TMOKa3HUKa B KOHTPOJIi Ta BiJMOBiflajia JIETKOMY
cryienio Hoxuoro gaedinury. Po3biKHICTh HALIMX
JIaHUX 3 THIMUMU TyOJIiKaIlisIMU, MOKJINBO, TOSIC-
HIOETBCS TUM, 10 B TUX JOCJI/KEHHSIX BUBYABCS
3B’I30K Mi’K BUCOKUM HOIHUM 3abe3MedeHHsIM Ta
/I, y Hammx JOCTiKEHHAX MaB Miclle HOMHUI
nedinut gerkoro ctymnens. [Ipore, BpaxoByioun Ha-
aBHICTh Hononedinuty y xBopux Ha I1/[ Ta nasgs-
Hi my6ikanii mpo no3uTuBHMIA BIMB I, Ha oOMin
TJTIOKO3W, MU MOKEMO PEKOMEHIYBaTH KOMIIEHCA-
10 HOHOI HEJIOCTATHOCTI /IJIsl XBOPUX. Y I[bOMY
BifiHOIIEHHI B YKpaiHi HalOiJIbII palfioHaJIbHUM
OyJ10 6 3aIIPOBA/KEHHST MacOBOI OHOI podiiax-
TUKHU MIJISIXOM HO/IyBaHHS XapyoBOI1 COJIi.

Binnocno Se y BcixX rpynax, HOpiBHSHO 3 KOHT-
posieM crioctepirann Bucoko BiporizHe (p<<0,001)
3HUZKEHHST BMICTY €JIeMEHTY B CUPOBATIli KPOBi. ¥
nocaimkennsx NHANES Bummii cratyc Se 6yB 60-
HYCOM JIJIsT 3HMUKEHHS CMEPTHOCTI 3arajioM Bijfl yCix
npuuwnH [26]. 36inbieHHs piBHS Se MPU3BOANIO
10 TToc1abJIeHHS 3aTlaleHHs], PE3UCTEHTHOCTI /10 1H-
CyJIiHY, MOoJIieHHs JgirigHoro crany [27]. [lisg Se
Ha MeTaboJIiuHI MOKA3HUKU I KPOB'AHUI TUCK 3a-
Jieskasia BiJl KOHIIeHTpallil eJleMeHTa B 1J1a3Mi KPOBi
i masma U-nioxi6uuii xapaxkrep. Haitkpamuii epexr
O6yB mpu KoHieHTpamii Se B 1wrasmi 93,7 MKr/m,
HUKYe 1 BUTIE TTbOTO PiBHS HETAaTUBHI PUSUKH 3POC-
tanu [28]. Buxoadun 3 ux Jlannx, y npodiaakTuil
ceneHozedinuTy Tpeba HaMaraTucst JOTPUMYBATH-
csl piBHA Se B cMpoBaTili KpoBi y xBopux Ha 1[/12
6sm3b6K0 100 MKr /1.

[Ipu BuBYenHi narorenesy 11/l 3HauHa yBara Ha-
NAETHCS TAKUM €CEeHI[IaJIbHUM eJieMeHTaM sk Mg,
7Zn, Ca. Mg i Zn € xodakropamu nonaz 300 gep-
MEHTIB 1 BXO/IATH [0 1X CKJay, KpiMm Toro, Mg i Ca
3aB/IIKM CBOIN 10HHIN (hopMi perysoioTh HaJIXo-
JUKEHHs 10HIB i peYOBUH B Pi3Hi KJIITUHU OPraHi3-
my [15, 16, 18-21]. ¥ namomy gocimpkeri 6pain
y4acTh MAIi€HTH 3 MTOYATKOBOIO CTAJIE€I0 3aXBOPIO-
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BaHHS Ta 3a BiJICYTHOCTI CEpPUO3HUX YCKJIAIHEHD.
BcranoBieHO BHUCOKOBIpOTi/IHE 3HM)KEHHS PiBHS
IUX eJIEMEHTIB y CHPOBaTIli KpoBi XBopux Ha [1/12,
ix kopensio 3 T'TITH, HbAlc, snauni Biporigmi
pusuku ix BBy Ha HbAlc. Ile aukrye HeobXij-
HICTb 3aCTOCYBaHHA BIJIMOBIIHUX KOMILJIEKCHUX
TperapariB 71T TOJINIIeHHS CTaHy XBOPUX. JHAY-
Hoi yBaru B narorenesi 11/ HagaeTbesa Bitaminy D.
Y nammux pocaimkensax pisenb 25(OH)D y cupo-
BaTii kposi nipu 11/[2 OyB 3HMIKEHMM, aje MU He
3HAUIIIN BIPOTiIHOI KOPEJIAIlil MisK IIUM MTOKa3HU-
koM ta pisaem I'TTH, abo HbA1c, re 6y10 cyTreBo-
TO BIJTUBY Ha BUIIE O3HAYEHUH TTOKA3HUK.

Bucuosku

1. ¥ xBopux na I[/I2 cnoctepiraBcsa nedinut
ecentianpanx enementis (I, —y 70% Bunaskis,
Ca—y 70%, Mg —y 65%, Se —y 30% i Zn — y
66%), a Takox BiTaminy D (y 80% Bumnazxis).

2. BMicT eceHIiaJIbHUX €JIEMEHTIB y CHPOBATII
KpoBi xBopux Ha I[/[2 BiporigHo KopesoBas i3
pisusimu I'TTH ta HbA1c.
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Cnncok ckopouyeHb

I'TIH — ryrroko03a 111a3Mu HaTIIe
IMT - inzexc macu Tija

I — ykposuii giaber

II/12 — iykpoBuii giabet 2-1o THILy
Ca — kajpIiiit

HbA1c — riikoBannii reMorao6in

I, —iion

Mg — marniii
Se — cenen
Zn — UHK

Deficiency of essential elements and vitamin D
in patients with type 2 diabetes

V.l. Kravchenko, O.l. Kovzun, O.V. Rakov, K.Yu. Ivaskiv,
Ya.B. Kulchynska

State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. Deficiency of essential elements is one of the factors for
the occurrence and progression of various chronic diseases, including
endocrine diseases, in particular type 2 diabetes mellitus (DM2).
Understanding the state of provision of certain microelements and
vitamins is important for determining their pathogenetic role in
diabetes mellitus (DM) and for developing treatment and preventive
recommendations. The aim: to determine the consumption of
essential elements iodine (1), selenium (Se), magnesium (Mg),
zinc (Zn), calcium (Ca), as well as vitamin D in T2D. Material and
methods. The open-label controlled study involved 71 patients with
T2D (52 women and 14 men) aged 39-74 years. The control group
consisted of 40 people without endocrine and somatic diseases (30
women and 10 men) aged 38-74 years. The study included people
who had not taken food supplements and vitamin preparations for
at least 3 months before the start of the study. The concentration
of | in urine was determined by the cerium-arsenite method on a
«UV-1280» spectrophotometer («Shimadzu», Japan), the Se content
in blood serum was determined by the fluorometric method after
acid mineralization of samples on a «MPF-4» spectrofluorometer
(«Hitachi», Japan), the content of Mg, Ca and 25(0OH)D was determined
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on a «Cobas 6000» analyzer («<Roshe Diagnostic», Switzerland), Zn was
determined on an atomic absorption spectrophotometer using a
«ContrAA 800F», «Analytik Jena», Germany). Results. In patients with
T2D, a deficiency of essential elements was observed (I, - in 70%
of cases, Ca —in 70%, Mg - in 65%, Se — in 50% and Zn - in 66%),
as well as vitamin D (in 80% of cases). Conclusions. A significant
decrease in the level of essential elements Ca, Mg, Se and Zn in
the blood serum of patients with T2D was revealed. The content
of essential elements in the blood serum of patients with T2D
significantly correlated with the levels of fasting plasma glucose
(FPG) and glycated hemoglobin (HbATc).

Keywords: type 2 diabetes mellitus, essential elements (I, Se, Mg, Zn,

‘2
Ca), vitamin D, deficiency.

[na yntyBaHHA: KpasueHko B, Kos3yH Ol, Pakos OB, IBacbkis KIO,
KynbumHcbka AB. lediumnt eceHuianbHux enemenTis i sitamiHy Dy xBo-
pUX Ha LUyKpoBWiA fiabeT 2-ro tuny. EHgokpuHonoria. 2025;30(1):25-
32.DOI: 10.31793/1680-1466.2025.30-1.25.

Appeca pna namctyBaHHA: KpaBueHko Biktop  IBaHOBWY;
endocrinolog@ukr.net; IY «IHCTUTYT eHAOKpUHONOrii Ta 0OMiHY pe-
4yoBuH im. B.I. KomicapeHka HAMH Ykpainu», Bys. Buwropofcbka, 69,
Kunig 04114, YkpaiHa.

BigomocTi npo aBTOpiB: KpasueHKo BikTop IBaHOBMY, A-p M. HayK,
npod., 3aBigysay Biaminy enigemionorii eHIOKPUHHMX 3aXBOPIOBaHb,
ORCID-0000-0003-0867; Kos3yH OneHa IropigHa, A-pka 6ion. Hayk,
npod., un.-kop. HAMH Ykpainw, 3actynHuua aupektopa [HCTUTYTY
3 HaykoBoi po6otu, ORCID: 0000-0002-6906-6636; Pakos Oner
Bitaniesny, nikap nonikniniuHoro sigainy, ORCID 0000-0002-0563-
3961; IBacbkis KatepuHa tOpiiBHa, KaH. Mef. Hayk, CTaplia HayKoBa
CniBPOBITHMLA BinAiNY KOHCYNbTATWBHOI NPOGINAKTUYHOI AOMOMO-
T XBOPWM 3 eHAOKPUHHMMY 3axBoptoBaHHAMKM, ORCID 0000-0003-
1680-4663; KynbunHcbka Apocnasa boraaHiBHa, nporpamicT Bigainy
enigemionorii eHAoKpKHHNMX 3axBoptoBaHb, ORCID 0000-0009-8818-
6826.

Ocob6ucTuii BHecok: KpasueHko Bl — igea gocnigkeHHs, npose-
[eHHA JOCNIAXEHD eNeMeHTiB, aHani3 pesynbTaTis, HanMCaHHA CTaTTi,
odopmneHHs, NiAroToska 4o ApyKy; Koe3yH O.l. — yyacTb y po3pobui
KoHUenuii cTaTTi, nigbip Ta aHani3 nitepatypHux mxepen; Pakos O.B.
- 36ip Ta GOpMYBaHHA rpyn XBOPUX ANA OOCTEXEHHsA, 3B'A30K i3
nabopatopiamun Ana AOCNiAXeHHA BIOXIMIUHMX MOKA3HWKIB Y XBOPWX;
IBacbkiB KIO. — yyacTb y dopMyBaHHI KOHTPOABHOI rpynu Ta rpynu
xBopux Ha LI ans aHanizy pesynbstaTia enemMeHTHOro 3abe3neueHHs;
KynbumHCbKa A.b. — MaTeMaTUYHWI aHani3 OTPYMAHWX PE3yNbTaTiB.
DiHaHcyBaHHA: JOC/IKEHHA NPOBOAMNOCh Y PamKax BioKeTHOro
biHaHCYBaHHA 33 NMNaHOM HayKOBO-AOCNIAHOI poboTH «OnTrMi3yBaTH
Ta BNPOBAAMTM AiarHOCTUYHI, TepaneBTUYHI Ta NPOGINaKTUYHI anro-
PUTMW HaflaHHA MeAMYHOI JOMOMOr XBOPWM i3 LiyKPOBUM AiabeTom
Ha T CUCTEMHWMX CTPeC-IHAYKOBaHMX €HAOKPUHHOT Ta IMyHHOI C1c-

32

TeM, 3yMOBNEHWX BOEHHUMY AiAMU» BiAAINY eniaemionorii eHOOKPUH-
HUX 3axBOptoBaHb Y «IHCTUTYT eHAOKPUHONOrT Ta 06MiHY peuoBUH
im. B.I1. KomicapeHka HAMH YkpaiHu» (N° pepaBHOI peecTpalil
0123U100933).

LeKknapauis 3 eTUKW: aBTOPY 3aieKNapyBany BiCy THICTb KOHOAIKTY
iHTepeciB i diHaHCOBYX 3000B'A3aHb.

CrarTa: Hagilina 1o penakuii 13.12.2024 p,; nepepobnena 03.02.2025 p,;
npuinHATa 4o apyky 05.03.2025 p.; HagpykosaHa 30.03.2025 p.

For citation: Kravchenko VI, Kovzun Ol, Rakov QV, Ivaskiv KYu,
Kulchynska YaB. Deficiency of essential elements and vitamin D in
patients with type 2 diabetes. Endokrynologia. 2025;30(1):25-32.
DOI: 10.31793/1680-1466.2025.30-1.25.

Correspondence address: Kravchenko Victor  Ivanovych;
endocrinolog@ukr.net; State Institution «V.P. Komisarenko Institute
of Endocrinology and Metabolism of the NAMS of Ukraine»,
Vlyshgorodska Str., 69, Kyiv 04114, Ukraine.

Information about the authors: Kravchenko Viktor Ivanovych,
Dr. Sci. (Medicine), Prof, Head of the Department of Epidemiology
of Endocrine Diseases, ORCID-0000-0003-0867-2023; Kovzun Olena
Ihorivna, Dr. Sci. (Biology), Prof, Corresponding Member of the NAMS
of Ukraine, Deputy Director of the Institute, ORCID: 0000-0002-6906-
6636; Rakov Oleh Vitaliiovych, Doctor of the Outpatient Department,
ORCID 0000-0002-0563-3961; Ivaskiv Kateryna Yurievna, Cand. Sci.
(Medicine), Senior Research Fellow of the Department of Consultative
Preventive Care for Patients with Endocrine Diseases, ORCID 0000-
0003-1680-4663; Kulchynska Yaroslava Bogdanivna, Programmer of
the Department of Epidemiology of Endocrine Diseases, ORCID 0000-
0009-8818-6826.

Personal contribution: Kravchenko V.. - is the idea of the study,
conducting element studies, analyzing the results, writing the article,
preparing the design for publication; Kovzun O.l. - participation in
the development of the concept of the article, selection and analysis
of literary sources; Rakov O.V. — collection and formation of groups
of patients for examination, communication with laboratories for the
study of biochemical indicators in patients; lvaskiv K.Yu. - participation
in the formation of a control group and a group of patients
with diabetes for the analysis of the results of elemental supply;
Kulchytska Ya.B. — mathematical analysis of the results obtained.
Funding: the study was conducted within the framework of budget
financing according to the plan of scientific and research works «To
optimize and implement diagnostic, therapeutic and preventive
algorithms for providing medical care to patients with diabetes
mellitus against the background of systemic stress-induced endocrine
and immune systems caused by military actions» of the Department
of Epidemiology of Endocrine Diseases of the SI «V.P. Komisarenko
of Endocrinology and Metabolism of the NAMS of Ukraine» (state
registration number 0123U100933).

Declaration of ethics: the authors declared the absence of a conflict
of interest and financial obligations

Article: received December 13, 2024; revised February 03, 2025;
accepted March 05, 2025; published March 30, 2025.



ISSN 1680-1466" ENDOKRYNOLOGIA" 2025, VOLUME 30, No. 1

DOI: 10.31793/1680-1466.2025.30-1.33

M.l. Bobryk,

Combined endocrine

pathology under conditions
of chronic stress of war

Bogomoletz National Medical University

Abstract. In patients with diabetes mellitus (DM), compared to normoglycemic individuals, pathology of the thyroid
gland is more common, patients with combined endocrinopathies have worse glycemic control and are more prone
to the development of complications. Thyroid hormones affect glucose metabolism through their effect on periph-
eral tissues; in turn, with type 2 diabetes mellitus (T2DM), the conversion of thyroxine into triiodothyronine in tissues
decreases, and insulin resistance (IR) and hyperinsulinemia contribute to proliferation of thyroid tissue, nodule forma-
tion, and thyroid gland growth in size. Vitamin D deficiency is observed in 70% of people with DM. Considering the
stress load of recent years, it is relevant to study the dynamics of the combination of T2DM and hypothyroidism, in-
cluding on the background of vitamin D deficiency as an aggravating factor. The aim: to evaluate the dynamics of
the proportion of elevated thyroid-stimulating hormone (TSH) levels in T2DM patients, patients with IR, and patients
without DM and IR during the period from 2021 to 2024, inclusive, and the average level of vitamin D provision as
of 2024. Material and methods. In the period 2021-2024 a prospective study was conducted, which included pa-
tients with T2DM and a glycated hemoglobin level >7%, patients with IR without DM, and patients without DM and
IR aged 19-75 years. As part of the study, the TSH level was determined in 649 patients with T2DM (group 1) aged
19-75 from different regions of Ukraine. 690 patients with IR without DM (group 2) and 665 patients without DM and
IR (group 3) were included in the comparison group. Examination for TSH was carried out annually. The results for
2021-2024 were compiled in 3 groups of patients. The assessment of the level of 25-hydroxyvitamin D (25(0H)D) was
carried out in 2024. Laboratory assessment of the level of vitamin D and TSH was carried out by chemiluminescent im-
munoassay. Results. In the studied group of patients with T2DM, a significant increase in the proportion of patients
with elevated TSH was found in 2022. In patients with IR, there is a trend of a progressive increase in the proportion of
elevated TSH from 2022 to 2024, the changes are not reliable. In the group of patients without DM and IR in the 3rd year
of the war (2024), the proportion of elevated TSH significantly increased compared to the pre-war period. The average
level of 25(0OH)D in patients with T2DM and elevated TSH is significantly lower (48.6 nmol/L) than in patients without
DM and IR (72.6 nmol/L). Conclusions. Taking into account the increase in the number of cases of elevated TSH among
patients with T2DM, patients with IR on the background of chronic stress, it is necessary to actively identify this category
of people, with the aim of clarifying the thyroid gland pathology and for correction of hypothyroidism in time. The level
of vitamin D supply in patients with combined endocrine pathology remains within the limits of vitamin D deficiency,
which increases the risks of developing of chronic complications of DM and autoimmune pathology. It is necessary to
supply sufficient correction of vitamin D deficiency in terms of duration and dose.

Keywords: type 2 diabetes mellitus, combined endocrine pathology, vitamin D deficiency, hypothyroidism, chronic
stress.
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Among endocrine diseases, DM and thyroid pa-
thology are the most common in the population,
their association is often observed in clinical prac-
tice. In patients with DM, compared to individu-
als with normoglycemia, thyroid pathology is more
common, patients with both endocrinopathies have
worse glycemic control and they are more prone to
the development of complications [1]. The range of
prevalence of thyroid pathology in patients with
T2DM ranges from 9.9 to 48% according to re-
searches [2-4].

Thyroid hormones affect glucose metabolism
through their effect on peripheral tissues (the gas-
trointestinal tract, the liver, the skeletal muscles,
the adipose tissue, the pancreas). In T2DM, the
conversion of thyroxine into triiodothyronine in
peripheral tissues decreases, and insulin resistance
and hyperinsulinemia contribute to the prolifer-
ation of thyroid tissue, nodulation, and thyroid
growth [5]. Insulin resistance can develop in sub-
clinical hypothyroidism as a result of a decrease
in the rate of insulin-stimulated glucose transport
caused by the translocation of the glucose trans-
porter type 2 (GLUT 2) gene, which plays a crucial
role in the pathogenesis of both T2DM and thyroid
dysfunction [6]. The connection between thyroid
hormones and T2DM is based on a number of bi-
ochemical and molecular events, gene polymor-
phism, disruption of gene expression and regula-
tion, as well as disruption of glucose absorption in
the intestines, reduction of peripheral utilization of
glucose in tissues, changes in the process of hepatic
gluconeogenesis [7].

Among the features of combined endocrine pa-
thology like T2DM and thyroid pathology, it should
be noted that some observational studies indicate
a connection between thyroid cancer and T2DM,
especially in women, as well as an increased risk
of medullary carcinoma of the thyroid gland after
treatment with glucagon-like peptide receptor ago-
nists-1, hyperinsulinemia directly enhances cancer
progression through overexpression of insulin re-
ceptors or indirectly through IGF-1 signaling [1].
Han C. et al. conducted a systematic review of the
correlation between subclinical hypothyroidism
and T2DM and estimated the prevalence of sub-
clinical hypothyroidism in DM at 10.2%, compared
with the general population, where the prevalence
of subclinical hypothyroidism varies from 4% to 9%
according to different authors, and the prevalence
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of overt hypothyroidism was 5.7% in patients with
T2DM compared to prevalence 1.8% in individuals
with normal glycemia, which indicates the existing
correlation between T2DM and hypothyroidism
[8, 9]. A large-scale cross-sectional study by Gu Y.
et al. demonstrated that levels of TSH, free thyrox-
ine (T4), and triiodothyronine (T3) correlate with
the risk of T2DM, even when they are within the
normal range [10].

The effect of DM on thyroid function is real-
ized by changing the level of TSH and inhibiting
the peripheral tissue conversion of T4 into T3. In
patients with DM and normal thyroid function,
the nocturnal peak of TSH is absent or weak, and
the response of TSH to thyrotropin-releasing hor-
mone is impaired [11]. In obese patients, elevated
leptin levels stimulate the hypothalamus-pitui-
tary-thyroid axis and lead to increased TSH levels.
Vitamin D deficiency occurs in 70% of individuals
with DM, and under this condition deiodinase II
inactivation leads to decreased transcription of
glucose transporter 4 (GLUT4) in skeletal muscle
and adipose tissue, thus causing IR and thyroid
carcinogenesis [ 12, 13]. Taking into account stress
in the recent years (formation of the post-Covid
syndrome, the distress of the russian-Ukrainian
war), it is relevant to study the dynamics of the
combination of T2DM with hypothyroidism, on
the background of vitamin D deficiency, since such
a combination mutually aggravates the course of
the pathology.

The aim of the work was to evaluate the dy-
namics of the proportion of elevated TSH levels
in T2DM patients, patients with IR, and patients
without DM and IR during the period from 2021
to 2024, including the average vitamin D status in
2024 year.

Material and methods

In the period 2021-2024 a prospective study was
conducted, which included patients with T2DM
and glycated hemoglobin level >7%, patients with
IR without DM, and patients without DM and IR
aged 19-75 years. Exclusion criteria were: T2DM
with severe chronic complications, glycated hemo-
globin level <7%, acute inflammatory processes,
oncological diseases, body mass index >40 kg/m?
taking antidepressants, vitamin D drugs less than
2 months before the study.
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As part of the study, the TSH level was determined
in 649 patients with T2DM aged 19-75 (group 1).
690 patients with IR without DM (group 2) and
665 patients without DM and IR (group 3) were
included in the comparison group. The groups were
comparable in terms of age and sex. General charac-
teristics of patients are presented in Table 1.

Table 1. Characteristics of 3 groups of patients included in the study

Indicators Before war 2022 2023 2024
T2DM
n 164 142 172 171
Age, years 40.2+2.5 422440 384432 412425
Gender, M/F 49/115 40/102 45/127 43/128
BMI, kg/m? 324+44 33.6£5.1 325432 346440
HbA1c% 84+1.6 8.5+1.7 8.8+1.5 79421
HOMA index 6.4+1.8 59435 45+25 5.8+3.0
IR without DM
n 126 184 191 189
Age, years 39.1£33 412428 432431  415£35
Gender, M/F 42/84 55/129 50/141 45/144
BMI, kg/m? 334£35 353+28  36.8+£56  352+45
HbA1c% 5.7%0.7 5.6+04 5.9+0.5 5.5+06
HOMA index 7.2£3.8 6.2+3.5 49120 5722
Without DM and IR

n 172 160 156 177
Age, years 41.0+£2.6 40632  37.8+47 391431
Gender, M/F 58/114 50/110 42/114 41/136
BMI, kg/m? 274+£3.7 266464  29.1£35 311445
HbA1c% 54+0.2 4.9+0.6 52404 52403
HOMA index 2103 1.9+04 1.6+0.3 1.9+£0.5

In 2024, vitamin D status was determined in pa-
tients whose TSH level exceeded 4.0 mlU /L.

TSH research was carried out annually. The re-
sults for 2021, 2022, 2023, 2024 were compiled in 3
groups of patients. The assessment of the 25(OH)D
level was carried out in 2024.

The following methods and criteria were used
in the statistical evaluation of the results: the xi-
square test was used for comparison, posterior com-
parisons were carried out according to Fisher’s ex-
act test, taking into account the Bonferroni correc-
tion. Statistical calculations were performed using
the Statistical software EZR v. 1.54 (graphical user

interface for R statistical software version 4.0.3,
R Foundation for Statistical Computing, Austria).

Laboratory evaluation of vitamin D level was
carried out in the morning fasting using «25-hy-
droxycalciferol» test, which was performed by
CLIA - chemiluminescent immunoassay meth-
od. Determination of TSH was also carried out by
chemiluminescent immunoassay, by highly sensi-
tive, biotin-independent method.

According to the conclusion of the Ethics Com-
mittee of O.0. Bogomoletz National Medical Uni-
versity (protocol No. 18 dated June 6, 2023), the
study fully complied with ethical, moral and legal
requirements in accordance with the Order of the
Ministry of Health of Ukraine No. 281 dated No-
vember 1, 2000, the Declaration of Helsinki of the
World Health Organization on the Ethical Prin-
ciples of Conducting Scientific Medical Research
with Human Participation.

Results and discussion

In the examined T2DM patients of study group,
a significant increase in the proportion of patients
with elevated TSH was found in 2022 (p<0.05). In
patients with IR, there is a trend of a progressive
increase in the proportion of elevated TSH from
2022 to 2024, the changes are not reliable. In the
group of patients without DM and IR in the 3" year
of the war (2024), the proportion of elevated TSH
significantly increased compared to the pre-war pe-
riod (p<0.05) (Table 2).

TSH levels are distributed taking into account
the reference values: 0.4-4.0 mIU /L.

The average levels of 25(OH)D in 3 compared
groups with elevated TSH were for T2DM group
48.6+5.4 nmol/L, for IR group 61.2+7.5 nmo-
/L and for group without T2DM and IR 72.6+
£8.4 nmol /L. A significantly lower 25(OH)D was
observed in the group of patients with T2DM
compared to the group without T2DM and IR
(p<0.05).

Thus, based on previous scientific data, the anal-
ysis of thyroid function indicators in patients with
DM is very important and contributes to the early
diagnosis of disorders that are clinically asympto-
matic or may be masked by other diseases. This is
evidenced by the data obtained, which demonstrat-
ed a significant increase in plasma TSH levels in
28.6% of cases of T2DM [5,7].
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Table 2. Distribution of TSH in the groups of patients in the period 2021-
2024, abs. (%)

TSH
level, Before war 2022 2023 2024 p
miU/L
T2DM
n=164 n=142 n=172 n=171
<04 3(1.6%) 14 (9.5%) 5 (2.8%) 3 (1.9%)
04p04 148(90.6%) 101 (71.4%) 150(87.5%) 152(89.0%) 0.018
>4 13(7.8%)  27(19%)*  17(9.7%) 16 (9.1%)
IR without DM
n=126 n=184 n=191 n=189
<04 4(3.1%) 3(1.8%) 4(2.1%) 5(2.7%)
04p04 110(87.6%) 162 (88.0%) 165(86.5%) 160 (84.6%) 0234
>4 12(94%)  19(102%) 22(11.4%) 24 (12.7%)
Without DM and IR
n=172 n=160 n=156 n=177
<04  6(3.3%) 4(2.6%) 3(2.1%) 4(2.1%)
04p04 157(914%) 145(90.4%) 139(89.1%) 158(89.0%) 0.019
>4 9 (54%) 11(7.0%) 14 (8.8%) 16 (8.9%)*

Note. xi-square test was used for comparison; * p<0.05 compared to the
before war.

The proportion of cases of elevated TSH among
T2DM in our study ranged from 7.8% to 19%,
which compared to literature data on concomitant
hypothyroidism is higher (an average of 5.7%), and
the proportion of cases of elevated TSH among pa-
tients without T2DM and IR ranged from 5.4% to
8.9%, which is also higher compared to literature
data (1.8% on average), which may indicate an
additional consolidated negative effect of chron-
ic stress on the pathogenesis of T2DM and hypo-
thyroidism, since the IR state affects the function
of the hypothalamus-pituitary-thyroid axis [8, 9].
Chronic stress also affects this axis: due to an in-
crease in the level of cortisol, changes in the pro-
cesses of excitation/inhibition in the cerebral cor-
tex and subcortical structures [14]. Generally, data
from other researchers indicate that the diagnosis
of hypothyroidism in patients with diabetes was
not always established in time due to the fact that
typical hypothyroidism complaints of dry skin,
memory impairment, muscle weakness, fatigue, etc.
were long associated with the presence of diabetes
and its complications [5,12].
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In all groups of patients, the proportion of ele-
vated TSH increased in 2022, which could be asso-
ciated with a violation in the provision of hormone
replacement therapy (L-thyroxine), stress and
stimulation of the development or exacerbation of
existing thyroid autoimmune pathology, decom-
pensation of DM, development of IR and chronic
complications of DM.

The results of the study of vitamin D levels of
supply in patients were assessed according to the cri-
teria of the Ukrainian experts consensus statement
«Diagnosis, prevention and treatment of vitamin D
deficiency in adults» [15]. According to the State-
ment, the body is sufficiently supplied with vitamin
D when the level of 25(OH)D in the blood reaches
100-125 nmol /L. A decrease in the indicator to less
than 75 nmol /L is considered as vitamin D deficien-
cy, as a result of which the protective functions of the
body decrease and chronic diseases get worsened.
Vitamin D deficiency is diagnosed when the level of
25(0OH)D in the blood is less than 50 nmol /L.

The average level of 25(OH)D in group of pa-
tients with T2DM and increased TSH, was signif-
icantly lower (48.6 nmol /L) than in patients with-
out DM and IR (72.6 nmol /L), which confirms the
results of previous studies, according to which in
T2DM there is a larger proportion of patients with
vitamin D deficiency, compared to the population
without DM, where a milder form of vitamin D
insufficiency prevails. Besides, previous studies re-
vealed a negative correlation between the degree
of vitamin D supply in the body and the level of
TSH in the blood; the more pronounced vitamin D
deficiency in the body was accompanied by worse
thyroid gland function [12]. Patients with IR in
our study showed the higher level of 25(OH)D
(61.2 nmol /L), it was in the range of vitamin D in-
sufficiency.

Conclusions

Taking into account the increase in the num-
ber of cases of elevated TSH among patients with
T2DM, patients with IR on the background of
chronic stress, it is necessary to actively identify
this category of people, with the aim of clarifying
the thyroid gland pathology and for correction of
hypothyroidism in time.

The level of vitamin D supply in patients with
combined endocrine pathology remains within the
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limits of vitamin D deficiency, which increases the
risks of developing of chronic complications of DM
and autoimmune pathology. It is necessary to sup-
ply adequate (sufficient in duration and dose) cor-
rection of vitamin D deficiency in patients, which
will improve their quality of life and postpone the
development of complications.
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[MoeAHaHa eHJOKPMHHA NATONOriA B YMOBAX
XPOHIYHOr 0 CTpecy BiiiHn

M.l. Bo6puk, 10.1. KomicapeHko

HauioHanbHuin MegnuHmi yHisepcuteT im. O.0. boromonbua

Bctyn. Y nauienTis i3 LI, nopisHAHO 3 ocobamu 3 HOpMOTAikeMielo,
natonoria 3 € 6inbWw nowmpeHow, MNaUiEHT 3 MNOEAHAHUMM
€HOKPUHOMATIAMM  MaIOTb  TIPLUMIA  KOHTPOMb rikemii Ta 6inbw
CXMAbHI [0 PO3BWTKY YCKMAfHEHb. TUPEOIAHI TOPMOHW BMIMBa-
0Tb Ha MeTaboni3Mm [IOKO3M Yyepes Aitlo Ha nepudepuuHi TKaHw-
HW, CBOE0 Yeproio 3a L2 3mMeHWwyeTbCA NepeTBOPeHHA TMPOKCH-
HYy B TPUMNOATMPOHIH Y TKaHWHaX, a PE3NCTEHTHICTb A0 IHCYMiIHY Ta
rinepiHcyniHemia cnpusatoTb Nponidepaii TkaHuH L3, By3noyTeopeH-
Hio, pocTy W3y po3mipax. Aediunt sitaminy D cnocTepiraeTbca 8 70%
0ci6 i3 LI[]. BpaxoBytoun CTpecoBe HaBaHTaKEHHA OCTaHHIX POKIB, ak-
TyanbHUM € JOCIIKEHHA ANHAMIKL NoeaHaHHA L2 3 rinoTvpeo3om,
30KkpemMa Ha i gediunty BitamiHy D, AK 00TAXYyBanbHOroO dakTopa.
MerTa: OUiHNTK AVMHaMIKy YaCTKu nigsuleHoro pisHA TTI y nauieHTis
i3 U[12, nauienTis 3 IP Ta nauiexTis 6e3 LI i IP npotarom nepioay 3 2021
10 2024 poky BKNIOYHO | cepefHiit piBeHb 3abe3neueHHs BitamiHom D
CTaHOM Ha 2024 pik. Matepian Ta metoau. 3a nepiog 2021-2024 pp.
6yno npoBeAeHO MPOCMeKTUBHe AOCMIAXEHHS, B AKE BKIIOYanucs
nauient 3 L2 i piBHem rnikoBaHoro remornobiHy >7%, nauieHTu 3
iHcyniHope3wucTeHTHicTio (IP) 6e3 LA i nauienTv 6e3 LU i IP Bikom 19-75
POKIB. Y pamKkax gocnifxeHHs piseHb TTI BM3HaueHO B 649 nauieHTiB
i3 UA2 (rpyna 1) Bikom 19-75 pokis i3 pi3Hnx perioHis YkpaiHu. Y rpy-
Ny NopiBHAHHA bynu BkoueHi 690 nauierTis 3 IP 6e3 U (rpyna 2), i
665 nauienTis 6e3 L i IP (rpyna 3). O6cTexeHHa Ha TTT npoBoamnocs
wopiuno. Gopmysanucs peynstati 3a 2021, 2022, 2023, 2024 pp. y
3 rpynax nauieHTis. OuiHka pisHA 25-rigpokcusitTamiHa D 6yna npo-
BeaeHa y 2024 poui. JlabopatopHa ouiHka pigHA BiTamiHy D i TTI npo-
BOAMNACA METOLOM  XeMiNOMIHECLEHTHOrO iIMyHOaHanizy. Pesynb-
TaTun. B obcTexeHnx nauieHTiB gocnimkysaHoi rpynu L2 Buasunn
BipOrifjHe MiABULLEHHA YaCTKM XBOPWX i3 nigsuieHum TTIy 2022 pouyi.
Y nauieHTis 3 IP cnoctepiraeTbCa TeHAEHUIA NPOrpagieHTHOrO POCTy
vacTkm nigsuweroro TTT 3 2022 go 2024 poky, 3MiHW He BiporigHi. Y
rpyni nauienTis 6e3 L i IP Ha 3-my poui BiliHM (2024 pik) BiporigHo
36inblmnnaca yactka nigsuuieHoro TTT, MOPIBHAHO 3 [JOBOEHHVM
nepiogom. CepenHirt piseHb 25(0H) D y nauienTis L2 i nigsnileHHAM
TTI BiporigHO HWxuMin (48,6 HMONB/N), HiX y nauieHTis 6e3 L[ i
IP (72,6 HMonb/n). BUCHOBKM. BpaxoBytouy picT YacTKW BMNaaKis
ninsuweHoro TTI cepen L2, nauienTis 3 IP Ha Thi XpoHiuHOrO CTpe-
Cy, HEeOOXiIHO MPOBOAUTM aKTUBHE BUABNEHHSA L€l KaTeropii ocio, i3
METOI0 YTOUHeHHA natonorii L3 i ceoeyacHo! KopeKLii rinotnpeosy.
PiBeHb 3abe3neyeHocTi BiTamiHOM D nauieHTiB i3 NOEAHAHO0 eHo-
KPUHHOIO NMaTOMOri€0 3aNMWAETLCA B Mexax AebiunTy BitamiHy D, Wwo
NiABWILLYE PU3MKM PO3BUTKY XPOHIYHMX YCKNagHeHb LI, aBToiMyHHOT
naTonorii. HeobxigHO NPOBOANTY AOCTATHIO 3a TPMBAMICTIO i 103010
Kopekuito gediunTty BitamiHy D.

KniouoBi cnoBa: LiykpoBuii fiabeT 2-ro Tmny, NoeAHaHa eHAOKPHUHHA
natonoris, AediuunT BitamiHy D, rinoTypeos, XpoHiuHwiA cTpec.
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Abstract. The consequences of post-traumatic stress associated with war are not only mental disorders, but also
various unfavorable changes in physical functioning, in particular, metabolic disorders. Previous studies have
shown an association between posttraumatic stress disorder (PTSD) and obesity, metabolic syndrome, and type
2 diabetes in military veterans. It has also been established that PTSD accelerates the rate of biological aging at
the cellular level. However, the impact of PTSD on the frequency and manifestations of metabolic disorders in
civilian women remains poorly understood. Aim. To determine the impact of PTSD on the state of carbohydrate
and lipid metabolism, metabolic age (MA), and rate of metabolic aging (RMA) in women during the war. Subjects
and methods. During the war, 120 civilian women aged 30-79 years without clinically significant diseases were
examined, including 26 with PTSD and 94 without it. Data of 79 women of the same age examined before the
war were used for comparison. The examination included analysis of PCL-5 questionnaire, enzyme immunoassay
methods for determining cortisol and insulin in blood plasma, biochemical methods for determining glucose and
lipids in blood, calculation of MA and RMA. Results. During the war, women without PTSD, compared with women
examined before the war, had higher plasma insulin concentrations and an insulin resistance index, but plasma
glucose levels were not yet changed. Women with PTSD, in addition to higher insulin concentrations and an insulin
resistance index, had a statistically significantly higher fasting plasma glucose level during the war. In all age groups
of women with PTSD during the war, the proportion of people with prediabetes was higher than before the war.
Dyslipidemia was more common in young women with PTSD than before the war. In women with PTSD during the
war, the RMA increases. Conclusions. During wartime in women with PTSD develop insulin resistance, which leads
to prediabetes disorders of carbohydrate metabolism. In women with PTSD, the frequency of dyslipidemia is higher,
the MA increases, and the RMA accelerates compared to the before the war level.

Keywords: posttraumatic stress disorder, civilian women, prediabetes, dyslipidemia, metabolic age.
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PTSD, which during war is a consequence of
the impact on the body of strong or extreme stress
factors, has not only a devastating effect on men-
tal health, but can also provoke adverse changes in
physical functioning. Among them are disorders of
carbohydrate and lipid metabolism, metabolic syn-
drome, obesity [1-4], which are endogenous fac-
tors of cardiovascular risk. Pathological changes in
metabolism accompanying PTSD lead first to the
development of prediabetes, and then to DM2 [5,
6], which, in turn, significantly increase the risk of
cardiovascular diseases and their complications [7].

Recently, considerable attention has been paid to
the study of the impact of PTSD on aging process-
es [8, 9]. Studies on the determination of biological
age of DNA methylation have shown a higher rate
of aging in veterans with PTSD than in veterans
without PTSD [10]. War veterans also experience
shortening of telomere length compared to men
without prior military experience [11, 12]. Thus,
intense stress influences accelerate the processes of
cellular aging. Accelerated aging, in turn, increases
the risk of cardiometabolic diseases, which are the
leading cause of death [7, 13].

Previous studies have shown that during war-
time, civilian women have an increased MA com-
pared to women examined before the war [14].
However, the impact of PTSD on MA and RMA
during wartime has not been examined.

The aim of the work was to determine the im-
pact of PTSD on the state of carbohydrate and lipid
metabolism, MA, and RMA of civilian women dur-
ing the Russian-Ukrainian war.

Material and methods

The study was conducted at the clinic of the
State Institution «D.F. Chebotaryov Institute of
Gerontology of the NAMS of Ukraine» in accord-
ance with the laws of Ukraine and the principles
of the Helsinki Declaration of Human Rights. The
examination program, information for the patient,
and the informed consent form were approved by
the ethics committee of the clinical department of
the State Institution «D.F. Chebotaryov Institute
of Gerontology of the NAMS of Ukraine» (protocol
No. 3 dated May 9, 2022). All subjects received de-
tailed information about the study procedures.

For inclusion in the study the informed consent
was signed before the start of the examination, the
absence of a significant disease in the anamnesis
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and at the time of inclusion in the study. Patients
with exacerbation or decompensated conditions of
chronic diseases of the cardiovascular, digestive,
respiratory systems, with type 1 and type 2 diabe-
tes, and with oncological diseases were not includ-
ed in the examination.

During the russian-ukrainian war, 122 civilian
women aged 30-79 years without clinically signif-
icant diseases were examined, including the groups
of 30-44 years (27 people), 45-59 years (48 people)
and 60-79 years (47 people). During active hos-
tilities in February and March 2022, they were in
Kyiv or the Kyiv region. Some of those examined
were under occupation for a long time. Others were
strongly affected by such factors of war as rocket
and artillery shelling, staying in bomb shelters or
other shelters from May 2022 to July 2024. For
comparison, data from 79 civilian women aged 30-
79 were used, including 14 people in the age group
of 30-44, 30 people aged 45-59, and 35 people aged
60-79, who were examined before the full-scale in-
vasion of the russian federation into Ukraine (con-
trol group).

As basic therapy, patients in both groups could
take ACE inhibitors, statins, and a prophylactic
dose of acetylsalicylic acid, provided that they were
used in a constant dose for at least a month before
inclusion in the study and throughout the study.

Screening of the subjects for PTSD symptoms
was performed using the PCL-5 questionnaire,
which consists of 20 questions, each of which is
scored from 0 to 4 points depending on the severity
of the manifestation [15]. The total score was cal-
culated by adding up the number of points for each
answer. The minimum score is 0, the maximum is
80. For the diagnosis of PTSD, it was mandatory
exposure to a traumatic event, and the total score
on the PCL-5 questionnaire must be 33 or higher.

The subjects were measured for fasting plasma
glucose concentration and after a 2-hour standard
glucose tolerance test (GTT), serum lipid concen-
tration, blood plasma cortisol and insulin, and the
insulin resistance index (HOMA-IR), MA, and
metabolic aging rate as the difference between met-
abolic and chronological age (CA) were calculated.

Glucose in blood plasma was determined by
the glucose oxidase method on a semi-automat-
ic biochemical analyzer BTS-330 («BioSystems»,
Spain), using the «Glucose» reagents of the «BIO-
LA-TEST» («Erba Diagnostics», Germany). To de-
tect prediabetic disorders of carbohydrate metabo-
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lism, a standard oral GTT was performed [16]. At a
fasting plasma glucose level of 6.1 to 6.9 mmol /L,
impaired fasting glycemia was diagnosed. At a plas-
ma glucose level after 2-hours standard GTT of
7.8 to 11.0 mmol /L, impaired glucose tolerance was
diagnosed. Both disorders or their combination
were designated as «prediabetes».

To assess the state of lipid metabolism, the lev-
els of cholesterol (C), high-density lipoprotein C
(HDL-C) and low-density lipoprotein C (LDL-C),
and triglycerides (TG) in blood serum were deter-
mined using standard biochemical methods by an
biochemical analyzer «BM Autolab PM 4000/3»
(«Boehringer Mannheim», Germany). The levels
of C and TG were investigated by the enzymatic
colorimetric method, and HDL-C — by the pre-
cipitation method with phosphoric-tungstic acid
using BIO SYSTEMS reagents. The LDL-C level
was calculated using accepted mathematical for-
mulas. Dyslipidemia was diagnosed if two of the
following criteria were present: C >6.2 mmol/L,
LDL-C >4.1 mmol/L, HDL-C <1.3 mmol/L, and
TG >1.7 mmol/L[17].

The concentration of insulin and cortisol in
blood plasma was determined by enzyme-linked
immunosorbent assay using DRG Insulin ELISA
and DRG Cortisol ELISA kits (DRG Instruments
GmbH, Germany). Insulin resistance index (Ho-
meostasis Model Assessment for Insulin Resistance,
HOMA-IR) was calculated using the formula [18]:

HOMA-IR = fasting plasma glucose x fasting
plasma insulin / 22.5

MA was determined by the formula that we ob-
tained from the data of 180 healthy people aged 20
to 80 examined before the war:

MA = (0.588xX1 + 2.838xX2 + 5.946xX3 + 1.53x X4+
+0.60xX5 — 49.2

where:
X1 — ratio of waist circumference to height
squared, cmxm?;
X2 — blood plasma glucose concentration after 2
hours of GTT, mmol /L;
X3 — fasting blood plasma glucose concentra-
tion, mmol/L;

X4 — urea concentration in blood serum,

mmolxL,

X5 - CA.

The RMA of the body is the difference between
the determined MA and CA.

Statistical data processing was performed using
the Statistica 7 program (Statistica 7, USA). The
significance of differences in mean values of indi-
cators in groups was determined by the Student’s
t-test. Differences were considered significant at
p<0.05.

Results and discussion

Stress in general is an adaptive reaction of the
body, which helps it adapt to new conditions of
functioning. At the same time, prolonged stress
leads to disruption of adaptive reactions and a de-
crease in the functional capabilities of the body.
The consequence of the long-term effect of strong
or extreme stress factors during war is PTSD. At
the same time, as studies show, PTSD did not de-
velop in all people who have been exposed to the
stress factors of war. That is, most people are re-
sistant to the development of PTSD. Only 20% of
those who have experienced post-traumatic stress
subsequently have serious psychological problems,
while the majority use their self-control abilities,
which allow them to successfully adapt and readapt
after a traumatic experience. In regions where ci-
vilians have been exposed to prolonged and intense
stress, the incidence of PTSD may be higher than
in the military. For example, according to [19], the
incidence of PTSD among displaced persons who
were in a combat zone was 23.5%.

In our study, screening for PTSD in civilian
women was conducted according to generally ac-
cepted recommendations [15]. The number of de-
tected cases of PTSD was different in the three age
groups — in 11 of 27 people at the 30-44 age group,
in 10 of 48 people at the 45-59 age group, and in
only 5 of 47 people at the 60-79 age group. That
is, the frequency of detection of PTSD during war
is the highest in young women and lowest in older
women (respectively, 40.7% and 10.6%, p<0.05).

According to the results of the analysis of the
PCL-5 questionnaire, PTSD manifestations were
detected mainly in young and middle-aged women.
That is why the effect of PTSD on carbohydrate
and lipid metabolism, MA and metabolic aging rate
was studied in women aged 30-59 years.

Women with PTSD, compared with women
without PTSD, had a significantly higher total
score of the PCL-5 questionnaire, 40.3+1.8 and
16.5£1.2 points (p<0.01), respectively.

41

VERTE }



ISSN 1680-1466" EHAOKPMHOJIOT A" 2025, TOM 30, Ne 1

OpwuriHanbHi OCHIAKEHHSA

The results of the study showed that the plas-
ma cortisol concentration was statistically signifi-
cantly (p<<0.05) higher in the group of women with
PTSD (536+82 mmol/L) than in women examined
before the war (34520 mmol/L). This indicates a
more pronounced stress strain of the pituitary-ad-
renal system in women with PTSD during the war.

Women without PTSD during the war, com-
pared to women before the war, have significantly
higher insulin concentrations and insulin resistance
index, but their blood plasma glucose levels are the
same as those of women before the war (Table 1).

Table 1. Indicators of carbohydrate and lipid metabolism in group of
women aged 30-59 before and during the war (M+m)

Table 2. Frequency of detection of prediabetes disorders and dyslipidem-

ias in civilian women of different ages before and during the war, %

During the During
Before ith h
Indicators the war war, without t ‘e war,
nota) PTSD with PTSD
- (n=55) (n=20)
Fasting plasma glucose, 5 3,58 5374009 5.58+0.12*
mmol/L
Plasma glucose after
120 min of GIT, 5864021  648+0.24 6.25+0.39
mmol/L
Fasting plasmainsulin, g4, 15.441.1% 14.6+12%
uum/L
HOMA-IR insulin 1994025  3.58+0.27* 36140.29*
resistance index
C, mmol/L 5594017  596+0.15 5.59+0.28
HDL-C, mmol/L 1634003 1644005 157+0.05
LDL-C, mmol/L 3454016  3.80+0.16 346+026
TG, mmol/L 1144008 1.18+008 125+0.19
Atherogenicindex, 41010 2774015 259+0.18

conv.un.

Note. * p<0.05 compared to the before the war.

Women with PTSD, along with higher insulin
concentrations and a higher insulin resistance index,
also had higher blood plasma glucose level. In addi-
tion, during the war, all age groups of women with
PTSD had a higher proportion of individuals with
prediabetes disorders than in the corresponding age
groups of women examined before the war (Table 2).

Dyslipidemia was more frequently detected in
young women with PTSD during the war than in
those examined before the war.

Women examined before the war did not show
a significant excess of MA over CA (Table 3). That
is, they did not have accelerated metabolic aging.
Women who were not diagnosed with PTSD dur-
ing the war had a slight increase in the RMA by one
year compared to those examined before the war.
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Age Before the During the war, | During the war,

groups, war without PTSD with PTSD

years (n=44) (n=55) (n=20)
Prediabetes disorders

30-44 0 125 18.2*

45-59 10.3 30.8 444

60-74 303 429 60.0*

Dyslipidemias

30-44 14.3 25.0 545%

45-59 37.9 51.3 55.6

60-74 33.3 64.1 60.0

Note. * p<0.05 compared to the before the war.

Table 3. MA and RMA in civilian women before and during the war (M+m)

Before the During the war, During the war,
Indicators  war without PTSD with PTSD
(n=44) (n=55) (n=20)
CA, years 47.3%1.2 49.0+£1.0 459+1.6
MA, years 51.8+1.2 545413 544422
RMA, years  4.5+0.6 55409 8.5+1.8*

Note. * p<0.05 compared to the before the war.

Women with PTSD have a slightly lower CA
than women before the war. At the same time,
women with PTSD had a higher MA compared to
the group of women before the war. In women with
PTSD, the RMA is statistically significantly higher
than in women examined before the war. Moreover,
the RMA (8.5+1.8 years) indicates an accelerated
development of age-related changes in women with
PTSD manifestations.

During the war, civilians are constantly exposed
to many stress factors, which limits the body’s adap-
tive capabilities. This leads to various stress-associ-
ated disorders, mental and somatic diseases, disa-
bility, and premature death [7, 13, 20].

One of the mechanisms through which the neg-
ative impact of post-traumatic stress realizes on
human health is considered to be the accelerated
development of age-related changes in the body
[8]. The hypothesis of accelerated aging in people
with post-traumatic stress disorder [9], has been
supported in recent years by the results of stud-
ies on the determination of biological age by DNA
methylation [10, 13, 21]. In war veterans with
PTSD, DNA methylation changes characteristic of
accelerated aging have been found, which are am-
plified with an increase in the number and severi-
ty of stress disorder symptoms [10]. Other studies
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have shown that war veterans have a shortening of
telomere length compared to men without previous
military experience [11, 12]. The relationship be-
tween PTSD and accelerated aging has also been
found in civilian populations [22]. Thus, studies
have shown that patients with PTSD have accel-
erated cellular aging. However, the question of the
rate of metabolic aging in individuals with PTSD
has not been answered.

Our study is the first to show that civilian wom-
en with PTSD during wartime had a higher RMA
compared to a group of women examined before the
war. In women without PTSD during wartime, the
RMA was almost the same as before the war. The
results of the study complement the concept of ac-
celerated aging in people with PTSD.

Conclusions

1. The frequency of detection of PTSD according
to the PCL-5 questionnaire during the war is
significantly higher in young women, and it de-
creases almost 4 times in women over 60 years
of age.

2. During wartime, women with PTSD develop in-
sulin resistance, which leads to prediabetes disor-
ders of carbohydrate metabolism. Young women
with PTSD are more often diagnosed with lipid
metabolism disorders than before the war.

3. During the war, women with PTSD have an in-
creased MA and an accelerated rate of metabolic
aging compared to the pre-war level.
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C — cholesterol

CA- chronological age

GTT - glucose tolerance test

HDL-C - high-density lipoprotein cholesterol
LDL-C - low-density lipoprotein cholesterol
MA — metabolic age

PTSD - posttraumatic stress disorder

RMA - rate of metabolic aging

TG — triglycerides

Bnnue noctTpaBmaTiyHoro CTpecoBoro posnany
Ha MOKa3HWKW BYTNEBOAHOr0 Ta NiNiAHOr 0
06MiHy, meTabonivHNi BIK UMBINbHNX KIHOK

nif vac BiiiHM

B.b. WaTuno, C.C. Hackanosa, E.O. AcaHoB,
A.B. Mucapyk, O.B. boHpapeHko

LY «lHcTuTyT reportonorii im. [1.0. Yebotapbosa
HaLioHanbHOT akagemii MenyHmx Hayk YKpaiHm»

Pestome. Hacnigkamm NOCTTPaBMATUYHOrO CTPECY, MOB'A3AHOIO 3
BiIHOIO, € He TiflbKA PO3Maav MCUXIYHOrO 3[0POB'A, @ N PI3HOMAHITHI
HeCnpUATAMBI 3MiHW Gi3UUHOTO GYHKLIOHYBaHHS, 30KpemMa, MeTaboniuHi
nopyLLeHHs. NonepeaHi 4OCNIAXeHHA NOKa3any 38'A30K MiX NOCTTPaB-
MaTUUHKUM CTpecoBvM po3naaom (MTCP) i oXUpIHHAM, MeTaboniyHMM
CVHAPOMOM | fiiabeToM 2-ro TNy y BeTepaHis BilHI. Takox BCTaHOBNEHO,
wo MTCP npuwswaLwye bionoriyHe CTapiHHA Ha KNITMHHOMY pisHi. [poTe
Bname [MTCP Ha yacToTy Ta NposABK MeTaboniuHKX PO3NaaiB Y UMBINbHMX
KIHOK 3a/IMLLIAETbCA HEAOCTATHBO AOCiMKeHVM. MeTa. 3'AcyBaT BNvB
MTCP Ha cTaH ByrneBoAHoro Ta NinigHoro obmiHy, MeTaboniuHmii BiK i Temn
MeTaboniYHOro CTapiHHA XIHOK Nia yac BilHK. Matepian i meTogu. [lin
uac BilHW obcTexeHo 120 uMBinbHMX XIHOK BikoBOI rpynn 30-79 pokis
6e3 KNIHIYHO 3HauyLLMX 3axBOPIOBaHb, cepes AKkvx byno 94 ocobn 6e3
[TTCP 1a 26 i3 I1TCP. [1nA NOPIBHAHHA BMKOPUCTAHO AaHi 79 XiHOK Ta-
KOro K BiKy, 0bCTexeHUx A0 BilHWM. OOCTEXeHHA BKMOYANO aHani3
onuTysanbHukie PCL-5, iMyHODepMeHTHI MeToANW BM3HAUYeHHA B Mnasmi
KPOBI KOPTV30Ay Ta IHCyNiHy, GioXiMiuHi METOAV BU3HAUEHHA MMIOKO3M B
nnasmi Ta ninigis y cMpoBaTui KPoBi, PO3paxyHOK MeTaboniuHoro Biky i
Temny MeTaboniuHoro ctapiHHA. PesynbraTh. [1if yac BiiHM XiHKM 6e3
MTCP, nopiBHAHO 3 0O6CTEXEHUMI A0 BiiHW, Manu BULLY KOHLEHTPaLio
IHCYNIHY B Ma3mi Ta IHOEKC IHCYNIHOPE3WCTEHTHOCTI, MPOTE PIBEHb M0~
K031 B KPOBI Lie He 3MiHMBCA. MKiHKK i3 [TTCP, oKpim BULMX NOKa3HWKIB
KOHLIeHTPaLiT IHCyNiHY Ta iHAEKCY IHCYNIHOPE3UCTEHTHOCTI, NiA Yac BilHW
Mann CTaTUCTUYHO 3HAYMMO BULLMIA PiBEHb FiKeMil HaTLLe. Y BCiX BIKOBMX
rpynax »iHok i3 MTCP yacTka ocib i3 npegiabeTom BMLLa, HiX [0 BitHW. Y
Monoaux »iHok i3 MTCP aucninigemii BUABAANNCD YacTille, HiX A0 BiHN.
Y kiHOK i3 MTCP 36inbLwyeTbea Temn MeTaboniuHoro cTapiHHA. BUCHOBOK.
i yac BiMHW y XiHOK i3 [TTCP BYHMKaE IHCYNIHOPE3VCTEHTHICTb, AKa NPW-
3BOAMTL 10 PO3BUTKY NpediabeTnyH1X nopyLieHb ByrNeBOAHOrO 0OMiHY.
Y xiHoK i3 [TTCP, nopiBHAHO i3 JOBOEHHYIM piBHEM, 30iMbLLYETHCA YacToTa
BUABNEHHA ANCINIAEMIl, 3pocTae MeTabomiuHMIA BiK Ta MPULLBMALLYETHCA
Temn MeTaboNiuHOro CTapiHHA.

KntouyoBi cnoBa: nocTTpaBMaTUYHWIA CTPECOBUI PO3Maf, LMBIIbHI
IHKW, NpeiabeT, ancninigemis, MetaboniuHni Bik.
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Pestome. Menstrual dysfunction remains a pressing problem of modern medicine. Along with many adverse factors affecting
the health of girls who should be considered as future mothers, the impact of traumatic events occupies one of the leading
places. Stress is a complex adaptive reaction that requires additional energy expenditure. Under its influence, the functioning of
both the hypothalamic-pituitary-adrenal axis (HPAA) and insulin (In) secretion changes. The aim of the study was to determine
the characteristics of the stress response in girls with oligomenorrhea (OM) in a frontline city. Material and methods. To assess
the adaptive capabilities, the serum levels of cortisol (C) and In and their ratio were studied in 116 girls with OM. All patients
were divided into groups depending on the duration of OM. The 1-st group included 20 girls who sought medical help in the
first year after menarche. The 2-nd group included 28 adolescents with the disease for up to 2 years, the 3-rd group consisted
of 39 patients with OM for up to 3 years, and the 4-th group included 39 patients with OM for more than 3 years. Results.
The function of the adrenal glands and the pancreas in terms of C and In synthesis was preserved in half of the girls with OM,
as evidenced by the (/In ratio, which fluctuated within the normal range. A decrease in this index was noted in more than
thirds, and from 3 to 10% of girls had an increase in the stress index. It was established that when OM occurs in the first year
of menstruation, high numbers of the stress index (C/In) are not noted, which indicate a decrease in the reserves of the body's
compensatory capabilities and a disruption in the energy supply of adaptive processes. With the extension of the OM duration,
signs of exhaustion already appear, that is an inadequate response of the body to the chronicity of the process. Conclusions.
As a result of the conducted research and analysis of the identified violations, it was found that 39.7% of patients with OM
have adaptation disorders. These deviations emphasize the need to identify adaptive resources to address the issue of their
correction in order to increase the body's ability to tolerate stress and strengthen adaptive capabilities.

Keywords: adolescent girls, cortisol, insulin, adaptive-compensatory capabilities, oligomenorrhea, voltage coefficient — C/In
ratio.
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Life in modern society, especially Ukrainian, has
been full of unpredictable events for 10 years. More
than a decade ago, UNICEF attributed wars (along
with hunger and AIDS) to the factors that deprive
more than half of children on the globe of their
childhood, and every year this threat is becoming
more and more serious. Ukraine, unfortunately, has
also faced all the manifestations of full-scale war.
The stay of a person in an emergency zone, migra-
tion, as scientists’ studies indicate, affect somatic,
mental, and psychological health, which can be
considered as the consequences of psycho-emotion-
al tension and stress [1-3].

Stress is a complex adaptive response that re-
quires additional energy expenditure. An increase
of glucose in the blood of patients — hyperglyce-
mia — is an important component of stress [4]. The
HPAA is the main mediator of stress, and C is the
main adaptive signaling regulator of stress. It in-
creases the availability of glucose by increasing its
production by the liver through transcriptional and
posttranscriptional activation of gluconeogenic en-
zymes. In an acute response to a stressful event, the
secretion of C, as a hormone that responds to dan-
ger, promotes rapid metabolic adaptation, while the
prolonged action of C gradually leads to In resist-
ance and, ultimately, to cardiometabolic disorders.
It is believed that C is a powerful activator of In
resistance and an inhibitor of In secretion [5, 6].
Cand In play aleading role in the implementation of
nonspecific reactions that ensure the development
of the body’s resistance to stress [7]. Recognizing
differences between different levels of C concentra-
tion in the body is crucial, since it is the main glu-
cocorticoid biomarker in the homeostatic response
of the body to stress. The vago-insular system also
plays an important role in regulating balance in the
body. The close functional relationship between C
and In, aimed at enhancing physiological effects, al-
lows us to consider these systems as leading links of
single regulatory mechanisms [8].

The aim of the study was to clarify the features
of the stress response in girls with OM in a front-
line city.

Material and methods
The investigation was carried out at the State

Institution «Institute for Children and Adolescents
Health Care of the National Academy of Medical
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Sciences of Ukraine». Under surveillance, there
were 116 girls aged 12-17 years with impaired men-
strual function of the OM type. All patients were
divided into groups depending on the duration of
OM. The 1-st group included 20 girls who sought
medical attention in the first year after menarche.
The 2-nd group included 28 adolescents with the
disease for up to 2 years, the 3-rd group consisted of
39 patients with OM, that was observed for up to 3
years, and the 4-th group included 39 patients with
OM, that existed for more than 3 years.

The C concentration in blood serum was deter-
mined using an additional enzyme-linked immuno-
sorbent assay on the «Rayto RT 2100C» analyzer
(Germany) and kits from the company «Best-Di-
agnostic» (Ukraine). Reference values were con-
sidered as Lower quartile 318.0 nmol/L, Upper
quartile 673.0 nmol /L.

Tests for immunoreactive insulin (IRI) were
carried out using commercial reagent kits («<DRG
Instruments GmbH», Germany), and glucose us-
ing commercial kits («Genesis»). The normative
IRI fluctuations were considered Lower quartile
8.10 uU/mL, Upper quartile 15.95 pU/mL.

The In resistance index (HOMA) is based on

the formula:
G, % Ins,

22.5

de G, - fasting blood glucose, mmol /L;
Ins, — fasting In, pU/mL.

The presence of In resistance in patients was di-
agnosed at the level of HOMA, which was 3.5 years
CU. The severity of stress was determined not by
the absolute ratio of C and In, but by the magni-
tude of the coefficient of stress, which was distrib-
uted between C and In (C/In). The equal group
consisted of 35 girls of the same age with a normal
menstrual cycle, placed in the early foliculin phase
until the beginning of war. The value of the C/In
ratio fluctuated in a wide range and on average was
64.53+38.94 units (Lower quartile 32.29 units, Up-
per quartile 85.51 units). In 27.3% of girls, devia-
tions in the stress coeflicient were noted, mainly
due to a decrease in adaptive capabilities, and only
4.5% had an exhaustion of the body’s protective
mechanisms.

Statistical analysis was carried out using the
additional software package Statustica 5.5. To
compare the indicators, Student’s t-test, Wilcox-
on-Mann-Whitney, x> were used. All p values less

HOMA=
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than 0.05 were considered statistically significant.
The results were expressed as average + standard
deviation (SD) and a hundred percent difference.

The ethical principles set forth in the Declara-
tion of Helsinki of the World Medical Association
were adhered to throughout the research study.
The study was approved by the Bioethics and De-
ontology Committee at the State Institution «In-
stitute of Children’s Health and Children’s Health
of the National Academy of Medical Sciences of
Ukraines.

Results

Analysis of the serum C content revealed that in
the absolute majority of girls with OM it was with-
in physiological values (Table 1). Its reduced and
increased levels did not differ significantly. In acute
stressful conditions, the adrenocortical system is ac-
tivated, which leads to increased C secretion. How-
ever, exposure to chronic stress reduces C secretion,
which is the final hormonal effect of the HPAA, and
the so-called «adrenal fatigue» occurs. That is, under
conditions of prolonged stress, the effect of glucocor-
ticoids becomes maladaptive [9-12].

Table 1. Percentage of patients with OM and different levels of C and IRl

Indicator Percentage, %

Cortisol, nmol/L

normal 76,1

< 10 percentile 138

>75 percentile 10,1
IRI, pU/mL

normal 56,4

>75<90 percentile 24,8

>90 percentile 188

IRI fluctuations in the normal zone were record-
ed significantly less often than C (P<0.0000), and
elevated levels were significantly more frequent
(»<0.0000-0.005; Table 1).

Correlation analysis revealed that there are neg-
ative relationships between C, IRI and the NOMA
index in OM, which does not exceed 2 years. Thus,
C has a negative relationship with IRI (r=-0.61;
p<0.05) and the HOMA ratio (r=-0.66; p<0.03)
in the first year of OM existence, as well as in the
second year of the disease — C and IRI (r=-0.51;
p<0.01), C and HOMA (r=-0.51; p<0.01). With the
extension of the term of OM existence, these rela-

tionships disappear.

Reference values of IRI were recorded in more
than half of girls with OM regardless of the C lev-
el. An increase in IRI concentration was most often
observed at low C values (p<0.02) (Table 2).

It is known that C can affect In secretion and, at
high levels, provoke the development of In resist-
ance [6]. At all C levels, an increase in IRI above 90
percent was accompanied by In resistance.

Table 2. Comparison of percentage of girls with OM and different levels of
IRl at different C indicators

IRI
Cortisol, nmol/ L >75<90
normal . >90 percentile
percentile
normal 56,2 25,7 18,1
>75 percentile 50 385 11,5
<10 percentile 52,6 26,3 21,1

An important role in the formation of the body’s
response to stress is played by hormones such as
C and In. They play a leading role in the imple-
mentation of nonspecific reactions that ensure the
development of the body’s resistance to internal
and external loads. It is assumed that the possible
effects of hormones are determined by the balance
between interdependent hormones [11, 13]. Taking
into account that the level of hormones varies in
different ways, it is not very informative to analyze
the levels of C and In separately, the C/In ratio was
determined to quantitatively assess the severity of
the stress state. This ratio is one of the objective
criteria for the severity of the stress effect and the
activity of compensatory and adaptive processes
developing in the body.

The average values of the C/In index in all
groups are given in Table 3.

Table 3. Average values of the C/In index in patients with OM depending
on the duration of the disease, M£SD (n)

Groups C/In, unit

All 34,82+26,51 (116) *
\ 37,37+22,23 (20) *
[ 31,05+25,33 (28) **
1l 37,78+36,77 (29) *
Y 34,11+20,492 (39) *
Comparison 64,53+38,94 (35)

Note.* — p<0.001 and ** —
rison»

p<0.01 in comparison with group «Compa-
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In girls with OM, regardless of the disease du-
ration, the stress coeflicient was significantly lower
than in the comparison group, which may indicate
the instability of protective mechanisms. Individu-
al analysis revealed that in 48-68% of adolescents,
the C/In ratio was within the normative values
(Table 4). Finding this ratio in the intermediate
zone may indicate a compensated state. A decrease
in this coefficient was recorded in 30—40% of pa-
tients. That is, more than a third of patients have
instability of protective mechanisms, or even ex-
haustion. No significant difference was found de-
pending on the group.

Table 4. Percentage of different values of the C/IRI ratio in girls with OM
taking into account the duration of the disease

Groups
C/IRI, unit
I I M1l v
normal 68,4 57,2 483 66,7
>75 percentile 0 74 10,3 2,6
< 10 percentile 316 35,7 414 30,7

Increase in C/In ratio was registered in a small
percentage of patients. Moreover, in girls of group
1, increase in C/In ratio was not observed at all. Tts
high values appear as the duration of OM increases.

Discussion

The impact of traumatic events can lead to men-
tal, behavioral, emotional problems, which cannot
but affect the general state of health.

This problem is especially acute for girls during
puberty, the most vulnerable, even in terms of its
physiological course. The lack of menstrual func-
tion is also a psychological trauma that occurs as
a result of an imbalance between the requirements
(to have menstruation like everyone else) and the
body’s resources (coordinated work of all links in
the regulation of the menstrual cycle).

During stress, the HPAA is activated, causing
an increase in plasma cortisol. This is a physiolog-
ical reaction, on a global scale, glucocorticoids are
presented as «run and fight> hormones, and in this
sense catabolic hormones are necessary for the mo-
bilization of reserves to provide the body with ener-
gy. However, hyperactivity of the HPAA can lead to
significant deviations in mental health (depression,
anxiety) [14, 15]. Stress also affects In secretion.
The concentration of the blood In levels, in addi-
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tion to glucose, directly depends on the C content
and is inhibited at high levels [6].

Assessing disorders of menstrual function as a
response to stress, one of the biological responses of
which is the activation of the HPAA and the insular
apparatus, one can draw conclusions about the na-
ture of the endocrine reaction of the body and the
tension state of compensatory systems based on the
C/In ratio. Determining of the C and In effects on
the adaptive capabilities of adolescent girls with
OM revealed that their ratio is the most inform-
ative as a marker of a nonspecific stress response.
The function of the adrenal glands and the pancre-
as in terms of the C and In synthesis in half of the
girls with OM was preserved, as evidenced by C/
In ratio, which fluctuated within the normal range.
That is, these girls have an adequate hormonal re-
sponse to changes in the parameters of the internal
and external environment. A decrease in this index
was observed in more than a thirds (30.4%) mainly
due to an increase in In at normal C values. There
are some reports where adaptation disorders may
be associated with the formation of hyperinsuline-
mia [16-18]. A decrease in this ratio may indicate a
possible depletion of the adaptive capabilities of a
girl with menstrual disorders.

From 3 to 10% of girls had an increase in the
stress index. An increase in the C/In coeflicient
indicates a low level of reserves, or their depletion
and disruption of the energy supply of adaptive
processes. The higher the stress coefficient, the
smaller the reserve of the body’s compensatory ca-
pabilities and the more threatening the prognosis
for compensation of the function in a state of stress
becomes. It has been established that when OM
occurs in the first year of menstruation, high num-
bers of the stress index (C/In), which indicate a de-
crease in the reserves of the body’s compensatory
capabilities, are not observed. With the extension
of the OM term, signs of exhaustion already appear,
that is, an inadequate reaction of the body to the
chronicity of the process.

Thus, as a result of the study and analysis of
the identified disorders, adaptation disorders in
patients with OM have been identified. The iden-
tified changes in hormonal interaction deepen the
understanding of the pathogenetic mechanisms of
OM formation, make it possible to assess the state
of adaptive-compensatory capabilities in girls with
OM depending on the duration of its existence and
outline a plan for therapeutic intervention. In addi-



ISSN 1680-1466" ENDOKRYNOLOGIA" 2025, VOLUME 30, No. 1

tion to the main treatment of menstrual disorders,
medical and psychological support, both through
pharmacological drugs and psychotherapy should
be included in programs of such intervention.

Conclusions

1. Tt was found that the stress coeflicient varied in
a wide range, which indicates different types of
adaptive reactions in patients with OM. Three
options for responding to stressful events were
identified. The stress coefficient within physio-
logical values indicates that stress hormones are
in relative balance. The other two (increased
and decreased stress coeflicient) indicate mala-
daptive disorders.

2. All options indicate mechanisms by which the
body reaches a state of resistance. In patients
with an increased stress coefficient, the type of
response indicates that the body is functioning
at the limit of its adaptive capabilities and can
quickly enter the exhaustion phase. A decrease
in the C/In ratio indicates the tension of com-
pensatory mechanisms, these girls cannot mas-
ter the stress level and this can end with a transi-
tion to the exhaustion phase or a state of chronic
stress.
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[na3moBi piBHI KOPTU30MY Ta IHCYNIHY AK
biomapkepy Hanpyru B fiB4at 3 ONiIrOMEHOPEEH
B npuchpoHTOBOMY MicTi XapKis, YkpaiHa

B.O. AuHHIiK', 0.0. AnHHik? O.l. BepxowaHoBa’,

C.B.HoBoxaTcbKa'

' [IY «IHCTUTYT OXOPOHY 300POB'A AiTel Ta NigNiTKiB HauioHanbHOT akagemil
MEAVNYHUX HayK YKpaiHu»

2 XapKiBCbKWIA HaLiOHanbH MefUUHUIA yHIBEpCHTET

Pestome. [opyleHHA MeHCTPYanbHOT GyHKUIT 3anMwalTbca aKTy-

anbHo npobnemoto cyyacHoi MeguumnHu. Mopapn i3 6aratbma He-

CNPUATANBMMM GaKTOpamK, IO BNAMBAOTL Ha 3A0P0B'A [1iBYAT, AKKX
CNiA PO3rNALATY AK MabyTHIX MaTepis, BNANB TPAaBMATUUYHMX NOAIN
3aIMa€e ofHe 3 NPoBiAHMX Miclb. CTpec € KOMMNNEKCHO aaanTye-

HOI peakLielo, Wo noTpebye [OAATKOBUX eHeprosaTpart. [lig oro

BMIMBOM 3MIHIOETbCA GYHKLIOHYBAHHA AK rinotanamo-rinogizapHo-

afpeHanoBol Oci, TaK i cexkpeuid iHCyniHy. MeTol Haworo 4ochi-
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IPKEHHA CTano 3'ACyBaHHA OCOONMBOCTEl peaKLii Hanpyrv B fiByart 3
oniromeropeeto (OM) 8 npudpoHToBomy micTi. MaTepian i meTogu.
[InA OuUiHKX aganTauinHYX MOXIMBOCTEN OYNO BUBYEHO BMICT Y CUPO-
BaTLi Kposi KopTtmsony (K) i iHcyniHy (IH) Ta ix cnissigHowWweHHA B 116
XBOPUX [liBYaT 3 oniromeHopeeto. Yci xgopi Oynn posnopineHi Ha rpy-
MW B 3aNeXHOCTI Bif TepMiHy icHyBaHHA OM. Y nepuuy rpyny ysiiwnm
20 OiBUMHOK, AKI 3BEPHYANCA MO MeaWYHy AONOMOrY B MepWi pik
nicna meHapxe. lo apyroi rpynu 6yno skaoueHo 28 nignitkis 3 icHy-
BaHHAM 3aXBOPIOBAHHA O 2 POKIB, TPETIO rpyny CTaHoBWAM 39 nauyi-
€HTOK, y AKnx OM cnocTepiranaca 40 3 pokiB i B ueTsepty rpyny byno
BiHeceHo 39 xBopux, y AKMx OM icHyBana noHap 3 poku. Pesynbratu.
DyHKUIA HAOHWPHYIKIB | NiALWNYHKOBOT 331031 Wofo cnHtesy KilHy
nonosvHK figdat 3 OM 6yna 36epexeHa, Npo WO CBiAYMTL CMiBBIA-
HOLEHHA K/IH, AKe KONMBaNoCh y MeXax HOPMAaTVBHUX 3Ha4eHb. 3HK-
KEHHA LbOro iHAEKCY BifMidanoca 6inbl HixX y TpeTuHW i Bia 3 fo 10%
[iBYaT Manw NiABULLEHHA IHAEKCY Hanpyr. BCTaHOBNEHO, WO Npw BU-
HUKHeHHI OM B nepLumni pik iCHyBaHHA MeHCTPYaLliit He BigMiYaeTbcA
BMCOKUX UMP iHAeKkcy Hanpyrn (K/IH), AKi CBIAYaTb MPO 3HMMKEHHS
pe3epBiB KOMMEHCAaTOPHMX MOXIMBOCTEN OPraHi3My Ta NOpPYLIeHHA
eHeprozabe3nedyeHHs aganTaliiiHX NPOLUECiB. 3 NOAOBXEHHAM Tep-
MiHy icHyBaHHA OM Bxe 3'ABNAIOTLCA 03HAKM BUCHAKEHHS, TOBTO He-
A[eKBATHOI peakuii opraHiaMy Ha XpoHi3auio npouecy. BucHoBKM.
Y pesynbTaTi npoBefeHOro AOCAIAMKEHHA | aHani3y BUABNEHVX NOPY-
WeHb BCTAaHOBMEHO, WO B 39,7% xBopux 3 OM MatoTb Miclie po3naam
ananTauii. laHi BigxmuneHHs nigkpecnionTs HeOOXiAHICTb BU3HAYeHHS
afanTauiiHMX pecypcis Ana BUPIWEHHA NUTaHHA WOJO iX Kopekuii 3
MEeTOI0 MIABUWEHHA MOXIIMBOCTEN OpraHiaMy nepeHocuTn CTpec Ta
NOCUNEHHA afanTaLiiHMX CNPOMOXHOCTEN.

KniouoBi cnoBa: iBuata-nignitki, KOPTV30A, IHCYNIH, aganTaliiHo-
KOMMEHCATOPHI MOXNUBOCTI, oniromeHopes, KoedilieHT Hanpyry —
cnigBigHoWeHHA K/IH.
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YkpaiHa. EHgokpuronoria. 2025;30(1):45-50. DOI: 10.31793/1680-
1466.2025.30-1.45.
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Abstract. Medullary thyroid carcinoma (MTC) arises from non-epithelial parafollicular cells. MTC can be hereditary (25%)
or sporadic (75%). Activating germline REarranged during Transfection (RET) mutations are found in 95-98% of hereditary
MTC, while somatic RET mutations are present in 25-40% of sporadic MTC. Aim. The aim of the study was to determine
RET gene mutations in codons 634 and 918, which are associated with the highest risk of MTC. Material and methods.
Whole blood was obtained by standard venipuncture. Genomic DNA was isolated using the EliGene® Blood DNA Isola-
tion kit. DNA amplification was performed by polymerase chain reaction (PCR) using primers specific for the regions of
exons 10, 11 and 16 of the RET gene, which may contain mutations. The next-generation sequencing (NGS) for genomic
DNAs from each sample was performed using the lon Ampliseq Cancer Hotspot Panel v2 following the manufacturer's
instructions. Results. Among all the tested samples, heterozygous p.M918T mutation was detected only in sample No.
2. As an outcome of the sequencing of the genomic DNA of 7 patients diagnosed with MTC, four different pathogenic
inherited mutations of the RET gene were identified in four patients. Conclusions. Determination of mutations in the
RET gene is a promising approach for establishing a diagnosis in the treatment of hereditary forms of MTC and allows
planning further directions of therapy. The PCR-restriction fragment length polymorphism (PCR-RFLP) method makes
it possible to detect individual mutations in the RET and other genes, associated with the highest risk of MTC (M918T,
C634F and A883F). Given the population frequencies of occurrence of various pathogenic variants in the RET gene in
Ukraine, the (PCR-RFLP) method can become an effective screening tool. NGS allows analyzing the entire sequence of
the RET gene and other genes, and detecting a much larger spectrum of variants, including previously undescribed ones.
Keywords. Medullary thyroid carcinoma, RET gene mutations, next-generation sequencing.
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MTC arises from non-epithelial parafollicular
cells of the neural crest, which produces the pep-
tide calcitonin. MTC can be hereditary (25%) or
sporadic (75%). In hereditary forms, MTC is a ma-
jor component of the syndrome of multiple endo-
crine neoplasia (MEN) type 2 (MEN 2) together
with other endocrine tumors. The RET proto-onco-
gene that located on chromosome 10q11.2 and in-
cludes 21 exons is often mutated at MTC. Activat-
ing germline RET mutations are found in 95-98%
of hereditary MTC, while somatic RET mutations
are present in 25-40% of sporadic MTC [1-3]. All
RET mutations in MTC result in ligand-independ-
ent constitutive activation, but the mechanism of
action differs depending on the mutation. For ex-
ample, the RET C634R (p.Cys634Arg) mutation in
exon 11 (a mutation in the cysteine-rich region of
the extracellular domain) leads to disulfide bond
formation of RET homodimers and subsequent
constitutive activation, whereas the RET M918T
(p.Met918Thr) mutation — in exon 16 (a mutation
in the intracellular tyrosine kinase domain) leads
to autophosphorylation of tyrosine kinase domain.
In addition, different RET mutations have differ-
ent transforming activities. For example, the RET
M918T mutation has a higher transforming activi-
ty than other mutations [4].

MEN is a group of inherited clinical syndromes
that affect various endocrine glands. Three different
types of MEN syndromes can occur (MEN 1, MEN
2A,and MEN 2B). MEN syndromes are rare, occurin
people of all ages, and affect both sexes equally. MEN
1, OMIM 131100 is a rare inherited disorder that
can include combinations of more than 20 endocrine
and non-endocrine tumors [5, 6]. MEN 1 is charac-
terized by neoplastic transformation of the parathy-
roid glands, pancreatic islets, anterior pituitary, and
gastrointestinal tract. In MEN 2 syndromes, medul-
lary thyroid cancer almost always (95%) develops,
which may be associated with pheochromocytoma
and /or multiple parathyroid adenomas with hyper-
parathyroidism (up to 25% in MEN 2A) [6].

Combinations of endocrine neoplasias result
in 3 syndromes: MEN 2A, MEN 2B and familial
MTC. The clinical course of MTC differs consider-
ably in the three syndromes. It is highly aggressive
in MEN 2B, almost indolent in most patients with
familial MTC and with variable aggressiveness in
patients with MEN 2A. Activating germline point
mutations of the RET proto-oncogene are present
in 98% of families with MEN 2. There is a strong
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genotype-phenotype correlation and the specific
RET mutation may be responsible for the aggres-
siveness of the clinical course. The treatment of
choice for primary MTC is total thyroidectomy
with neck lymph node dissection. The prognosis of
MEN 2 depends on the aggressiveness of the MTC
and, therefore, on the success of the initial treat-
ment [3, 7].

Distant metastases develop in 15-20% of pa-
tients, and retrospective series have reported a 10-
year survival rate of 10-40% from the time of first
metastasis [8, 9]. Lymph node metastases are com-
mon in MTC, with distant metastases being rare.
The most common sites of metastasis are the lungs,
liver, and bones. Another study reported extreme-
ly rare metastases of MTC to the bone marrow and
adrenal glands [10].

Material and methods

Permission to conduct the research was ob-
tained from the Bioethics Commission of the State
Institution «V.P. Komisarenko Institute of Endo-
crinology and Metabolism of the National Acad-
emy of Medical Sciences of Ukraine» (SI «<IEM
NAMS»). All patients signed an informed consent
to conduct scientific research with postoperative
biomaterials. Whole blood samples were obtained
in the Surgical Department of (SI «<[EM NAMS»).
The final diagnosis was obtained from the Labora-
tory of Morphology of the Endocrine System of (SI
«IEM NAMS») and the CSD Laboratory.

The study was conducted in the department of
cell signaling systems of the Institute of Molecular
Biology and Genetics of the NAS of Ukraine and
the department of fundamental and applied prob-
lems of endocrinology.

Whole blood was obtained by standard venipunc-
ture, frozen and stored at -25 °C until use. Genomic
DNA was isolated using the EliGene® Blood DNA
Isolation kit according to the manufacturer’s recom-
mendations. The quantity and quality were assessed
using a Nanodrop spectrophotometer.

In vitro DNA amplification. Genomic DNA am-
plification was performed by PCR using primers
specific for the region of exons 10 and 11, which
may contain a mutation at codon 634, and the re-
gion of exon 16, which may contain a mutation in
codon 918 of the RET gene. For this purpose, the
following primer pairs were used: forward — (1)
GGGGGATTAAAGCTGGCTAT, reverse — (2)
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TGGTAGCAGTGGATGCAGAA (for the region
with the mutation in codon 634), forward — (3)
GTGTCTACAGCACTCCTCTGG, reverse — (4)
TGTAACCTCCACCCCAAGAGA (for the region
with the mutation in codon 918). The expected
length of the PCR product is 988 and 228 bp, re-
spectively.

The reaction mixture with a total volume of
25 ul contained: 2.5 pl of 10X «DreamTaq» buffer,
0.5 pl of ANTP (10 mM), 2 ul of specific primers
(5 uM), 0.5 ug of genomic DNA, 0.65 units of
DNA polymerase («DreamTaq») and 19 pl of nu-
clease-free water. PCR conditions: DNA denatura-
tion — 98°C, 1 min, followed by 35 cycles with de-
naturation at 95°C, 30 sec, hybridization — 60°C,
30 sec, elongation — 72°C, 1 min, as well as a final
elongation stage at 72°C, 5 min. The PCR reaction
was performed on a Flex Cycler DNA amplifier
(«Analytik Jena», Germany).

Analysis of single nucleotide substitutions in the
RET gene by RFLP analysis. To determine the mu-
tation ¢.2753T>C (NM_020975.6) in codon 918
of the RET gene, the PCR product of the 16" exon
was hydrolyzed with the restriction endonuclease
FokI (Thermo Fisher Scientific, USA) or the 10"
and 11" exons with the restriction endonuclease
Hhal (Thermo Fisher Scientific, USA) to deter-
mine the mutation ¢.1902 C>G (NM_020975.6)
mutation in codon 634 of the RET gene. The reac-
tion mixture with a total volume of 25 pl contained:
amplified DNA fragment (20 of 25 pl of the reac-
tion mixture after DNA amplification from the pre-
vious reaction), 2.5 pl of 10X buffer and 1 unit of
the corresponding endonuclease. Next, the reaction
mixture was incubated for 2 h at 37°C and subse-
quently electrophoretic separation of DNA frag-
ments was performed in agarose or polyacrylamide
gels (PAGE).

DNA electrophoresis in agarose and PAGE. Elec-
trophoretic separation of DNA in agarose or PAGE
was performed according to generally accepted
methods. Briefly, for agarose gel electrophoresis, a
1.5% agarose gel was prepared in 1XxTAE (Tris-ac-
etate) buffer. For DNA visualization, ethidium
bromide (EtBr) was added to the agarose gel at a
rate of 0.5 mg/ml. DNA samples were mixed with
six-fold loading buffer (0.25% bromophenol blue,
0.25% xylene cyanol, 30% glycerol) and added to
the gel wells. The size of DNA fragments was de-
termined by DNA markers (GeneRuler 1kb DNA
Ladder, «Thermo Fisher Scientifics, USA). As an

alternative, a 12% PAGE was used to separate DNA
fragments.

NGS. The NGS of genomic DNAs from each
sample was performed using the Ion Ampliseq
Cancer Hotspot Panel v2, which covers approxi-
mately 2800 mutational hotspot regions from 50
cancer-related genes following the manufacturer’s
instructions [11]. In brief, 10ng of genomic DNAs
were used to construct barcoded DNA libraries
using an Ion Ampliseq Library Kit Plus («Ther-
mo Fisher Scientific», USA). Quantification of the
final libraries was performed using an Ion Library
TagMan™ Quantitation Kit («Thermo Fisher Sci-
entificy, USA) on the QuantStudio™ 5 Real-Time
PCR System («Thermo Fisher Scientific», USA),
following the manufacturer’s protocols. The ob-
tained libraries were diluted to ~70 pM and then
pooled together for further processing. Template
preparation was performed on the Ton Chef System
(«Thermo Fisher Scientific», USA) using the Ton
540 Kit-Chef («Thermo Fisher Scientific», USA).
Samples were loaded onto an Ton 540 Chip («Ther-
mo Fisher Scientific», USA) for sequencing using
the Ton GeneStudio S5 Plus Sequencer («Thermo
Fisher Scientific», USA). Data were processed and
analyzed through the Ion Reporter pipeline [12].

Sanger sequencing. The cycle sequencing analy-
sis of the PCR products of samples positive for RET
gene mutations was performed with the above-men-
tioned primers 1,2,3 and 4. The PCR products were
purified from residual primer mix using Exonucle-
ase I and Shrimp Alkaline Phosphatase («Thermo
Fisher Scientific», USA) according to the manufac-
turer’s protocol. Cycle sequencing was performed
using BigDye™ Terminator v3.1 Cycle Sequencing
Kit («Thermo Fisher Scientific»>, USA) accord-
ing to manufacturer instructions. Bidirectional
sequencing was performed on the Applied Biosys-
tems™ 3500 Genetic Analyzer («Thermo Fisher
Scientific», USA). Sequencing traces were analyz-
ed by Applied Biosystems SeqScape Software v2.5
(«Thermo Fisher Scientific», USA).

Results and discussion

In order to identify hereditary pathogenic var-
iants of the RET gene, we conducted a molecular
genetic study of biomaterial from 7 operated pa-
tients diagnosed with MTC using PCR-RFLP and
NGS (Table 1). The average age of the patients was
37.5 years (14 - 52 years).
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Table 1. Characteristics of patients with MTC who underwent surgery

# Operation data Gender Birth data Age Diagnosis Form

1 18.08.2022 w 29.08.1984 37 MTC Sporadic
2 30.08.2022 m 20.03.2006 21 MTC MEN 2B
4 19.09.2022 w 18.06.1977 45 MTC Familial
7 25.11.2022 m 29.12.1992 29 MTC Familial
12 16.10.2023 w 22.05.1995 14 MTC Familial
14 21.03.2024 m 19.04.1975 48 MTC Familial
16 08.05.2024 w 04.11.1971 52 MTC Familial

Note. The number represents the individuality of the patient (a total of 17 individuals were analyzed).

Study design. Fig. 1 and Fig. 2 show the sequenc-
es of both PCR products studied, the recognition
sites for restriction endonuclease and mutations.

Detection of mutations in exons 11 and 16 of the
RET gene by PCR followed by restriction fragment
length polymorphism analysis. The C634W muta-
tion, located in exon 11 of the RET gene, is a trans-
version — a single-nucleotide substitution of cyto-
sine for guanine. The result of this substitution is
the emergence of an additional recognition site for
the Hhal restriction endonuclease. Therefore, in
individuals without a single-nucleotide substitu-
tion C>G, after hydrolysis of a PCR product with
a length of 989 base pairs (bp), we expect to detect
2 fragments with a length of 779 and 210 bp, and
the PCR product with the mutation should be hy-
drolyzed into 3 fragments — 779, 129 and 81 bp. In
heterozygous carriers of a single-nucleotide substi-
tution, we expect to detect fragments of 779, 210,
129 and 81 bp.

The presence of amplification products and sep-
aration of PCR fragments of the RET gene product,
after hydrolysis with the specific restriction endo-

nuclease Hhal, was analyzed by electrophoresis in a
2% agarose gel (Fig. 3).

In all 7 analyzed samples, according to the PCR-
RFLP analysis data, after hydrolysis by the specific
restriction endonuclease Hhal, 2 fragments with
a length of 779 and 210 bp were observed (as can
be seen from Fig. 3), which is characteristic only
for wild-type homozygotes, i.e., we did not detect
129 bp PCR the C634W mutation of the RET gene.

The M918T mutation, localized in exon 16 of the
RET gene, is a transition — a mononucleotide sub-
stitution of thymine for cytosine. The result of this
substitution is the emergence of a recognition site
for the FoklI restriction endonuclease. Therefore, in
individuals without a mononucleotide substitution
T>C, after hydrolysis of the PCR product with a
length of 228 bp should remain intact, and the PCR
product with the mutation should be hydrolyzed
into 2 fragments — 153 and 75 bp. In heterozygous
carriers of the mononucleotide substitution, we ex-
pect to detect fragments of 228, 153 and 75 bp.

The presence of amplification products and sep-
aration of PCR fragments of the RET gene product

GGGGGATTAAAGCTGGCTATGGCACCTGCAACTGCTTCCCTGAGGAGGAGAAGTGCTTCTGCGAGCCCGAAGACATCCAGGGTGAGTGGGTGGCGGCCGGGACCACCACCACCTCCCA
GCCCCACAGAGGTCTCAACAGCACATCTGAGGTCCCAACAAGGGAGGAAATTGCTGGGAGGCGAGTGGGCCCCATGAAACTTCCCTCCCTCCCTCTGGGCCTCTGTTACTCCACCCAGG
AGAGGGGCCAGGGCCCCTGTAAAGTGTCTTCTGGCCATAAGTTCTATGATGGACAGGCCAGAAAAGCAGTTCTTCCACCAAACAACTTGTCAGCCTGACAAGTCACTGTCCCTGTGACCA
TGCAGCTGGGACCCACCCAGGAACACATTTCAAGGTCAGCAGGTATGGTGGGTTGCACAGCCACACTGACTACACTCAGGGGTGCTGTTCTGCCTGAGCATAGGGACACGTTTCTGTCAT
TGAGTTTTCTGGTATTATATAGCCCTACGTCCCTAGCCACTTAGCATTTTCATAAAGAAAATGCCAAAGACATTTGGAACAGAGGAAAATTTTGACCTCCCCTGCCAGCCCTCCAGTGCCAG
CTGGTGTAATGAGCACAGCCTCTGCTGTGTGACCTTGGCAGGCTGCTCAGCCTCTCTGAGCCTCTGTCTCCATCTGTAAGAGGGCAATAGTGGTCTAGGAGGGGGCAGTAAATGGCAGTA
CCCATGCTCGATGGGGTGTTCTCAGGCCTTCCCACACCTCCATGGCCACTTCCCAGCTGEEGCGGACACGGCAGGCTGGAGAGCCATGAGGCAGAGCATACGCAGCCTGTACCCAGTGG
TGCCGAGCCTCTGGCGGTGCCAAGCCTCACACCACCCCCACCCACAGATCCACTGTGCGACGAGCTGTGREGEACGGTGATCGCAGCCGCTGTCCTCTTCTCCTTCATCGTCTCGGTGCTG

CTGTCTGCCTTCTGCATCCACTGCTACCA

Fig. 1. PCR product sequence of exons 10 and 11 (Seq: https://www.ncbi.nlm.nih.gov/nuccore/171184431) with Hhal restriction sites highlighted.

The C634W mutation site is indicated by a lowercase g.

GTGTCTACAGCACTCCTCTGGTTACTGAAAGCTCAGGGATAGGGCCTGGCCTTCTCCTTTACCCCTCCTTCCTAGAGAGTTAGA
GTAACTTCAATGTCTTTATTCCATCTTCTCTTTAGGGTCGGATTCCAGTTAAATGGAtGGCAATTGAATCCCTTTTTGATCATATCT
ACACCACGCAAAGTGATGTGTAAGTGTGGGTGTTGCTCTCTTGGGGTGGAGGTTACA

Fig. 2. PCR sequence of exon 16 product with Fokl restriction site highlighted. The M918T mutation site is indicated by a lowercase t.
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Fig. 3. Electrophoregram of the separation of fragments of the PCR product of exon 11 (primer 1 and 2) of the RET gene, before (A) and after (B)
cleavage by the specific restriction endonuclease Hhal, in a 2% agarose gel: M is a molecular weight marker (with a step of 100 bp).

2 2K 4 7 M

228bp
153bp

75bp

12 14K 14 16 M

Fig. 4. Electrophoregram of the separation of fragments of the exon 16 (primers 3 and 4) PCR product of exon 16 (primers 3 and 4) of the
RET gene, before and after hydrolysis by the specific restriction endonuclease Fokl, in 12% PAGE: M — molecular weight marker (with a step of
100 bp); 2K and 14K - control without the addition of restriction endonuclease; 1,4, 7,12, 14 and 16 — individuals with the homozygous TT genotype;

2, — individual with the heterozygous TC genotype.

after hydrolysis by the specific FokI restriction
endonuclease was analyzed by electrophoresis in a
12% PAGE (Fig. 4).

Among all the tested samples, only sample No. 2
retains an intact 228bp fragment, although restric-
tion products of 153bp and 75bp are also present,
which indicates the presence of a heterozygous
p.M918T mutation, i.e. only in one of the two al-
leles of the gene, in the maternal or paternal.

Detection of RET gene mutations by next-gener-
ation semiconductor ion sequencing. We performed
molecular genetic analysis of the genomic DNA of
7 previously mentioned patients diagnosed with
MTC, also by next-generation semiconductor ion
sequencing (Ion Torrent, Thermo Fisher Scientif-
ic, USA) using the Ampliseq Hotspot Cancer Panel
(Thermo Fisher Scientific, USA), in order to imple-
ment its use in a format suitable for clinical prac-
tice. The Ampliseq Hotspot Cancer Panel primer
set allows analysis of 5 loci of the RET gene coding
sequence, including the most common clinically
relevant variants.

As an outcome of the sequencing of the genomic
DNA of 7 patients diagnosed with MTC, four dif-

ferent pathogenic inherited mutations of the RET
gene were identified in four patients (Table 2).

Table 2. Description of the RET gene mutations that were identified by NGS

P oGender [ ion abstiatan 57 OSNPID
2 m €.2753T>C p.Met918Thr 16 1574799832
4 w C.1853G>A p.Cys618Tyr 10 1579781594
7 m €.1900T>C p.Cys634Arg 11 1575076352
16 w €.1860C>G p.Cys620Trp 10 1579890926

The presence of all four detected mutations was
further confirmed by direct Sanger sequencing
of the PCR products of the 10th and 11th exons
(primers 1 and 2), which may contain mutations in
codons 618, 620, 634, and the 16th exon (primers 3
and 4), which may contain a mutation in codon 918
of the RET gene (Fig. 5).

According to the Sanger sequencing of PCR
products, the presence of all four detected RET gene
mutations in the heterozygous state was confirmed.

We therefore detected the M918T mutation
(c.2753T>C, p.Met918Thr) in exon 16 of the RET
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Fig. 5. Sanger sequencing chromatogram of PCR products of the 10™and 11" exon loci (B, C, D) and the 16™ exon locus (A) of the RET gene in DNA
samples of patients diagnosed with MTC. A — patient #2, B — patient #7, C — patient #16, D — patient #14.

gene in the DNA sample of patient #2 by all three
applied molecular genetic methods. In the DNA
sample of patient #7, we detected the C634R mu-
tation (¢.1900T>C, p.Cys634Arg) by NGS but not
by PCR-RFLP because the restriction endonu-
clease Hhal that was selected allows detection of
different mutations in codon 634, namely C634W
(c.1902C>G, p.Cys634 Trp). In the present study, a
RET gene mutation was detected in four out of sev-
en patients, yielding a detection rate of 57%. The
employment of the PCR-RFLP method enabled
the identification of a single mutation; however, the
utilisation of NGS facilitated the detection of four
pathogenic hereditary mutations in the RET gene.
More than 20 RET gene mutations associated
with the development of MTC have now been iden-
tified, which occur in different populations with
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different frequencies. In MEN 2A, the most com-
mon mutations are present in exon 10 (codons 609,
611,618 and 620) or exon 11 (codons 630 and 634).
In particular, mutations in codon 634 account for
~87% of all RET mutations implicated in MEN 2A,
with p.Cys634Arg and p.Cys634Tyr being the most
frequent events (52.5% and 25.4%, respectively)
[13]. In contrast, in MEN 2B and in most sporadic
MTCs, RET mutations are located in exons 15 and
16 (codons 883, 891, and 918) [14]. Different RET
mutations are associated with different age of onset
and aggressiveness of MTC, as well as the presence/
absence of other endocrine tumors accompanying
syndromic MTC [15, 16].

Most RET germline variants in familial MTC are
identified in both extracellular codons (other than
codon 634) and intracellular codons (768, 790,
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and 791 in exon 13, 804 in exon 14, or 891 in exon
15) [17]. Mutations in exons 8, 10, 11, 13, 14, and
15 overlap with those identified in MEN 2A [18].
The American Thyroid Association (ATA) has de-
veloped a risk classification system for MTC. The
highest risk category includes patients with MEN
2B syndrome and the RET M918T mutation. Pa-
tients with the C634F and A883F mutations are
considered high risk. A statistically significant cor-
relation was found between the presence of RET
mutations (especially M918T) and advanced dis-
ease stage, higher T category, and the presence of
lymph node and distant metastases [2, 6].

For those at the highest risk, total thyroidecto-
my with central compartment lymph node dissec-
tion should be performed within the first year of
life. Preventive thyroidectomy performed in chil-
dren with confirmed RET mutations can prevent
the development of MTC and its complications,
which is the main cause of mortality in this group
of patients [6, 15].

Conclusions

Determination of mutations in the RET gene is
a promising approach for establishing a diagnosis
in the treatment of hereditary forms of MTC and
allows planning further directions of therapy. With
proper monitoring planning and responsible atti-
tude on the part of the patient, this makes it possi-
ble to implement an early diagnostic strategy that
allows diagnosing a potential oncological disease at
an early stage or avoiding its development.

The PCR-RFLP method makes it possible to
detect individual mutations in the RET and other
genes, for example, the most common and associat-
ed with the highest risk of MTC (M918T, C634F
and A883F). Given the population frequencies of
occurrence of various pathogenic variants in the
RET gene in Ukraine, the PCR-RFLP method can
become an effective screening tool. At the same
time, NGS allows analyzing the entire sequence of
the RET and other genes and detecting a much larg-
er spectrum of variants, including previously unde-
scribed ones.
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RET - REarranged during Transfection
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BusnayexHa myTauiii 8 redi RET ana
NiarHOCTUKIA CUHAPOMIB MEAYNAPHOT KAPLUNHOMM
wuTonoaibHoi 3ano3n

L.I. KomicapeHnko', b.b. T'yga’, I.B. Kpyncbka? A.B. Ma3os?,
P.B. T'ynkoBcbkui?, I.B. lepaweHko?, B.M. lNywkapboB’,
H.l. NeBuyk', H.A. KobpunHcbKa'

'Y «IHCTUTYT eHpoKprHonorii Ta 06MiHy peyoBKH im. B. M. KomicapeHka
HAMH YkpaiHu»
2JHCTUTYT MonekynApHoi 6ionorii i reHeTnkn HAH Ykpainu

Pestome. MegynapHa KapuuHoma wuTtonofioHoi 3ano3u  (MTC)
BVMHWKaE 3 HeeniTenianbHWX NapadonikynapHuX KNiTUH (C-KMiTuH).
MTC moxe 6yTn cnagkoBoto (25%) abo cnopagnuHoo (75%).
AKTUBYtOUI 3apoakosi myTauii RET suAsnaTb y 95-98% cnagkosux
MTC, Tomi Ak comatnuHi myTauii RET npucyTHi B 25-40% cnopaany-
Hux MTC. MeTa. MeTolo AOCHImKEHHA OYNO BU3HAUEHHA MyTaLii
reHa RET y KopoHax 634 i 918, Aki acouiloioTbCA 3 HaMBULWMUM PU3K-
kom MTC. MaTepiann Ta metoam. LlinbHy KpOB OTpUMyBanu CTaH-
[apTHOWO BeHenyHkuieto. leHomHy [HK sumainanu 3a gonomoroo
Habopy EliGene® Blood DNA Isolation kit. Amnnidikaviio AHK npo-
Boaunu Metofom /1P 3 BUKOPWUCTaHHAM Mpaimepis, cneundiuHmx
ana pinAaHok exk3oHiB 10, 11116 reHa RET, AKi MOXYTb MICTUTK MyTaLil.
CekBeHyBaHHA HACTYMHOrO MOKOMIHHA ANA reHoMHMX [IHK KoxHoro
3pa3ka Oyno BrKoHaHo 3a gonomoroio lon Ampliseq Cancer Hotspot
Panel v2 3rigHo 3 HCTPyKUiAaMY BUpObHIKa. PesynbraTmn. Cepep ycix
LOOCNILXEHVX 3pa3KiB Nnwe 3pa3ok N2 2 Mae reTepo3nroTHy myTadilo
p.M918T. Y pe3synbrati cekBeHyBaHHA reHomHoi IHK 7 nauieHTis i3
piarHo3om MTC y uoTMpbOX NauieHTiB GyN0 BUABNEHO YOTUPU Pi3Hi
NaToreHHi CnagkoBi MyTauii reHa RET. BUCHOBKW. Bur3HauyeHHA
MyTauin y reHi RET € nepCnekTMBHUM MiAXOAOM ANA BCTAHOB/EHHA
AiarHo3y npu nikysaHHi cnagkosux dopm MTC i fo3sonsae nnaHysa-
TV nopansuwi Hanpamky Tepanii. Metog PCR-RFRP (polymerase chain
reaction-restriction fragment length polymorphism) no3sonse sus-
BUTV OKpemi MyTaLlii B reHi RET Ta iHLIMX reHax, NOB'A3aHNIX i3 HalBK-
WM prsnkom MTC (M918T, C634F i A883F). Bpaxoyioun nonynauinHi
YacTOTW PI3HMX MATOreHHWX BapiaHTiB reHa RET B YkpaiHi, metoA
PCR-RFRP moxe cTati ehekTUBHUM IHCTPYMEHTOM CKPUHIHTY. Cek-
BEeHyBaHHA HaCTYyMHOrO MOKOMIHHA [O3BOMIAE NPOaHanisyBaTu BCIO
NOCNIAOBHICTb reHa RET Ta iHWMX reHiB i BUABUTY HabaraTo OinbLuni
CMEKTP BapIiaHTIB, BKOYAOUM PaHile HeonmcaHi.

KniouoBi cnoBa. MeaynapHa KapuuHOMa LWMTOMNOAIOHOI 3ano3w,
MyTauii reHa RET, cekBeHyBaHHA HaCTYMHOIO NOKOMNIHHA.
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CyyacHuin ctan npobnemn
nepeonepaLitHol
andepeHLIanbHoT AlarHOCTUKIA
HEeIHBa3WBHNX ONIKYNAPHUX
MYXNUH WUTonoAI0HoT 3ano3n
3 ANepHUMIN 3MIHamK,
BNACTUBUMU NanIAPHIN
KapLMHOMI

LY «IHcTuTyT eHpokpyHonorii Ta 06miHy peyoBuH im. B.M. Komicaperka HAMH YkpaiHu»

Pe3tome. BupineHHa HeiHBa3vBHUX GONIKYAAPHUX MYXUH LUMTONOAIOHOT 3311031 3 AA€PHUMI 3MIHAMI, BNACT/BUMM Naninap-
Hilt kapuprHomi (noninvasive follicular thyroid neoplasm with papillary-like nuclear features, NIFTP) 8 okpemy kaTeropito nyxanH
y 2016 poui BYKAMKANO 3HAYHUIN PE3OHAHC Y UMTOMOTIYHIN CINbHOTI Ta CTano NOLITOBXOM ANA UNCIEHHUX AWUCKYCIA O[O0
HeoOXiAHOCTI nepernAay NiAxoAiB A0 LMTOMOMYHOI AiarHOCTUKM NaninAapHuX kapumHom (MK) wutonoaidHoi 3ano3w (LU3) ana
3anobiraHHsa rinepgiarHoctuui. NIFTP cTaHosnath 6am3bko 6% Bin ycix Bunaakis MK L3, 3okpema B €8poni Lel nokasHMK
CTaHOBWTb Ban3bKo 10%, TOAi AK B A3ii nnwe 2%. binbuwicTs gocnigxeHb nosediHkm NIFTP BkasyioTb Ha BIACYTHICTb MeTacTa-
3yBaHHA B MaLIEHTIB i3 Lymm yTBOpamu. OCKiNbKM Taki MyXNMHW BIANOBIAAIOTL LMTOMOpdOonoriuHmm Kputepiam K, BUHWKAK
00rpyHTOBaHI NOHOIOBAHHS, WO BOHW MOXYTb NoTpannaTh Ao VI Kateropii Bethesda, Lo, CBOEI Yeproto, Moxe Npu3BecTy A0
BMOOPY BiNblL arpecuBHIX METOAIB NiKyBaHHA, Hix Oyno 6 AOUINbHO B Takux BMMaakax. Yepes maiixe 9 pokiB micna Buai-
nerHa NIFTP, BOHM [OCI 3anMWaloTbCa CIpoto NAMOIO B NepefonepauiiHin giarHocTvyi yteopis LL3. Ha ceorogHi Bce we He
ICHY€E IHCTPYMeHTIB ANA HagiiHoT AudepeHuianbHoT AiarHocTvky NIFTP 1o OTpUMaHHA ricTonaTonoriyHoro BMCHOBKY. Taka He-
BM3HAUEHICTb CTaBUTb CEPIO3HUI BUKUK Nepef UMToMOpdOoramu Ta flikapamu. [laHnil ornag nitepatypy Ma€e Ha MeTi po3-
KpWTU Cy4acHWiA CTaH npobnemu nepefonepalliiHol giarHoctvky NIFTP, npoaHanisyBatv moxnueicTb audepeHuiavii NIFTP Ha

© K.B. Yymak
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po3B'A3aHHaA npobnemu NIFTP y nepefonepaLiiitii giarHocTudi.

KntouoBi cnoBa: HeiHBas/BHa GOMiKynApHa NyxnnHa WXTONOAIOHOT 331031 3 ALEPHVMI 3MIHaMV, BNACTVUBMMIA NaninApHii

KapLvHoMi, NaninapHa KapLyHoMa WnTonoaioHoi 3ano3u.

Tepmin «HeinBazuBHa (oJIiKyJIIpHA MTyXJIWHA
MIATOTOAIOHOI 3AJI031 3 SIIEPHUMK 3MiHAMU, BJIac-
TUBUMM TAIJSPHIK KapimHoMi» (noninvasive
follicular thyroid neoplasm with papillary-like
nuclear features, NIFTP) 6yB 3amporoHoBaHwMii
I0.€. Hikioposum y 2016 porti 1715 TOUHIIIOro Bi-
NMOOpaKeHHsI TIOBEIIHKY MyXJIMH, PaHilie BiJOMIX
gIK HeiHBasuBHMH Qoutikynaspuuii Bapiant IIK [1].
YcyHeHHs 3 11bOTO TEPMiHY 3JI0IKICHUX acolialiii
TaKOK MA€ HA METi 3HWKEHHS CTpecy MallieHTa Bijl
CIIPUIHATTS [iarHo3y Ta BUGIP MEHII arpecuBHOIO
metony JikyBanus NIFTP, 1o, cBoeto ueproio, j0-
3BOJISIE 3HU3UTH BUTPATH HA JIIKyBaHHS Ta 3abe3re-
YUTHU BUNLY SKICTD JKATTS MaiienTa [ 2].

NIFTP — neinBazuBHa (oJiikyIsipHa HeoI1a3isg
I3 3 npToMOPOJIOTIIHUMY SIAEPHUMHI O3HAKAMM
kiitun 1K Ta Hag3BUYaiiHO HU3BKUM 3JI0SKICHUM
noTeHIiaoM. 3a Kiaacudikallielo THPEOiTHNX MyX-
JIVH, SIKa € YaCTUHOIO 1T’ saToro Buianas Knacudika-
il eHJOKPUHHUX Ta HEUPOEHIOKPUHHUX TYXJIUH
BOO3, NIFTP 3naxoauTtbcs B rpyIi Heolsasii i3
HU3BKUM PU3UKOM [3].

[Tposenennii y 2018 poiti MeTaanai3 mokasas, 1110
6/m13bK0 9% Bix yeix Bunazaxis ITK cknagaiors NIFTP,
SIKi HalOLTbI nommpeni B 3axiauiit €spori (13,3%),
a Haiimenm normmpeni B Asii (1,6%) [4]. [Tpote, 3riz-

HO 3 MeTaanamizoM 2021 poky, mommupenicts NIFTP
GyJ1a fiero HuK9ot0: 6% Biz yeix unazkis 11K (9,6%
B €Bpori Ta 2,1% B Asii) [5]. Lle 3HMKeHHS OIiHKN
nomupenocti NIFTP y nopiBHSAHHI 3 TTOYaTKOBUMU
JTAHUMY, TMOBIPHO, TIOB’sI3aHe 31 CTIAJIaHHIM PiBHS JTi-
arnoctyBanHsa NIFTP, 3adikcoBanoro metaanasizom,
ke noyaso Bizdysarucs micas 2017 poky [5]. Mosk-
Ha IPUITYCTUTH, IO 11€ 3HMKEHHST € HACJTiTKOM 3aITpO-
Ba[KEHHS »KOPCTKIIINX KPUTEPIIB AJIST MiarHOCTHKH
NIFTP y 2018 pomi [6]. Cepenniii Bik maiieHTiB i3
NIFTP — 55 pokiB, 74% 3 HUX CTAaHOBJISITH sKiHKH | 7].
Ananiz 319 sumaakis NIFTP, BcranosmeHnx
i3 2016 mo 2022 pik, mokasas, 1m0 6;n3bKo 12% i3
HUX € MYJBTH(MOKAIBHUMH, a 23% BUIAJKIB TIPe/i-
crassieri NIFTP, o acoriiioBani 3 iHmmMu 106po-
saKicHuMHU a60 3J10sKicHuMEU yrBopamu [8]. 60,1% i3
68 Bumankis NIFTP cympoBokyBasucs iHmmu
yTBOpaMu (MepeBaskHO BY3JI0BUM 3000M), & B IT'SITH
Bunazkax NIFTP cynpoBoskyBasa 3/i0gKicHA Ty X-
JIMHA, 371e0iIbIIoro mamijigpHa MiKpoKapiHHOMA
(ITMK) [7]. BoxmHouac, peTpOCTIEKTUBHUI OTJISI
IoKasas, 110 46,3% margientis i3 NIFTP manu ra-
kox I1K, cepen sskux IIMK cranosusiu 86,5% [9].
Bispiticts  HasIBHUX  IOCJIJKEHDb  TTOKA3yIOTh
MOBHY BIJICYTHICTh METACTa3yBAaHHS B TAIIEHTIB i3
NIFTP (ta6a. 1), npore KijibKa Bce K BUNAAAIOThH

Ta6nuua 1. [opiBHAHHA pe3ynbTaTia JochigxeHb 3noaKicHoro noteHuiany NIFTP

Table 1. Comparison of research findings on the malignant potential of NIFTP

. P03lfllip Maninn CynyTHi KapuuHomu Hacrora
DocnipKeHHA BUGipKN . . BRAF myTauiji MeTacTasyBaHHA
Study Sample size :aplllae Con.comltan: BRAF mutations Metastasis frequency

n % carcinomas % %
Nikiforov et al,, 2016 [1] 109 <1 - ?é:yAOFWE) 0
Rosario etal,, 2016 [11] 129 <1 - - 0
Thompson, 2016 [12] 77 - - - 0
Xuetal, 2017 [13] 79 <1 0 - 0

105 <1 18 10% (BRAFY600E) 3
Choetal, 2017 [14] 0% (BRAFY&00%) .

% 0 19 49 (BRAFXe0IE) 2
Parente et al., 2018 [10] 100 0 0 - 6
Gupse Turan, 2021 [15] 84 12 - 0

[pumimka. * — memacmasu Heacoyitio8ari 3 CynymHimu MikpOKapyUuHOMAamu 4u iHWUMU opmamu paxy.

Note. * — metastases not associated with concomitant microcarcinomas or other forms of cancer.
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3 1IOTO ONTUMICTUYHOTO psAny. Hampukmian, i3 mnpo-
anamizoBaanx 100 BumaKiB yHi(YOKAIBHUX ITyXJINH,
o Bianosiganu kputepisim NIFTP, y 5 narientiB
OyJiu MeTacTasu B JTiM(OBY3JIH, 1 O/THA JIIOIUHA MaJia
BijIasiennii Metacras y Jjiereni. Maiixxe y 80% marti-
€HTIB i3 i€l BuOipKu OyJia MpoBeieHa ToTabHa TH-
peoiznexToMmis, a B 44% — pamioitonreparnis [10].

[Ipencrasyiennii onuc BUINAJKY BUSIBJIEHHS Me-
TacTasdy B KiCTKU B 38 PiuHOI JKiHKW MICIST TOTATh-
HOI THPEOIIEKTOMIl, y pe3yJibrati sikoi OyJia 3Halijie-
Ha NIFTP, Takosk cTaBUTB 111/ CYyMHIB T0OPOSIKiCHY
npupoay 1ux nyxiaus [16]. TloBizomsieno mipo e
OJINH KJTHIYHUHM BUTIAZIOK METACTA3y B JTiM(MOBY307
[17]. Tomy He nuBHO, 1O JEAKI aBTOPW BBAXKAIOTh,
o NIFTP moske Oyt iepepakoBum cranom [ 18].

MoskemMo TpUITYCTUTH, TIO PIAKICHI BUNAI-
KU BUSBJIEHHSI MeTacTasdiB y marlienTiB i3 NIFTP
MOSICHIOIOTBCST 1 MPUYMHAMM, OE3MOCEPEeHbO He
nos’s3anmmu 3 NIFTP, nanpukran, Hemomivennmu
ITMK, siki yacTo ixX CympoBOKYIOTh, 260 TOMUJIKO-
BoIo kiacudikartieio dodtikyasgproro Bapianta [1K
(OBIIK) ax NIFTP. Ilonpu 3a3naueni cymnepeu-
HOCTi, OIITUMAJIBHUM JIIKyBaHHAM OJHOCTOPOHHIX
NIFTP nHa cborozni BBa)Ka€eTbCs TeMiTUPEOiIEKTO-
Mid, sgkio noBHe Bunanenus 1113 we mokasane ye-
pes inmti npuunnu [19].

ITaToricTosioriyni KpuTepii [Js AiarTHOCTYBaH-
ua NIFTP

Busnauennsi nyxaunu gk NIFTP moxiause
JINTIIEe Ha OCHOBI TATOTICTOJIOTIYHOTO BUCHOBKY 3a
YMOBH BifmoBiHOCTI yiTkuM Kputepisam [1]. Ha-
maimi 1 Kputepil Oysm JompanboBaHi i Temep €
000B’s13koBUMHU [6]:

e iHKamCyJIsIis Byssa abo 4iTKa JeMapKallis;

e BiJICYTHICTH CyZINHHOI 200 KarCyJISIPHOI iHBa3ii;

e «nuclear score» — 2— 3 6anu;

e (hoJliKyJIAPHUN TTATEPH POCTY 3 TOBHOIO Bi/ICYT-
HICTIO CIIPaBKHIX TAIiJ Ta ICAMOMHUX TiJIellb.
Counipiai, TpabeKyJIspHi, IHCYJISIPHI TIISTHKH MO-
KYTb CTaHOBUTH 710 30% ITyXJTIHM;

e Bi/CYyTHICTH HEKPO3iB Ta He OisbIne 3 MiTO31B Ha
2 mm2,

Kpim toro, y 2018 porii 6yB goganmii peKoMeH-
JIOBaHUI, ajie He 060B I3KOBUIT LISl TOCTAHOBKH JTi-
arno3y NIFTP, kpurepiit «BincytHicte BRAFV60E
BRAFVS"F — nofibHux MyTalliii Ta iHIIAX MyTaIlii,
acollifioBaHMX 3 BHMCOKUM PU3UKOM, HAIIPUKJIA]
TERT, TP53) myrartiiis.

Bapro 3aznauntu, 1o «nuclear scoring» cucre-
Ma, sIKa 3rajlyeEThCsl Buile, Oyia po3pobieHa st
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OLIHKM HAGJIMKEHOCTI siiepHux o3Hak (popma Ta
PO3MIp, iperyJIsIpHiCcTD siIepHOT MeMOPaHU Ta 1CeB-
JIOBKJIIOYEHHS, XapaKTePUCTUKN XPOMATHUHY) [0
takux y [TK. 3anexxkno Big Mmopdoorii, yTBopy Mo-
KyTh pucypKyBatucs Bix 0 o 3 6asmis, ne 0 o3na-
Ya€ TOBHY BIJICYTHICTb O3HAK XapaKTEPHUX I
[TK. iz 2 Gasamu po3yMitOThCSI TOMIPHO BUpPaKe-
Hi sitepui o3uaku [1K, toxi sik myxsiunu 3 «nuclear
score» 3 pEKOMEH/IOBAHO TePeBiPSATH HA HASIBHICTD
BRAFY$E 1a inmux myTariii [1].

HaitBasksmsimioro 3MiHo0 B KpuTepisix 2018 poxky
craso noBHe BuKJodeHHs1 3 NIFTP myxsuH, 1o mic-
TATh 100pe cOopMOBaHi HAIIN HE3aJEKHO Bi iX
KiJIbKOCTI (OpuTiHAIBbHI KpUTEPii pormyckamu a0 1%
cripaBxHix marmin). Ile obmexeHHst Gys0 BBeeHe
ITCJIST TIOSIBU PETPOCITIEKTUBHUX aHAJII3iB, SKi CBifI-
YWJIA TIPO MOJKJIMBICTb MeTacTa3yBaHHSI B ITyXJIMH,
kiracugikoBanux gk NIFTP [1, 10, 14]. Takox mpu-
WU /IO BUCHOBKY, 1110 KPUTEPIiH, SKUH /I0TTyCKa€e Ha-
SIBHICTD MIEBHOI KiJIbKOCTI T1aITiJI, PO3IIUPIOE MTPOCTIP
IS MOKJIMBUX JIIAarHOCTMYHUX TIOMUJIOK [6].

Kpim TOro, ockibku mepBuHHa BuOIpKa He
BKJIIOYQJIA ITYXJIMHU PO3MIPOM MeHIIe CaHTUMeTpa
Ta PO3MIPOM TIOHAJ 4 CM, a TaKOX IYXJUHU 3 OH-
KOIIUTapHUMU o3HaKam¥ | 1], ikapi uacto obupann
quist takux NIFTP Gisibin arpecuBHI METOIM JIKY-
BanHs. [Ipote Hesanosro micsst BumisierHs NIFTP,
NPUNIIIN JI0 BUCHOBKY, IO KJIiHIYHA ITOBE/IHKA
MyXJIMH OiIbIIMX BiZl 7 ¢M He BifipisHsE€ThCS Bij Ta-
Koi y MeHmux 3a podmipom NIFTP [13].

[Tizuime mpoaHaiisyBajn MOBEIIHKY CyOCaHTH-
METPOBUX TIYXJIMH, SIKi BiINIOBI/Ia/i BCIM KPUTEPiIM
NIFTP, ane gacrime kmacudikysamucs gk [TMK,
Ta IMYXJIUH 3 OHKOIIUTAaPHUMM O3HaKamMu. Bussuio-
csl, 0 CyOCAHTUMETPOBI MyXJIMHU MAIOTh HU3bKUI
3nosikicanii mortenmian [20]. [lyxaunu 3 oHKOIM-
TAaPHUMU O3HAKAMU XapaKTePU3YIOThCS MOBLIbHUM
nepebirom Ta MatoTh mofi6Hi 10 Takux y NIFTP mo-
JieKyJIsipHuil ipodisb Ta noseinky [21]. Kpim toro,
OCTaHHI JIOCJI/IKEHHSI BKa3yloTh Ha Te, 10 PU3MUK
3JI05IKICHOCT1 OHKOITUTAPHUX MYXJUH Y I[iJIOMY TI0-
HiGHUIT /10 X OMIKYIAPHUX BiATOBIAHUKIB [22].

Mounexkynaapuuii npodiis NIFTP

Ille omniero BiAMIHHICTIO MiK OPHUTiHAJbHUMH
KpuTepissMu Ta Kpurtepigmu BusHauenHsi NIFTP
2018 poky € momaHa pekoMmenjailiss OyTu Oibi
MPUCKITINBUMU TIPU IIaTHOCTUINI TTYyXJIWH, 110 Ma-
TOTh MYTaIllil, aCOIiiOBaHi 3 BUCOKUM PU3UKOM, 30-
kpema BRAFV6E BRAFVO®F — ropiGuux myTariii,
TERT, TP53 [6].
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[Ie Ha MoOYaTKy BCTAaHOBWJIM, 1110 6Ju3bko 80%
NIFTP manu nesni myTaiiii, HallionmpeHinmmu 3
axux Oy RAS-myTauii, sokpema NRAS, a takox
vyacto BusHavamucss PPARG fusion ta THADA
fusion [1]. Oxna myxyimHa 3 opuriHaIBLHOT BUGIPKU
mictuina BRAFKOE pyTarrito.

[TopiBusinHA MosiekygpHoro npodimio NIFTP
(TabGa. 2) mokasye, 10 BiH OJVKYUN 0 MOJIEKY-
agpraoro npodiao GOoMKyIIPHOI aleHOMU Ta iH-
karicysiboBanoro MBIIK, wix mo kmacuunoi 1K
(KIIK).

Buninsarors Tpu henotunu NIFTP na yasrpaco-
Horpami: Tun A Haiinommupeninmuii (63,3%) xapak-
TEPU3YETHCST OBATBHOIO (DOPMOIO Ta COJIHOIO Oy-
JIOBOIO, T1i BY3JIF MOKYTh Oy TH TiT0-, Titrep- abo i30-
eXOTeHHUMH, MOXKYTh MaTh abo He maTu raso. /o
tuny b (23,3%), Oy/m BijHeceHi KicTo3Hi yTBOpH
3/ab0 6e3 raio; a jo tuity C (13,3%) Hanexars ri-
TTOEXOTEeHHI COJIiTHI MacH, IKi MatOTh TaKi MMio3piJi
O3HaKW, SIK HePeryJsspHi KOHTYPHU, MiKpOKaJIbITri-
katu oo [40].

3a ACR-TIRADS xmnacudikarieto NIFTP naii-
vacritnie onunstioThest B TR 4 (55%) ta TR 3 (34%)

Ta6nuusa 2. MNopisHAHHA MonekynapHoro npodinio NIFTP 3 iHwummn Heornnasiamu L3

Table 2. Comparison of the molecular profile of NIFTP with other thyroid neoplasms

IHKancynboBaHwuii
OonikynapHi OBIMK KNk
MyrTauis NIETP. % ajeHomu Encapsulated follicular Conventional papillary
Mutation ’ Follicular adenomas variant of papillary carcinoma
% carcinoma %
%
RAS: 25-40 (23, 24] 28,8-48 [25, 26] 51,2-75[23, 27] 0-1,7 [25, 28]
NRAS 25[23] 17,5[25] 39 (23] 0[28]
HRAS 8,8 [24] 7 [25] 9,7 [23] 0[28]
KRAS 5,8 [24] 3,5[25] 24123] 0[28]
BRAF: 01[23] 1,8 [25] 7,6-17 25, 28] 72 [25]
BRAF V600 0123,29] 0[30] 24-623,31] 48,15-61,9 29, 32]
BRAFKIE 0-31[23,27] * 2[31] 0,7 [33]
PAX8-PPARYy fusion 11 [34] 4-131[26, 35] 3,5-16,6 [36, 37] 0[35]

MpuMiTKa. * — Kinbka 3adikcoBaHWx BUNaAKis y nitepatypi [38].
Note. * — several documented cases in the literature [38].

[ToxiGHUIT BUCHOBOK 3pOOMJIN TIPU TIOPIiBHSHHI
MoJstekyJsisipHoro mpodiio 32 myxaud NIFTP 3 14
[TK 3 excreHcuBHUM (DOJIKYISAPHUM POCTOM, 4 iH-
BazuBaumMu OBIIK Ta 11 domikyaspaumu ageHo-
Mamu, T00T0 MostekyJisipauii podins NIFTP 6ys
OLIBIN TTOAIOGHUM 10 TaKOro y (DOIKY/ISAPHUX ajle-
HOM [27].

NIFTP na yasrpacoHorpami

Kapruna Y3/ NIFTP ne mae cyrreBux Bij-
MIHHOCTEH BiJl Takol y (oMKyJIIpPHUX ajleHoMax
yn kaprmHomax. NIFTP uacrime BurisgaaioTb co-
gigaumu (96%) rinoexorennumu (72%) By3iamu
3 MEPUHOMAYJISIPHOIO BacKyJsipusaitieio (58,6%),
piBaumu koutypamu (93%), kpyrioi abo oBab-
HOI (hOpMH, TOPU3OHTAIBHOI opieHTallii (95%), 6e3
exorennux Boruut (86%) ta rauo (58,6%) [39].

kareropisgx. [Toxiouuii posmozin mo ACR-TIRADS
KaTeropisix XapakTepHUM Takox st hOoJiKyJisap-
HUX aJIeHOM Ta KapiuHoM [39].

Iurosoriuna kapruna NIFTP

Bracmifiok  HEMOXJIMBOCTI  J10OIIEPATUBHOTO
scranosyienuss NIFTP, Bethesda ne nepenGauae
I HUX okpeMoi karteropii [41]. Tomy micas 1um-
tomopdosoriunoro anamnizy NIFTP onunsiiorsest B
onHili i3 6 unHHUX Kareropiil. Toxk 3aKoOHOMIpHUM
€ Jlesike 3HKCHHST PU3UKY 3J0SKICHOCTI JIJTS KOXK-
Hoi 3 kareropiii Bethesda micsis 3ampoBaskerts
NIFTP, ocobamBo sl THX KaTeropii, 10 SKUX IH-
tosioru BigHocsTh NIFTP naituactinie (tadu. 3).

ITopu te, mo Buainenusa NIFTP Bxe BniuBae
Ha [HUTOJIOTIUHY JIarHOCTUKY, ITUTOMOP(OIOTH
BCe TIle He MAlOTh HAIIHUX IHCTPYMEHTIB mude-
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Ta6nuua 3. Brnnve suainenHa NIFTP Ha pusmk 3noakicHOCTI Ana kateropiit Bethesda

Table 3. The impact of introduction of NIFTP on the risk of malignancy for Bethesda categories

BifcoTOK NpuCBOEHHA Pi3HUX
KaTteropiii Bethesda nyxnunam NIFTP
Percentage of NIFTP assigned to

Kateropis Bethesda

3HWKEHHA PU3MNKY 3N0AKICHOCTI AnAa
KaTeropiii Bethesda nicna BuknoueHHs
NIFTP

Reduction in risk of malignancy for

h . . . .
Bethesda category different Bethesda categories Bethesda categories after excluding
% [8,41] NIFTP
% [42]
|. HeitdopmaTrBHa abo He3afoBibHa bioncia
) . ) . 3-5 13
. Uninformative or unsatisfactory biopsy
II. ,D'O6'pOﬂKICHI yTBOPU 10-13 24
II. Benign tumors
[Il. ATvinia HeBM3HaUYEHOrO 3HaUEeHHA
lll. Atypia of undetermined significance 30-49 64
IV. DonikynapHa Heonnasia abo nifo3pa Ha donikynapHy
HeomIasio . A 17-21 7
V. Follicular neoplasm or suspicious for a follicular
neoplasm
V. Hluo;p.a Ha 3J‘IOﬂKIFHICTb 19-24 91
V. Suspicious for malignancy
VI. 3noskicHa nyxnmnHa 4s 26

VI. Malignant tumor

pentiartii NIFTP. Jlumie Taki o3HakH, sIK ITCAaMOMHI
TIJIBII Ta CITPABXKHI TAIIIN I03BOJITIOTH 3 BUCOKOIO
Biporignictio BukaounT NIFTP 1ie na eramni 1iu-
TOJIOTIYHOTO BUCHOBKY [6, 43]. loci mpoBoauThes
BEJIMKA KiJIbKICTb JOCI/IKEHb IIUTOJIOTTYHOT KapTu-
vy NIFTP Ta 11 nopiBHSIHHS 3 1IUTOrpaMaMu iHIINX
nyxs 1113, o MaioTh Ha MeTi po3pobKy KpUTepiis
muepentianii NIFTP na gooneparttiiinomy erarti.

Y nyHKTaraX TOHKOTOJKOBOI IYHKIIIHHOI 6io-
ricii NIFTP uacrine xapakTepusyeTbesi BUCOKOIO
KJITUHHICTIO, HE3HAYHOIO KiNbKICTIO 31e01/1bI10-
TO HIIJIBHOTO KOJIOi/ly Ta MePeBaKaHHSIM Y 3pPa3Ky
MiKpOOJIIKYTIB 1 HEBEJUKUX KJIACTEPIB KJIITUH
(mo 50 kmitun y kimactepi) [44], a TaKOXK MPHUCYT-
HICTIO 130JIbOBAHUX KJITUH. /[y:Ke TOMMUPEHOIo 11-
ToJioriunoio o3uakoio NIFTP € makmananug giep
y kjacrepax. Ha nurojoridnux Maskax OJU3BKO
79% sunazakis NIFTP Gysu BigcyTHi makpodaru
ta OararosiiepHi Mmakpodaru [45]. [Tpore BapTo 3a-
3HAUUTH, 1110 BiJICYTHICTD BCIX IIUX O3HAK BCe I1[e He
BukJouae NIFTP.

[TopiBusuus apxitekrypu NIFTP ta DBIIK
nokasye, mo s NIFTP e Ginpmr xapakrepaum
nepeBakanust Mikpodoikymis: 38-89% y NIFTP,
nporu 12-50% y ®BIIK [46, 47]. Boxnouac, on-
HOIIAPOBI MJIACTU KJIITUH 3ycTpivaioTbesa B NIFTP
piamre (57%), mixk y KIIK (100%) [48].

g miaraoctyBanuga NIFTP BaxknmuBoio € Ha-
ABHICTb Y KJITUHAX 13 IIYHKTATiB YTBOPY S/lE€PHUX
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osnak IIK. 3okpema y 91-100% NIFTP crocre-
piraerbcst 36iIbIIEHHS PO3MIpIB sizep, y 57-95%
BUIIA/IKIB siJipa MaioTh oBaJibHY (hopmy, y 63-86%
BUIAJIKIB SIZIEPHII XPOMATHH APiOHOAUCIIEPCHIIA,
y 60-86% BuMAIKiB TOBEPXHS sijipa iperyJsipHa
[44, 45].

bimem 3a Bce NIFTP Tta IIK BigpisusioTbhes
HasBHICTIO TICEB/JOBKJIOYEHb B sJpaX IX KJITHH.
AnepHi nceBnOBKIOYEHHSI 3yCTPIYAIOTLCS B IUTO-
gorivanx npenapatax NIFTP pimme, mixx y KIIK
[44, 45]. TlceBnoBKIIOUeHHS Oy/iu HASIBHI JUIIE B
4% NIFTP, ipotu 19% B inkarncynaboBanux @BITK
ta 26% — y OBIIK 3saramom [46]. Takox niceBmo-
BKJfoYeHHs Oyiun BizgcyTHi B 72% NIFTP, i suie
22% Maau He MeHIIe 3-X IICEeBJOBKJIIOYEHb, HA
nporusary —y OBIIK muie 22% we masu niceBo-
BKJIIOYEHb 1 Maitke B 57% 3ycrpivasocs 3 i Oisibiire
[47]. [ns nopiBusinmst, 93% I1K matoth He meHiie
3-X TICEB/IOBKJIIOUEHb Yy TTYHKTaTax [49].

dx 6aurmo, TUTOMOPMOJIOTIYHI XapaKTeprc-
tuku sanep kiaitna [IK menm Bupaxeni B NIFTP.
[IpencraBieHiCTh KOKHOI OKPEMOI SI/IEPHOI O3HAKT
3aszBuyail € Haiibiabiowo cepex KIIK, xemo men-
moto y @BIIK i maitnuxuoio y NIFTP [43, 46, 47].

[Tonipu Te, 1m0 MOPIBHAHHSA IOKa3y€ BiUYT-
HY PI3HUINIO B TIPEACTABICHOCTI JEAKUX SIEPHUX
ostak y NIFTP ra IIK, Bona He Moe OyTH BUKO-
pucTaHa st BiporifiHoi audepentiiaiii Mixk HUMHU
B IIyHKTaTax.
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[TopiBusibaMi ananiz 6 Bunazakis NIFTP 3 11
purnagkamu KITK ta 9 sunagkamu @ BIIK nokazas,
0 PI3HUIISA TaKOX CIIOCTEPITAETHCS B HASBHOCTI
iperyJisipHUX po3ranys;keHuX abo 3aKpyIeHuX Iac-
TiB, s1Ki yacto BustBysivcst B KITK (91 ta 54% Bin-
noBiznHo) i menioio mipoo y MBIIK (56 ta 22%
Bi/llIOBiIHO), TpoTe He Oynu 3Haiimeni B8 NIFTP.
Kpim toro, na xopucts 1K cBigunio niniiine pos-
TANTyBaHHS TPy KJITUH TapajeJbHO HATPIMKY
PYXY TPEAMETHOTO CKJIa TIPU BUTOTOBJIEHHI Ma3Ka.
Takox TOMITHOIO € Pi3HUII B HASIBHOCTI KOJIOILY
y BUIJISAL JKYBaJbHOI TYMKH, SIKWii OyB BHSIBJIE-
Huit sinie B ogHomy Bunianky NIFTP 3 6, ane 6yB
npucyTHiil y 54% Bumnazakis KIIK i 67% Bunankis
OBIIK [43]. ¥ neskux M0CTiPKEHHSX 1151 PISHUTLS
€ HaBiTh yiTkimoio: 0% Bunazakis cepen NIFTP ta
18% — cepen O®BIIK [47].

3a pesyJbraTaMu PETPOCIEKTUBHOTO aHAJIi3y
MPUHUTIIA 10 BUCHOBKY, IO OT[IHKA S/IePHUX O3HAK
3a CHUCTEMOIO, B SIKill KOKHOMY BUTIQJIKY TTPUCBOIO-
Basocd Bix 0 10 3 6a1iB, 3aJ1e;KHO Bi HAABHOCTI a00
BiZIcyTHOCTI Takux 3-X o3HaK (APiOHOAUCTIEPCHUI
AJlePHUN XpOMaTUH, BUPA3Hi SAneplisd, 1peryJdap-
HICTh SJIEPHOI MTOBEPXHi) /103BOJISIE AUDEPEHTIIIO-
Batu Mik NIFTP Tta 106posikicHuMY By3J1aMu 3 J10-
BOJIi BUCOKMMU 9yTIUBICTIO (91%) Ta HEraTUBHUM
MPOrHOCTUYHUM 3HaueHHsM (93%), iporTe 11eil Me-
TOJI MaB NOPIBHIHO HU3bKI crerudiunicts (63%)
Ta MO3UTUBHE MTPOTHOCTUYHE 3HaueHHs (58%) [50].

Opurinanpauit  Meton audepeniiamii  Mix
NIFTP ta KIIK 103B0/iB BU3HAYUTH 8 TIUTOJIOTIU-
HUX O3HAK 3aJIe’KHO BiJl HAIBHOCTI YK BiICYTHOCTI
SIKUX B TYHKTaTaX HapaxOBYIOThCs abo He Hapa-
XOBYIOThCst Oasmu [48]. Jlo 1MX O3HAK HaJeKaTh:
[ICEB/IOBKIIIOYEHHS, si/iepHi OOPO3HHU, MUIOBUAHUI
XPOMaTHH, CIPaBKHI HaliJgpHi KjiacTepu, MOTY3-
KOMOIOHMIA KOJI0i, GaratosiiepHi TiraHTChKi KJTi-
TUHU, TICAMOMHI TiJIbIIS Ta KiCTOBWIHA JereHepa-
mist. Koskra o3Haka Bignosigae 1 6ary. AGcosroTHa
6isbimicty myrkTaris NIFTP ta @BIIK otpumy-
10Th 2 (34% 1 30% nost NIFTP ta @BIIK Bignosiz-
HO) abo 3 (63% mist 060x TumiB) Gasu. Bogarouac
87% KIIK nabupaiorh 4 i Gisiblie, 110 JO3BOJISE
pospizuutu NIFTP ta KIIK 3 oBOT BUCOKOIO UyT-
susictio (87,5%) Ta crierniunictio (100%).

Mo:KaMBI IIUISIXH PO3B’SI3aHHS NPOOJIEMH [10-
onepaiiitnoi qudepenmiaiii NIFTP?

Xoua GLIBIIICTh ABTOPIB CXOJAATHCS 10 BUCHOB-
Ky, mo NIFTP ne moske 6yTu andepeHIiiioBaHo0
Bin OBIIK cygacHumu meromaMu 10 OTPUMAHHS

TiCTOJIOTIYHOTO BUCHOBKY, Ha HAIIy YMKY, TPUITyC-
TUMO PO3TJISIATH 11i IBa YTBOPH B OJ[HIM KOTOPTI HA
JI0OTTepaIliitHOMY eTarti.

Ileil BUCHOBOK MOB’sI3aHUI i3 TUM, IO iHKAII-
cysnboBani MBIIK, sxi cranoBists 78% Bin ycix
OBIIK [51, 52] i € Haiibinbir momibHmvu 10 NIFTP
32 BCiMa O3HAKaMM, XapaKTePU3YKTbCS OPIBHSI-
HO cHpusaTJuBUM TporaHo3oM cepexn IIK. Jlumie B
6JIM3bKO 5% MAIEHTIB 3 iHKANCYIbOBaHOO (Hop-
MOIO CIIOCTEPITAIOThCI MeTacTazu B JiMQOBY3IHN
[51]. Anasni3 pusuKy MeTacTazyBaHHsI MixK iHKaICy-
JIbOBAaHUMM, YaCTKOBO 1HKAIICYIbOBAaHUMU, a00 4iT-
Ko sieMapkoBanumu Ta indinsrparusanmu OBITK
JI03BOJIB BUSIBUTH MeTacTadyBaHHS B JTiM(bOBY3J1
JIATIIE B TTAIIEHTIB 3 iHDITBTPATUBHUME Ty XJIUHAMU
(78% BunazxkiB) [53]. 3Buuaiino, 110 B AOCiKeH-
HaX, poBefeHnX 10 2016 poky, iHKamncyJboBaHi
DBIIK posraspanucs pasom i3 NIFTP, o morio
JIeT0 3HU3UTH BU3HAYEHWH PU3WK MeTacTa3yBaH-
Hs1 HeinBasuBHux MBIIK y takux poborax. OznHak,
OOUIBI MyXJIMHU JIEMOHCTPYIOTh MEHII arpecuBHY
HOBeiHKY Hix Oinbiricts 1K, ToMy MOKYTH po3-
IJISIIATHUCS Pa30M Ha JIoolepalliitHoMy eTarti.

[Tompu 11e, BuizieHHS HOBOTO TUILY ITyXJIMH, SIKi
MaioTh siiepHi o3Haku I1K, ase He cxmiabHi 10 iH-
Basil Ta MeTacTasyBaHHs, IePEeBEPHYJIO TOTJISIN Ha
nuroJioriuyny aiarnoctuky [1K B 1isomy. Pantoso
BusBuiocs, mo 10 VI kareropii Bethesda moxyTh
HOTPAILIATH YTBOPH, SIKi He IIOTPeOYIOTh HACTLIbKI
arpecuBHOrO JiKyBaHHs, sik Giibiricts [IK. Bapro
TAKOXX HarajlaTu, 1110 [10YaTKOBi OILIHKHU IOLINpe-
HocTi NIFTP 6y 3Ha4HO GiJIBITUME HisK CyYacHi.
Came Tomy, onpasy micss Bupgiienuss NIFTP, ro-
cTpo nocrajia mpobdaema rinepaiarnoctuku ITK.

Bararo mikapis Gaumau ii pilneHHs B 3ampoBa-
JUKEHHI )KOPCTKINTUX JIIaTHOCTUYHUX KPUTEPIiB J1JIsT
[TK. Tax, mpomoHyOTh BiJ[HOCUTH /IO IOCTOI KaTe-
ropii Jinie Ti BUMIAQJIKU, Y IKUX KPIM IHIITUX SIePHUX
03HAaK, BUSBJISIOTHCS NAIiJn ab0 ICAMOMHI TiJIbIs
Ta,/ab0 yacTi saepHi ceBIOBKII0YeHHS [ 54].

[Ipore neski cydacHi JOCIHIJKEHHS CTaBJSThb
i/l CYMHIB JIOIIJIbHICTh TAKUX 3MiH Y JliarHOCTH-
mi. Tak, ananiz 207 ricTosoriuno BepudikoBaHUX
TAIIb 1113, orpumanux i3 2010 o 2014 poxwu #
Bignecenux 10 V ta VI kareropiii Bethesda, 1osso-
JIUB TIPUATH /10 BUCHOBKY, 1110 CYBOPi IlarHOCTUYHI
KpUTEPii, X0Ua i 101oMaraTh UTOJ0TaM chopmy-
JIIOBATU BUCHOBOK Y JIEIKUX IiJI03PIINX BUIAJKAX,
BCe K He MOBUHHI Oy TH 060B’I3KOBUMH Y BUTIAJIKAX
i3 BupaxkeHUMU sgpepHuMu o3Hakamu [49]. Ilicas
3aCTOCYBaHHS BiJIbHININX KPUTEPIIB, SKUMU TIOCILY-
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royBasucs 110 2016 poky, 1o VI kareropii He 6yJio
BisiHeceHo ko 1HO1 NIFTP.

Tomy MOKIUBO 1IpoOIeMa TIOJISATAE He CTIILKU B
camiit tupepentiartii mizxk NIFTP Ta pemrroro 11K,
CKIJTbKY Y BUSIBJIEHHI IMTOMOP(OJIOTIUHUX O3HAK,
SIKi 6 4iTKO KOpENoBaJIM 3 IX IMOBEIiHKOIO 3 BHCO-
KUMU TTOKa3HUKaMU CeMdivHOCTI Ta Yy TIUBOCTI.

Xoua Gizbiricts NIFTP Ha erarmi nuTos1origsoi
JIaTHOCTUKH BiZTHOCSATH /IO TPETHOI Ta Y€TBEPTOI Ka-
teropiii Bethesda, 11e He 03Hauag, 1110 ycraseHi 3a 1e-
CATUPIYYUST METOAM Joonepariiiiioi giarnocturu [TK
He 1moTpebyioTh MOAAIBIIOr0 po3BuTKy. Ha Hamry
nymky, Buginennst NIFTP gk okpemoro tuity myx-
JIVH, MOYKe CTaTH HeOOXiTHIUM TIOIITOBXOM /10 3MiH.

[TouyarkoBo giarHoctnuni kpurtepii miag NIFTP
PO3pPOOJISAINCA Ha OCHOBI TICTOJOIIYHUX O3HAK
nmux nyxyanH. HeMoxamuBo npsmo mepeHect# Tic-
Tosioriyni noHsATTs, Taki sk NIFTP, y nurosoriuny
miarHoCcTUKY. [l 11bOro HeOOXiJHO BPaxOBYBaTH
0COBJIMBOCTI Ta OOMEKEHHS IIUTOJIOTIYHOTO METO-
ny. CyTTeBoio pisHuIieo B pobori ricrosoris i mu-
TOJIOTIB € MOJKJIMBICTH TiCTOJIOTIB 0Oe3110CepeaHbo
CIIOCTepiraTh OCHOBHI O3HAKM arpecUBHOI TTOBE/TiH-
KU KJIITUH 3J0SIKICHUX TTyXJIUH - iHBa3il B Karcyay
abo cymuau. Toai sIK 1UTONOrH 3MyIIeHi poOUTH
BUCHOBKH TIPO 3JIOSAKICHICTD IIYXJWHU Haiuacriiie
Ha OCHOBI O3HaK, SKi IPsIMO He TIOB’sI3aHi 3 MpoIie-
caMu iHBa3ii Ta MeTacTazyBaHHs, X04a i KOPEJTI0Th
i3 HUMM B TepeBakHiil GinbimocTi Bumaakis. Ha-
CJIZIKOM I[bOIO OOMEKEHHST IIUTOMOP(OIOTiUHOIO
merony € icuyBannst [V kareropii Bethesda B 1i cy-
yacHoMy BuUTJAl. TIpoTsaroM necaTuiiite 1UTOIO-
' BIIEBHEHO 3acTOCOBYBasM 11 Kputepii. [IpoTe B
Halll Yac HAKOIIMYKMIOCs 6arato J0KasiB, Mo AesKi
tutu [TK MaloTh HU3BKUI PU3NUK MeTacTa3yBaHHS,
BHACJIi/IOK 4Oro, JIiKyBaHHS 32 /IOIIOMOTOI0 TeMio-
TUPEOIeKTOMIi MOKe OyTH aeKBaTHUM /sl HUX.
OCKiJIbKM Ha OCHOBI ITUTOJIOTIYHUX O3HAK HEMOJK-
JINBO PO3PisHUTH BCi TicTooriuni Tunm MK, 6imbi
JIOTTIJTbHUM € TIOTITYK METO/IiB TPOTHO3YBaHHS TTOBe-
JUHKW TaKUX ITyXJUH HAa OCHOBI 1X MUTOMOP(}OJIO-
TIYHUX O3HAK Ta MOJIEKYJISPHOTO TPODIII0, AKIO
TaKWH TOCTIIKYBaBCH.

3 pokamu 3’IBJISIETHCST Bee Oistbiiie pobiT, siki Ma-
I0Th Ha METi BUSBJIEHHST HAJ[IMHUX O3HAK, 1110 aCOIli-
fioBani 3 6isbinoio arpecusHicrio ITK. ITpu anasmisi
TOHKOTOJIKOBUX MYHKIiTHUX Giorciit 226 ricroso-
riuno BepudikoBanux Bumnaakis K. Jocmigamkn
npusHavasiu acripatam Big 0 1o 2 6aiB 3a Bupa-
JKEHICTIO TAaKMUX ITUTOJIOTIYHUX O3HAK: KOMIIOHEHTU
dony (mimdoruTy, GaraTosiiepHi riraHTChKi K-
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TUHM), IUTOJIOTIYHA apXiTeKTypa (KJIITUHHICTH Ta
MIITHICTh MIKKJITUHHUX 3B’SI3KiB), XapaKTepUCTH-
KU IIUTOIIa3MU Ta /pa (S1epHO-IUTOIIa3MaTHy-
He BiIHOIIEHHS, PO3MIp S/Ipa, TICEBIOBKIIOUEHHS )
[55]. ByJio BusiBiieHo, 1Mo Taki O3HAKH, SK MICEBJIO-
BKJTIOUEHHS, PO3MIP S7ep, KIITUHHICTD Ta MIITHICTh
MIKKJIITUHHUX 3B’3KiB KOPEJI0BaJIN 3 iHBa3isIMU B
KaIcyJy Ta MeTacTa3yBaHHAM Y JiM¢oBy3au. Boj-
HOYac, KOMIIOHEHTH (hOHY Ta IperyJisipHiCTb sep-
HOI MeMOpaHU He MO/ OyTH BMKOPHCTAHI st
IIPOTHO3YBaHHs 1HBa3iii Ta MeTacTasis.

Takox HaJ PO3POOKOIO KPUTEPIIB /T IPOTHO-
syBaHHs moBeminku [IK mpariorots i crmiBpobiT-
Huky /1Y «IHCTUTYTY €HIOKpUHOJIOTii Ta 0OMiHYy
peuoBuH iM. B.II. Komicapenka HAMH Yxpainns.
3okpema, OyJ0 MpOBeIeHE TOCTIFKEHHST MOJK-
JIUBOCTI TPOTHO3YBAaHHSA YYTJUBOCTI MyXJUH [0
pajioifo/Teparnii Ta BUSBJIEHO 3B’SI30K MiXK PO3-
BUTKOM PaJIiOM0/IPE3UCTEHTHOCT] Ta HASIBHICTIO B
IIyHKTaTax IMyXJUHU KJIITHH, SIKi eKCIIpecyioTh 111-
tTokepatuH-17 [56]. SIkio ekcrpeciss muToKepaTu-
Hy-17 BusHauaeThes B Oibine Hixk 10% TupeonuTis
MyHKTaTYy, 3 70% BipOTiHICTIO TIPOTHO3YETHCS PO3-
BUTOK PaJ[ioM0/IPE3UCTEHTHUX MeTacTasdiB. Kpim
TOr0, OYJI0 BUSIBJIEHO MEPCIEKTUBHI 1ITOMOPHhO-
JIOTIYHI O3HAKM, M0 MOXKYTh OYTH BUKOPHCTaHi
JUIsI TIPOTHO3YBaHHs NMOBEJiHKU IyXJauH. Hanpu-
KJIaJl, HAIBHICTD Y TyXJIMHI 0COOJUBOTO CyOKIOHY
(S-xmiTrHK), KOPEJIIOE 3 OLIBINOI0 arPECUBHICTIO Ta
GIJIBIINM PU3WKOM PO3BUTKY Paliof0PE3NCTEHT-
HUX MeTacTasiB [57].

Bucnosku

NIFTP - mopiBEsgHO HOBa Kjaacudikariiiina
kateropisg nyxsaud 3. [lonpu BiHOCHO HU3BKY
yacTky cepes yrBopis 1113, Binokpemaenns NIFTP,
K OKPeMOi He 3JI0SKICHOI CYyTHOCTI, IepeBepHyJIO
MOTJIsAM JTiKapiB Ha fAiarnocTuky 11K,

Xoua 6e3 sragok NIFTP ne npoxoauth maiixke
’KojiHe 0O0TOBOPEHHST CTaHy IUTOJIOTIYHOI JiarHoc-
tuku 1K, Ha skanb, HA CHOTO/IHI HE iICHY€E 3arajb-
HOBU3HAHUX METO/IIB /I00TIEPAIITHOTO BUSIBJIECHHS
NIFTP.

[IpoTe, 3 MOMEHTY BU/IIJIEHHS 1IbOIO TUITY I1yX-
JIMH SIK OKPeMoi KaTeropii, 6araTo mybikaiiii 6yjio
MIPUCBSIYEHO TONTYKY BiPOTiIHMX YJIBTPACOHOTpPa-
Giuanx, 1UTOMOPGONOTIYHUX Ta MOJIEKYJSIPHUX
Biaminnoctedl mMixk NIFTP Ta inmmmu yropamu
[I3. ¥ pesyJbrati 4oro, 6yJI0 3alipOIIOHOBAHO Me-
TO/IM, IO HA JYMKY 1X aBTOPIB, /I03BOJIITUMYTD i3
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JIOCUTh BUCOKOIO TOUYHICTIO [uhepeHIiioBaTH MiX
NIFTP, no6poskicaumu Bysiaamu ta KITK. TIpore
OLIBIIICTD HAIBHUX POOIT OAHOCTAlHI Y BUCHOBKY,
mo uksountu MBITK, ocobimBo itoro inkarcy-
JIbOBaHy (popMy, MOKJIMBO JIMIIIE iCJIs PETEeJbHOTO
00CTeREeHHsT YTBOPY Ha HASIBHICTH CIPaBKHIX Ta-
11iJ1, iHBa3iil y KancyJay Ta KpOBOHOCHI CYJIMHU.

Xoua Takuil pe3yJibTaT i MOKe POo3UapoByBaTH,
11e BCe X He TMPUBII /IS IIUTOJIOTIB OITyCKaTH PYKH,
OCKIJIBKM BOHU TIOCTIHO MAIOTh CITPABY 3 MOi0HM-
ME 0OMEKEHHSIMU IIUTOJIOTIYHOTO MeToty. Ha Harry
JYMKY, BPaxOBYIOUM HU3bKUN PU3UK MeTacTasy-
BanHs inkancyiaboBanux OBIIK, npuitnarium €
posrasgaaTu ix B ogHiil Koropti 3 NIFTP na goorre-
paritHoMy eTari Mpyu MOKJIUBUX TMOJATBIINX J10-
omnpaiioBanHax kputepiiB piarnoctuxu [1K. Tomy,
Ha Hanty 1yMKy, icayBanHsa NIFTP moske cratu no-
JTATKOBUM CTUMYJIOM JIJIsT IIUTOJIOTIYHOI CHIJIbHOTH
JI0 po3pobKM i 3armpoBaykents Kiaacubikarmii [TK,
sIKa TPYHTYETHCS HA IMTUTOMOPMOJIOTIYHNX Ta iMy-
HOIUTOXIMIYHUX KPUTEPISIX OIIHKA PU3UKY MeTa-
crazyBaHHs. | MOKJIMBO KOJUCH Y MallOyTHHOMY B
VI kareropii Bethesda 3’stBisithest migkmacu 11K i3
BUCOKUM Ta, MOKIUBO, [IK i3 HU3BKUM pU3UKOM
arpecuBHOI TIOBE/IIHKH.
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NIFTP - noninvasive follicular thyroid neoplasm with
papillary-like nuclear features

The current state of the issue regarding
preoperative differential diagnosis of
noninvasive follicular thyroid neoplasm with
papillary-like nuclear features

K.V. Chumak
State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. The identification of noninvasive follicular thyroid neo-
plasm with papillary-like nuclear features (NIFTP) as a separate tumor
category in 2016 caused a significant resonance in the cytological
community and became the impetus for numerous discussions
about the need to review approaches to cytological diagnostics of
papillary thyroid carcinoma to prevent overdiagnosis.

NIFTP account for approximately 6% of all cases of papillary thy-
roid carcinoma, in particular, in Europe this figure is about 10%,
while in Asia it is only 2%. Most studies on the behavior of NIFTP
indicate the absence of metastasis in patients with these tumors.
Because such tumors meet the cytomorphological criteria for pap-
illary carcinoma, there is a reasonable concern, that they may be
assigned to Bethesda category VI, which, in turn, can lead to the
use of more aggressive treatment options than would be appropri-
ate in such cases. Almost 9 years after the introduction of NIFTP,

these tumors still remain a gray area in the preoperative diagnosis
of thyroid gland nodules. To date, there are still no tools for reli-
able differential diagnosis of NIFTP before the histopathological
report is obtained. This uncertainty poses a serious challenge to
cytomorphologists and physicians. The literature review aims to
reveal the current state of the problem for preoperative diagno-
sis of NIFTP, analyze the possibility of differentiating NIFTP based
on their ultrasonographic, cytomorphological and molecular
characteristics, and consider possible ways to solve the problem
of NIFTP in preoperative diagnosis.

Keywords: noninvasive follicular thyroid neoplasm with papillary-
like nuclear features, papillary thyroid carcinoma.
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MaTu Pi3HI NPUYUHK, cepefl AKNX € reHeTYHI. HannowvpeHiwoto reHetnyHoto npudurHoto HXITIT € BTpata ginankm q11(22q11)
22-10 XPOMOCOMOIO, LLIO MPW3BOAMTL [0 rinonnasii npuimTonodioHyx 3ano3. CuHapom 2211 BinoMuiA Takox Ak cuHapom [i
xopmxi (DGS). AkpoHim «CATCH 22» Bkasye Ha N'ATb KniHiuHKx npossis DGS: Cardiac — cepuesi Bagy; Abnormal facies — auc-
mopdia 0banuus; Thymic hypoplasia — rinonnasia umyca; Cleft palate — po3iiennenHa nigHebiHHA; Hypocalciemia — rinokanbLyi-
emia (TK). fiarHocTrka DGS mose byTv cknagHoto Yepes Bapiauii deHoTvnie. DGS nigo3ptoioTb 3a HaABHOCTI Xoua b OAHiEl 03Ha-
ki CATCH22, monekynapHO-reHeTUYHi MeToau NiATBEPAXYIOTb UK CMPOCTOBYIOTb AjiarHo3. Y nybikauii HaBefeHo ABa BUNAAKN
HXIT y popocnux ocib, Aki He Bynan CBOeYacHO AiarHOCTOBaHI. B 060x Bunaakax MK npu 3HWKEHHI PiBHA NapaTMPEOiAHOro
ropmoHy 6e3 xipypriuHoro aHamHe3y Bkasye Ha HXTTIT. 3aBaaKm aHani3y NoCNiAOBHOCTI HYKNEOTVAIB Ta TECTYBAHHA WOAO Ae-
nevujii/pynnikauii naxeni 3 2211 rexis y Bunagky N1 ineHTdikoBaHo natoreHHi BapiaHTu B 3 reHax: TBX1 (acouiioBaHwii 3 aBTo-
COMHO-foMiHaHTHIM DGS); LZTR1 (acouioBaHuin 3 aBBTOCOMHO-AOMIHAHTHIM LUBAHHOMATO30M i @BTOCOMHO-AOMIHAHTHIM Ta
ABTOCOMHO-peLiecuBHIM crHApomom HyHaH); CLCNT (acouiiioBaHuii 3 aBTOCOMHO-OMIHAHTHOIO Ta PELIECUBHOK BPOAKEHOK
MioToHieto). OcobnueicTio Bnaaky Ne1 € noegHarHa DGS Ta xBopobu pelisca. He 3Baxatoum Ha pisHy etionorito HXITIT (y
BunaaKy N1 BiH € yactuHoto DGS, a y Bunaaky N2 eTionorito BCTaHOBWTY Lie He BAAnocs), B 06ox Brnaakax HC BuABMAN i3 3a-
Ni3HEeHHAM Ta TPMBANWIA Yac NikyBany HeedeKTVBHO. 3aCToCyBaHHA KanbumTpiony [1,25(0H)2D3], aktusHOi popmu BitamiHy D3
B I03yBaHHi 1,25 mKr/no6y (Bunagok Ne1) ta 1,75 mkr/no6y (Bunanok Ne2) 36inbluimno pieHi Kanblito, 3MeHww 1o cumnromu HC,
KniouoBi cnoBa: Hexipypriunni rinonapatupeos; CATCH 22; 22q11.2 geneuinHnii cuHapoM; nos'asanuni i3 TBXT curapom [i
[xopmxi; nos'A3anwid i3 LZTR1 weaHHoMaTo3; nos'a3aHa 3 CLCN1 mioToHis; xBopoba [pelisca; YopHobunb.

© 0.0. 0xumyyk, f0.B. Pabosa, T.0. KonecHik, 0.0. ®edaw-KipcaHos, B.A. Makaperko, M.JJ. Xanareom
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I'TIT xapakTepu3y€eThcsd HU3BKUM PiBHEM KaJlb-
11if0 B 11J1a3Mi KPOBi Ta HU3bKUM PiBHEM apaTrop-
MOHY, a TaKOXX BHUCOKHUM piBHeM ocdary. Haii-
6isbin omupenoto puuntoio [TIT € onepartist Ha
mui [1]. HXTTIT mosxe maTu pisHi IpU4YuHU, cepe;y
SAKUX € TEHEeTUYHI TOPYIlIeHHsd, aBTOIMYHHI 3aXBO-
pIOBaHHSA, pafiallis, iHO/i capKoi03, HAKOTTUYEHHS
3ajiza (remoxpomaTos) abo migi (xBopoba Binbco-
Ha). HalmommpeHinomo reHeTuIHOI0 TPUINHOIO
HXTTIT € peneris (BTpaTa) 22-10 XpOMOCOMOIO J1i-
gauakn q11 (22q11), mo npusBOAUTH 10 TiMoIIasii
HPUIIMTONOAIOHNX 327103 [2].

Cunnpom 22q11 Bimomwmii takox sk DGS. Y
1965-1968 poxax Angelo DiGeorge ommcaB Bu-
MaJIKu BificyTHOCTI TuMyca B moennanni 3 HXTTIT
y KiIbKOX aiTeit [3, 4]. MonekyagpHO-reHeTnIHa
ocuoBa DGS omnmcana miznime [5]. Curzapom fe-
sertii 22q11 (22q11 DS) B kuiniti Gisbine BigoMuit
came 111 HazBoo DGS, ajie icHYIOTb i iHIIT OTO
Ha3Bu: Bejokapaiodamiamsuuii cunapom (VCFES);
Shprintzen-cunapowm; kapaiodariaabHU CHHIPOM
Cayler; cunapom Takao Ta CATCH-22. Ile onun i3
HAUMOMIUPEHIINX TeHETUYHUX CUH/IPOMIB, 3 OIliH-
kamu normuperocti 1:3000 oci6. Beakaiors, 110 re-
HU-MOAMUDIKATOPH CIPUAIOTH BapiabeJbHOCTI 10TO
(erorumy. Cepesr TpoOsABIB BPOKEHI Baii PO3BUT-
Ky cepii, imyHonedinur, I'K, Besodapunreanpra
(miHe6iHHO-TJIOTKOBA) HEIOCTATHICTh, 3aTPUMKA
PO3BUTKY, KOTHITUBHI TOPYIIEHHS, MCUXiaTPUYHI
po3JIajiu Ta XapakrepHi pricu o0snaust [6].

Axponim «CATCH 22» Bkagye Ha WATb KJIi-
Hivnux nposBie DGS: Cardiac — cepiieBi Bajiu;
Abnormal facies — mucmopdisi obmmyust; Thymic
hypoplasia — rinoruiasist Tumyca; Cleft palate — pos-
menyiennst mianebinnsa; Hypocalciemia — T'K. Ha-
3Ba CATCH22 Bincumnae 10 0MHOMMEHHOTO POMaHY
«Catch 22» (ITactka 22) mucbmennuka /[;xozeda
Tennepa [7]. Ha Bigminy BiJi XyZI0:KHBOTO TBOPY les-
sepa [8], B skomy Bubip nndpu 22 BKasye Ha mapa-
JIOKC, 1[0 CUMBOJTI3Y€E abCypHICTh GIOPOKPATHYHUX
CUCTeM, Jie JIIOAIM He MOXYTb PO3B’S3aTH CBOI IIPO-
6J1eM¥ Yepes3 HEermoC/IiI0BHI TIPaBUJIa, He MaB CIOJKET-
HOI TpwB’g3ky, KiaiHiuamil akporiM «CATCH 22»
Harajiye 1po yHIKo/KeHH XpOMOcoMU 22.

Jiarnoctuka DGS moske OyTH BasKKOIO depes
Bapiatii denoTuiB Mix Joxsmu. Voro mizospio-
I0Th Y HAI[E€HTIB 3 OHUM a00 KiJIbKOMa O3HaKaMu
CATCH22. ¥ 1mux BATaKax JiarHO3 MiITBEPIKY-
€TBCS CIIOCTEPEKEHHSIM 3a JIeJIETIEI0 YaCTUHU JI0B-
roro ieda (q) xpomocomu 22, periony 1, cmyru 1,
cyoemyru 2. TeHeTHYHUI aHasi3 3a3BWYail BUKO-

HYETHCS 3a JOMOMOTOI0 (hJIyOPeCIeHTHOI ribpun-
zarii in situ (FISH), aka 3natHa BUSABISATA MiKPO-
JleJiellii, SKUX He BPaXOBY€E CTaH/lapTHE KapioTUITy-
BaHHs. Cy4acHIIIUM MeTO/IOM aHai3y € KiJIbKicHa
noiMepasna yaniorosa peakiiis (QPCR), sxa mae
Kinbka mepesar BignocHo FISH [9, 10].

Hagsuicth anHamMHe3y orepailii Ha mui 3a-
3BUYA JIOMIOMAra€ CBOEYACHIM JIArHOCTHUIN TIic-
asionteparntiiinoro I'TIT (E 89.2 Postprocedural
hypoparathyroidism 3a MKX 10) y martienris i3
cumntomamu Ta o3nakamu I'K. Y BiTunsngniit mi-
Teparypi Oyiu TPYHTOBHI myOsikarii momo i€l
narostorii [11, 12], ane BizcyTHiCTb Xipypriuno-
ro aHaMmHe3y, K CBI[YMTb ITOTOYHA J[iarHOCTHYHA
[paKTHUKa, MPU3BOAUTH 0 XMOHOI Ta 3aIi3HiIol
miarnoctuku Ixionatwunoro I'TIT — Idiopathic
hypoparathyroidism (E 20.0) a6o Iumioro TTIT —
Other hypoparathyroidism (E 20.8) 3a i€io x kia-
cudikamiero MKX 10.

Y ny6uikanii My HaBOAMMO JiBa KJIIHIYHUX BU-
nagku HXTTIT, ski He 6yJu KOPEKTHO AiarHOCTO-
BaHi Ta gKi IOBrUii 4yac He OTPUMYBAJIU a/IeKBATHO-
IO JiKyBaHHS.

IrdopmoBaHa 3roja maImieHTiB Ha yOJIiKaIliio
Pe3yJIBTaTIB iX JIOCI/IPKEHb OTPUMAaHA.

Koiniuanii Bunagok Nei

Y xBiTHI 2024 poKy 10 KOHCYJBTATUBHOI MOJi-
kiiniku /Y «Inctutyr enpokpunosiorii Ta oOMiHy
pevoBuH im. B.II. Komicapeaka HAMH ¥Ykpainun»
3BepHyJiach 23-pivuHa malieHTka A., €éBpOINeoiHol
pacu, sika TTPOKUBAE 3 MATIP'T0 B HEBEJTMKOMY MIiCTi
B KuiBcokiit o6acti. Cumirromu: emientudopMHi
HamaJiv 3 TeHepasTi30BaHUMU CylOMaMU, BTPATOIO
CBIZIOMOCTi Ta TIaM’SITi TIPO MTOYATOK HAIamy, KicT-
KOBUMU OOJIIMH Y BEPXHIX Ta HIKHIX KiHIIIBKax,
y IUAHOMY Ta B TOIEPEKOBOMY BijIilax XxpeOrTa
[pU TPUBATIOMY TiepeOyBaHHI B TOPU30HTAIHLHOMY
MOJIOKEHH], BITIYTTS TPICKOTY B KiCTKaX CTOII, CU-
METPUYHUI TPEMOp PYK Y CIOKOIO, TTPOTPecUBHE
TIOTIPIIEHHs 30DpYy, MPUIIBUJIIEHHS TyJIbCy, Hara-
JI CMHKOIIE Ta 3allaMOPOYEHHS B CIIOKOI0, OOJIi B
CKPOHEBIiH fiygHIli Tos0BU. OKPIM 1[bOTO MAIIEHT-
Ka CKapKuJach Ha 3HUKEHHS TOCTPOTH 30DPY, 3MEH-
MIeHHs 3pocTy, Aedopmartii (asanr maabiliB CTOI
Ta HEMOJKJIMBICTb BiUyBaTW 3allaXxd — aHOCMIIO.
Takosx Biamivae ciabKicTh Ta yacti emizoau ['PBIL
¥ 2020, 2021 i 2022 pokax ta B ceprni 2024 poxy
xBopisa Ha COVID-19.

Hapoaunach naiienTKa B pe3yabraTi repeadac-
HUX TI0JIOTiB Ha 8 micsrli recrartii. ¥ 5 MicsiliB 3a-
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KRiHiYH1I BUNagoK

XBOPiJIa Ha Kip, TS 90T0 1Movaja BijfictaBaT y (i-
3UYHOMY PO3BUTKY. 3 5 POKIB — CUMIITOMHU TIapec-
Te3iil KiHMiBok. 3 10 pokiB momiveHo dartiaabHniz
nucmopdism. Ilepmmii emisenTudopMHEUN Harasn
tpanuBca y 2014 poriii: omucaHi TOHIKO-KJIOHIYHI
Cy/IOMU, 4epe3 10 MallieHTKa BIEpIle TOTparmia
70 peaHimarliii. 3 TOro K POKy IlepeBe/ieHa Ha iH-
UBIilyaibHe HaBUYAHHS BIOMa 4epe3 MOCTYMAIbHI
CHMIITOMH XBOPOOXL.

22.08.2023 poky BusiBJieHi JiabopaTOpHi O3Ha-
KM  TUPEOTOKCUKO3Y:  TUPEOTPOITHUM  TOPMOH
(TTT)-0,007MMO /M (HopMa0,27-4,20)MmkMO /
mn); T, Bimbnmii — 32,29 nmons/n (nopma 10,3-
24,5 nmosb/n); T, Binbunit — 11,25 1nmounb/n
(nopma 3,84-6,60 mMosb/1). 3a JAaHUMH YJIBTpa-
3BYKOBOTO JIOCJIIJIKEHHS MIUTOMOMIOHOI 3a1031 —
«O3HAKU XPOHIYHOTO aBTOIMYHHOTO THUPOIIUTY>,
06’eM — 16,1 cm®.

3 24.08.2023 poky 1o 01.09.2023 poky JaikyBa-
macst B YepHiriBebkiit obmacHiii JikapHi 3 OCHOB-
HUM JIiaTHO30M <«Au(y3HUN TOKCUIHUN 300»
(mpuiimasra tiamazosr 30 Mr Ha 100y 3 TOAATIBIITIM
3HIZKEHHSIM /1031). JIIKyBaHHS MO0 CYITyTHBOTO
3aXBOPIOBaHHS, siKe OYJI0 BUSHAUEHE SIK «BUPakeHa
comaTohopMHa BereTaTuBHA TUCHYHKITIS 3 JTieHIe-
(aJbHUMK KPU3aMU, TPUBOKHO-(POOGIYHUM CHH-
ZPOMOM, IHCOMHI€I0 Ha (DOHI AMCILIA3il CIIOTYIHOI
TKaHUHW», TPOBOIUIIOCA Y BiJIJIIJIEHH] IHTEHCUBHOI
teparii YepHiriBcbKoi 06/1acHOI JliKapHi.

[IpoTe ronoBHi cumnTomMu (HATAAU Cy/I0M, Tie-
pPIOIMYHO 3 BTPATOIO CBIJIOMOCTI) 3aJUMIAJUCT 1
MCTS JIKYBaHHS TUPEOTOKCUKO3Y TiaMa30JI0M, 10
SKOTO JI0JlaBajiucs TPaHKBijizaTopu (Tizasemnam,
Jiasernam), HOOTPOIHI 3acobu (IUTHKOJIH), aH-
TUJIETIPECAHTH  (€CIUTAIONPaM ), AHTUTICUXOTUKHU
(onanszarin). Takox cepesl MEIMKaMEHTIB, 1110 OYJIH
TOJIi 3aCTOCOBAaHI, BKa3aHi /leKcaMeTa3oH, cyabdar
Marfifo Ta TIIOKOHAT KaJbIlii0. CAMHUM TTOKa3HU-
KOM CTaHIapTHOTO Oi0XIMIYHOTO aHATI3Y KPOBI, 10
Bi/Ipi3HSIBCS BiJl HOPMaJIbHUX 3HAa4Y€Hb, OYB PiBEHb
ioHizoBanoro kambilito — 0,94 mmomb/n1 (HOpMa
1,13-1,32 mmoub /1), PiBHi 3arambroro abo ckopu-
rOBaHOTO 3a aJbOYMIHOM KaJIbI[iI0 He IOC/IiIKYBa-
JIUCA.

Yepes BiJICYTHICTD [[iarHO3Y, 10 Mir 61 TIOSICHU-
TH GLJBIIICTh CUMIITOMIB, AiBYMHA TPUBAJIO Ta He3-
pe3yabTaTHO JiKyBajach ITiJi HATJSAI0OM HEBPOJO-
TiB II0/I0 BETeTO-CYJAMHHOI JUCTOHII Mi/[JIITKOBOTO
repiozy, eniJielnTHYHOIO CUHAPOMY, MiaCTEHIYHOTO
CUH/IPOMY Ta HaBiTh PO3CISTHOTO CKJepo3y. Eiek-
TpoeHntedanorpadiuHe I0CIKEHHsS He BUSBUJIO
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O3HaK erriJericii, mpore mamienTiti y 2024 pori 3a-
IIPOIIOHYBAJIH JIIKYBaHHS B [ICUXIaTPUYHII JTiKapHi.

Kapiosor miarHoctyBaB «aucMeTaboIiaHy Kap-
miomionarito, ibpo3 aopTaabHOTO KJIanaHa, Helo-
CTaTHICTh a0OPTAJIBHOTO Ta MITPAJTbHOIO KJAIaHiB
I ct., cunppom CLC, ceprieBy HemoctatnicTs [la 3i
36epesxenolo gpakiicio Bukumy (56%)». Bpaxosy-
1041 CKOpOoYeHHH inTepBairy PQ Ha esekTpokapio-
rpaMi Ta CHUMIITOMH IapOKCHU3MaJbHOI TaXiKapaii
MU MOKEMO ITi103pI0BaTU HAagBHICTh cuHIpomy Jla-
yna-Tanonra-Jlesina (Lown-Ganong-Levine synd-
rome) — OJ{HOTO 3 BH/iB MePeaYacHOr0 30yIKEHHS
NTyHOUKIB [13].

Enextpomiorpadist Bix 15.08.2023 poky: «uani
MOKYTb BKa3yBaTH Ha O3HAKU TillepTOHYCY B 3I'U-
Hayax CTOII, HaJICerMeHTapHOl aKTUBHOCTI, aKCOHO-
maTii MpaBOro MaJIOTOMIJTKOBOTO HepBa 31 3HUKEH-
HSIM CKOPOTJIMBOI 3/[aTHOCTI B po3riuHavax 10 65%,
3MiH y M's13ax 3a rcMeTabo iuyHO-ArCTPOdGIaHIM
THUIIOM 13 MiOTOHIYHUM KOMITOHEHTOM>.

[Iporsrom 2020-2024 pokiB marjienTka 4 pasu
nepeneca 3axpopiopanisg Ha COVID-19, mo 6ys
HiATBePKeH it Tab0PaTOPHO.

PoauHHUI aHaMHe3: y poandiB 3 OOKy marepi
noibHX cuMnToMiB He Oys0. barbko piBumHM, 32
KiJTbKa MICATIIB /10 11 HAPOJPKEHHS MPAIloBaB y 30H1
Yopuobuabebkoi AEC esakTuBaTOpoM IIiji vac
1epeby/I0BU 3aXMCHOI CIIOPY/IW, HUHI BIiJJOMOI SIK
«capkodary. 3a peKOMeH/IaIli€l0 TeHeTHKa 3aMOB-
JIeHE JIOCJIi/IPKeHHS MHOKMHHOT TeHeTUYHOT ITaHeTl.

02.05.2024 poky mnaiieHTKa MpeacTaBUIa pe-
3yJIBTATH AaHAJI3y MOCHIJIOBHOCTI HYKJIEOTH/IIB Ta
TeCTyBaHHS MIO/I0 Jlesellii/Aymikaiii maHesnai 3
2211 reniB, skuii OyB mpoBegeHMil J1aboPaTOPIEIO
Invitae 3aBasgKu 101TIOMO3i 6J1arOAIHHOTO (hOHLIY.

Mertoanusni fetaii TEHETUYHOTO JOCJIJIKEHHS:
reromua /IHK Gyna 36arauena miboBUMU [IiJIsTH-
KaM#, BUKOPUCTOBYIOUYH IIPOTOKOJI 3aCHOBAHUI Ha
ribpuamzanii. CexkBeHyBaHHs1 OyJIO IIPOBEIEHO 3
BukopucranugaM Texuosorii Illumina. Yei 1iaposi
perionu Masu HoKpuTTs Oinbine 50x. [IpounTysan-
ust (Reads) Gysim BupiBHsHI BifHOCHO pedeperc-
Horo renomy (GRCh37), i 3MiHu B mocJmi1oBHOCTI
Oysm imenTudikoBaHi Ta iHTEpHpPeTOBaHi B KOH-
TEKCTI OKPEeMUX KJIHIYHO BaroMuX TPACHKPHUIITIB
(2211 rewniB). 36arayenHs Ta aHai3 (HOKYCYBAIUCH
Ha KOIyBaJTbHUX MIJITHKAX i3 (hJIaHKYBATBHUMU T10-
CJTIIOBHOCTSAMU JIOBKMHOI0 20 01 Ta iHITUMU Peri-
OHAMHM, Bi/IOMUMHU CBOEIO KJIHIYHOIO 3HAYYILICTIO.
Exsonni MyTanii Ta agymiikarii 6yJo 1eTeKToBaHO
3a anroputmoM Invitae. Tenetnuni BapianTu Gynn
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noxani BinosigHo 10 Human Genome Variation

Society (HGVYS). CeksenyBatns 0yJ0 IIPOBEIEHO

B Invitae Corporation.
3rijHo 3 ipescTaBiaeHuM 3BiTom # RQ6089494

Biz 08.02.2024 poky ieHTH(hIKOBAHO:

e o/uH TmaroreHHuit BapiaHT y reni LZTRI.
LZTR1 acomifioBaHuii i3 aBTOCOMHO-TOMIHAHT-
HUM IHIBAHHOMATO30M 1 aBTOCOMHO-/JOMiHAHT-
HUM Ta aBTOCOMHO-PEIECUBHUM CHHIPOMOM
Hymnan;

e OAWH IMaTOTEHHUN BapiaHT ifeHTU(IKOBaHO B
reri TBX1. TBX1 acortifioBanutii i3 aBTOCOMHO-
nominantTauM DGS / BesoxapaiodartianbHIM
CUHIPOMOM;

® O/IMH TATOTEHHWUU BapiaHT i/leHTU(hiKOBAHO B
reri CLCN1. CLCN1 acomitfioBaHu# 3 aBTOCOM-
HO-/IOMiHAHTHOIO Ta PEIECUBHOIO BPOJKEHOIO
MiOTOHIEIO.

[Tix yac ornsany marientku A. y xBiTHi 2024 p.:
JacToTa CepIeBUX CKOpoueHb — 67 yi./XB, PUTM
npaBuiabHUM, aprepianbHuii Tuck — 110/90 mm
pT. cT., 3picT — 152 cm, Bara — 50 Kr, iHAEKC Macu
Tita — 21,6 kr/m? Criocrepiraerbest ApiOHUN cH-
MeTpuYHuil Tpemop pyk. IIpu orngai — BasbrycHi
nedopmaliii KoJiHHUX cyrao6iB Ta I 1recHOBUX
KICTOK, KyJbrac npu xozapOi. IlosutusHi o3Haku
XBocteka ta Tpycco. O3naku medopmartii ckesera
B I'PY/IHOMY Ta IUIHOMY Bi/UIi/I, BUMYIIEHE I10JI0-
JKEHHSI TOJIOBH.

O6smyys Herponopiiiiie, Tpodiab MPAMUI,
HVDKHS TPETHHA 00JIMYYst BUIOBKEHA, Ky T HUKHBOT
mesieny 361bIIeH I, HOCOTYOHI CKJIQJKU HATpy-
JKEeHi, He BUPaKeHi, Mi00piHa sSMKa 3rJIajKeHa,
HaBKOJIOPOTOBI M’s13U pi3ko Hampyskeni. Por Ha-
HiBBIZIKPUTHI, YepBOHA KaiiMa ryb cyxa, i3 Jrycou-
Kamu. Bigkpurrst pora oomeskere (~18 mm). Pyxu
HWKHBOI Iejien oOMesKeHi, mepiogudHo 00JIo-
ui. [TampmaTopHO JKyBasbHi, CKPOHEBI, TiAOOpPiHI
M’s13u HarpyskeHi, 60so4i. [IpruciHOK TOPOKHUHI
poTa ApiOHMIA, BY3/I€UKK BEPXHBOI Ta HIZKHBOI IyOn
— HopMa. SlcHa rinepeMoBaHi, JIOKaJbHO TillepTpo-
¢dosani, kpoBotouars. IligHebiHHSA roTUYHE. 3BY-
KeHHs Ta medopmailisi HUKHBOTO Ta BEPXHBOTO
3yOHUX PSIIiB 31 CKyIMYeHHSAM 3y0iB y (hpoHTATbHII
MIAHIN HAa HUKHIN mieseri. HocoBe quxanuga Bij-
cytHe. HazmipHo ckiajiena criipajib ByIIHOI Pako-
BuHU (puc. 1).

[TarfienTKa NpecTaBUIa Taki pe3yssraté Jabo-
PaTOPHUX JIOCJI/)KEHD: TTapaTUPEOi[HUI TOPMOH —
11,7 nr/mn (mopma — 14,7-69, nr/mim), kaab-
it 3arampauii — 1,64 mMmoub/n (Hopma — 2,15-

Puc. 1. lMauieHTKa A.
Fig. 1. Patient A.

2,6 mMmomib/n), Kasbliil ionizoBanuii — 0,87
MmoJib/a1 (Hopma — 1,16-1,32 mmoun/i). 11i mabo-
paropHi gani OGyJu OTpUMaHi Ha TJIi TPUIHMaHHS
1000 mr kapboHaty Kajblliio B kombiHamii 3 400
MO eprokanbimdepoay (2 tabaerku Kambiiii /13
Hikomen).

Ha mepmiomy BisuTi y KBiTHI namientii GyJia
Mpu3HaueHa TigpokcuabHa ¢dopma Bitaminy /13
(xasprmrpion 0,5 Mxr) 1 pas Ha 100y Ta Mpu3Haye-
HUI KOHTPOJIb PiBHIB Kasbllifo 3a 2 TvkHi. [1ix yac
JIPYTOro Bi3UTY MalliEHTKA BiIMITHJIA TTOKpAIlleHHI
CaMOIIOYYTTH Ta 3MEHIIIEHHS MMapecTe3iil, BHOUI Ha-
JIATOMBCS COH BHACJIIOK MOCTabJeHHsT Miasriii.
8.05.24 poky: kaublItiit 3arambauii — 2,09 MMOJIb/J1
(nopma 2,15-2,6 MMoJIb/J1), KaJibIlill iOHI30BaHUTT —
0,93 mmoub/n (Hopma 0,99-1,37 Mmmoutb /1), TOOTO
piBeHb KaJIbIliIo BCe 1€ 3aJUIIAEThCI 3HUAKEHUM.
PexomennoBane mifIBUIIEHHS 03U KaJIBIUTPIONY
110 1 MKr Ha 100Y.

3.07.24 poky piBeHb 3araJIbHOTO KaJIbBITIO TOCST
HOpMU — 2,34 MMOJIb/J1 (HOpMa 2,15-2,5 MMOJIb /1),
npote 21.08.24 poxy 3uusuBcs 10 2,14 mMmoJib/7n
(piBenb ionizoBanoi popmu — 1,14 mmosin /). o3y
KaJIbIUTPioy OyJI0 PEeKOMEHI0BAHO 30iIbIIMTH
110 1,25 MKr/m006y, ajie yepes BiACyTHICTD TabJIeTOK
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aJIeKBaTHOTO JI03YBaHHs BifOyI0Cs 301IbIIEHHS
10 1,5 Mrr/no6y. 02.09.24 poky piBeHb 3araJbHOTO
KaJIbI1i10 301/IBITUBCS BUIIE HOPMHU J10 2,79 MMOJTb /JT
(piBenb iomizoBanoi dopmu — m0 1,5 MMOJIB/ 7).
31.01.25 poxy TOuYHilIe K03yBaHHST KaJbIIUTPIOTY
1,25 MKr/mo0y 1aji0 MOKJIMBICTb HOPMaJi3yBaTh
piBeHb 3arajgbHOTO Kauibliifo: 2,19 Mmosb/a (HopMa
2,15-2,55 mmouib/ 1) (puc. 2).

(98]

o
n

(%)

© 1.64

© 0.87 T8

PiBeHb KabLlist, MMOJIB/II
Calcium level, mmol/L

0 E2SE. WEy 058 1 155" S [ TR 7 )

Jlo3a KalbIHTPIONa, MKT/ 100y
Calcitriol dose. pg/day

Puc. 2. PiBHi 3aranbHoro (BepxHa naHesb) Ta ioHi30BaHOTO (HMXKHA Na-
Henb) Kanblilo CMpOBATKM KPOBI Y MauieHTa A 3anexHo Big [060BOT
L0311 KanbUnTpiony.

Fig. 2. Total (top panel) and ionized (low panel) serum calcium levels
in patient A depending on the daily dose of calcitriol.

CuMnTOMU: TIPOIOBXKEHHS MiaJTil Ta CyIOM,
IIPOTE BijJl MOMEHTY JIIKyBaHHS He OYJI0 HOBTOPHIX
Hama/liB TOHIKO-KJOHIYHUX TEeHepPali30BaHUX CY-
JIOM 13 BTpaToIO cBigoMocTi. Bepyuu 10 yBaru 30e-
PEKEHHS JIeSIKUX CUMITTOMIB (C1a0KicTh, TPEMTiH-
Hs1, IPUCKOPEHE CepieOuTTsI) Ta aHAMHE3 THPEO-
Tokcukosy, 05.12.2024 poky pisennb TTI cranoBus
0,186 MkMO /M (1opma 0,27—4,20 M MO /M), a
piBenb antutisiia 10 perenropa TTT — 3,51 MO/x
(aopma <3,1 MO/x).

KoncraToBaHo TATIUIT TUPEOTOKCUKO3 B MEXKAX
xBopobu IpeiiBca, MOHOBJIEHO JIiIKYyBaHHS TiaMa30-
Jom (trposoar) 20 mr Ha 100y. 31.01.2025 poky Ha
TJI1 M ATPUMYBaIbHOI 1031 Tiama3zouy (5 Mr/100y):
piBeHb BisibHOTO TUpPOKcUHY — 1,02 Hr/mn (HopMa
0,92—-1,68 ur/nn); piseab TTI — 2,0 MkMO/ma
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(nopma 0,27-4,2 MM O /mir). CuMIITOMYU 3MEHIITN-
JIUCSI, ajie He 3HUKJIU.

TakuM umHOM, Ha JaHUI Yac eHTOKPUHOJIOTIY-
HUMHM giarHos3amMu sayuiiaiorbesd E20.8 «Ixmmin
rinomapatupeo3» Ta E05.0 «XBopoba IpeiiBcar.
bispm Tounoto knacudikariero I'TIT 3a MKX-10
y 1bomy Butaaky moske Oyt D82.1 «Cunapom Jli
JsKopmxis.

Pazom i3 tim, miksigaris 'K ta Tupeorokcu-
KO3y Ipu3Beja JI0 IPUIIMHEHHS BEeJIUKUX IIPU-
CTYIIIB CY/IOM i3 BTPATOIO CBiJIOMOCTI, ajie 3Ha4YHa
KIJIbKICTb CHMIITOMIB 3a/IMIIA€ThCs. BpaxoByoun
KJIHIYHI JlaHi Ta Pe3yJbraTv TeHeTUYHOTO J10CJi-
JUKEHHS, HEBPOIIATOJIOT BCTAaHOBUB aiarHo3: Q85.0
Heiipodibpomaros II tumy 3i mBaHHOMATO30M,
PO3BUTKOM KOMILIEKCHOTO PETIOHAPHOTO HGOJIBOBO-
r0 CHHIPOMY, HEBpO30moaiOHuii craH. JIikyBaHHs
3anIaeTbed cumnromatnynuM. Herpusane 3a-
CTOCYBaHHS TaballeHTUHY He JaI0 TIOKPAIleHHs Ta
6yJI0 IPU3YITHHEHE.

Kiiniyuwnii Bunagox Ne2

[Mamient bB., 9ooBik 55 POKiB, KuTeNb YKpai-
HU, €BPOIIEOI]], BIlepilie KOHCYJLTOBAHUN Y TI0JIi-
kuinini /1Y «IHCTUTYT eHIOKPUHOJIOTIT Ta 0OMiHYy
peuoBuH im. B.II. Komicapenka HAMH VYkpaiau»
13.11.2019 poky. CumnToMu: CyIOMHI HIPUCTYIIN
3 BTPaTOo0 CBigOMOCTI, 110 BinbyBatoThest 3 2016
pOKy npubs3Ho 4 pasu Ha pik. Y 2019 poui Bu-
sIBJICHI 3HUIKEHHS PiBHIB 3arajbHOrO Ta i0Hi30Ba-
Horo Kajbiio g0 1,4 mmons/n (1) i 0,7 mmosb/n
BIIMIOBIZTHO Ta MiABUINEHHS PiBHA (ocdopy 10
1,83 mmoub /1 (opma 0.8-1,45 MMOJTB/T), @ TAKOK
3HWKEHHS PiBHS MapaTUPeoiIHOrO TOPMOHY 32 Jla-
HUMHU 2-X pisHux Jgabopatopiit: 9,1 nr/mi (Hopma
15-65 nir/mur) i 5,5 nir/mut (nopma 18,5-88 ir/mur).

[MikaBuM € Te, IO Ti/T 9ac OTJSAY O3HAK XBOC-
Teka Ta Tpycco BusiBjieHo He Oyso. Takoxk He BuU-
SBJIEHO O3HAK cepleBUX Bajl Ta (alliaJbHOTO JHC-
Mopdismy. Ha yac koHcymbTallii mposoBKyBaIocs
JIKyBaHHS <elliJiercii» 3a J0IoMOrowo Kapbama-
serniny 100 Mr 1o/eHHO Ta IpUiiMaHHsa KapOoHa-
Ty KasbIiiio 500 mr 3 eprokanbiiudeposom 10 MKr
(«ocTeokop» 2 Karcysn) 6e3 3MEHIIEHHs] YaCTOTH
MIPUCTYIIIB YW HOPMAaJTi3allil PiBHS KaJIbIIifO.

Bceranosnenuii piarnos: E 20.0 Ixionatnanuii
I'TIT Ta nmpusHaveHe JiKyBaHHS MperiapaTaMmu Tifl-
POKCHITBOBAHOTO BiTaminy /J[3: asbgaraibiumos
nounHaoun 3 1 MKr Ha 700y abo KaJbIUTPios 3
0,5 Mkr Ha 100y B MOEAHAHHI 3 IUTPATOM Kallb-
1ito (3 tabserku a6o 600 Mr aTOMapHOTO KaJbIlilo
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Ha 100y ). [Ipuiimants kapbamaseriHy CKacoOBaHO.
Bxe 10.01.2020 poky mHa TJi TpUMaHHS 2 MKT
amb(aKadbIU0Ny Ta KaJIBIIUTPIONIY TIOBIIOMUB
npo ToKpamieHHss — He Oyiao cumntomiB 'K Tta
BTPAT CBIZIOMOCTI, TPOTE OCSTHYTH HOPMOKAJIBITi-
€Mil B/IaJIocs JIUIIIE TiCJd Mepexoly Ha TMpuilMaH-
HS KaJbIATPIOJNy, MOTOYHA /103a SIKOTO CTAHOBUTD
1,75 mxr (puc. 3).

rJ
¥

o115

® 093 0.95

PiBeHb KalbIlisi, MMOJIB/II
Calcium level, mmol/L

07 025 05 075 1 E25 1.8 IS
Jlo3a KanbOHTPioNa, MKT/T0GY
Calcitriol dose. pg/day

Puc. 3. PigHi 3aranbHoro (BepxHa naHenb) Ta iOHI30BAHOMO (HWKHA
naHesNb) KanbLiilo CMPOBATKM KPOBI y NallieHTa A 3aneXHo Bif 1o60Boi
L1031 Kanbymntpiony.

Fig. 3. Total (top panel) and ionized (low panel) serum calcium levels
in patient A depending on the daily dose of calcitriol.

3a Maiike 5 OCTaHHIX POKIB CIIOCTEPEKEHHS
B maifieHta He OyJIO JKOJHOTO MPHUCTYIy 3 BTpa-
TOIO0 cBiomocTi uu cyzgomamu. Ilomyku npuynnm
HXTTIT y narienTta moku 1o He 3aBepllieHi: 03HaK
aBTOIMYHHOT'O TOJITJIAHYISIPHOTO cUHpomy 1 TH-
my, 110 Moske 6ytu npuunnoo I'TIT ta T'K [14] ne
BUsABJIEHO. Takoxk He BUsABJEHO i mesernii D22S75
(periony /li Isxopmxn) merogom FISH. TIposoau-
i nonyk DGS iHmmMMy MeTozilaMu He cTajiu, Bpa-
XOBYIOUHM BiJICYTHICTh THITUX HOTO 03HAK, TAKUX 5K
Kap/iomnaris ta damianbuuii gucmopdism. Pentre-
Hostoriuno (MCKT y 2024 p.) B mapenximi 060X Jie-
reHb BUSBJICHI HeBEJIMKI (710 7 MM) COJII/IHI BY3JI0Bi
yTBOpeHHs. Ha 1ieit yac mponoBkyeThes crioctepe-
JKEHHS 1110710 JIarHOCTUKU MOJKJINBOTIO CapKOiZ03y
Jierenb, sikuii Moske 6ytn npuunnoto HXTTIT [15].

Oo6roBopenHst
B 000x KJIiHIYHMX BHUIAAKAX y AOPOCIHUX OCIO
HasIBHUHN TPUBAJIWI aHAMHE3 CUMITTOMIB Ta O3HAK

['TIT (TK npu 3HUKEHH] PiBHS TapaTropMoHy ) 6e3
aHamMHe3y XipypriyHUX ollepalliii Ha opraHax Iiui,
IO /IO3BOJISIE TIOEJHATU Ii BUTIAJKUA B KaTeTropil
HXTTIT. ¥V namienta b. Bugsieno miaBuiieHHsd
piBHS docdopy B cupoBaTili KpPoOBi, MO TAaKOX €
xapaktepuum g [TIT [1]. He 3Baxkaiouu Ha pi3-
ny etiozorito I'TIT (y Bunaaky Nel BiH € cknaanu-
koM DGS, a y Bumazgky Ne2 eTioJiorito 3HMKEHHS
GyHKINT mapamuTonofiHuX 3a103 BCTAHOBUTH
e He Bhajocd, B 00ox Bumaakax I'K Bugsuam i3
3alli3HeHHSAM Ta JiKyBaju HeedeKTHUBHO, TaKOX
IIPOBOAMIN TPUBAJIE He IMOTPiOHe JIKyBaHHS erli-
sencii. Hespaste jikyBaHHs TiniepKaibIiieMii B 000X
BUTIA/IKaX, OYEBUIHO, TIOB'3aHe 3 BUKOPUCTAHHIM
HET1IPOKCUIbOBAaHOTO BiTaminy D3 (eproxasbiiu-
depon), axkuit He cipomoskHU nporuaisitu [TIT.
HaromicTb npusHaueHHs Ta TOCTYTIOBE 301/bIIeH-
Hs 1000Boi 031 KasbiuTpioay [1,25 (OH)2 D3],
aktuBHOI (hopmu Bitaminy D3, mo 1,25 mMxr/moby
(Bumamox Nel) ta 1,75 Mkr/mo0y (Bumamox Ne2)
HOPMaJi3yBajo PiBHI KasbIlito, 3MEHIIUIO CUMII-
TOMU TAIIEHTKU A Ta JIKBijyBaso ix y marienta b
(puc. 21 puc. 3).

36epeKeHHsT YaCTUHU CHMITOMIB Y TAIli€HT-
K A. MOXHA BiTHECTH /10 TIPOSIBIB IIBAHHOMATO-
3y, Ha HasABHICTb SIKOTO BKAa3y€ TEHETWYHE JIOCJIi-
JUKEHHS, 1110 BUSIBUJIO TTATOTEHHWI BapiaHT y TeHi
LZTR1. HeBpoJoriuni mposiBu 1OB’SI3aHOTO 3 Te-
HoM LZTR1 mBaHHOMaTO3y MOXYTh OYTH JOCHUTH
pisHOMaHITHUME Ta BKIoYaT: 1. XpoHidHUI OiJIb:
JacTO TIOB’I3aHWH 31 MTBAHHOMAaMH, 110 TUCHYTH HA
nepudepruni Hepsu. 2. OHiMIHHSA ab0 cl1abKicTh:
I[i CUMITOMM BUHUKAIOTb, KOJU IyXJWHU CTUCKA-
I0Th HEPBHU, BILIMBAIOYM HA PYXOBi abo ceHCOpHi
dynxkiii. 3. /[3BiH y Byxax: MOKe BUHUKHYTH, SIKIIIO
MyXJMHU BPaskaloTh cIyxoBi Hepsu. 4. [IpoGiaemu
3 pIBHOBATrOIO: 3aJI€;KHO BiJ TOTO, /e PO3TaIOBaHi
MyXJINHU, BOHU MOKYTb BIUIMBATH HA BECTUOYJISIP-
HUIl amapart, 10 MPU3BOAUTH /10 3allaMOPOYEHHS
abo HekoopauHOBaHUX pyxiB [16]. Bei 1i cumirto-
MU HAaABHI B HAIICHTKN A.

Hocmimxennsa Ta JiKyBaHHS ITi€l TTaTOJIOTII € Ha-
ITUM TIOTOYHUM 3aBJAHHAM, 715 3[I1HCHEHHS SIKOTO
MU PO3PAXOBYEMO Ha romoMory HeBposoris. [lle
oHi€0 ocobsmBicTIO Bumaaky Nel € moexHaHHS
DGS i3 xBopoboio Ipeiica. ITocinabieHHs: iMyH-
HOI cucTemn depe3 noB'g3any 3 DGS rinomnmasiio
TUMyCa MO’Ke TOSICHIOBAaTH He JIUIIe CXUJIbHICTD
1o iHdexIii, a i gedinuT aeskux CyOTOmy At
T-nimMmbonutis, SKK TaBHO MOB’A3YI0Th i3 PO3BUT-
KoM xBopoOu Ipeiica [17]. [lani AMOHCHKHUX aB-

75

VERTE }



ISSN 1680-1466" EHAOKPMHOJIOT A" 2025, TOM 30, Ne 1

KRiHiYH1I BUNagoK

TOpIiB cBiyath mpo Te, 1o PD-1-nosutusni CD4+
i CD8+ T-guituan ta T-reg wiituau Moriam OyTh
MTOB’sI3aHi 3 aBTOIMYHITETOM B OITMCAHOTO HUMU TTalli-
enta 3 DGS, yexkmaanennm xBopo6oio Ipeiisca [ 18].

Bucnosknu

1. TinokasibIieMis Bee e HeoCTaTHbO CBOCYACHO
JIarHOCTYEThC, 110 IIPU3BOAUTD 10 XUOHOTO JIi-
KyBaHHSI BiJICYyTHBOI eImijierncii.

2. JlikyBaHHS TiOKaJbITIEMI], 110 BUKJIUKaHA Tillo-
apaTHpeo3oM, MoTpedye 3acTOCYBaHHST aKTUB-
Ho1 hopmu Bitaminy D3.

3. Hexipypriunuii rinomaparupeos moxe OyTH
eJIEeMEeHTOM KOMILJIEKCHOTO TeHEeTHYHOrO CHH-
apomy /Jli JIop/pki, o Moske OyTH [iarHOCTO-
BaHU# B YKpaiHi.

4. 36epekeHHsT YACTUHM  HEBPOJOTIYHMUX  Ta
M SI30BUX CUMIITOMIB ITiCJIsI JIIKBifarii rinokasib-
miemii B marieHTiB i3 cuagapomom /li /[xxopxi
MOKe BKa3yBaTU Ha yPKEHHS KiJIbKOX I'eHiB Ta
oTpeby€ MUPIIOr0 TEHETUYIHOTO OCTJITKEHHSI.
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Cnmcok ckopoyeHb

T'K - rinoxasnbiieMig

I'TIT - rimomapaTupeos

HXTTIT — nexipypriunnii rimonaparupeo3

TTT — TupeoTporHIl TOPMOH

DGS - cunapom i [Ixxopmski (DiGeorge syndrome)

Two Cases of Late-Diagnosed Non-Surgical
Hypoparathyroidism
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Abstract. Hypoparathyroidism is characterized by low parathyroid
hormone levels, low calcium levels, and high phosphate levels in
the blood. The most common cause is neck surgery. Non-surgical
hypoparathyroidism (Ns-HypoPT) can have various causes, includ-
ing genetic ones. The most common genetic cause of Ns-HypoPT
is the loss of the q11 region (22g11) on chromosome 22, which
results in hypoplasia of the parathyroid glands. 22g11 syndrome
is also known as DiGeorge syndrome (DGS). The acronym «CATCH
22» refers to the five clinical manifestations of DGS: Cardiac defects;
Abnormal facies - facial dysmorphia; Thymic hypoplasia; Cleft pal-
ate; Hypocalciemia (HC). Diagnosis of DGS can be complicated due
to the phenotype variation. DGS is suspected in the presence of
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at least one CATCH22 sign, molecular genetic methods confirm or
refute the diagnosis. The publication presents two cases of Ns-
HypoPT in adults who were not diagnosed in a timely manner. In
both cases, HC with a decrease in PTH levels without a surgical his-
tory indicates Ns-HypoPT. Using nucleotide sequence analysis and
deletion/duplication testing of a panel of 2,211 genes in case Ne1,
pathogenic variants were identified in three genes: TBX1 (associated
with autosomal dominant DGS); LZTR1 (associated with autosomal
dominant schwannomatosis and autosomal dominant and autoso-
mal recessive Noonan syndrome); CLCN1 (associated with autoso-
mal dominant and recessive congenital myotonia). Case 1 is char-
acterized by the combination of DGS and Graves' disease. Despite
the different etiology of Ns-HypoPT (in case 1 it is a component of
DGS, and in case 2 the etiology has not yet been established), in
both cases HC was detected late and was treated ineffectively for a
long time. The use of calcitriol [1,25 (OH)2 D3], the active form of vi-
tamin D3, at a dosage of 1.25 pg/day (case 1) and 1.75 pg/day (case
2) increased calcium levels and reduced HC symptoms.

Keywords: non-surgical hypoparathyroidism, CATCH 22, 22q11.2
deletion syndrome, TBX1-related DiGeorge syndrome, LZTR1-re-
lated schwannomatosis, CLCN1-related myotonia, Graves' disease;
Chornobyl.
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XPOHONOriA BUKOHAHHA o,
Ta NePCNeKTUBI YKPATHCbKO- o repesons

AMepMHaHCbHOFO 10.A. fineHko
TupeoigHoro lpoekty

LY «IHcTUTYT eHpoKpuHonorii Ta 0bmiHy peyoBuH im. B.MN. KomicapeHka HAMH YkpaiHu»

Pe3stome. BHacnigok aBapii Ha YopHoOMNbCbKil aTomHil enekTpocTaHuii (MAEC) 3HauHa KinbKicTb PafioakTUBHIX PEUOBHH
noTpaniaa B HaBKOMMIIHE cepejoByLe. PafioakTBHi i30Tonu ogdy, nepesaxHo "'l CTanu 0CHOBHMM 1030y TBOPIOBANIBHUM
aKTOpoM ANA HaceneHHs, 0cobnyBo AiTel Ta NiANITKIB. [Ina BUBYEHHS BifaneHnx HaCmifKiB ONPOMIHEHHA B PaHHbOMY BiLli
B pamKax KMachyHoro npocneKTMBHOMO KOropTHOrO AOCHIAKEHHS 3a CniBpobiTHULTBA [1Y «IHCTUTYT eHAoKprUHONOri Ta 06-
MiHy peyosuH im. B.MN. KomicapeHka HAMH Ykpainw» (IEOP, YkpaiHa) Ta HauioHansHoro iHcTutyTy paky CLUA (National Cancer
Institute, NCI, USA) 6ynu cteopeHi asi koropi. OcHoBHa YKpAM KoropTa (AiTv Ta nianiTki Ha MOMeHT aBapii) byna chopmoBa-
Ha B 1998-2000 pokax. In Utero YKpAm KoropTa BktOYana ocib, onpomiHeHux B yTpobi maTepi (MpeHaTanbHo). Bneplue BoHa
byna obcTexeHa y 2002-2006 pokax. O61/BI KOropTW NPOAOBXKYIOTb CNOCTepiraTUCh NoHaf 25 Ta noHaa 20 pokis BiAMNOBIAHO.
Enigemionoriuxi MeToan CNoCcTepeXeHHA KOropT MIHAUCA B Yaci, NepIoAM akTUBHOTO CKPUHIHTY YepryBanuch i3 nepiogamm
NacMBHOrO UK KOMOIHOBAHOTO CMOCTEPEXeHHA UneHiB koropT. MeTa: onucaTyt XpoHonorio JoBroTprBanoro (20-27 pokis)
cnocTepexkeHHA 0cHOBHOT Ta In Utero YKpAM KoropT, aTh XapakTepucTuKy pisHyx enifemionoriynux npouenyp, obrpyHTy-
BaTU HEOOXIAHICTb MOAANbLIOTO CMOCTEPEXEHHA Ta BU3HAYUTW NPIOPUTETHI 3adayi AOCNIIKEHHA Ha nepcrekTysy. MaTepi-
an i metogu. 1poTArom nepiofy CNoCTepeXeHHA OCHOBHA KOTOPTa Mafa YOTUPM aKTUBHI CKPUHIHT 06CTeXeHHA 3a nepiof
1998-2008 pp., koropTa In Utero nicna nepuworo obctexerHa (2002-2006 pp.) y 2007-2008 pokax crnocTepiranach nacksHo.
3 2009 poKy CMOCTEPEXEHHA KOFOPT CUHXPOHI30BAHO. MaCUBHUIA CKPUHIHT 3AIMCHIOETbCA 3aBAAKM 06CTexeHHAM B IEOP Ta
cniBnpali (niHkenaxy 3anucis) i3 HauioHanbHYM KaHLep-peecTpoM YKpaiHW. HacTynHUI akTUBHWIA CKPUHIHT (M'ATIIA Ta Apy-
rui) 6yno 3gincHeHo y 2012-2015 pokax. [acuBHNIA CKPUHIHT KOTOPT CYNPOBOKYBABCA AMOrpadiuHNM aHKETYBaHHAM, O
[03BONANO OHOBWTU KOHTAKTHI [aHi, NeBHY MeauyHy iHGOpMaLilo Ta BiTafbHWA CTaTyC uneHiB koroptu. PesynbraTu. Y3a-
ranbHeHo pekoMeHpaLii kinbkox rpyn ekcnepris: Agenda for Research on Chornobyl Health (ARCH), Expert Group on Thyroid
Health Monitoring after Nuclear Accidents (TMNUC) Ta ekcneprtis HaykoBoro Komitety OOH 3 aii aTomHoi pagiauii (HKAAP OOH,
United Nations Scientific Committee on the Effects of Atomic Radiation, UNSCEAR) 110f0 akTyanbHYix pe3ynsTaTis Ta npiopute-
TiB ANA NePCNEeKTUBHUX MICNAYOPHOOUNBCHKMX AoChimxkeHb. OBrpyHTOBaHa HEOOXiHICTb NOAANBLIOTO CMOCTEPEXEHHS ABOX
YKPAM KOrOpT Ta BKa3aHi KOUOBI HAaNpAMKM MalibyTHIX fochipkeHb YKpAM [poekTy. BUCHOBKM. Ha OCHOBI GaraTopiyHux
cnocTepekeHb OCHOBHOI Ta In Utero YkpAm koropT (MoHag 25 Ta noHaz 20 pokiB) oTpuMaHi dyHAaMeHTanbHi pesynbTatit WoAo
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pYI3WKy paky WnTonogioHoi 3ano3u (LL3) ana ocib, onpomiHeHux y AuTAUOMY Billi un NpeHaTanbHo. [pofoBxeHHsA criocTepe-
XEHHA BKa3aHWX KoropT Ha nepiop 40-60 pokiB Nicna aBapil MOXe NPUHUMNOBO JONOBHUTA HAABHI 3HAHHA OO pagdialiiHoro
pri3vKy onpomiHeHHa "'y BinaaneHui nepiog Ta BAOCKOHANUTY NpoLedypy padialiiHoro 3axycTy AnA Halbinbll BPasnnBIX

TPYN HaCeNeHHA Ha BUNafoK AAEPHWX aBapin.

KniouoBi cnosa: YopHoOubcbKa aBapis, padioakTUBHI i30TONM MOAY, LUMTONOAIOHA 3311033, padiaLiHnii pusmk, pak L3, npo-
CNEeKTUBHE KOTOPTHE [OCIIKEHHA, YKPAIHCbKO-AMEPVKAHCHK TUPEOIAHNI [TDOEKT.

Asapig na HAEC 26 kBiTHsa 1986 poky 3ayuiia-
€ThCS HallMacCIITaOHIIIIOK TeXHOJIOTIYHOIO aBaPicio
Ha MiATPUEMCTBAX aTOMHOI eHepreTuku. Pasmioak-
TUBHI BUKU/IM 31 3pYITHOBAHOTO peakTopa Mpu3Be-
JIM JI0 3HAYHUX 3a0pyAHEHDb [IPUIETINX TEPUTOPIi
Yxpainu, binopycii Ta Pocii, Ta meBHOI0 Mipoio iH-
mwmx yactun €sporu. Koporkoxupyunii B! (nepi-
o/l HatiBpo3naay 8 nHiB) Ta noBro icnytouunit ¥ Cs
(nepion HamiBposmaay 30 poki) Oysu 0coOJUBO
BaroMuMu 7111 (popMyBaHHSA /103 PaialliiHOTO
OIPOMiIHEHHS, OTPUMAHUX HAaceJeHHIM Y Pi3Hi T1e-
pioau vacy micss asapii. !l npusBoauB 10 3HAY-
Horo onpominenHs I3 micieBux KuTemiB Yepes
IHTAJISIITO Ta CIIOKMBAHHS 3a0pPY/THEHNX XapIOBUX
MPOAYKTiB y TpaBHi-yepBHi 1986 poky. *’Cs craB
JIKepeJsioM 30BHINIHBOTO Ta BHYTPIIIIHLOTO OITPOMi-
HEHHSI Ha TpUBAJIUil yac micss aBapil. itu Ta nij-
JITKU CTajJu KPUTUYHOIO TPYTIOI0 HACEJeHHS, 110
OoTpUMaJia MakCUMasbHi 103U onpoMminenns 1113 B
panHill epioz aBapii [1, 2].

UYepes 4-5 pokiB miciist aBapii HayKoBIli YKpai-
Hu Ta Binopycii omy6sikyBasy maHi mpo apama-
TUYHe 3pocTaHHd uncaa Bunaakis paky 1113 cepen
JIMTSYOrO HaCeJeHHs B PerioHax, HalOJMKInX 10
YAEC [3-5]. e cTano nepeaymMoBOIO JIJisl PO3rop-
TaHHSI MIMPOKOMACIITAGHOTO JIOBTOTPUBAJIOTO aHa-
JITUYHOTO JIOCTipKeHHs pu3uky paky 113.

B:xe B mepi fiHi micJis aBapii po3nopsaKeHHAM
ypamy kosmmaboro Pangucebkoro Corody IEOP
OyB TPU3HAYEHWIT TOJIOBHOK YCTaHOBOK MO IIPO-
6aemi «IIluronoaibua 3a103a Ta paiiaiis», i BIpo-
noBsk mepmux 10 poxkis micas aBapii Ha HAEC B
TEOP 6y mizroroBani kBasicikoBani (axisiii Ta
HaKOIMYEHO CYTTEBUN JOCBiJl Y 1IbOMY HAIIPSIMKY.
Hayxosmi IEOP oxnnmu 3 nepimux Bkaszaim Ha ic-
ToTHe 30iLabInenHsd Bunaakis paky 1113 cepen mireit
y perionax, nabmkenux 10 YAEC [5].

BiamnosigHo 10 MeMopaHIyMy TIpO CIiBpOOGIT-
HUIITBO B Tayiy3i Oe3NeKu MUBIIbHUX SAEPHUX
peaktopiB Mixk CPCP Tta CIIA Bix 26 xBiTHA
1988 poxy ta Hotu [TocomscTBa Ykpainu B CIITA
Bzt 4 mororo 1994 poxy Ne 013-138 Oyira npuiiasita

Yroga mpo criBpoOITHUIITBO Mixk MiHicrepcTBOM
OXOPOHU 3/I0POB’sT YKpainu, AKaJeMi€io Meand-
HUX HayK YKpainu Ta /[enmapTaMeHTOM eHepreTuKu
CIITA Bix 10.05.1995 poky, sikoto 6yJio iepeabade-
HO BUKOHAHHS YKpaiHChbKO- AMepukanchkoro [Ipo-
exty «HaykoBa nmporpama focyipkeHHsI paky Ta iH-
KX 3aXBOPIOBaHb IIUTONOAIOHOI 321031 B YKpaiHi
nicsist aBapii Ha Yoprobuabebkiit AEC» (ITpoekr).

Jlo Bukonanus ITpoekrty Oy 3amydeHi mpoBij-
Hi YCTaHOBU JIBOX KPaiH. 3 aMepUKaHCbKOi CTOPOHU
— Hartionampauii incturyt paky CIITA (National
Cancer Institute, NCI, USA), 1110 BXoAUTb 710 CTPYK-
typu HartionassHoro incrutyty 3mopos’st (National
Institutes of Health, NIH), a Takosx Kosrym6iiichkmit
yuiBepcurer (Columbia University in the City of
New York). Bukonasiii 3 ykpaiHCbKOI CTOPOHU —
TEOP Ta Bijytinn mo3umerpii Ta pafiariiinoi ririenn
Y <«HarionasibHnii HAyKOBUI 1IEHTP Pajlialiiii-
HOI MeJuInHu, remartoJiorii Ta onkoJiorii HAMH
Ykpainu».

CnispauM — HakazoMm  MiHicTepcTBa  0XOpOHU
3/I0POB’sl YKpainu Ta Akajiemii MeIMIHUX HayK YKpa-
in gupexropoM IIpoexry Bix Yipainu OyJio nprsHa-
yeHo aupexktopa IEOP npodecopa Muxosy Tponb-
Ka, KUl Kepye BUKoHaHHsM [IpoexTy o Terepiri-
HBOTO Yacy. 3 aMEPUKAHCHKOI CTOPOHU KEPIBHUKAMU
ITpoexry tocigosro Gym: Bpioc Bakxosbir (Bruce
Wachholz) — 1995-1997 pp., Irop Macuuk (Thor
Masnyk) — 1997-2008 pp., Mopia Xara (Maureen
Hatch) — 2009-2010 pp., Kioxiko Mabyui (Kiyohiko
Mabuchi) — 2010-2018 pp. Ta Emnizaber Kaxyn
(Elisabeth Cahoon) — 2018 p. — noremnep.

OcnoBnoio metoio Ilpoekty € mpoBeneHns
IIUPOKOMACIITAOHUX eIliIeMioIOMYHIX Ta KJIiHi-
KO-MOP(OJIOTIUYHNUX IOCHI/IKEHDb JJIS BUSBJIECHHS
pisuux dopm narosorii 1113 B ocib, siki 6ysn ompo-
MiHEeHI PaJlioaKTUBHUM HOJIOM y Pe3yJibrati aBapii
Ha YAEC. HaykoBumu 3as1auaMu OBIrOTPUBAJIOTO
KOTOPTHOTO JIOCTIiKEHHs BUSHAUeHi HacTymHi [6]:
1) BUBUYEHHS B3AEMO3B'SI3KYy MiK OIMPOMIHEHHSIM

PaZlioaKTUBHUMU 130TONIAMU MOy Ta pPHU3U-

KOM po3BUTKY paky I1[3, 1o6posikicHux By3JIiB
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[I13, rinepTupeosy, rinoTupeosy, aBTOIMyHHOTO

TUPEOIJUTY Ta TileprapaTupeosy;

2) no6Gy10Ba KiJIbKiCHOT MOJIeJTi 3aJIeKHOCTI «/103a-
edexT»;

3) nmocnijpkeHHsT BITMBY MOJAUGiKy0Ounx (HakTo-
piB, 30KpeMa: €cTaTh, Bik HA MOMEHT aBapii, IIpo-
(dijakTUYHe NpUiiMaHHs Hoauay Kajiio 0eso-
cepesHbO TicJIs aBapii TomIo;

4) MoOpiBHSHHS BifiHOCHOI GiosoriuHOi edeKTuB-
HocTi ontpomirentst '] Ta 30BHIIIHBOTO peHTTe-
HiBCHKOTO i TaMMa-OIIPOMiHEHHS.

[Tepen mouatkoM akTUBHOI (ha3u AOCIIIPKEHHS
B 1995-1998 pokax OyJa mpoBejeHa 3HAYHA Tiji-
roroBya poboTa: Y3roKEHO AeTaJIbHIIA TIPOTOKOJ
[IpoekTy, cchopmoBano YHKITIOHAJIBHI T IPO3/TiJIN
(apminicTpallisi, TIEHTP KOOPAWHAIIII AaHUX, IIEHTP
0OpOOKM JTaHKX, eIriIeMioIoriuyHa rpyIia, KAiHiuHa
rpylia, TopMoHasibHa Jjaboparopisi, Jabopatopis
IUTOJIOTII, TaTtoMopdosioriuna tabopatopist Ta 10-
3MMEeTPUYHA Ipyma), Po3pobeHo omepaliiine Ke-
PIBHUIITBO 3 JIETAIHHUM OMUCOM KJIIOUOBUX IPO-
ey p AOCTIIKeHHS.

Ha Bcix eramax BUKOHAHHS JIOCJI/IKEHHS Tie-
penbavaiocst IpOBOIUTH KOHTPOJIb SIKOCTI 3 METOIO
3abesreyenHs 300py BUCOKOSKICHUX HaHux. Kiro-
4yoBi BUKOHaBIl [IpoexTy ycix miapo3aiiiB 1mpo-
WA JIBA HABYAJIbHI IUKJIN 32 METOAUKOK KOM-
nanii Westat Inc. (CIITA) ta oTpumasnu BiAMoBiiHI
ceptudikaTu.

3HAuHUIl BHECOK B OpPTraHi3alliio JOCITi/KeHHs,
PO3BUTOK BiIMOBiIHOT 1H(MPACTPYKTYpH, 3aCTOCY-
BaHHS YCIIIITHOTO JIOCBi/ly JIOBIOTPUBATIUX €Iijie-
MIOJIOTIYHUX TIPOTPaM y MiJATOTOBUYMH TTepioj Ta B
nepii poku peasisaiiii [TpoexTy BHec M cIiiBpobiT-
nukn Kosymbiiicekoro yaisepeurery [Ixeddpi P.
Xay (Dr. Geoftrey R. Howe) ta Jlixis 3abiorpka
(Dr. Lydia B. Zablotska).

CranmaptusoBaHa  Tporeaypa  OOCTEKeHHS
yuacHukiB [Ipoekty cknazanacst 3 peecrpaiiii, 3a-
6opy KpOBi /11 BU3HAYEHHSI BMICTY THPEOITHIX
TOPMOHIB, aHTUTIJI Ta I0HI30BaHOTO KaJIbIIii0, 300py
ceyi /17151 TIOJJaJIbIIIOTO BU3HAUEHHS PiBHS €KCKpelTii
oMy B cedi, majbliailii Ta yJIbTpasByKOBOTO 06CTe-
skernd 1113 crnemianictom Y31, a TaKoK Masblaliil
I13 i kAiHIYHOTO OOCTEKEHHS JIiKapeM-eHIO0KPH-
HoJstoroM. [Ipu BusBsIeHHI (32 JaHUMU YJIBTPA3BY-
KOBOT'O JIOCJIIKeHHs1 60 KOHCYJIBTallil JiKapsi-eH-
JIOKPUHOJIOTA) BIZIXUJIEHb Y CTaHi TUPEOiHOI CuC-
TeMU JIikap PEKOMEH/TyBaB TIPOBECTH [T YIaCHUKA
[TpoekTy momatkoBe moranbieHe 06cTesKeH s (T10-
BTOPHUI aHaJi3 KPOBI, JOJIATKOBE yJIbTPAa3BYKOBE
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nocaimpkenas 1113, TonkoronkoBy acmipariiiiny
nyHkigiiny 6iomnciio 1113) abo cramionapue Jiky-
Banus B kainiii IEOP. Mopmaibhi KpuTepii a/1st Ha-
npassieHHs Ha 6ionicito 113, 1o Oy ysroskeHi ajist
YKPaiHChKOI Ta 6i10pyChKOI TUPEOIIHIX KOTOPT, I1e-
pebavai peKOMEH/AI0 MyHKINI /I BCIX BY3J10-
BUX yTBOPEHbD fiameTpoM monasa 10 MM Ta okpeMux
BY3JIOBUX YTBOPEHb JiiaMmeTpoM 5-9 mm [6].

Bukonanns IIpoexty orpumaino cxpasienns Ko-
MiTeTy 3 eTtuku HailioHaqbHOTO IHCTUTYTY pakKy
(Ethical Committee of NCI) ta Kowmicii 3 nuraib
etk IEOP. Bcei morenmiiini yyacuuku IIpoexrty
JlaBaJIii TUCbMOBY iH(OPMOBAHY 3TO/Iy Ha y9acTh y
MeanIHOMY obcTexenHi 3a [IpoexToMm.

OcHoBoto /1711 (hopMyBaHHSI THUPEOIHOI KO-
TOPTU CTaB JIO3UMETPUYHUI pEECTp BUMIPIB ak-
tuBHocTi ®!I B TpaBHi-uepBHi 1986 poky B Meri-
KaHIiB Ykpainu [7]. Peectp cTBOpenuii y Bijimni
nos3uMeTpil Ta paaianiiinoi ririenn /Y <«Haitio-
HaJTbHUN HAYKOBUU IIEHTP paialliitHOl MeIUTTNHH,
remaToJiorii Ta oukoJiorii HAMH Ykpainws 1mif
KepiBHUNITBOM TMpodecopa Lmmi Jlixrapwosa. /lo-
3UMETPUYHUI PEECTp BKJIIOYAB Pe3yJIbTaTh BUMi-
piB y monazx 140 000 oci6, y Tomy uucii 6JU3bKO
99 000 BuMmipiB y fiTeil Ta M TKIB.

3a KOMIUIEKCHUMH PaJlialliiiHO-eKOJOTTIHUMHA
MOKa3HUKaMK Ta YUCJIOM 0Ci0, SIKi Masiu TIpsimi BU-
Mipu aktuBHOcTi 1113, Ik perioHn AOCITi/KEHHS
[TpoexTy B Ykpaini Oyiau Bubpani Hapoauiibkuii
ta OBpyupkuii paitonn Kutomupcebkoi obsacti,
IBankiBchkuit, ITomichkuit, YopHOOUIBCHKUI pa-
itorn ta M. IIpur’sats B Kuiebkiii obmacti, Kose-
Jenibkui, PinmkuHcebkuii, YepHiriBcbkuii palloHu Ta
M. YepHiris B YepHiriBchkiit obacTi.

[Tonepenni no3u onpominenud 113 morentiii-
HUX yyacHUKiB [IpoekTy Gysin peKoHCTpyioBaHi 3a
pesyJibTaTamu rpsamoi pagiomerpii 1113 i3 3acTocy-
BaHHSIM CIIPOIIEHOI PaioeKoIoriyHol Moje, 6e3
BpaxyBaHHS IHAWBIyaTbHUX MOBEJIHKOBUX XapaK-
TEPUCTUK (JIiE€TA, MOKITUBI TIEPeI3/I1, 3ACTOCYBAHHS
npenapatis cTabiJIbHOrO WOy TOIIO).

Jlist BUOpaHUX pallOHIB IPOKUBAHHS Ha Yac
aBapii 3a JaHUMU TO3UMETPUIHOTO PEECTPY 3 Bpa-
XYBaHHSM TIOTIEPE/IHbOI  OI[IHKW 1HJAMBIyaJIbHOI
nosu onpominents 1113 B 1996-1998 pokax Oyio
copMOBaHO TPYIy MOTEHIIMHUX YJIEHIB KOTOP-
i (32 385 miteit Ta miasmiTkiB Ha yac aBapii). /lo
i€l rpynu GyJsio BKIOUeHO Beix ocib (8752), mo
MaJIt TIOTIepeTHIO OTiHKY /1031 ona 1 I'p, ta pan-
JIOMi30BaHO BHUOPAHUX TIPEJCTAaBHUKIB Kareropii
cepennboro piBHsg ompominenns (0,3-0,999 Ip.,
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8242 ocobw) i Husbko0308B01 rpymu (0,0-0,299 Tp.,
15 391 ocoba) [6]. 3a pesysbraTamMu IOIIYKY aKTy-
QJILHOTO MiCIld TPOKUBAHHS MTOTEHIIMHUX yYacHU-
KiB JIOCJII/I?KEHHS, YTOUHEHHS iX BITaJIbHOTO CTaTyCy
Ta KOHTaKTHOI iHdopMallii Ha mepiie CKPUHIHTOBE
obcreskenns OyJio sampoireto 20 138 ocib.

Y mnepion i3 kBiTHa 1998 poky 1m0 TpynaHs
2000 poKy BKJIIOYHO IPOMILIN MeAUYHE OOCTEkKEH-
Ha 13 243 moOTeHITHNX YYaCHUKIB TOCJIKEHHS
(65,8% Bin 3arajbHOI KiJIBKOCTI 3alIpPOIIEHNX ), SIKi
HaJlaJ1i CKJIayi OCHOBHY KoTropTy [Ipoexty [6, 8].

Ha erari (hopmyBantg kKoroptu (TIEpIIOTO CKPH-
HIHIOBOTO 00CTEKEHHST) 3HaYHA yBara PUILIsIach
3aMOBHEHHIO IHAWBIAYATHbHIX [TO3UMETPUIHUX aH-
keT. Yuacauku IIpoekTy, sikuM Ha MOMEHT aBapil
6ysmo 10 abo OGisblie POKIB, TMPOXOAMIN O3UME-
TPUYHE ONUTYBAaHHS camocTiiiHo. [l mosommmx
yuacuukiB [Ipoekty (0-9 pokis Ha yac aBapii) 103u-
MeTpUYHE ONMUTYBaHHs BiflyBaIoCst 3a y4acti 6aTh-
KiB. MeTo10 [03MMETPUYHOIO aHKeTYyBaHHS OYJI0
BCTAHOBJIEHHSI MiCIIsT TIepeOyBaHHsI Ta TIepecyBaHHS,
criocoby JKUTTsI, XapaKTepy XapuyBaHHs Ta MOX-
JIMBOI HoAHOI TipodiniakTnky yuacHuka [Ipoekry B
TpaBHi-yepBHi 1986 poky 3 MeTOI0 PEKOHCTPYKIIii
IHUBILyasIbHOT /1031 onipoMinenss 1113,

Ha wac asapii Gijiblie HiK TOJ0BHHA 00CTE-
xennx (52%) memkanu B YepHiriBebkiit obacti,
28% — y JKuromupcewkiit Ta 20% — y KuiBcbkiii.
Bimsbko 23% diieHiB cTBOPEHOI KOTOPTH TIPOKUBA-
Jii Ha Bizictani mente Hixk 60 KM Bix aBapiiiHoro pe-
aKToOpa, OLIBITCTh OOCcTEeReHNX (64%) MeITKaIu Ha
Bizcrani Big 60 10 100 kM, micite iposkuBanHsa 13%
wieHiB Koroptu Oyso Bigmaneno Bix YAEC y me-
xkax 100-130 xkm [9].

Posnonisi yneHiB KOropTu 3a MicIleM ITPOXKHU-
BaHHS Ha Yac TEPIIOT0 CKPUHIHTOBOTO OOCTEKEH-
ust: YepHiricbka obmacte — 51%; JKurommpcebka
obnactb — 27%; KuiBcbka obsacth — 15%; M. Kuis
— 6/m3bK0 7%; inmi perionn — mennr sk 0,3%. Ce-
pen obcrexenux 47% ocib Masi MOMEPEHIO OIliH-
Ky z03u orpominenns 113 mente, wixk 0,3 Ip, 26%
oci6 — Bix 0,3 10 1,0 Ip. i 27% oci6 — monaz 1,0 Ip.
51% obcrexenux Oyim ocobaMy KiHOYOI CTaTi,
49% — ocobamu 4osoBiUOi crati. 31% ocib Ha 4ac
OITPOMIHEHHST MaJIi BiK /10 4 POKiB, 29% — Bix 5 10
9 pokiB, 31% — Bix 10 mo 14 pokis, 9% — Bix 15 10 18
POKiB BKJIIOUHO [6, 9].

3a pesyJbraTaMu I03MMETPUYHOTO aHKeTyBaH-
Hd, TIPOBEIEHOTO TijI Yac TMEePIIOTO IUKIY CKPH-
HIHTY, Ta IepIioi Bepcil J03UMETPUYHUX PO3pa-
XYHKIB OyJI0 NpHiTHATE PIllleHHsI PO PO3POOKY

Ta MO/AJBINE 3aCTOCYBAHHS PO3IIUPEHOI 03MMe-
TPUYHOI AaHKETH, 11O JIeTaIi3y€ MOBEJIHKOBI Xapak-
TEPUCTUKY YjieHa KOTOPTU Ta BPAaXOBYE 0COOJN-
BOCTI TIEBHUX I'PyIl B YKPAM KOropTi (crierianibHa
aHKeTa JIJIs1 MaTepiB YiIeHiB KOTOPTH, SIKi TOyBaIn
IPYJIO B «HOHUI» TIePioJl TTic/Isd aBapii, crieriaib-
Ha aHKeTa /g eBakyaHTiB i3 M. [Ipur’srs). [leta-
JIi30BaHa JO3NMETPUYHA aHKeTa HaJlasli 3aCTOCOBY-
BaJIach y Tepios 2-4-ro mukaiB ckpuHinry (2001-
2007 pp.) Ta sabesmneunsia iHdopMaIlio g Ha-
CTYIIHUX BepCiii J030BUX OLIHOK.

Jlpyruii UK CKpPUHIHTY OyJIO TIPOBEIEHO Y
2001-2003 pokax, mpu IIbOMY ITPOUTILIN 00CTEKEH-
ua 12 419 ocib, mo cranosuio 94% Bix mo4aTkoBoO-
ro pos3mipy Koroptu. Ha MoMeHT 0OCTeReHHsT BiK
yuacHukiB [Ipoekry cranoBus 15-33 pokis. [Ipors-
rom 2003-2005 pokis 6yJ10 IPOBEIEHO OOCTEKEHHSI
(11744 oci6, 89%) y paMKax TPETHOTO ITUKJIY CKPH-
HIiHTY. ¥ 00CTEKEHHSIX YETBEPTOTO UKy CKPUHIH-
ry (2005-2008) 6pasu yaacts 10 186 (77%) wienis
KoropTH [9].

Ha MOMEHT 4eTBepTOro IJTAHOBOTO 00CTEKEH-
Hd Bik yuacHukiB [Ipoexry cranosus 19-39 pokis.
Binprricts obcrexennx (54%) mermkanu B YepHi-
riBebkiit obaacti, 26% — y Kuromupcepkiii, 14% —y
KuiBcbkiii ta 6% — y M. Kuesi. 3a Meskamu BKazanux
perioHiB PoKUBAJIO MeHII sk 1% obcresxennx. Ce-
pell 0OCTEKEHIX YeTBEPTOTO IUKITY 54% CTaHOBH-
JIM KIHKU, 46% — 40JIOBIKH.

[Tporsirom 2-4-ro MMKJIIB CKPUHIHTY moranbJie-
Hi 0OCTEXXEeHHsI Ta CTallioOHapHe JIKYBaHHS WIEHIB
KOTOPTH MPOBo/InI0ch y KiiHiti IEOP.

Y 2003 porii OyJ10 3am04aTKOBaHO HOBWII Ha-
npaMm gocaijpkedb y [Ipoexri, mo maB Ha MeTi
OI[IHKY MeJIWYHUX HACJI/IKIB OIPOMiHEHHS BHa-
caigok aBapii Ha HAEC npenaranpio (y BHYTpiTI-
HBOYTPOOHOMY TEPiOji), AT YOTO MJIAHYBAIOCS
crBopenns koroptu In Utero. @opmyBanHs HOBOI
KOTOPTH repeadavano o6CcTeKeHHsT 9 aHKETYBaH-
HS Tap «MaTH-IATUHA», B IKUX MaTip Ha MOMEHT
aBapii Ha YAEC mnocriiiHo Mmemikania abo TMYa-
coBo mnepebyBana B sKutomupcenkiit, KuiBcobkiit i
YepHiriBebkiil o6acTsx i Oysa BariTHOIO Ha el
vac abo B mepion 10 30 wepBHs 1986 poky, Kosu B
HABKOJIUIIHBOMY CEpPeIOBHII 1iie Oy mpucyTHi
Bunaginus 1. Ha BigMiny Bisi ocHOBHOI YKpAM
KOTOPTH JIJIsI I[bOTO JOC/Ii/IKeHHsT OyJIn 3aydeHi
SK PErioH” 3 BUCOKUM PiBHEM Pa/lioaKTUBHUX BU-
Ma/lilb, TaK 1 PerioHu 3 BiJIHOCHO MaJIUM PiBHEM
3abpyaHents (miiibHicTh Bunaginb '’Cs meHIe
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37 kBq/m?) B JKuromupcebkiii, Kuisebkiit Ta Yep-
Hirisebkux obsmacrsax [10].

Y nepiog i3 smororo 2003 poxy 1o koBTeHb 2006
POKY TIPOWIIIO Teplie CTaHAapTH30BaHe obOCTe-
skentst 1498 ocib i3 paaiariitno 3a6py/THEHUX TepH-
topiit Ta 1089 0cib i3 «uncTrx» TepuTopiii (rpyna
nopiBHstHHs). [Iporeypa MeanaHOTO 06CTEKEHHS
noreHniinux uaenis koropru In Utero sbiramacs
13 BiITIOBiIHOO TIPOIIE/LyPOIO [IJIsT YJIEHIB OCHOBHOI
koroptu. byno chopmoBano koroprty (n=2587)
onpominenux In Utero miTeii Ta iXHiX MaTepiB 3 iH-
auBiyasbHuME ottinkamu go3u B na 113 mnoxa
Ta HOBOHapo/keHoi aAuTuHu [10]. Marepi sk pec-
[MOH/ICHTH 3aII0BHUJIN OIUTYBAJIbHUK 13 103UMeTPil
JUIs PEKOHCTPYKITii /103 TTpeHaTaJbHOTO i MOCTHA-
TAJILHOTO OTIPOMiHEHHS Ta OIIHKUA KYMYJISITUBHOTO
N1030BOTO HaBaHTaxkeHHs Ha 1113 HOBOHapoKeHO1
nutunu. [lorentiitni yuacuuku Ilpoekty Ta MmaMu
JIaBaJIi TUCHMOBY iH(OPMOBAHY 3rO/ly HA Y4acTh Y
JIOBTOTPUBAJIOMY MEMIHOMY /TOCTIi/IPKEHH.

Ha gac mepmoro ckpuninry 44% o0cTexeHnx
yneHiB koroptu In Utero memxkanu B YepHiris-
chbKill obmacti, 48% — y JKuromupcebkiii obrac-
i, 3% — y Kuiscbkiii, 3% npoxkusano B M. Kuesi,
pernira uieHiB Koroptu (61u3bKo 2%) MpoKUBaia
B IHMMX 0OJacTsIX YKpaiuu 4um 3a KopaoHom. Ha
MOMeHT o0cTeskeHHsT Bik uieniB koroptu In Utero
crarnoBuB 16-20 pokiB. 52% obcreskeHux OyJIi 0co-
Oamu xiHouol crari, 48% — uosoBiuoi. MobinbHI
Opurazu obcrexiin 82% 4jieHiB KOTOPTH, Y CTa-
rionapwiit 6puraxi TEOP mpoiinuiu ckpuninr 18%
wieniB xoroptu In Utero. [aauBigya bHi OMiHKN
KymyJsiTuBHOTO onpominenss [I[3 BapitoBamu B
inTepsBaii Bix 1 go 3200 mIp 3 apudpmeTnuHUM Ce-
penrim 72 mIp.

[Tounnaroun 3 2009 poky ermnigemiosoriyHi 1Mpo-
nexypu B ocHoBHil Ta In Utero YkpAm koroprax
Oy CUHXPOHI30BaHI.

[ToBHa cranmapTr3oBaHa TPOIEAypPa MEIUIHO-
ro 06CTeKEeHHs, 110 3acTocoByBasach y 1998-2007
POKaXx, JI03BOJIsIJIA JIIaTHOCTYBATHU SIK BY3JIOBY, TaK
i pynkmionampay natosorio 1113. Crpomena mpo-
Heaypa MeIUYHOro oOcTeskeHHs1 (MOYMHAIYN 3
2009 poxy) 3By3uJia 1iarHOCTUIHI MOKITMBOCTI BU-
KJIFOUHO JI0 JIIarHOCTUKH TOOPOSIKICHUX Ta 3JI0sIKiC-
HUX BY3JIOBUX HOBOYTBOpeHb [113.

3a mepiox 2009-2011 pp. ans wieniB 060X KO-
TOPT, 1[0 Maju TONepPeIHbO /iarHOCTOBAHY BY3-
JIOBY MATOJIOTi0, mepeabadyaBcs aKTUBHUN CKPH-
Hiur (BysnoBuii mpoexT 1 a0 4.5 MUK CKPUHIHTY
J1JIsl OCHOBHOI KOropTu Ta 1.5 MUK CKPUHIHTY J1JIsT
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xoroptu In Utero) 3a crpoiiieHomo mporeaypoio Me-
JIMYHOTO oOcTeskeHHst. Kpurepil a1 HampaBieHHs
Ha noraubieHe MeandHe obcTeReH s (10/[aTKOBe
VJBTPA3BYKOBE [IOCJI/DKEHHS YU TOHKOTOJIKOBY
acrmipariiitny nyskiiiiny 6iomncito 1113) He 3azHann
3MiH. Yeboro 3a nepiog 2009-2011 pp. 6ys10 obere-
x&eHo 1231 4nen ocHOBHOI KoropT Ta 98 useHiB
xoroptu In Utero.

Y Toii ke mepiox A 4ieHiB 060X KOTOPT, AKi
3a KpuTepisMu He Oy/au BKIoYeHi 10 ByssimoBoro
HPOEKTY, OYJIO peasi3oBaHO MPOTpamy CrocTepe-
JKEeHHs1 KoropTH nuisixoMm onutyBaHHs (IligTpumka
KOTOPTHU) — TpOIeNypy JemorpadiuHoro aHkery-
BaHHs, 1110 nepepdadaia akTyasrisalio KOHTaKTHOI
indopmartii useHa Koroptv (OCHOBHA Ta ajbTepHa-
TUBHA ajipeca MPOKWBAHHS, BJACHI KOHTAKTHI Te-
sedonw, reredoHn GATbKIB YK IHITUX KOHTAKTHUX
ocib Toto), 36ip iHdopmailii Mpo HASTBHICTH TUPEO-
1IHOI TaTOJIOTI] Ta MOYKJINBI OHKOJIOTIYHI T1arHO3M.
OxpiM BUKOHaHHS 3a7ladi OHOBJIEHHS iH(OpMAaIii,
HMIATPUMAHHS PEryJsSIPHOTO 3B’SI3KYy 3 UJeHaMU KO-
ropTH JoloMarae 36epertu ii MakCHMaJbHO MOJK-
JIUBY YMCEJBbHICTD JIJIT HACTYITHUX eTarliB. 3arajom
y 2009-2011 pokax pisHUMHU MeToaMu (1111 Yac Me-
JIMYHOTO OOCTEKEHHS, 32 PE3YJIbTaTaMK MOIITOBUX
yn TejiePOHHUX KOHTAKTIB TOMIO) AeMorpadidHi
aukeT Oysmm orpumMani aust 12 227 (92%) uieHis
ocHOBHOI KoropTH Ta 1982 (77%) uneniB Koroptu
In Utero.

Y 1eil mepion modasacsd aKTWUBHA CITiBIIpaIlsd
[Ipoekty i3 HarioHanbHUM KaHIEP-PEECTPOM
Ykpainu, n1o aaMiHicTpaTuBHO € migposaiiom Ha-
IIOHAJIBHOTO IHCTUTYTY paky Ykpainu [11]. Ile#
peecTp — Iie 3arajJibHOHAIIOHATBHUN TOTYJISAIiN-
HUI OHKOJIOTIYHUI PeecTp, 10 KOOPAMHYE POOO-
Ty Mepeki perioHaJbHUX OHKOJIOTIYHUX PEECTPIB
(OHKOJIOTIYHUX JIUCIIAHCEPIB) B 061aCTAX YKpaiHu.
Peectp akymysmioe perioHasbHi IaHi B EIMHOMY pe-
€CTPi Ta PO3PAXOBYE CTAH/IAPTU30BaHI TOKA3HUKU
3aXBOPIOBAHOCTI Ta CMEPTHOCTI BiJ paky Ha obJiac-
HOMY Ta HallioHaJIbHOMY piBHi [12].

CuiBnparst 3 HarionanbHUM KaHIlep-PeeECTPOM
Ykpainu 103BOJIsIIa NIPOBOJIUTU TaK 3BaHe <Ila-
CHUBHE criocTepeskeHHd» YKpAM koroptu. Hosi
Bunanku paky I3 Tta iHmoi oHKOJOTiYHOI Marto-
JIOTil BUSIBJISUINCH METO/IaMM  aBTOMATU30BaHOIO
KOMITTOTEPHOTO JIHHKEWKY aeMorpadiuHnx Xa-
PaKTEPUCTUK YJIeHIB YKPAM KOTOPTH Ta BUTIAJIKIB
OHKOIIATOJIOTi1, BKJIIOUEHUX /[0 PEECTPY.

VY wmacrynuuii nepiozx (2012-2015 pp.) 6yio pe-
JIi30BaHO JIPYTUW aKTUBHUN CKPUHIHT KOTOPTU
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In Utero Ta m’aTuii UKJ CKPUHIHTY OCHOBHOI KO-
roptu. CrpolieHa Tporeaypa MeIudHoro odcre-
JKEHHSI laBajia MOKJIUBICTD J1arHOCTYBaTH J0OPO-
SKiCHI Ta 3J1051KiCHI HOBOyTBOpeHH: 111 3.

3arasiom y 2012-2015 pp. ueproBe CKpUHIHTOBe
obcreskenns npoitnum 10 116 (76%) wieHiB ocHOB-
HOI KoropTu (IATWH NMKJ CcKpuHiHry) Ta 1799
(70%) uneniB xoroptu In Utero (apyruit muks
ckpuHinry) [9, 13, 14].

[Ticsist mepiofy akTUBHOTO CKPUHIHTY IS 4Jie-
HiB 060X KOTOPT IIPoBeeHo 36ip gemorpadiuHoi iH-
dopwmariii (Ilixrpumka koroptu 2, 2016-2018 pp.).
V 1eit nepioz 6yJ10 MPOAHKETOBAHO YU BCTAHOBJIE-
HO BiTasbHUI cTaTyc 96% UieHiB OCHOBHOI KOTOP-
i Ta 97% wneniB koroptu In Utero.

[ToBropHwmii By3moBuii mpoekT (5.5 MUK CKPU-
HIHTY JIJIS OCHOBHOI KOTOPTU 4YM 2.5 IUKJ CKpPU-
Hinry st koroptu In Utero) must ocib i3 pawirie
JIIarHOCTOBAHOIO BY3JIOBOIO MATOJIOTIEI0 GYJIO MPO-
Beziero y 2018-2020 pp. [Tapanensro 3 vum y 2018-

2021 pp. omHowJoOBanach iHgopMaris B paMKax
TPETHOTO JIeMOTpadiyHOTO Tepiofy MiATPUMKN
o0’emnanoi (ocuoBHoi Ta In Utero) xoropru. ¥
el yac BIZIOBITHO /10 CIIPOIIEHOI TTPOIEyPU Me-
JIMYHOTO oOCcTesKeHHs Oy0 orystnyTo 1714 uieHiB
ocHoBHOI Koroptu Ta 155 wienis koroptu In Utero.

[Mounnaroun 3 2022 poky, 111 060X KOTOPT TPHU-
Ba€ YeTBEPTUM IUKJ eMOTPahidHOTO aHKETyBaH-
HS B PaMKax MiITPUMKH 00’€THAHOT KOTOPTH.

KinbkicTh oOCTEKEHMX YK AHKETOBAHUX OCIO
JUId KOKHOI 13 KOTOpT 3a pe3yJbraTaMu paHilie
OTIMCAHUX eMiIeMiOJIOTIYHUX MPOIle/yP HaBe/IeHO B
Tabmmnsx 11 2.

[IpoexT Mae cyTTEBI TiepeBaru cepejl iHIMX Yop-
HOOMJTBCHKIUX JIOCJTIIKEHD 32 PO3MipaMu KOTOPT, TPU-
BAJICTIO IXHBOTO CIOCTEPEKEHHS], BUKOPUCTAHHSM
IHCTPYMEHTAJIbHUX THAWBIYATbHUX JI030BUX OITIHOK.
HaykoBi pesyJsbratit, OTpUMaHi ILIIXOM Oarato-
PIUHUX CIIOCTEPEKEeHb, TPEICTABICHI HA YUCICHHUX
MIKHAPOIHUX Ta HaIlIOHATBHUX KOH(EPEHTIisIX.

Tabnuusa 1. XpoHonoris 6araTopiuHoro CnocTepexeHHs 0CHOBHOT YKPAM KoropTi B 1998-2024 pokax

Table 1. Chronology of long-term observation of the main UkrAm cohort in 1998-2024

Livkn ckpuHiHry um gemorpadiyHe cnocrepex<eHHA
Screening cycle or demographic surveillance

Poku BMKOHaHHA
Implementation years

Kinbkictb o6cTexkeHnx oci6  Kinbkictb onutaHmx oci6*
Number of people examined Number of people
interviewed*

Mepwmni umkn 1998-2000
First cycle

[pyrn unkn 2001-2003
Second cycle

Tpertin umkn 2003-2005
Third cycle

YeTBepTui UMKN 2005-2008
Fourth cycle

By3nosuit NpoekT 1 (4.5 UMKN), NAaCUBHWIA CKPUHIHT, 2009-2011
[emorpadiunnii ornan 1

Nodular project 1 (4.5 cycle), passive screening,

Demographic survey 1

[1'aTnin umkn 2012-2015
Fifth cycle

[emorpadiuHuin ornag 2 2016-2018
Demographic Overview 2

By3nosuit NpoekT 2, (5.5 UMKN), NAaCMBHUIA CKPUHIHT, 2018-2020
[emorpadiyHuin ornan 3

Nodular Project 2, (5.5 cycle), passive screening, 2018-2021

Demographic survey 3
[emorpadiyHuin ornan 4
Demographic Overview 4

[TouvHatoun 3 2022 -
Starting in 2022

13243 (100%) -

12419 (94%) -

11744 (89%) -

10186 (77%) -

1231 (75%)**

12227 (92%)

10116 (76%) -

- 12764 (96%)

1714 (81%)**

11500 (87%)

5611 (429%)***

[pumimea. * —
*** — nokasHuku Ha 31.12.2024 p., 00C1iOxeHHA MPUBGE.

0cobu 3 0emopagiyHUMU aHKkemamu 4u nomepai ocobu; ** — 0ona 8ideyKy ceped Uinbosoi NoNynayil NOMOYHO0 OOCTIOKEHHS;

Note. * — individuals with demographic questionnaires or deceased individuals; ** — response rate among the target population of the current study;

*** — indicators as of 12/31/2024, the studly is ongoing.
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Tabnuuga 2. XpoHonoria baratopiuHoro cnoctepexerHa YKpAm In Utero koroptn y 2003-2024 pokax

Table 2. Chronology of long-term observation of the UkrAm In Utero cohort in 2003-2024

Livkn ckpuHiHry un semorpadiuHe cnoctepexeHHs Poku BUKOHaHHsA KinbkicTb 06¢cTexeHnx oci6 - KinbKictb onutaHnx oci6*

Screening cycle or demographic surveillance Implementation years Number of people Number of people
examined interviewed*

MepLunii Umkn 2003-2006 2587 (100%) -

First cycle

By3noBuii npoekT 1 (1.5 UMKN), NAaCUBHUIA CKPUHIHT, 2009-2011 98 (58%)** 1982 (77%)

[emorpadiuHuin ornan 1

Nodular project 1 (1.5 cycle), passive screening,

Demographic survey 1

[pyruii umkn 2012-2015 1799 (70%) -

Second cycle

[lemorpadiunnii ornag 2 2016-2018 - 2496 (97%)

Demographic Overview 2

By3noBuii NpoekT 2, (2.5 umKn), NaCUBHUIA CKPUHIHT, 2018-2020 155(70%)**

[emorpadiuHuii ornag 3

Nodular Project 2, (2.5 cycle), passive screening, 2018-2021 2303 (89%)

Demographic survey 3

[emorpadiunuin ornan 4 MoynHatoun 3 2022 - 1138 (44%)***

Demographic Overview 4

Starting from 2022

[pumimka. * — ocobu 3 demozpagiyHUMU aHKemamu yu nomepsi ocobu; ** — dona eideyky ceped Uinbo8ol Nonynauil NOMOYHO20 O0C/IOKEHHS,

*¥¥— nokasHuku Ha 31.12.2024 p., 00CNiOXeHHA mpueae.

Note. * — individuals with demographic questionnaires or deceased individuals; ** — response rate among the target population of the current study;

*** _ indicators as of 12/31/2024, the study is ongoing.

Cepejt Haitb1/IbIIT 3HAYY X KOH(MEPEHIIIi MOXK-
Ha BKa3aTu Ha:

e Mixnapoauuii cumiiosiym ekcrieptiB y Dykyci-
Mi: « Pasriatiitai pusnuky Ta pU3MKY 115 3/[0POB’ST»
(The International Expert Symposium in
Fukushima: Radiation and Health Risks), 11-12
Bepects 2011 poky, Dykycima, Armonis;

e Mixknapo/Huiil ceminap «Pagiaitist Ta pak nmuro-
nozi6uoi 3amosu» (International Workshop on
Radiation and Thyroid Cancer), 21-23 soTtoro
2014 poxy, Toxkio, Anonisg;

e Cummnoziym: <«Yopuobwip +30, Dykycima
+5: ypoKM Ta pillleHHsT it POOIEeMH IIUTO-
nozxi6uoi 3amosu 'y Dykycimi» («Chernobyl
+30, Fukushima +5: Lessons and Solutions for
Fukushima’s Thyroid Question»), 26-27 Bepec-
us 2016 poky, Dykycima, Anonis;

o [llopiuna kondepenilisi AMEPUKAHCHKOI THPEO-
igHol acorianii (Annual Meeting of American
Thyroid Association), 27 Bepecust — 1 KOBTHsI
2023 poxy, Bamunrron, CIIIA.

JlocBiji  TOBroTpuBajioro KOTOPTHOTO  JIOCJIi-
JUKeHHST YKPAM IIMPOKO BUKOPHCTOBYBAaBCS B
slironii npu 1IaHyBaHHI Ta peasisaiiii MaciTabHOI
YPSIOBOI IPOTPaM¥ [Tl BUBYEHHST MEIUYHUX Ha-
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CJIIZIKIB cepeqt AiTel Ta MiJITiTKIB, 10 3a3HAJH Pali-
aIiifHOTO OTTPOMiHEHHS BHACJIIOK aBapil Ha sjep-
HoMy peaktopi y Dykymmmi B Gepesni 2011 poky
[15, 16].

Hayxkosi pesyabsratu IIpoekTy omy6imikoBaHi B
MIPOBIJIHUX PeTeH30BaHNX BITYN3HAHUX (30KpeEMa,
B «Enpnoxpunosoris/Endokrynologia») ta miskHa-
poxuux skypHamax: «American Journal of Epide-
miology», «British Journal of Cancer», «Cancer»,
«Cancer Cytopathology», «Cancerogenesis», «En-
vironmental Health Perspectives», <«European
Journal of Epidemiology», «International Journal
of Cancer», <Journal of Clinical Endocrinology &
Metabolism», «Journal of Radiation Researchs,
«Journal of Radiological Protection», «Journal of
the National Cancer Institutes, «Radiation and
Environmental Biophysics», «Radiation Research»
i «Thyroid».

3arasom Ha Kinernp 2024 poxy 3a maTepiaia-
mu IIpoekty omy6aikoBano mouan 50 HaAyKOBHUX
crarei.

Cepen Haiibinbin BaroMmux HaaOaHb I[IpoekTy
BUJISAIOTH OIiHKKM pusuky paky I3 BHacmizox
onpoMiHeHHsT pagioakTuBHUM ' B uTsyomy Ta
miTiTkoBOMY Bitti [8, 13, 17] un BHaACiIOK TIpeHa-
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TaJIbHOrO (BHYTPIIIHBOYTPOOHOTO) OIPOMIHEHHS
[10, 14].

Tak anamis 45 mpeBaJIeHTHUX BUITAJKIB PaKy
1113, BustBIIEHUX TP TIEpIIomMy obcTeskerHi B 1998-
2000 pp., JO3BOJIUB OIIHUTH HAAJTUITKOBUM BiTHOC-
nuii pusuk ERR\Gy =5,2 (95% nosipuwnii intepBa:
1,7, 27,5) [8]. IIporsirom nactynuux 2001-2008 po-
KiB miarHoctoBaHo 65 Bunaakis paxy 1113, mo gano
amory orpumaru oriiky ERR\Gy=1,9 (95% nosip-
ynit inTepsat: 0,4, 6,3) [17]. 3a nepios; BUKOHAHHS
5-ro mukay (2012-2015 pokn) BusiBJieHO 47 BUTIAI-
kiB paky I3, Bianmosigna ominka ERR\Gy =1,4
(95% nosipuwnii intepsa: 0,4, 4,1) [13].

[i pesysibTaTin € BKpail BAKJIUBUMU SIK JIJIS €TTi-
JIEMIOJIOTIYHIX MTOCTYOPHOOMIBCHKIX JTOCIKEHb
[15, 18, 19], Tak i ays1 pamiamiitHo-ernigemMiosoriv-
HUX J0CTiKeHb 3arasoMm [20].

Kpim Toro, y IlpoekTi oTpmmaHi pe3yibratu
OJT0 PAiaIlitHOTO PU3UKY (DOJIIKYIAPHIX aJIEHOM
[13, 21] Ta mobposikicHoi By3s10BOI TaTosorii |14,
22]. 3naunuii inTepec MpeACTaBISAIOTh TAKOXK aHa-
Ji3 ¢ynkiionanbroi narosorii 1113 (rinotupeoasy,
rinepTupeo3y Ta aBTOIMyHHOTO THPEOIIUTY) cepel
oci6, onpominenux 1y gursyomy simi [23-25].
Jeranpuuii orysay O6ibinocTi myOJrikaiiii 3a MaTe-
piamamu IIpoekTy mpencraBieno B [26-28].

HemosiaBHo 3aBepiiieHa PeBisisi 1030BUX OIIHOK
JU1st 4iieHiB ocHOoBHOI Ta In Utero koropr, 110 Bpaxo-
BY€ YTOUHEHUH CIleHapiii BUIaiHb pagionykriais 11
ta ¥7Cs Ha TepuTOpil YKpaiHu, HOBY iHTEpIIPETAIIiio
pe3yJIsTaTiB BUMipioBanb akTuBHOCTI '] Ta craTeBo-
BiKOBY 3asiexkHicth Macu 1113, amantoBany st Bu-
GpaHux perioHiB Ykpainu. BifmosigHo 10 yTouHeHnX
OITIHOK cepenHs /o3a onpoMinenus 113 s wrenis
ocHOBHOI kKoroptu cranoButh 0,60 Gy, memiana —
0,22 Gy. [lna 9474 (71,6%) 4ieHiB Koroptu josa
onpominentst 1113 ne mepesuritye 0,5 Gy. 42 (0,03%)
ocobu MaioTh 03y onpominenns 1113 nmonax 10 Gy
[29]. g uneniB koroptu In Utero cymapna (mpena-
TaJIbHA Ta MOCTHATaJIbHA) 1032 ortpoMinents 113 P11
Mae apudmeTuyure cepesiie 87 mGy, MeliaHa CKIIA/1a€
12 mGy. Timbku st 39 oci6 (1,5%) cymapha jpo3a
onpominenns 1113 mepesumuia 1 Gy [30].

I[IutanHs 1OAAJIBIIOTO BUBYEHHS Bijla/IeHUX
HacizakiB aBapii Ha YAEC netambHO ompariboByBa-
JIOCh PI3HUMU TpyliaMu ekciiepTiB. Tak, Ha OCHOBI
25-pivHOTO OCBIY €MiZIeMiOIOTIYHIX TOCiIKEHD
rpyna ekcreprisB ARCH ob6rpyHTyBama moIiiib-
HICTb JIOBIYHOTO CIIOCTEPEKEHHS OKPEMUX TIPYII
HaceJIeHHs, 1110 3a3HaJIM ONPOMIHEHHSI BHACJIZIOK
aBapii Ha YAEC Ta MafoTh iHAWBIAyaabHI 1030Bi

orinku (Chornobyl Life Span Studies) [31]. Cepen

BUJIIJIEHUX TPYTL:

e YkpAwm ta BeaAwm koroprtu ocib, ormpomite-
HUX Y IUTSYOMY Ta TiJIIITKOBOMY Billi;

e YkpAwm koropra ocib, onpomiHeHuX mpeHa-
TaJIBHO;

e  KOTOpTa JIKBiZIATOPiB, 10 MalOThb HaJiliHi
OITIHKY 1HAWBIAyaTbHUX J03.

st emiieMio/IoTigHOTO cIIOCTEpPEKEHHST BKa3a-
HUX KOTOPT TPOTSTOM KUTTSI PEKOMEH/IOBAHO BU-
KOPHUCTOBYBATU JOCBiJl AMOHCHKOTO MOCTiKEHHS
HACJIIKIB JIJIs1 37I0POB’ST cepejt 0ci, 10 MepesKuIn
aroMmHe GombapayBantst (A-bomb survivor studies,
Life Span Study (LSS)) [32].

Ha 3nauHni mporajiMHm B MOTOYHUX 3HAHHSIX TTPO
Bi/asieHi Hacigiku onpominenns By aursuomy
Ta TIITKOBOMY Billl TaKOXK BKa3zaja €KCIepPTHA
rpynia TMNUC [15]. IIpomoB:keHHs ClIOCTEPEKeH-
HS Ha/l IBOMA YKPAM KOTOpTaM# MOsKe CYTTEBO J10-
MOBHUTHU YWHHI aJITOPUTMU PearyBaHHS Ha MOTEH-
IiMHI aBapil Ha TPOMUCIOBUX S/IEPHUX PEaKTOPax.

ITincymoBytoun pesysbratu gociizkenb 3a 30
POKIB, 1[0 MUHYJIHM TiCJg aBapii, TpyTa eKcIepTiB
UNSCEAR [19] chopmysioBasia HACTYITHI IPIOPH-
TETH JIJI51 TePCIIeKTUBHUX JIOCJIi/[KEHb:

a) KijnbKicHO BU3HAUWTH pusnk paky I3 micias
onpominenns giteir 1 gosamu Ha I3 Hikue
500 mIp;

6) JOCHIAUTH, SIK JOBrO 30epiraTUMeTbCsl PU3UK
paky II[3, cipuunnennii pajiaiti€to, Ta SIK BiH
3MEHIITYBAaTUMETHCS 3 YACOM;

B) IOKpAIIUTU PO3YMiHHSI BILUIMBY [0JATKOBUX
¢dakropiB (confounding factors), nHampukmazn,
TaKuX, K BIIUB IeilluTy MOy, Ha pU3UK PAKY
I13;

r) izenTudikyBaT 6GioMapKepu paioreHHUX Kap-
muaoM 1113.

3 MeToI0 3abe3MeyeHHsT OAAIbINOI T ITPUMKH
mBOX YKpAM Koropt y kBiTHI 2024 poky Oyiia ykia-
neHa yroja mpo cripobitauirso Mizk IEOP i NCI
Ha riepioz 10 2034 poky. Yroza nepeabavyac nacuBHe
criocTepeskeHHs: 000X KOrOpT Ha HAlOMMKYl POKHL.
Cepen nipioputeTHUx 33724 [IpoexTy Ha TOTOUHNIA
nepiol BKa3aHO HACTYITHI HANPSIMKH JIisIJIbHOCTI:

1) oHOBJIEHHS KOHTaKTHOI iH(MOpMaIlii Ta BiTasb-
HOTO CTaTyCy 4ieHiB YKPAM KOTOPT;

2) amarrrariiss mporenyp aKTUBHOTO Ta TMAacCHBHOTO
CIIOCTEPEKEHHS KOTOPT 3 ypaXyBaHHSM YMOB
BOEHHOTO CTaHy, TIPoIeyp pedopmyBaHHS T0-
mToBOI cayk6u, pechOpMyBaHHS CHCTEMU OXO-
POHM 3/10POB’ST TOIIIO;
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AKTyanbHa iHpopMaulia

3)

4)

86

MIPOBE/IEHHS PETryJISPHOTO MOHITOPUHTY THPEO-
imHOI Ta HETUPEOIMHOI OHKOJOTIYHOI TAaTOJIOTi1
cepen wieHiB YKpAM Koroptu y cmiBnpari 3 Ha-
IIOHAJBHUM KaHIIEP-PEECTPOM YKPATHU;
HAYKOBUII aHasi3 pe3yJbraTiB OaraTOpidHUX
criocrepeskeHb YKpAM KOTOPT.

Bucnosku

. 3a nepiogu 1998-2000 pp. ta 2002-2006 pp.

i3 METOI0 JIOBrOTPUBAJIOTO JOCI/KEHHS OYJI0
copmoBano Bi YkpAm koroptr (0CHOBHA KO-
ropra ta koropta In Utero), o cmoctepiraioThb-
cst moHas 25 ta nmoHazx 20 poKiB BiAMOBIIHO.

Ha ocHoBi 6araTopiuytux crocrepeskeib YKpAM
KOTOPT OTpUMaHi (hyHIaMeHTabHI Pe3yJIbTaTh
o0 pusuky paxy 113 mis oci6, onpoMiHeHx
B y nutstyoMy Billi UM TPEHATAIBHO.

. O6rpyHTOBaHO HEOOXIMHICTH JTOBrOTPUBAIOTO

crocTepeskeHHs1 chOPMOBAHUX KOTOPT, IO MOKE
JIaTU CYTTEBO HOBY iH(OPMATIiIO MO0 pajialliii-
HOTO pU3uKy onpoMinents ¥y Bigmanenuii me-
piop micag aBapii Ta BJOCKOHAJIUTH TIPOIETyPU
pajiaiiHoro0 3aXMCTy Ha BUTAJAO0K aBapiliHUX
CUTYyaIlil Ha TTPOMUCIIOBUX SI/IEPHUX PEAKTOPAX
JUUISE HAO1TBIIT BPA3JIMBUX IPYIT HACEJICHHSI.
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Cnmcok ckopoveHb

IEOP — 1V «IHCTHTYT €HIOKPUHOJIOTIT Ta 0OMiHy PeYOBIH

im. B.I1. Komicapenxa HAMH VYkpainns»

IIpoexT — Yrpaincpro-AmMepukaHchbknil mpoekT «Haykosnit
IIPOEKT JIOCI/IKEHHS paKy Ta iHIINX 3aXBOPIOBAHD MIUTOIO-
Hi0HOI 3a1031 B YKpaiHi B pesysibrari aBapii Ha HopHOOMIIb-
cekiit AEC»

YAEC - YopHoOUIbCHKA AaTOMHA €T€KTPOCTAHIIIST

I3 — muTonoxibHa 3am03a

B — KOPOTKOKUBYUNI 130TOT HOLY

Chronology of implementation and prospects
of the ukrainian-american thyroid project

M.D. Tronko, H.A. Zamotayeva, V.M. Shpak,
H.M. Terekhova, O.V. Lapikura, Yu.A. Didenko

State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Scienses of Ukraine»

Abstract. As a result of the accident at the Chornobyl Nuclear
Power Plant, a significant amount of radioactive substances was
released into the environment. Radioactive iodine isotopes, mainly
1], became the main dose-forming factor for the population, es-
pecially children and adolescents. To research the remote effects
of irradiation at an early age within the framework of a classical
prospective cohort study, with the participation of the State Insti-
tution «V.P. Komisarenko Institute of Endocrinology and Metabolism
of the National Academy of Medical Scienses of Ukraine», in coop-
eration with National Cancer Institute of the United States two
cohorts were created. The main UkrAm cohort (children and ado-
lescents at the time of the accident) was formed in 1998-2000. The
In Utero UkrAm cohort included individuals irradiated in utero
(prenatally). It was first surveyed in 2002-2006. Both cohorts
have been followed for over 25 and over 20 years, respectively.
The epidemiological methods of cohort observation have varied
over time, with periods of active screening alternating with pe-
riods of passive or combined observation of cohort members.
Objective: to describe the chronology of long-term (20-27 years)
observation of the main and In Utero UkrAm cohorts, to charac-
terize various epidemiological procedures, to justify the need for
further observation, and to determine the priority tasks of the
study for the future. Material and methods. During the obser-
vation period, the main cohort had four active screening examina-
tions in the period from 1998 to 2008. The InUtero cohort, after the
first examination (2002-2006), was observed passively in 2007-2008.
Since 2009, the cohort observation has been synchronized. Passive
screening is carried out through examinations at the IEM and
cooperation (linkage of records) with the National Cancer Regis-
try. The next active screening (fifth and second) was carried out
in 2012-2015. Passive screening of cohorts was accompanied by
a demographic questionnaire, which allowed updating contact
details, certain medical information, and the vital status of co-
hort members. Results. The recommendations of several expert
groups are summarized: Agenda for Research on Chornobyl Health,
IARC expert group, Expert Group on Thyroid Health Monitoring after
Nuclear Accidents, and United Nations Scientific Committee on the
Effects of Atomic Radiation experts on current results and priorities
for prospective post-Chornoby! research. The need for further ob-
servation of the two UkrAm cohorts is substantiated and key areas
of future research of the UkrAm Project are indicated. The need for
further monitoring of two UkrAm cohorts is substantiated and
key areas of future research of the UkrAm Project are indicated.
Conclusions: Based on long-term observations of the main and
In Utero UkrAm cohorts (over 25 and over 20 years), fundamental
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results on the risk of thyroid cancer were obtained for individuals
irradiated in childhood or prenatally. Continuing to observe these
cohorts for a period of 40-60 years after the accident can fun-
damentally supplement the existing knowledge regarding the
radiation risk of "'l exposure in the long term and improve radia-
tion protection procedures for the most vulnerable population
groups in the event of nuclear accidents.

Keywords: Chornobyl accident, radioactive iodine isotopes, thy-
roid gland, radiation risk, thyroid cancer, cohort study, Ukrainian-
American Thyroid Project.
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B.I. KatepeHuyk

IH’EKLINHA
rNOrNiKEMI3YIOYA :
TEPAMNIA LLYKPOBOIO
DIABETY 2-T0 TUNY

 IW'exuiitng
rinornikewisyloya repania
UyKposoro giabery 2-ro THny

Haykogo-npakmuute 8udaHHs

BupaHHA mpucBAYeHe TeOpPeTMUYHUM Ta
NPAKTUYHUM MUTAHHAM iH'EKLIAHOT Te-
panii y XBOpUX Ha LiyKpoBWiA AiabeT 2-ro
trny (U2). HaseaeHo Xapaktepuctukm
CydyacHvX npenapatis AfA  iH'eKLiHOI
Tepanii L2 Ta nigxoan 4o nposeaeHHs
Liei Tepanii. MakcymManbHO MOBHO HafaHo iHGOPMaLLio LOAO MOXAMBOCTEN
CydyacHoi Tepanii 3 orIAAy Ha NPaKTWYHI acneKTV 1 cUTyauii 3 peanbHoi K-
HIYHOT MPAKTUKN.

Kpoku Tepanii nofaHo B Takii MOCIAOBHOCTI: CTapT, iHTeHCUiKaLis, AeiH-
TeHcuikalia (cumnnidikavia). Ana 6inbWOCTi BapiaHTiB NoYaTKy Ta 3MiHK
Tepanii HaBefeHo KNIHIYHI NPUKNAAN 1 0OrPYHTYBaHHS 3 METOI0 MONINWEeHHs
CMPWIAHATTA. KHWra OpieHTOBaHa Ha LUMPOKWIA 3aran Nikapis, AKi 3aiMatoTbCA
NiKyBaHHAM XBOPWX Ha LI[12: eHOOKprHONOriB, TepaneBTiB, Nikapis 3aranbHoi
npakTuk1. Moxe ByTi BUKOPMCTaHa AK Y A0-, Tak i NicNAAUNIOMHOMY Ha-

M.A. TpoHbKo, O.B. bonblosa, B.B. XoBaka

OAPMAKOTEPANIA
EHAOKPUHHUX 3AXBOPIOBAHb
XBOpO6U €HAOKPUHHUX
3ano3. KHura 2

mAPMAkOTEPAHIﬁ
EHOOKPUHHMY 3AXBOPIOBAHb
Xeopo6u CHAOKDHHKNX 33103

Haykoso-npakmuyHe 8UOaHHA

Y BUOAHHI BUCBITIEHO HOBITHI BIiOMOCTI
npo  eTionorito, akTyanbHi  Knacudikauii,
CyyacHi 1 onTumanbHi cxemn Tepanii eH-
JOKPVHHUX 3axBopioBaHb. CBOEYacHe
Ta afieKkBaTHe X NiKyBaHHA € 3amopyKolo
ycnixy 8 60poTbhi 3 po3BUTKOM Hebaxa-
HIX CEPIO3HMX HacNiaKiB AnA 3740poB'a
naujieHTa. MybnikaLia CKNAAAETbCA 3 TPHOX
KHur. Meplwa KHvra 6yna HaapykoBaHa y
2022 p. i npuceAYeHa KNiHIYHMM NPOABAM i MliKyBaHHIO LIyKPOBOrO AiabeTy B
YCiX 10ro nposBax. [pyra KH1ra OXomnoe MTaHHA NikyBaHHA NaToMorii 3103
BHYTPILUHBOI CekpeLlii. [OnoBHMIA akLeHT 3pobneHo Ha 0CoBNMBOCTAX KMiHiY-
Horo nepebiry 3axBOPIOBaHb Ta iX NiKyBaHHI 3 ypaxyBaHHAM OHOBMEHUX AaHVIX
[lepkaBHoro dopmynApa NikapcbKyix 3acobis.

TpeTs, 0CTaHHA KHWra cepii, byae NprceAYeHa npobnemam oXK1PIHHA. BupaHHsA

BUaHHI. Oyzae LiKaBWM i KOPUCHVM EHAOKPUHOMOraM-KNIHILMCTaM, NiKapAm 3aranbHoi
MPaKTVIKW, TepaneBTam, Nefjatpanm, a Takox MoxKe 6yTu akTyanbHUM Npu nig-
TOTOBL CTYLEHTIB MEAVYHYIX BY3iB, NIKAPIB-IHTEPHIB | KNIHIYHVX OPAVHATOPIB,

KyPCaHTIB akaaemil NicnaavnIoMHOI OCBITH.

OCHOBW AiarHOCTVKY, NiKyBaHHA Ta NPOGINAKTUKIN OCHOBHYX eHOOKPUHHIX 3aXBOPIOBaHb. J1.B. Kypasnbosa, O.M. KpneoHocosa NEW
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MpaKTUyHa ncuxocomaTtyika: XpoHiyHwmii 6inb. O.0. Xayctosa, O.C. YabaH NEW
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XBopoba H1POK Npu LyKposomy AiabeTi. M.B. BnaceHko, 10.0. Kpneos'as

ApTepianbHa rineptensia. CyyacHi nigxoan fo nikysaHHa. J1.A. Miwerko, O.l. KynumHcbka, J1.K. Cokonosa, O.0. MaTosa

JlabopaTopHa AiarHOCTKa, [iarHOCTUYHI TeCTn B eHpokpuHonorii. M.B. BnaceHko, K.C. binaesa, A.B. Manamapuyk 1a iH.

JloBiaHWK 3 KNiHIYHOT eHaoKpuHonorii. 3a ped. M. TpoHbka, O.B. bonbwosoi
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