Tom 20, N2 3, 2024

MDKHAPOZOHWUA EHAOKPUHOJIOMYHUIA XYPHAN

ISSN 2224-0721 (print)
ISSN 2307-1427 (online)

l joymcl of endocrinolog

MDKHAPOLHUI

EHOOKPUHOJIOMN4YHUN

CRNELIANI

XYPHAJI

EH30BAHUN

Tom 20,
N2 3,
2024

P\ .
LASLAVSKY
[ Publishing house |

Publishi

www. mif-ua.com

HIMEL|bKUI BITAMIH D
nng BCIEl POANHN

=
=)
S
S
=
o

Oekpicton” 500 MO 20000 MO

Dexpicron’ D; 2000 MO 4000 MO 5600/M0!

Oekpicron’ D,

50Ta6nerox | 20ancyn |

‘ >, Kpanni. b, 30Tabnerok 307abnerox |

30Tabnetok [ ]

HAWBIIbLLINIA ACOPTUMEHT 03 - LLLOAEHHWIA / LWOTWUXXHEBUIA NPUAOM
M

*3rigwo 3 gann Sale out cHcrewn gocTiaxeHHA o 327G NEPLIE MICLE B FPOWIOBONY P ikap- Zexpicron® 20 000 MO. Kpyrni npozopi Mm arcyn, 1020 anyn. s 1o
coxux32c06i ATC 5 pisis AT1C 7a e o 3aepHiTs yeary! Gins feransa inbopwaLia CTOYUT 3 MeaUiHOro
i Hexpicron® y gaHowy pel i Opui paih. e e e e S

wicTuTs Xonekanbdepony 20,0 ur, o SiA0siza 0,5 wr, 260 20 000 MO, eirawiy Ds. Mokzsartsn
TliyBaes KaiSHO NATBEDIXEHOMO. fedituTy BiTaMiy Dy AOPOCAK, NpodinakTka. pediuyy
SiTabiy D y NaUEHTis 3 BYCOKUM DUSUKOM; AK AOTOBHEHHA 0 CTLGiNHOI Tepanil ocTeonoposy
y nauiexTia i3 AeciuAToM BiTamity D 260 3 BHCOKMM PUSMKOM HeCTai BitamiHy D. MpOTHNIOKa3AHHS.
Nigeyiiena ymMBicTs 0 akTWBHO! DesoBWiM, apaicy, COT 260 Gynb-AKMX HLIAX [ONOMIXHIAX

Crfateofre Sl Rexicor Dy 1000 MO, 1 g 2017p:2000 MO 14 i 2017 4000 M0-~4 oy 2017 p: SS00MO- T4 ceprun 2017,
IHCTPYKL{= A1 MeR4HOTO 3acTOcyBaKH flexpicron® S00 MO. Kpyr, anera onykl TaGnerk 6inoro 6o XOBTYBTOr0 KOMbOP. By 13cka, 38€PHTb yBary! Binbiu
AETATAG HQOPUaLI B3 8 KT A 010 SCOQeahol IQETSPEY KX | MGX1 GTpariy 108 hISE VKA. gt | Tcher it

nuwma Mpod Ty 8 i 0 A ; |HOl Tepani PEOBMH, WO MICTATLCH B NIKAPCHKOMY 3C0Bi. [inepKaeuenisi. TinepKanbuiypi. Tinepsiramizo3 D.
P Kafy i Hecbponirias, Hupkosa Heaocrarwicte. CapKoigo3. Tybepkynoos. JogaTkosuii
i npuiowy i MOry OuHHT i npwitow sirawiny D. Mo peaxu, 3adikcosani wa i npwioy. Hesacro (sia 1/1000 Ao < 1/100):
ETana MOOPHALR 190 MoK oGS 3L TROTITOSa4A TS 8 WALV HERvoro samzysam st rinepaTbAeMin Ta finepKasLypiA. Tanssa IHOOPMALIA PO MOXIB] TOBH] PERKL WICTHToCH
incTpyKui~23.09.2021. Kareropia sianycxy. be3 pe UA/18957/01 8 HCTPYKLIT 47 MEZVHOTD 3acTOCyBaHHS penapary. PeccTpauiine nocsiguexs N° UA/17901/01/01
[Ta octaRH0ro nepermaay iHcTpywi~16.01.21 p, N° 60, Kareropis sianycxy. 32 peienton.
- BupoGHu: mibe GmioH Arzneimittel, Hivessura
m I wwwdekristol.com.ua IHbopuaLia
Mpencrasiik B Yipaili: TOB «MiGe Vipaitas, 01021, m. K, Knoscsui yseis, 13. Ten./pakc: (044) 254-39-36 fownens i Tex




BE Y NPOJAMY!

—— = L

0. CYIETKOBOBKIA

[NEHA

: MEﬂquWX
PA|.|,| BHUKIB

AKSIMED.UA (044) 390-0055



ByKOBUHCBbKUI A€pPXXCOBHUA MEeANYHUIN YHiIBEpCUTET

geld’
Mi>kHOpOAHUA

€HAOKPUHOAOIYHUN XXYPHOA

International journal
of endocrinology (Ukraine)

CneuiaAi3oBaHUN peLLeH30BAHNI HAOYKOBO-NPOKTUYHUIN XXYPHOAA
30CHOBOHUM Y BepecHi 2005 poky
MepioaAnYHICTb BUXOAY: 8 pa3iB HA PiK

Tom 20, N2 3, 2024

BKAKOYEHWMIN B HOYKOMETPWYHI | CNeLiaAi3OBaHI 6A31 AQHMX
Scopus,

HBY im. B.l. BepHOoACbKOro, «YKpAiHika HaOyKoBa», «HayKkoBa nepioanka YkpaiHm», Ulrichsweb Global
Serials Directory, CrossRef, WorldCat, Google Scholar, ICMJE, SHERPA/ROMEO, NLM-catalog,

NLM-Locator Plus, OpenAlRE, BASE, ROAD, DOAJ, Index Copernicus, EBSCO, OUCI

P\ W
ZASLAVSKY

Publishing house

mif-ua.com

Open Journal System



gD
Mi>xxHapoAHUN
€HAOKPUHOAOTIYHMU XXYPHAA

CrieuiaAi3oBAHMA PELIEH30BAHN
HQYKOBO-MPAKTUYHNA JKYPHOA

Tom 20, N2 3, 2024

ISSN 2224-0721 (print)
ISSN 2307-1427 (online)

NepeAnAaTHum iHAeKC: 94553

el ®
ZASLAVSKY

Publishing house

CniB3aCHOBHUKH:
bBykoeuncokuii depiycasnuii meduunuil ynigepcumen,

3acaaecokuii 0.10.

3asinyoua penakuieo
Kynpinenro H.B.

Anpeca jis1 3BepTaHb:

I3 numans nepeonaamu: info@mif-ua.com,

Ten. +38 (067) 325-10-26

3 numans po3miueHns pexiamu
ma inghopmauii npo aikapcvKi 3acoou:
v_iliyna@ukr.net

Kypnan eneceno 0o nepeniky Haykoeux gaxosux euoans Ykpainu,

8 SAKUX MOJICYMb NYOAIKYy8amucs pe3yasmamu OucepmauiiHux pooim

Ha 3000ymmsa HAYKOBUX cmyneHié 0oKmopa i Kanoudama Hayk.
Kameeopis A. Haxaz MOH Ykpainu 6id 21.02.2024 p. Ne 220

Pexomendyemocs 0o dpyky ma 0o howupenns vepes mepexcy Inmeprem

6uenolo padoio Buujozo depicasroeo naguanvioeo 3axaady IV piens

akpedumauii «ByKoguHCoKUL 0epicasHuil MeOu4HUll yHigepcumem»
MO3 Ykpainu eio 23.05.2024 p., npomokoa Ne 9

Peecmpauis: [denmughixamop media R30-04748. Piwenns Hauio-
HanvHoi padu Ykpainu 3 numans menebaueHHs ma padiomoeaeHHs
Ne 1718 6io 23.05.2024

Ykpaincokoro ma aneniiicekoro mosamu

®Dopwmar: 60 x84/8. Ym. npyk. apk. 10,7
Tupax 3000 npum. 3am. 2024-iej-139.

Anpeca penaxiiii:
E-mail: medredactor.vdz@gmail.com
(Tema: Jlo pedaxuyii « MixcHapoOH020 eHOOKPUHON0RIUHO20 JCYPHAAY»)
Ten.: +38 (067) 325-10-26
www.mif-ua.com, https://iej.zaslavsky.com.ua

Bunaseus 3acnasebkuii O.10.
zaslavsky@i.ua
CBinouTBo cy6’€KTa BUIABHUYOI CIIPAaBU
JIK Ne 2182 Bix 13.05.2005 p.

Jpyk: TOB «Jlanampecc»

FoAOBHMI peAaKTOP
Ilanvxie Boaodumup Ieanoeuu (Kuis, Ykpaina)

Haykosumn peAaKTop
Toexaii Oaexcandp Anopitiosuu (Kuis, Yipaina)

3acCTynHUK rOAOBHOTO peAdKTopa
I036enxo Temana FOpiisna (Kuis, Yxkpaina)

MoBHUI peAaKTOP

Jioywmro Oxcana Mukoaaiena
(lsano-Dpankiscvr, Yxpaina)

PeAQKTOP CTATUCTUYHUX ACHUX
Cepeienro Bixmopis Oaexcandpisna (Jlvsie, Ykpaina)

Pe AQKTOP 3 HOYKOBOI €TUKU
Ilawxoscoka Hamaain Bikmopisna (Yepnisui, Ykpaina)

MeHeAXep-peAaKTop
Onuya Jlapuca ( Pexaineaysen, Himeuuuna)

PeaQKUiNHO KOAerig

Boabmosa O.B. (KuiB, YkpaiHa)

Bounapenko B.O.
(XapkiB, YkpaiHa)

Byanurina 10.B. (Kuis, YkpaiHa)

Baacenko M.B.
(Binnuus, Yxpaina)

I'epym I.B. (YepHiBui, YkpaiHa)

Tonuyaposa O.A.
(XapkiB, Ykpaina)

Kapauenues 10.1.
(XapkiB, YkpaiHna)

Kupunmoxk M.JI. (KuiB, YkpaiHa)
Koounak H.M. (Kuis, YkpaiHa)
Koaab C.M. (XapkiB, YkpaiHa)
Komicapenko 10.1.

(KwuiB, YkpaiHa)
Kpagsuenko B.I. (Kuis, Ykpaina)
Kpasuyn H.O. (XapkiB, YkpaiHa)
Jlyunupkuii €.B. (Kuis, YkpaiHa)
MaunbkoBcbkuii .M.

(KuiB, Ykpaina)
Miciopa K.B. (XapkiB, YkpaiHa)
Miryenko O.1. (KuiB, Ykpaina)
IManamapuyk B.O.

(KwuiB, Ykpaina)
ITaceuko H.B.

(TepHoriab, YkpaiHa)
Ilepuesa H.O. ([Ininpo, Ykpaina)

Pesnikos O.I. (KuiB, Ykpaina)
Ceprienko O.0. (JIbBiB, YkpaiHa)
Ckpunnuk H.B.
(IBaHOo-MpaHKiBChK, YKpaiHa)
Coxkounosa JI.K. (KuiB, Ykpaina)
Tpoubko M. /L. (KuiB, Ykpaina)
Ypoanosuu A.M. (JIbBiB, YkpaiHna)
Prof. Vidmantas Alekna
(BinbHioc, JIuTBa)
Prof. Czupryniak Leszek
(BapiaBa, [Tonblia)
Prof. Holick Michael
(boctoH, CLLIA)
Prof. Mascarenhas Mario Rui G.
(Jlicabon, [MopTtyranist)
Prof. Mota Maria F.A.
(KpaitoBa, PymyHist)
Prof. Papanas Nikolaos
(Anekcannpymnodic, Iperrist)
As. Prof. Radzeviciené Lina
(Kaynac, Jlutsa)
Prof. Standl Eberhard
(MronxeH, HimeuynHa)
Prof. Tkac Ivan
(Kommire, CioBauunHa)
Prof. Yki-Jéarvinen Hannele
(Tenbcinki, OiHaAHIIS)

Prof. Zimmet Paul
(MenbbypH, ABCcTpaltist)

BiAnoBiAQAbHUI ceKkpeTap
Pineuvkuii Poman Hocunoeuu (Ieano-@pankiscvk, Yipaina)

Penaxkitist He 3aBX 1M MMoAiIsIe AyMKY aBTopa ryoJikauii. BianosinanbHicTs 3a BiporinHicTb (akTiB, BlacCHUX iMeH Ta iH1I01 iHpopMallii, BUKOpUCTaHOI B IyOutiKaLii,
Hece aBTop. [lepenpyk Ta iHlle BiATBOPEHHSI B siKiii-HeOy b (hopMi B LIIOMy a0 YaCTKOBO CTaTel, UTIOCTpalliil a00 iHIIMX MaTepialliB J03BOJICHI TUTbKU MPY MOMNepeIHii
TMMCHMOBIH 3rojIi penakiiii Ta 3 000B’I3KOBUM MMOCUJIAHHSM Ha JKepesto. YCi mpaBa 3aXuIleHi.

© ByKOBHHCHKHii 1epxKaBHHUIi MeIM4HUii yHiBepcuTeT, 2024

© 3acnascekuii 0.10., 2024

2 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 3, 2024



http://www.mif-ua.com
https://iej.zaslavsky.com.ua

oD
International journal
of endocrinology (Ukraine)

Specialized reviewed
practical scientific journal

Volume 20, N2 3, 2024

ISSN 2224-0721 (print)
ISSN 2307-1427 (online)

Subscription index: 94553 (in Ukraine)

e ®
ZASLAVSKY

Publishing house

Co-founders:
Bukovinian State Medical University,
Zaslavsky O. Yu.

Managing Editor
Kuprinenko N.V.

Correspondence addresses:

Subscription department: info@mif-ua.com,

Tel. +38 (067) 325-10-26

Advertising and Drug Promotion Department
v_iliyna@ukr.net

The journal is included in the new List of scientific publications of the

Higher attestation Commission, which can publish results of disserta-

tions on competition of scientific degrees of doctor and candidate of
Sciences. Order of the MES from 21.02.2024 Ne 220

Recommended for publication and circulation via the Internet on

the resolution of Scientific Council of State Higher Education Insti-

tution «Bukovinian State Medical University of Ministry of Health
of Ukraine» (23.05.2024, Protocol Ne 9)

Registration: Media identifier R30-04748. Decision of the National
Council of Ukraine on Television and Radio Broadcasting No.1718
dated 23.05.2024.

In Ukrainian and English

Folio: 60x84/8. Printer’s sheet 10,7
Circulation 3000. Order 2024-iej-139.

Editorial office address:
E-mail: medredactor.vdz@gmail.com
(Subject: Editorial board of the International Journal of Endocrinology)
Tel.: +38 (067) 325-10-26
www.mif-ua.com, https://iej.zaslavsky.com.ua

Publisher Zaslavsky O.Yu.
zaslavsky@i.ua
Publishing entity certificate
JK Ne 2182 dated 13.05.2005

Editor-in-Chief
Volodymyr Pankiv (Kyiv, Ukraine)

Scientific Editor
Oleksandr Tovkai (Kyiv, Ukraine)

Deputy Editor-in-Chief
Tetyana Yuzvenko (Kyiv, Ukraine)

Language Editor
Oksana Didushko (Ivano- Frankivsk, Ukraine)

Statistical Editor
Victoria Serhiyenko (Lviv, Ukraine)

Research Integrity Officer
Natalia Pashkovska (Chernivtsi, Ukraine)

Managing Editor
Larisa Onchul (Recklinghausen, Germany)

Editorial Board

Bolshova O.V. (Kyiv, Ukraine)

Bondarenko V.O.
(Kharkiv, Ukraine)

Buldygina Yu.V. (Kyiv, Ukraine)

Vlasenko M.V.
(Vinnytsia, Ukraine)

Gerush 1.V. (Chernivtsi, Ukraine)

Goncharova O.A.
(Kharkiv, Ukraine)

Karachentsev Yu.l.
(Kharkiv, Ukraine)

Kyryliuk M. L. (Kyiv, Ukraine)
Kobyliak N.M. (Kyiv, Ukraine)
Koval S.M. (Kharkiv, Ukraine)
Komisarenko Yu.I.

(Kyiv, Ukraine)
Kravchenko V.I. (Kyiv, Ukraine)
Kravchun N.O. (Kharkiv, Ukraine)
Luchytskyy Y.V. (Kyiv, Ukraine)
Mankovsky B.M.

(Kyiv, Ukraine)
Misiura K.V. (Kharkiv, Ukraine)
Mitchenko O.I. (Kyiv, Ukraine)
Palamarchuk V.O.

(Kyiv, Ukraine)
Pasyechko N.V.

(Ternopil, Ukraine)
Pertseva N.O. (Dnipro, Ukraine)

Reznikov O.G. (Kyiv, Ukraine)
Serhiyenko O.0. (Lviv, Ukraine)
Skrypnyk N.V.
(Ivano-Frankivsk, Ukraine)
Sokolova L.K. (Kyiv, Ukraine)
Tronko M.D. (Kyiv, Ukraine)
Urbanovych A.M. (Lviv, Ukraine)
Prof. Alekna V.
(Vilnius, Lithuania)
Prof. Czupryniak L.
(Warsaw, Poland)
Prof. Holick M.
(Boston, USA)
Prof. Mascarenhas M.
(Lisbon, Portugal)
Prof. Mota M.
(Craiova, Romania)
Prof. Papanas N.
(Alexandroupolis, Greece)
As. Prof. Radzeviciené L.
(Kaunas, Lithuania)
Prof. Standl E.
(Munich, Germany)
Prof. Tkac 1.
(Kosice, Slovakia)
Prof. Yki-Jérvinen H.
(Helsinki, Finland)

Prof. Zimmet P.
(Melbourne, Australia)

Executive secretary

Print: Landpress Ltd. Roman Ripetskyi (Ivano- Frankivsk, Ukraine)

The editorial board not always shares the author’s opinion. The author is responsible for the significance of the facts, proper names and other information used in the

paper. No part of this publication, pictures or other materials may be reproduced or transmitted in any form or by any means without permission in writing form with
reference to the original. All rights reserved.

© Bukovinian State Medical University, 2024

© Zaslavsky O.Yu., 2024

Tom 20, N2 3, 2024 www.mif-ua.com, https://iej.zaslavsky.com.ua 3


http://www.mif-ua.com
https://iej.zaslavsky.com.ua
http://www.mif-ua.com
https://iej.zaslavsky.com.ua

3mict / Contents

3MiCT

OpUriHaOABHI AOCAIAXKEHHS

bakanwk T.I., Makapuyk H.P., Cmeavmax I.O.,
Ilanvkie B. 1., Kamuwna 1.1.
IIporHo3yBaHH: e(peKTUBHOCTI peadiiTartii
B MALI€HTIB i3 IIyKPOBUM HiabeTOM 2-T0 TUITY
Ta 1iabeTUYHOIO TOJTiHepOoIIaTieo

ITawkoscoka H.B., Iapuk 1.0.
JlareHTHMIT aBTOIMYHHMI Aia0eT JOPOCINX:
CydJacHi gaHi (OrJIsiy JiTepaTypu

Ta pe3yJbTaTu BJIACHUX )IOCJ'liI[)KCHI)) .....................

Dedopos C.B., Midyuko O.M., Huwyk-Onitinuk H.B.,
Ilo3yp H.3., beaincokuii M. B., lepawenko A.C.
YnockoHaneHHs Tepartii ieMigyHo1
XBOpPOOM ceplisl Ta LYKPOBOIO JiabeTy:
BILIMB Ha OioMapkepu

1 KITIHIUHI PE3YIIBTATH ....cevvvvvvvvvvvrrennnneeeaeeaeaaaaaaanens

Mockea X.A., Kixmsax O.11., Kondpamrwx M.O.,
Dapmaea M.JIL., Jlewyx A.J1., Peodsicsa C.1.,
Jlewyk €.C., Kixmak T.A.
3MiHM MiKpo0OioTH KMIIIEYHMKA Ta HOBi MapKepHu,
MOB’s13aHi 3i CTeaTO30M TeUiHKH,

Y MALEHTIB 3 OKUPITHHSIM ..vvvvvieeeeeeeeenniiiiiiineeeeeenss

Jetinexo 1.B.

BB perionapHoro MeractasyBaHHS
Ha MIPOTHO3 JIiIKyBaHHS XBOPUX 3i 37TOSIKICHUMU

OYXJIMHAMU IATONOMIOHOT 3aJI03M ..evveennnnnnnnnness

Copoxkman T.B., Komwyk T.C.,
Coxonvhuk 1.C., Moadosan I1.M.
3B’S130K Mi>X CUHIPOMOM
MOJTIKICTO3HUX SIEYHUKIB y AiBYAT-TIIITITKIB

Ta piBHEM BITAMIHY D ......ooovviiiiiiiiiiiiieeeeeee,

Contents

Original Researches

T.H. Bakaliuk, N.R. Makarchuk, H.O. Stelmakh,
V.1. Pankiv, I.1. Kamyshna

Predicting the efficacy of rehabilitation

in patients with type 2 diabetes

and diabetic polyneuropathy .............ccccceveveeieeeeenn.n.

N.V. Pashkovska, 1.0. Tsaryk
Latent autoimmune diabetes in adults:
current data (review of literature
and own data) .......ccccvviiiiiiiieeeeeeeee e

S.V. Fedorov, O.M. Didushko, N.B. Nyshchuk-Oliinyk,
N.Z. Pozur, M. V. Bielinskyi, A.S. Herashchenko
Enhanced therapy for coronary
artery disease and diabetes mellitus:
impact on biomarkers
and clinical OUtCOMES ......coevveeeeeeiiiiiiiiiiiiieeeeee e,

Kh.A. Moskva, O.P. Kikhtyak, M.O. Kondratyuk,

M. L. Farmaha, Ya.L. Leshchuk, S.1. Fediaieva,

Ye.S. Leshchuk, T.A. Kikhtiak
Gut microbiota changes and novel markers
associated with liver steatosis
N ODESE PALIENTS ..vvveieeeeeeeeiiiiieecceeee e

1.V. Deineko
Impact of regional metastases
on prognosis of patients
with thyroid carcinoma ............cccceeveeeiieeeeeeeeiennnnnn,

T.V. Sorokman, T.S. Komshuk,
LS. Sokolnyk, P.M. Moldovan
Association between polycystic
ovary syndrome in adolescent girls
and vitamin D 1evels ........ccccccceeeeiiiiiiiiiiiiiiieeeeeeee,

[ d ]

4 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 3, 2024



[ d

3mict / Contents

Paouenko O.M., Komapuys O.H., Boposeys M.O.,
lsaciexa P.C., Iyma P.P.
[po3amnanbHi iHTepIeiKiHN-2, -6
i (hakTOp HEKPO3Y MYXJIMHU ajbdha
B MALI€EHTIB 3 apTepiaIbHOIO TillepPTeH3iEI0
Ta LYKPOBUM J1iabEeTOM 3aJIeKHO
Bil HASIBHOCTiI MeTa0O0JIiYHO-aCOLiliOBAHOTO

CTEATO3Y TEUIHKU ....cceeeeeeeeeeeereenivieieniiiineeeeeeeennns

MpaKkTUKyoYoMy
€HAOKPUHOAOTY

Yucmuk T.
LlykpoBuii giaGeT 2-ro TUILY,
MeTaboIiYHUI CUHIPOM,
IHCYJIIHOPE3UCTEHTHICTh:

TAKTUKA CIMEITHOTO JIHKAPS ©vvvvvvnnneeeeeeeeeeeeenerennnns

Yucmux T.

Tonkomi JTiKyBaHHS BYy3JI0BOTO 300a
Ha TJIi CyOKJTiHIYHUX

TUPEOITHUX TUCHYHKITIM ©ovvvvvreniieeeeeeeeeeeieeeeennnns

Oragp

Cokonosa A.M., Ilywkapwos B.B., Coxonosa JI.K.,
Ilywxapwvos B.M., Tponvko M.JI.
[laroreHeTyHa OCHOBA JIIKYBaHHSI
MeThOpMiHOM eHIOoTe liaabHOI TUChYHKITIT
y Mali€HTIB 3 IlyKPOBUM JiabeToM

(ormsm miTepaTypu Ta BIACHUX JAHUX) ................

Cepeienko 0.0., Ceein B.F.,
Kysneuw B.O., Cepeienko B.O.

MenaToHiH i apTepiaJbHUI TUCK:

HapaTI/IBHI/IfI L 0 5 7

O.M. Radchenko, O.J. Komarytsia, M.O. Borovets,
R.S. Ivasivka, R.R. Guta

Proinflammatory interleukins 2, 6

and tumor necrosis factor alpha

in patients with hypertension

and diabetes mellitus depending

on the presence of metabolic-associated

JIVET STEATOSIS wvvvvreeiiiriieeeeeiiiieeeeeeeeee e e e eeeens

To Practicing
Endocrinologists

T. Chistyk
Type 2 diabetes,
metabolic syndrome,
insulin resistance:

tactics of a family doctor .............cceeeeuvvvvvrnnnnn....

T. Chistyk
Intricacies of treating nodular goiter against
the background of subclinical

thyroid dysfunctions ................cccceeeeeiiiunvveennnee....

Review

A.M. Sokolova, V.V. Pushkarev, L.K. Sokolova,
V.M. Pushkarev, M.D. Tronko

Pathogenetic basis of treating

endothelial dysfunction with metformin

in patients with diabetes

(literature review and own data) ..........................

0.0. Serhiyenko, V.B. Sehin,
V.O. Kuznets, V.O. Serhiyenko
Melatonin and blood pressure:

A NATTALIVE TEVIEW ...iiiviiieeeieieee e

Tom 20, N¢ 3, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

[ ® - . -
D Eﬂ OpUriHAAbHI AOCAIAXKEHHS
Original Researches

International Journal of Endocrinology

UDC 616.7-006-073 DOI: https://doi.org/10.22141/2224-0721.20.3.2024.1383
T.H. Bakaliuk’, N.R. Makarchuk’, H.O. Stelmakh’, V.I. Pankiv?, I.I. Kamyshna'

"I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine
2 Ukrainian Scientific and Practical Centre of Endocrine Surgery, Transplantation of Endocrine Organs
and Tissues of the Ministry of Health of Ukraine, Kyiv, Ukraine

Predicting the efficacy
of rehabilitation in patients
with type 2 diabetes
and diabetic polyneuropathy

Abstract. Background. Predicting the effectiveness of rehabilitation in patients with diabetic polyneuropathy
(DPN) and type 2 diabetes mellitus is of great importance in modern clinical practice. Given the prevalence of
diabetes and its complications, including DPN, the development of predictive models will allow for personalized
treatment approaches, optimization of rehabilitation programs, and improvement in the quality of life for patients.
Integrating state-of-the-art data analysis methods and molecular-biological approaches into predictive models
will contribute to the development of innovative rehabilitation strategies and improve treatment outcomes in this
important patient population. The purpose of the study was to propose a multifactorial regression mathematical
model for predicting the effectiveness of diabetic polyneuropathy rehabilitation. Materials and methods. Nine-
ty-five patients with type 2 diabetes and DPN were examined to construct a predictive model of rehabilitation
effectiveness using multiple regression analysis. The quality of the model was evaluated using the Nagelkerke
criterion (R?). Results. The analysis revealed several significant associations between various factors and the
effectiveness of rehabilitation in DPN patients. Specifically, an increase in age was associated with a predicted
decrease in rehabilitation effectiveness by 0.103. Moreover, each increase in the duration of diabetes mellitus was
associated with an expected decrease in rehabilitation effectiveness, ranging from 1.341 to 3.732 depending on
the duration range. Similarly, changes in tobacco smoking, employment status, body mass index, glycated hemo-
globin levels, mobility, self-care, usual activities, pain/discomfort, anxiety/depression, sensory sensitivities, DN4
scores, and lipid profile were all significantly associated with variations in rehabilitation effectiveness. The regres-
sion model demonstrated high explanatory power, with an observed correlation coefficient (r,) of 0.997, indicating
a strong functional relationship. Furthermore, the model was statistically significant (p < 0.001), suggesting that
the identified predictors collectively explain 99.5 % of the observed variance in rehabilitation effectiveness. These
findings underscore the importance of considering multiple factors when predicting rehabilitation outcomes in
DPN patients and highlight the potential utility of the developed model in clinical practice. Conclusions. The pro-
posed mathematical model for predicting the effectiveness of rehabilitation in type 2 diabetes patients with DPN
demonstrates high acceptability, quality, and effectiveness. The application of this model, considering 99.5 % of
DPN factors, will enhance the accuracy and timeliness of rehabilitation, improve treatment outcomes, facilitate
regular monitoring of patients at high risk of complications, promote the development of informational leaflets and
adapted programs for DPN prevention in type 2 diabetes patients, and facilitate the creation of relevant medical
calculators and informational systems.

Keywords: diabetes mellitus; diabetic polyneuropathy; rehabilitation; physical therapy; prognosis

© «MixHapogHuil eHoKpUHonoriuHmi XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2024
© Bupaseup 3acnascokuii 0.100. / Publisher Zaslavsky 0.Yu., 2024

[Ina kopecnonaeHuii: KamuwHa Ipua IBaHiBHa, AOKTOP MeANYHNX HayK, SOLIEHT, Kapeapa MeanuHol peabinitauyi, TepHoNiNbCbKMiA HaLioHanbHII MeAuuHUi yHiBepcuTeT imei |.fl. TopbauescbKoro,
MaitpaH Boni, 1, m. TepHoninb, 46001, Ykpaika; e-mail: Kamyshna_ii@tdmu.edu.ua; Ten.: +380 (95) 431-30-68

For correspondence: Iryna Kamyshna, MD, DS, PhD, Associate Professor, Department of Medical Rehabilitation, I. Horbachevsky Ternopil National Medical University, Maidan Voli sq., 1, Ternopil, 46001,
Ukraine; e-mail: Kamyshna_ii@tdmu.edu.ua; phone: +380 (95) 431-30-68

Full list of authors’ information is available at the end of the article.

6 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 20, N2 3, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Introduction

Diabetic polyneuropathy (DPN) is a common com-
plication of type 2 diabetes mellitus (T2DM) that sig-
nificantly impacts patients’ quality of life and functional
abilities [1, 2]. Effective rehabilitation plays a crucial role
in managing DPN and mitigating its adverse effects. How-
ever, predicting the effectiveness of rehabilitation (EOR) in
DPN patients remains a challenge due to the multifactorial
nature of the condition and individual variability in treat-
ment response |3, 4].

In recent years, there has been growing interest in develo-
ping predictive models to anticipate rehabilitation outcomes
[5, 6]. These models aim to identify the factors associated
with rehabilitation effectiveness and provide healthcare pro-
fessionals with valuable insights for personalized treatment
planning and intervention strategies.

In this article, we focus on predicting the effectiveness
of rehabilitation in patients with diabetic polyneuropathy
and T2DM. We present a comprehensive analysis of various
factors influencing rehabilitation outcomes, ranging from
demographic and clinical variables to lifestyle factors and
sensory sensitivities. By examining these factors collective-
ly, we aim to develop a predictive model that can enhance
the precision and timeliness of rehabilitation interventions
in DPN patients. Through this study, we seek to contribute
to the advancement of personalized medicine in diabetes
care by providing clinicians with a valuable tool for op-
timizing rehabilitation strategies and improving patient
outcomes.

Some studies [7] have proposed multifactorial regression
models for the development of neurological complications
of hypothyroidism.

Reducing the consequences of diabetes mellitus and
decreasing the number of associated pathologies related to
it is possible through the design of information-diagnostic
systems for assessing and predicting the effectiveness of
rehabilitation of DPN in patients with T2DM. The model
includes diagnostic and prognostic evaluation. Therefore,
a timely identification of existing factors affecting the ef-
fectiveness of DPN rehabilitation in patients with T2DM
is a prospective task for their utilization in modifying real
clinical practice.

The aim of the study was to propose a multifactorial re-
gression mathematical model for predicting the effectiveness
of diabetic polyneuropathy rehabilitation.

Materials and methods

To develop a mathematical model, 95 patients with
T2DM were examined: 30 (31.58 %) with low DPN index,
34 (35.79 %) — with medium, and 31 (32.63 %) people with
high DPN index. The data collected were used to construct
a multifactorial regression model for predicting the develop-
ment of diabetic foot ulcers.

The study was conducted after approval by the Ethics
Committee in accordance with the fundamental principles
of the WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects (1964—2008)
and international ethical and scientific standards for good
clinical practice (1996). All patients provided informed con-
sent to participate in the study. The diagnosis of T2DM was

established in accordance with the Unified Clinical Protocol
for Primary and Secondary (Specialized) Medical Care —
Type 2 Diabetes Mellitus (Order of the Ministry of Health
No. 1118 dated December 21, 2012).

The lipid profile of the blood was assessed based on the
levels of total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL), low-density lipoprotein cholesterol (LDL),
and triglycerides (TG). Various methods were used: for TC —
the Ilk method with Filicit-Diagnostics reagents, for HDL —
reagents from ELITech diagnostics.

Sensitivity assessment was conducted using different
methods: vibration sensitivity was measured with a 128 Hz
tuning fork, temperature sensitivity was tested using the Tip-
therm cylinder, and tactile sensitivity was assessed using a
5.07 caliper monofilament. Pain sensitivity was evaluated
using a blunted needle.

The presence of neuropathic pain was determined with
the DN4 questionnaire, which consisted of two sets of ques-
tions: the first is related to sensory symptoms, and the second
set — to the clinical examination by a physician.

Quality of life assessment was performed using the
EQ-5D-3L questionnaire, which included six items evalua-
ting mobility, self-care, daily activities, pain, discomfort, and
emotional instability [8—12].

Statistica 10.0 (StatSoft, Inc.) was used for the analysis.
Quantitative variables following non-normal distribution
were described using median (Me) and lower and upper
quartiles (Q,-Q,). Categorical data were described with
absolute and relative frequencies. Mann-Whitney U test
was used to compare two groups on a quantitative variable
whose distribution differed from the normal distribution.
The direction and strength of the association between two
quantitative indicators were estimated using Spearman’s
correlation coefficient. The prognostic model characteri-
zing the dependence of a quantitative variable on predictors
was developed using ordinary least squares linear regres-
sion. Differences were considered statistically significant
at p <0.05.

Results

We performed a correlation analysis of the association
between effectiveness of rehabilitation (score) and age
(Table 1).

A weak positive association between age and effectiveness
of rehabilitation (score) was estimated (Table 2). Observed
dependence is described by a linear regression equation:

Yy = 0.299 % Xyop ) + 45.312.

According to the Nagelkerke coefficient of determination
R? of the resulting model, 7.9 % of the observed variance of
age were explained (Fig. 1).

Analysis of effectiveness of rehabilitation (score) was per-
formed depending on age (Table 3).

In accordance with Table 3, when comparing the effec-
tiveness of rehabilitation (score), statistically significant dif-
ferences were revealed depending on age (p = 0.003) (applied
method: the Kruskal-Wallis test).

We performed a correlation analysis of the association
between effectiveness of rehabilitation (score) and duration
of diabetes mellitus (Table 4).
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Figure 1. Regression line characterizing
the dependence of age on the effectiveness
of rehabilitation (score)

A weak positive correlation between duration of T2DM and
adecrease in the effectiveness of rehabilitation (score) was found.

Observed dependence is described by a linear regression
equation:

Yioon = 0.148 X Xio eoney T 3.681.

According to the coefficient of determination R? of the
resulting model, 5.7 % of the observed variance of T2DM
were explained (Fig. 2).

Figure 2. Regression line characterizing
the dependence of duration of T2DM
on the effectiveness of rehabilitation (score)

Analysis of effectiveness of rehabilitation (score) was per-
formed depending on duration of T2DM (Table 5).

According to Table 5, when comparing the effectiveness
of rehabilitation (score), statistically significant differences
were revealed depending on duration of T2DM (p = 0.042)
(applied method: the Kruskal-Wallis test).

Correlation analysis of the association between effective-
ness of rehabilitation (score) and diabetic polyneuropathy
was performed (Table 6).

Table 1. Descriptive statistics for quantitative variables

Variables Me/M = SD 95% Cl, Q,-Q, Min Max
Age, years 59.00 53.00-62.00 45.00 65.00
Duration of diabetes, years 9.00 8.00-10.50 5.00 21.00
BMI, kg/m? 32.60 + 3.46 31.90-33.31 26.10 39.85
HbA1c, % 9.30 8.30-11.70 6.00 17.00
DN4 (score) 5.00 3.00-5.00 2.00 8.00
TC, mM/I 7.30 6.09-7.90 4.99 8.86
LDL, mM/I 4.97 4.11-6.10 2.15 7.93
HDL, mM/I 1.07 0.98-1.16 0.36 1.37
TG, mM/I 2.12 1.90-2.80 1.70 4.50
Table 2. Correlation analysis of the association between effectiveness of rehabilitation (score) and age
. Correlation characteristics
Variable o
P Strength of the association p
Effectiveness of rehabilitation (score) — age 0.256 Weak 0.012*

Note: here and in Tables 3-9: * — differences are statistically significant (p < 0.05).

Table 3. Effectiveness of rehabilitation (score) depending on age categories

Variable Erieics Effectiveness of rehabilitation (score) B
Me Q,-Q, n
40-49 35.00 30.00-39.00 17 0.003*
Age 50-59 35.50 33.00-41.00 42 Peoss. 4040 = 0.004
60-65 40.00 36.00—44.00 36 Pso-ss-s0-50 = 0.025

Table 4. Correlation analysis of the association between effectiveness of rehabilitation (score)
and duration of diabetes mellitus

Correlation characteristics
Variable P Strength of the association
on Chaddock scale P
Effectiveness of rehabilitation (score) — duration of diabetes 0.271 Weak 0.008*
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Figure 3. Regression line characterizing
the dependence of diabetic polyneuropathy
on the effectiveness of rehabilitation (score)

Observed dependence of diabetic polyneuropathy on the
effectiveness of rehabilitation (score) is described by a linear
regression equation:

Yoy = 0.235 X Xyop ey — 1.523.

According to the coefficient of determination R? of the
resulting model, 14.5 % of the observed variance of diabetic
polyneuropathy were explained (Fig. 3).

We performed analysis of effectiveness of rehabilitation
(score) depending on duration of diabetic polyneuropathy
(Table 7).

According to Table 7, when comparing the effectiveness
of rehabilitation (score), statistically significant differences
were revealed depending on duration of diabetic polyneuro-
pathy (p = 0.001) (applied method: the Kruskal-Wallis test).

Analysis of effectiveness of rehabilitation (score) was per-
formed depending on gender (Table 8).

According to Table 8, when comparing the effectiveness
of rehabilitation (score), statistically significant differences
were revealed depending on gender (p = 0.011) (applied
method: Welch’s t-test).

The dependence of effectiveness of rehabilitation (score)
on quantitative variables was estimated using multiple linear
regression (Table 9).

The observed association of effectiveness of rehabilitation
(score) with age, duration of diabetes mellitus, duration of
diabetic polyneuropathy (years), tobacco smoking, employ-
ment, body mass index, HbAlc, mobility, self-care, usual
activities, pain/discomfort, anxiety/depression, vibration
sensitivity, temperature sensitivity, pain sensitivity, tactile
sensitivity, DN4 score, TC, LDL, HDL, TG level is presen-
ted by a linear regression equation:

Yooneng = 9.913 + 0.103X,, , + 1.341X, , + 2.221X, ,, +
+3.372X,, s+ 3.732X,,_,y + 0.897X, , + 1.660X, , +
+2.920X,, ,) + 4. 748Xy e + 9-817X,,, + 0.841X,, +
+1.040X,, ,, + 0.751X, , + 1.784X, ,, + 2.617X,, ,; +
+ 1.862X,, 5 + 0.958X,, + 0.922X,, + 1.185X,, +
+0.996X,,, + 2.015X,, +0.990X,,, + 2.015X,, +
+ 1.152X,,. + 0.546X,,  + 1.047X,,  + 1.22IX,,  +
+0.836X, + 712X, , + 2.942X, , + 4.32IX, ,, +
+ 1.515X,, ,, + 2.694X.,, + 1.0SIX,, ,, + 2.038X,, ,s +

+3.262X.,, + 0.954X._ , )y + 0.623X 0 ous

where X, ; — duration of T2DM (0 if 1-2, 1 if 3—5), X, ,, —
duration of T2DM (0 if 1-2, 1 if 6—10), X,, ;s — duration
of T2DM (0 if 1-2, 1 if 11-15), X, ,, — duration of T2DM
(0if 1-2, 1if 16—20), X, ¢ — duration of DPN (0 if 2—3, 1 if
4—6), X, , — duration of DPN (0 if 2—3, 1if 7-9), X,; , —
duration of DPN (0 if 2—3, 1 if 10—20), Xou aokine — tO-
bacco smoking (0 if no, 1 if quit smoking), X,,, — tobacco

Table 5. Effectiveness of rehabilitation (score) depending on duration of T2DM

. . Effectiveness of rehabilitation (score)
Variable Categories p
Me Q,-Q, n
1-2 35.00 30.00-39.00 17
3-5 38.00 34.00-41.75 54
Duration of T2DM 6-10 37.50 34.75-42.00 16 0.042*
11-15 44.00 36.00-48.00 7
16-20 30.00 30.00-30.00 1

Table 6. Correlation analysis of the association between effectiveness of rehabilitation (score)
and diabetic polyneuropathy

Correlation characteristics
Variable p Strength of the association
on Chaddock scale P
Effectiveness of rehabilitation (score) — DPN 0.361 Moderate < 0.001*
Table 7. Effectiveness of rehabilitation (score) depending on duration of DPN
. . Effectiveness of rehabilitation (score)
Variable Categories p
Me Q,-Q, n
2-3 31.00 29.50-36.00 7
, 4-6 36.00 33.00-40.00 44 0.001*
Duration of DPN Pios0_25 = 0.006
7-9 40.00 34.00-44.00 13 Pioso_se = 0.009
10-20 40.00 36.50-44.00 31
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Table 8. Analysis of effectiveness of rehabilitation (score) depending on gender

. . Effectiveness of rehabilitation (score)
Variable Categories p
M £ SD 95% ClI n
Men 38.98 + 6.08 37.37-40.60 57
Gender 0.011*
Women 36.13 £ 4.55 34.64-37.63 38

Table 9. Analysis of effectiveness of rehabilitation (score) depending on quantitative variables

Variable B Std error t p
Intercept 9.913 1.366 7.257 < 0.001*
Age 0.103 0.019 5.329 <0.001*
3-5 1.341 0.305 4.397 < 0.001*
. 6-10 2.221 0.301 7.371 <0.001*
Duration of T2DM, years
11-15 3.372 0.338 9.989 < 0.001*
16-20 3.732 0.788 4.735 <0.001*
4-6 0.897 0.337 2.660 0.010*
Duration of DPN, years 7-9 1.660 0.368 4.508 < 0.001*
10-20 2.920 0.357 8.176 < 0.001*
. Quit 4.748 0.224 21.239 < 0.001*
Tobacco smoking
Yes 9.817 0.189 51.893 < 0.001*
Employment: no 0.841 0.182 4.616 < 0.001*
BMI: 31-40 1.040 0.175 5.933 < 0.001*
7-8 0.751 0.582 1.291 0.202
9-10 1.784 0.593 3.010 0.004*
HbA1c
11-13 2.617 0.594 4.406 < 0.001*
14-20 1.862 0.633 2.942 0.005*
Mobility: some problems (SP) 0.958 0.183 5.221 < 0.001*
Self-care: some problems 0.922 0.243 3.796 < 0.001*
Usual activities: some problems 1.185 0.167 7.099 < 0.001*
o Moderate 0.996 0.319 3.120 0.003*
Pain/discomfort
Extreme 2.015 0.225 8.959 < 0.001*
) ) Moderate 0.990 0.338 2.930 0.005*
Anxiety/depression
Extreme 2.015 0.225 8.959 < 0.001*
Vibration sensitivity: normal 1.152 0.228 5.060 < 0.001*
Temperature sensitivity: normal 0.546 0.185 2.945 0.005*
Pain sensitivity: normal 1.047 0.165 6.341 < 0.001*
Tactile sensitivity: normal 1.221 0.219 5.581 < 0.001*
3 0.836 0.358 2.335 0.023*
4-5 1.712 0.408 4.201 <0.001*
DN4 score
6-7 2.942 0.385 7.639 < 0.001*
8-10 4.321 0.550 7.861 <0.001*
5.3-6.1 1.515 0.502 3.019 0.004*
Cholesterol
>6.2 2.694 0.505 5.338 <0.001*
3.4-4.0 1.081 0.283 3.823 < 0.001*
LDL 41-4.8 2.038 0.252 8.077 <0.001*
>4.9 3.262 0.254 12.829 < 0.001*
HDL: < 1.03 0.954 0.149 6.394 < 0.001*
TG 0.623 0.106 5.874 < 0.001*
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smoking (0 if no, 1 if yes), X, — employment (0 if yes, 1 if
no), X;,_, — BMI (0 if 2530, 1 if 31-40), X, , — HbAlc
(0 if 4—6, 1 if 7-8), X,_,, — HbAlc (0 if 4—6, 1 if 9—10),
X,,_;; — HbAlc (0 if 4—6, 1if 11-13), X, ,, — HbAlc (0 if
4—6, 1if 14—20), X, — mobility (0 if no problems, 1 if some
problems), X, — self-care (0 if no problems, 1 if some prob-
lems), X, — usual activities (0 if no problems, 1 if some
problems), X,,., — pain/discomfort (0 if no pain, 1 if mode-
rate), Xg,, — pain/discomfort (0 if no pain, 1 if extreme),
Xyea — anxiety/depression (0 if no, 1 if moderate), X, —
anxiety/depression (0 if no, 1 if extreme), Xyo.ma — Vibration
sensitivity (0 if decreased, 1 if normal), Xy,,.. — temperature
sensitivity (0 if decreased, 1 if normal), Xy, — pain sensi-
tivity (0 if decreased, 1 if normal), Xy,,... — tactile sensitivity
(0 if decreased, 1 if normal), X; — DN4 (0 if 02, 1 if 3),
X, s — DN4 (0if 0-2, 1 if4-5), X, , — DN4 (0 if 0-2, 1 if
6-7), X;_,, — DN4 (0if 0-2, 1if 8—10), X, ,, — cholesterol
(0if < 5.2, 1if5.3—6.1), X, ;, — cholesterol (0 if < 5.2, 1 if
>6.2),X,,,,— LDL(0if<3.3, 1if3.4—4.0), X,, ,s— LDL
(0if<3.3,1if4.1-4.8), X.,,— LDL (0if< 3.3, 1 if > 4.9),
X1 0s— HDL (0if>1.03, 1if < 1.03).

With an increase in age by 1 year, a 0.103 decrease in
effectiveness of rehabilitation (score) should be expected.
The change in duration of T2DM to 3—5 is associated
with an expected decrease in effectiveness of rehabilita-
tion (score) by 1.341, to 6—10 — by 2.221, to 11—15 — by
3.372, to 16—20 — by 3.732. The change in duration of
DPN to 4—6 is associated with an expected decrease in
effectiveness of rehabilitation (score) by 0.897, to 7—9 —
by 1.660, to 10—20 — by 2.920. Quit smoking is associated
with an expected decrease in effectiveness of rehabilitation
(score) by 4.748, tobacco smoking is associated with an
expected decrease in effectiveness of rehabilitation (score)
by 9.817. The change of employment is associated with
an expected decrease in effectiveness of rehabilitation
(score) by 0.841. The change in BMI to 31—40 is associ-
ated with an expected decrease in effectiveness of reha-
bilitation (score) by 1.040. The change in HbAlc to 7—8
is associated with an expected decrease in effectiveness
of rehabilitation (score) by 0.751, to 9—10 — by 1.784, to
11-13 — by 2.617, to 14—20 — by 1.862. The change in
mobility due to some problems is associated with an ex-
pected decrease in effectiveness of rehabilitation (score)
by 0.958. The change in self-care due to some problems
is associated with an expected decrease in effectiveness
of rehabilitation (score) by 0.922. The change in usual
activities due to some problems is associated with an ex-
pected decrease in effectiveness of rehabilitation (score)
by 1.185. The change in pain/discomfort to moderate is
associated with an expected decrease in effectiveness of
rehabilitation (score) by 0.996, to extreme — by 2.015. The
change in anxiety/depression to moderate is associated
with an expected decrease in effectiveness of rehabilitation
(score) by 0.990, to extreme — by 2.015. The change in
vibration sensitivity to normal is associated with an ex-
pected decrease in effectiveness of rehabilitation (score)
by 1.152. The change in temperature sensitivity to normal
is associated with an expected decrease in effectiveness of
rehabilitation (score) by 0.546. The change in pain sensi-
tivity to normal is associated with an expected decrease in

effectiveness of rehabilitation (score) by 1.047. The change
in tactile sensitivity to normal is associated with an expec-
ted decrease in effectiveness of rehabilitation (score) by
1.221. The change in DN4 score to 3 is associated with
an expected decrease in effectiveness of rehabilitation
(score) by 0.836, to 4—5 — by 1.712, to 6—7 — by 2.942,
to 8—10 — by 4.321. The change in cholesterol to 5.3—6.1
is associated with an expected decrease in effectiveness of
rehabilitation (score) by 1.515, to > 6.2 — by 2.694. The
change in LDL to 3.4—4.0 is associated with an expected
decrease in effectiveness of rehabilitation (score) by 1.081,
to 4.1-4.8 — by 2.038, to > 4.9 — by 3.262. The change
in HDL by < 1.03 is associated with an expected decrease
in effectiveness of rehabilitation (score) by 0.954. With a
decrease in triglycerides level, a 0.623 of effectiveness of
rehabilitation (score) should be expected.

The resulting regression model is characterized by the
correlation coefficient r,, = 0.997, which corresponds to the
functional relationship on the Chaddock scale. The model
was statistically significant (p < 0.001). The resulting model
explains 99.5 % of the observed variance of effectiveness of
rehabilitation (score).

Discussion

Neuropathy is the most common complication of diabe-
tes. 50 % of adults with diabetes will develop neuropathy in
their lifetime. DPN is the major form of neuropathy (75 %
of cases). Pharmacological treatments are recommended for
pain management in DPN [13, 14].

Appropriate therapy for painful DPN is important be-
cause this pain contributes to a poor quality of life by cau-
sing sleep disturbance, anxiety, and depression [15]. The
basic principle for the management of painful DPN is to
control hyperglycemia and other modifiable risk factors,
but these may be insufficient for preventing or improving
DPN [16].

The findings of our study underscore the complex
interplay of various factors in predicting the efficacy of
rehabilitation in patients with T2DM and DPN. Through
a multifactorial regression analysis, we identified several
key predictors associated with rehabilitation effective-
ness, ranging from demographic and clinical characte-
ristics to lifestyle factors and sensory sensitivities. One
notable finding was the significant association between
increasing age and reduced effectiveness of rehabilitation,
as evidenced by the negative coefficient observed in our
regression model. This highlights the importance of con-
sidering age-related factors when designing rehabilitation
interventions for DPN patients, as older individuals may
require tailored approaches to address their unique needs
and limitations.

Furthermore, our analysis revealed a strong correlation
between the duration of diabetes mellitus and rehabilitation
outcomes. Specifically, longer duration was consistently as-
sociated with decreased effectiveness of rehabilitation, sug-
gesting that early intervention and aggressive management
of diabetes may lead to better outcomes in DPN patients.
This emphasizes the critical role of timely diagnosis and
comprehensive diabetes care in optimizing rehabilitation
success.
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Additionally, lifestyle factors such as tobacco smoking
and employment status were found to significantly impact
rehabilitation effectiveness. Patients who smoked or were
unemployed demonstrated poorer outcomes compared to
their non-smoking and employed counterparts, highligh-
ting the importance of addressing modifiable risk factors in
rehabilitation programs.

Our study identified several clinical parameters, including
BMI and HbAlc levels, as important predictors of rehabilita-
tion outcomes. Higher BMI and HbA1c were associated with
reduced effectiveness of rehabilitation, emphasizing the need
for comprehensive management of metabolic parameters in
DPN patients to optimize treatment responses.

Sensory sensitivities, as assessed by measures such as
vibration, temperature, and pain sensitivity, emerged as sig-
nificant predictors of rehabilitation effectiveness. Patients
with impaired sensory function exhibited poorer outcomes,
suggesting the importance of incorporating sensory assess-
ments into rehabilitation protocols to tailor interventions to
individual patient needs.

Overall, our study highlights the multifaceted nature
of predicting rehabilitation efficacy in T2DM and DPN
patients. By identifying and considering the various fac-
tors influencing treatment outcomes, clinicians can deve-
lop personalized rehabilitation strategies that address the
unique needs and challenges of each patient, ultimately
leading to improved clinical outcomes and enhanced qua-
lity of life.

The regression model demonstrated high explanatory
power, with an observed correlation coefficient (r,,) of
0.997, indicating a strong functional relationship. Further-
more, the model was statistically significant (p < 0.001),
suggesting that the identified predictors collectively ex-
plain 99.5 % of the observed variance in rehabilitation
effectiveness. These findings underscore the importance
of considering multiple factors when predicting rehabili-
tation outcomes in diabetic polyneuropathy patients and
highlight the potential utility of the developed model in
clinical practice.

The proposed mathematical model for predicting the
effectiveness of rehabilitation in DPN patients achieves
a coefficient of determination R? of 0.995. This indicates
that 99.5 % of the factors have been accounted for in the
DPN rehabilitation prediction model, demonstrating its
high quality.

Since the pathogenesis of DPN is multifactorial, its ma-
nagement is based on combination therapy, symptomatic,
either pharmacological or non-pharmacological, treatments,
and pathogenic treatment [17—19].

While pathogenic mechanisms stemming from hypergly-
cemia are likely to be significant contributors to DPN, future
therapeutic strategies will require a more nuanced approach
that considers a range of concurrent insults derived from the
complex pathophysiology of diabetes beyond direct hyper-
glycemia [19—-21].

Further prospective research could involve conducting
ROC analysis to determine the sensitivity, specificity, and
prognostic accuracy of the proposed mathematical model
for predicting DPN rehabilitation effectiveness in T2DM
patients.

Conclusions

For the first time, a mathematical model has been deve-
loped that includes predictors of rehabilitation effectiveness
in DPN among type 2 diabetes patients, revealing that age,
employment, tobacco smoking, duration of DPN, duration
of diabetes mellitus, HbAlc levels, mobility, activity, pain,
discomfort, vibration sensitivity, temperature sensitivity, pain
sensitivity, tactile sensitivity, DN4 scores, total cholesterol,
LDL cholesterol, and triglycerides play significant roles in
the adverse prognosis of this condition.

The application of this prognostic model, considering
99.5 % of rehabilitation effectiveness factors, in real clinical
practice will enable the early identification of patients with
high and low rehabilitation potential.
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bakanok T.I', Makapyyk H.P., Ctenbmax I.O.", [aHbkiB B.1.2, KamuwHa 1.1
" TepHOMIAbCbKI HQLIOHQABHWA MEAMYHI YHIBEPCUTET iMeHi I.51. fopb6ayeBChkoro, M. TepHoninb, YkpaiHa
2 YKpQiHCbKM HQYKOBO-MPAKTUYHUU LIEHTD eHAOKPUHHOI XipyPrii, TOQHCAAQHTALIT EHAOKPUHHMX OpraHis i kaHmH MO3 YikpaiHu,

M. KniB, YkpaiHa

MNporHo3yBaHHS ePEKTUBHOCTI peabiAiTauii B NALIEHTIB
i3 LYKPOBUM AIQGETOM 2-r0 TUMNY TA AiIGETUYHOIO NOAIHENPONATIEID

Pe3iome. Axmyaavnicms. ITporaosyBanHs e(eKTUBHOCTI pea-
Oinitauii B nauieHTiB i3 giadbeTnuHoIO nosiHeiponatiero (AITH)
pu IyKpoBoMy niadeti 2-ro turry (LI/12) mae Bemke 3HaYeHHS B
Cy4yacHill KJIiHIYHIM MpakTUlli. 3BaXkaroyu Ha nolupeHicts 112
i floro ycknaaHeHb, y Tomy uuciai JAITH, po3pobka nporHoctuy-
HUX MoJieJielt TO3BOJIUTD MePCOHATI3yBaTH JTiKyBaJIbHi TiIXOIH,
ONTHUMI3yBaTU peabiiTaliiiHi mporpaMu Ta MiABUIIMTU SIKiCTh
KUTTS NaulieHTiB. [HTerpailiss HOBITHIX METOiB aHaIi3y JaHUX
Ta MOJIEKYJISIPHO-0i0JIOTIYHUX IiAXOAiB Y MPOrHOCTUYHI Moaesi
CIIPUSITUME PO3BUTKY iIHHOBAILIITHMX cTpaTeriil peabiniralii Ta rno-
KpalleHHIO Pe3y/IbTaTiB JIIKyBaHHSI B ILIi€1 BaXKJIMBOI KaTeropii mari-
€HTiB. Mema pobomu: 3anipoIIoHyBaTH 0aratoakTOpHY perpeciiiHy
MaTeMaTUYHY MOJIEJIb IIPOTHO3YBaHHSI e(PEeKTUBHOCTI peabiiTartii
niabeTYHOI MoJiiHeliponaTii. Mamepiaau ma memoodu. 17151 1o0y-
JIOBU TIPOTHOCTUYIHOI MOJIEJTi 3a JOTIOMOTOI0 6aratoakTopHOTO
perpeciiiHoro aHamizy oocrexeHo 95 xBopux Ha LIJ12. [1ns nepe-
BipKM SIKOCTi MOJIeJIi BAKOPUCTOBYBaJIM KpuTepiit Heitmxenkepka
(R?). Pesyavmamu. AHani3 BUSBUB 3HAYYIIII 3B’I3KU MiX Pi3HUMU
(bakTopamu Ta e(PeKTUBHICTIO peadiiTallii Malli€HTIB i3 miadbeTnu-
HOIO TMoJliHelipomnaTieto. 30kpemMa, 30iIblIeHHS BiKy MOB’si3aHe
3 nependavyyBaHUM 3HVDKEHHSIM e(eKTUBHOCTI peabimitaiii Ha
0,103. Kpim TOTO, 30iJIBLIEHHST TPUBAJIOCTI LIYKPOBOTO AiadeTy
OB’ si3aHe 3 OUiKyBaHUM 3HIDKEHHSIM e(heKTUBHOCTI peadimiTaltii
Bin 1,341 mo 3,732 3anexxHo Bia miama3oHy TpuBasocTi. Tak camo

MpaleBaalTyBaHHsI, TIOTIOHOKYPiHHSI, iHIEKC Macu Tijla, piBeHb
riikoBaHoro remoryiodiny (HbAlc), pyximBicTh, 3maTHIiCTb 10 ca-
MOOOCTYTOBYBaHHSI, IOBCSIKICHHA TisTTbHICTD, O1JTb/IUCKOMMOPT,
TpUBOra/Iaenpecis, CCHCOpHa YyTJIMBICTh, MokazHUKKM DN4 Tta
MpoiIb JiAiB OyJIM 3HAYYIIIO OB’ sA3aHi 31 3MiHAMU B e(heKTHB-
HOCTi peabimirartii. PerpeciitHa Monesb mpoaeMOHCTpyBajia BUCOKY
e(PeKTUBHICTh Ta MPUUHSATHICTD i3 KOPEIALUIMHUM KoedillieHTOM
(r,,) 0,997, mo cBiQUUTL PO CUIBHMI (PYHKILIIOHANLHUIA 3B’ 30K.
Kpim Toro, Mmomesb Oyia ctaTucTuaHO 3Hauyiiow (p < 0,001).
Lli pe3ysibTaTil MiAKPECTIOTDH BaXKJIMBICTh BpaXyBaHHST 0araTbox
(axTopiB IMpu TPOrHO3yBaHHI pe3yJIBTATIB peaditiTallii B alli€HTiB
i3 IITH i minkpecitooTh MOTEHUiiTHY KOPUCHICTh pO3pO0IeHOI
MoOJeJli B KJIiHIYHIN npakTulli. Bucrnoeku. MatemaTuyHa MOJeb
rnporHo3yBaHHs edexruBHocTi peadinitauii ITH y xBopux Ha
LIJI2 neMOHCTpYE BUCOKY IPUIAHATHICTD, IKiCTh Ta e(DEKTUBHICTb.
BukopucranHs 1iei Mmomerni, 1110 BpaxoBye 99,5 % dakTopis, 103-
BOJIUTD MiABUILIMTU TOYHICTh Ta CBOEYACHICTh peadiiTalliil marieH-
TiB, TIOKPAIIUTHU Pe3yIbTaTH JIIKyBaHHS, TIPOBOIUTHU PETYIISIPHUI
MOHITOPMHT XBOPHUX i3 BUCOKUM PUBMKOM YCKJIQIHEHb, CIIPUATH
po3po0i11i iH(opMaLiiTHUX JIMCTIB Ta afalITOBaHUX MPOrpam Mpodi-
naktuku JITTH y xBopux Ha LIJ12, a TaKoX CTBOPEHHIO BiAIOBIIHIX
MeIMYHUX KAJIbKYJISITOPIB Ta iH(OpMALIITHUX CUCTEM.

KirouoBi ci10Ba: uykposuii giabet; niabeTyHa moJiiHeiiponaris;
peabiniTauis; i3uyHa Teparrisi; MpOrHo3yBaHHsI
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AQTeHTHUN ABTOIMYHHUN Ai0GeT AOPOCAUX:
CYYQCHIi AQHiI
(OrAsIA AiTEepaTtypu TA Pe3yAbTATU
BAOCHUX AOCAIAXKEHb)

Pestome. Y crartTi HaBefeHi cy4acHi BigoOMOCTI po flaTeHTHU aBToiMyHHWV fiabet gopocnux (LADA), nogaHi
AaHi Lono enigemionorii, hakTopis Ta MexaHi3MiB PO3BUTKY, KITiHIYHUX 0COBIMBOCTEV 3axBoproBaHHA. OnmcaHo
peHoTunosi BapiaHTy nepebiry LADA, po3KpuUTi MTaHHSA [iarHOCTUHHMX 0COBSIMBOCTEN Ta ANDEePeHLiviHOI fiarHoc-
kun. LADA — ye ¢hopma Lykposoro giabety (L), Lo BiApi3HAETLCA MEHLL IHTEHCUBHUM aBTOIMYHHUM MPOLECoM
i LUMPOKUM CMIEKTPOM KJTIHIYHMUX O3HAK rOPIBHAHO 3 KnacudHum L[] 1-ro tuny (LJA1) Ta Moxe matu 03Haku 060X
ocHoBHUX TUniB LYJ]. 3a pesynsratamu enigemionoriyHnx OCimpKeHs, nowmpeHicte LADA cTtaHoBUTb 6/IM3bKO
12 % Bcix Bunagkis U4, nocigae gpyre micue nicns L[ 2-ro tuny (U42) cepen ycix gpopm L[ i € HavibinbLL noLLm-
PEeHUM TUIMOM aBTOIMYyHHOro giabety cepen [opocinx. 3rigHo i3 cyHacHor knacugikauyieto, LADA Hanexuts [o
aBtoimyHHoro nigtuny LI1. Ockinbku Ha no4aTky 3axBOPHOBaHHS NalieHTV He MOTPebYIoTb BBEAEHHST IHCYITHY,
nepe6ir LADA nogi6Hmwi o L2, Lo € npuYnHO giarHOCTUHHUX MOMUIIOK. 3a gaHuMmu niitepatypu 1a 3rigHo 3 pe-
3ynbTatamm rnpPoBEAEHOro JOCIAKEHHS, OKPIM aBTOIMYHHOIO YpaXKeHHs B-K/iTUH MigLUITyHKOBOI 3a51034, KITKOYOBY
porsb y mexaHiamax po3sutky LADA Bigirpa€e iHCyniHOpe3nCTEHTHICTb i3 3pOCTaHHAM YacToTy Ta CTyrneHs1 ab[oMi-
HaslbHOro OXUPIHHSA, LLO He TiJlbKu MOoripLLye MeTabosiqHM KOHTPOIb, NiABULLYE PUSUK META00/TIHHOrO CUHAPOMY,
arne vi Cripu4nHsie 3HVKEeHHS IHCYIIHOBOI cekpeLil Ta nporpecyBaHHsA aBToIMyHHOro ripoyecy. Y nauieHTis 3 LADA
MOLLMPEHICTb | CTYrMiHb OXWPIHHA, apTepiasibHoI rinepTeHsii Ta Aucinigemii nocigaroTe NPOMKHY MO3ULII0 MK
KnacudHumu Tunamu L. Monpu MeHLLy KiflbKiCTb MeTabonidyHuX (hakTopis pu3uky nopisHsaHo 3 L2, nayieHtn
3 LADA maroTe Takuii camuii abo HaBiTb BULLIMV PU3UK CMEPTI Ta CEPLIeBO-CYANHHNX 3axBoptoBaHb. HalibirnbLL
BaXnmMBUMU giarHocTu4HuMu mapkepamm LADA € pisHi C-nentuay 1a aBToaHTUTIN MPoTU OCTPIBLEBUX aHTUIEHIB.
MoxnusicTe 4iTkoi giarHoctnkn LADA obmexeHa Yepe3 3HaqHy HeO[HOPIAHICTb 3aXBOPIOBaHHS BHACIOK nepe-
KpuTTs1 03Hak L1 i L{A2. 3rigHo i3 cyHacHumu pekomeHgauiamu, TepaneBTuyHi nigxoam o LADA, ocHoBy sikux
CTaHOBUTbL iHCYIIHOTepanisi Ta METEhOPMIH, 3anexartsb Bif piBHsi C-nentugy. [oTpibHI LOAATKOBI AOCTMKEHHS A/15
YOOCKOHasIeHHS1 MEPCOHIhIKOBaHMX MigxXo[iB y NiKyBaHHI bOro 3axBOPHOBaHHSI.

Kno4oBi cnosa: nareHTHuii aBToiMyHHWUI fiabet gopocnmx; LADA; LyKpoBuii giabeT; reTeporeHHICTb; iHCy/li-
HOPE3UCTEHTHICTb

Bctyn

OcTaHHIM 4acOM CIOCTEPITa€ThCsI 3POCTAHHS TeTEPO-
TeHHOCTI IyKpoBoro miadety (LI[1), 1o mpu3Beo o po3-
MUTTS MEX MiX 1ioro hopMamMu. 3aXBOpIOBaHHS BCE YaCTi-
111 TTPOSIBIISIETHCS Y HETUTIOBUX BapiaHTax. Lle mpu3BonuTh
JI0 3MEHILIEHHsI 3HAYEHHSI KJTACUYHUX TiarHOCTUYHUX KpH-
TepiiB TumiB LI, sIK-0T BiK mallieHTa, HasiBHiCTbh O3HAK
meTtabosiiuHoro cuHapomy (MC), 3ajexHicTh Bif iHCY-

JliHOTeparii Tolo. Yce yacTilie TparisitoTbesl TOETHAH-
Hs1 pisHux tuniB LJI (moapiiiHuii a60 HaBiTh MOTPiIMHUIA
LIJ1), sxi B ximacugikamnii BcecBiTHBROI opranizairii 0xo-
poHu 310poB’st 2019 poky mo3HaueHi K TiopuaHi hopMu
LLJI [1]. i HexmacuuHi BapianTu 1IJ] MOXYTh CTAaHOBUTHU
BUKJIMK y TiarHOCTUIII 3aXBOPIOBAHHS Ta YIIPABIiHHI HUM,
OCKIJIbKHM 1X KJIiHIYHA Npe3eHTalliss MoXe OyTH CKJIaJHOI0
Ta BapiaTUBHOIO.
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skl

Haii6inpmr ssckpaBum BapiaHTOM riopuaHoro LIJI
€ LADA — naTeHTHUI1 aBTOIMYHHUIA 1iabeT nopociux (abo
MOBUIBHO MPOIPeCcyounii iMyHOONOCEPEeAKOBAHUI TiadeT
nopocianx). LADA Binpi3HSIETbCS KiIbKOMa OCOOIMBOCTSI-
MM, SIKi OKPeMO XapaKTepHi JIUIIe IJ1sd TpaaulliiHuX (hopM
A tumy 1 (L) i Tumy 2 (L12). Y naitieHTiB BUSIBISIIOTh-
Cs aHTUTINA 10 B-KJITUH, 5IKi 3a3BUYail CIIOCTEPIraloThCs
npu L1, ane ogHouacHo mpucyTHi KomnoHeHT MC, 1110
6inbi xapaktepHo mist LI12. KpiM 11boro, Ha mo4yaTKOBOMY
eTarli po3BUTKY 3aXBOpIOBaHHs B MmauieHTiB 3 LADA pee-
CTPYETHCSI BITHOCHO 30epexXeHuit piBeHb C-TIeNnTULy, 110
poOuUTH fioro moaioHuM He TiibKu 10 1IJ12, ane i 1o HeiMyH-
HoOro MoHoreHHoro Aiadety Tuy MODY. Ockinbku nposiBu
LADA matotb o3Haku sk LIJI1, Tak i LIJ12, 1 iioro onucy
BUKOPHUCTOBYIOThCS iHIII, HEODiLliliHi TEPMiHU, CEPE SIKMX
HaunomwupeHimmii — LJI Tumy miBropa (LI11,5).

Ha croromHi Hemae oCTaTOYHOIroO PO3YMiHHS, YU
€ LADA inmorw cytHicTio uu nigtunom LJI1 i3 moBinb-
HIIIIMM pYWHYBaHHSM KIIITHH, 1110 BUPOOJISIIOTH iHCYIIiH.
Y crannaprax AMepuKaHCHKOI AiabeToIorivyHo1 acolia-
uii (ADA) 2024 poxky LADA BxitoueHo no karteropii LIJI1
JUTSL 3a3HAYEHHS MOXJIMBOCTI aBTOIMYHHOTO PYHHYBaHHS
B-xiiTvH y nopociux [2].

Ilepmi o3naku rereporeHHocti IIJI omucanu
L.C. Groop et al. e y 1986 poui [3]. BoHu nosigomMuiu mpo
Koropty nauieHTiB 3 LIJ12, y sikux Oyiu BUSIBIEHI aHTUTiIa
JI0 OCTPIBIIEBUX aHTUTEHIB MPU 30epekeHill -KITITUHHIN
¢YHKIIiT, i HA3BaJIM TaKUil CTaH JIATEHTHUM JiabeToM 1-ro
tuny. Yepes neskuit yac ueit tTun LJI moyanm HazuBatu
LIJI1,5 3 oryisimy Ha Te, 11O BiH MOENHYE O3HAKM KJIaCUY-
Hux 1 ta LIA2. T tineku y 1993 poui T. Tuomi et al. [4]
JOKJIAJHO ONUcay Lei miarun aproimyHHoro LIJI, 1o nmo-
BiJILHO MPOTrpecye Ta He MOoTpedye iHCYIiHOTepallil IpoTsi-
TOM TPUBAJIOTO Yacy ITic/IsI MaHi(ecTarlii.

Otxe, LADA — 1ie pizHOBU] fiaGeTy, 1110 po3rJsiaa-
€TBHCS SIK TETePOTeHHE 3aXBOPIOBAHHS, XapaKTePU3y€EThCSI
MEHIII iHTEeHCUBHUM aBTOIMyHHUM IPOLIECOM, IITMPOKUM
KJIiHIYHUM (peHOTUIIOM MOPiBHSHO 3 KiacuuyHuM L1
i MOXXe MaTH KJIiHIYHiI O3HAaKM IBOX OCHOBHMX TUIIIB Jlia-
6ety. Ockinbky Ha yac MaHidecranii LADA mnaiieHT! He
MOTPeOYIOTh IHCYTIHOTEepalIii, ITepeoir IIbOTo 3aXBOPIOBAHHSI
Ginbiie Haraaye LIJ12, 110 i TpuU3BOAMTH 10 1iarHOCTUYHUX
MOMMIIOK [5].

Eniaemionoris

3a TaHMMM OCHOBHUX €ITiIeMiOJIOTiYHUX JOCTiIKEHb,
nomupeHicte LADA Moxe ctaHoBuTH Bin 3 1o 12 % ycix
BUITAAKIB miabeTy y HOpocIux Joaeit. 30KkpeMa, J0CTi-
mkeHHst UKPDS (United Kingdom Prospective Diabetes
Study) [6] BcranoBWMIIO, 1110 12 % mauienTiB 3 LADA manu
xuOHO niarHoctoBaHuii LIJ12. ¥ macmrabHOMy eBporieii-
cbKoMy nochimkeHHi Action LADA, y skomy Opajiv yuyacThb
6000 marieHTiB 3 HelogaBHO BusBieHUM LI, mo3uTuB-
HICTb aHTUTLI 10 MMAHKPEATUYHUX OCTPIBIIB crlocTepiragacs
v 9,7 % BUNAAKIB 3 GUIBIIMM MOIIMPEHHIM Y MiBHIYHUX
perioHax [7]. 3a mTaHUMM HEIOAaBHBOTO METaaHali3y, Mo-
mpeHictb LADA e Haii6inbinoro B IliBHiuHITT AMepuiii
(13,5 %), na biusbkomy Cxoni Ta B [liBHiuHIT Adpu-
ui (9,5 %), B Abpuui (9,4 %), y [liBnenno-CxinHiit Asii
(9,2 %) Ta'y 3axinHiii vactuHi Tuxoro okeany (8,3 %) [8].

Otxe, momupeHictb LADA 3HauHO Bapiroe cepen ocio
3 pi3HUX KpaiH i HaIliOHAJILHOCTEM, ajie 11e MoXe OyTH 3y-
MOBJICHO TeHETUYHUMM BiAMiHHOCTSIMU, Pi3HUIIEIO Y CITO-
co0i XUTTSI Ta METOJIOJIOTIED TIPOBEACHHSI TOCIiIKEeHb.
Icnyroui gani cBimuats npo Te, 1o LADA 3 ypaxyBaHHSIM
HeIiarHOCTOBaHMX BUIIAAKIB ITOCiIa€ Apyre Miclie 3a Jac-
ToToto cepen Beix TuniB LIJ] micaa LIJ12, a Takoxk € Haiio-
IIMPEHIIITM TUIIOM aBTOIMYHHOTO IiabeTy cepel JOPOCIUX
Mali€HTiB.

EtioAoria i naTtoreHes

IIpo cknamHuii i cieunpiyHUil MeXaHi3M PO3BUTKY
LADA cBigunTh 10oro BupaxeHa reTepOreHHICTh 3a TeHe-
TUYHUMHU, GPEHOTUTTOBMMHU Ta iIMYHOJIOTIYHUMU O3HAKAMM.

lenemuyni npuvunu. JIoCIiIKeHHSI TEHETUIHOI IIPUPOIN
LADA miokasajnu, 1110 Nalli€HTU MalTh BUIU T€HiB, BiAIO-
BimaabHUX 3a po3BUTOK K LIJI1, Tak i II/12, i cneuudiuni
15t LADA o3HaKkHM y MeBHUX JIOKYCAaX TOJIOBHOTO KOMITJIEK-
cy ricrocymicHocTi [9]. B oci6 3 LADA HasiBHi reHu, siKi
acolilioBaHi i3 BUCOKMM pU3UKOM po3BUTKY LIJI1, 30kpe-
ma HLA-DR3, -DR4 ta aneni DQB1*0302 i DQB1*0201
HLA, BogHOYac 9acToTa iX 3MEHILIYETHCS i3 3pOCTAHHIM
BiKY IMOYATKY 3aXBOPIOBaHHS i € HUXYo10 1pu LADA nopiB-
HsHo 3 L1 [10, 11]. Cxoxi BimmiHHOCTI Mixk LADA i II/11
BcTaHoBJIeHO 11 reHiB PTPN22 ta INS VNTR [12, 13].
Takox He3allexXKHUM MpeaukTopoM pu3nky LADA Bu3HaHi
CTLA-4+49 A/G renorunu [14].

Hagsnictio reniB DR2 i DQB1*0602 y mauieHTiB
3 LADA, s1Ki 3arajioM BBaXKalOThCSl IIPOTEKTUBHUMMU IIIOI0
PO3BUTKY aBTOIMYHHOTO /1iabeTy, MOSICHIOIOTh TTOCTYITOBUIA
IOYaTOK Ta JJaTeHTHMI Iepedir 11boro 3axBoproBaHH: [15].

HemonaBHi gocaimKeHHST CIIpUSUIN ineHTUIKalIil HO-
Boro LADA-cneuudiyHoro sokyca — PFKFB3, o konye
peTyJISITOp IJIKOIi3y Ta mepegady CUTHAIIB iHCYIIHY TIpU
LI/12 i 3anmaneHHst Ta aBTO(Arito Mpu aBTOIMyHHUX 3aXBO-
proBaHHSIX [9].

Takox BCTaHOBJICHO, 1110 TIOEAHAHHS HaAMipHOI Macu
TiJla Ta reHoTUMiB Bucokoro pusuky HLA, TCF7L2, mo
konye LIJ12, TakoxX acoIliloEThC i3 MiIBUILIEHNM PU3UKOM
po3Butky LADA [16].

Otxe, manienT 3 LADA MOXyTh MaTl TeHETUYHI 03-
Haku sk LIJI1, tak i 1IJ12, 3 ynm 1oB’si3aHa BeJMKa Bapia-
OeJTbHICTh aBTOIMYHITETY, IIBUIKOCTI AECTPYKIIil -KIiTHH
MiAIITYHKOBOI 3aJT03U Ta CTYMNEHS iHCYTiIHOPE3UCTEHTHOCTI.

Asmoimynimem ma incyainonpodykyoua gyuxyis [-kai-
mun. OcHOBHa pizHuus Mixk kiacuuyHum LIJI1 ta LADA
MOJISITA€ B iIMYHOJIOTiYHii aKTUBHOCTI, TOOTO Y TUTpax aH-
TUTIJI IO OCTPIBLIEBUX aHTUTEHIB: mpu KiaacuayHomy LIJI1
3aXBOPIOBAHHSI BUHUKAE Y MOJIOJIOMY Billi i POSIBISIETHCS
LIBUAKOIO BTPATOIO iHCYJTiHOMPOAYKYI0UOi (PyHKIIil, 1110
TPOSIBJISIETHCS CTPIMKUM 3HWXKEHHSIM piBHSI C-TIeNTHAY 10
HYJIS1 Ha T BUCOKUX TUTPiB aHTUTiA [17]. [Tpu LADA pee-
CTPYIOThCS Ti caMi aHTUTIIa, 1110 1 rnpu KiaacuuyHomy LIJI1,
MPOTE 31€0UTBIIOT0 y 3HAYHO HUXKUYMX TUTPAX.

HasBHiCTh aHTUTINI Yy KPOBI Bilirpa€ KIOY0BY pPOJIb
y inentugikauii LADA. 10 OCHOBHUX iMYHOJOTiYHUX
MapkepiB LIJ] BiTHOCATb 5 OCHOBHUX BUIiB aBTOAHTHUTII:
antiGAD, antuTtina no iHcyniny (IAA), aHTuTizIa 10 OC-
TpiBLEBUX KJIITUH mianutyHKoBoi 3ano3u (ICA), aHTtuTina
1o 6inkoBoi TuposuH@ocdarasu [A-2 (IA-2A) Ta aBTOaH-

16 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 3, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

TtuTina i3odopmu 8 (ZnT8). BogHouac aHTUTIIA DO OCTPIB-
LIEBUX KJTITUH, 3 IKUMU ITOB’SI3YIOTh JIECTPYKILiO B-KITITHH,
BUSIBJISIIOTH B ocHoBHOMY mpu LI/I1, Tomi sx mia LADA
y OLTBIIIOCTI BUTIAAKIB XapaKTepHe miaBuiieHHs antiGAD,
1110 € MapKepoM iHCYJITy [7].

OcTaHHIM YacoM 3’SIBJISIIOTBCS TOKa3HU, sIKi MiITBEPIXKY-
I0Th BUPilIaJbHY POJib KUIIIKOBOI MiKpOOiOTH B MOJEIIO-
BaHHi iMmyHHOI cuctemu ipu LADA [18]. Takox pe3yiasratu
HaIIUX MOMEPEIHIX TOCTiIKEHb TTOKa3aan poib 1ediuuty
xoJiekanbldeposy B po3sutky LADA [19].

Poav incyninopeszucmenmuocmi. 1CHy1OTh T0Ka3u, 1110
LADA acoliloeTbcsl 3 TUMHU X (PaKToOpaMU PU3UKY, 1110
it IIJ12, 30kpemMa 3 HaaAMipHOIO Macolo Tijla, HeJOCTaTHIM
hi3MYHMM HaBaHTaXKEHHSIM i KypiHHSIM, sSIKi BILIMBAIOTh Ha
YyTIMBICTB 10 iHCYJIiHY, III0 CBITYUTH IIPO MOKIMBY KIIIOY0-
BY pOJIb iHCY/TiIHOpe3UCcTeHTHOCTI B matorenesi LADA [20].

VY mauienTiB 3 LADA BcTaHOBIIEHO 3HIZKEHY YYTIUBICTh
penieniTopiB 1o iHcyiHy [21]. CTyIiHb iHCYJTIHOPE3UCTEHT-
HOCTi € MoaioHuM A0 Takoro y mauieHTiB i3 LIJ12 [22] ta
BUIIMM, HiX npu kiacuuHomy LII1 [23]. ¥ cBoto yepry,
iHCYJIIHOPE3UCTEHTHICTb i rinepiHcyiiHeMis npu LADA
CTIPUIMHSIOTh BUCHAXEHHS P-KITITUH 3i 3HIKEHHSIM iH-
CyJIiHOMPOAYKYI0UO0i (PYHKIIiT Ha 1OJATOK 0 aBTOIMyHHOT
JECTPYKIILl.

Kpim Toro, 3 orsiny Ha Te, 1o mist LADA xapaktepHa
MoB’si3aHa 3 iIHCYJIIHOPE3UCTEHTHICTIO OiJibllla Maca Tija,
Hix nipu /11, momipHe cucreMHe 3ananeHHs, 3yMOBJIEHE
HaUIMIIKOM BicLEpaJIbHOI TKAHUHU, MOXE CIIPUYUHSATU
JIATEHTHUI aBTOIMYHHUIA MPOLEC, 10 XapaKTepU3yeTb-
¢Sl TO3UTHUBHICTIO aBTOAHTUTIN [A-2 i3 Brparowo GyHKIIiT
B-KTiTHH Ta 3HUXKEHHSAM ceKpelil iHcyminy [24, 25] (puc. 1).

Lle cBimunTh MpO TE, 1110 PE3UCTEHTHICTD 10 iHCYJIiHY
€ KJII0YOBOIO BiIMiHHICTIO Ta Ma€ BUpilllajJbHe 3HAYECHHS
st matodizionorii LADA, ocKinbKKM HE TiILKM IIOTip-
1Iye MeTaboJIiYHUI KOHTPOJIb, MiaBulye pusuk MC, aie
¥ CIPUYMHSIE 3HUKEHHSI IHCYJIIHOBOI CeKpellii Ta Iporpe-
CyBaHHSI aBTOIMYHHOTO TTPOIIECY.

Ocob6AueocTi nepebiry

3HauHa yactrHa ocib i3 LADA mae crijibHi pucu Kia-
cuunux tuiB LIJI. Ha MoMeHT BCTaHOBJICHHS OiarHO3Y
MalieHTH, K MpaBUIO0, KIiHIYHO HaraaytoTh Takux i3 LIJ12,
OCKIJIBKM He MOTpeOyIOTh JIiKyBaHHs iHCyTiHOM. Lle € mpu-
YUHOIO TTOMUJIKOBOI JIiarHOCTUKY i Ma€ KIIiHiuHi Ta Oe3re-
KOBIi HACJiKY 3 OIISIAY Ha Pi3Hi TepaneBTUYHI MiAXOaU 10
BeJCHHS IMaIlieHTiB [26].

Sx Bxe 3a3Havanocsa, LADA € rereporeHHUM 3aXBO-
PIOBaHHSIM: JIesIKi HOro BUITaaKu MOXYTb HaragyBaTu LIJ11
(Hm3bkuii ingexc macu tija (IMT), acouiaiiiss 3 aBTOiMyH-
HUMM 3aXBOPIOBAaHHSIMM), TOMi SIK iHIII — MaTu OGaraTo
crniibHUX o3Hak 3 L1/12 (abmoMiHaabHEe OXUPIHHS, apTepi-
aJIbHa TiMepTeH3is, TUCIIITIiaAeMisI TOIIO).

KniHiyHO-6i0XiMi4yHI Ta MaTOreHeTUYHi BiAMiHHOCTI
L1, LADA ta LIJI2 HaBeneHi y Ta6im. 1 [24].

SAxio npu nudepeHiifHiil 1iarHOCTUII KJIaCUYHOTO
L1 Ta LIJI2 mpoGaem He BUHUKAE, TO y padi LADA icHy-
IOTh JesIKi HioaHcu [27].

3a TaHMMM MacIITabHUX JocaimkeHb, 30kpeMa UKPDS
[6, 28], vactota GADA-II03UTUBHOCTI B 0Ci0 3 IOIEepPeIHbO
BcTaHoBAeHUM [IJI2 BuUIla y MOJOAIINX MAlli€EHTIB (Ha-
npukian, B UKPDS Bin 34 % Bikom 25—34 pokiB 1o 7 %
y Mali€eHTiB BikoM 55—65 pokiB). ¥ cepenHbOMYy ocoou
3 LADA MoJto1li Ha MOMEHT AiarHOCTUKU, 3 HKuuM IMT
i MalOTh ocoOUCTHUII a0 CiMeiiHUIT aHaMHe3 aBTOIMYHHUX
3axBopioBaHb. PiBHi C-nienTuay 3HUKYIOTHCS MOBLUIbHIIIIE
npu LADA, uvixx ipu LIJI1, ToMy 11eit TOKa3HUK MOXHa
BUKOPUCTOBYBATH ISl BU3HAYEHHS CTail 3aXBOPIOBAHHS
BiITIOBITHO [0 3aMUIIKOBOI (YHKIII B-KITITUH i MOTpeou
B iHCyJiHI [29].

3 inmoro 6oky, LADA 4acTo 1iarHOCTYeTbCS Yy Halli€H-
TiB 3 HAIUTMIIKOBOO Macoto Tiia (HMT) a6o HaBiTh 3 MOp-
6imHuM oxupinHsM [30]. JocmimKeHHs B perioHax €Bporu
ta [liBHiuHOT AMepuKu nokaszanu, 1o cepeaHiit IMT ocio
3 LADA csirae piBHiB Big HMT no oxupinns [31]. 3okpema,
y nocimkenHi ADOPT 1ieit moka3Huk ctaHoBuB 31,4 Kr/m?
[32]. YV kuraiicekiit momyJsiii yacrora HMT a6o oxxupiHHSs
npu LADA csrana 60,9 i 35,9 % sinnosinHo [33]. AHa-
JIi3, 3AiCHEHUIT HAa OCHOBI JIBOX HOPBE3bKUX JIOC/IIKEHb
ESTRID ta HUNT, noka3saB, 1110 O>KUPiHHS aCOLIIIOETHCS i3
MigBUILIEHUM pU3UKOM po3BUTKY LADA (mancu [OR] 2,93,
95% N1 2,17—3,97 nnst ESTRID; koedinienT pusuky [HR]
6,07, 95% 11 3,76—9,78 st HUNT) [16].

VY 3B’sI3Ky 3 BEJIMKOI Pi3HOMAaHITHICTIO (heHOTUITiB
LADA, 1110 00ymMoBIIeHa pi3HUMM PiBHSIMM aBTOIMYHITETy Ta
IHCYJIIHOPE3UCTEeHTHOCTI, 3aITIPOTIOHOBAHO BUOKPEMITIOBATA
JIBa OCHOBHI minTunu 1iei xsopoou: LADAI, sikuii Ginbiie
cxoxuit Ha LI/11, xapakTepu3yeTbcsi BACOKUMU TUTPAMU
AHTUTIJI 10 OCTpiBLIEeBUX aHTUTeHiB, Ta LADA2, Koy ne-
peBaxaroTh o3Haku LIJ12 i Hu3bKi TUTpU aHTUTLI. [lamieH-
™ 3 Bucokumu (> 180 On/min) tutpamu GADA (LADAL)
MaroTh Oiblle 03HAK, XxapakTepHux wis LIJ11, 1K-0T HU3bKi
piBHi C-nentuny, miaBuineHi 3HaueHHs1 HbA ., Hu3bkuit

| CrieumdivHi Tpurepu |

['eHeTn4Hi ocobnNmnBOCTi

* TGF7L2
* INS VNTR

* HLA
* PTPN22

BicuepanbHa xuposa

TKaHWHa MoMipHe 3ananeHHst

IHcyniHo-

MeTa6oni4HUin CUHOPOM PESUCTEHTHICTE

> @ @

IHcyniT Oediumt
GADA + iHCYniHY
Possutok
LADA

IHeyniT SHWXEHHSA

IA2-A + cekpeLii iHcyniHy

Ctumynsuis
B-KNiTUH

PucyHok 1. MoTeHyiviHi natoreHeTuyHi mexaHiamu po3sutky LADA (gonoBHeHo cxemy R. Buzzetti et al. [25])
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Ta6rmys 1. KniHiyHO-6ioximi4Hi Ta naTtoreHeTu4Hi ocobnmsocTi L1, LADA ta LJ42 [24]

Ha NovaTKY YacTo rocTpi

Moka3Hukn uat LADA ua2
KniHiyHi oco6nuBocri
Bik noyatky 3axBOptOBaHHS [OWTUHCTBO/NIQNITKOBMIA BiK 30-50 pokiB [NoBHONITTA
CumnTomu rinepraikemii CyO6KniHi4Hi

(piwwe rocTpi) HeBwupaxeHi/cyOKniHiuHi

MoTpeba B iHCYNiHI Mpwu giarHocTUUi

> 6 micauis nicns
BCTAHOBNEHHS AiarHo3y

BigcyTtHs abo 4epes poku
nicns giarHoCTUKM

aBToaHTUTING (pioLue HU3bKMIA)

IHCYNiHOPE3NCTEHTHICTb bes 3miH MigpBuLLeHa/6e3 3MiH MigeueHa

IMT (qac?o2 i I?Ei/'\lﬂ(zr/Mz) (pip;ozf gg/':li/MZ) > 25 kr/m®

Esslngéﬂ'%iﬁi:ﬁ( ,él,/i?il(rﬂ?)g;ie% Huabknin Hu3bkui Bucokuin
BioximiuyHi ocobnnsocTi

OcTpiBLEBO-KNITUHHI Bucokui Tntp BUCOKMI/HU3LKNI TUTP BincyTHiit

He BusABnseTbCA
(pimKo 3HUXYETBCS)

PiBeHb C-nentngy
npw giarHocTuui

3MeHLLEeHWUI, ane Bce Lie

MOXKHA BUSBATA HopmanbHuiA/nigsuLLeHnin

Ocob6nusocTi natodpizionorii

Acouiauia HLA Bucoknin pnsnk

Bucokuni/nomipHuin pusnk MoMipHUn pn3mnK

[iabeT B ciMeriHOMY aHaMHeai

HeraTuBHUI/NO3NTUBHUIA

HeraTuBHWIN/NO3UTUBHUI YacTo no3anTuBHMI

ABTOIMYHHE 3aXBOPIOBaHHS

B CiMEMHOMy aHaMHeai HacTo noauTMeHo

HeraTtuBHO

YacTo nosnTueH
acrornos ° (6e3 kopensuii)

IMT, cxWibHICTb 10 KeTO3y, MeHIiy TomupeHicte MC Ta
0r0 KOMITOHEHTIB MOPiBHSIHO 3 MalliEHTaMU 3 HU3bKUMU
(< 180 On/min) Tutpamu (LADA?2), y sikux crioctepira€Tbest
KJIiHiYHaA KapThHa, XapakTepHa mist LIJ12 [10]. IIpu mpomy
namieHTy 3 BUCOKUMU TuTpaMu GADA MaroTh TeHETUIHI e~
tepmiHanTu LIJI1 (monimopdizm rena PTPN22 C1858T) [34].

Pesyabmamu énracrux docaioxncers. 3 METOIO BCTAHOBJICH-
HST OCOOJIMBOCTE! MOKA3HMKIB iIHCYJIIHOPE3UCTEHTHOCTI MPU
LADA nopiBHSIHO 3 KJIaCUYHUMM TUIIAMU Aia0eTy HaMU
npoBeaeHe KoMIIeKcHe ooctexxeHHs 100 mamienTis 3 LI,
SIKi OyJIM pO3MO/iJieHi Ha 3 rpyMny 3aJIeXKHO Bil OCHOBHOTO
niarHo3y: LADA — I rpyma (36 oci6); kinacuunmii LI1 —
I rpyma (36 oci6), L2 — 11 rpymna (28 oci6). [pyna LADA
OyJ1a po3noniieHa Ha IBi MiATPYIHU 3aJIeXKHO Bil (PeHOTUITY
3axBoproBaHHs: LADAI1 (20 xBopux) Ta LADA2 (16 xBO-
pux). KoHTpoabHY Tpyny CTaHOBWIX 25 MPaKTUYHO 3[0-
poBux oci6. Cepenniii Bik MaHidecTaii LADA craHoBuB
43 poku, Toxi sk kiaacuyHoro L1 — 16 pokis, LIJ2 — 48
POKIiB BiIMOBigZHO. YciM mamieHTaM IIPOBOAMIIN OLIIHKY aH-
TporometpuuHux naHux: IMT, o6Bony Taiii (OT) ta 06Bomy
creroHd (OC). Tum oXupiHHSA BU3HAYaAIN 32 MOKA3HUKOM
OT Ta itoro BigHoueHHsiM 10 OC (OT/OC). CryniHb iH-
CyJIIHOPE3MCTeHTHOCTI Bu3Havyanu 3a ingekcom HOMA-IR.

Ax moxkaszanu pesyabratu gociimkeHHs, HMT rta
OXUPiHHS peecTpyBaimuch y 47,3 % nauientis 3 LADA
(27,8 % — HMT, oxupinus I crynenss — 16,7 %, oxu-
pinng 11 crymens — 2,8 %). Ipwu L1 1 ueit moka3HUK cTa-
HoBuB 33,3 % (22,2 % — HMT, oxupinus I cryneHst —
11,1 %), mpu L2 — 85,7 % (28,6 % — HMT; oxupinns
I crynens — 35,7 %; oxupinns 11 crynens — 21,4 %).
IMT y rpyni LADA cranosuB 25,91 [21,17; 30,00] kr/m?

i3 mepeBaxkanusam npu LADA?2 (29,13 [27,08; 31,76] kr/m?)
i OyB BipOriZHO BMIIMM 3a TaKMU y TPyIli KOHTPOJIO Ha
17,2 % (p < 0,05), cTaTUCTUYHO 3HAYYIIIE HE Biapi3HSIB-
cs Bif mokasHuka mnauieHTiB 3 LIJI1, age OyB HUKYMM Ha
21,9 % 3a 3HaueHHs, orpumane y rpymi 12 (33,18 [28,46;
36,07] xkr/m?) (p < 0,001).

AbGmoMiHaIbHE OXMPIHHA BCcTaHOBIEHO y 30,6 % marti-
entiB 3 LADA (npu U1 —y 11,2 %); mpu LADA2-dbeHo-
TUII LIeW MOKA3HUK CTaHOBUB 56,3 % i BinmoBigaB Takomy
B oci6 3 U2 (57,1 %). OT npu LADA ctanosus 93,50
[82,00; 107,00] c™m i Ha 14,7 % riepeBUILMB MOKA3HUK Y KOH-
TpoJbHii rpymi (p < 0,05) Ta Ha 16 % — y rpyni L1 1 3 Buco-
KuM ctyneHeMm BiporigHocTi (p < 0,001). [Tpu ubomy cris-
BinHoweHHss OT/OC npu LADA cranosuiio 93,50 [82,00;
107,001, o Ha 12,9 % Bumie, HixX y KoHTpoti (p < 0,01), Ta
Ha 9,7 % — Hix y nauienTis 3 LIJ]1 BinmosinHo (p < 0,05).
[Mpu denoruni LADA2 cniBinHomeHHst OT/OC craHoBU-
Jo 1,04 [0,95; 1,15] i BiporiagHo He Biapi3HSIOCS BiJ TAKOTO
y rpyni L2 (1,07 [0,87; 1,18]).

[Hnekc iHcyniHope3ucteHTHOCTI HOMA-IR y rpymi na-
uienTiB 3 LADA cranoBusB 3,11 [1,58; 4,49] i 6yB Ha 69,9 %
BUIIMM, HiX Yy rpyri KoHTpomato. [Tpu LADA2-deHoTHIT
1ieli MoKa3HUK OyB AelIo HUKYMM, Hix y rpymi L2 (3,48
[2,98; 4,63] mpotu 4,66 [3,76; 6,83] BinmoBigHO), IpoTe 6€3
CTaTUCTUYHO 3HAYYILUX BiIMiHHOCTEM.

TakuM 9UHOM, SIK TTIOKa3aJI1 pe3y/IbTaTh HAIllOTO JOCTi-
JKEHHST, IHCYJTIHOPE3UCTEHTHICTh, MOIIMPEHICTh Ta CTYIiHb
HMT Ta oxupinHs, 30KkpeMa adaoMiHaIbHOTO TUITY, Bipo-
rigHo 3poctatoTh 1pu LADA, niepeBuiiytots Taki npu L1,
€ MeHInMMu, Hix npu LIJ12, npote npu peHorumi LADA2
BimmosigaloTh TakuM Iipu LIJ12.
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OcTaHHIM YacoM 3’SIBISIETHCS Bce Oinbllle TOKa3iB,
mo LADA acouiloeTbCsl HE TiJIbKM 3 OiIBIIOI0 YaCTOTOIO
HMT ta oxwupinns, ane i1 3 MC. 3okpeMa, IOIIUPEHICTh
MC y pi3Hux perioHax €Bponu Ta A3ii cepel Mali€HTIB i3
LADA, 3a pesynbraTamu I0CHiIXeHb, Bapitoe Bif 41,9 no
74,1 %, 3a5eXHO Bill 3aCTOCOBAHUX IiarHOCTUYHUX KPUTE-
piiB [36]. 3a pe3ysTaTaMu JOCTIIKEHHS, IPOBEICHOTO Ha
MiICcTaBi JaHNX KMTalChKOI ITOITYJISIIL, YaCTOTa BUSBICHHS
MC cranosuna 75,6 % cepen nauienTis i3 LIJ12 Ta 62 % — i3
LADA [33]. ¥V nocnimxenni X. Li ta crtiBaBT. MC peectpy-
BaBcs y 68,1 % oci6 i3 11J12 Ta'y 44,3 % matieHTiB i3 LADA,
MOIIMPEHICTh oro Oys1a BUIIOIO, HiXX B 0Ci0 3 KIIaCUUHUM
L1 [23].

SAxio roBoputu npo okpemi ckianosi MC, npu LADA
HaAMOLIBII TOITMPEeHOI0 KOMOIHAIIIEIO € apTepiajibHa Tillep-
TEH3is 3 MiABUILIEHUM OOBOIOM TaJlil Ta TiMePTPULTiLIEPU-
nemis. ApTepialbHUI TUCK Ta PiBHI JMimiB y KpoOBi maii-
eHTiB 3 LADA 3a3Buuaii HMXYi, HixX y nauieHTiB i3 LIJ12,
aJie BMIII, HiX y MalieHTiB i3 KiacuyHuM LIJ11 3 nonioHuM
nepebirom 3axBopioBaHH: [37]. Kpim Toro, LADA yacTto
CYIIPOBO/IKYETHCSI METa0OJIIYHO acoLlililOBaHOIO XXMPOBOIO
xBopo0boio meuinku (MAXKXII). Taki mamieHT MalOTh
OibII BUpaXkeHi MeTa0oJIiuHi MTOPYLIEHHS, PE3UCTEHTHICTh
Io iHcyniny Ta noiupeHicte MC. Takox icHye He3allexkHa
kopessuis Mix piBHaMu C-nientuay Ta MAXKXIT y nai-
eHTiB 3 LADA [38§].

Takum 9YMHOM, YacTOTa i CTYIIiHb MPOSBY OXMPIHHS,
apTepiajabHOi rinepTeHsii, nuciinigemii npu LADA nmocina-
IOTh IMPOMIXKHI TTO3U1Iii, 30KpeMa € BUIuMu, Hixx ripu L1,
aje HKuumu, Hixk ipu LIJ12. BonHouac, He3Baxkaouu Ha
MEHIIY KiIbKiCTh MeTa0O0IiYHUX (DAKTOPIB PU3HUKY, HiX ITpU
L2, nauientn 3 LADA matoTh Takuii caMmuii abo HaBiTh
BULIMIA PU3UK CMEPTI Ta CEPLIEBO-CYAMHHUX 3aXBOPIOBaHb,
III0 BKa3y€ Ha BaXKJIMBICTb ITepCOHI(PIKOBAHOTO MiIXOIy J0
BEJEHHS MallieHTiB 3 UM pizHoBuaom LI/ [39].

Takox BCTaHOBIIEHO, 110 y MawieHTiB 3 LADA minBu-
IIEHU PU3UK PO3BUTKY Ta MPOTPECyBaHHS MiKPOCYIMH-
HUX YCKJIaAHEHb, 30KpeMa peTUHOIIaTii Ta HedpomaTii
[39, 40].

AiarHocTtuka

BignogsinHo 1o pekoMeHaliii Immunology of Diabetes
Society (IDS, ToBapuctBo 3 imyHoJIOTi1 HiabdeTy) [41] Bumi-
JISIIOTh TPU OCHOBHI AiarHocTuuHi Kputepii LADA (ta6i1. 2).
YV 2020 p. ony0iKoBaHO KOHCEHCYCHY 3asBYy €KCIIePTiB
3 LADA, siKi 3ar1ponoHyBaJIM pO3IIMPEHi XapaKTepUCTUKUA
3aXBOPIOBAHHS i3 3a3HAYEHHSIM 7 KpUTepiiB [42].

[Ipore mutaHHs miarHocTUYHUX KpuTepiiB LADA 3a-
JIUIIIAEThCS TUCKYCIHHUM yepe3 TeHeTUYHY, (heHOTUTIOBY
Ta iIMyHOJIOTiYHY T€TepOTreHHICTh, BUCOKY BapiaOelIbHiCTh
IIBUIKOCTI 3aru0enti B-KIITHH Ta pi3Hi CTymHeHi iHCyTi-
HOPE3UCTeHTHOCTI i1 aBTOIMYHiTeTy. M OXJIMBICTh 4iTKO1
nmiarHocTUKM LADA Takox oOMexkeHa yepe3 3HauHy Heo-
JMHOPiMHICTh 3aXBOPIOBAaHHS BHACIIOK MEPEKPUTTS O3HAK
LT i A2

VY koHceHcycHil 3asBi ekcniepTiB 3 LADA mist edpek-
TUBHOI imeHTU}IKAalIil Malli€HTIB 3 UM 3aXBOPIOBAHHIM
pPEeKOMEHA0BaHO 3arajibHuil cKpuHiHT Ha GADA-1031-
TUBHICTD IIpU BIiepiile aiarHocToBaHomy LIJ12, o6 3a6e3-
MMeYUTH IBUAKY AiarHOCTHUKY i MTPU3HAYEHHSI BiIIOBiTHOI
Teparlii Ta IMOoJaJbIIOr0 CIIOCTEPEXKEHHSI 3a IPOTrPECYI0Y0I0
B-xTiTMHHOIO HemoCTaTHICTIO [42].

AiKyBOHHS

Ockinbku manieHTu 3 LADA mawoTh GyHKIIOHYIOYi
B-KIITMHM HA MOMEHT BCTAHOBJICHHS iarHO3Y, MPH Jii-
KyBaHHi 3aXBOPIOBAaHHS € BaXKJIMBUM 3aCTOCYBaHHSI Te-
paneBTUYHUX ITiAXOMiB, CIIPSIMOBAHUX Ha IMOJIMILIEHHS
MeTabOoIIYHOTO KOHTPOJIIO, a TAKOX Ha 30epeskeHHS iHCYy-
JIIHOCEKPETOPHOI 3MaTHOCTI.

Ta6nunys 2. [liarHOCTUYHi KpUTEpii 1aTeHTHOro aBTOiMYHHOr O giabety [opoCcnx

OcHoBHi kpuTepii LADA (IDS) [36]

1 | Bik ctapwe 30 pokis

aHTuTINa Jo TpaHcnopTepa unHKy 8 (ZnT8)

HasBHiCTb NpYHaNMHI OOHOMO TUMNY aHTUTIN [0 NaHKpeaTU4HUX OCTPIBLIB: [0 AeKapbokcunasau rinytamMiHoBol
2 | kucnotn (GADA: aHTn-GAD a6o GADAD), aHTuTina fo iHcyniny (IAA), 6inkoBoi TupoauHdocdartaau IA-2 (IA-2A),

3 | BigcyTHicTb noTpebu B iHCyniHOTepanii NpoTAroM NpYHammMHi NepLumx 6 MicauiB nicns No4aTKoBOro AiarHo3y

Po3wwupeHi xapakrepuctuku LADA* [42]

'y

Bik > 30 pokis™*

CimenHuii/ocobucTuii aHaMHe3 aBTOIMYHITETY

3HmxeHa vactota MC nopisHsHO 3 L2 — Huxdi HOMA, IMT, apTepianbHuii TUCK | gucninigemis

BifocyTHICTb pi3HMLi B CepLEBO-CYAMHHMX HAcnigKax ons umx nauieHTis Ta xsopux Ha L2

a |~ |[w]|N

PiBHi C-nenTnay 3HWXXYOTbCA NOBINbHiLLE, HixX npu L1

Ta aBTOAHTUTINA OO TeTpacnaHiHy 7)

6 MoanTtmBHicTb Wwono GADA Ak HanbinbLl 4yTNMBOro Mapkepa; iHwi asToaHTutina pigwe (ICA, IA-2A, ZnT8A

7 | He notpebye iHcyniHy Ha no4aTky fiabety

Mpumitkn: * — XopHa 3 Unx No3nuii KateropuyHo He BusHa4dae LADA; ** — o6mexeHi faHi wo[o nayieHTiB cTap-
wioro BiKy, 6inbLia UMOBIpHicTb po3BuTKy |1 y nayieHTiB MOMIOALLIOrO BiKY.
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skl

3a3HavYa€eThC, IO 3aBASIKM MEBHIM MaTOreHETUYHI
cxoxocti LADA Ta /12 Mmoaudikaliist crmoco0y XUTTsI
MOXeE BimirpaBaT BaxXJIMBY pOJIib Y MaHidecTallil Ta Ipo-
rpecyBaHHi 1IIbOTO MminTumy aiaderty [43].

BinnoBinHo 10 ajroputmy, 3alpoOHOBAHOMY Y KOH-
ceHcycHii 3asBi ekcriepTiB 3 LADA [42], nikyBaHHS naiti-
€HTIB 3 LIUM Pi3HOBUIOM [iabeTy B OCHOBHOMY 3aJI€KUTh
Bim karteropii piBHiB C-mientuny (puc. 2).

[Mpwu piBHi 6inbiie 3a 0,7 HMoab/1 (2,1 Hr/Mi) peko-
MEHIYETHCS MPOBEASHHS JIIKyBaHHS BilIIOBIAHO 10 alro-
putMy Tepamii 1IJI2 Ta moBropHe Bu3HaueHHs1 C-nienTumy
yepe3 6 MICALIIB 3 TOJANBIINM BUPIIIEHHSIM IMUTAHHS PO
HeoOXifHicTh 3MiHM Tepartil (puc. 2). [1pu nokasuuky 0,3—
0,7 umonab/n (0,9—2,1 ur/mia) ocoba 3 LADA nepebyBae
Yy TaK 3BaHiii Cipiit 30Hi, i 32 OCHOBY JIiKyBaHHSI IOBUHHO
OyTH B34TO MOAMGDIKOBaHUI alropuT™M AMEpHKaHChKOT
niabetnuHoi acouianii (ADA)/€EBporeiicbkoi acorrialii
3 BuBueHHs niadety (EASD) mis LJ12 (puc. 3), 30kpema
3 Ti€lo pi3HMIIeIO, 1o ManieHTaMm 3 LADA ciig mpoBoau-
TH MOBTOPHI BUMiptoBaHHg C-menTuay dyepes 6 Micsiin
a0o0 Tpu MoriplIeHHI KOHTPoJIIo riikeMil. Moaudikairist
TeparneBTUYHUX IMiIXO/iB MOJSTa€E B YHUKHEHHI BUKOPHU-
CTaHHS TIiITOTIiKeMIYHMUX 3aCO0iB, SIKi MOXYTb BIUIMBAaTU
Ha ToTipIeHHs GyHKIIT B-KIiTHH, 30KpeMa TpernapariB
Cy/Ib(MOHIJICEYOBUHMU.

ITpu piBHi C-nentuny meHmie 3a 0,3 Hmonb/a (0,9—
2,1 Hr/mJ1) malieHTa MoXHa BBaxaTu xBopuM Ha LIJI1 Ta
MpU3HAYaTH BiAIOBiAHE JiKyBaHHS (puc. 2).

Ockinbku B oci6 3 LADA mpoiiec aBToiMyHHOI 3arnoerti
B-KITiTUH BiOYBA€ETHCS MOBUTBHIIIIC, KPUTUIHUM 3aJTUIIIA-
€TbCS MUTAHHS, YU PEKOMEHIYETHCS iHCYIiHOTEparis sK
nepiua JiHis JikyBaHHS. BiablIicTh 10CHiIKeHb TOBEH,
1110 iHCy/IiHOTepaIllisl € 6e3MeYHoI0 Ta e(heKTUBHOIO 1151 Ia-
ieHTiB 3 LADA i3 3auikoBoto pyHKITi€I0 B-KTiTHH [44].

BinmoBigHO 10 KOHCEHCYCHOI 3asiBU ekcnepTiB 3 LADA
Ta peKOMEeHIaIlili iHIIIMX HayKOBIIiB, MeT(OPMiH peKOMEH-
nyetbest GADA-TTO3UTUBHUM MalliEHTaM sIK TIpernapar rnep-
11101 JIiHii (0COOJMBO TUM, XTO CTpaXKIa€ Ha OXKUPiHHS) [27,
42]. OcKiJIbKM iHCYJIIHOPE3UCTEHTHICTD, 1110, Ha BiIMiHY
Bia knacuuyHoro LIJI1, mpuramMaHHa OiABLIOCTI MalliEHTIB
3 LADA, oco6muBo LADA2, He TinbKu moripirye MeTadbo-
JIIYHUI KOHTPOJIb, aJie 1 Belle 10 PO3BUTKY Ta MPOrpecy-

BanHg MC, migBuIye cepleBO-CyIMHHUI PU3UK, CIIPU-
YUHSIE 3HWXKEHHS iHCYJIIHOBOI CeKpellil Ta MPOrpecyBaHHS
aBTOIMYHHOTO IIpOLIeCy, IpU3HAYEHHS MeT(PopMiHy ocobam
3 LIUM Pi3HOBUJIOM J1ia0eTy € Ha3BUYAHO BaXKJIMBUM.

MeTtdhopMiH BBaXKa€TbCss OCHOBHMM 3aCO00M IS MifI-
BMIIICHHS YyTJIMBOCTI 10 iHCYJIiHY 32 YMOB iHCYJIiHOpE3UC-
TEHTHOCTI Ta € OJHUM i3 KJI0YOBUX MpenapaTiB Nepiioi
JIHIT IJ1s1 JOCSITHEHHS Ta MiATPUMKM JIIKYBaJbHMX IIiIei
y nauieHTiB 3 LI/12. MexaHi3m nii MeTdopMiHy ToJIsiTae
y TIOJIIMIIEHHI CIIPUSITIMBOTO BIUIMBY iHCYJIiHY Ha OpraHi3M,
30KpeMa y 3MeHIIIeHHiI BUPOOJICHHS TII0KO3M B ITeUiHIIi
Ta MiABUILIEHHI BUKOPUCTAHHS TJIIOKO3U B MepudepiiitHux
TKaHWHAaX. 3aCTOCYBaHHSI METMOPMiHY MOXe MPU3BECTH
JI0 3HVDKEHHST PiBHS IJTFOKO3M B KpoBi Ha 20 % Ta 3HVDKEHHS
piBas HbAlc Ha 1,5 % Binm moyaTKOBOTO 3HaYEHHSI y Talli-
€HTIB 3 OXXUpPIiHHAM [45].

Sl ocHOBHMIA 3aCi0 1J1 3HMKEHHS TJIIOKO3U B KPOBI,
MeT(hOPMIH TaKOXK Ma€ YMCJIeHHI J0JaTKOBI eeKTH Ha
Pi3Hi CUCTEMM Ta MPOLIECU B OpPraHi3Mi, sIKi peali3yloThCs
3a JOTIOMOTOI0 Pi3HUX MEXaHi3MiB BHYTPIlIHbOKJIITUHHOT
CUTHaIbHOI nepenayi. I[1poBimHMiT MexaHi3M Aii ToJisirae
y ctumysanii aktuBHocTi AMPK y kiriTiHax Ta 3MeHIIeHHi
BUPOOJIEHHS IJIIOKO3M B TeviHili. Kpim Toro, MerdopmiH
3HIKYE PiBEHb KiHIIEBUX MPOIYKTIB IJIiKallil Ta (hpopMyBaH-
HSI aKTUBHMX (DOPM KHMCHIO B eHAOTeii [46].

[losuTtuBHUIT edekT mpenapaty Ha (PyHKIIOHYBaHHSI
CYIIUH 3/iiICHIOETHCS Yepe3 3BIIbHEHHS BHYTPIllIHbOKITi-
TUHHUX PEYOBHH, 1O BIUIMBAIOTh HA CTaH CYAMHHOI'O €H/0-
TeJIiI0 Ta KOoaryJsililo KpoBi. JloBeneHo BIUTUB MeTPOpPMiHY
Ha aKTUBHICTh TPOMOOIIUTIB Ta CUCTEMY ILJIa3MOBOTO FeMO-
cTasy, BKIIOYHO 3 YTBOPEHHSIM 3TYCTKiB, iX cTa0ili3allieio Ta
pO3unMHEHHSsIM [47].

Li epekTn MmeTpopMiHy JOTIOMAralOTh 3HU3UTU PUUK
cepleBo-cyquHHNX yckiamHeHb. Jocrimkenaas UKPDS
1oKa3ajo, 1110 BXUBAaHHS 1IbOTO Mpernapary y NalieHTiB i3
L2 3meHIIye pusuK cMepTi, moB’s3anoi 3 LI, Ha 42 %,
3arajibHOi cMepTHOCTI — Ha 36 %, iHdapkTy Miokapaa —
Ha 39 %, a incynbry — Ha 41 % [45]. [Ipeniapat Mae wiaui
CIIEKTP HEMPOTPOTEKTOPHUX BIACTUBOCTEH, SIKi 3arajioM
3ar100iraloTb PO3BUTKY 1iepeOpaIbHOI illleMil Ta 3MEHIIYIOTh
HeTaTUBHI HACTINKKU B pa3i BAHUKHEHHS TOCTPOTO MOpY-
LIEHHSI MO3KOBOT0O KpoBooOiry [48]. HakonuyeHo GaraTto

BusHayeHHs1 aHTUTIN
A0 Aekap6okcunasu rnytamiHoBoi kucnotu (GADA)

GADA+

Y

. Mipo3pa Ha LADA (CxyOHeHHsi, HasiBHICTb iHLUMX aBTOIMYHHMX 3aXBOPIOBaHb)
Piger C-nentvay <— +} IMpoBecTV BU3HaueHHs IA-2A

v Y v

< 0,3 HMonb/N > 0,3 — < 0,7 Hmonb/n
< 0,9 Hr/mn 0,9-2,1 Hr/mn

> 2,1 Hr/mn

v

3acToCOBYEMO anropuTm
LADA

> 0,7 HMOMb/N > MoBTopuTk Bu3HaueHHs C-nenTugy yepes 6 mic.

L tTuny 2 — BUKOPUCTOBYEMO
pekomeHpaujii ADA/EASD

a60 npwu NoripLeHHi KOHTPOJIO FiKeMii

HMOSb/N % 3,0 = Hr/Mn

PucyHok 2. Anroputm BegeHHs nauieHtis 3 LADA [42]
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JMAHUX 11010 TTO3UTUBHOTO BILIMBY MeT(OPMiHY Ha KOTHi-
TUBHI (YHKIIT [49]. TaKOX BCTAHOBJIEHO 3MEHIIIEHHST PU3H-
Ky CeplieBO-CYIMHHUX IOAil Ha TJIi MpuiioMy MeThopMiHy
B 0ci0 3 mpemiadbetom [50].

MetdopMiH BiZoMUil CBOEIO 3MaTHICTIO 3MEHIITyBaTU
MeTasariajeHHsI, 1110 BUHUKA€E BHACIIOK OXXKUPiHHS, LIS -
XOM MPSIMOTO Ta OMOCEPEIKOBAHOIO BILIMBY Ha iMyHHI KJTi-
TUHM, SIKi pO3TalllOBaHi B TKAHMHAX METa0OIiYHIX OPTaHiB.
KpiM Toro, BaxkKJIMBY poJib y MEXaHi3Mi il [IbOTO Mpernapa-
Ty BiJlirpa€ HIJTYHKOBO-KUIIKOBUH TPAKT, IKUI MOIYJIIOE
rmokaroHononionuii menrua 1 (ITITT-1) ta perymtoe myn
JKOBUHMX KMCJIOT, a TAKOX BIJIMBAE HA CKJIAJ KUILIKOBOI
Mikpobiotu [51].

K mokazanu pe3yJbraTv JOCTiAXeHb, MET(OPMiH He
TiIBKM 3a0e3Iedye OnTUMaIbHUI KOHTPOJIb TIiKeMii, ajie
! migBUILYy€e YyTIUBICTh A0 iHCyaiHy pu LIJI1, 30kpema
npu LADA, cnpusie 3HMKEHHIO MacH Tijla, piBHS XOJec-

TepUHY JIUIIOIPOTEIHIB HU3bKOI IIUJIBHOCTI i 3HIKYE pU3UK
MPOTPECYBaHHS aTepocKaepo3y. Takox Ha TJi npuitomy
MeT(OpMiHY 3HIKYETbCS moTpeda B iHcymiHi. Kpim Toro,
3aBISKN 3MEHIIEHHIO iHCYJTIHOPE3UCTEHTHOCTI MpernapaT
OTOCePEeIKOBAHO 3aXUIla€ B-KIITUHU Bifl TOCTilHOI rinep-
CTUMYJISILLT Ta BUCHAXKEHHS, I03BOJISIE 30€PETrTH aleKBaTHY
cekpellito iHcyJiHy [52—55].

Vce 11e 3acBinuy€e BaXJIMBY POJIb MET(OPMIHY y TTaIli€H-
TiB 3 LADA sik y MOHOTeparlii, Tak i y o€ fHaHHi 3 iHIIUMU
MepopaIbHUMMU 1IYKPO3ZHUXKYBAILHUMMU MperapaTaMu Ta
iHCyJIiHOTepalli€lo.

K 3a3HavaEeTHCS B KOHCEHCYCHI 3asBi moao LADA,
JIOIaBaHHS 10 MeT(GOPMIHY iHIIMX TIOTTiKeMiYHIX 3ac00iB
(aronictiB petenTopis go I'TITI-1, iHTiGiTOPiB TUIENTUANII-
nentuaasu 4, iHridiTopiB HaTPili3aJeKHOTO KOTPAaHCIIOP-
Tepa TJ0KO3U 2-TO TUIY) MOXE HalaTh JOesKi 101aTKOBI
rnepeBarv, HarpuKJiaa, BTpaTy MacH Tijla, 3aXUCT ceplie-

| < 0,9 Hr/mn

!

L e

0,9-2,1 Hr/mn

Y

IHCyniH
(6a3anbHuii i/abo npaHAiansHUiA)

MeTcpopmiH + NoBTOPHE BU3HaYeHHA C-nentupy KOXHi 6 Micauis,
6e3 nNpu3HaYeHHs npenaparis CyNbdOHINCe40BUHU

BuikopuctoByemo pekomeHgadii ADA/EASD

MpeBanioe ACC3

IHaMKaTopmn pusnky — BctaHoBneHi ACC3 i XXH

Mpesantoe XXH

armnmn-1 iH3KTT-2 3 foBeaeHuMY basanbHui iH3KTT-2 3 J]QBel-ﬂeHMMM nepesaramu
3 KB-nepesaramu nepesaramu npi HopMarnbHi IHCYNIH npu HopmanbHin WK i IMT > 27 kr/m?.
WK i IMT > 27 kr/m2. y KOMBiHauji PosrnaHyTi npusHadeHHs iHCyniHy, AMOBIPHICTb
Po3rnsHy Ty NpusHa4eHHi iHCyniHy, 3 alfn-1 NOripLUeHHs CTaHy Ta BUHUKHEHH: [IKA.
AMOBIPHICTb NOriPLUEHHA CTaHy a60 iH3KTT-2 SIKLLO € HenepeHOCUMICTb/NPOTUNOKa3aHHs 0 iH3KTI-2 —
Ta BUHNKHEHHs KA npu HbA1c > 9 % alTIN-1 3 goBeAeHMMI nepeBaramu

v

| flkwo HbA1c nepeBwuLye LinboBUK piBeHb |

v

| IHcyniHoTepanisa B pexxumi 6a3an-6ontoc |

Y

Be3 BctaHoBneHux ACC3 i XXH

v

| fikwo HbA1c nepeBuLlye LiNnboBUIA piBeHb

v

KepysaTtucsa pekomeHpauiamv ADA/EASD, ane 6e3
BMKOPWCTaHHS NpenapariB CybOHINCEHOBUHMN

ianm-4 armn-1

iH3KTI-2** T30

v v

v v

SAkwo HbA1c nepesuLlye

Akwo HbA1c nepeBuLLye
LinbOBUIA piBEHb

LinbOBUIA piBEHb

Akwo HbA1c nepesuiuye

Akwo HbA1c nepesuiuye
LiNnbOBUIA piBEHb

LiNnbOBUI piBEHb

Y v

v v

BasanbHui iHcyniH
a6o alTTl-1 un iH3KTI-2

BasanbHui iHcyniH
a6o iH3KTr-2

BasanbHuii iHCyniH
a6o alTr-1 4n igrr-4

iarnri-4 a6o alTir-1
4n iH3KTT-2

v

Akwo HbA1c nepesuLuye
LinbOBUIA piBEHb

v

3acTocyBaHHs npenapariB Cynb(OHINCEeHOBUHN

| Baauc-6ontocHa iHcyniHoTepanis |

NPU3BOANUTL A0 NOripLUEHHS MeTabomMiHHOro KOHTPOO
Ta 3HWKEHHS PYHKUIT B-KniTuH!

PucyHok 3. Anroputm sniikyBaHHsi LADA 3anexHo Big BctaHoBsieHHs1 ACC3 (aTtepockriiepoTudHe cepLeBo-
cyAuHHe 3axBoproBaHHs) a6o XXH (xpoHidyHa xBopob6a HUpPOK) (aganToBaHo 3 R. Buzzetti et al. [42])

TMpumitkn: * — BigxuneHHs Big anroputmy ADA/EASD LI2; **— nigBuLeHn pu3nK giabeTM4Horo ketoaumgzosy,

ocobnumso y nauieHTiB 3 IMT < 27 kr/m?.
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BO-CYOMHHOI CCTeMU Ta HUPOK. [1pu HemocsrHeHHI LiTho-
BMX PiBHIB [JIiIKEMii MOXYTb OYTH BUKOPUCTaHiI KOMOiHAaLLil
HaBeIeHUX JiKapChbKMX 3ac00iB, i JIuIlle 3a BUYEPIaHHS
BCIiX MOXJIMBOCTE iHILIIIOETHCS iIHCYIiHOTEpaITist y 0a3ajib-
HO-00JII0CHOMY pexxuMi [42].

OpHi€eo 3 MEPCNEKTUBHUX Taiy3eil y aikyBaHHi LADA
€ BUKOPMCTaHHS iIMyHOMOYJISITOPiB, a TAKOX CHelr(pidHUX
BTpy4YaHb, CIIPSIMOBAHUX Ha KMIIKOBY MiKpO0OioTy Ta iMyHi-
TET, ITOB’SI3aHM 3 KUILIEYHUKOM [56].

TaknM YMHOM, OCTaHHIM YacoM 3’SIBUJIOCSI YMMaJIO Bi-
JIOMOCTEH 1110710 MEXaHi3MiB PO3BUTKY, KJIiHIYHUX 0COOJIM-
BOCTeM, miarHocTuKu Ta JikyBaHHsS LADA. Lle pizHoBUA
niabeTy, CIPUYMHEHUI MOBIBHUM MTPOTPECYBAHHSIM aBTO-
iMyHHOTO YpaxKeHHS B-KIITUH MiAITYHKOBOI 3a7103U, 1110
3a MEXaHi3MOM PO3BUTKY Ta KJIiHIYHO-IiarHOCTUYHUMU
XapaKTepUCTUKAMM MOCITa€ TMPOMIiKHE MOJOXEHHS MixX
knacumaHumy Tunamu /1. 3a eTionoriyHoro Kiacugikaliiero
LADA nanexutsb 10 aBroiMmyHHoro nigruiy LIJI1 i cra-
HOBUTH 110 12 % ycix Bunankis LIJI. OkpiM aBTOiIMyHHOTO
ypaxeHHS B-KIITUH, KJIIOYOBY POJTb y MEXaHi3Max po3-
BUTKY LADA Bifirpae 3HM>XeHHSI YYyTJIUBOCTI PeLIENITOPiB
IO iHCYJIiHY, SIK€ aCOIIIIOETHCS 3i 3pOCTAaHHSIM YaCTOTH Ta
CTyNeHs abJOMiHaJIbHOTO OXMPIiHHS Ta MOKA3HUKIB iH-
cyniHope3ucTeHTHOCTI. Lle He Tinbku moripirye metabo-
JIIYHUI KOHTPOJIb, MiaBuIilye pusnk MC, ane it cipuuu-
HsI€ 3HVDKEHHSI iHCYJIiHOBOI CeKpellii Ta mporpecyBaHHsI
aBToiMyHHoOTO Mpotecy. PiBHi C-nenTuay Ta aBToaHTUTIIA
MPOTH PB-KIITUH € HAHOIIbII KPUTUUHUMMU TiaTHOCTUYHUMU
oiomapkepamu pu LADA. TepaneBTUYHI ITiaxoau, OCHOBY
SIKUX CTAHOBUTD IHCYJIIHOTEpaIlist Ta MeT(OPMiH, 3aj1eKaTh
Big piBHs C-nenituny. I1oTpiOHI momaTKOBI JOCTiIKEHHS
JUTS1 TIOIAJTBIIIOTO PO3YMiHHSI MEXaHi3MiB, 1110 JIeXXaTh B OC-
HoBi LADA 1151 ynockoHaJIeHHsI epCOHi(hiKOBaHUX MiaX0-
TiB JIJIs1 JTIKYBaHHSI 1IbOTO 3aXBOPIOBAHHSI.

KonduikT inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiICYTHICTD
KOH}JIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBLI JaHOI CTATTi.
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Latent autoimmune diabetes in adults:
current data
(review of literature and own data)

Abstract. The article provides up-to-date information on latent
autoimmune diabetes in adults (LADA), presents data on epide-
miology, factors and mechanisms of development, clinical features
of this disease. The phenotypic variants of the course of LADA are
described, the issues of diagnostic features and differential diag-
nosis are revealed. LADA is a form of diabetes characterized by
a less intense autoimmune process and a wide range of clinical signs
compared to classical type 1 diabetes mellitus (T1DM) and can
have features of both major types of diabetes. Based on the results of
epidemiological studies, the prevalence of LADA is approximately
12 % of all cases of diabetes, it is the second most common form
of diabetes after type 2 diabetes mellitus (T2DM) and is the most
common type of autoimmune diabetes in adults. According to the
modern classification, LADA belongs to the autoimmune subtype
of TIDM. Since patients do not need insulin at the beginning of
the disease, the course of LADA is similar to T2DM, which is the
cause of diagnostic errors. The literature data and the results of the
conducted research have shown that, in addition to autoimmune
damage to pancreatic beta cells, insulin resistance plays a key role
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in the mechanisms of LADA development, with an increase in the
frequency and degree of abdominal obesity, which not only worsens
metabolic control and increases the risk of metabolic syndrome,
but also causes a decrease in insulin secretion and progression of
the autoimmune process. In patients with LADA, the prevalence
and degree of obesity, hypertension and dyslipidemia occupy an in-
termediate position between the classical types of diabetes. Despite
having fewer metabolic risk factors compared to T2DM, patients
with LADA have the same or even higher risk of death and cardio-
vascular diseases. The most important diagnostic markers of LADA
are levels of C-peptide and autoantibodies against islet antigens.
The possibility of a clear diagnosis of LADA is limited due to the
significant heterogeneity of the disease due to an overlap of TIDM
and T2DM symptoms. According to modern guidelines, therapeutic
approaches to LADA, which are based on insulin therapy and met-
formin, depend on the level of C-peptide. More research is needed
to improve personalized approaches to the treatment of this disease.
Keywords: latent autoimmune diabetes in adults; diabetes mellitus;
heterogeneity; insulin resistance
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Enhanced therapy for coronary artery disease
and diabetes mellitus:
impact on biomarkers and clinical outcomes

Abstract. Background. Cardiovascular diseases like coronary artery disease (CAD) are a major global health
issue, causing millions of deaths each year. Type 2 diabetes mellitus (T2DM) worsens outcomes for those with
CAD. Common risk factors suggest potential synergistic treatment approaches, including the use of quercetin,
a natural flavonoid. The purpose was to examine the clinical efficacy and safety of empagliflozin and quercetin
in the treatment of coronary artery disease and type 2 diabetes mellitus comorbidity in the light of their impact on
parameters of inflammation. Materials and methods. A total of 128 patients diagnosed with both stable CAD and
T2DM were enrolled in the study between January and December 2023. Participants were categorized into three
groups. Group 1 (controls): 40 patients receiving the standard treatment protocol for CAD and T2DM. Group 2:
46 patients received standard therapy in addition to empagliflozin (10 mg daily). Group 3: 42 patients received stan-
dard therapy in addition to empagliflozin (10 mg daily) and quercetin (80 mg three times a day). Results. The results
showed that age and gender were similar between the groups, indicating a balanced distribution. The study then
evaluated the effects of treatment on various parameters. The baseline body mass index (BMI), glucose, glycated
hemoglobin (HbA1c), soluble suppression of tumorigenicity 2 (sST2), Toll-like receptor 2 (TLR2) and TLR4 levels
were comparable across all groups. After treatment, significant reductions were observed in BMI, fasting glucose,
HbA1c, sST2, and TLR2/TLR4 in all groups. The most significant improvements were seen in the group that received
both empagliflozin and quercetin. The findings highlight the potential benefits of these interventions in patients with
coronary heart disease and type 2 diabetes mellitus. Conclusions. The addition of empagliflozin and quercetin to
standard therapy appears to offer significant benefits in managing BMI, glycemic control, and inflammatory markers
in patients with CAD and T2DM. The combined treatment regimen has potential to address the complex interplay
of metabolic and inflammatory processes in high-risk patients. The proposed combination also showed efficacy in
reducing the myocardial stress, which is shown by a decrease in serum sST2.

Keywords: coronary artery disease; diabetes mellitus; inflammation; quercetin; empagliflozin

Introduction

Cardiovascular diseases, with coronary artery disease
(CAD) as the most prevalent, continue to be the leading
cause of global morbidity and mortality. In 2020, cardiovas-
cular diseases were responsible for approximately 17.9 mil-
lion deaths worldwide, a figure that underscores the urgent
need for effective management strategies [1]. Among the
myriad of complicating factors for CAD, type 2 diabetes mel-
litus (T2DM) is particularly significant [2]. T2DM not only

increases the risk of developing CAD but also exacerbates the
outcomes for those already diagnosed with cardiovascular
complications [3].

The bi-directional relationship between CAD and T2DM
is mediated through shared risk factors, including hypergly-
cemia, insulin resistance, and chronic inflammation [4].
These overlapping pathways suggest a potential for synergistic
treatment approaches that could ameliorate the burden of
both diseases. Despite the availability of numerous phar-

© «MixHapogHuil eHoKpUHonoriuHmi XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2024

© Bupaseup 3acnascokuii 0.100. / Publisher Zaslavsky 0.Yu., 2024

[lna kopecnoHaeHuii: benincbkuit Mukita Bagumoiy, sokTop dinocodii 3 MeanumHY, kadeapa BHyTPiluHbOI MeanLymHM N2 2 Ta MececTpUHCTBA, [BaHO-OpaHKIBCbKMI HaLiOHaNbHUI MeANYHNil
yHiBepcuTer, Byn. lannuibKa, 2, M. IBaHo-OpaHkiBcbk, 76018, Ykpaika; e-mail: mbelinskiy@ifnmu.edu.ua; Ten.: +-380 (99) 727-30-23
For correspondence:  Mykyta Bielinskyi, PhD in Medicine, Department of Internal Medicine 2 and Nursing, Ivano-Frankivsk National Medical University, Halytska st., 2, Ivano-Frankivsk, 76018, Ukraine;

e-mail: mbelinskiy@ifnmu.edu.ua; phone: +380 (99) 727-30-23
Full list of authors’ information is available at the end of the article.

Tom 20, N¢ 3, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua 25


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

macological interventions for CAD and T2DM, outcomes
in patients suffering from both conditions simultaneously
remain suboptimal [3]. The complexity of their interaction
demands therapeutic strategies that can address the multifac-
torial nature of their comorbidity. Currently, the cornerstone
of CAD treatment involves statin therapy, antiplatelet agents,
and, where appropriate, revascularization procedures [5].

For T2DM, management typically relies on glycemic
control through lifestyle intervention and hypoglycemic
agents. However, these approaches often prove inadequate
in addressing the heightened cardiovascular risk presented
by the comorbidity with diabetes [6].

Quercetin, a naturally occurring flavonoid, has demon-
strated considerable potential in reducing inflammation and
oxidative stress, which are key contributors to both CAD and
T2DM. Research has highlighted its capability to improve
endothelial function, reduce blood pressure, and modulate
glucose metabolism, which are critical areas of concern in
the comorbid management of these diseases [7].

The purpose of the study was to examine the clinical effi-
cacy and safety of empagliflozin and quercetin in the treat-
ment of CAD and T2DM comorbidity and in the light of
their impact on parameters of inflammation.

Materials and methods

This was a single-center observational cohort study con-
ducted at the Cardiology Department of Ivano-Frankivsk
Central City Clinical Hospital. The study aimed to assess
the additive effects of empagliflozin and quercetin in patients
with stable CAD and T2DM who were already receiving
standard medical therapy according to current European
guidelines [8, 9].

A total of 128 patients diagnosed with both stable CAD
and T2DM were enrolled in the study between January and
December 2023. The study population was divided into three
groups based on their treatment regimen to facilitate a com-
parative analysis of outcomes.

Group 1 (controls): 40 patients receiving the standard
treatment protocol for CAD and T2DM. Group 2: 46 par-
ticipants took standard therapy in addition to empagliflozin
(10 mg daily). Group 3: 42 patients received standard therapy
in addition to empagliflozin (10 mg daily) and quercetin
(80 mg three times a day).

The study protocol was reviewed and approved by the
Ethics Commission of Ivano-Frankivsk National Medical
University. The study was conducted in accordance with
the ethical principles for medical research involving human
subjects, as outlined in the Declaration of Helsinki. Written
informed consent was obtained from all participants before
their inclusion in the study.

Baseline demographic and clinical data, including age,
sex, duration of disease, body mass index (BMI), and me-
dical history, were collected through patient interviews and
medical records. Laboratory parameters were measured,

including fasting glucose, glycated hemoglobin (HbAlc),
soluble suppression of tumorigenicity 2 (sST2), Toll-like re-
ceptor 2 (TLR2) and TLR4 levels and their ratio. These were
assessed at the start and end of the study period.

Biochemical measurements were conducted using the
HTI ImmunoChem-2100 analyzer for routine clinical che-
mistry parameters. The levels of sST2, TMAO, TLR2, and
TLR4 were determined using specific ELISA kits (Getein
Biotech Inc., China). The assays were conducted according
to the manufacturer’s protocols to ensure consistency and
reliability of the results.

The data were analyzed using SPSS version 26.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were em-
ployed to summarize the demographic and clinical charac-
teristics. The chi-square test was utilized for the analysis of
categorical data, and ANOVA was performed to compare the
means across three groups. Post hoc analyses with Bonferroni
correction were applied to control for multiple comparisons.
Linear regression models were employed to investigate the
impact of treatment modalities on the clinical and bioche-
mical markers. The threshold for statistical significance was
set at a p-value of less than 0.05.

Results

The demographic characteristics and baseline measure-
ments were recorded to ensure comparability across the
groups and to establish a baseline for evaluating treatment
effects (Table 1).

The mean age of participants showed no significant dif-
ferences, indicating a well-balanced age distribution among
treatment cohorts. The ages ranged from early 50s to mid-50s
across the groups, with a p-value of 0.158, suggesting that age
would not confound the treatment outcomes.

The proportion of males to females was nearly equal,
with roughly 45 % male and 55 % female participants in
each group. This balance helps in minimizing gender as a
confounding factor in the treatment outcomes (p = 0.957).

These baseline data confirm that the study groups were
comparable at the outset, in terms of both age and gender
distribution. This comparability is crucial for ensuring that
the outcomes and differences observed post-treatment can
be attributed with greater confidence to the interventions
themselves rather than to demographic discrepancies.

The dynamics of control parameters is presented in Table 2.

Initially, all groups presented with similar BMI, showing
no statistically significant differences at baseline (p = 0.827).
Post-treatment observations revealed significant reductions
in BMI across all groups. Group 1, receiving only standard
treatment, showed a reduction of 6.47 % (p = 0.016). More
substantial reductions were observed in group 2, with em-
pagliflozin added to the treatment, showing a 12.51% de-
crease (p < 0.001). The most significant decrease was noted
in group 3, where both empagliflozin and quercetin were
used, resulting in a 17.00% reduction in BMI (p < 0.001).

Table 1. Baseline demographic and clinical characteristics

Variable Group 1 (n = 40) Group 2 (n = 46) Group 3 (n = 42) p-value
Age, years (mean = SD) 53.57 £ 4.27 54.38 + 3.28 52.83 + 3.74 0.158
Gender (male/female) 18 (45 %)/22 (55 %) | 22 (47.8 %)/24 (52.2 %) | 19 (45.2 %)/23 (54.8 %) 0.957
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Pre-treatment fasting glucose levels were comparable
across the groups. Following the treatment period, all groups
demonstrated significant reductions: in controls, glucose le-
vels decreased by 11.02 % (p < 0.001), in group 2, by 16.61 %
(p <0.001), and group 3 showed the most substantial reduc-
tion 0f 20.26 % (p < 0.001).

Similar to glucose, baseline HbAlc levels were consistent
in all groups. Post-treatment results indicated significant im-
provements. The reduction in HbAlc was 11.85 % in group 1
(p <0.001), 15.98 % in group 2 (p < 0.001), and the highest
in group 3, at 20.64 % (p < 0.001).

Initially, there were no significant differences in sST2
levels among the groups (p = 0.618), providing a compa-
rable baseline. Following treatment, there was a significant
reduction in sST2 levels: by 9.80 % in controls (p < 0.001),
by 27.99 % in group 2 (p < 0.001), and group 3 exhibited
the most significant reduction of 36.89 % (p < 0.001).
These findings suggest that the combination of empagli-

flozin and quercetin may be particularly effective in re-
ducing cardiac stress.

The levels of TLR2 and TLR4 were found to be similar
across all groups at the start (p = 0.183 for TLR2 and p = 0.745
for TLR4). Following treatment, TLR2 decreased by 10.34,
41.49, 51.61 % in groups 1, 2, 3, respectively (all p < 0.001).
TLR4 levels also exhibited a significant decrease, with reduc-
tions of 12.66 % in group 1, 36.24 % in group 2, and 46.39 %
in group 3 (all p < 0.001). These results demonstrate a notable
anti-inflammatory effect, particularly pronounced with the
combined treatment of empagliflozin and quercetin. There
were no initial differences in the TLR2/TLR4 ratio among
the groups (p = 0.625). However, following treatment, the
ratio exhibited a shift, displaying a slight increase of 2.57 % in
group 1 (p = 0.016) and decreases in groups 2 and 3 of 8.06
and 9.44 %, respectively (both p < 0.001). This shift serves to
reinforce the anti-inflammatory impact of the treatments,
particularly in conjunction with quercetin.

Table 2. Dynamics of control parameters in studied patients

Variable Group 1 (n = 40) Group 2 (n = 46) Group 3 (n = 42) p-value
Pre-treatment | 33.45 (31.71; 35.40) 33.69 (31.46; 35.03) 33.24 (31.92; 34.67) 0.827
BMI, Post-treatment 31.98 (29.78; 33.98) 28.90 (26.20; 31.72) 27.46 (25.33; 30.09) < 0.001
kg/m* A% -6.47 ~12.51 -17.00
p-value 0.016 0.001 0.001
Pre-treatment 9.27 (9.10; 9.39) 9.21 (9.05; 9.32) 9.21 (9.09; 9.34) 0.262
Glucose, | Post-treatment 8.26 (8.10; 8.44) 7.67 (7.50; 7.81) 7.34 (7.21; 7.48) <0.001
mmol/ A% ~11.02 16,61 —20.26
p-value 0.001 0.001 0.001
Pre-treatment 9.25 (9.14; 9.38) 9.25 (9.08; 9.40) 9.25 (9.05; 9.32) 0.808
HbA1c, | Post-treatment 8.16 (8.04; 8.25) 7.75 (7.64; 7.90) 7.29 (7.17; 7.44) <0.001
% A% —11.85 _15.98 —20.64
p-value 0.001 0.001 0.001
Pre-treatment 48.16 (46.38; 50.21) 47.66 (45.65; 50.55) 48.66 (46.26; 50.00) 0.618
sST2, Post-treatment 43.32 (41.80; 46.18) 34.20 (31.54; 38.23) 30.84 (28.96; 32.57) < 0.001
ng/mi A% —9.80 —27.99 _36.89
p-value 0.001 0.001 0.001
provsament | 0BT 0780n | s mazez [ 0zaseea i | oo
TUO. | posveament | S0 e1004 | eioge o0 | sz muts | oo
A% -16.47 -34.89 -44.81
p-value 0.001 0.001 0.001
Pre-treatment 0.54 (0.53; 0.54) 0.54 (0.53; 0.55) 0.54 (0.54; 0.55) 0.183
TLR2, Post-treatment 0.48 (0.48; 0.49) 0.31 (0.30; 0.31) 0.26 (0.25; 0.27) < 0.001
ng/m A% ~10.34 —41.49 _51.61
p-value 0.001 0.001 0.001
Pre-treatment 0.66 (0.64; 0.69) 0.67 (0.65; 0.70) 0.66 (0.64; 0.69) 0.745
TLR4, Post-treatment 0.58 (0.56; 0.60) 0.42 (0.40; 0.45) 0.35 (0.34; 0.38) < 0.001
ng/ml A% -12.66 -36.24 ~46.39
p-value 0.001 0.001 0.001
Pre-treatment 0.82 (0.77; 0.84) 0.81 (0.78; 0.83) 0.82 (0.78; 0.84) 0.625
TLR2/ Post-treatment 0.83 (0.80; 0.86) 0.74 (0.69; 0.78) 0.73 (0.69; 0.80) <0.001
TLR4 A% 257 _8.06 —9.44
p-value 0.016 0.001 0.001
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Linear regression analysis was conducted to evaluate the
impact of treatment modalities on clinical outcomes (Table 3).

Pre-treatment analysis revealed no significant association
of BMI and group membership (B =—0.192, 95% CI —0.825
t0 0.441, p = 0.549). Post-treatment analysis, however, indi-
cated a significant negative association (B =—1.929, 95% CI
—2.638 to —1.220, p < 0.001), suggesting a substantial de-
crease in BMI linked to treatment.

The analysis of pre-treatment glucose levels demonstra-
ted no significant association (B =—0.025, 95% CI —0.072 to
0.021, p = 0.284), while post-treatment content exhibited a
significant decrease (B = —0.448, 95% CI —0.503 to —0.392,
p < 0.001). The pre-treatment HbAlc was not statistically
significant (B =—0.016, 95% CI —0.067 to 0.036, p = 0.541),
while the post-treatment levels demonstrated a significant re-
duction (B =—0.419, 95% CI —0.464 to —0.375, p < 0.001).

There was no significant change in pre-treatment sST2
(B =0.025, 95% CI —0.683 to 0.734, p = 0.944), while
post-treatment levels significantly decreased (B = —6.522,
95% CI —7.381 to —5.662, p < 0.001).

No significant pre-treatment changes were observed
in TMAO content between groups (B = —6.639, 95% CI
—26.257 to 12.980, p = 0.504), but post-treatment analy-
sis demonstrated a pronounced decrease (B = —149.537,
95% CI —162.839 to —136.235, p < 0.001).

TLR2 showed a marginal non-significant effect in the
pre-treatment phase (B = 0.002, 95% CI 0.000 to 0.004,
p = 0.065), while post-treatment levels reduced significantly
(B=-0.109, 95% CI —0.117 to —0.101, p < 0.001). TLR4
demonstrated no pre-treatment changes (B = 0.000, 95% CI
—0.007 t0 0.007, p = 0.957) and a significant post-treatment
decrease (B=—0.112,95% CI —0.121 to —0.102, p < 0.001).

The pre-treatment TLR2/TLR4 ratio was not statistically
significant (B =0.003, 95% CI —0.006 to 0.011, p = 0.493),
but the post-treatment levels demonstrated a significant re-
duction (B = —0.046, 95% CI —0.059 to —0.032, p < 0.001).

Discussion

The present study investigated the effects of adding em-
pagliflozin and quercetin to standard treatment in patients
with stable CAD and T2DM. The results demonstrated
significant improvements in BMI, glycemic control, and
inflammatory markers, suggesting a synergistic benefit of
the combined treatments. A significant reduction in BMI,
particularly in groups receiving empagliflozin with or without
quercetin, supports the notion that sodium-glucose cotrans-
porter 2 inhibitors not only improve glycemic control but
also facilitate weight loss, which is crucial in managing both
diabetes and CAD [10].

The addition of quercetin appeared to amplify these
effects, which aligns with previous studies suggesting that
flavonoids like quercetin can improve metabolic health by
enhancing insulin sensitivity and exerting anti-obesity effects
[11]. These results underscore the potential of quercetin
as an adjunct therapy in metabolic disorders, providing a
foundation for further exploration into its benefits in clinical
settings.

The significant decreases in sST2 and TLR levels ob-
served in this study provide important insights into the an-
ti-inflammatory effects of empagliflozin and quercetin. sST2
is known to be a marker of stress and inflammation in the
heart, and its reduction is associated with improved cardio-
vascular outcomes [12]. Similarly, reductions in TLR2 and
TLR4, which play pivotal roles in innate immune respons-
es, suggest a decreased systemic inflammatory state. These
findings are particularly pertinent in light of the well-doc-
umented association between inflammation, diabetes, and
cardiovascular disease [13, 14].

The enhanced effects observed with the combined em-
pagliflozin and quercetin treatment may be attributed to the
complementary mechanisms of action of the two agents.
While empagliflozin decreases glucose reabsorption in the
kidneys, leading to improved glycemic control and weight

Table 3. Linear regression analysis of parameters of studied patients

. 95% CI 95% CI
Variable B e Upper p-value

Pre-treatment -0.192 -0.825 0.441 0.549
BMI, kg/m?

Post-treatment -1.929 —2.638 —-1.220 < 0.001

Pre-treatment -0.025 -0.072 0.021 0.284
Glucose, mmol/l

Post-treatment —0.448 -0.503 -0.392 < 0.001

Pre-treatment -0.016 -0.067 0.036 0.541
HbA1c, %

Post-treatment -0.419 -0.464 -0.375 < 0.001

Pre-treatment 0.025 -0.683 0.734 0.944
sST2, ng/ml

Post-treatment —-6.522 —7.381 -5.662 < 0.001

Pre-treatment —-6.639 —26.257 12.980 0.504
TMAO, ng/ml

Post-treatment —149.537 -162.839 -136.235 < 0.001

Pre-treatment 0.002 0.000 0.004 0.065
TLR2, ng/ml

Post-treatment -0.109 -0.117 -0.101 < 0.001

Pre-treatment 0.000 -0.007 0.007 0.957
TLR4, ng/ml

Post-treatment -0.112 -0.121 -0.102 < 0.001

Pre-treatment 0.003 —0.006 0.011 0.493
TLR2/TLR4

Post-treatment —0.046 —0.059 -0.032 < 0.001
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loss, quercetin’s anti-inflammatory and antioxidant prop-
erties may further reduce cardiovascular risk by mitigating
oxidative stress and inflammation [15, 16].

This synergistic effect may explain the greater reduc-
tions in biomarkers of cardiovascular risk and inflamma-
tion observed in the group treated with both empagliflozin
and quercetin. This dual approach could be particularly
beneficial in patients with T2DM and CAD, where both
metabolic control and inflammation are critical targets for
therapy [17, 18].

Despite such promising findings, this study has limita-
tions that should be addressed in future research. The sam-
ple size, while adequate to detect significant differences,
limits the generalizability of the results. Further research is
required in the form of larger, multicenter trials to confirm
these findings and assess their applicability to broader pop-
ulations. Additionally, the study’s design does not allow for
the assessment of long-term outcomes, which are crucial for
chronic conditions like CAD and T2DM [19, 20]. Future
studies should focus on long-term clinical outcomes, includ-
ing mortality, cardiovascular events, and hospitalizations.

Conclusions

The addition of empagliflozin and quercetin to standard
therapy appears to offer significant benefits in managing BMI
and glycemic control, and inflammatory markers in patients
with CAD and T2DM.

The combined treatment regimen has potential to address
the complex interplay of metabolic and inflammatory pro-
cesses in high-risk patients.

The proposed combination also showed efficacy in re-
ducing the myocardial stress, which is shown by a decrease
in serum sST2.
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®eanopos C.B., Aiaywko O.M., Hawwyk-OniviHvik H.b., [Mo3dyp H.3., beaiHcbkut M.B., lrepateHko A.C.
IBaHO-DPAHKIBCHKMK HALIOHQABHWE MEANYHWE YHIBEPCUTET, M. IBAHO-DPPAHKIBCHK, YKpQiHO

YAOCKOHOAEHHS Tepdadnii iLueMiyHoi XBopo6u cepus Ta LYKpOBOro Aiaberty:
BMAMB HO 6ioMapKepu i KAIHIYHI pe3yAbTaTU

Pe3iome. Axmyaavnicmo. CeplLieBo-CyaIMHHI 3aXBOPIOBAHHS, TaKi
sK imemMiuyHa xBopoba cepist (IXC), € 0CHOBHOIO IJ1I00aIbHOO
Mpo0JeMOI0 OXOPOHU 340POB’s, 10 MPU3BOAUTD J0 MiJIbIO-
HiB cMepTelt mopoky. Llykposuit miadet 2-ro tumny (LI2) mo-
ripuye Hacaiaku st moneit 3 IXC. CrinbHi (hakTopu pU3UKy
MOTPEeOYIOTh CUHEPTiUHMX MiAXOAIB 10 JiKyBaHHS, BKJIIOYAOUU
BUKOPUCTAHHSI MPUPOAHOro (JIaBOHOINY KBepLeTuHy. Mema:
BUBYUTHU KITiHIYHY e(DEKTUBHICTDb Ta 0€3MeKy eMITariaihIO3nHYy
1 KBEepLIETUHY B JIIKyBaHHI KOMOPOiZHOIO Mepeoiry imemMiyHoi
XBOPOOU ceplisl i LyKpOBOro iabeTy 2-To TUITY 3 ypaxyBaHHSIM
IXHBOT'O BIUIMBY Ha IMOKa3HUKMU 3anajsieHHs. Mamepiaau ma memo-
du. Y iepion 3 ciuHs o rpyzaeHb 2023 poKy i CroCTepekeHHIM
nepedyBao 128 mamieHTiB i3 giarHo3om crabinbpHoi IXC ta LIJ12.
YyacHuKY Oy/iu po3MOIiJieHi Ha TpU Ipynu: mepiry (KOHTPOJIb,
n = 40) — crannaprHe jgikyBanHs [XC ta 2, apyry (n = 46) —
cTaHmapTHa Teparnis Ta emnantidiao3us (10 Mr/mody), TpeTio
(n =42) — crangapTHa Teparis Ta emnariidiao3ut (10 mr/no0y)
i kBepuetuH (80 Mr Tpuyi Ha 100Yy). Pezyasmamu. Bik i ctaTh Oyiu
MOAIOHUMU MiX TPYITaMH, 1110 CBiTYUTH PO 30aTaHCOBAaHUI PO3-
nonia. [laii B JOCHiKeHHI OLIiHIOBAJIM BILIAB JIIKYBaHHS Ha Pi3Hi

mapameTpu. BuxigHi mokasznuku ingexcy macu tia (IMT), piBHi
[JII0KO3H, TJikoBaHoro remoryio6iny (HbAlc), sST2, Toll-nioni6-
Horo peuenropa-2 (TLR2) ta TLR4 Oynu nopiBHSIHHUMU B yCix
rpynax. [licis jikyBaHHS cIiocTepirajaocst 3HauHe 3HUXKEHHS
IMT, piBHiB rimoko3u Hatiie, HbAlc, sST2 Ta cniBBiZHOIIEHHS
TLR2/TLR4 B ycix rpymnax. Hait6iabln 3Ha4yIIMMK TOKPALLIEHHS
Oysiu B Tpetiii rpymi (emnariicdao3uH i kBepueTtuH). OTpumaHi
ITaHi MiIKPEeCTI0I0Th ITOTEHIIIHI MepeBaru UX BTpy4YaHb y Malli-
€HTIB 3 illIeMiYHOI0 XBOPOOOIO ceplisl Ta LYKPOBUM AiabeTOM 2-TO
tuy. Bucnoexu. JlonaBaHHsi eMnariiio3uHy Ta KBepLIETUHY 10
cTaHJApTHOI Teparnii Mae 3HauHi nepesaru B ynpasaiHHi IMT,
MapKepaMu 3allaJieHHs Ta TJIiKeMiYHOMY KOHTPOJIi B TAIli€HTIB
3 IXC ta LIJI2. KombiHoBaHa cxema JIiKyBaHHsI Ma€ IOTEHIIial
11010 PeTyJIIOBaHHS CKJIaAHOI B3aEMO/Iil MeTabOJIiYHUX Ta 3a-
MajJbHUX MPOLIECiB Y MALLEHTIB i3 BUCOKUM PU3UKOM. 3arporno-
HOBaHa KOMOiHallis TAKOX IMoKa3ajia e(heKTUBHICTb y 3MEHIIIEHHI
MiOKapaiaJbHOIO CTPECY, IO MPOSIBISIETHCS 3HUKEHHSIM PiBHSI
cupoBaTkoBoro sST2.

KirouoBi cjioBa: imemiuna xsopo06a ceplist; LyKpOBU jaiadeT;
3arajieHHsI; KBePLIETUH; eMIariida03uH
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Gut microbiota changes
and novel markers
associated with liver steatosis
in obese patients

Abstract. Background. Liver steatosis is a common condition that can progress to steatohepatitis, fibrosis,
and cirrhosis and increases the risk of death from cardiovascular and liver complications. Understanding the
link between steatosis and non-alcoholic fatty liver disease, obesity, and gut microbiota is essential. Recent
studies have revealed that gut microbiota plays a crucial role in developing this condition, highlighting the
importance of microbiota control. The purpose of the study was to detect changes in gut microbiota and new
markers associated with hepatic steatosis in obese patients. Materials and methods. The study involved
60 men aged 38 to 65, divided into two groups: 32 patients with hepatic steatosis (experimental group) and 28
with no steatosis (controls). As part of the study, the levels of the lipogram were determined, anthropometric
measurements were made, a bioimpedance analysis of the body was performed, as well as liver ultrasound and
shear wave elastography. The gut microbiota of all participants was also examined using sequencing techno-
logies (material collected from stool samples). Results. In the experimental group, there are significantly more
patients with overweight, dyslipidemia (hypercholesterolemia, triglyceridemia, high low-density lipoproteins,
high atherogenicity coefficient, and low high-density lipoproteins). Also, patients with hepatic steatosis are more
likely to have an excessive percentage of fat and an excessive amount of visceral fat, hepatomegaly due to
the craniocaudal size of the liver, and increased liver stiffness. Regarding the intestinal microbiota, there is an
increase in bacterial groups belonging to the Bacteroidetes. Our analysis showed that specific markers such
as body mass index, blood lipid profile, body fat percentage, and liver ultrasound parameters are essential for
diagnosing steatosis. Body mass index above 24.9 kg/m? and increased waist circumference were associated
with steatosis. Bioimpedance analysis parameters, including body fat percentage and relative visceral fat level,
were also crucial indicators. Dyslipidemia, with increased levels of total cholesterol, triglycerides, low-density
lipoproteins, high atherogenicity coefficient, and lower high-density lipoproteins, was related to steatosis. The
liver stiffness was significantly higher among patients with steatosis, indicating additional risk of liver fibrosis.
Shear wave elastography can be a valuable tool for detecting liver steatosis. Conclusions. Patients with steato-
sis were characterized by signs of obesity (increased waist circumference, body mass index) and dyslipidemia,
higher percentage of adipose tissue, relative amount of visceral fat, craniocaudal liver size, liver stiffness, and
low levels of high-density lipoproteins. An increase in the gut microbiota of bacterial groups belonging to the
Bacteroidetes has been observed.
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Introduction

Liver steatosis represents a widespread condition that is
a part of the general pathological process, which may lead to
steatohepatitis under certain conditions and subsequently to
liver fibrosis and even cirrhosis [1, 2]. It should be empha-
sized that patients with liver steatosis are at an increased risk
of death from both cardiovascular diseases and liver-related
complications [3].

The pathogenic role of steatosis in liver damage is recog-
nized regardless of its origin. However, researchers are par-
ticularly interested in detecting steatosis in the context of
non-alcoholic fatty liver disease due to its widespread occur-
rence and close association with metabolic disorders [4]. This
is especially crucial as steatosis is highly prevalent among
individuals with obesity, diabetes, and dyslipidemia [5]. Ad-
ditionally, it is known that fatty liver degeneration can occur
long before the development of metabolic syndrome. In con-
trast, liver steatosis may develop even with a slight increase in
body weight, as in this case, redistribution of lipid content in
tissues and metabolic disorders can occur [6].

Experimental studies have revealed that the bacteria li-
ving in our intestines have an equally important role in the
development of metabolic dysfunction-associated fatty li-
ver disease (MAFLD) [7]. Lifestyle changes and increased
physical activity can alter the state of our liver through their
influence on the gut microbiota composition. It is worth
noting that the detected changes in the composition of the
gut microbiota in patients with MAFLD can be managed by
the use of particular drugs, such as probiotics, prebiotics, or
synbiotics, allowing to improve the condition of patients with
MAFLD significantly [8].

The timely detection and quantification of both the state
of the liver and the gut microbiota have become crucial ob-
jectives for hepatology, endocrinology, and other areas of
the healthcare system overall, given the high prevalence of
steatosis.

The purpose of the study was to identify gut microbiota
changes and novel markers associated with liver steatosis in
obese patients.

Materials and methods

Sixty men aged 38 to 65 years (average of 48.6 = 10.8
years) were involved in the study. Non-inclusion criteria were
the presence of alcoholic, drug-induced, viral, autoimmune
liver damage, and storage diseases.

All patients were examined for the presence of fatty hepa-
tosis according to the European Association for the Study of
the Liver — European Association for the Study of Diabe-
tes — European Association for the Study of Obesity Clinical
Practice Guidelines for the management of non-alcoholic
fatty liver disease [1] using liver ultrasound in the absence
of apparent reasons for the secondary build-up of fat in the
liver (alcohol abuse, use of hepatotoxic drugs, viral hepatitis
infection, autoimmune and hereditary diseases).

Exclusion of alcoholic liver damage was performed based
on reports of daily alcohol consumption in a dose of at least
50.0 g of pure ethanol for 25 years and screening for alcohol
abuse (CAGE questionnaire — Cut down, Annoyed, Guilty,
Eye-opener). Hepatitis B virus etiology was identified using
serological markers of hepatitis B virus (HBsAg determina-

tion), hepatitis C virus — serological markers of hepatitis C
virus (anti-HCV), as well as information regarding acute
viral hepatitis in the previous medical records. Autoimmune
reactions were evaluated based on the serological markers of
autoimmune liver damage.

Two groups were formed depending on the presence
of steatosis: experimental (EG) — 32 people with ultra-
sound-confirmed steatosis, and control (CG) — 28 patients
without steatosis.

Biochemical blood serum parameters were studied using
an automatic analyzer, Beckman Coulter AU680 (USA),
which detected the levels of total cholesterol, triglycerides,
high-density lipoproteins (HDL), and low-density lipopro-
teins (LDL). The atherogenicity coefficient (AC) greater
than 3 was considered to be elevated.

Bioimpedance analysis was conducted using Tanita
BC-587 body composition analyzer scales (Tanita, Japan)
to determine patients’ body weight, body mass index (BMI)
(kg/m?), bone mass (kg), skeletal muscle mass (kg), water
content (%), body fat percentage (%), visceral (internal) fat
level (units), basic metabolism (kcal), biological age (calcu-
lated based on the body’s metabolic rate) (years). We used the
following indicators for the study: body fat percentage and
visceral fat level. The upper limits of the normal reference
range accepted during bioimpedance analysis in the studied
age group were as follows: for the body fat — 20 % and less,
visceral (internal) fat levels — 12 and less, whereas BMI —
24.9 kg/m? and less. Patients’ waist circumference (WC) was
also measured as the primary criterion for metabolic disor-
ders. WC exceeding 102 cm was considered elevated.

A liver ultrasound examination was conducted using a
Toshiba (Canon) Aplio 500 Platinum device with a 2—5 MHz
convex probe under standard conditions: in the morning,
on an empty stomach, in a horizontal position lying on the
back. All patients underwent standard ultrasound to identify
functional and structural changes in the internal organs; liver
dimensions (mm), outlines, structure, and echogenicity were
assessed.

Shear wave elastography was performed on a Toshiba
(Canon) Aplio 500 Platinum device in 2D diagnostic mode
using a CA1-7A probe. The measurements were taken in
real-time at a depth of 20—60 mm from the capsule to deter-
mine the average indicators that characterize the stiffness of
the liver parenchyma (kPa). Threshold values were used to
assess the stage of fibrosis: FO — no fibrosis (up to 5.8 kPa);
F1 — mild fibrosis (5.9—7.2 kPa); F2 — moderate fibrosis
(7.3—9.5 kPa); F3 — advanced fibrosis (9.6—12.5 kPa); F4 —
liver cirrhosis (> 12.5 kPa) according to the METAVIR scale.

The gut microbiota was evaluated by determining the
fecal bacterial composition using a polymerase chain reac-
tion-based sequencing method in a certified laboratory DIA-
GEN, which provided results in the form of metagenomic
analysis. The most used method for this purpose is 16S rRNA
gene sequencing. This technique targets a specific region of
the bacterial 16S rRNA gene, allowing for the identification
and classification of bacterial species present in the sample
collected from the stool.

The results were processed in Microsoft Excel using de-
scriptive statistics, Student’s t-test, and z-criterion to com-
pare two variables. The statistical reliability of the markers
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was evaluated using the SPSS software based on contingency
tables, and indicators of diagnostic value were calculated.
The correlation between steatosis and the indicator studied
was considered confirmed by a module if the association
coefficient exceeded 0.5 (or 0.3 for the contingency coeffi-
cient). The results were presented as M = m, where M is the
arithmetic mean, m is the mean square deviation; n is the
number of patients examined in the group. The difference
was considered statistically significant if p < 0.05.

Results

Patients of the EG had significantly higher levels of
total cholesterol compared to the CG (6.5 = 1.4 mmol/l
vs. 4.0 £ 0.6 mmol/1). In addition, significantly higher tri-
glycerides (2.3 £ 0.8 mmol/1 vs. 1.1 = 0.1 mmol/l), LDL,
and AC were observed in the group with liver steatosis. The
mean value of HDL was not significantly different in both
groups of patients. The results are shown in Table 1.

According to the information presented in Table 2, WC in
patients with hepatic steatosis was significantly greater than
in the CG (109.0 = 12.0 cm vs. 97.6 £ 9.8 cm). BMI was
also significantly higher in the group with steatosis compared
to the CG patients (28.0 £ 2.7 kg/m? vs. 21.6 £ 1.7 kg/m?),
as was the body fat percentage and the relative visceral fat
level (32.3 £ 6.1 % vs. 20.9 £ 4.2 % and 9.4 £ 3.3 units vs.
4.0 + 1.5 units, respectively).

The liver ultrasound results (Table 3) indicate a signifi-
cantly greater craniocaudal (right) liver lobe length in pa-
tients with steatosis compared to the CG (160.5 = 11.0 mm
vs. 130.4 * 13.4 mm) and a significantly higher index of liver
stiffness in the EG compared to the CG (5.5 & 0.6 kPa vs.
3.8 = 1.3 kPa). The left liver dimension was not significantly
different between the groups of patients (60.3 £ 5.6 mm vs.
57.1 £ 6.5 mm).

We obtained the following results for each group after
comparing the number of patients with indicators exceeding
the reference range. The number of patients with increased
WC was higher in the EG, but it was not significant (19/32
vs. 11/28). However, a significantly more patients in the

Table 1. Blood lipid profile

Parameter EG,n=32 | CG,n=28
Total cholesterol, mmol/L 6.5+ 1.4* 4.0+ 0.6
Triglycerides, mmol/L 2.3+0.8" 1.1+£0.1
LDL, mmol/L 46+1.2* 28+0.3
HDL, mmol/L 1.1+£0.2 1.2+05
AC, units 52+1.8" 27x1.0

Note: here and in Tables 2, 3: * — p < 0.05 compared

to CG values.

Table 2. Results of anthropometry

and bioimpedance analysis

Parameter EG,n=32 | CG,n=28
WC, cm 109.0 £ 12.0*| 97.6+9.8
BMI, kg/m? 28.0+2.7* 21.6+1.7
Body fat percentage, % 32.3+6.1% 209 +42
Visceral fat level, units 9.4 + 3.3 40+1.5

Table 3. Liver ultrasound and shear wave

elastography
Parameter EG,n=32 | CG,n=28
Craniocaudal (right) lobe *
length, mm 160.5 = 11.0*| 130.4 + 13.4
Left liver size, mm 60.3+5.6 57.1+6.5
Liver stiffness index, E, kPa| 5.5+ 0.6 3.8+1.3

EG had high BMI (28/32 vs. 1/28), high levels of total
cholesterol (27/32 vs. 1/28), triglycerides (24/32 vs. 6/28),
high AC (30/32 vs. 8/28), high body fat percentage (31/32
vs. 8/28). There were significantly more patients with an
insufficient HDL level in the EG compared to CG (29/32
vs. 15/28). Higher levels of LDL compared to the reference
range (14/32), higher than normal relative visceral fat level

Table 4. Analysis of the diagnostic value of additional screening markers of the liver steatosis risk

Parameter Sensitivity, % Specificity, % Accuracy, % Associitci:;?f/itéci):;itngency

WC 60.0 60.0 60.0 0.38
BMI 87.5 95.0 90.0 0.98*
Total cholesterol 82.5 95.0 86.7 0.98*
Triglycerides 75.0 80.0 76.7 0.85*
LDL 425 100.0 61.7 0.44~
HDL 90.0 45.0 75.0 0.76*
AC 92.5 70.0 85.0 0.93*
Body fat percentage 97.5 70.0 88.3 0.98*
Visceral fat level 27.5 100.0 51.7 0.33*
Craniocaudal (right) liver length 72.5 100.0 81.7 0.68*
Left liver size - - - -

Liver stiffness 32.5 90.0 51.7 0.63*

Note: * — statistically confirmed correlation between the marker and the risk of liver steatosis.
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(9/32), and increased craniocaudal size of the liver were
only observed among patients of the EG (23/32). All the
above indicators were within the reference range in con-
trols. The left liver size was not increased in patients of
both groups.

The following research phase is statistical analysis,
which calculates the chances of accurately diagnosing liver
steatosis using individual indicators — markers. Indicators
of diagnostic value, such as sensitivity, specificity, and ac-
curacy, were employed to determine the reliability of the
diagnosis. Based on them, the odds ratio was defined — a
number that shows how much the absence or presence of a
particular result is associated with the presence or absence
of a specific disease in a statistical group, and the associ-
ation (or contingency) coefficient, which characterizes
how close is the stochastic association between qualitative
signs — alternative random variables. The sensitivity, speci-
ficity, accuracy, and association (or contingency) coeffi-
cient are shown in Table 4.

Based on the obtained data, WC, although it is a marker
of metabolic disorder, did not indicate the presence of liver
steatosis. However, all other assessed indicators can be con-
sidered risk markers of liver steatosis. Namely, BMI with a
sensitivity of 87.5 %, specificity of 95.0 %, and accuracy
of 90.0 % indicates the presence of liver steatosis. Blood
lipid indicators are also of high importance: total choles-
terol with a sensitivity of 82.5 %, specificity of 95.0 %, and
accuracy of 86.7 % indicates the presence of steatosis, as
well as triglycerides with a sensitivity of 75.0 %, specificity
of 80.0 %, accuracy of 76.7 %; LDL with a sensitivity of
42.5 %, specificity of 100.0 %, accuracy of 61.7 %; HDL
with a sensitivity of 90.0 %, specificity of 45.0 %, accuracy
of 75.0 %; AC with a sensitivity of 92.5 %, specificity of
70.0 %, and accuracy of 85.0 %. The indicators of bio-
impedance analysis, specifically the percentage of body fat
tissue and the relative visceral fat level, are equally impor-
tant. Excess visceral fat level with a sensitivity of 97.5 %,
specificity of 70.0 %, and accuracy of 88.3 %, and relative
visceral fat level with a sensitivity of 27.5 %, specificity of
100.0 % and accuracy of 51.7 % indicate liver steatosis.
Regarding the liver ultrasound results, the craniocaudal size
of the liver indicated hepatic steatosis with a sensitivity of
72.5 %, specificity of 100.0 %, and accuracy of 81.7 %. In
contrast, the liver stiffness index had a sensitivity of 32.5 %,
specificity of 90.0 %, and accuracy of 51.7 %.

Gut microbiota in obese patients also demonstrated a
shift in the distribution of bacterial composition compared
to the CG.

Patients of the EG had a higher total bacterial mass,
which exceeded the data of controls and conditionally es-
tablished levels of the reference range (< 10 CFU/cm?®):
2.51£0.21 CFU/cm?vs. 1.72 £ 0.19 CFU/cm’® (p < 0.05).
A more detailed review of the quantitative proportional
distribution of the total bacterial mass according to the
polymerase chain reaction in the EG showed that more
than half of the bacteria belonged to the Bacteroidetes type
(51.49 + 4.16 %). In comparison, all the other types of
bacteria in the smaller half of the total bacterial mass were
distributed in the following proportional composition: Fir-
micutes — 32.42 = 2.14 %, Actinobacteria — 6.12 £ 1.94 %,

other groups — 9.61 & 2.18 %. Thus, a shift towards dys-
biosis in the Firmicutes/Bacteroidetes ratio (0.62 = 0.21)
was also observed (relative norm 1.0—5.0). No significant
changes were noted during the examination of the CG pa-
tients in the distribution of gut microbiota; accordingly,
the Firmicutes/Bacteroidetes ratio did not reflect signifi-
cant deviations and was 1.12 * 0.44, which corresponds to
the reference range. Bacteroides fragilis/ Faecalibacterium
prausnitzii ratio (reference range < 100.0) in patients of the
EG significantly exceeded the established physiological
reference range due to an increase in the Bacteroides fragilis
group (1121.02 + 847.13), which in some patients exceeded
the physiological reference range by more than 15 times. It
was within the normal range only in 21.17 % of patients,
while in the CG, the above indicator did not exceed the
reference range in more than 62 %.

Discussion

In our study, we focused on analyzing the link between
the presence of liver steatosis and several indicators that
directly or indirectly indicate the presence of a metabolic
disorder. Our choice was not accidental, as it is known that
non-alcoholic fatty liver disease and liver steatosis, which is
one of its components, are pathogenetically closely linked
[9, 10]. This topic is of paramount importance since there is
an ongoing discussion among scientists worldwide regarding
redefining the term “non-alcoholic fatty liver disease” to
“metabolically associated liver disease”, thereby transferring
the disease from the rank of diseases of exclusion to a noso-
logy with clearly defined diagnostic criteria [11].

It’s not just the scientific aspect that makes this topic
relevant. As of 2015, around 604 million people across the
globe are suffering from obesity [12]; the prevalence of type 2
diabetes and hypertension also contributes to the develop-
ment of liver steatosis, with a risk of transforming into ste-
atohepatitis and later into liver cirrhosis and, in some cases,
hepatocellular carcinoma [13]. All of this underscores the
urge for early detection of liver steatosis.

Our statistical analysis has confirmed the importance of
specific markers such as BMI greater than 24.9 kg/m?, blood
lipid indicators, body fat percentage, and relative visceral fat
level, along with specific liver ultrasound parameters (cranio-
caudal liver size and liver stiffness index).

In addition to the significant practical value, the data
we obtained provide a specific understanding of the “risk
group” — patients most likely to develop steatosis. Our re-
sults emphasize that despite increased WC is an important
marker of metabolic disorder, it did not become the factor
that determined the presence of hepatic steatosis. In contrast
to WC, BMI > 24.9 kg/m? was reliably associated with steato-
sis. Bioimpedance analysis parameters (body fat percentage
and relative visceral fat level) were crucial. The above data
highlights the importance of conducting a comprehensive
examination rather than focusing on the visible deposition
of fatty tissue in certain areas.

Blood lipid indicators, such as increased levels of total
cholesterol, triglycerides, LDL, high AC, and lower HDL,
are directly pathogenetically related to steatosis. This in-
dicates that in dyslipidemia, the patient should undergo a
comprehensive examination with screening for liver steatosis.
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Regarding the gut microbiota, the predominance of Bac-
teroidetes over all groups of bacteria is noteworthy. An inte-
resting feature was the predominance of this type of bacteria
in patients with hepatic steatosis compared to other groups
and across the total population combined. The identified
changes raise many concerns, namely, whether such a redis-
tribution of the gut microbiota composition is a consequence
of the deterioration of the metabolic status of the liver and
obesity, or possibly the opposite, an extreme increase in bac-
teria of the Bacteroidetes type is capable of triggering liver
steatosis and obesity [14, 15].

The significance of liver stiffness in liver ultrasound can-
not be overstated, as it was significantly higher among pa-
tients with steatosis. Additionally, exceeding the threshold
values was often observed among participants with steatosis
compared to those without it, which indicates additional
risks of liver fibrosis in such patients [16—18]. The routine
performance of shear wave elastography can serve as a valu-
able tool in determining liver steatosis.

Conclusions

Patients diagnosed with hepatic steatosis had signifi-
cantly higher WC and BMI, as well as higher levels of total
cholesterol, triglycerides, LDL, and AC, higher body fat
percentage and relative visceral fat level, significantly lar-
ger craniocaudal (right) liver size, and higher liver stiffness
when compared to those without this condition. However,
the mean value of HDL did not differ significantly between
two groups.

In the group with hepatic steatosis, there were signifi-
cantly more patients with increased BMI, high levels of
total cholesterol, triglycerides, LDL, AC, and low HDL.
They also had an increase in the following parameters:
body fat percentage and relative visceral fat level, cranio-
caudal liver size, and liver stiffness. Furthermore, the
growth of Bacteroidetes groups was observed in the gut
microbiota.

Markers associated with the presence of hepatic steatosis
include high BMI, total cholesterol, triglycerides, LDL, AC,
bioimpedance analysis indicators, namely the body fat per-
centage and the relative visceral fat level, certain parameters
of the liver ultrasound, such as craniocaudal liver size and
liver stiffness index, and low HDL levels.
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3MiHM MIKPOGIOTU KMULLEYHUNKA TA HOBi MApPKepMU,
MOB’3AHi 3i CTEATO30M MEeYiHKW, Y NALIEHTIB 3 OXXUPIHHSAM

Pestome. Axmyaavnicms. Creatos NevyiHKy € MOMMUPEHNM ypa-
KEHHSIM, SIKe MOXe TpOrpecyBaTH 10 cTeaTorenaTury, Gpiopo3y
Ta LUPO3Y, i 30IIbIIYE PU3UK CMEPTI Bil CeplLEeBO-CYIMHHUX Ta
MEeYiHKOBUX YCKJIaJHEHb. BaXUIMBUM € 3B’30K CTEaTO3y 3 HEATKO-
TOJILHOIO XKUPOBOIO XBOPOOOIO MEUiHKM, OKUPIHHSIM Ta KMILIKOBOIO
MiKpo0ioTO10. Y HeaBHIX TOCIIIKEHHSIX 3’ CyBat, 1110 KUILIKOBA
MiKpo0ioTa Bimirpa€ BaxJIMBY POJIb Y PO3BUTKY LILOTO 3aXBOPIOBAH-
HsI, TOMY KOHTPOJIb MiKpOOiOTH € aKTyaJbHUM 3aBIaHHsIM. Mema:
BUSIBUTHU 3MiHU KUIIIKOBOI MiKpO0iOTH Ta HOBi MapKepH, OB’ si3aHi
3i CTeaTo30M TIeUiHKHM, Y MALliEHTIB 3 OXKUPiHHAM. Mamepiaiu ma
Mmemoou. Y IOCIIIKEHHs OyJ10 3aydeHo 60 40JI0BiKiB BIKOM Bil
38 m0 65 poKiB, IKMX PO3AUIMIN Ha ABi rpynu: 32 maLi€eHTH 3i
cTeaTro3oM (eKclepruMeHTallbHa rpymna) Ta 28 ocib 6e3 cTteaTo3y
(KOHTpOJIbHA TpYyIIa). Y pamMKax MOCITiIKeHHsI BU3HAYEHO PiBHI
JIITgoTrpamMu, 30iiCHEHO aHTPOIIOMETPUYHI BUMipIOBaHHSI, TIPOBE-
JIeHO OioiMITeJaHCHMI aHAali3 Tijla, YIBTPa3ByKOBE JOCiIKEHHS Ta
3CYBHOXBUJILOBY ej1acTorpacdito neyiHku. Mikpo06ioTa KuilleuHuKa
BCiX YUAaCHUKIB TaKOX OyJ1a JOCTiKeHa 3a JOTIOMOTOI0 TEXHOJIO-
il cekBeHYBaHHs (Martepias, 3i0paHuii 3i 3pa3kiB kaiy). Pezyis-
mamu. B exciepuMeHTaIbHI Tpymi Oy/0 3HaUHO Oisbiiie ocib i3
HaJIMipHOIO Macolo Tijla, AUCIiniaeMielo (rinepxojaecTepuHemis,
TPULiLEPUIEMisl, BACOKI PiBEHb JIIMONPOTEiHiB HU3bKOT 11iJIb-
HOCTI 11 KOedilliEHT aTepOTeHHOCTi, HU3bKUI YMICT JIIMOIIPOTEiHIB
BUCOKOI IITbHOCTI). TaKOX Yy MaIli€eHTIB 3i CT€aTO30M IMEeYiHKU
YacTillle CIIOCTEPIiraloTb HAAMIPHIi BiICOTOK XUPY i KiJIbKICTh Bic-

LIepaJIbHOTO XKUPY, reraToMerajilo BHACIiI0K KpaHioKay1aJlbHOTO
pO3Mipy TediHKH, TiIBUILEHY XXOPCTKicTh revyiHku. Lo crocyeTs-
¢Sl KUIIKOBOI MiKpOOiOTH, TO 3apeECTPOBAHO 301IbIICHHS TPYIT
OakTepiil Tuny Bacteroidetes. Taxi cneundiyHi MapKepu, K iH-
NeKC MacH Tija, MOKa3HUKU JIiMiAHOro Mpodilio KpoBi, BiICOTOK
JKMpY B OpraHi3Mmi Ta yJIbsTpa3ByKOBi apaMeTpH MeviHK1, BaKJIUBi
JUTS 1IaTHOCTUKM cTeaTo3y. [Haeke Macu Tina nmoHan 24,9 kr/m? i
30iIbIIIeHAa OKPYKHICTD Talii OB sA3aHi 3i cteato3oM. [TapameTpu
OioimMIIeaHCHOTO aHalli3y, SIK-OT BiICOTOK XUPY B OpraHi3Mi Ta
BiTHOCHMI1 piBEHb BiCLIEPATBLHOTO XHUPY, TAKOX € BUPIIIAJIbBHUMU
MoKa3HuKaMmu. JlucinineMis 3 minBUILIEHUMHU PiBHSIMU 3aTraJIbHOTO
XOJIECTEPUHY, TPUITILEPUAIB, JIMOMPOTEiHIB HU3bKOI IIIBHOCTI i
HVDKYMM PiBHEM JIMONPOTEIHIB BUCOKOI IIIJIbHOCTI OB’ s13aHa 3i
cTeaTo3oM. [HaeKc KOPCTKOCTI MeYiHKY BipOTiIHO BUIIUI cepel
MMAIiEHTIB 3i CTeaTO30M, 110 BKA3y€ Ha JOJATKOBI pU3UKHU (PiOpo3y
MeYiHKKM. 3CYBHOXBWILOBA eacTorpacdis Moxe OyTU KOPUCHUM
iHCTPYMEHTOM IIpU BUSIBJICHHI cTeaTo3y MeviHKu. Bucnosku. J1st
MaIliEHTIB 3i CTEaTO30M XapaKTepHUMU Oy O3HAKM OXUPIiHHS
Ta OUCITiMigeMis, MiaBilleHi KiTbKICTb JKUPOBOI TKAHUHU, Bicle-
PaJIbHOTO XUPY, KpaHioOKayIaJIbHUI pO3Mip MeYiHKU, MTOKAa3HUK
JKOPCTKOCTI MEeUYiHKM i HU3bKi PiBHi JiMOMNPOTEiNiB BUCOKOT IIijIb-
HocTi. Cepen MiKpo6ioTH KMILIEYHUKA CITOCTEPiragocst 301TbIIeHHST
bGakTepiaIbHUX TPy, 10 HaJIeXKaTh 10 TUILY Bacteroidetes.
Kimi04oBi c10Ba: oxupinHs; cTeatos neviHku; MikpobioTa Ku-
LIeYHMKa
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BnAuB perioHapHOro MeTacTa3yBOHHS
HQA MPOrHO3 AiKYBOHHS XBOPUX
3i SAOSIKiICHUMM NMYXAVMHOMMU
LLLMTONOAIOHOT 3aA03U

Pe3stome. AkTyanbHricTs. 3a gaHnmy 6araTtbox JOCIIKEHb, YUHHUKAMM, SKi MOMPLLYIOTL MPOrHO3 JIiKYBaHHS paKy
wmTornogi6Hoi 3anosu (LL3), € poamip nyxmHu, CTymiHb EKCTPATUPEOIRHOMO MOLLMPEHHS NEPBUHHOI MyX/MHU B OpraHu
Ta TKaHWHW LN Vi CepeoCTIHHSA, CTYMiHb MOPGDOOriYHOI ancbepeHuiauii myxmvHn, a Takox perioHapHe Ta BigganeHe
meTactasyBaHHs. MeTa [OCiAXeHHSI: BUBHATY NMOKa3HUKU PErioHapHOro MetactadyBaHHs Ta CTYriHb iX noLuvpe-
HOCTI y XBOpMX 3i 31I05IKICHUMM My X/IMHaMU LATOMORIGHOI 3a5103U, & TaKOX iX BB Ha MPOrHO3 JiKyBaHHS 3aJ1€XKHO
Bif MOLLMPEHOCTI NEePBUHHOI MyXJvHW Ta CTyneHs MopgborioriyHoi augbepenuiadii nyxnvHn. Matepiann Ta metoam.
Y pocnimxeHHs ysiviLunn 1959 XBopux 3 JIOKasIbHOKO NEPBUHHOK MyX/IMHOK 6e3 iHBasivi (rpyna T,.,,), 171 xBopuii 3
r104aTKOBUM €KCTPAaTUPEOIOHNM MOLLMPEHHSIM MEPBUHHOI MyXSIMHW Y npeTupeoigHi M's3u (rpyna T,,), 132 navieHTn 3
OiNibLL MOLLMPEHUMM My XITMHAMM, HAVYacTiLLe 3 iHBa3Ieto y Tpaxeto Ta/abo ropTaHb, BHYTPILLHIO SPEMHY BEHY, CTpaBoxia,
MiJLLKIPHY ghbacuiro Vi KIITKOBUHY Ta LUKIpY, MOBOPOTHMY HEPB (rpyna T,,), Ta 38 nayieHTiB i3 3aHeR6aHUMM MOLLMPEHUMMN
MEPBUHHUMU MyXSTMHaMK Y NepeaxpebToBy hacLyito, COHHy apTepIto Ta/abo 3 MacUBHUM MOLLMPEHHSIM Y CEPEROCTIHHS
(rpyna T,,). Pe3ynbratn. 3 noLLUMPeHHAM NepBUHHOI MyX/IMHM 3pocTana KifbKiCTb XBOpUX 3 perioHapHuMu metacta-
3amu N,, a TaKoX BI[ICOTOK OifibLL MOLLMPEHX MeTacTasiB y natepasbHi sigginv twmi N,,. [okasHuKy perioHapHoro
meTacTasdyBaHHs 6€3r0CepeHbO 3anexXarb Bif CTYMNeHs MOLLUMPEHOCTI NEePBUHHOI MyX/IMHU, LLO MITBEPLKYE VOro
SIK OCHOBHWV ¢haKTOp, SIKWV BI/IMBAE Ha MPOrHo3 nikyBaHHs paky LL3. Y rpyni HeiHBaauBHWX rnyxmivH T, ,, HAsSBHICTb
perioHapHux metacTtasis N, BiporigHo He BriimBasia Ha rporHo3 JliKyBaHHs XBOpUX. Y rpyri 6ifibLU MOLLMPEHUX MyXIInH
3 ro4aTKoBUMM iHBa3isiMu T, HAsSIBHICTb JINLLIE MOLLUMPEHUX flaTepasibHuX perioHapHux metactasis N,, roripLuyBana
MPOrHo3 JliKyBaHHs1. 3 NogasibLLOK MOLLMPEHICTIO NEPBUHHOI ryXimHn y rpyri T,, Bid3Ha4ai0Ccs NoripLLEHHS MPOrHo3y
JliKyBaHHs1 y XBOpUX, rpudomy ofHakoso sk ripu N, Tak i N,,, y rpyni 3aHeg6aHux ryxavH T,,. BUCHOBKN. HasiBHICTb
perioHapHyx MeTacTasiB He BriivBasia Ha nporHo3 JiiKyBaHHs1, Kkl 6yB roraHvimM y XBopuX siK 3 PerioHapH1Mn metacta-
3amu, Tak i 6e3 Hnx. HasiBHICTb perioHapHoro MeTacTasyBaHHsI MOXHa po3rinsgati ik ¢hakTop, LLO MOripLLye NPporHo3
TIiKYBaHHs1 XBOPUX, 1€ He SIK OCHOBHWI, SIKUM 3a/TNLLIAETLCS CTYIMiHb MOLLMPEHHS MEPBUHHOI MyXIINHM.

Knro4voBi cnoBa: pak wmronogi6Hoi 3ano3u; MopghosioridvHa anghepeHuialis; perioHapHe mMeTacTadyBaHHS;
MpOrHo3

Bctyn

3710sKicHI MyxJIMHU muTonoaioHoi 3ano3u (1113) cra-

YIponoBX OCTaHHBOTO AECATUPIYUS IIIBUIKO 3pOCTAE HE
TIJIbKY 3aXBOPIOBAHICTh Ha BUCOKOAUDEpeHLiiioBaHUI pak

HOBJIATB 10 3 % cepel ycix OHKOJIOTiIYHUX 3aXBOPIOBaHb
mogunu [1, 2]. Y 6inbire Hix 90 % XBOpUX CIIOCTEPIra€ThCs
pax L3 Bucokoi nudepeHmiaii (manigapHuii Ta GoJiKy-
napuuit) [3]. Taki myxJvHY 31e0iIbIIOTO BUSIBJISIIOTH Ha TI0-
YaTKOBUX CTalisX 3aXBOPIOBAHHS, TOMY 11i BUTIAAKU MAIOTh
no0puit mporHos [4].

1113, moka3HUK SIKOI 30UTBLIMBCS YaBivi [5, 6], ajie i BincoTok
3aHeI0aHMX TTOIIUPEHUX 30SIKICHUX TUPEOITHUX TTyXJIUH
cepenHix Ta HU3bKMUX MOpdoIoriuHux audepeniiariii 7, 8].

3a TaHMMU HU3KU aBTOPiB, (haKTOpaMu, SIKi MOTipIIy-
I0Th IIPOTHO3 JIIKYyBaHHSI, € PO3Mip MyXJIMHM, CTYIiHb €KC-
TPATUPEOITHOTO MOIIUPEHHS TIEPBUHHOI IyXJIMHU B OPTaHU
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Ta TKAaHWHM UL i1 CEPeIOCTIHHS, CTYIIiHb MOP(MOJIOTITHOL
nudepeHLianii myxJvMHuU, a TAKOXX perioHapHe Ta BiagajleHe
MeTtactasyBaHHs [9, 10].

ITpornonyeThbes nekiabka (akTopis, 1110 BIUTMBAIOTh Ha
nporHo3 JikyBaHHs. Jlo Hux Hanexatb AMES (Bik, me-
TacTasu, nmomupeHHsi, po3mip), MACIS (Meracrasu, BiK,
panvKalbHICTh omnepalii, iHBazis, po3mip) ta iH. [10, 11].
AJle HalBaXJIMBIIIMMU IPOTHOCTUYHUMHM (PaKTOpaMU y
pasi 3aHenOaHuX 37M0sKicHUX nyxJauH 13 3anuiaerbes
CTYIIiHb TOIIMPEHOCTI MEPBUHHOIL ITyXJIMHU Ta MOPdOII0-
riuHa nudepeHiialis myxXJInHuU.

3aj1exKHO Bil MPOrHOCTUYHOIO YMHHUMKA 3JI0SKICHI TTyX-
JuHu 3 po3aiyisiioTs Ha IeKiibKa AeCSTKiB TUTIB KAPLIMHOM
[12, 13]. Ha Hai norjsia, MporHo3 Ta BUOip TAKTUKU JIiKY-
BaHHS TaKMX XBOPHUX 3aJI€XKaTh Bill CTYIIeHs MOP(OJIOTiYHO1
nudepeHLiiarii myxauHy. 3a Kiacudikauiero American Joint
Committee on Cancer (AJCC) BocbMoi pemaxiiii, iHBazist
MyXJMHM y M’SIKi THIIIKIpHI TKAHWHY 11111, TOPTaHHI HEPBU,
BHYTPIIITHIO SIpEMHY BeHY, BEPXHi AUXaJbHi IIJISIXU Ta CTpa-
BOXiJl HAJIEXKUTh J10 Kateropii T,,, i Taka ImyxJimHa Moxe OyTh
BiTHOCHO paJvKaJbHO OIlepOBaHa Ha Iepiiomy etari [14].

OpHak IpOpPOCTaHHS MyXJIMHU Y MariCTpaibHi apTepii
LI Ta CepeIOCTIHHS, ITepeaxpeOToBy daciito aKTUIHO BU-
KJTI0Ya€ MOXJIMBICTb pafMKaIbHOI'O XipypridyHOrO BTpYYaHHS
Ha TieplIoMy eTarli Ta moTpedye Heoa ' loBAaHTHUX METO/IiB
JIIKYBaHHSI, 30KpeMa MPOTUITYXJIMHHOI XiMioTepaltii, ado Ia-
JIIAaTUBHOTO Ta CUMIITOMATUYHOTO JIiIKyBaHHSI, OCOOJIUBO Y
BUIMaJIKaX HU3bKoAUGepeHiiioBaHUX (POPM 3aXBOPIOBAHHSI.
Taxki iHBa3ii MyxJIMHM HaJIeXaTh /10 Kareropii T,,, BOHU YacTi-
1€ PeLIINBYIOTh Ta MOTiPIIYIOTh MPOrHO3 JIiKyBaHH: [ 15, 16].

XBopi 3 momupeHuMu KapuuHoMamu 113 mopiBHsI-
HO 3 TalliEHTaMM 3 ITyXJINHAMM TTOYaTKOBUX CTaJlili MatOTh
OLTbII MOXWIMH BiK, HKYY MOpdoJioriyHy audepeHiialiio
MyXJIMH, OUTBIITY KiTBbKICTh CYIYTHIX 3aXBOPIOBaHb, PETio-
HapHMX METAcTa3iB y JiMbaTHUHi By3/U 1IUI Ta BEPXHBOTO
cepenoctinHg [17, 18].

3 omsily Ha Te, 110 HasIBHICTh PeTioHapHUX METacTa3iB
y TiM$aTUYHUX By3J1ax IIMi Ha Yac BCTAHOBJICHHS AiarHO3Y
BILJIMBA€E Ha TIPOTHO3 JIiIKYBaHHS Ta BUXKMBaHICTh XBOPUX
Ha pak 1113, Hamu BU3HaA4YeHO X BIUIMB Ha Iepelir mpolie-
Cy 3aJIeXKHO Bif pi3HUX YMHHUKIB (ITOIIMPEHICTD, CTYITiHb
MopdosoriyHoi nudepeHiianii nyxivuHu). HaseneHi B Ji-
TepaTypHUX JKepeJiax JaHi CTOCYIOThCSI HEBEJIMKUX IPYT
XBOPHX, TIPU IIbOMY He 3’sICOBaHi 3aKOHOMipPHOCTi BILJIUBY
perioHapHUX MeTacTa3iB Ha MPOTrHO3 JiKyBaHHS 3aJIeXKHO
BiJl MOLIMPEHOCTI MEPBUHHOI MTyXJIMHU Ta CTYIEHS il MOp-
donoriunoi nudepenriarii [19, 20].

Mera nocipKeHHs:: BUBUUTU MOKA3HUKU PETIOHAPHOTO
METACTa3yBaHHS Ta CTYMiHb iX MOIIUPEHOCTI Y XBOPUX 3i 371051~
KiCHMMH MyXJIMHAMU IIUTONOAIOHO]I 3aJI031, a TAKOXK IX BIUIAB
Ha MPOTHO3 JIIKYBaHHS 3aJ1E3KHO BiJl TOIIMPEHOCTi MEPBUHHOI
MyXJIMHU Ta CTYIeHsT MOP(OJIOTiuyHOI AudepeHIallii My X/ IMHN.

MartepiaAn Ta meToamn

3 2004 poky mo mmcromnana 2023 poKy BKJIIOYHO y LIEHTpi
eHmokpuHHoi xipyprii KIT «/IHimponeTpoBcbka obaacHa Kiti-
HiyHa jikapHs iM. .I. Meunnkosa» JIOP» (M. [IHinpo) miposi-
koBaHo 2300 xBopux Ha 370siKicHi myxiauHu 113, BinmnosinHo
1o kinacudikanii AJCC BocbMOI peakilii malieHTH po3aiieHi
Ha 4 TpyIy 3a CTYTIIeHeM TIOIIMPEHOCTI TEPBUHHOI ITyxJInHU T.

VY nocnimxenHs yBifiuu 1959 xBopux 3 J10KaabHOIO
MEepBUHHOIO MyXJMHOIO 6e3 iHBasiii (rpyna T, ;,), 171 xBo-
pUii 3 TOYaTKOBUM €KCTPATUPEOITHUM MOIIMPEHHSIM Iep-
BUHHOI MyXJIMHU Y TIpeTupeoinHi Mm’s3u (rpymna T,,), 132
MalieHTH 3 OUIBLI MOIIMPEHUMU MyXJIMHAMU, HallyacTile
3 iHBa3i€10 y Tpaxew Ta/abo ropTaHb, BHYTPILIHIO SIpeM-
HY BeHY, CTpaBOXif, MiAIKIipHY (acllito i KIITKOBUHY Ta
IKipy, ToBOopoTHUIT HepB (rpyna T,), Ta 38 maiieHTiB i3
3aHe10aHUMU TTOIIMPEHUMHU TIEPBUHHUMM MyXJIUHAMU Y
repeaxpe6ToBy (hacliito, COHHY apTepito Ta/abo 3 MACUBHUM
MOLIMPEHHSIM Y cepenocTiHHs (rpyna T,,).

Takox ciig BinzHauuTH, 1110 y 30 XBopux Oyau ogHoYac-
Hi TOABIIiHI iHBAa3ii, y TpbOX MAlliEHTIB — MOTPIiiHI JIOKa-
Jizauii iHBasiit. ¥ 14 XBopHX CIIOCTEpiraioch MaCUBHE MO~
IIMPEHHS IEPBUHHOI ITyXJIMHU Y cepenocTiHus. et hakt
He PO3LiHIOBAJIN SIK KOHKPETHY iHBa3ito (1ie He opraH), aje
TaKi XBOPi MaJiu I11e IpMHAKMHI OMHY KOHKPETHY iHBa3i0 Ta
HaJiexxau a0 rpyrnu T, 3 BeJIMKOIO TOIIMPEHICTIO TIEPBUH-
HOI ITyXJIMHU, SIKa y OLIIIOCTI XBOpUX Oysia HeonepabdeabHa
Ha IMepiIoMy eTarti JiKyBaHHSI.

YcimM XBOpUM MPOBOAWIM YIBTPA3BYKOBE JTOCHTIIXKEHHS
1113 3 omiHKOIO0 KPUTEPIiB 3rigHO i3 CUCTEMOIO CTpaTUdi-
kauii pusukiB EU-THIRADS (3 2017 p.) [21], opraHiB Ta
MaricTpaJIbHUX CYAWH IIMi, JiM(paTUIHUX BY3JiB IIXI Ta
BEPXHBOTO CEPENOCTIHHS 3 BU3HAYEHHSIM HasIBHOCTI peri-
OHapHMX METAcTa3iB, iX KiJIbKOCTI Ta CTYIEeHs ITOIIUPEHHS
(N,, ta N,,). Kpim TOoro, BUKoprucToByBaJI1 yci CTaHIapTHi
METOJM IarHOCTUKU: MaJIbMALLil0 LIXi, TOHKOTOJIKOBY acIli-
pawiiiHy IyHKIi#HY 0i0TCii0 BiIIOBIAHO 1O LIMTOJIOTIYHNX
KpuTepiiB 3a cuctemoro Bethesda [22].

BuxonyBau ropMOHaIbHi TOCTIIKEHHS (TUPEOTPOITHUIMA
TOPMOH, BUIBHUI TUPOKCUH, TUPEOTJIOOYJIiH Ta aHTUTIJIAa 10
HBOT'0, KaJbLIMTOHIH), 3arajJbHUI Ta 6ioXiMIYHUI aHATi3U
KpOBi, BU3HAYAIN i0HI30BaHUI KaJIbIlili, ITOKA3HUKM Koary-
Jjorpamu. Y BUMNaaKax KJIiHIYHUX Ta yJIbTPa3ByKOBUX JTJAHUX
1I0/10 iHBA3UBHOTO 3POCTAHHS MyXJIMHU MPOBOIMIU CITi-
pajibHY KOMIT' I0TepHY ToMorpadito 3 KOHTpacTyBaHHSIM ab0
MarHiTHO-pe30HaHCHY ToMOorpadilo I111i Ta OpraHiB IpyaHOI
TMOPOXXHUHU, TOTTIIeporpadio MaricTpaaibHUX CYIUH IIIHI,
aHriorpagito MaricTpajJbHUX CYAWH IIMI Ta CEPEIOCTiHHS,
€HIIOCKOITIYHI JOCIIiIKEHHS TOpTaHi, Tpaxel Ta CTPaBOXOIY.
3a HeoOXiTHOCTI OibII TOUHOTO BU3HAUEHHST MOPDOIOTIYHOT
OyIOBM ITyXJIMHU, TIPY CYMHiBHUX LIUTOJIOTIYHMX BUCHOBKAX
Ha JIlarHOCTUYHOMY €Talli MPOBOAMJIACh iHIU3iiTHa Giorncist
IyXJIMHU a00 MeTacTasy y perioHapHui JiMmpaTUuHuit By3011,
a OCTaHHIMM POKaMM — TperaH-0iorcist myXJInHMU.

V Bumankax HeBM3HAUYE€HUX IpyM 3a cucteMolo Bethesda
11V npoBoguau MOJIEKYISIPHO-TeHETUIHI JOCIiIKEH-
Hs [IUTOJIOTIYHOTO MaTepiaay i3 BCTAHOBJIEHHSIM MyTalliit
(BRAFE, NRAS, KRAS, HRAS, 2RET/PTC, PAX8/PPARg).
B 000B’13k0BOMY MOPSIIKY MTPOBOIMIIN €KCITpec- Ta OCTa-
TOYHE TiCTOJIOTiUHe, a 32 HEOOXiMIHOCTI — IMYHOTICTOXi-
MiuHe OCTiIKEHHST BUIAJIEHOTO TIpU orepallii MaTepiaiy,
i3 BU3HAYEHHSIM HasBHOCTI MyXJIMHU Y KpasiX pe3eKlilii Ta
MeTacTasiB y JiM(paTUIHUX By3JIax.

J11s1 TogabIIOro MOPIiBHSIHHS JOCTiIHUX TPy, aHaATi3y
IMOKA3HUKIB PerioHapHOr0 MeTacTa3yBaHHS Ta BUKMBAHOCTI
XBOPHUX i MPOTHO3iB X JIIKyBaHHSI MU PO3IUIMIIN MAlli€EHTIB
Ha 3 rpynu 11ie i 3a hakTopom MopdoJioriuHoi AudepeHiia-
Lii TyXJIMH: TTyXJIMHU BUCOKOI ArdepeHIiialii (nmanisipHuii
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Ta POIKYyIIpHUI pak) — B, myximHM cepenHboi audepeH-
Hiattii (MeayJIsipHUiA, OHKOLIUTAPHUIA Ta TUIOCKOKJIITUHHU I
pak) — C Ta myXJIMHY HU3BKOI audepeHuianii (HU3bK0-
nudepeHiioBaHU i aHAMIaCTUYHUI pak, B-KiniTuHHI
MEPBUHHI JiM(GOMHU Ta PiIKiCHI TUIM MYXJWH 3 BUCOKUM
3JI0SIKICHUM MOTEHIiaJloM: capkoma, TuMoMa) — H.

Ycim xBopuM y pociinuux rpynax T,_,,, Ty, Ta 6ib1ocTi
T,, MpoBeeHO KOMIJIEKCHE JIIKYBaHHSI, IKE€ MiCTUJIO pau-
KaJIbHE XipypriyHe BTpyYyaHHS Ta aJ’IOBaHTHY MPOMEHEBY
Teparito (pamioiioaTepaniio ad0 AUCTaHLIHY raMMa-Te-
parmio). ¥ 23 mauienris rpyn T,, Ta T,,, 3 o511y Ha 3HaYHY
MOIIMPEHICTh MYXJIMHU Ta HEMOXJIMBICTh paIuKaIbHOTO Xi-
PYPTiYHOTO BTPYYaHHSI, Ha TIEPILIOMY eTarti KOMIUIEKCHE Jii-
KYBaHHSI IOTTIOBHIOBAJIOCH 111€ HeO0a1 IoBAaHTHOIO TOJTiXiMio-
Tepari€ro 3 MepeBoAOM MyXJIUHU B oTnepadesibHy CTaliio,
OLTBIIOCTI XBOPUX 3 LIMX TPYIT aJi tOBAaHTHE MPOMEHEBE Jii-
KyBaHHSI JOITIOBHEHE 111€ i1 CUCTEMHOIO IOJIiXiMioTeparli€o.
21 xBopoMy i3 3aHen0aHUMHU NyxJauHaMmu T, cTajii mpoBe-
JIeHi He paJuKajbHi IUTOPEeIyKTUBHI a00 CUMOTOMATUYHI
omeparii 3 ag’ ToBAaHTHUMU METOJaMU XiMiOIIPOMEHEBOTO
JIIKYBaHHSI, y LIMX XBOPUX BiI3HAYaIacs POJIOHTALLisl 3aXBO-
PIOBaHHS, TOOTO PELIMINB Y MEPIINI MiCS1b CTIOCTEPEXKEH-
Hs1. XBOpUM 3 peliMJIMBaMU 3aXBOPIOBAaHHSI IMPOBOIUINCH
IOJATKOBI XipypriuHi BTpyYaHHs 3 BUAAJICHHS PeLUANUBY
(sik110 1€ O0yJI0 MOXJIMBO) Ta/ab0 3aCTOCOBYBaBCS MPO-
MEHEBUI MeTO JIiKyBaHHsI B OEAHAHHI 3 XiMioTeparli€ro.

O0OpobOKa JaHMX Ta CTATUCTUYHUI aHaIi3 OyJIo TIpoBe-
JIEHO 3 BUKOPUCTaHHSM nakeTiB nporpam LibreOffice Ta R
(Bepcist 4.2.1) [23]. KinbKicHi MOKa3HUKY HaBEIEHi y BUTJISI-
Ii Menmianu Ta 25-ro i 75-ro nepuenTtunis (Me [25 %; 75 %])
i cepeaHboro apuPMEeTUYHOro 3i CTaHAAPTHUM BiIXMWJIEH-
HsiM. [TopiBHSIHHS KiJTbKiCHUX MOKa3HUKIB MiXX TpynaMu
MPOBOIMJIM 3a J0IoMoroo kputepito Kpackena — Yonneca.
SkicHi mani Oynu HaBeneHi y Burisiai n (%). I[opiBHSIHHS
SIKICHMX MOKa3HUKIB TTPOBOIMIIN 32 JOTIOMOT'OI0 KPUTEPit0
xi-kBagpart Ilipcona 6e3 mompaBku €iiTca Ha Oe3mepepB-
HICTb. Y LIbOMY JOCJIII;KEHHI He OYyJI0 ITPOITYIIEHUX TaHUX.

IIpoBonuin aHasi3 MOKa3HUKIB PerioHapHOro MeTacTa-
3yBaHHSI OKPEMO 3a CTYIeHEM MOIIUPEHOCTI JJoKanbHUX N,
y JiMmbatryHi By3au mui VI—VII 3011 Ta 6i1b11 molmpeHux
natepaibHux N, y giMbaTuyuHi By3nu mui [—V 30H1, Ta BU-
>KUBAHOCTI JUIsI TOCITiIKEHHSI Yacy JI0 HacTaHHsI IofIii (cMep-

Ti) 3 moOymoBolo kpuBux Karrana — Maepa. HaiOinbimit
Tepiofl CITOCTepeXXeHHs 3a TalliEHTaMM CTAaHOBUB 19 poKiB,
OIHAK IS 00’€KTUBHOI OLIIHKM Ta CTaTUCTUYHOI BipOril-
HOCTI BpaXxOBYBaJIU TepIi 5 POKiB Bi/l TOYATKY JIiIKYBaHHS
3TiHO 3 OHKOJIOTIYHUMMU MPUHITMIIAMM Ta TTIOKa3HUKAMU,
00YMCIIEHHS Yacy A0 HaCTaHHSI IOIil IIPOBOAVUIM B MiCSIIISIX.
IMauieHTH, ki BUOYIU 3i CIIOCTEPEXKEHHS BIIPOAOBXK
IT’SITU POKIiB 3 MPUYMH, HEe OB’ SI3aHUX i3 3aXBOPIOBAHHSIM,
OyJIM MO3Ha4YeHi 3HAKOM «+» Ha rpadikax Ta CTAaHOBUJIU
He Oiabiie HixX 7 % y DOCHIKEHHSIX, 10 HE BIUIMBAJIO Ha
MelliaHy Ta Cepe/Hiil yac HacTaHHs mnoaii. B aHanisi mo-
Ka3HUKiB BpaxoByBajau (pakTU4Hi Mo/ii, TOOTO cMePTh, 03
MOAAIBIIOTO OOJIiKY TaKUX Mali€HTIB. [TopiBHSIHHS KPUBUX
Kannana — Maepa npoBoauIu 3a JTOMOMOTOIO JIOT-paHK-
TecTy. 3a YMOBM HacTaHHs Toii y 6iibiie Hix 50 % nati-
€HTIB TPOBOIMJIM OOUMCIICHHSI Me/liaH! Yacy 10 HaCTaHHS
moxii 3 95% noipuum intepBanom (95% 1), ne ue Gyino
MOXKJIMBO. 3 OIJISIIy Ha HEMOXKJIMBICTh BCTAHOBJICHHST Me-
NiaHW Yyacy A0 HacTaHHS IMOAii (KO KibKiCTh MOMAill He
nepeBuiyBana 50 % Bim 3arajbHOTO YKMCIIAa B TPYITi) IS
aHaJIi3y BiIMiHHOCTE! yCiX MMOKa3HUKiIiB MU JOIAaTKOBO Bpa-
XOBYBaJIM CepelHill yac momiii, To6To yac HactaHHS 50 %
cMeprteil y rpymi. O0YrCIOBaIM OAHOPIUHY Ta I’ ATUPIYHY
BUXKMBaHICTh MauieHTiB 3 95% J11. Kputuunuii piBeHs p npu
TepeBiplli CTaTUCTUYHMX TrinoTe3 OyB npuitHsaTrii < 0,05.

PesyAbTaTi

Hamu BcTaHOBJIEHO, 110 MPOTHO3 JJIs1 BUJIIKYBaHHS
MOTipUIyBaBCsS Y XBOPUX 3 HASIBHUMU MeTacTa3aMu B pe-
rioHapHi jgimdaTuaHi By3iau mudi tTa/adbo cepenocTiHHs N,.
OpnHak BiI3Havyanucs CyTTEBI BiIMiHHOCTI B ITOTipIlIeHHi
MOKa3HUKIB BUKMBAHOCTI Ta TIPOTHO3Y JIIKYBaHHSI 3aJIEXKHO
BiJl CTYII€HSI ITOLIMPEHOCTI MepBUHHOI MyxinHU T. BpaxoBy-
0UM 1Iei (HaKT, MU PETEeIbHO TTpOaHali3yBaau MOKa3HUKU
BUKMBAHOCTI y XBOPUX 3 HASIBHUMM PETiOHADHUMU Me-
tactazamMmu N, Ta OKpeMO — 3a CTYIIEHEM iX MOIIMPEHOCTI
N,, Ta N,,, 3JIE5KHO BiJl TOLIMPEHOCTI MEPBUHHOI IMTyXJIMHU
T 3a mocaigHUMM rpyIamu.

V3arasibHeHi MOKa3HUKM peTioHapHUX MeTacTasiB, CTy-
reHiB MopdosIoriyHO1 AudepeHLialil myxJuH, peuuInuBIB,
JIETAJIBHOCTI Ta BUKMBAHOCTI B JOCIIIHUX I'pymax Bimoopa-
>KeHi B TabJ1. 1.

Ta6nunuys 1. KniHidHi XxapaKTepucTUKy nayieHTiB 3a71€XHO Bif CTYNeHs NOLUUPEHOCTi NepBUHHOI NyxanHu T

Mapaverp s | Gy | B | gy | e
CTyniHb BUCOKMIA, N (%) 1657 (84,6) 123 (71,9) 77 (58,3) 14 (36,8)
CTyniHb cepegHin, n (%) 92 (4,7) 18 (10,5) 23 (17,4) 4 (10,5) < 0,01
CTyniHb HMU3bKWI, N (%) 210 (10,7) 30 (17,5) 32 (24,2) 20 (52,6)
N: 0, n (%) 1185 (60,5) 49 (28,7) 31 (23,5) 2(5,3)
N: 1a, n (%) 598 (30,5) 59 (34,5) 40 (30,3) 7(18,4)
N: 1b, n (%) 176 (9,0) 63 (36,8) 61 (46,2) 29 (76,3) < 0,01
N: 1, n (%) 774 (39,5) 122 (71,3) 101 (76,5) 36 (94,7)
Peungume: Tak, n (%) 165 (8,4) 48 (28,1) 51 (38,6) 28 (73,7)
CMepTb: Tak, n (%) 92 (4,7) 31 (18,1) 38 (28,8) 27 (71,1)
OpHopivHa BMXMBaHiCTb, % (95% Al) | 0,98 (0,97-1,0) |0,93 (0,89-0,97) (0,90 (0,85-0,95)|0,45 (0,31-0,64) -
[TaTupivyHa BUXMBaHicTb, % (95% [Al) 10,95 (0,93-0,97)(0,82 (0,76-0,88) |0,71 (0,63-0,79)|0,29 (0,18-0,48) -
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CraructuuHo BiporigHo (p < 0,01) mocTymnoBo 306iabl1y-
BaBCs BiZICOTOK Malli€HTIB 3 pErioHapHUM MeTacTa3yBaHHSIM
N,, 3 39,5 % npu HeinBaziitHux myxmmHax T, ,, 71,3 % y
rpyni T,,, 76,5 % y rpyni T,, 1o 94,7 % nipu 3aHenGaHUX
nyxauHax y xsopux T,, rpynu. Takox 3i 3011bLLIEHHSIM CTY-
MeHs TMOLIMPEHOCTI MepBUHHOI MyxJInHU T 6e3rmocepeiHbO
3pocTaja yacTka XBOPUX 3 MOLIMPEHUMHU JIATEPATbHUMU
MeTacTtazamu B jimMdaTuaHi By3iu mui [—V 3onu N, 110-
PIBHSIHO 3 TTOYaTKOBUM MeTactasyBaHHSIM y VI—VII 30Hu
mui N, acame y rpymi T,_;, Mmetactasu N,, 0yauy 9,0 %, a
N,. — vy 30,5 %, BinmosigHo y rpymi T,, — y 36,8 Ta 34,5 %,
y T,,—y46,21a30,3 %, a B Haii6LIb1I 3aHen0aHi i rpymi T,
3HAYHO MpeBaToBaIN JaTepaibHi MeTacTta3u N,, — 76,3 %,
N,, — 18,4 %. 3aranom natepaibHi MeTacTasu N, TIpeBa-
JIIOBAJIU HAJ JIOKaTbHUMU N, PO3MOYMHAIOYY 3 TIYXJIUH 3
MoYyaTkoBolo ekcrpadaciiiaibHolo noumupeHictio T,,. Bu-
BYAQJINMCS TOKA3HUKM HACTAaHHS CMEPTIi Ta 4yac ii HacTaHHS
(MeniaHa, 1e OyJI0 MOXKJIMBO, Ta CEpeIHili Yyac HaCTaHHS) 3a
BiJICYyTHOCTI perioHapHux meTacTasiB N, a00 3a HasiBHOCTI
N,, Ta okpemo N, 3a rpynamu, TOOTO CTyI€HEeM TOoLInupe-
HOCTi NEPBUHHOI ITyXJIMHU T.

Y rpyni T,_;, perioHapHi Metactasu N,, crioctepiraiuch
y 598 xBopux (30,5 %), N,, — y 176 maui€eHTiB, 110 CTaHO-
B0 9,0 % Bin 3araiapHOl BUbipku (1959 natieHTiB). Takum
YUHOM, OCHOBHA KiJIbKiCTb XBOPUX 0YJ1a 3 JIOKaTbHUMMU Peri-
oHapHUMU MeTacTazamu N, i uie y 22,7 % BinzHavanucst
MOIIMPEH] peTioHapHi MeTacTa3! y JIaTepaIbHi BiIUTLTN IIIA1
N,,. BpaxoBytoun BelMKy KiJIbKiCTbh MALIEHTIB Yy TPYIIi, He-
MOJIMBO OOYMCIUTA MeIiaHy a00 CepenHili yac HaCTaHHS
CMEepTi, OMHAK HaMM BCTAaHOBJIEHA KiJIbKiCTh XBOpUX 3 N, 3
HAaCTaHHSIM CMEPTI ITic/Is1 TPOBEAEHOrO0 KOMILUIEKCHOTO JIiKy-
BaHHs. Lleit mokasHuk ctaHoBuB 5,4 % ta3 N,, — 7,3 %, ipu
LIbOMY Pe3yJIbTaTy MPaKTUIHO HE BiAPi3HSIIMCS Bill aHAJIOTiU-
HUX TaHUX Y 3araibHii Bubipmi rpymu T, ,, — 4,7 %.

TakuM YMHOM, Yy TpyTIi HEIHBa3WBHUX ITyXJIMH HasIBHICTh
perioHapHOro MeTacTa3dyBaHH: (OUIBII ITOIIMPEHOIO B JIa-
TepasibHi Biaaiav mwui N,,) He BIUIMBala Ha BUXKMBAHICTh
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PucyHok 1. Kpusi KannaHa — Maepa
AN BUXXNBAHOCTI nayieHTis rpynu T,, 3a5eXHo
Bifj HassBHOCTi MeTacTasiB B nliM¢paTtUdHi By3nu
N.,taN,

XBOPUX i MPOTHO3 TSI BWJIIKYBaHHSI 3aJIMIIIABCST TOOPUM.
Lle moB’s13aHO 3 TUM, 1110 OLIBIIICTh pEriOHAPHUX METacTa-
3iB (77,3 %) Oynu JIOKAJIbLHUMHU Y TIpe- Ta MmapaTpaxeanbHi
Jgimdatuyuni By3au muii VI Ta VII 3onu N,,. Yeim xBopum
MPOBOIMJIACH MPOGiaKTUUHA MePeHsT AUCEKIIis 1Iuri, a y
xBopux 3 N,, — MoaugdikoBaHa abo paguKaaibHa IUCEKIIist
ui. Y nepeBaxkHo1 OUTBIIOCTI XBOPUX Bil3HAYATMUCS ITyXJIU -
HU BUCOKOI AudepeHIIialii, y HIX peUMINB 3aXBOPIOBAHHST
e(eKTUBHO JIiKyBaBCs Ta He IPU3BOIMB 10 CMEPTI MalliEHTA.

VY rpyni T;, 3 104aTKOBOIO iHBa3i€l0 y MPETUPEOTIHI
M’SI3U CITOCTepiraBcsi 3HAUHO OUTBIINI BiICOTOK XBOPUX
3 perioHapuumu Metactazamu N, (71,3 %, y rpyni T,_,;, —
39,5 %). Perionapni meractasu N, crioctepirajuch y 59
xBopux (34,5 %), a N,, — y 63 nauieHnri (36,8 %) i3 3a-
raiabHoi BuOipku (171 mamieHT). ToOTO KiJIBKICTh XBOPUX
3 TIOIIMPEHUMU PETiOHAPHUMM MeTacTa3aMHM Yy JlaTepalibHi
Bijutisin mui N, OyJia Oijiblie HixX y TOJIOBUHU XBOPUX 3 pe-
rioHapHUMU MeTacTazamMu N, Ta CyTTEBO 3pocia 1o 51,6 %
nopiBHsHO 3 rpynoio T, ;, (22,7 %).

Binmbire Hix 50 % matnieHTiB 6e3 MeTacTasiB N, Ta 3 pe-
rioHapHuMu Metactazamu N, i N, y TOCTiIKeHHI BUXWIA
npotsirom 60 MicsILIiB CIIOCTEPEXEHHS, TOMY MeJiaHy He
obuucmoBanu (puc. 1). [NauieHTn 3 Metacrazamu B JIiM-
(aTuyni By31u N,, Masii BUpaxeHilui ykiiH Kpusoi Ka-
aHa — Maepa ripu nocitipkeHHi BuxkubaHocTi (p < 0,01).
BizyanbHo kpuBa Kamiana — Maepa st nauieHTiB N,
MiArpynu mMaja BUpaXeHiluii ykJiiH, Hix kpuBi Kama-
Ha — Maepa 1151 nauieHTiB miarpyn Ny ta N,,, ki MiX co-
0010 IPaKTUYHO He BimpizHsanucs. Cepen XBOPUX TPYIU
6e3 metacTtasiB T, cMepTh criocTepirajgach BChbOTO Yy JBOX
(4,1 %), cepenHiii yac 10 HACTaHHS CMEPTi CTAHOBUB 23
Micsii. Cepesl XBOpUX 3 HasIBHICTIO perioHapHUX METacTa3iB
N,, momepiio 5 (8,5 %), cepenHiii yac 10 HACTaHHS CMEPTi
craHoBuB 20 Micd11iB, TOOTO BipOTiZHOI pi3HUIII HE BCTa-
HOBJIEHO.

BoaHouac y mauieHTiB 3 Metactazamu N, MOKa3HUK
JIETATbHOCTI CYTTEBO MOTIPIIMBCS: TOMePJI0 24 XBOPHX i3 63
(38,1 %), cepenHiii yac 10 HACTAHHS CMEPTi TeX OYB KOPOT-
it i craHoBuB 15 Micsuis (p < 0,01). Sk 6aunmo, y rpymi
3 MMOYATKOBUMU iHBa3isIMM IyXJIMH Y MPETUPEOIAHI M’ SI3U
T, HasIBHICTb perioHapHUX JOKaJIbHMUX MeTacTasiB N,, He
BIUIMBAE Ha MPOTHO3 JIIKYBAaHHS XBOPUX, SIKUIA 3aTUIIIAETHCS
BiTHOCHO HOOpPUM, ajie MOIIMPEHICTh MEeTacTa3iB y JiaTe-
pasibHi Bimainm i [—V 3oHu N, monpu paaukaibHi qv-
CEKIIil 11111, CYTTEBO IOTipIITy€e MPOrHO3 JiKyBaHHS XBOPUX.

VY rpymi T,, 3 ToKajlbHUMU iHBa3isIMU B OpTaHM Ta TKa-
HUHU IIHI CITIOCTepiraBcs Ae0 OUTBIINI BiZCOTOK XBOPUX
3 perioHapHUMM MeTactazamu N, TOpiBHSHO 3 Tpyroto Ty,:
76,5 % (y rpymi T, 5, — 39,5 %, T, — 71,3 %). Perionans-
Hi Metactasu N, cioctepiranmuch y 40 xBopux (30,3 %), a
N,, — vy 61 mamienra (46,2 %) i3 3araiabHoi Bubipku (132
nauieHTu). ToOTO Ha BiAMiHY Bil Tpyn 3 MEHIIOIO ITOIIM-
PEHICTIO TIEPBUHHOI MyXJIMHU CYTTEBO MPEBATIOIOTH XBOPi
3 MOUIMPEHUMU PEeTiOHApHUMM MeTacTazaMu y JlaTepalib-
Hi Bigainu mui N,,. Cepea XBOpUX 3 perioHapHUMU Me-
tactazamu N, B rpymi T,, yacTka nauieHTiB 3 NOIIMPEHUMU
MeTacrazamu N, 3pocia 10 60,4 % MopiBHSHO 3 IPyIIoI0
T, — 51,6 % taT,, — 22,7 %. Ilonax 50 % maluieHTiB y
BCiX miarpymnax nepexxuin 60 Mics1IiB ClIOCTEPEKEHHST, TOMY
MeliaHy He oO0uucioBaiu (puc. 2).
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IMauienTn 3 metactazamu B JimdbarnyHi By31u N, Ta N,
MaJIu OifiblI BUPaKeHi, HixK y XBopux 0e3 MeractasziB N,
Ta Bi3yaJIbHO OTHAKOBi yxuiau KpuBux Karmana — Mae-
pa Tpu JOCTiKeHHI yacy 1o HactaHHs cMmepTi (p = 0,02).
BizyanbHO He BUSIBJIEHO CYTTEBOI Pi3HUIII MiX KPUBUMU
Kannana — Maepa nist mauienTis niarpyn N, ta N, anxe
y XBOPMX 3 JIOKAJIbHUMU MeTacta3amu N, KpuBa Bi3yallbHO
OLTBII BUpaXKeHa, HiXK Y MAlli€HTIB 3 MOIIMPEHUMH MeTacTa-
3aMu N ;. CMepTh KOHCTaTOBaHA Y TPbOX MaIliEHTIB 6e3
MeTtactasiB N, ix Oysno Oinbire, HiX y rpyni Ty, (9,7 %).
CepenHiit yac 10 HaCTaHHS CMEPTi TaKOX OYB KOPOTIINIA
it craHoBuB 18 Mmicsiuis (y rpymi T, — 4,1 % Ta 23 Micsii).

VY natienri rpynu T, 3 HasIBHICTIO perioHapHMUX MeTacTa-
3iB N,, croctepiranocsi 3HauHe MOTipluIeHHsS! BUXKMBAHOCTI,
HacTaHHsSI cMepTi BigzHaueHo y 15 xBopux (37,5 %, y rpyni
T,, — 8,5 %). CepenHiii yac 10 HACTAaHHST CMEPTi TAKOX OYB
KOPOTILUi i ctaHOBUB 15 micsuiB (20 MicsitiB y rpytii T,).

LlixaBo, 1o B rpymi T,, y Mali€HTiB 3 MOLIMPEHUMU Me-
Tactazamu N, JIeTaIbHICTDb OyJ1a TAKOIO X, SIK i Y XBOPUX 3 JIO-
kasibHUMU MeTacTtazamu N ,. KiibKicTb cMepTeli MOpiBHSIHO
3 rpymnoto T, TaKoX MPpakTUYHO He 3MiHWIacs, ToMepiio 24
xBopi (39,3 %; 38,1 % y rpymi T,,), cepenHiii yac 10 HaCTaHHS
cMepTi OyB Takuii ke, K iy xBopux 3 N,, Tay rpymi T, i cta-
HoBuB 14 Micsi (15 micauiB y rpymi Ty,). Lle cBiquuTs, 1110 B
TpyT1Ii 3 OUIBII MOIIMPEHUMU iHBa3isIMu MyxJIvH T,, HasBHICTb
perioHapHMX MeTacTa3iB 3HAYHO IOTiPIIy€e MPOTHO3 JIIKyBaH-
Hs1 xBopux (p = 0,02), a cTyImiHb NOIIMPEHOCTI perioHapHUX
MeTacTa3iB B3arajli He BILUIMBA€E HA MIPOTHO3 JIiKyBaHHS.

ITporHo3 JlikyBaHHSI XBOPUX 3 JIaTepaIbHUMU MeTacTa-
3amu N,, y Tpymi nommpeHux myxjauH T,, He TOTipIIuBCs
MOPIBHSIHO 3 aHAJIOTIYHUM IMOKAa3HUKOM Cepell XBOPUX Y
rpymi T, aje cyTTEBO MOTiPUIMBCS Y XBOPUX 3 JTOKATbHUMU
meractazaMu N ..

Cepen xBopux rpynu T, 3 MOIMPEHUMU iHBa3isIMU
B OpraHu Ta TKAHWHM IIUi i CepeOCTiHHS CIlocTepiras-
Cs1 3HAYHO OUIBIINII BiICOTOK XBOPHUX 3 perioHapHUMU
MeTtactazaMu N, MOPiBHSIHO 3 iHIIMMU TpyraMu 3 MEH-

1LIOI0 TTOLIUPEHICTIO MepBUHHOI yxiuHu (94,7 %). 13 38
XBOPHUX pErioHapHUX MEeTacTa3iB He Bil3Hayanaocs Jullie
y nBox nauienTiB (B rpyni T, ,, — 39,5 %, T,, — 71,3 %,
T,,— 76,5 %). PerionapHi Metactaszu N, criocTepiraimuch y
cemu xBopux (18,4 %), a N, — y 29 nauienris (76,3 %) i3
3arajbHOi BUOipku. ToOTO Ha BiAMiHY Bij TpyIl 3 MEHILIOIO
MOIMPEHICTIO MEPBUHHOI MyXJIMHU 3HAYHO OiJIbllIe XBOPUX
3 TIOIIMPEHUMHU PeTriOHapHUMHU MeTacTa3aMu y JaTepasib-
Hi Binainu wui N . Cepel XBOpUX 3 perioHapHUMU Me-
tactazamu N, B rpyri T,, yacTka naui€HTiB 3 MOIIMPEHUMU
MeTactazamu N, 3pocia 10 80,6 % TOpiBHSHO 3 rpynamMu
T,—604%,T, —51,6% taT,,, — 22,7 %. [lonan 50 %
TMALiEHTIB Y BCIX MiArpymnax moMepiu BIpoaoBxk 60 MicsIIiB
CIIOCTEPEXEHHS, MeliaHa BUXKMBAHOCTI JUIS TALIEHTIB 03
MeTtacTtasziB N, ctaHOBWIa 5 MicCSIiB, JUISl TALIIEHTIB 3 Me-
tactazaMu N,, — 8 Micsi11iB, UIs MALIEHTIB 3 MOIIMPEHUMU
Mertactazamu N,, — 10 micsuis (puc. 3).

CTaTucTUYHO 3HAUYYIIMX BigMiHHOCTe# KpuBux Karina-
Ha — Maepa npu J10CTiIKEeHHI BUKMBAHOCTI TAIiEHTIB 3a-
JIEXKHO Bill HASIBHOCTI MeTacTasiB y JliM(aTuyHi By3/i1 HE BU-
siBiieHo (p = 0,74). Yci naiieHTu 6e3 MetactasiB y TiMdaTnyHi
By3/1 N, M BUpaXkeHi Ta Bi3yaJIbHO OTHAKOBI YXWJIN KPU-
Bux Kariana — Maepa nipu TOCIiKeHHi 4acy 0 HaCTaHHS
cMepTi. BizyaabHO He BUSIBJIEHO CYTTEBOI Pi3HULII MixK KPUBU-
mu Karutana — Maepa st nattienTiB minrpymn Ny, N, ta N,,.
Y xBopuX 3 JJoKaTbHUMU MeTacTazamu N, KpMBa Bi3yaJlbHO
ORI KpyTa, HIK Y MAIIIEHTIB 3 MOIMMPEHNMH MeTacTa3aMu
N,,- CMepTh y nanieHTiB 6e3 MetactasiB N, crioctepiraiacs B
omHOTO 3 1BoX XBopux (50,0 %), 4ac o HACTAaHHS CMEPTi IIhO-
IO XBOPOTo cTaHOBUB 5 MicstiB (y rpymi T,, — 9,7 %, cepenHiii
Jac 10 HacTaHHs cMepTi — 18 micsiis, y rpymi T,, — 4,1 % 1a
23 micsti). Y naiienTis rpynu T, 3 HasIBHICTIO perioOHapHUX
MeTactasiB N,, crioctepirasocsi 3Ha4He MOTipIIeHHS BUXKHBa-
HOCTi, HACTAaHHS CMEPTi BiI3HAYECHO Y IIECTH XBOPHX i3 CEMM
(85,7 %; y rpymi T,, — 37,5 %, y rpymi Ty, — 8,5 %), cepenHii
Yac 0 HaCTaHHST CMEPTi TaKOXK OyB KOPOTIIMIA i CTAHOBUB
8 micstuiB (15 micsuis B T,,, 20 micsiiB — y rpymi Ty,).
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PucyHok 2. Kpusi KannaHa — Maepa
AN BUXXUBAHOCTI nayieHTis rpynu T,, 3a5ieXXHo
Bifj HassBHOCTi MeTacTasiB y nim¢paTtu4dHi By3nu
N,taN,

PucyHok 3. Kpusi KannaHa — Maepa
AN BUXXKUBAHOCTI nayieHTis rpynu T,, 3a5e)XHo
Bif HasiIBHOCTi MeTacTasiB y niMmepaTtuydHi By3nun
N,taN,
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Tabnuys 2. Pe3ynbratu JliKyBaHHs1 NalYi€HTIB 3a/1€XKHO Bif HasiBHOCTI perioHapHoro metractasyBaHHs

Ta cTyneHs mopghosioriyHoi gughepeHuiayii nyxsanH

Mapametp y‘(:'!l Téggg;’“ Bucokuii (n = 1::;:’;1“::: "cber.’f"'“if““‘ AT r i (n= =
= peaHiv (n = 137) | Husbkumn (n = 292)
N: 0, n (%) 1267 (55,1) 1166 (62,3) 50 (36,5) 51 (17,5)
N: 1a, n (%) 704 (30,6) 571 (30,5) 41 (29,9) 92 (31,5)
N: 1b, n (%) 329 (14,3) 134 (7,2) 46 (33,6) 149 (51,0) <001
N: 1, n (%) 1033 (44,9) 705 (37,7) 87 (63,5) 241 (82,5) ’
Peunams: Tak, n (%) 292 (12,7) 97 (5,2) 47 (34,3) 148 (50,7)
CMepTb: Tak, n (%) 188 (8,2) 38 (2,0) 34 (24,8) 116 (39,7)
TTpumMiTHoO, 1110 cepen MallieHTiB HAalOLIbII 3aHe10aHOI OGI'OBopeHHSI

rpynu T, 3 moimmpeHnMu meractazamu N, JIeTAIbHICTh
OyJ1a Jeno HKIO0I0, HixXK Y XBOPUX 3 JOKATbHUMU MeTacTa-
3amMu N, a KiJIbKiCTb cMepTelt MOpiBHSIHO 3 Tpyroio T;, Ta
T,, cyrTeBo 36inpmmaack. [Tomepno 20 xBopux (69,0 %;
39,3 % — y rpyni T,,, 38,1 % — y rpyni T,,), cepenHiii yac
JI0 HACTAHHSI peUaMBY OyB Takuii e, K i y XBopux 3 N,
Ta MeHIIui, Hix y rpynax T, ta T,, (9 micsuis; 14 micsiB
y rpymi T,,, 15 micauiB y rpymi Ty,).

Mu He MOXXeMO CTBEpIKYBaTH, 1110 B I'PYIIi 3 MOLIKUpe-
HUMM nyximHamu T, HasBHICTb perioHapHUX MeTacTa3iB
N, noripirye nporHo3. JIuiie y ABOX XBOPUX 3 1Ii€i rpymnu He
OyJ10 perioHapHMUX MEeTacTa3iB Ta OJUH 3 HUX ITIOMep, TOOTO
MIPOTHO3 OYB MOTAHUI y BCiX XBOPUX i HE 3aJiexXKaB Bil Ha-
SIBHOCTI pEriOHapHUX METACTa3iB, a CTYMiHb MOILIUPEHOCTI
perioHapHUX MeTacTa3iB B3araji He BIUIMBAaB Ha MPOTHO3
sikyBaHHs (p = 0,74). [IporHo3 JikyBaHHSI XBOpHUX 3 T10-
HWPEeHUMHU nyxJauHamu T, He3alleXXHO Bil HasiBHOCTI Ta
MOLIMPEHOCTI perioHapHUX MeTacTa3iB OyB CYTTEBO TipLINii
MOPIBHSIHO 3 XBopuMHU B rpynax T,, ta Ty,.

Takox HaMM IpoaHali30BaHa HASIBHICTh peTiOHApHUX
MeTacTasiB Ta iX BIJIMB Ha BUKMBAHICTb 3aJI€KHO Bif CTy-
neHst MopdoJioriuHoi audepeHIialii myxJInH. Y3arajJibHeHi
MOKa3HUKU HaBeJIeHi B Ta0. 2.

Cain Big3HAUYUTHU, 110 CTYIiHb MOPdOIOTiuHOI nude-
peHitialii 6e3mocepeHbO 3aIeKaB Bijl TOIIUPEHOCTI Tep-
BUHHOI MyxJIMHU T Ta MOCTYMOBO IOTipIIyBaBcs 3 ii 30i1b-
meHHsM (puc. 4).
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PucyHok 4. CTpyKTypa cTyneHsi MopghosioriyHoi
AnghepeHyiayii nyxauHu B fOCIAXKEeHUX rpynax
Tis Tors T,,Ta Ty,

Pax 1113 Bigpi3HAETHCS Pi3HOMAHITHICTIO KIIIHIYHUX
0co0IMBOCTEN TIepediry Ta YucaeHHUMU MOPGhOIOTIYHM -
MU BapianTamu myxauHu [24]. [lonpu BeauKy KiabKiCTh
HayKOBUX ITyOJTiKalliii, TOB’sI3aHUX 3 eTineMioorieto, dhak-
TOpaMM PU3MKY, KJIiHIYHUM IepebdiromM Ta pesyiabTaTaMu
JIIKyBaHHSI 1IbOTO 3aXBOPIOBaHHSI, HU3KA acIeKTiB, HacaM-
repen naToreHesy, 00’€KTUBHOI TiarHOCTUKM Ta TAKTUKU
xipypriuHoro JikyBaHHs paky 1113, moci He 3’scoBana. Ha
JNIYMKY OUJIbIIOCTI AOCTIAHMKIB, HEOOXiIHI LIiJIeCITPsIMOBaHi
JOCJIiIXKEeHHST Ha OCHOBI CyJaCHUX YSIBJIEHb ITPO MeXaHi3MuU
3JI01KiCHOT TpaHchopMallii TUPEOLMTIB Ta MOJEKYJISIPHUX
OCHOB PO3BUTKY HOBOYTBOPEHHS, 1110 I03BOJIUTD, 3 OTHOTO
00Ky, PO3LIUPUTH YSIBJICHHSI PO KaHIIEPOTeHEe3 1IbOTO BUIY
IyXJIMH, 3 iHILIOTO — ONTUMi3yBaTh TAKTUKY Ta CTPATETiI0 ixX
JIIKYBaHHS, 30KpeMa XipypriuHoro [25, 26].

Hamu BcTaHOBJICHO, 1110 TIPU MTyXJIMHAX BUCOKOI MOP(O-
JIoriyHoi nudepeHiialiii HassBHICTh perioHapHUX MeTacTa3iB
iCTOTHO He BIUIMBaJia Ha pe3yJIbTaTH JIIKYBaHHS XBOPUX.
OpHak npy MeHIIii audepeHitiallii pe3yasTaTy Ta IPOrHO3U
JIIKyBaHHSI BipOTigHO moripuryBaiauchk. CTymiHb MOpdoro-
rivHoi audepeHitialii myxJaMH 6e3mocepeHbo 3ajeXaB Bil
MOIIMPEHOCTI nepBUHHOI myxiuHU T. 3i 3HIKEHHSIM MOp-
(onoriuHoi nudepeHItialtii myxJIMHU 301IbIITYBaIach SIK Yyac-
TOTa perioHapHOro MeTacTa3dyBaHH, TaK i BiICOTOK OiTbII
TMOIINPEHUX JaTepanibHux MeTtactasiB N,,. Tomy perioHapHe
MeTacTa3yBaHHS MOXHa BBaXXaTH (PakTopoM, SIKUii BIUIUBAE
Ha pe3yJIbTaTH Ta MPOTHO3 JIiKyBaHHS XBopux Ha pak LI13,
OJTHAK OCTaHHIM 32 3HAYYLIICTIO MiCJIsl CTYNEHS MOLIUPEHO-
CTi Ta MoposoriuHoi audepeHialii mepBUHHOIL ITyXJIMHH.

AHatizyoun pe3ybTaTy MPOBeAeHOr0 HaMU TOCTTiHKEH-
H$1, MU 3’SICYBaJjIu, 1110 CTaTUCTUYHO BiporigHo (p < 0,01) mo-
CTYITOBO 30iJIbIIYETHCS BiICOTOK TALIIEHTIB 3 perioHapHUM
MmeTactaszyBaHHsIM N, Bin 39,5 % npu HeiHBa3iiHUX MyXJIMHAX
T, ;, 10 94,7 % 3anendanmx xgopux rpymu T,,. bimbie Toro, 3
MOTIPIICHHSIM CTYTIEHS MOIIMPEHHS Ta MOPGhOJIOTiYHOI Tre-
peHIIiaLii mepBUHHOI IyXJIMHU 0e3IT0CcepeaHbO 3pOCTAE YacT-
Ka XBOpMX 3 MACHBHUMHU MeTacTazaMu B JliM(aTUUHi By3/I1
JlatepajibHOro Binainy mui [—V 30Hu, T00TO N, MOPiBHSIHO 3
JloKabHUM MeTtactazyBaHHsIM y VI, VII 3oxu mmi N,

3BiCcHO, CJIil BpaXOBYyBaTH, 1110 pe3yJIbTaTH JIiKyBaH-
HSI XBOPUMX 3 perioHapHuMU MeTactazaMu N, abo 06e3 HUX
TaKOX IMOTipIIyBaJIMCh MPU 3HUKEHHI CTyreHs Mopdo-
JIOTiYHO1 nudepeHLiamii myxJInH, aje came el GpakTop
TaKOX Oe3MmocepeHbO 3aJIekaB Bill CTYIEHSI TTOIMPEHOCTI
MEePBUHHOI MYyXJIMHU T — OCHOBHOI'O B MPOTHO3yBaHHi JIi-
KyBaHHs paky 1113.
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BucHoBkuU

3 nolMpeHHsIM nepBUHHOI myxauHu T 3pocrana Kijb-
KiCTh XBOPMX 3 perioHapHUMHU MeTacTtazamu N,, a TaKOX
BiZICOTOK Oi/IbIII MOIIMPEHUX METACTA3IB Y JlaTepasibHi Bill-
iy wui N,,. TToka3HUKM perioHapHOro MeTtacta3yBaH-
Hs1 6e3IocepeHbO 3aexXaTh Bifl CTyINeHs MOMMUPEHOCTI
MEPBUHHOI MyXJIMHMU, 1110 MiATBEPIXYE HOro sIKk OCHOBHUM
daxTop, K11 BIUIMBAE Ha IPOTHO3 JIiKyBaHHS paky L113.

Y rpyni HeiHBa3uBHUX MyxJuH T,_;, HAABHICTb perio-
HapHuUX MeTactasiB N, BiporiiHO He BIIMBaja Ha TPOTHO3
JIIKyBaHHSI XBOpUX. Y TpyMi OiblI MOIIMPEHUX MYXJIUH 3
MOYaTKOBUMM iHBa3issMu T, HASABHICTb JIMIIE TOUIMPEHUX
JlaTepaJbHUX perioHapHuX MeTactasiB N,, moripiryBaia
MPOTHO3 JIIKyBaHHSI.

3 MomablIo0 MOIIUPEHICTIO MIEPBUHHOI NYyXJIUHU Y
rpyni T,, Bii3dHavyanocs MOTipIlIeHHsT TPOTHO3Y JiKyBaHHS
Y XBOpHUX, MPUYOMY OJHAKOBO sK npu N, Tak i ipu N,,,
y rpyni 3aHen0anux nyxjauH T,. HasgBHicTh perioHapHMX
MeTacTa3iB He BIUIMBajia Ha MPOTHO3 JiKyBaHHS, SIKUIi OYB
MOTaHUM Y XBOPUX SIK 3 PeTiIOHApHUMU MeTacTa3aMu, Tak i
6e3 Hux. HasiBHicTb perioHapHOro MeTactazyBaHHSI MOXKHa
po3rsigaTH SIK (hakTop, 1110 MOTiPIIy€E MTPOTHO3 JIIKYBaHHS
XBOPUX, aJie HE SIK OCHOBHUI, SIKUM 3aJIMIIAETHCS CTYMiHb
MOILIMPEHHS MEPBUHHOI MyXJIUHU.

KonduikT inTepeciB. ABTOp 3asBJIsIE MPO BiICYTHICTb
KOHITIKTY iHTepeciB Ta BlIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi IIPY MiATOTOBIIi JaHOI CTATTi.
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Impact of regional metastases on prognosis of patients
with thyroid carcinoma

Abstract. Background. According to many studies, the tumor
size, the degree of extrathyroidal spread of the primary tumor to
the organs and tissues of the neck and mediastinum, the degree of
morphological differentiation of the tumor, as well as regional and
distant metastasis are among the factors that worsen the prognosis
of thyroid cancer treatment. The purpose is to study the regional
metastasis indicators and the degree of their spread in patients with
thyroid malignancies, and their influence on the prognosis of treat-
ment depending on the spread of the primary tumor and the degree
of morphological differentiation. Materials and methods. The study
included 1,959 patients with a local primary tumor without invasion
(group T, ;,), 171 patients with initial extrathyroidal spread of the
primary tumor into the prethyroid muscles (group Tj,), 132 patients
with more widespread tumors, most often with the invasion into the
trachea and/or larynx, internal jugular vein, esophagus, subcuta-
neous fascia and tissue and skin, recurrent nerve (group T,,) and 38
patients with neglected disseminated primary tumors in the prever-
tebral fascia, carotid artery and/or with massive spread into the me-
diastinum (group T,,). Results. With the spread of the primary tumor,

the number of patients with N, regional metastases increased, along
with percentage of more widespread N,, metastases in the lateral
parts of the neck. Indicators of regional metastasis directly depend
on the degree of spread of the primary tumor, which confirms it as
the main factor affecting the prognosis of thyroid cancer treatment.
In the group of non-invasive T,_,, tumors, the presence of N, regio-
nal metastases did not reliably affect the prognosis of treatment. In
the group of more widespread tumors with initial T, invasions, the
presence of only widespread lateral regional N,, metastases worse-
ned the prognosis. With the further spread of the primary tumor in
the T,, group, the treatment prognosis worsened in patients, and
equally for both N, and N,,, in the group of neglected T,, tumors.
Conclusions. The presence of regional metastases did not affect the
prognosis of treatment, which was poor both in patients with and
without regional metastases. Regional metastasis can be considered
as a factor that worsens the treatment prognosis, but not as the main
one, which remains the degree of spread of the primary tumor.
Keywords: thyroid cancer; morphological differentiation; regional
metastasis; prognosis
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Association between polycystic ovary syndrome
in adolescent girls and vitamin D levels

Abstract. Background. There is currently a debate about the diagnostic criteria for polycystic ovary syndrome
(PCOS) in adolescent girls. The role of vitamin D in the pathogenesis of PCOS remains unclear. The purpose:
to study the serum level of 25(OH)D in adolescent girls and to analyze its connection with PCOS. Materials and
methods. Twenty-three patients aged 14—18 years with PCOS were examined on the basis of the Chernivtsi Regional
Clinical Hospital. The control group consisted of 25 girls of a similar age without disorders of gynecological status.
Body mass index, degree of hirsutism, hormonal, lipid profile, HOMA index, calcium concentration were determined
according to generally accepted methods. Levels of serum 25(0OH)D were measured using the electrochemilumi-
nescence method. Sonography of the ovaries was performed. Statistical data were processed using the Microsoft
Excel 2020 program on a personal computer and the package of application programs Statistica for Windows v. 7.0
(StatSoft Inc.). Ethical principles are observed in the work, taking into account the main provisions of the ICH GCP and
the Declaration of Helsinki. Results. The premorbid background of the examined adolescent girls included allergic
reactions, infectious, respiratory, digestive, and urinary diseases. The level of 25(0OH)D was inversely proportional
to body mass index (r = -0.23, p < 0.05), hirsutism (r = -0.22, p < 0.05), HOMA-IR (r = —-0.198, p < 0.05). Deficien-
cy of 25(0OH)D in adolescent girls with excess body weight was associated with dyslipidemia (r = —-0.33, p < 0.01).
Indicators of the serum level of calcium varied within the reference values. The odds ratios for the development
of PCOS in adolescent girls were: 25(0OH)D [2.35, 95% CI: 1.84-5.06, p < 0.05]; excess body weight [2.09, 95%
Cl: 1.94-4.56, p < 0.05], clinical hyperandrogenism (hirsutism) [2.98, 95% Cl: 2.12—4.19, p < 0.01]; HOMA-IR [2.30,
95% Cl: 1.02-5.15, p = 0.04]; high-density lipoproteins [2.56, 95% CI: 1.92-5.87]. Conclusions. PCOS occurs on
the background of 25(0OH)D insufficiency or deficiency. 25(0OH)D deficiency, excess body weight, clinical hyperan-
drogenism, HOMA-IR, and high-density lipoproteins increase the risk of PCOS in adolescent girls.

Keywords: adolescent girls; polycystic ovary syndrome; vitamin D

Introduction

Polycystic ovary syndrome (PCOS) is a common endo-
crinological disease in adolescent girls and women of repro-
ductive age [1]. According to National Institutes of Health
criteria, the prevalence of PCOS in adult women of repro-
ductive age is 6.5—6.8 %.

However, the prevalence of the syndrome in adolescence
has not been specifically studied. PCOS in adolescent girls
is largely considered a congenital disorder that is first diag-
nosed during puberty [2, 3]. Accumulating evidence suggests
that PCOS occurs as a complex entity with hereditary and
non-hereditary factors [4].

In the conclusions of the Consensus Meeting of the Eu-
ropean Society of Human Reproduction and Embryology

(ESHRE)/American Society for Reproductive Medicine
(ASRM) in 2003, criteria for the diagnosis of PCOS were
published [5]. Unfortunately for a pediatric endocrinologist,
the criteria are so broad that most adolescents who have tran-
sient functional hyperandrogenism and menstrual irregulari-
ties during puberty are at risk of being misdiagnosed. Typical
manifestations of hyperandrogenism and oligo-anovulation
occur naturally as part of the physiological process of puberty
[6—8].

Indeed, clinical manifestations of androgen excess, such
as hirsutism and acne, are commonly seen in healthy ado-
lescent girls. In addition, irregular periods during the first
two years after menarche are considered physiological, since
the hormonal changes that regulate reproductive maturation
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require time to normalize. According to S. Trimeche et al.
[9], at least four of the following five criteria are required to
define PCOS in adolescents: oligomenorrhea or amenorrhea
two years after menarche, clinical hyperandrogenism: per-
sistent acne, severe hirsutism, biological hyperandrogenism
(plasma testosterone level > 50 ng/dL, LH/FSH ratio > 2),
insulin resistance/hyperinsulinemia: acanthosis nigricans,
abdominal obesity, glucose intolerance, polycystic ovaries
on ultrasound: enlarged ovaries, peripheral microcysts, in-
creased stroma.

However, until now, there are no definitively established
diagnostic criteria of PCOS for this age group. The clinical
consequences of diagnosing PCOS in adolescents remain
unclear. Experts in the field are still debating whether PCOS
should be treated at such a young age to prevent long-term
effects.

It is stated that PCOS is often accompanied by a defi-
ciency of vitamin D (25(OH)D), which occurs in 67—85 %
of cases. 25(OH)D interacts with the epigenome at several
levels, it regulates approximately 3 % of the human genome
[10]. Critical genes in the vitamin signaling system have large
cytosines followed by guanine (CpG) islands — they affect
DNA methylation. With PCOS, the need for 25(OH)D in-
creases, and therefore, 25(OH)D deficiency is more common
and more severe [11, 12]. The role of 25(OH)D deficiency
in the development of insulin resistance, inflammation, dys-
lipidemia, and obesity, that is, in diseases associated with
PCOS, was investigated [13]. However, the direction and
cause-and-effect nature of these changes remain unclear.

The purpose of the study was to investigate the serum level
of 25(OH)D in adolescent girls and to analyze its connection
with PCOS.

Materials and methods

On the basis of the Chernivtsi Regional Clinical Hos-
pital, a single-center prospective simple randomized study
was conducted with an examination of 23 female patients
aged 14—18 years (inclusive) with PCOS. The comparison
group (controls) consisted of 25 girls of a similar age without
violations of gynecological status.

The diagnosis of PCOS was made according to the agreed
criteria of ASRM/ESHRE [5], adapted by C. Sultan specifi-
cally for adolescents [14]: oligo- or amenorrhea, clinical
hyperandrogenism (dermopathy, hirsutism), biochemical hy-
perandrogenism, polycystic ovaries according to ultrasound
data, insulin resistance and/or hyperinsulinemia (the pre-
sence of four criteria out of five). Clinical hyperandrogenism,
ovulatory dysfunction, hyperandrogenic dermatopathy, and
metabolic disorders were excluded using modern validated
high-precision tests.

All children underwent an objective examination of all
organs and systems and general clinical tests. The physical
development of the girls was studied according to the re-
sults of somatoscopy, including the peculiarities of the phy-
sique — based on the analysis of the body mass index (BM1I)
according to Quetelet (weight (kg)/height (m)), the nature
of the distribution of subcutaneous fat. The degree of puberty
was expressed by the formula B-P-Me, where B — breast
(mammary glands), P — pubic hair, Me — the nature of
menstruation.

The severity of hirsutism was assessed according to the
Ferriman-Gallwey score. In the presence of physiological
hirsutism, it was 1—7 points, borderline hirsutism — 8—12,
pathological hirsutism — 13 points and above.

The hormonal profile included determining the levels
of luteinizing hormone (LH), follicle-stimulating hormone
(FSH), prolactin (PRL), thyroid-stimulating hormone
(TSH), cortisol, dehydroepiandrosterone sulfate (DHEA-S),
thyroid hormones (free thyroxine, fT,) and antibodies to
thyroid peroxidase (TPO-Ab). Data on the serum hormone
content in healthy adolescent girls were used as normative
indicators. Lipidogram indicators, the homeostasis model
assessment (HOMA) index were determined according to
generally accepted methods.

The Aplio 500 device (Toshiba Medical Systems Cor-
poration, Japan) was used to evaluate the echographic
features of the ovaries, their size, shape, structure, sym-
metry, and location in relation to the uterus. Ovarian vo-
lume was calculated according to the standard formula:
V=0.523 x L x Wx T (cm®), where V is the volume of the
ovary, 0.523 is a constant coefficient, L, W, T are dimensions
in three mutually perpendicular planes, expressed in centime-
ters [15]. Ultrasound machines currently allow the diagnosis
of PCOS in patients with at least 25 small follicles (2—9 mm)
in the entire ovary, and an ovarian volume of 10 cm® is the
threshold between normal and enlarged ovarian size.

Serum 25(OH)D levels were measured using the elec-
trochemiluminescence method (Roche Diagnostics GmbH,
Mannheim, Germany). The results were evaluated in accor-
dance with the recommendations of the International Socie-
ty of Endocrinology [16]: vitamin D deficiency — 25(OH)D
less than 20 ng/ml (less than 50 nmol/1); vitamin D insuffi-
ciency — 25(OH)D of 21-29 ng/ml (51—75 nmol/l1); nor-
mal content of vitamin D — 25(OH)D of 30—100 ng/ml
(76—250 nmol/1).

Inclusion criteria: age from 14 to 18 years; diagnosis of
PCOS according to agreed criteria; consent of an adolescent
girl and her parents (official guardian) to participate in the
study.

Exclusion criteria: use of pharmacotherapy during the
last 6 months (including hormonal drugs, contraceptives,
nonsteroidal anti-inflammatory drugs); systemic and au-
toimmune diseases; use of dietary supplements containing
vitamin D or calcium during the last 12 months; sunbathing
during the last 3 months; observance of a restrictive diet
during the last 12 months; endocrinopathies (congenital
adrenal hyperplasia, Cushing’s syndrome, hyperprolacti-
nemia, thyroid dysfunction, acromegaly, androgen-secreting
tumors).

Adolescent girls with PCOS were divided according to
different phenotypes: type A (hyperandrogenism and/or hy-
perandrogenemia + ovulatory dysfunction (anovulation) +
ultrasound changes), type B (hyperandrogenism and/or hy-
perandrogenemia + ovulatory dysfunction), type C (hyperan-
drogenism and/or hyperandrogenemia + ultrasound changes,
type D (ovulatory dysfunction + ultrasound changes).

Statistical data processing was carried out using the Mi-
crosoft Excel 2020 program on a personal computer and the
package of application programs: Statistica for Windows
v. 7.0 (StatSoft Inc.).
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Mean values, standard deviations of the mean, maxi-
mum and minimum values were used for each quantitative
parameter. For qualitative data, frequency indicators (%)
were determined. Before conducting a comparative analysis,
all quantitative data in the studied groups were checked for
conformity to a normal distribution using the Kolmogorov-
Smirnov test.

At a significance level of p < 0.05 (95% level of signifi-
cance) and at p < 0.01 (99% level of significance), the diffe-
rence between groups according to the analyzed characte-
ristics was considered probable. We used Fisher’s exact test
to evaluate binary data, and odds ratio (OR) to determine the
strength of association.

All studies were conducted after signed informed con-
sent by adolescents and parents. The work adheres to ethical
principles regarding people who are research subjects, taking
into account the main provisions of the ICH GCP and the
World Medical Association Declaration of Helsinki on Bio-
medical Research involving human subjects (1964, 2000,
2008), Council of Europe Conventions on Human Rights
and Biomedicine (2007).

Results

The anamnestic and clinical characteristics of the exa-
mined adolescent girls are presented in Table 1.

They were distributed by age as follows: 14—15 years
old — 3 girls with PCOS (13 %) and 5 girls of the comparison
group (20 %), 16—17 years old — 6 (26.1 %) and 7 (28 %)
girls, respectively, and 18 years old — 14 (60.9 %) and 13
(52 %) girls. In 20 (86.9 %) girls with PCOS, menstrual dis-
orders began in the first 8—12 months after menarche, and
only in 3 (13.0 %) — more than a year later.

The premorbid condition of participants is shown in
Table 2, indicating more frequent allergic reactions, infec-
tious, respiratory, digestive, and urinary diseases in teenage
girls with PCOS.

The Ferriman-Gallwey score in adolescent girls with
PCOS was 15.1 £ 0.2 points. Acne of varying severity was
located mainly on the face in 13 (56.5 %) participants with
PCOS, on the back and chest in 6 (26.1 %), mixed location
was found in 4 girls (17.4 %).

Hormonal characteristics of adolescent girls with PCOS
are presented in Table 3.

The values of serum LH and testosterone significantly
exceeded the reference indicators in 19 (82.6 %) teenage girls
with PCOS, the rest of the hormonal indicators were mostly
within the normative age values.

The homeostasis model assessment indicates the risk
of developing insulin resistance in 5 (21.7 %) patients with
PCOS (HOMA-IR 2.93 £ 0.70). It is worth noting that these
adolescent girls were overweight.

Thyroid ultrasound in 10 adolescent girls with PCOS
(43.4 %) revealed an increase in the gland volume up to the
first degree and in 34.7 %, a decrease in the echogenicity of the
thyroid tissue in combination with a heterogeneous structure.

At the same time, these patients had an increase in
TPO-AD, on average, up to 70.9 + 6.7 IU/I. Sonographic exa-
mination of the ovaries revealed bilateral enlarged ovaries, mul-
tiple small follicles, increased stromal echogenicity (Fig. 1).

According to the main criteria of PCOS, four phenotypes
of this syndrome are distinguished (Fig. 2). Type A was the
dominant phenotype in PCOS. No differences were found
between different phenotypes of PCOS in adolescent girls
according to most clinical and hormonal indicators, however,

Table 1. Anamnestic and clinical characteristics of the examined patients

Parameters Main group (n = 23) Comparison group (n = 25)
Age, years 17.34 +1.12 16.72 + 1.03
Age of menarche, years 12.31 + 0.65 12.91 + 0.96
Menstruation, years 2.19+0.23 2.39 +0.29
Average body mass index, kg/m? 22.12 + 1.56 20.43 +1.05
Hypomenstrual syndrome, % 86.9 8.0
Dermopathy, % 82.6 4.0
Hirsutism, % 78.2 12.0

Table 2. Premorbid background of the examined patients

Nosology Main group (n = 23) Comparison group (n = 25)

Children’s infections: 52.1 16.0
— varicella; 174 8.0
— rubella; 17.4 4.0
— epidemic parotitis; 4.3 -

— measles; 4.3 4.0
— pertussis 4.3 -

Frequent acute respiratory infections 86.9 56.0
Chronic tonsillopharyngitis 39.1 8.0
Urinary diseases 8.6 -

Digestive diseases 52.1 32.0
Allergic reactions 39.1 4.0
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Table 3. Serum levels of hormones and lipidogram parameters in adolescent girls with PCOS

Adolescent girls with PCOS
Parameters
14—16 years (n = 6) 17-18 years (n = 17)
LH, U/l 16.3+1.7 17911
FSH, 1U/ 34+05 41+£0.7
E,, pmol/l 211.3+11.7 201.2+17.3
Testosterone, nmol/l 2.7+0.3 2.8+0.8
Cortisol, nmol/l 532.3+21.2 529.1 + 28.7
PRL, miU/I 351.4 +12.9 366.3 +17.1
DHEA-S, nmol/l 5.0+ 0.1 6.1+0.9
TSH, miU/I 2703 22+0.2
fT,, ng/ml 15.6 1.3 17.7 £ 1.1
TPO-ADb, U/l 60.9 + 3.7 80.9+8.7
HDL, mmol/l 1.40 £ 0.09 1.30 £ 0.07
Cholesterol, mmol/l 4.60 = 0.49 410 + 0.56
Notes: E,— estradiol; HDL — high-density lipoproteins.
%

20 - | Main group B Comparison group | 50

- a0 39

107 %07 21.8 21.8

5 - . 20 - 17.4
0 . . l 10
Ovarian Number Capsule Stroma : : : :
V%%T)e of fczﬂl)cles thl(cnlir%e)ss thl(cnlir%e)ss Phen:type Phené)type Phené)type Phenls)type

Figure 1. Ultrasound parameters of ovaries
in adolescent girls

in the non-androgenic phenotype, the testosterone level was
normal, and in the anovulatory phenotype, the prolactin level
approached the average norms.

All adolescent girls with PCOS had lower HDL levels
compared to controls (Table 4). In overweight patients with
PCOS, HDL levels were below 1.03 mmol/I.

The content of vitamin D in the blood of patients is pre-
sented in Table 5. The analysis of the total supply of vitamin D
showed that the median content of 25(OH)D in the serum is
22.41 [CI: 15.47; 29.34] ng/ml. The average level of vitamin D
correlated with the age of the patients (r=—0.31, p =0.05).

Median 25(OH)D in the control group was 45.67 [CI:
19.06; 47.85] ng/ml. The content of 25(OH)D was normal in
22 teenage girls, two had insufficient vitamin D supply, and
in one girl, its deficiency was detected. Only 5 patients with
PCOS had normal content of 25(OH)D, the insufficiency

Figure 2. Distribution of adolescent girls with PCOS
by phenotype

occurred in 6 people, and the deficiency in 12 teenage girls.
Analysis of 25(OH)D in the group with PCOS and excess
body weight showed its insufficiency in one person, deficien-
cy in 4 with a median of 18.29 [CI: 16.6; 20.1] ng/ml.

Fig. 3 presents the results of 25(OH)D study depending
on the severity of hirsutism.

Figure 3. The level of 25(0OH)D in the blood depending
on the severity of hirsutism

Table 4. Lipidogram indicators of the examined patients, mmol/I

Parameters Girls with PCOS

Girls with PCOS

and excess body weight Comparison group

Total cholesterol 4.48 [3.25; 5.54]*

5.24 [4.81; 5.63]" 3.56 [2.99; 4.63]

LDL-C 3.18[3.12; 3.37] 3.38 [3.25; 3.86]* 3.05 [2.87; 3.21]
HDL-C 1.14[1.12; 1.17] 0.98 [0.87; 1.09]* 1.22[1.19; 1.24]
TG 1.88[1.75; 1.97]* 217 [2.11; 2.21]* 1.08 [1.07; 1.09]

Notes: * — p < 0.05; LDL-C — low-density lipoprotein cholesterol; TG — triglycerides.
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Table 5. Indicators of 25(OH)D in the blood of adolescent girls

Median, Insufficiency, | Deficiency, | Normal level,

Groups ng/ml % % % x

Comparison group (n = 25) 45.67 8.0 4.0 88.0 p >O'(§3_05
— 3.2

PCOS (n =23) 22.41 52.1 26.1 21.7 p<0.05
: _ 4.1

PCOS + normal body weight (n = 18) 26.53 43.5 8.7 26.1 p<0.05
. _ 7.3

PCOS + excess body weight (n = 5) 18.29 4.3 17.4 0 p <0.05

Note: comparison by y* to the norm of 25(OH)D.

Table 6. Calcium levels in adolescent girls with PCOS, mmol/l

Groups 25(OH)D deficiency 25(OH)D insufficiency
PCOS + normal body weight (n = 18) 2.55 +0.02 2.59 +0.03
PCOS + excess body weight (n = 5) 2.57 £ 0.02 2.58 + 0.01

In most of the subjects, the blood calcium levels varied
within the reference values: hypocalcemia was detected in
only 3 (13 %) teenage girls with PCOS (Table 6).

A study of correlations between the level of 25(OH)D
and clinical and laboratory signs of PCOS was conducted. It
found that the level of 25(OH)D was inversely proportional
to BMI (r = —0.23, p < 0.05) and the presence of hirsutism
(r=-0.22,p <0.05).

Correlation analysis did not reveal a significant connec-
tion between the serum concentration of 25(OH)D and in-
dicators of total calcium. Vitamin D deficiency in adolescent
girls with excess body weight appeared to be associated with
dyslipidemia due to a decrease in the low-atherogenic frac-
tions of HDL (r = —0.33, p < 0.01); however, similar asso-
ciations are absent in patients with PCOS and normal body
weight. Serum 25(OH)D level showed a significant negative
association with HOMA-IR (r = —0.198, p < 0.05).

25(OH)D deficiency, overweight, clinical hyperandro-
genism (hirsutism), HOMA-IR, HDL increase the risk of
PCOS in adolescent girls: OR = 2.35, 95% CI: 1.84—5.06,
p<0.05; OR=2.09,95% CI: 1.94—4.56, p < 0.05; OR = 2.98,
95% CI:2.12—4.19,p < 0.01; OR =2.30, 95% CI: 1.02—5.15,
p=0.04; OR =2.56, 95% CI: 1.92—5.87, respectively.

Discussion

PCOS is a heterogeneous reproductive disorder with hor-
monal and metabolic consequences. The underlying cause
of PCOS has not yet been identified; it is now considered
multifactorial, with both genetic and environmental factors
playing a role [17].

Differences in diagnostic criteria contribute to the wide
range of prevalence: based on the National Institutes of
Health criteria, it is 8.7 %, according to the Rotterdam cri-
teria — 17.8 % [18].

In modern literature, much attention is paid to the pre-
morbid background in PCOS [19]. The results obtained by
us indicate frequent allergic reactions, infectious, respiratory,
digestive, and urinary diseases in adolescent girls with PCOS.

Due to the heterogeneity of PCOS, its diagnosis and
treatment are difficult, as the main symptoms change de-
pending on age and presentation [20]. Our study confirmed

the clinical and laboratory heterogeneity of PCOS in adoles-
cent girls with a predominance of the complete phenotype.

Most studies indicate the involvement of metabolic dis-
orders in the pathophysiology of PCOS. Hormonal disor-
ders in girls with PCOS are characterized by the signs of
androgenic dermopathy, an increase in LH and testosterone,
while FSH and E, levels do not change [21—23]. Our study
confirmed the presence of metabolic disturbances, in par-
ticular increased levels of LH, testosterone, and HOMA-IR,
which increase the risk of PCOS in adolescent girls. There
is evidence in the scientific literature that insulin stimulates
the proliferation of theca-interstitial cells [24] and potenti-
ates LH-stimulated androgen synthesis in these cells [25].
Insulin resistance is thought to generate a metabolic state
that involves reduced insulin action at the cellular level and
is associated with compensatory hyperinsulinemia [26]. In
addition, it was observed that the main effect of insulin in the
ovaries is to stimulate the synthesis of androgens.

Recent literature emphasizes the importance of 25(OH)D
in PCOS [27, 28]. Some studies have shown that PCOS is a
risk factor for 25(OH)D deficiency [29]. In our study, serum
25(OH)D concentration was significantly lower in patients
with PCOS than in the control group (p < 0.05) and signifi-
cantly lower in adolescent girls with PCOS and excess body
weight (p < 0.05). 25(OH)D negatively correlated with BMI,
waist-to-hip ratio, insulin, HOMA-IR, total cholesterol,
LDL cholesterol, C-reactive protein (p < 0.05) [30]. Our
study confirmed the presence of correlations between PCOS
and hyperandrogenism, LH, testosterone, HOMA-IR.

Interestingly, 25(OH)D is crucial for many physiological
functions in humans, including the fight against inflamma-
tion and oxidative stress [31]. Several studies have evaluated
the effect of 25(OH)D supplementation on changes in glu-
cose homeostasis, hormonal status, lipid concentrations,
biomarkers of inflammation and oxidative stress among pa-
tients with 25(OH)deficiency [32]. These results suggest that
adequate 25(OH)D intake in adolescent girls is critical for
maintaining optimal 25(OH)D levels to prevent overweight
and obesity and related health problems later in life.

It is believed that 25(OH)D deficiency may manifest itself in
a more severe form, although single nucleotide polymorphisms
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(Apa I, VDR Fok I, Taq I) of the vitamin D receptor (VDR) do
not correlate with the risk of PCOS or the severity of the disease
[33]. 25(0OH)D status in PCOS is associated with reproductive
function, metabolic changes, and mental health. 25(OH)D
affects endometrial receptivity: women showing increased VDR
expression in the endometrium, especially at the time of embryo
implantation, were more likely to become pregnant than their
counterparts with reduced VDR expression [34].

As a result of the literature review, it can be said that
25(OH)D deficiency correlates with the severity of PCOS.
Vitamin D improves fertility in both healthy women and those
diagnosed with PCOS, which is important because vitamin D
deficiency is common and significant in this patient popula-
tion. Multicenter randomized controlled trials are needed to
establish a more complete picture of the role of 25(OH)D in
the etiopathogenesis of PCOS in adolescent girls.

Conclusions

PCOS in teenage girls develops on an unfavorable pre-
morbid background with reduced levels of 25(OH)D (insuf-
ficiency or deficiency), dyslipidemia due to the reduction of
low-atherogenic fractions, preserved calcium level within
reference values. Excess body weight, clinical hyperandro-
genism (hirsutism), HOMA-IR, HDL increase the risk of
PCOS in adolescent girls.
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CopokmaH T.B., Komiuyk T.C., CokonbHuk I.C., MoraosaH [1.M.

BYKOBUHCBKU ASPXKQABHUA MEANYHN YHIBEPCUTET, M. YepHiBLj, YkpaiHa

3B’930K Mi)K CUHAPOMOM MNOAIKICTO3HUX IEYHUKIB
Y AIBYAT-MIAAITKIB TO piBHEM BiTOMiHY D

Pe3iome. Axmyaavnicms. Tpusae q1ucKycis 010 TiarHOCTUY-
HUX KPUTEPiiB CUHIPOMY MoJliKicTo3HUX sieuHUuKiB (CITKS) y
NiBYAT-TIUTITKIB. 3aJMIIAE€THCSI HE3 ICOBAHOIO poJib BiTaMiHy D
y matoreHe3i CI1KS1. Mera: BUBUMTH piBeHb BiTamiHy D B Kpo-
Bi IiBUAT-MiUIITKIB Ta MpoaHali3yBaTu ioro 3B’s130K i3 CITKSI.
Mamepiaau ma memodu. Ha 6a3i OKII «YepHiBeubka obsacHa
KJIiHiYHA JiKapHs» MPOBEIEHO 00CTeXXEeHHSsT 23 Mali€HTOK BiKOM
14—18 pokiB i3 CITKSI. [pyny KOHTPOJIIO CTAHOBWIM 25 IiBYaTOK
aHaJIOTIYHOIO BiKy 0€3 MopyllleHb NHEKOJIOTiYHOrO cTatycy. Bu-
3HavyaJlIu iHIEKC MacH Tija, CTYyMiHb TipCyTU3MYy, TOPMOHAJIbHUI
nipodink, ninigorpamy, innekc HOMA, KoHUeHTpalliio KalbLilo 32
3araJIbHONMpUHATUMM MeToaukamu. PiBHi 25(OH)D y cupoBarmi
BUMIpIOBaJIY 32 TOMTOMOTOIO €JIEKTPOXEMITIOMiHECIIEHTHOTO METO-
ny. [TpoBonuau ynbTpa3ByKoBe JOCTIIKEHHS sieYHUKIB. CraTuc-
TUYHA 00poOKa JaHUX 3MilICHIOBAJIACs 3a JOTIOMOTO0 TTPOTpaMu
Microsoft Excel 2020 Ha repcoHaaIbHOMY KOMIT'I0Tepi i TTaKkeTa
MpUKIagHUX mporpam Statistica for Windows v. 7.0 (StatSoft Inc.).
Y poboTi foTprMaHi €eTUYHI IPUHLKIY 3 ypaXyBaHHSIM OCHOBHUX
nosoxeHb ICH GCP Ta [enbciHcbkoi aekiapaitii. Pezyssmamu.
IIpemopObigHMii cTaH 0OCTEXKEHUX BKIIOYAB aJIepTiuHi peakilii,

iH(eKIIiitHI 3aXBOpIOBaHHS, XBOPOOU OpraHiB IMXaHHS i TpaB-
JIEHHSI, ce4oBUATbHOI cuctemu. PiBernb 25(0OH)D 6yB o6epHEeHO
nporopuitHuii innexey macu tina (r = —0,23, p < 0,05), TsKKOCTI
ripcytuamy (r = —0,22, p <0,05), ingekcy HOMA-IR (r=—0,198,
p < 0,05). Aediuut 25(OH)D y miB4aT-miiuTiTKiB i3 HaIUIMIIIKO-
BOIO Macolo Tijia acollifoBaHuii i3 qucainigemMieto (r = —0,33,
p <0,01). [TokazHuKM piBHS KaJbllilo B KPOBi repedyBajiv B Me-
Kax pedepeHTHUX 3HaYeHb. [10Ka3HUKM BiTHOCHOTO PU3UKY PO3-
Butky CIIKS y miBuyaT-mimnitkiB 6yau HactynHumu: 25(0OH)D
[2,35,95% M1:1,84—5,06, p < 0,05], HagmuinkoBa Maca Tina [2,09,
95% Al: 1,94—4,56, p < 0,05], xiiHiuHa TinepaHaporeHis (Tipcy-
tism) (2,98, 95% Ml: 2,12—4,19, p < 0,01], innekc HOMA-IR
[2,30,95% A1: 1,02—5,15, p = 0,04], ninonpoTeiHu BUCOKOI IIiJTb-
Hocri [2,56, 95% J1: 1,92—5,87]. Bucnosxu. CITIKS niepebirae Ha
TJ1i HegocTaTHOCTI abo nediuuty Bitaminy D. lediuut Bitami-
Hy D, HaqMIIKoBa mMaca Tijia, KJIiHiuHa TilepaHIporeHis, iHaekc
HOMA-IR, ninonpoTeiHu BUCOKOI IUIBHOCTI MiIBUIIYIOTh PU3UK
posutky CITKS y miBuaT-ImiuTiTKiB.

KurouoBi cjioBa: nisuata-miuniTki; CHHAPOM MOJIKICTO3HKX €U~
HUKIB; BiTamiH D
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Proinflammmatory interleukins 2, 6
and tumor necrosis factor alpha in patients
with hypertension and diabetes mellitus
depending on the presence
of metabolic-associated liver steatosis

Abstract. Background. Lack of information about proinflammatory interleukins (IL) and tumor necrosis factor
alpha (TNFa) levels in case of metabolic-associated liver steatosis (MALS) and their roles in its progression
to steatohepatitis are key reasons for the relevance and actuality of our study. The purpose: to evaluate
proinflammatory interleukins 2, 6, and TNFa levels in concomitant liver steatosis. Materials and methods. Thirty-
five patients with hypertension stage II-ll, type 2 diabetes mellitus were examined. All of them were treated on an
outpatient basis according to the guidelines of the Ministry of Health of Ukraine and the Declaration of Helsinki.
Participants were divided into the main group with MALS (n = 24, males 45.8 %, females 54.2 %, average age
55.83 + 0.89 years) and the control group without steatosis (n = 11, males 54.5 %, females 45.5 %, average age
53.00 + 1.55 years). In addition to standard parameters, levels of IL6, IL2, TNFa, selectin, resistin, insulin, C-peptide,
glycated hemoglobin, non-esterified fatty acids were evaluated, and some indexes were calculated, including
triglyceride-glucose index and Castelli indexes | and Il. Results were processed statistically, with significance level
of p < 0.05. Results. Although MALS is not followed by qualitative differences in proinflammatory IL2, IL6 and
TNFa compared to no steatosis, the risk of TNFa elevation was 5 times higher in patients with MALS (odds ratio
5.08; 95% confidence interval 1.02-25.17). An increase in IL2 and TNFa is unfavorable for patients with MALS, it
can be considered as a marker of steatosis progression to steatohepatitis, as it is associated with transaminase
activation, endogenous intoxication, lipid distress and glucose intolerance. IL6 was rather lower in patients with
MALS compared to those without steatosis, but its growth was exponential and proceeded simultaneously to IL2
and TNFa. Conclusions. MALS was not associated with significant changes in IL2, IL6 and TNFa compared
to no steatosis, but their elevation can be criteria for transformation into steatohepatitis due to the activation of
transaminases, inflammation, endogenous intoxication, lipid distress, glucose intolerance.

Keywords: diabetes mellitus; interleukin-2; interleukin-6; tumor necrosis factor alpha; metabolic-associated liver
steatosis

Introduction

Metabolic dysfunction-associated fatty liver disease
(MAFLD), which gradually progresses from metabolic-as-
sociated liver steatosis (MALS) to steatohepatitis and liver
cirrhosis, is a worldwide pandemic. It affects one third of adult
population in the developed countries [1] and causes a de-
crease in the effectiveness of treatment for other diseases due
to the high metabolic activity of the liver. It was recently dis-
covered that liver itself is an endocrine-paracrine organ, which

secrets regulatory substances hepatokines, including those with
marked pro-inflammatory activity, particularly interleukins,
tumor necrosis factor alpha (TNFa), and more commonly
known orosomucoids, C-reactive protein, fibrinogen.
Interleukin 2 (IL2) is produced by CD4+ and CD8+
T-lymphocytes, some B-lymphocytes, and dendritic anti-
gen-presenting cells, located in liver tissue, providing im-
munological response to multiple blood antigens. It adjusts
leukocyte activity and immune system function (prevents
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autoimmunological reactions, controls T-lymphocyte sub-
populations ratio, increases activity of natural killer cells and
cytotoxic T-lymphocytes), but its precise role in MAFLD
origin and progression remains unknown. It was outlined that
in patients with non-alcoholic steatohepatosis, the quantity
of IL2 receptors on cell surface rises simultaneously with
tissue fibrosis development. Thuswise, level of IL2 receptors
can be used as a MAFLD marker [2] or as a marker of ad-
vanced cirrhosis (contrary to mild or no cirrhosis) in patients
with MAFLD [3]. In a trial, IL2 induced minor increase in
lactate production in isolated hepatocyte suspension [4].
1L6 is produced by macrophages, including those located
in liver parenchyma; however, its role in MAFLD patho-
genesis is also unclear. In experiment, L6 affected isolated
hepatocyte suspension in a similar way as IL2, inducing less
noticeable lactate increase, which is a marker of gluconeo-
genesis activation [4], specifically IL6 instead of TNFo en-
hanced lipogenesis in culture of rat hepatic cells [5].

TNFa is produced by macrophages (including liver paren-
chyma macrophages) and by a variety of other cells (lympho-
cytes, cardiomyocytes, adipocytes, hepatocytes, fibroblasts,
and neurons) in response to bacteria lipopolysaccharide and
IL1 elevation. It stimulates insulin resistance, maintains im-
mune response, induces apoptosis, causes fever and cachexia,
regulates anti-inflammatory response alongside with 1L6,
activates pro-inflammatory hepatokine synthesis in liver (oro-
somucoids, C-reactive protein, fibrinogen) and in excessive
amount it can trigger cytokine storm and shock [6]. Lack of
information about ILs and TNFa levels in case of MALS and
their role in its progression to steatohepatitis are key reasons
for the relevance and actuality of our study.

The purpose of study was to evaluate proinflammatory in-
terleukins 2, 6, and TNFa levels in concomitant liver steatosis.

Materials and methods

Thirty-five patients with hypertension 11111 stage, grade
2—3, compensated heart failure I—II functional class ac-
cording to NYHA classification, type 2 diabetes mellitus
were examined. All of them were treated on an outpatient
basis according to the guidelines of the Ministry of Health
of Ukraine and the Declaration of Helsinki.

Participants were divided into two groups: the main group
with MALS (n = 24, males 11/45.8 %, females 13/54.2 %; ave-
rage age 55.83 £ 0.89 years) and the control group without ste-
atosis (n = 11, males 6/54.5 %, females 5/45.5 %; average age
53.00 £ 1.55 years). Groups were identical in gender, age, and
hypertension duration (9.83 & 2.09 and 10.10 = 3.25 years).
At the same time, it turned out that in 19 (79.2 %) patients
with MALS, hypertension was associated with chronic forms
of coronary artery disease (CAD) with duration of 1.76 £ 0.43
years, whereas in control group, no patients had CAD
(p < 0.05). Duration of type 2 diabetes was 3.37 + 0.55 years
in main group; in controls, it was newly diagnosed (p < 0.05).

Although according to body mass index, patients with
MALS were obese and controls were overweight (33.47 = 1.00
and 28.72 & 1.09 kg/m?; p < 0.05), both groups were identical
in nature of obesity and waist-to-hip ratio (1.03 = 0.05 and
0.98 £ 0.02; p > 0.05), which allows us to evaluate adipose
tissue development as analogical. In addition to standard li-
ver function parameters, endogenous intoxication parame-

ters (creatinine, urea), lipid and carbohydrate metabolism,
insulin, C-peptide, glycated hemoglobin (HbAlc) and oral
glucose tolerance test, non-esterified fatty acids, 1L6, 112,
TNFa, selectin, resistin levels were evaluated and variety of
complex indexes was calculated, including De Ritis ratio,
triglyceride-glucose index (TyG = TG (mmol/l) x fasting
glucose (mmol/1)) / 2 [7] and two Castelli risk indexes (I —
total cholesterol (TC)/high-density lipoproteins (HDL); IT —
low-density lipoproteins (LDL)/HDL). Results were pro-
cessed statistically, with admitted significance level of p < 0.05.

Results

In the examined patients, MALS presence did not
interfere with IL2 level, which ranged within 0.56—
15.1 pg/ml and was 6.52 + 0.67 pg/ml in patients with MALS
and 5.67 + 0.54 pg/ml in those without steatosis (p > 0.05).
Level of IL2 in MALS correlated directly with adipocytokine
resistin (r=0.62; p < 0.01) and cytokine TNFa levels (r = 0.54;
p <0.05). It also had negative correlation with TyG (r = —0.46;
p <0.05) — criteria of insulin resistance [8], pre-clinical athe-
rosclerosis [9], atherosclerotic plaques stability in carotid and
intracranial arteries [10] and MAFLD in general [11].

In patients with concomitant MALS, 1L.2 level above ave-
rage (9.57 £ 0.58 pg/ml) was associated with significant dif-
ferences: shorter CAD duration (0.78 & 0.17 vs 2.46 + 0.68
years), but higher levels of both transaminases (aspartate ami-
notransferase: 46.46 £ 6.79 vs 31.84 & 1.85 mmol/h/l; alanine
aminotransferase: 50.82 + 7.39 vs 37.61 £ 1.95 mmol/h/l), less
pronounced endogenous intoxication syndrome (creatinine:
81.37 £ 3.56 vs 94.56 & 5.02 umol/1), p < 0.05 for all findings,
as well higher level of TNFa. (8.94 £ 1.34 vs 5.63 + 1.10 pg/ml;
p = 0.07). Hence, higher level of L2 typical for patients with
shorter history of concomitant CAD, but more active, al-
though short-time inflammation, as we can assume from 11.2
and TNFa levels itself, can be considered as an acute because
it was not followed by endogenous intoxication syndrome.

According to conducted correlational analysis, further
growth of IL2 will be associated with increased resistin
(r=0.74; p < 0.05) and decreased selectin levels (r = —0.64;
p <0.05), along with lipid distress aggravation (TC: r = 0.74;
Castelli index I: r = 0.96) and carbohydrate intolerance
(postprandial glucose measurement: r = 0.66); p < 0.05 for
all of the above. Whereas increased level of [L.2 was associa-
ted with significantly higher pro-inflammatory TNFa, its
correlation patterns in the presence of high 12 have also
been indicated. An increase in TN Fa was followed by endo-
genous intoxication syndrome (creatinine: r = 0.86; p < 0.01)
and lipid distress (HDL: r = —0.89; Castelli index I: r = 0.89;
p < 0.05 for both of them), as well as rise of resistin level
(r=0.68; p <0.05), which is considered to be the marker of
obesity, inflammation, and advanced liver tissue fibrosis [12].

Discussion

Levels of TNFa in patients with MALS and without stea-
tosis were similar (7.07 £+ 0.90 and 6.01 + 0.84 pg/ml; p > 0.05)
and remained within the normal range (up to 10.0 pg/ml),
concentrations fluctuated from 1.32 to 14.5 pg/ml, which
corresponds to literature-based data, where its increase is
described as a marker of steatohepatitis [13, 14] or advanced
fibrosis in case of MAFLD [15, 16].
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TNFa concentration, in addition to L2, had direct cor-
relation with resistin levels in the examined patients (r = 0.50;
p <0.05). Nevertheless, in MALS, the risk of TNFa elevation
was 5 times higher (OR 5.08; 95% CI 1.02—25.17). Accor-
ding to absolute value of determined parameters, patients with
higher (11.24 + 0.96 pg/ml) and lower (3.87 + 0.38 pg/ml)
than average levels of TNFa did not differ from each other.

Correlational analysis has shown that among patients
with above average TNFa level, its further growth would be
associated with endogenous intoxication syndrome (urea:
r=0.78; p < 0.05). It also correlates directly with resistin
levels (creatinine-resistin: r = 0.71; p < 0.05) that can be
considered as a marker of MALS progression to steatohepa-
titis. Whereas increased resistin level leads to elevation of
C-peptide and TC (r=0.63; p=0.07 and r=0.77; p < 0.05),
markers of carbohydrate and lipid metabolism impairment.
It means that MALS is characterized by normal TNFa level,
but 5 times higher probability of its elevation, which in turn
would be associated with development of endogenous intoxi-
cation, lipid distress, glucose intolerance and progression of
steatosis into steatohepatitis.

In the examined patients, presence of steatosis did
not significantly influence IL6 level (3.22 + 0.67 and
3.23 + 0.84 pg/ml; p > 0.05), its concentration in patients
with MALS was characterized by a great amplitude (0.47—
13.7 pg/ml) and did not correlate with other parameters.
Interestingly, in most cases (79.2 %), level of this cytokine
was below average, whilst elevated in 20.8 % (p < 0.05), but
in that case, it was 2.4—4.2 times above limit. One-fifth of
patients with increased 1L6 (8.60 £ 1.67 pg/ml) was cha-
racterized by shorter hypertension duration (4.40 = 1.50
vs 11.26 + 2.52 years; p < 0.05), less intense course of en-
dogenous intoxication syndrome (creatinine: 76.10 £+ 2.10
vs 93.09 £ 4.14 pumol/l; p < 0.01; urea: 4.16 £ 0.33 vs
5.27 £ 0.39 mmol/l, p < 0.05) and better lipid profile (LDL:
2.30 £ 0.33 vs 3.91 £ 0.53 mmol/l; TC: 4.67 = 0.31 vs
5.98 = 0.48 mmol/1; p < 0.05 for both; Castelli index II:
1.44 £0.26 vs 3.16 £ 0.49; p < 0.01).

In our opinion, low IL6 level is unfavorable, as it is ob-
served in case of long-term hypertension and is followed by
distress of lipid metabolism. In patients with MALS and 1L6
concentrations above average, among all measured cytokines,
only TNFa correlated significantly with creatinine (r = 0.94;
p < 0.05) and non-esterified fatty acids (r=—0.97; p <0.01).

Amidst patients with 1L6 level below average, its concen-
tration was significantly associated with elevated production
of other cytokines, IL2 (r=0.67; p <0.01), TNFa (r = 0.66;
p < 0.05) and resistin (r = 0.63; p < 0.05), which were also
connected significantly (IL2-resistin: r = 0.60; IL2-TNFa:
r=0.60; resistin-TNFa: r = 0.51), on the background of bet-
ter carbohydrate profile (TyG: r = —0.68; p < 0.05; C-pep-
tide: r = 0.94); all p < 0.05.

MAFLD is a growing global health burden among the
population with high susceptibility to obesity and insulin
resistance [17]. The most effective prevention strategy for
MAFLD is lifestyle modification [18]. Considering the pre-
valence and its impact, several novel methods, including the-
rapeutic and surgical approaches, are currently under investi-
gation [19]. Pharmacological interventions, such as treatment
with antidiabetic medications, and anti-obesity drugs, can be

considered for MAFLD patients but should be chosen wisely
on a case-to-case basis. In addition, bariatric surgery aimed
to obtain durable weight loss is an option for MAFLD patients
who either fail medical management or have associated co-
morbidities. Novel approaches in drug delivery would be ideal
for managing MAFLD in the future [20].

Conclusions

Although MALS is not followed by qualitative differences
in proinflammatory IL2, IL6 and TNFa compared to no
steatosis, the risk of TNFa elevation was 5 times higher in
patients with MALS (OR 5.08; 95% CI 1.02—25.17). An
increase in IL2 and TNFa is unfavorable for patients with
MALS, it can be considered as a marker of steatosis progres-
sion to steatohepatitis, as it is associated with transaminase
activation, endogenous intoxication, lipid distress and glu-
cose intolerance. IL6 was rather lower in patients with MALS
compared to those without steatosis, but its growth was ex-
ponential and proceeded simultaneously to IL.2 and TNFa.

Further studies perspectives: to study levels of these cyto-
kines in other metabolic-associated liver diseases.
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PaayeHko O.M., Komapuus O.1., boposeus M.O., Isaciska P.C., [yra P.P.
/\bBIBCbKN HOLIOHOABHUA MEANYHI YHIBEPCUTET iMeHI AQHUAQ QAMLIBKOrO, M. /\bBIB, YKPQIHQ

Mpo3anaAbHi iIHTePAENKIHU-2, -6 | GAKTOP HEKPO3Y NYXAUHU AAbPA B NALLIEHTIB
3 APTEPIAABHOIO FiNepPTEH3IEI0 TA LLYKPOBUM AIQGETOM 3AAEXXHO
BiA HOSIBHOCTi METABGOAIYHO-ACOLIMOBAHOrO CTEATO3Y NeYviHKn

Pe3iome. Axmyaavnicmo. HemocratHsa KinbKicTh iHboOpMallii
Mpo BMicT npo3ananbHuxX iHtepaeiikinis (1JI) i pakTopa Hekposy
nyxauHu anbba (OHII-a) 3a yMoB MeTab0IiYHO-aCOIIiIOBAHOTO
crearo3y neuinku (MACII) ta ixHbOI poJi B Iipolieci nepexony B
cTeaTorenaTuT 3yMOBUIU NTOUUIBHICTh Ta aKTyalbHIiCTh HAILIOTO
nocimkeHHs1. Mema: oniHuT BMicT niposananbHux [J1-2, 1J1-6
Ta ®HII-0 3a ymoB cynyrHboro MACII. Mamepiaau ma memoou.
O06cTexxeHo 35 malieHTiB 3 apTepialbHOIO TiMepTeH3i€l0 Ta 1y-
KPOBUM J1iabeTOM 2-T0 TUITY, IKUX JIIKyBaJIu aMOyJIaTOPHO BilIImo-
BimHO 1o ctaHmaptiB MO3 Ykpainu Ta [enbciHChbKOI Aekapartii.
YyacHuku Oyau mofisieHi Ha ocHoBHY rpymy 3 MACII (n = 24,
vyosoBiku 45,8 %, xinku 54,2 %; cepenniii Bik 55,83 & 0,89 poky)
Ta KOHTPOJIbHY Ipymy 6e3 cTeatosy (n = 11, yonoBiku 54,5 %; XiH-
k1 45,5 %; cepenniii Bik 53,00 £ 1,55 poky). Kpim cranmapTHIX
napameTpiB, oliHioBaau piBHi 1J1-6, 1J1-2, ®HII-a, cenekTuny, pe-
3UCTHHY, iHCYJiHY, C-TIeTTU LY, ITTIKOBAHOTO TeMOTJI00iHY, BITbBHUX
SKUPHUX KUCJIOT, PO3PaxOBYBaIM TPUIIILIEPUA-TIIIOKO3HUIT iHIEKC
ta inpekcu Castelli I, I1. Pe3ynsratu onpanboBaHO CTATUCTUYHO.
Pezyabmamu. Xoua npu MACII He ciocTepiraiocst BiqMiHHOCTE y

piBHsx nposananbHux 1J1-2, 1J1-6 Ta @HII-0. mopiBHSAHO 3 MaLieH-
Tamu 0e3 crearosy, ocoon 3 MACII manu B 5 pa3iB Bullly HMOBIip-
HicTb 3poctanns @HII-a (BimHOCHU pusuk 5,08; 95% nosipumii
intepsan 1,02—25,17). Hecnipuatiausum s nauieHTiB i3 MACII
Oyo 36iabiieHHs 1J1-2 i @HII-o, sike MOXXHa BBa>kaT MapKepoM
Mepexo/ly CTeaTo3y B CTEATOTeNaTUT, OCKUIbKY 1€ aCOLIIOETHCS 3
aKTUBAIli€I0 TpaHCaMiHa3, EHIOT€HHOIO iIHTOKCUKALII€I0, JiMiTHUM
TIICTPECOM Ta HETIEPEHOCUMICTIO TtoKo3u. Bmict 1J1-6 y mattieHTiB
i3 MACII OyB fe1110 HIKYUM, HiX B 0ci0 6e3 cTeaTosy, ofiHaK ioro
3pocTaHHsI OyJ10 eKCIOHEeHIIIHUM i BinOyBasock napanenbHo 1J1-2
ta ®HIT-0. Bucnosxu. HasHictb MACII He BUKJIMKaJIA iCTOTHUX
3miH J1-2, U1-6, @HII-0, npoTe 3pocTaHHSs iXHBOTO PiBHS MOXKHA
BBaXKaTU HECTPUSITIMBUM YMHHUKOM TEpPeXoy B cTeaTorerna-
TUT, OCKUIBKM BOHO OYJIO TIOB’SI3aHO 3 aKTUBAIIi€I0 TpaHCaMiHa3,
CUCTEMHMM 3araJIeHHSIM, €HIOT€HHOIO iIHTOKCUKALIIi€10, il IHUM
TIUCTPECOM Ta HETIEPEHOCUMICTIO TJIIOKO3H.

KiouoBi cjioBa: nykposuii niaber; iHTepieiikin-2; iHTepieii-
KiH-0; akTOp HEKPO3y MyXJIUH aibda; MeTaboTiYHO-acoIlilioBa-
HUIA CTeaTO3 NeYiHK1
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Llykposum aiabeTt 2-ro tuny,
MEeTAOOAIYHUN CUHAPOM, IHCYAIHOPE3UCTEHTHICTD:
TOKTUKQA CiMenHOoro Aikaps

28 6epesHs 2024 poky 3a nigTpumkm 'O «YkpaiHcbka acoyialis Megu4Hoi ocsitu», BugaBHudoro gqomy «3acnas-
CbKuk», «MiKHapoaHOro eHA0KPUHOIOMYHOIO XYypHasy», Meau4yHoro noptany www.mif-ua.com y pexumi offline +
online Big6yscsi Megn4Hui oopym «KoMopbigHUA eHBOKPUHOMOMYHWI nayieHT — 2024». Y paMkax Uboro 3axogy
po3rnsg[anucs akTyasbHi npobemu siiKyBaHHs By3/10BOro 306a, KiiHiKO-ropMOHasibHi e(oeKT MeAUKaMeHTO3HOI
Tepanii XBopux Ha akpomerarsiito, rnopyLUeHHS BYI/IeBOAHOIO i KasbLyii-c(hocqhopHOro obMiHy, a TaKoX TaKTukKa
CiMeyiHOro nikapsi npy LykpoBoMy giabeTti, MeTabonniYyHoOMy CUHAPOMI Ta IHCY/IIHOPE3NCTEHTHOCTI.

Y cBiti moHax 1,9 muipn mozieii MaroTh HAUTUIIIKOBY Macy
Tina, a moHax 600 MJTH 3 HUX CTPaXKIAIOTh Bill OXKUPiHHA. 3a
OCTaHHE JCCSATWIITTS YMCJIO XBOPUX HA OXUPIHHS 30i1b-
mtocst Ha 75 %. 3a nporHo3aMu BcecBiTHBOI opraHisariii
OXOPOHU 3I0POB’sI OUiKy€eThe, 110 A0 2030 p. y €Bpori Bix
OXXUPIHHS CTPpaXIaTUMYTh yKe 73 % JOJIOBIKiB i 63 % KiHOK.

OXuUpiHHSI MOXe BUKJIMKATU iHCYJTiHOPE3UCTEHTHICTh
(IP), sika, y cBOIO 4epry, MpU3BOAUTD 0 301IbIIIEHHS CeKpe-
wii iHCYNiHY B-KJIITHHAMU MiALIUTYHKOBOI 3aJI03H, Y Pe3YJib-
TaTi YOro pO3BMBAETHCSI KOMITEHCATOPHA TiMepiHCYTiHeMist
(I'T). Cnouatky komreHcaropHa I'l mo3Bosisie miaTpuMyBaTu
BYIJIEBOIHUI OOMIH B HOPMIi, ajie CIIPUsIE TP IILOMY PO3-
BUTKY METa0O0JIiYHUX, FEMOAWMHAMIYHUX i OpraHHUX TOPY-
1LIeHb, SIKi TPU3BOAATH JO BUHUKHEHHS Pi3HUX 3aXBOPIO-
BaHb, y TOMY YHUCJIi LIyKPOBOTO J1iabeTy 2-T0 THITY.

3 nonosinmo «IlykpoBmii aiader 2, MeTa0O iYHMII CHH-
JIPOM, iHCYJTIHOPE3UCTEHTHICTh: TAKTHKA CiMEHHOTOo JKaps»
BUCTYNHB JI.M.H., mpocdecop, 3aciayxKeHuii Jikap Ykpainu,
Bienpe3naeHT Acomiamnii KJIiHIYHUX €HIOKPUHOJIOTIB, YIeH
Panu ekcneprie HC3Y, ulien AMepukaHchKoi aconianii eno-
KpHHHHX XipypriB Aunpiii Mukomnaiiopua Ksayeniok (HMY
iM. O.0. Boromo.bus).

LlykpoBuii giaGeT 2-ro TUITy — lie MeTabOoIiuHe 3aXBO-
PIOBaHHSI, 110 XapaKTepU3YEThCS TiMeprilikeMieto, sika (pop-
MYETbHCS 3 TMMOEAHAHHS iHCYJIIHOPE3UCTEHTHOCTI TKAaHUH
i HeameKBaTHOI iHCcyniHoceKpeTopHOi Bimmosimi. [Tpu LIJT
2-T0 TUITY BifIOyBaIOTHCS ABa MPOBIMHUX MATOTEHETUYHUX
MPOILECH — IIPOrPEeCUBHE 3HIKEHHS (DYHKIIIi OCTPiBLIEBUX
KJIITUH (3HUXKEHHST CeKpellil iHCyJIiHY i HeajJleKBaTHa Cy-
Mpecis cexpellii III0KaroHy) Ta iHCyJ1iHOPE3UCTEHTHICTh.

OcTaHHIMHM poKaMM 0arato po3BMHEHUX KpaiH 3iTKHY-
JIUCS 3 eMiAEMIYHUM 3pOCTaHHSIM IIyKpPOBOTO 1iaGeTy 2-T0
tumny. 3a nanumMu BOO3, Big LI/l 2-ro tumy crpaxkngaioTb
415 MUTH JTIo/ieil y BCbOMY CBITi, i Lieii mokazHuK y 2040 poiri
npocsarHe 642 MITH, 110 CBiIYNUTD PO 3HAYHE 3POCTaHHS i€l

natoJiorii. [1py boMy GilbIIICTh MALIIEHTIB Y CBiTI HE 10-
CSTalOTh IIILOBUX MOKA3HUKIB IIiIKOBAHOTO TeMOTI00iHY
(HbAlc): y €sporni — 69 %, y CIIA — 46 %, y Kanani —
49 %, y Mekcui — 62 %. Tooto 111 2-ro TuIy 4acTo 3a-
JINIITAETHCSI HE KOMITEHCOBAaHUM.

Y pekoMeHnamissx AMeprMKaHChKOI J1iaOeTUYHOI acolia-
1Iii aeThes Mo Te, IO CTilike 3HMKeHHs rmikemii (HbAlc)
1 KOHTPOJIb HU3KU iHIIHUX BAXJIMBUX MOKA3HUKIB — apTepi-
aJIbHOTO TUCKY, iHAEKCY MacH Tijia, piBHS JIiMiAiB, XoJaecTe-
PUHY — YUHSTH CYTTEBUI MO3UTUBHUI BIUIUB Ha TTPOTHO3
nauieHTiB i3 L1 2-ro tumy.

3rimHo 3 HakazoM MO3Y Ne 1118 Bim 21.12.2012, ocHO-
BHE 3aB/IaHHs ciMeliHOTO JTikapst — miarHoctyBaTu LI/ 2-ro
TUITY Cepell IPYIl PU3UKY (0 PO3BUTKY KIIIHIYHMX IIPOSIBiB
LI, a TuM Gisbllie XpOHIYHUX YCKIIaAHEHB). [TounHaTu i-
KyBaHHs L1]1 2-ro Tury npenapataMu Ipynu OiryaHimis, a 3a
HasIBHOCTI TIPOTUITOKA3aHb 10 iX 3aCTOCYBaHHS — TOXiJI-
HUMMU Cylb(oHiiceuoBUHU. [1pu HeqOCATHEHHI LI TOBOTO
piBHg HbAlc mpoTsirom 6 MicsILIiB C1iJ HAIIpaBUTHU MallieHTa
JI0 €HJIOKPUHOJIOTA.

Takox ciMeiiHUi1 JliKap MOBUHEH IIPOBOAUTH 3aXOIM,
SIKi CTIpSIMOBaHi Ha paHHE BUSIBJICHHSI Makpo- (IHCYJIBT, cep-
1IEBO-CYIMHHI 3aXBOPIOBAHHS) i MiKPOCYAIMHHUX YCKJIaMI -
HeHb LIJI 2-ro Tuny (miabeTwyHa peTUHOIIATIsSA, Hedpoma-
Tist Ta Heliponaris). [1s1 3ano0iraHHs YCKJIaJHEHHSIM CJTif
BIUIMBATHU Ha iHCYJIIHOPE3UCTCHTHICTh Ha CTamii Iepem-
niabeTy, KOJY MOKa3HUKU TJIiKeMii BxXXKe MepeBUIIYIOTh
HOpMY, ajie 11ie He J0CATaloTh 3HAYEHb, 110 T03BOJISIIOTh
BCTaHOBUTH AiarHo3 LI/ 2-ro Tumy.

IIlopoxy OHOBIIOIOTbCS CTAHAAPTU MEAUYHOI TOITOMOT'Y
pu niabeti AMeprKaHChKOI AiabeTnyHoi acotianii (AIA).
VY HoBi ctanmaptu AJIA-2024, ski 6yau po3po0JieHi Mixk-
IUCHUTIIIHAPHAM KOMITETOM i3 IpodeciiiHOl MpaKTUKU,
BKJTIOUEHI HalicyJacHillli HAayKOBO OOTPYHTOBaHi PEKOMEH -
Jarii moa0 AiarHOCTUKM U JTiKyBaHHSI TOPOC/IUX i AiTei i3
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muMH popmamu miadbety. KimrouoBuMy TeMaMy B OHOBJICHHX
AJIA € MeHEeIXKMEHT Baru i cepleBO-CyIMHHUX 3aXBOPIO-
BaHb. [1py IbOMy POOUTHCS aKLIEHT Ha ITePCOHi(piKOBAaHOMY
MiIXO0/i 10 KOKHOTO TAaIliEHTA, IO € 3aIIOPYKOIO YCITIITHOTO
JMOCSITHEHHSI KOMITeH allii IIyKpOBOTO /1iabeTy 2-ro THUITY.

Hornsia, opieHTOBaHMIA Ha TALiEHTA, BUSHAYAETHCS SIK
JOTJISII, SIKUIA BPaXOBYE CYMYTHI 3aXBOPIOBAHHS i MPOTHO-
31 OKpeMuXx nailieHTiB. Tpeba 3 moBarow CTaBUTUCH A0
rnepesar, moTpeo i [iHHOCTEN MallieHTa, pearyBaTi Ha HUX
i rapaHTyBaTH, 1110 LIIHHOCTI MalliEHTa BU3HAYAIOTh yCi KJTi-
HiYHi pillleHHSs.

Taxkox A/1A-2024 pekoMeHAy€e y3roauTH TiIXOa 10 Be-
NIEHHS Aia0eTy 3 MOAEJUTIO JIIKyBaHHSI XPOHIYHUX 3aXBOPIO-
BaHb. LI MoaesTb poOUTH HAroJIoC Ha KOJIEKTUBHOMY JIOTJISII,
OpiEHTOBAaHOMY Ha OCOOUCTICTh, iHTETPOBAHMX JOBTOCTPOKO-
BMX MiIX0ONaX 10 JIIKYBaHHS Aia0eTy i CYMyTHiX 3aXBOPIOBAHb,
MOCTIliHI CITIIbHIM KOMYHIKallil Ta BCTAaHOBJICHHI 1IiIei Mix
ycimMa 4jieHaM1 KOMaHI1 — €HIOKPUHOJIOTOM, HEBPOJIOTOM,
TICUXOJIOTOM, CYAMHHUM XipyproM i mali€HTOM.

Jlromm i3 LIJ] 2-ro Tumy IMOBMHHI BimirpaBaT aKTUBHY
POJIb Y CBOEMY JIiKYBaHHI i1 OyTH piBHOIIPaBHUMM WieHAMU
komanau. Llim JgikyBaHHS i IJIaHU IIOAO 1X TOCSTHEHHS
MOBUHHI pO3pOOJISITACS Pa30M 3 TalliEHTaMU.

Hani B crangaptax AIIA-2024 moBigoMJIsSIETHCS PO He-
00XigHiCcTh cBoevyacHOi aiarHocTuku L1 2-ro tTumy nuisixom
CKPUHIHTY 0€3CMMMOTOMHUX MalieHTiB. TecTyBaHHS CIIif
MPOBOAUTHU B JOPOCIIMX i3 3aiiBOI0 MaCOIO Tijia 00 OXMU-
piHHsSM (iHIEKC MacH Tifa > 23 Kr/m? abo > 25 Kr/m?), sKi
MaloTh OAMH a00 OibIle (hakKTOp PU3UKY:

— PpOAWY MEPILIOTrO CTYMNEHS 3 AiabeToM;

— paca/eTHiYHa MPUHAJIEXKHICTh BUCOKOI'O PU3UKY;

— icTopist ceplieBO-CyIMHHUX 3aXBOPIOBaHb;

— rineprtoHig > 140/90 MM pT.cT. b0 Teparis rinep-
TOHIi;

— piBEHb XOJIECTEPUHY JIIMOMPOTEIiB BUCOKOI 1IiJIb-
Hocti < 35 mr/mn (0,90 Mmmounb/n) i/abo Tpurtinepuan
250 mr/an (2,82 MMoOIb/7);

— 3KiHKH i3 CUHIPOMOM IOJiKiCTO3HUX SIEUHUKIB;

— BiACYTHiCTb (Di3MUHOT aKTUBHOCTI;

— IHII KJIiHIYHI cTaHU, TTOB’sI3aHi 3 iHCYTIHOPE3UCTeHT-
HiCTIO (HANIPUKJIA/, TSKKE OXKUPIHHS, TOCTPUIA aKaHTO3).

IManienTtu 3 nepengiaderom (HbAlc > 5,7 %) moBuHHI
MPOXOIUTU OOCTEXKEHHS KOXEH PiK; XiHKH, SIKi MaJIM rec-
TaliiHUI diaGeT, — MPOTSATOM YChOTO XKUTTS, SIK MiHIMyM
KOXHi 3 poku. [{71s1 peiiTu naiieHTiB TeCTyBaHHSI MOYMHA-
€TbCs Y Billi 45 pokiB. K10 iioro pesyyibraTd HOpMallb-
Hi, TeCTyBaHHS MOBTOPIOIOThH 3 iIHTEPBAJIOM HE MEHIIIE Bif
3 poKiB, OLTBII YacTe TECTYBaHHS IMPOBOASTD 3aJIE3KHO Bill
IMOYATKOBUX PE3YJIbTATIB i CTATyCy PU3UKY.

Hnst ynpasninHs oxupinHsam npu L 2-ro Tumy
AJIA-2024 pekomeHaye ni€eTy, (pi3uuHy aKTUBHICTD i TTOBe-
IIHKOBY Teparlilo, SIKi CIIPSIMOBaHi Ha TOCSATHEHHS i ITim-
TPUMKY > 5 % BTpaTH Bard MalieHTaMu 3 [iabeToM 2-TO THITY,
sIKi MAIOTh 3aiiBy Bary. Taki BTpyJaHHs TOBUHHI OyTH BUCOKOI
iHTeHCUBHOCTI (> 16 ceaHciB 3a 6 Mics1IiB) i MalOTh (POKyCY-
BaTUCS Ha Mi€Ti, (pi3MIHUX BIIpaBax i MOBeIiHKOBUX CTpaTe-
Tistx uist nocsirHeHHs1 aedinuty eHeprii B 500—700 kkas/neHb
(y xiHok — 1200—1500 kkaJ/neHb; y 4osoBikiB — 1500—
1800 xxan/neHp). [lieTn MOBUHHI OyTH iHAMBIAYali30BaHi,
MaloTh 3a0€3IeYyBaTH OTHAKOBE OOMEXEHHS KaJlopiii, aie
BiIPIi3HATHCS 3a CKJIaAOM OUIKiB, ByIJIEBOIIB i KMPiB i Oyt
OJTHAKOBO e(PeKTUBHUMM JIJISI TOCSITHEHHSI 3HUXKEHHST Baru.

Btpara Baru Ha 3—5 % — 11e MiHiMyM, HEOOXiTHMIT 11T
KJIiHiYHOT KopuCTi. Bifblll iHTEHCUBHI 1iJIi BTpaTH Baru
(>5%,>7%,>15 %) HeoOXimHi It TOCSATHEHHSI 310POBOI
Baru, sIKIll0 BOHU peayibHi i 6e3nevHi.

JIJ1s1 TiKyBaHHSI TOPYLIEHHST METa00J1i3My, iHCyIiHOpe-
3UCTeHTHOCTI, LIJI 2-ro T!ITy IpM3HAYa€THCSI MiO-iHO3UTOIL.
BiH € pi3HOBUAOM iHO3UTOJOBUX IIECTUATOMHUX CIIUP-
TiB. [HO3UTOJI icHYE B IeB’ITU MOXKJIMBUX CTepeOi3oMepax,
Y XKMBUX KJIITUHAX TTPUCYTHIH TiIbKK Mio-iHO3uTOJI. JloGoBa
nmotpeba opraHi3my B iHO3UTOJIi CTaHOBUTH Bin 4 10 8 1T, 75 %
I000BOI IMMOTPEeOM iHO3UTOIY CUHTE3YETHCS €HIOICHHO.
I3 mpoaykTamu xapuyBaHHSI JIloAMHA OTpUMYyeE 1—2 T 1€l
peyoBUHU 1oeHHO. CaMe Mio-iHO3UTOJI € MepenaBayemM
BHYTPIIITHbOKJIITUHHUX CUTHAJIIB iHCYJIiHY, 110 MOAIOHO 10
MeTHOPMiHY MiABUIIYE YYTIMBICTh TKAHUHU A0 IHCYJIiHY
i TOTJIMHAHHS TTIOKO3M KJliTuHaMu (puc. 1).
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Jedimut Mio-iHO3UTOJy PO3BUBAETHCS IIPU HEAOCTAT-
HbOMY CIOXUMBaHHI 1ki (bpyKTiB, TOpiXiB, 371aKOBUX, 6000-
BUX), HOPYIIEHHI (PyHKIIil HUPOK a00 Oyab-IKUX iHIINUX
npoliecax, 0 MOPyIIyITh CUHTE3 Mio-iHo3uTory. Hebes-
rneka 1boro AeGiluTy MoJsIrae B MOTipIIeHHI 3aCBOEHHS
TJIIOKO3M, 1110 MOX€ TTPU3BECTH JI0 MiIBUILIEHHSI IIyKPY KPO-
Bi Ta pO3BUTKY Hia0eTy.

[oBeneHo, 1110 iHO3UTOJI BIUTMBAE HA TOMEOCTa3 IJII0-
ko3u B mamieHTiB i3 LI 2-ro Tumy (Chukwuma C.1., 2016).
PesynbraTty nociiiKeHHs! TPOJIeMOHCTPYBAJIM 3HUXKEHHS
IJIIOKO3M B T1a3Mi KpoBi Hatie Ha 0,44 MMoJib/J, iHCY-
JIiHy B MJ1a3mi KpoBi HaTiie — Ha 38,49 MMoJb/11, iHIEKCY
HOMA — Ha 1,96 MMOJIb. ABTOPY TOCTIIKEHHS TiAILIN
BUCHOBKY, 1110 IPUIOM iHO3UTOJY CHPSIE€ 3HUKEHHIO PiB-
HSI TJIIOKO3M B KPOBi 32 paxXyHOK TOJITIIEHHS YyTJIMBOCTI
TKAHWH J0 iHCYJIiHY.

Mio-iHo3uToi, xpom, BiTaMiH D;, dosieBa kucioTa,
Bitaminu rpynu B (B,, B, B,,) BxoasaTh 1o ckiany Abidoay,
SIKUI € HEOOXiTHUM 3aCOO0M IpU iHCYJIIHOPE3MCTEHTHOCTI,
MeTtabosiyuHoMy cuHapoMi Ta LIJI 2-ro tumy.

Mio-iHO3MTON YUHUTH MO3UTUBHUI BIJIUB HA OOMiHHI
MeTabOoJIiYHi IIPOLIECU B OPraHi3Mi: CIIPUSIE 3HUXKEHHIO
PiBHSI TPUIJIILEPUIIB, 3aTAILHOTO XOJIECTEPUHY TJIa3MHU,
PEeTyJII0E EHEPreTUYHU OOMiH IIIJIIXOM BIUIMBY Ha piBEHb
sentuHy. Bitamin D, cripusie Hopmaiisailii moka3HUKiB
IJ1I0K030TOJIepaHTHOTO TecTy Ta iHaekcy HOMA, no3u-
TUBHO BIUIMBA€E Ha PiBEHb IJIIOKO3U HATILE i TIIiIKOBAHOTO
reMoryio0iHy. Biraminu rpynu B (B,, B, B,,) Hopmanisy-
IOTh OOMiHHI IIPOLIECH i ByIJIEBOAHUI OOMiH, ITOJIMIITYIOTh
GyHKIIT IeHTpaJIbHOI HEPBOBOT CUCTEMU. XPOM TTOCUITIOE
nepenadyy CUTHaIiB iHCYJiHY, HiABUINYE YYTJIUBICTh 10
IHCYJIiHY i TTOJTiTIIIIYyE META00JI1i3M TJIFOKO3U MPU iHCYJIIHO-
PE3UCTEHTHUX i HiabeTuuHUX cTaHaX. CIpUsie 3HUXKEHHIO
TSITU 1O COJIOJIKOTO i areTUTy, aKTUBI3y€E CIaatoBaHHS
Xupy nia yac izuuHux TpeHyBaHb. PojieBa KUCI0TA
3MEHIIYE PU3UKU PO3BUTKY ACIIPECUBHUX PO3IadiB i Bili-
rpa€e BaXJIMBY pOJib Y MeTa00J1i3Mi aMiHOKHMCJIOT, CUHTE31
OiJIKa i HyKJIeTHOBUX KUCJIOT.

AOGidon peKOMEHIOBAHO IIPU3HAYATH [JIST TTOTIIIIIICHHST
MeTa00JIIYHHUX MOKA3HUKIB BYTJIEBOAHOTO i JIiMiTHOTO OOMiHY
3 METOIO 3HIKEHHSI iHCYJIIHOPE3UCTEHTHOCTI Ta HAIJIMIIIKO-
BOI Bary Tijia MpU TaKUX CTaHax, SIK METa0OJIIYHUI CUHIPOM,
LIYKpOBMIA 1iabeT 2-To TUITY, Y KOMIUIEKCHiil Tepartii 3 MeT-
(opmiHOM i pM 1IyKpoBOMY jiabeTi 2-T0 TUITY TIpU HeTle-
PEHOCHMMOCTI 00 BUPaKEHMX MOOIYHMX IisIX METDOPMiHY.

[Ipu BuGoOpi mpenapatiB Ij1s1 3HIKEHHS PiBHS TIIOKO3U
B MAIIiEHTIB i3 3aiiBOO Baroo 4n OXuUpiHHsM i3 LI/] 2-To Tumy
AJIA-2024 pekomMeHIy€e BpaXxOoBYBaTH iX BIUIMB Ha Bary. I1o
3MO3i CJTiI MiHIMi3yBaTH IMPUITOM JIiKiB Bill CYITyTHIX 3aXBOPIO-
BaHb, 1110 BUKJIMKAIOTh 30i/IbIIeHHs Bark. MeTtdopMiH € dap-
MaKOJIOTIYHHUM 3acO00M TEPILIO] Yepru IIs JTiKyBaHHS AiadbeTy
2-ro tumy. [Ticast moyatky 3acTocyBaHHS MET(OPMiH TTpUii-
MA€EThCSI, TIOKU BiH T00Ope TTePEeHOCUTHCS, iHIIN TTperapaTu,
y TOMY YHUCJIi iHCYJTiH, TOBUHHI JOAABATUCS 10 MET(HOPMiHY.
TpuBane BUKopucTaHHS MEeTHOPMiHY MOXKEe OyTH IIOB’sI3aHe
3 GioxiMiuHMM AediluToM BitaMiHy B,,, TOMy HeoOXinHMIt
MepioAMYHMI aHai3 I10ro piBHS, 0OCOOJIMBO B MalieHTIB i3 LIJ1,
2-T0 TUITY, aHEMI€IO Ta eprepUIHOIO HEIPOIAaTIEIO.

PanHe nonaBaHHS iHCY/IiHY HEOOXiTHE, SKIIIO € O3HAKHU
KaTaboJ1i3My/BTpaTH Baru, NepCUCTYIOTh CUMIITOMMU Tirep-
roTikeMii abo xonm piBHi Alc/Hblc > 10 % uu piBHIi Ti1rOKO-
31 B KPOBI Oi1b1Mri 32 16,7 MMOJIB/I1.

He pimuie Bin ogHOTO pa3y Ha MiCSILIb TPOTSITOM TTEePIINX
3 Mics11iB Tepallii MU OLLiHIOEMO 0e3MeKY JIiKyBaHH:. SKIIo
peakliig rnaiieHra 0yae HeIoCTaTHLOIO (BTparta Baru < 5 %)
yepe3 3 micsui abo Ko B OyAb-sIKMI Yac BUHUKAIOTh
3HAYHI Ipo0IeMH 3 0€3IeKOI0 i TePeHOCUMICTIO, IIPUIOM
rpernapaTy HeOOXiTHO MPUITMHUTH i 3aCTOCOBYBATH aJIbTep-
HaATWBHI MpenapaTy Yy MiIX0au A0 JiKyBaHHSI.

OTt:ke, CITi IPUTPUMYBATHUCS 300POBOTO CIIOCOOY SKUT-
TSI: MaTU NOOPUIA COH, NOCTaTHIO (pi3MUHY aKTUBHICTD,
OTNTUMAJIbHUI PEXUM JIHSI, 30aJTaHCOBaHE XapuyBaHHSI, 3a-
JIOBUJIBHUIA TICUXOJIOTIYHUIA KJTIMAT Yy POIMHI i1 Ha poOOTi,
1Mo30aBUTHCS HIKIIJIMBUX 3BUYOK.

Migrotysana TetsiHa Yuctuk M
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TOHKOLLL AIKyBOHHSI BY3AOBOTO 3060 HA TAI
CYOKAIHIYHUNX TUPEOIAHUX AUCPYHKLIN

28 6epesHsi 2024 poky 3a nigTpumku 'O «YkpaiHcbka acouiayis MeguyHoi ocsitn», BugasHuyoro gomy «3acnas-
CbKubi», «MiDKHapogHoro eH4OKPUHOMOMYHOrO XypHasy», MegU4YHOro noptasay www.mif-ua.com y pexumi offline +
online BigbyBcs MeanYHMi hopyM «KoMopOigHMY eHROKPUHOMOriYHM nayieHT — 2024 ». Y pamkax Lboro 3axogy
po3rnsaanvcs akTyasbHi npobriemm JiKyBaHHS LyKpOBOro fiabety, MeTabosidHoro CUHAPOMY, iHCYJIIHOPE3UCTEHT-
HOCTI, KJTIHIKO-ropMOHaJsIbHi eGbeKTH MeaMKaMeHTO3HOI Tepariii XBopux Ha akpomerarnito, MopyLLEHHS BYrlIeBOLHOO
i Kanbyivi-gpocchopHOro obMiHy, a TaKoX TOHKOLLI JliKyBaHHS BY3/10BOro 306a.

BysnoBi yrBopeHHs mwuTonoaioHoi 3ano3u (1L3) e mo-
IIMPEHOI0 €HIOKPMHHOIO MAaTOJOTI€I0, Bil IKOI CTpaxk-
narTh 10 40 % HaceyleHHs, i BEJIMKOIO KIJIIHIYHOIO ITPO-
onemoro. BysnoBuit 306 — 11e 30ipHe KIIiHiUHE TTOHSTTS,
1o 06’egHye pi3Hi 3a MOpdOIIOTiEI0 00’ €MHI YTBOPEHHS
I3 (1 cM i Ginbie), siKi BUSIBIASIIOTLCS 32 TOIIOMOIOIO
majbIiallii i Bidyasizalii iHCTpyMeHTaJILHUMU METOIaMU
NIaTHOCTUKM, HayacTillle yJbTPa3BYKOBUM JOCHIIXKEH-
HAM. 3a JaHMMM CBIiTOBOI JIiTepaTypH, Y CTPYKTYpi By3JI0-
Boro 300a 40—60 % cTaHOBUTH BY3JI0BUI1 KOJOIAHUI 300,
10—15 % — rineprpodiuyHa hopma aBTOIMyHHOI'O THPEO-
inuty, 5—10 % — agenomu I3, 3—5 % — xictu, 1-10 %
crnocTepexeHb — pak 1113.

JoBeneHo, mo cepen 0e3iridi eTionoridHnx (pakTopiB
PO3BUTKY BY3JIOBOTO HETOKCUYHOTO 300a HAKOLIbII YaCTOIO
MIPUINHOIO € Ie(illnuT HOLy, IKIUI € He3aMiHHUM CcyOcTpa-
TOM JUIJISI CHHTE3Y TUPEOINHUX TOPMOHIB, PETYJISITOPOM TOp-
MOHOTIeHe3y i Iposidepallii TUPEOILUTIB.

3 nomoBinmio «ToHKomi JiKyBaHHS BY3JI0BOro 300a
HA TJIi CyOKJiHIYHMX THPEOinHUX AMCPYHKLii» BUCTYNHB
I.M.H., npocdecop, 3aBinyBay Biaginy npodilakTuku, JiKy-
BaHHS I[YKPOBOro JiadeTy i iioro yckiaaHeHb YKpaiHChbKOro
HAYKOBO-NPAKTUYHOTO LEHTPY €HIOKPUHHOI Xipyprii, TpaH-
cIyIaHTauii eHIOKPUHHUX opraHiB i TkaHud MO3 Ykpainu,
3acayxeHnmii Jikap Ykpainu Bosoaummp Isanosuy IlanbKiB.

YuHHI Ha ChOTOMHI KITIHIYHI peKOMEHIALII1 3 TiKyBaHHSI
BY3JI0BOIr0 300a CJIiJi 3aCTOCOBYBAaTU iHAMBiAYaJbHO s
KOXHOTO TallieHTa 3aJIeXXHO Bill 1oTO TTOTPEO, 1110 € 3ar1o-
PYKOIO YCITITHOTO JIiKyBaHHS i KJIIOUOBUM TPUHIIMIIOM
JTOKa30BOi MEIUIIUHU.

KiH11eBOIO METOI0 0OCTEXKEHHST XBOPOTO 3 BY3JIOBUM 30-
0OOM € BUPIilLIEHHS MUTaHHSI, Y1 TTOTPeOye MalieHT orepartii
Ha 113, u1 MoXHa peKOMEeHIyBaTH oMy MEIMKaMEHTO3HE
JIIKyBaHHS i AMHaMiyHe criocTepexxeHHs. ToMmy Ha eTari
KJIiIHIYHOT'O 00CTEXXEeHHSI XBOPOIr0 HeOOXiTHO IiATBEPIUTHI
200 BUKIIIOYUTHU HASIBHICTD 3JIOSIKICHOT UM TOOPOSIKiCHOT
nyxaunau 13, Bu3HaunTy po3mipu By3na (By3:iB) i ioro

(ix) noxanizauito. Bin Binnosineit Ha 1i nmuTaHHS Oyae 3a-
JIeXKaTW TaKTHKa JIIKYBaHHS i MOHITOPHMHT TALiEHTIB 3 BYy3-
JIOBUM 3000M.

YV HacTaHOBi €BpomneiichbKoi TUpeoinHoi acoliartii (ETA,
2023) noBinOMIISIETbCS, 1O TIIbKU KJIIHIYHE CITIOCTEPEKEH -
Hs1 HeoOXimHe Mpu OibLIoCTI 100posiKicHuX By3iiB L3, sxi
IiarHOCTYIOThCS BUMAAKOBO i ITepediraloTb 6€3CMMIITOM-
HoO. 3a BiJICYTHOCTI MiZIBUILIEHOTO PiBHSI TUPEOTPOITHOTO
ropmony (TTTI) ciim yHuKaT BUKOpUCTAHHS IIpernapaTiB
ropMoHiB L3 nns 3urxenHs piHst TTI. TepaneBruuHum
BapiaHTOM JIiKyBaHHS € MpU3HAYEHHS MpenaparTiB ioay
i ceneny. 3a moTpeOu CJIil pO3MITHYTU IIPU3HAYEHHS aHTHU -
TUPEOINHUX MpernapariB abo XipypriuHe JiKyBaHH:I.

JleBoTHpOKCHH — JIiIBOOOEPTAIBHUI i30MeP TUPOKCHUHY,
KU TpU3HavYaeTbcs Haityactiue y citi. Konu iinetscs
PO MPU3HAYEHHS MperapariB JeBOTUPOKCUHY, BaXKJIMBO
MaTM Ha yBa3i IeKilbKa MOMEHTIB: UM IiAiCHO MOTpiOHE
MPpU3HAYCHHS TIpernapary, SKolo Ma€ OyTv MovyaTKoBa 103a
i momasbIa ii Kopekllisi, BaXJIMBICTb YHUKHEHHS (a3 Tie-
peno3yBaHHS i HEIOCTATHBOTO JO3YBaHHS, MEIUYHI CUTY-
arii Ta mperapaTu, siKi ITIOTpeOyIOTh KOPEKIIil J03H JIEBO-
TUPOKCHHY.

BinbuIicTs NpyuYMH IpU3HAYEHHS JIEBOTUPOKCUHY BU-
MararoTh JIOBIYHOTO MOTO MpUitoMY, TIPOTE MTOCTiIKEHHS
OCTaHHIX POKiB MOKa3ylOTh, 1110 B JAESKUX KOTOpTax Ialli-
€HTiB 10 60 % 0cib MOXYTb TlepeOyBaTH B €yTUPEOITHOMY
CTaHi Micjs BiAMiHU JIiKiB, a OTXe, XBOpi HE MOTpedyBaIu
MpU3HAYEHHSs JIEBOTUPOKCUHY. TaK0oX MOBimomsiiocs,
o y Benukiit Bputanii 25 % npusHayeHb T€BOTUPOKCUHY
npumaaaTh Ha naiieHTiB i3 TTT < 5,0 MMO/mi. Tomy 10
MpU3HAYCHHSI TIEBOTUPOKCUHY HEOOXiTHO MaTH IMPUHANMHI
OJIHE TOBTOPHE MiATBEePIKEHHS MigBUIIeHOTo piBHs TTT
yepe3 1—3 Micsiii 1u1st 3anobiraHHs 3aiiBOMY TTPU3HAYEHHIO
i HEBIIOBOJIEHHIO Teparti€ro.

JIeBOTMPOKCUH HE MPU3HAYAETHCS IS JIIKYBaHHS i30-
JIbOBAHOTO CUMITTOMY HU3bKOTO TUPOKCHUHY i MiABUILIEHOTO
TUTPY aHTUTUPEOITHUX AHTUTLJI Ha TJIi HOPMaJIbHOTO PiBHSI
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TTI. HagMmipHe JiKyBaHHS 0COOJIMBO HeOe3IIeuHe IS OCi0
TMOXWJIOTO BiKY, a/[Ke aCOLIIIOETHCS 3 OLTBIIMMU CePLIEBO-CY-
IUHHUMM puzukamu. Oco0amBo 00epexkHO Tpeba cTaBU-
THCSI 10 JIiIKyBaHHSI CYOKJIIHIYHOTO TiMOTUPeo3y i3 piBHEM
TTT < 10 MMO/man B 0ci6 BikoM moHaza 65—70 pokiB. Y pasi
CYMHIBIB IIOJ0 HEOOXiTHOCTI Tepallil JO3BOJISIETHCS 3PO-
OUTH 6—8-TUXHEBY TMEPEPBY B JIIKYBaHHI IJis1 TOBTOPHOT
OLIIHKM CTaHy ITalli€HTa.

KpiMm TOro, ocobiuBe 3HaYeHHS MPUALUISIOTH MPU3HAa-
YEHHIO Mpenapartis iofy. Mol HalexXuTh 10 MaTOTOKCHY-
HUX CTIOJIYK, foro ¢iziooriyHa 103a abCcoMoTHO Ge3rneuyHa
st moaudu i moxke nocsartu 1000 mr (1 r). Hanpukian,
IIOJIeHHE CIOXMBaHHS fony B AmMoHii IKpa3 i CTAaHOBUTH
Onu3bKo 1 T

Jlo6oBa mmoTpeda B tioni craHoBuTh 150 Mr. Y HOopMmi 1113
3/7aTHA aJaTNTyBaTUCS 10 HAIXOMXKEHHS 3HAUHO OiIbIINX
no3 oay. Tak, ogHa Kparuist po3unHy JII0ToJIsT MiCTUTD
6,3 Mr iiony, 1110 Y 42 pa3u nepeBUILyE HOoro 1000BY IMOTpe-
Oy, 1 Kparuist CmupToBOi HACTOSIHKU oy (40 mr) — y 257
pa3iB, aHTMAPUTMIYHUI TIpenapat amiogapoH (75 Mr) —
y 500 pasiB, ftonamia (300 mr) — y 2000 pasis. Ha i Hazg-
MipHOTO HaaXOKEHHS oAy BxXe uepe3 4 TONMHU BMICT
lony B KpOBi HOPMAJTi3yEThCS 3a paXyHOK CeKpellil omy
i3 ceyero.

CepenHs KiJIbKiCTh CITOKMBAaHHS MOy, 3TiIHO 3 eImiae-
MiOJIOTIYHUMMU AOCJiIXKEHHSIMU, IPOBEASHUMU B YKpa-
iHi, ctaHoBUTH 25—50 mr y miteit, 30—60 Mr y miajiTKiB
i 50—80 Mr y mopociux, 1110 30BCiM HEI0CTaTHhO. AMEpU-
KaHChKa TUpeoinHa acouiamisa mponoHye 150—250 mr iiomy
Ha 100y AJ1s1 1OPOCJIOro HaceleHHsI, BcecBiTHS opraHizaliist
OXOPOHU 300POB’sT — ocobaM Ticisg 12 pokiB Ta IHcTUTYT
memuunHA CIIA — ocobam micist 14 pokiB — 150 Mr itomy.
J171 BariTHUX XXiHOK MOKa3HUKMU 11e 0inbii — 220—250 mr,
a JIJ1s1 XKiHOK, SIKi TOAyI0Th rpyaaio, — 250—290 mr itony.

[Mpu nudy3HOMy KOI0ITHOMY 3001, By3JI0BOMY 300i
B CTaHi €yTUPEOo3y MPU3HAYAETHCS MATOT€HETUYHE JIiKY-
BaHHS fionoM y n1o3i 200—250 Mkr/no0y. AnekBaTHe HOoIHE
3abe3rneueHHs (150 MKr/mo0y) TakoxX HeoOXiaHe Mpu Ti-
MOTUPEO03i, TUPEOTOKCUKO3i i1 aBTOIMYHHOMY TUPEOIIUTI.

3acBOEHHS OPraHivHOTO oMY Ma€ mepeBary Hajl 3acBO-
€HHSIM HEOPTraHiuHOro 1oay. 3aCBOEHHSI HEOPTaHIYHOTO
oy BiOyBaeThCs Bimpasy Miciisi HAAXOMXKEHHS B OpraHi3M.
YV TOHKOMY KUIIEYHUKY JIOOAUHU H0a MeTa00Ii3yeEThCS 10
onuy, y 3mopoBux iroaeii moHan 90 % ioro BCMOKTYEThCS.
TloTpamisitoun B KPOBOTIK, MOIMA 31€01JIbIIIOIO0 HAKOIIM -
yyetbes B L3 abo BuapinsieTocst HUpkKamu. [Mornmunytnit
3103010 HOAUT OKMCHIOETHCS B €JIEMEHTAPHUI MO/,

OpraHiuHui #on, 3B I3aHUI 3 OIIKOM, pO3IIEILIIO-
€TbCS B TOHKII Kuili. [Tedinka, 1o sIKo1 HaIXOAUTh HOx
3 TOHKOT'O KMILIEUHMKA, DiIbTPY€E KPOB i MPOITyCKA€E y Be-
JIMKe KOJIO KPOBOOGITY Jnie HopMy ifomy. Moro Hammm-
1LIOK 3B’SI3YETHCH i3 )KOBYHUMMU KMUCIOTAMU i BUBOIUTHCS
3 OpraHi3My 4epe3 KMIIEYHUK, 110 MiATBepIKYIOTh J1aho-
paTOpHi aHaTi3H.

S0 TUTHHI JaTH MOPCHKOI KAITyCTH Y OYyIb-sIKOI
MOPCBHKOI BOIOPOCTi, TO B ii Kajli 3HAUHO 30iJIbLLIMTHCS BMiCT
1IbOTO MiKpoOeJIeMeHTa. SKIl10 BOHA BXXMBaTHMe HeOpraHiu-
HUI 101, TO 30iIbIIEHHS TOTO BUSIBISITUMETHCSI HE B KaJli,
a B ceui. Lle o3Hayvae, 1110 HUPKU Ta iHIIli OpraHu 3a3Hal0Th
MiABUIIIEHOTO HABaHTAXXEHHS.

Crnin Bim3HAuYMTH, 11O CIIOXXKWBAHHS MOMY Ha BCill TEpU-
TOPii YKpaiHU B CEpeTHbOMY BTPUUi MEHILIE 32 PEKOMEH/I0-
BaHy HOpMY. Y 113 KpaiHax CBiTYy, 1110 CTUKAIOTHCS 3 TAKOIO
caMolo TIpoGJIeMOto, 17151 TPOMTaKTUKY MOTHOTO AehIlIUTY
3aKOHOJIaBYO 3aTBEPIKEHO 000B’sI3KOBE IOyBaHHS COJIi.

HediuuT ifoay npru3BOIUT 10 OAraThbOX TSKKUX, Y TOMY
YUCIIi colliaIbHUX, HACTiAKiB — Bil HEBUHOIIIYBaHHS Ba-
TITHOCTI aX 10 XBOpoOU AJbLreiiMepa, MOXe MOCUIIOBATI
NIeBiaHTHY MOBEIiHKY MiIUTITKIB 1 OYTH ONHIEI0 3 MPUYMH
HU3bKOI YCITIIITHOCTI B IIKOJIi.

Mox € MiKkpoeJleMeHTOM, Ha SIKHil He MOXe OYTH aJlepril.
Lle mpeporatrBa opraHiYHMX CITOJYK. Y MPaKTULIi Tparuis-
€ThCS 1MIOCMHKpPA3isl — HEIMePEeHOCUMICTh BUCOKMX dap-
MakoJsioriunux 103 oy (monan 2000 mxr/no0y). Taki mo3u
MOXHA OTPUMATHU NUISIXOM TPUNOMY MEIUKAMEHTO3HUX
npenapartiB. [ToBHiCTIO 6e3neyHoI0 € 1000Ba 103a omy 10
1000 MKT, GiiblI BUCOKI 1031 OOy HAa3MBalOThLCs hapma-
KOJIOTIYHUMM.

Mox He BUKITHKaE crielndidHOi TepexpecHoi atepriqHol
peaxiii Mik 6araTUMM Ha HbOTO pedyoBMHaMU. Bumankm
MepexpecHoi peaKTUBHOCTI HecriediuHi, a YSIBIEHHS PO
iCHyBaHHS ajeprii Ha Moa MOMMJIKOBI i MOXYTh IPU3BE-
CTH 10 HEBMOTMBOBAHOI BiIMOBH BiJl BHYTPillTHOBEHHOT'O
BBEICHHS IIpernapaTiB y Malli€HTIB 3 HEIIEPEHOCUMICTIO 110-
JIOBMiCHUX aHTUCETITUKIB a00 BXKMBAHHSI MOPETPOIYKTiB.

CyyacHi JOCTiIXKeHHs IToKa3ajiy, 10 HaJIUILIOK Homy
BUKJIMKAE yimKomkeHHs I3 nuisixom reHepyBaHHS aK-
TUBHUX (DOPM KHUCHIO, 1[0 MPU3BOAUTH 0 MEepeI4yacHOTO
YIIKOMXXEHHS i 3aIIpoTrpaMoBaHOl 3aruOei KIITUH y TKa-
nuHax LI3. Lli nepeoOTsKeHi OA0M KIITUHU BUILISIIOThH
HeOe3MeuHi MOJIEKYJIH, SIKi TTOTiM aKTUBYIOTh aBTOIMyHHU I
MPOLIEC Y JIOAUHU.

BonHouac mociimkeHHsI MoKaszaju, 1110 JOCTaTHii pi-
BEHb CeJIeHY 3aro0ira€ MouKoIKeHHIO KITITUH aKTUBHUMU
(bopMaMu KUCHIO. 3arajiom cesieH Biflirpae BaxJIMBY POJb
y yakuionyBanHi 1113, sika MOpiBHSIHO 3 iHIIMMM OpraHa-
MU MIiCTUTb 1OTO B HaiiBUINilf KOHIeHTpalLii. Hopma mo60-
BOTO BXKMBaHHS CeJIeHY, 3rinHo 3 pekoMeHaauisiMu BOO3,
st topociux ctaHoBiTh 50—200 Mkt Lleit MikpoereMeHT
HE CUHTE3YEThCS B OpraHi3Mi JIIOAUHU, a OTKE, Ma€ HaJIXO-
JIATU 3 TKEI0.

CeJieH € CKJIalOBOIO CUCTEMU MIyTaTiOHIIEPOKCUAA3U
i TiopemOKCUHpEeayKTa3H, SIKi 3adisHi B aHTUOKCUIAHTHOMY
3aXMCTi OpraHi3My, peryJIsiiii TaKHUX MPOLECiB, IK KIiTUHHA
npoJidepalisi, nudepeHiloBaHHS, TPAHCKPUIILIiSI TeHiB,
penapattist JTHK i anmonTos.

[yrarionnepokcuaasza — cejeHO3alIeKHUI (DEPMEHT,
i 10ro aKTUBHICTH IIPSMO 3aJI€XKUTh Bill BMICTY CEJICHY
B KpoBi. CeJeHOMPOTeiHU MOCimaTh 0COOJIMBE Miclle
B IIpolieci oayBaHHsI, a iHTPATUPEOIAHUI BMICT celleHy
CIIpUSIE aKTUBHOCTI LIbOTO TIpoliecy. Pe3ynbsraTtu 1BoX Me-
TaaHaIi3iB TaKOX IiATBEPAUIU POJIb CEJeHY B 3HMXKEHHI
PiBHSI aHTUTLJI O TUPEOIAHOT TIEPOKCUIA3H i TIOJTIMIIIeHH]
nepebiry aBTOiMyHHOTO TUPEOITUTY.

CporogHi OiTbIIICTh (DaxiBLiB PO3LIHIOIOTH CEJIEH SIK
BaXXJIMBY CKJIaJIOBY CXEMU YCITIIITHOTO JIiKyBaHHS i mpodi-
JIAKTUKY TUPEOIIaTiii, moB’s13aHux 3 aedimutoMm iomy. Om-
HOYAaCHUI TIpUOM MOy i cesieHy 03BOJIsIE yOe3neunTu
Mali€HTIB Bil pU3UKY PO3BUTKY aBTOIMYHHOI'O TUPEOIIUTY
i peKoMeHI0BaHMIT €BPOIIeiICHKOI0 TUPEOITHOIO acollialli-
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€10 3 METOIO MMOBHOLIHHOI 10AHO1 ITpodiIaKTUKHN B yMOBaX
npupoaHoro nediuuty ony. JlonaTkoBuii mpuiiom ceaeHy
y dizionoriuHux 103ax 10 75 MKT/m00y mipoTsrom 6—12 mi-
CSI1IiB aCOLIIOETHCS 3 BIpOTiTHUM 3HUKEHHSIM TUTPY aHTH -
TUPEOINHUX aHTUTIJI, CIIPUSIE MIPUTHIYEHHIO aBTOIMyHHOTO
npoliecy i TMOJIIMIIeHHI0 exoreHHocTi cTpyktypu L3 3a
JAHUMU YJIBTPA3BYKOBOTO JOCIIiXKEHHS.

IloegnanHs gediuuTy omy i celleHy IMOCUIIIOE IPO-
O0JeMy MOaHOT HEJOCTATHOCTI B YKpaiHi, 1110 Bimoopa-
JKA€EThCS B CTPYKTYypi 3axBoproBaHocTi 1113: Ha choroaHi
CIIOCTEPIraeThCs 3pOCTaHHS HE TiJbKU TinmepTpodiuHuX
i rinepracTuyHux npoueciB y L3, ane i aBToiMyHHUX
TUPEOTIaTii.

BcraHoBiieHo, 1110 OTHOYACHE 3aCTOCYBaHHS oy i ce-
JICHY B JIiIKyBaHHI Au(y3HOro 300a MOIIIIIyBaIo Iepedir
3aXBOPIOBAHHS i 3MEHIIYBAJIO PO3MipH 300a B MAlli€HTIB,
SIKi Opayiv y9acTh Y JOoCaimKeHHi. ToMy ISl TOBHOLIIHHOTO
¢dynkuionyBaHHs L3 omHakoBO BaXJIMBi 1Ba MiKpoeJe-
MEHTU — HoJ i cesieH, a X HaUIMIIOK abo aediluT TicHO
MOB’sI3aHUIA 3 PO3BUTKOM Tartojioriunux cradis 113, 30-
KpeMa aBTOIMyHHUX TUpeomnariii. IMOBipHiCTbh PO3BUTKY
OCTaHHIX, HaBiTh 32 YMOBH TillepKOpeKIlii iogHoro aedi-
LIUTY, 3HAYHO 3HMKYEThCS B pa3i Mpu3HaYeHHsT 000X MiKpO-
€JIEMEHTIB.

V nepexpecHOMY HOCTiIXEHHI, sIke BKJIIo49aao 98 ma-
LIEHTIB 3 €yTUPEOiTHUM OaraToBy3JI0OBMM 3000M i 83 310-
poBuX ocobu 6e3 3axBoproBaHb 1113, ymicT ceneHy i HIMHKY
OyB BipOriHO HIKYMM y XBOPHMX Ha BY3JIOBUI 300. ABTO-
PY IOCHiIKEeHHS OINIIIN BUCHOBKY, IO AedIillUT CeIeHy
i IMHKY TIOB’SI3aHUIA 3 PO3BUTKOM BY3JI0OBOTO 300a. ToMy
npenaparu cejieHy, LIMHKY i Mooy MOXHa Mpu3HayaTu npu
TUPEOIIHI 1MaToorii.

V peanbHili KIiHIYHil MpaKTULi BAHUKAIOTh IPodieMu
3 JIIKyBaHHSM CYOKJTIHIYHOTO TMPEOTOKCUKO3Y B3araii sK
CUHAPOMY, i 116 00yMOBJIEHO aOCOTIOTHO Pi3HUMMU 3a €Tio-
JIOTI€IO i TAaTOT€HE30M 3aXBOPIOBAaHHSIMM, SIKi IepeOiraroTh
Ha #toro Tii. Takux 3aXBOproBaHb, iX pi3HMX BapiaHTIB, ic-
HYE€ MOHaJ aeciaTh. ToMy CyOKITiHIYHUIA TUPEOTOKCUKO3 He
CJIijI pO3IJIsI ATy SIK TPOOJIeMy CYOKITiHIYHOTO TilOTUPEO3y
3 MPOTUJIEXXHUM 3HAKOM. B ocTaHHbOMY BUMAlIKy MU Ha-
CTIpaBlli BUPILIYEMO TiIbKU OJHE-€IMHE MUTAHHS: TIPU-
3HayaTH MpPU CyOKJIiHIYHOMY TiITOTUPEO3i 3aMiCHY Tepartito
JIEBOTUPOKCUHOM YU Hi.

I1pu nikyBaHHI CYOKJIiHIYHOTO TUPEOTOKCUKO3Y CIIi[T
BpPaxoBYyBaTU HO30JIOTiYHY T'e€TepPOreHHICTh, aaXe camMe
BOHAa 3/1e01IBIIIOTO i BU3HAYA€ TAaKTUKY JIiIKyBaHHS i/a00
crioctepexeHHs. ToMy HEOOXiTHO 10Ope 3HATU MPUHIIM-
1 JiarHOCTUKM 1 JIIKyBaHHSI OKPEMMX 3aXBOPIOBaHb, SIKi
nepebiraroTh 3 TUPEOTOKCUMKO30M. [laTosioriyuHe 3HaYEHHS
CYOKJIIHIYHOTO TUPEOTOKCUKO3Y 3 HEOOXiMHICTIO KOPEKIIil
TUPEOCTATUYHUMM TIperiapaTaMu CTOCYETbCSI HacaMIepe/
JKiHOK MTOCTMEHOITay3aJbHOTI0 BiKYy 3i CTIMKUM 3HUXKEHHSIM
piBHs1 TTT menme 3a 0,1 MMO/mit (kateropist CyokJTiHiu-
HOTO TUPEOTOKCUKO3Y IPYTOro CTYIEHS 32 OCTAHHIMU MiX-
HapOJHUMU HaCTAaHOBAMU).

XoTizocs 6 MiIKPEeCIUTH, 1110 YHiBepCaIbHOIO 60IL0BOIO
TOYKOIO Cy4aCHOI €HIOKPUHOJIOTII € JIIKyBaHHS «aHaTi3iB»,
a He KOHKPETHOTO 3aXBOPIOBAaHHS B KOHKPETHOTO MalliEHTa.
Biache, y 1bOMy IOJISITaIOTh CKJIQHOII HAyKOBOTO 00-
IPYHTYBaHHS KJIiHIYHUX BTPYYaHb y CUTYallil MiHIMaIbHUX

3MiH THX UM iHIINX JJaOOpaTOPHUX ITapaMeTPiB 3a BiICyT-
HOCTI KJIIHIYHUX MPOSIBIB 1 YITKMX JaHUX MPO BilgaJleHUit
IIPOTHO3 LIMX 3PYIIeHb Y TOBCSIKASHHII MTPaKTUIII.

Ha croromHi HeMae KoTHUX TIePEKOHIMBUX TAHUX IIO0
JOLIJIBHOCTI TIPOBEACHHS MEIUKAMEHTO3HOIO JIiKyBaHHS
0e3CMMNTOMHOTO CYOKJIIHIYHOTO TinmepTupeo3y B 0cid Bi-
KOM 10 65 pokiB. 3a TAKMUMHU MalliEHTaAMU HEOOXiaHE CIT0-
CTEpEeXXEeHHS 0e3 MeIMKAMEHTO3HOTO JIiKyBaHHS Y 3B’ SI3KY
3 HU3bKKM PU3MKOM PO3BUTKY CYITyTHIX 3axBoptoBaHb. Ha
il cTamii OCHOBHMM METOIOM JIiKyBaHHS € (hiToTeparis
3 mpu3HaueHHsM [TaHTipokcy 1o 1 karicyJti 2 pa3u Ha IeHb
2 Micsii, Kypcamu 2—3 pa3u Ha pik.

IIpu critikomy 3HmkeHHi piBHg TTI (MeHmie 3a
0,1 MMO/m) citin po3noYrMHaTH JiKyBaHHSI CyOKJIiHIY-
HOTO TUPEOTOKCUKO3Y BCIM MalliEHTaM BiKOM moHan 65
POKIiB, >XiHKaM y TTOCTMEHOTNay3aIbHOMY I1epPiofli, a TaKOX
TMalieHTaM i3 cepleBO-CyIMHHUMU YMHHUKAMU PU3UKY, 3a-
XBOPIOBAaHHSIMU CEPIIsI, OCTEONOPO30M i HASIBHICTIO CUMIT-
TOMiB TUPEOTOKCUKO3Y. JIiKyBaHHS CYOK/IiHIYHOTO TUPEO-
TOKCUKO3Y 3/1ilICHIOETHCS 3a MPUHIIUIIAMU, SKi TIPUAHSTI
IJIs Tepariii MaHi(heCTHOro TUpeoToKCcuKo3y. Ha 1iit cramii
¢iToTeparris € TOIaTKOBUM METOIOM JIiKyBaHHS. [1aHTipoKc
BUKOPUCTOBYIOTH 1O 1 KarcyJi 2 pa3u/mo0y 2 Micsilii, Kyp-
coM 2—3 pa3u Ha piK.

Jlutst JTiKyBaHHSI CYOKJIiHIYHOTO TilIOTUPEO3y, KpiM Jie-
BOTUPOKCHUHY (IIJIs1 BU3BHAYEHOI'0 KOHTUHIEHTY!), BUKO-
PUCTOBYIOThCS 101, cesieH, BitaMiH D, mioiHO3UTON Ta
iHuIi npenapaTtu. KopiHb nepcrauy 6i10ro MiCTUTh BEJTUKY
KIUJIBKIiCTb 0i0JIOTiYHO aKTUBHUX KOMIIOHEHTIB — Oiodia-
BOHOINiB, MoyipeHoIiB, TaHiHIB, SIKi MalOTh AHTUOKCH -
IIaHTHi, aHTUMyTareHHi, MpoTU3amnaabHi ii iIMyHOMOIYIIO-
F04i BIAaCTUBOCTI.

1113 3maTHa HOpMaIbHO (YHKIIIOHYBAaTU caMe Ha TJi
3aCTOCYBaHHS TlepcTavy 0iloro 3a paxyHOK MeMOpaHO-
CTa0ii3yl0uMX BJIACTUBOCTEH 11040 TUpeouuTiB. [liaxin
IIO JIiKyBaHHSI 3axBoproBaHb 1113 Mae OyTu KOMIIEKCHUM
i TOBUHEH OXOILTIOBATH 3aCTOCYBaHHS SIK OCHOBHUX Tepa-
MeBTUYHMX MperapaTiB, TakK i J0IaTKOBUX 3aCO0iB, TaKUX
SIK TIperapaTy oy, ceieHy, BitamiHy D, IIMHKY Ta iHIINMX
0i0aKTHBHUX PEYOBMH IS 3aM100iraHHs iogHOMY aedillu-
Ty, PO3BUTKY TiIlO- i TimepTHUPpeo3y Ta iHIIMX MaTOJIOTITHIX
cranis 1113.

Otxe, JIiKyBaJbHa TaKTUKa Ipu 3axBoproBaHHsx 1113
32 OCTaHHI AECATWIITTS IMMOMITHO He 3MiHWIACsI, a apceHall
e(eKTUBHUX IIpernapaTiB, NpU3HAYESHUX IJIs1 JiKyBaHHS
i mpodinakTUKM 11i€T MaTOIOrIi, SBHO HEOCTaTHIMN. Y 3B’513-
Ky 3 LIMM BUMNpaBIaHUU iHTepec AOCIiTHUKIB 10 HOBUX 3a-
c00iB, 37aTHUX KopuryBatu gucdynkiio 1113.

OcTaHHIMU NECATUIITTSMU Bce Oisblile JIIOEN Y CBOIX
MolIyKaxX BUXOASTh 32 PaMKM 3arajibHOMPUNHSATOT MeIM-
LIMHU 3 HaMipaMu xo4ya 0 YaCTKOBO 3a[I0BOJIbHUTH BJIACHi
moTpedu B MeanyuHili moroMo3i. Tak, y Benukiii bputanii no
80 % manienTiB BikoM 3a 60 poKiB BiIIalOTh IiepeBary JikaMm
POCJIMHHOTO MOXOXKEHHS.

Hna xopexuii auchyukuii I3 TakuM pocIMHHUM
npemnapatoM € I[lanTipokc. BiH Mae BUCOKili piBeHb KIli-
HiYHOI e(DeKTUBHOCTi, 00yMOBIeHUI (papMaKOJOTITHUMU
BJIACTUBOCTSIMU KOMIIOHEHTIB, 1110 BXOJSITh IO 1OTO CKIIay.
OpHa karncyna IlanTipokcy mictutb 350 Mr nepcrady 6iioro
(105 mxr ftomy), 70 MKT cesieHy i 12 MT LIUHKY.
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Ilepcray Ginmit Mae OMITHY e(peKTUBHICTh y HOpMaJTi3a-
wii crpyktypu i ¢yHkuii L[3. biosoriuHo akTUBHA crioyka
aIb0iHiH, 1110 MiCTUTBCS B MiI3eMHill YaCTUHI POCIMHU, TIPO-
SIBJISIE TUPEOTPOITHY i TOHAIOTPOITHY aKTUBHICTh, BIUIMBAE HA
BupobaeHHs TTI y nepenHiit yactii rinodgisa, sikuii 3a Me-
XaHi3MOM 3BOPOTHOTO 3B’$SI3KY BIUIMBAE Ha CUHTE3 TOPMOHIB
I113. KopeHeBullie repcrady 06i1oro MiCTUTh eJieMEHTapHUIA
o, aHiOH MOOMCTOI KMCIOTH, KBEPLETUH i € IPUPOTHUM
KOHIIEHTPATOPOM MiKpO- i MaKpOeJIeMEeHTIB (MapraHellb,
MiIb, IMHK, CeJIeH, KOOAJBT, 3a1i30, KpEMHIl TOIIIO).

KBepiietuH, sikuii Mae BUpaXeHY aHTUOKCUIAHTHY
i MeMOpaHOCTa0i1i3yI0uy aKTUBHICTh, 3a0e3Mne4yye eeKT
crabinizailii MeMOpaH TUPEOLIUTIB, PETYJII0E TPOHUKHICTh
kaituH 13, 3a6e3nevye iX 3aXUCT Bi IKiIIUBOI Aii aB-
TOQHTUTLJI i BUIBHUX paguKaiB, BiIHOBIIOE PELECITOPHY
i TOPMOHOBUIIIBHY (DYHKIIiO.

OCHOBHI [Iil04i pe4OBMHU IIepcTavy 0iJIoro MaroTh BU-
paxkeHy aHTMOKCUIAHTHY, MPOTU3aIaibHYy, [IMTOCTATUYHY,
iMYHOMOIYJIIOIOUY [il0, a TAaKOX MOKPAIYIOTh MiKpOLIUP-
KyJISILII0 B TKAHUHAX, CIIPUSIOTh 3MEHIIEHHIO KiJIbKOCTI
BY3JI0BMX YTBOPEHb, a TAKOXX CTUMYJIIOIOTh PO3CMOKTYBaH-
HS M’ SIKUX ITyXJIVH.

[lepcTau 6inuit — mXepesno Moay, SKUi HeOOXiTHUIA
1151 Bupo6neHHs 113 BracHux ropmoniB. CeleH BaxJIMBUI
Jutst aktuBattii L3, BXoauTh 10 ckiiany 6i1KOBUX CIIONYK —
CEJICHOIPOTEiHIB, sIKi 3a0e3IeuyoTh afekBaTHe (PYHKIIiO-
nyBaHHs 1113, epeKTUBHO 3HMXKYE piBeHb aHTUTII 10 THU-

peorepoKCHUIa3y Y XBOPUX 3 aBTOIMyHHUM TUPEOITUTOM.
LIMHK MepeTBOPIOE HEAKTUBHUI TUPOKCUH HA aKTUBHUIMA
TPUHAOATUPOHIH, CIIPUSIE MiABUILIEHHIO YyTAUBOCTI TKAHUH
1o ropmoHiB 113, BXomnThb 10 CKJIagy CyIIepOKCUIINCMY-
Tazu — (QEepMEeHTY, SIKUI 3a0e3Mneuye aHTUOKCUIAaHTHUM
zaxucr LL3.

[TaHTipokc — 1€ MpUPOAHUI Oe3NMeUyHuid Tmpemna-
pat, SKMii MiCTUTBH JOOOBY H03y HOMy 3 IepcTady Oijoro,
110 € MAKCUMAaJIbHOIO Cepe/l HasSIBHUX aHAJIOTIiB, a TAKOX
MICTUTD CeJIeH i LIMHK, 110 3a0e31neyye HOpMaabHy poooTy
LIL3. 3aBnsiku nMpaBWIbHO MigiOpaHOMY i peTebHO 30aiaH-
COBaHOMY KOMILJIEKCY KOMIOHEHTIB I0CSATAETHCS OLIBIINIA
TepareBTUYHUI e(eKT MOPiBHSIHO i3 3aCTOCYBaHHSIM MO-
HOTIpemnapariB.

[NanTipokc, Ha BiIMiHY Bil CHHTETUIHMX 3aC00iB, € He-
TOKCUYHUM, Ma€ IIMPOKUIA CIIEKTP Jil, MOXKE TPUBAIUI Yac
3aCTOCOBYBATHUCS 0€3 iCTOTHUX IMOOIYHUX e(heKTiB, 100pe
TOETHYETHCS 3 JTIKAPChKUMU PEYOBUHAMMU, TTOCUITIOIOYM 1X
TepaneBTUYHUI e(PEKT.

JloBeneHa edekTuBHICTH [1aHTIpOKCY B IALIIEHTIB 3 BY3-
JIOBUM 3000M, CUHIPOMOM THUPEOTOKCUKO3Y, TU(DY3HUM
3000M B CTaHi €yTHPE03y, aBTOIMyHHUM TUPEOITUTOM, CyO-
KJIiHIYHUM TiMOTUPEO30M i CYOKIIIHIYHUM TilepTUPE030M
3aBIOSIKM SIKICHIMl CUPOBUHI Ta BUOpaHili TepaleBTUYHII
1031 KOMITOHEHTIB.

MigrotyBana TeraHa Ynctuk M
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Cokonosa A.M.", lNywkapboB B.B.?, Cokorosa N.K.2, NywwkapboB B.M.?, TooHbko MLA.?
" HauioHaAbHWY MeamdH yHisepcuteT imeHi O.O. boromMoabusi, M. Kuvis, YkpaiHa
2 AY «(HCTUTYT @HAOKDUHOAOTI TG 06MIHY pedoBuH iMeHi B.[1. KomicapeHka HAMH YkpaiHun», m. Kuis, YkpaiHa

NaToreHeTYHA OCHOBA AiIKYBAHHSA MeTPOPMIHOM
€HAOTEAIOABHOT AUCOYHKLUIT Y NALIEHTIB
3 LYKPOBUM Aiab6eTtom
(OrAgA AiTepatypu Ta BAOCHUX ACQHUX)

Pe3tome. Cepueso-cyanHHi posnanun € o[Hiet0 3 roioBHUX MPUHMH CMEPTHOCTI Ta 3aXBOPHOBAHOCTI B YCbOMY
CBITI, i IMOBIPHICTb 3pocTae 3 fonaBaHHsIM Takux (hakTopiB pU3NKY, K MasriopyxsiamBui Criocio XuTTs, giaber,
OXUPIHHSA, rinepinigemis Ta rinepToHis. [NigBuLLEHHS PiBHS LyKpY B KPOBI MOXe Npu3BeCcT [JO OKUCHIOBASIbHOMO
cTpecy, aucninigemii Ta eHgoTenianbHoI AMCYHKUIN, Lo 3aBEpLLYETLCS MiABULLEHUM CEPLEBO-CYANHHUM PUSUKOM.
Fineprrikemisi LUKIQIMBO B/IMBA€E Ha CepLEBO-CYANHHY CUCTEMY, BOHA € MPUYMHOK MIKPO- Ta MakpoCyauHHUX
3axBoptoBaHb. LLIKignnBi 6ioXiMiYHI MexaHi3Mu rinepriiikemii nos’s3aHi 3 ABULLEM Pe3NCTEHTHOCTI [O IHCYIIHY .
MeTtgpopmin (M®) nocnabnroe iHCYIiHOPEe3NCTEHTHICTb i, OTXe, 3LIVICHIOE aHTUTINEPITIIKEMIYHMY Ta iHCYIHO3HU-
XKyBalslbHWA ePeKT y nayieHTiB 3 giabetom 2-ro tury. M® Tak camo, SK rinoninigemidyHi cTatuHy, TakoX 34IMCHI0E
L0[aTKoBUK CrIpUATIINBUV M/1MOTPOIMHUN, NpoTU3anasbHui Ta aHTUOKCUAAHTHMU BIJINB Ha CYAVNHHY CUCTEMY,
Kpim vioro rinoninigemidyHoi i aHTurinepriikemidyHoi gii. OcHoBHUM € BriimB M® Ha eHgoTenianbHy AUCHYHKUIIO,
OCKIrIbKW LiTTICHICTb @HAOTESI0 € KPUTUYHUM | JOBrOCTPOKOBUM (haKTOPOM 3L[0POB’S CYANH, & OTXKE, BUHUKHEHHSI
cepueBo-cyanHHUX 3axBoptoBaHb. M® mae gyxe rnpocty XiMmidHy cTpykTypy. [lpocTa CTpykTypa o3Hayae, Lo
pO3pobKa HOBUX areHTiB 3 NogibHMMu abo KpaLyumMm BIacTUBOCTAMM Ta MexaHiamamu Aii MasnoiMoBipHa, ToMy y
MavibyTHOMY BapTo po3paxoByBaTy Ha BUKOPUCTaHHS AaHnX chapMaKkoKiHETUKM, hapmakoanHamikv Ta Teparie-
BTWYHOrO TapreTyBaHHs 47151 PO3KPUTTSA MOBHOIro TepaneBTuYHoro notexyiany M®. Llev nigxig HewjogasHo 6ysio
MPOAEMOHCTPOBAaHO Ha rpuknaai npenapaty M® 3 yrnosifibHEHUM BUBISIbHEHHAM, SIKMV i€ Y ANCTaribHOMY BIgQIni
KULLIEYHMKA Ta BUSIBIISIE KULLKOBY FOPMOHO3AIEXHY aHTUrinepriiikeMidyHy gito. [pakTuyHO He ICHYeE npuxoBaHux
HebaxaHux egpekTiB 411 M®, Tomy BiH Mae rnoteHuiasn fyisi 3abe3rneyveHHs e(heKTUBHOIro Ta 6€3rneYHoro JiKyBaHHs
rinepriiikemii y Maviby THbOMY, OCOBJIMBO Yepe3 CrpUSATIIMBIV BIJIMB HA CePLEBO-CYANHHI 3aXBOPHOBaHHS, BKITIOYHO
3 eHfoTeNialbHOK ANCYHKLIEIO | aTepOCK/IePO3OM.

Knro4oBi cnoBa: eHgoTenianbHa AUCyHKLIS; aTepOoCKIepos; LiyKpoBuii fiabeT; MeTeopMiH; orfss

Bctyn

CeplieBo-CyIMHHI pO3JIafu € ONHIEIO 3 TOJIOBHUX MPU-
YMH CMEPTHOCTI Ta 3aXBOPIOBAHOCTI B YChOMY CBITi, i iMO-
BIpHICTbH 3pOCTa€ 3 JOMaBaHHAM TaKuX (haKTOPiB PU3HKY,
SIK MaJIOPYXJIMBUIA CITOCIO KUTTS, 1yKpoBuii miadet (L),
OXUPIiHHS, TimepJilmigeMis Ta apTepiajabHa TillepTeH3is
(AT). ITigBuIiLleHHS PiBHS LYKPY B KPOBi MOXE TTPU3BECTU
JI0 OKMCHIOBAJILHOTO CTpecCy, AUCIiMinemii Ta eHaoTesiaab-
HOI TMCcYHKIIII, 10 3aBEPIIYETHCS MiABUILIEHUM ceplie-

BO-CyIMHHUM pu3ukoM [1]. CepueBo-CynuHHI 3aXBOPIO-
BaHHs (CC3) Ta LI/l Ha CbOTOAHI € OMHUMU 3 HAWOIIbIII
cepito3Hux npobjem JroacTsa. IlaToreHes nux 3axBopro-
BaHb 3aJIMIIIAETHCS TICHO TTOB’SI3aHMM i3 3amaleHHSIM, sIKe
Oepe yyacTb y BUHUKHEHHI Ta MpOrpecyBaHHi yCKIaTHEeHb,
moB’si3aHux 3 atepockiaeposzoM (AC) i LI [2]. Takum uu-
HOM, CITOCOOM JIiKYBaHHSI, SIKi JEMOHCTPYIOTh TO3UTUBHUIA
BIUIMB Ha 00MBA 11i 3aXBOPIOBAHHSI, MOXYTb OyTH OCOOIM -
BO KOPUCHUMM JUTS TIALli€HTIB [3].
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Enporeniit Bimirpae BaxIuBy pojib y IATPUMIIL 300~
POBOI CcepleBO-CyIMHHOI cucTeMu. EHmoTeiaabHi KITiTh-
Hu (EK) ¢pyHKIIIOHYIOTh 1K €eHIOKPMHHUI OpraH uyepe3
CEeKpellil0 BAa30aKTUBHUX MOJIEKYJ, HU3bKOPE3UCTEHTHE
3’€IHaHHS 3 [NIaAKOM si30BUMM KiaituHaMmu cyauH (TMKC),
peryJisiiito BazoauaTallii Ta KpOBOTOKY, a TaKOX MPUTHi-
YeHHSI TPOTPOMOOTUYHUX Moiii [4, 5]. EHnoTenianbHa quc-
¢yukuig (El) BBaxaeTbcs «6apomerpom» pusuky CC3 i
Moe OyTH BU3HAUEHA SIK 3MEHILIEHHSI eHI0Teii3aIeXXHOT
Baszoaunartauii (E3B) y BinnmoBigb Ha eHmoTesiii3aniexXHi
Ba3oAMIaTaTOpH, SIK-OT aueTmwixodiH. EJl € BaximBum i
HaKOLIbII paHHIM TOKa3HUKOM po3BUTKy CC3 [5].

Metdopmin (M®P) HanexXUTh 10 JiKiB, sSIKi HalgacTile
BUKOPHUCTOBYIOThCS (0113bKO 150 MiJIbIIOHIB JIIO/ICiT) Y BChO-
My cBiti. M® TakoxX Ma€ CpUSTIMBUI BIJIMB Ha JIITIHUI
o6miH B oci6 3 LIJ1 i CC3. IMauientu 3 LI 2-ro Tumny (LL12),
sKi orpumyBain M@, npoaeMOHCTPYBaIu 3HUKEHHS TIPO-
nykiiii mitoxoHapianbHux ROS (reactive oxygen species) i
MiIBUILEHHS KOHIIEHTpallii aHTUOKCUIAHTHUX (PEPMEHTIB,
BkitouHo 3 Gpx1 (Glutathione peroxidase 1) i neaierriaazoro
SIRT3 (sirtuin-3), Ha JOAATOK 10 IMOCIA0JECHHST B3aEMOIii
JIEUKOLIMTIB 3 eHOOTe ieM i 3HVKeHH: piBHIB ICAM-1 (Mo-
JieKyJ1a MIKKITITUHHOT aaresii-1) i P-cenektuny [6]. dekinb-
Ka poOiT MpOAeMOHCTPYBAIM 3HMKEHHSI piBHSI OioMapKepiB
okucHioBaibHOTO cTpecy (OC) y xBopux Ha LIJ1 i B ekcriepu-
MEHTAJIbHUX TBapuH Y Bianosias Ha M® [7]. ¥ nocaimkeHHIX
Ha TBapMHax Moka3aHo, 1o M® 3meniye OC 1IISIXOM aKTU-
Bauii SIRT3-3anexHoro uuisxy y Bianosins Ha L1, iHayko-
BaHMi1 Myl IKOM [8]. OCHOBHUM e(heKTOM 1100 MOIYJIIO-
BaHHs1 OC € NMpUrHiYeHHsI MiTOXOHIPiaJIbHOTO KOMIUTEeKCY |
(HAJIH: y6ixiHoHOKCHAOpEeayKTa3a), 1110 3MEHIITYE MPOAyK-
wito ROS [9]. Kpim Toro, M® Moe MpUTHiYyBaTH aromnTo3,
iHIYKOBaHUI BUCOKMMU KOHIIEHTPALIISIMUA BITbHUX KUPHUX
kuciot (BXKK), mussxom MmonymoBanHs peakirii Ha OC i
3HUXKEHHSI CUTHAJIIHTY MPOANONTOTUYHOI MPOTEIHKIHA3U
PERK/CHOP (RNA-like endoplasmic reticulum kinase/C/
EBP homologous protein) [10]. M® Moke BiTHOBITIOBATH [Iit0
PONI1 (mapokcona3za 1), aHTUOKCUIAHTHOTO (PEPMEHTY JIi-
MOTpoTeiHiB BUcoKoi mibHoCTi (JITIBILL), ssxuii rigposnizye
MEePOKCUIM JiMiiB y JIMONnpoTeiHax, 0COOIMBO B JIIOIPOTe-
THax HU3bKOI mwiabHocTi (JITTHILL) [11, 12].

Hogi nocnimkeHHst BruimBy M@ Ha iHKpETMHOBY CHUCTe-
My, 30KpemMa Ha IimokaroHomnonionuii nentuna-1 (GLP-1)
[13], moka3anu, mo curHaibHiI nurstxu AMP-aktnBoBaHOi
npoteinkiHazu (AMPK) minBuiyiors cekperito GLP1 Ta
crniopigHeHux rnientuis [14]. [ist, cnpsiMmoBaHa Ha KUIlIey-
HUK, € BAXJIMBUM KOMIIOHEHTOM aHTUTiNEePIiaiKeMiyHo1 Ail
M®. V ckenetHux M’s13ax M@ notirniirye morMHAHHS T~
KO3¥ KJIITMHAMM LIJIsIXoM akThBalii HociiB SLC2A4 i po3-
roptanHs TpaHcnoprepa GLUT4. IHriOyBaHHSI KOMILIEKCY
| y nuxanbHOMY JIaHIIH031 MiTOXOH/IPilA 3MEHIIIYE CITiBBiTHO-
weHHs1 ATP/AMP, 1o npusBoauTs a0 aktubaiii AMPK [9,
15, 16]. LLs mist npurHivye BUpOOIEHHS TITI0K030-6-dochaT-
nerigporenasu (G6PDH), gka imMiTye HopMalbHUIT Mexa-
Hi3M 3BOPOTHOTO 3B’I3KY Ta 3MEHIIIYE MMPOAYKIIiIO [NTIOKO3U
i hochoeHonmipyBarkapobokcukinasu [17].

OTtpuMaHi pe3yJbTaTv CBiZ4aTh PO CYTTEBY peakiliio
MOHOHYKJIeapiB KpOBi Ha IMaToJIOTiYHi TIpOLleCH B opra-
Hi3Mi, 110 MOX€e OyTH BUKOPHCTAHO B JAiarHOCTUYHUX i
MPOTHOCTUYHUX LIJISIX, & TAKOX JUISI OLIIHKY €(heKTUBHOCTI

LIYKPO3HIDKYBAJIBHUX TperapaTiB. [HIyKoBaHa ekcrpecist
MOJIEKYJT a[re3ii eHI0TesiaTbHUX JISUKOLIMTIB i XeMOaTpak-
TaHTHUX LIUTOKIHIB 3aTyJya€ KIIITUHHU KPOBi 10 apTepialbHOI
iHTUMU. MOHOIIMTH M03piBaloTh y Makpodaru Ta rnmorjimHa-
10T MOAMGIKOBaHi JIiMiau, MePEeTBOPIOIOYMCH HA MiHUCTI
KJIITMHUA — XapaKTepHi 03HaKM aTepOCKIEPOTUYHOTO ypa-
KeHHs [2]. 3a HammMu ganumMu, M® cyTTeBO MiaBUIILYE
piBerb AMPK B MoHoHyKIeapax KpoBi [18—22]. € nymka,
110 iHcyiHope3ucTeHTHicTh (IP) B opraHizmi mounHae po3-
BUBATHCS caMe 3 MOHOHYKJIEapiB, a BXe 3roI0OM BUHUKAE B
MeTa0oJIiYHMX TKaHWHax [23].

M® 3MeHIIIye CMHTE3 KiHIIEBUX MPOAYKTIB MIiIKyBaHHS
(AGE) #1 innykoBaHy rinepriikemieto npoaykuio ROS B
€HIOTeil Ta IHIIMX TKAaHWHAX OpraHi3My, MOJIMIIYyI0Yn
cepleBo-cynuHHUH mIporHo3. Ilpoxyktu AGE Mmomudi-
Ky1oTh 3anuiiky JITIBLLL, o mpu3BoauTh 10 yTBOPEHHS
nuchynkuionansaux JITIBILL, sxi He 3maTHI cTUMYTIOBaTH
BiJITiK XOJIECTEPUHY, 1110 30iIbIITYE CEPLIEBO-CYTIUHHUI PU-
3ukK. [1pu LI/ MeTaGoiT rII0KO3U METUJIIIOKCadb MOXe
MOCWJIIOBATU OKUCHUI cTpec, yrBopeHHs1 AGE-nponyKTiB
3 OTHOYACHUM TOCUJIEHHSIM 3alajieHHsI Ta 3HWXKEHHSI J10-
crynHocti NO (okcun a3oty) B eHporedii. [Iporn3ananbHa,
AHTUOKCHUIAHTHA Ta 3aXMCHA aKTUBHICTb 11010 TOMOLIMCTE-
iH-TionakToHY € XapakTepuctukoio JITIBIII, sxy moxHa
BimHecTn 10 akTMBHOCTI pepmeHTy PON-1 y JITIBILL [1].
bynb-sixka Moaugikallis anoainonpoTeiny Moxe MpU3BeCTU
1o mopyieHHs akTuBHOCTI PON-1, 1110 Moke mepemnikom-
xkatu 3axucHii mii JINIBI i cnpyYMHUTY YCKJTaTHEHHS
Ipu pi3HUX 3axBoproBaHHIX. M@ 3HumKye KinbKicTh AGE i
TBARS (thiobarbituric acid-reactive substances) y ruiasmi,
MEeYiHIli Ta HUPKaX i 3HAaYHO ITiABUIIYE aKTUBHICTb aHTH-
OKCUAAHTHUX (hepMEHTIB, TOJIOBHUM YuHOM PON-1 [24].

M® nigBulye KOHIIEHTPAIIil0 B TKAHUHAX CipKOBOI-
Hio (H,S), skuit € areponpoTeKTOPHUM ra30TpaHCMITepOM
[25]. H,S ¢yHKIIIOHYE K BaCKYyJOIPOTEKTOPHUI (haKTOP
LIJISIXOM Cyab@rimparalii KajmieBux KaHauiB i mie sk EDHF
(endothelium-derived hyperpolarizing factor). EDHF-omnoce-
peaKOBaHi BiAIOBIiAi 3MiHIOIOTLCS IIPU Pi3HUX ITATOJIOTTYHMX
cranax (AI, AC, rinmepxoJyiecTepuHeMmisi, ceplieBa HeOCTaT-
HiCTb, ilemisi/peniepdy3ist, aHrioracTuka, ekuamrcis, L1,
cericuc) i 3 Bikom. Lle Moxe OyTr MexaHi3MOM TTOCUJICHHS
iHIlyKOBAHOTO alleTUJIXOJiHOM pO3c/iabeHHsl, sIKe CIo-
cTepiraeTbes Mpu 3acrocyBaHHi MeTdopMminy. M® mocia-
0JI0E CITPUUMHEHY TJII0K03010 iykTyauiiHy EII msixom
OITOCEPEIKOBAHOTO MOCUJIEHHS TYaHO3UH-5"-Tpudocdar-
mukioriaponasu 1 (GTPCHI1 — guanosine 5'-triphosphate
cyclohydrolase 1), BigHOBieHHs 3ueruieHHst eNOS Ta iH-
rioyBanHst HAJI®H-okcunazu (NOX) [26]. E/, 1o xapak-
TEPU3YEThCS 3HMKEHOIO OiogoctymHicTio NO, noB’s3aHa 3
iHiIIialli€ro Ta MporpecyBaHHSIM CYIMHHUX ycKaagHeHb LIJ1.
eNOS Binnosinae 3a OiblIly YaCTUHY MPOAYKIIii eHIO0TeTi-
anpHoro NO. GTPCHI1 € depmeHTOM, SIKMIA JIIMITY€ IIBUI-
KicThb yrBopeHHsT BH4 (tetrahydrobiopterin), a ipu 3HIKEHHI
KinbkocTi BH4 3meHIyetsest i mpomyxkitist NO.

G6PDH e mitoxoHapianbHo MimeHHIO a1 MO®.
G6PDH iHribyeThcst omocepenKOBaHUM TiMepriikeMi-
€10 30iIbIIeHHSIM KUJIBKOCTI MPOTEIHKiIHA3U A i € eTarnoMm,
110 JIIMITY€E MBUAKICTh TTeHTo30(ochaTHOTO 1UISIXY [27].
3HmxkeHa aktuBHicTe G6PDH npu3BoanTh 10 3MEHIIIEH-
Hs piBHT HAJI®OH, ocHOBHOI MOJIeKy/IU-BiTHOBHUKA, 110
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npu3BonuTh a0 mocuieHHss OC. AktuBanis AMPK, oroce-
penkoBaHa M®, ranbmye curHasinr PKA/CREB, HiBentoe
iHIyKOBaHe rinepriikeMiero iHrioysanHs G6PDH Ta 3meH-
mrye OC [28]. InenTndikoBaHO HU3KY eHIOTeiicendia-
Hux MikpoPHK — perynaTtopiB eHnoTeniaabHOI QYHKIIT,
SIKi TIOB’sI3aHi 3 PETYJISILIEI0 aHTiOTeHe3y Ta PO3BUTKOM iH-
nykoBaHoi niadetom EJI i 3amanenHs. Bucokuii piBeHb Iito-
Ko3u minuiye piBeHb MikpoPHK-34a B EK MikpocynuH,
yomy 3anobirae M®. Tomy BBaxkaeThcs, o M® mae nipsi-
MU BIUTUB Ha (PYHKIIiIO0 €HA0TEIiI0 Yepe3 aHTUOKCUIAHTHY
niro nurstxom peryirsiii eNOS, mocrieHHs nponyKitii NO,
aktuBauito AMPK, iHridyBaHHsI MiTOXOHAPiaJbHOTO KOMII-
nekcy | ta anmonrosy [28]. HesanexHo Big TUMy KJIITUHU
akTuBaliss AMPK moxxe nmosscHuTH 6ibiiicts epektie MD.

PiBHi M® y kpoBi, 04eBUAHO, BU3HAYAIOTh 0TO eeK-
™. BaxunuBo BinzHauutu, mo M® He MeTabosizyeTbes
Yy TBapuH i JII0neil i BABOOAUTHCS iHTAKTHUM 4Yepe3 HUPKU
[29]. OnmHuM i3 HaciAKiB TaKOTO MeTabO0IiYHOTO Mpodio
€ Te, o M® MeHII YyTJAMBUIA 10 METaOOIiYHUX peaKiiiit
JIiKapChKUX 3aC00iB i IOr0 B3a€MO/Iil OB’ sI3aHi 3 MexaHi3-
MaMM MOTJIMHAHHS Ta TPAHCHOPTY, sIKi repemilyiotrb Md
o opranizmy. MakcumainbHa n103a M@ niepopaibHO st
JItoJieii y OLIbIIOCTI BUMAIKiB CTAHOBUTD 2,5—3 T Ha JIeHb,
110 TOpiBHIOE MpUOIM3HO 35—42 Mr/kr [29]. Lle cTBOpIoe
BpiBHOBaXkeHy KoHIeHTpalilo M® y mia3mi i3 CHJIBHOIO
IHIMBIITyaTbHOIO 3aJIEXKHICTIO. Y JTtofeit KoHueHTpalii M®
TTiCJIST TPOXOIKEHHS Yepe3 TeUiHKy 3a3BUYaii 3HaXOASAThCS
B aianazoni 10—40 mxM, y TBapun — 10—70 MmxM [29].
InnykoBana nansMiTHOBOIO KrcioTolo EJl B EK mymkoBoi
BeHu moauHu (HUVEC) nocna6moBanack MeTopMiHOM y
KoHueHTpauisax 0,5—1 MM [30].

Cepen aHTUIia0ETUYHMX MpeTapaTiB criocTepiraaocs, 1o
M® wminimizye yactoty CC3 i moB’si3aHy 3 HUIMU CMEPTHICTh
[1]. HemomaBHE cncTeMaTUYHE OOCTIIKEHHS Ta MeTaaHa-
Ji3, mpoBeaeHi Ha 701 843 yuacHukax 3 LIJ12, siki mpuiiMaiu
M®, i 1 160 254 KOHTPOJIBHUX, ITOKA3AJIO 3HUXKEHHST pU3UKY
CMEPTHOCTI a00 HECTIPUSTIMBUX CEPLIEBO-CYIMHHUX MO/
npu 3actocyBaHHi M@ [31]. [ToxiOHi pe3yibraTii TaKOXK OyJ11
OTpMMaHi B MeTaaHai3i, y skomy M® 3HIKyBaB CMEPTHICTh
BiJl yCiX IPUYMH i cepLeBO-CYIMHHY CMEPTHICTb Y MalliEHTIB
13 3aXBOPIOBaHHSIMU KOPOHAPHOI apTepii [32].

MeTdOopMiH i eHAOTEAIOABHO AUCHYHKLS

Kniniuni gocnimxkenns Brmy M® Ha rinepriikemiio
Ta MoB’s13aHy 3 Heto [P posrisigany y cBiTiIi Oro BIUIMBY Ha
EJI. BusiBunm, mo nipuitom M® y manienTis 3 1112 mocna-
6moe 1P ta E3B. 1li nani Bka3yoTh Ha Te, 1110 iHIyKOBaHa
MeT(GOPMIiHOM UyTJIMBICTh JO iHCYJIiHY MOB’sI3aHa 3 10ro
CYIMHOPO3UIMPIOBAIBHOIO [i€t0. OCKiIbKY 3amajeHHs €
KJIFOYOBUM (hbaKTOpPOM Ha pizHux ¢azax AC, Tpusaie Ji-
KyBaHHsT M®, pa3oMm 3 iHCY/TIHOTEepaITi€lo, 3MEHIIYE Y Ta-
HieHTiB 3 1I/12 KiabKiCTh OAesIKMX 3amajJbHUX OioMapKepiB
EJl, sx-ot dakrop don Bimtedpanna (VWF) i posunHHuii
VCAM-1, 1110 BKa3ye Ha MOTeHIiliHY KopucHicTe M® st
3amkeHHsT CC3 ta cmepTtHOCTi [33, 34]. TakoxX DOCTiIKy-
Baiu BIiuB M® Ha (yHKIIiI0 eHIOTeNit0 y 65 Mali€HTiB 3
MeTa0oJIiYHMM CUHIPOMOM i CIIOCTepiraau, 1o JiKyBaHHs
metdopminom nosinnysaio [P ta E3B y nedosiii aprepii.
ABTopu npunyckawTh, 110 IP i EJl B3aeMonoB’s3aHi i Ha
HUX MOXHa BIJIMBaTH OiryaHinamu [17].

JlixyBaHHS MeT(hOPMiHOM TAKOXK ITOJIITIIIYE OITIOCEepPe/I -
KOBaHY IMOTOKOM JIWJIaTtalitoo y nauieHTis i3 LI 1-ro tumy
(LLI1). docnimkenns REMOVAL He mponeMOHCTpyBasIo
3asiexkHocTi EJI Bif ri1ikeMivHOTO KOHTPOJIIO, OTHAK BKa3y€
Ha 3HUKEHHS CepleBO-CYAMHHOro pu3uky. IHI gocmi-
JIKEHHSI 32 y4acTIO XKiHOK i3 CUHIAPOMOM ITOJIiKiCTO3HUX
seuyHukiB (CITKS), ski orpumyBaniu M® a6o poasirjira-
30H, Mmokasanu, 10 M® HacTiIbKU X e(PEeKTUBHUIA, 9K i
OCTaHHiH, y MOJIMIIEHH]I 0MocepenKoBaHOI KPOBOTOKOM
Bazoaujaraiii, 0e3 BIUIMBY Ha €HAOTeIiHe3aleKHY M-
nararito. JlikyBanHga M® mociabiiio€e XOpCTKiCTh apTe-
piit i moB’s3aHy 3 uM EJl, a TakoXX 3MeHIIyE TOBIIUHY
KOMILJIeKCYy iHTUMa-Melia COHHOI apTepil y xiHok i3 CITKSA
[35]. Takum unHOM, MOHOTepariss M®P abo B KoMmOiHalIil
3 iHIIMMM aHTUIIa0E TUIHUMU TIperapaTaMy € KOPUCHUM
TepareBTUMYHUM BapiaHTOM i TapretyBaHHs EJl, ska cy-
MPOBOJIXKYE rinepriikemiro ta [P [17].

IcnyroTh gokas3u Toro, mo M® moxe 3abe3neuyBaTh
(YHKIIIOHAIBHICTh eHaoTeit0, MiHiMizyBatTu OC i 3MeH-
1yBaTH mikauito. 3MeHIeHHs goctynHocti NO B eHJ10-
TeJii acowitoeTbes 3 pusukom CC3. Kinbka mociimkeHb
nii M@ in vitro nokaszanu 36iabieHHs npoaykiii NO, ane
TOCTII>KEHHS in Vivo HEe 3MOTJIU MiATBEPAUTHU LIE BUCHOBOK
[36, 37]. M®, aktuByioun AMPK, 610Kye ormocepeako-
BaHi ajbda-auKapOOHiJIOM 3MiHU aIroJIiNMoNpoTeiHOBOTO
KOMIOHEHTA, 1110 MPU3BOIUTH 10 MOM’AKIIEHHS AMCHYHK-
mii JITIBI i miHiMi3a1ii MOImKOIKEeHHS, CIIPUINHEHOTO
JIMMHI. JocaimkeHHs in vitro moka3anu, 1o M® moxe
MonymoBatu B3aeMomito JITIBII 3 perierrropamu BinToKy Ta
3MmeHIye yrBopeHHss AGE, 1o nmpu3BoauTh 10 MiHiMi3amii
ix BruiuBy Ha 3patHicTh JITIBI cipusaTu BinToKy xoJjecte-
puHYy y BUnanky moaudikaiiii sinomnporeiniB mpu OC abo
306inbiieHHi nponyktiB AGE [1].

MOAEKYASPHi MeXaHismu Aii MeTdopMiHy
LLOAO €HAOTEAIOABHOT ANCHYHKUIT

[neibyseanHs okucHo20 cmpecy 6 eHOOMenianbHUX KAIMUHAXx.
OC — roj0BHUIi TTAaTOreHHUI (pakTOp miabeTy, € OMHUM i3
ocHoBHUX TpurepiB EJI uepes 3HmkerHs NO [38]. M® nipu-
rHiuye npoaykitito ROS i 3Hmxye ix piBeHb B EK 3a noriomo-
rolo 6araThbOX aHTUOKCUIAHTHUX MeXaHi3MiB, BKIIIOYAIOUN
iHrioyBaHHss NOX, CTUMYJISILIIIO aKTUBHOCTI KaTanas3u i iH-
rioyBanns excrpecii LOX-1 (Lectin-like oxidized low-density
lipoprotein receptor-1) [39]. [HIIi aHTMOKCUIAHTHI MeXaHi3-
MM BKJIIOYAIOTh TaJIbMyBaHHSI MEMOpPaHHOI TpaHCI0Kallil Ta
akTuBHOCTI npoTeinkiHazu C (PKC), 30inbieHHs ekcripecii
PGCla (peroxisome proliferator-activated receptor-gamma
coactivator la), Tiopenokcuny (TRX), a Takoxx Hopmasiza-
iro npoaykiii MitoxoHapianbHuX ROS. lesiki naHi cBiquath
mpo te, 10 PGClo € BaxKIMBUM peryasaTOpOM BHYTPIIITHbO-
knitnHHMX piBHIB ROS. M® moxe inaykyBatn PGCla ta
Mn-cynepoxkcunarucmyTtazy (MnSOD), 1110 npu3BoauTh 10
iHri0yBaHHS npoaykiii MiToxoHApianbHUX ROS i 36i1b11eH-
Hs ekcnpecii TRX uepes aktusartito nuissxy AMPK/FOXO3
(forkhead box O3) B EK aoptu momunu (HAEC) [40].

AHaJi3 JTaHUX CEKBEHYBaHHS BUSBUB, 11O CUTHAJIHT
YAP (Yes-associated protein 1) i iioro rapretHi renu CTGF i
CYR61 6ynu aktuBoBaHi B EK aopTtu Ta ¢ibpoBacKysipHuX
MeMOpaHax ciTKiBku y namieHTiB 3 LIJI. HanmipHa excripe-
cist YAP nopymysana E3B B i301b0BaHMX aopTax MUILIei i
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MOCUJTIOBAJIa €KCIIpecito TapreTHUX reHiB YAP i mapkepiB
zanajeHHss B HUVEC. AkruBaliisi BACOKHMM piBHEM IJIHO-
ko3u YAP y HUVEC ta aopri cynpoBomxyBaiacs 30i1b-
meHHstM Tipoaykiiii ROS [41]. Byno BusiBieHo, 110 iHTiOy-
BaHHsa AMPK innykye aktusaiiito YAP, 1110 mpu3BoauTh 10
MiaBUIIEHHST akTUBHOCTI c-Jun N-kiHueBoi KiHazu (JNK).
M® aktuyBaB AMPK i cnipusi pocopuntoBanHio YAP,
3pemTolo mojimiuyoun E3B Ta npurHivyyroun akTUBHICTh
JNK. Opienraitist Ha Bicb AMPK/YAP/JNK moxe cratu
TepaneBTUYHOIO CTPATETIEI0 IJIsI TOJIETIIEHHS CyTMHHOI
nucdhyHKIT TpY OKMPiHHI Ta 1iabeTi.

Kpim Toro, Teparniss meTrpopMiHOM MPUTHIYY€E CTpec
eHaorazMatTuyHoro petukyiaymy (ER-crpec) i OC nipu
aktuBauii nusixy AMPK/PPARS (peroxisome proliferator-
activated receptor 8) y Mutieii i3 oxxupinasam i LT [42, 43].
ER-cTpec Bimirpae Kiawo4oBy poJib y nporpecyBanHi LI ta
PO3BUTKY ycKaanHeHb, ocobauBo CC3 [43, 44]. OkucHeHi
JITTHILL (oxJITTHIL) € nponykrom xpoHiuHoro OC, sikuit
CTBOPIOE MPOOKCUAAHTHI €(PEKTU LIISIXOM iHIYKIIii yTBO-
perHsa ROS. M® 3Hmkye piBeHb ROS HUISIXOM MpUTHIUEH-
Hs excnpecii LOX-1 i minBuienHs pisHast Akt/eNOS [39].
Bigmiuaetbes, 1m0 M® y TepaneBTUUHUX KOHLEHTPALIISIX
(1-50 MmxM) 3anob6irae EJI, BUKIMKaHi# rinepriikemiero,
MOoCIa0JII0I0UM TTOLIKOMKeHHsI, cnipuurHeHi ROS, Toxi sk
BUCOKMIT BMicT M® (> 250 MkM) mopymiye pyHKIIiIO cy-
nuH. JlikyBanbHa nigs M® norpebye ekcripecii opaHHOro
saepHoro peuentopa NR4A1/Nur77 [45].

Oxkpim BBy Ha OC, M@ TakoK 3MEHIIYE HiITPOOKCH -
JIATUBHUIL cTpec. BcranosaeHo, 1110 tikyBaHHSI M@ 36i1b-
mye npoaykiiro NO Ha 57 i 37 % B EK kny6ouka Ta aopt
eKCIlepUMEHTaIbHUX IIyPiB BilMOBIAHO, OAHOYACHO 3HU-
KYIOUM TUTOTOKCUYHUI ntepokcuHiTpur ONOO(—) Ha 34
i 32 % nopiBHsIHO 3 KOHTpoJjieM [46]. OcHoBHa JJHK-riko-
31ya3a, 8-okcoryaninriiko3minasa 1 (OGG1, 8-Oxoguanine
glycosylase) moxe mpotuctositi ROS i 6epe yyacTb y pisHUX
cynuHHUX 3axBopioBaHHsIX. PiBenb OGG1 migBUIIyeThCS
min yac JiikyBaHHst MeTpopmiHom yepe3 1uissx AMPK/Lin-
28/0GGl1 [38, 47]. AHTOKcunaHnTHa GyHKIis Md Takox
noB’si3aHa 3 iHrioyBaHHsIM TRAF3-B3aeMogpitouoro Ginka
2 (TRAF3IP2) — penokc-uyTauBOro HUTOMIa3MaTUIHOTO
ananrtepHoro Oinka, sikuii € Bucxigaum moao [IKK/NF-kB
i JINK/AP-1 [40].

Peeynauyis monycy cyoun. Iocunrenns npodyxuii NO ma
eHdomeniiizanedxncna eazopeaaxcayis. TlopymernHs:t E3B € 3a-
rajbHOI0 XapakTtepucTukoro aptepiit mpu L1 i LIJ12. NO
€ OCHOBHMM Ba3oauiaTaTopoM, cuHTe3oBaHuM eNOS 3
iioro monepennuka — L-aprininy [48]. JlikyBanHg M®
BiTHOBIIIOE (DYHKIIIIO €HOOTEIiIO0 B A0PTi LIypiB — MOIEi
LIJ11, a Takox nrypiB Goto-Kakizaki (GK) (momens LI/12),
30inpyoun 6iomoctynHicth NO Ta HopMmanisyoun E3B.
BusiBuiu, mo aktuBaiiss AMPK TepaneBTUYHO Biamosis-
HuMM KoHuUeHTpauismu M® nigsuinye yreopeHHst NO ue-
pe3 nocuieHHs (pochopumoBarHs eNOS no cepuny-1179
(Ser1179) Ta ii B3aemognito 3 HSP90 (heat shock protein).
Koiniuno 3HauymmM € e, 1o M® BinHOBIIOBAB MTOPYILEHY
B3aemozito eNOS/HSP90 B EK, siki 3a3Hanu BIJIMBY BUCO-
KuX piBHiB Imoko3u. E¢ekT akTunaiiii eNOS meTdhopmiHOM
TaKoX OyB ITPOJAEMOHCTPOBAHMI Ha €HIOTeJliaIbHUX KITITH-
Hax-nonepenuukax (EKIT) mumeii 3 LIZL1 [40, 49]. 3rinHo
3 OTPUMHMMU JTaHUMHU, JiKyBaHHI M® TakoxX 30iIbIIIye

BMicT 0ika GCHI1 (depMeHTy, 110 00MeXY€ IMIBUIKICTh
O6iocuHTe3dy BH4) y muuieit 1ukoro Tumy, a TaKoX y MU-
meit Ins2 (+/Akita) i B kiny6oukoBrux EK, ynoBiibHIO0O-
gy mBHUAKICTh gerpaganii GCHI1, ame He BIUIMBao4YM Ha
iioro exkcrpecito. Lle cBimuuth 1mpo Te, mo M® nigsuiinye
GCHI1 yepe3 noctrpaHcasiitHuit Mexanizm [50]. Onoce-
penkoBaHa M® up-perynsiis ekcripecii 6i1ka GCH1 (ane
HE TeHa) TaKOX CIOCTePIraeThCsl y MUIIEH 3 iHIYKOBAaHUM
niabetroMm i B EK ntoaguHu B cepeoBUILi 3 BUCOKUMM BMicC-
TOM IJIIOKO3M, IUISIXOM 3arobiranHs nerpanganii GCHI1 B
nporeacoMax. Ockinbku migBuieHHs peryisuii GCHI,
crnpuurHeHe M®, Moxe OyTU HiBeJIbOBaHE JOMiHAHT-HE-
ratuBHUM MyTaHnToM AMPK, itmoBipHo, 1o AMPK 6epe
yuacTh y ctumysaioounx edekrax M® mono GCHI. MO
TaKOX minBuinye 6iomoctymHicTh NO IUISIXOM iHTiOyBaHHS
ER-crpecy Ta reHepaitii ROS 3a noromororo nuisixis AMPK
i PPARGS. 11i 3axucHi aii cipusitors nosinuieHin E3B y mu-
IIIeil 3a YMOB JiabeTy Ta OXMpiHHSA [42].

JlixyBanHst M® 3HayHO 30i1b11ye GiomocTynHicTh NO
i motiniye (GyHKIiT eHaoTeNnio Ha Moaei mypis i3 LI12.
byrno BusiBneHo, mo nj1st nocuaeHHs MeThOPMiHOM aKTUBa-
ii eNOS in vivo neooxinna AMPK [40]. I1pu niaGeti yactu-
Ha eNOS npoaykye 3amictb NO cynepoKcuI-aHioH — TaK
3BaHe po3’eaqHaHHsI eNOS. 3MeHIIeHHs TPOAYKOBAaHOIO
ennoresiem BH4 ciipusie po3’enqnannio eNOS. JlikyBaHHs
MeT¢hOpPMiHOM HOpMaJTi3y€e iHIyKOBaHY alleTUIXOJIiHOM €H-
noTenianbHy penakcatito i migsuiiye pisHi GCH1 i BH4 sk
y MUIIEH 3 niabeToMm, TaK i y MULIEH JUKOTO TUIY LIISIXOM
ynoBiabHeHHs Aerpanaiii GCH1. M® Takox MoKe TpUTHi-
yysatu NOX (p47,,,,) yepe3 aktupauilo AMPK y HUVEC i
nocumoBatu ¢ochopunoBaHHs AMPKa i PARP1 B aopti
HIypiB 3i cCOHTaHHOIO TinepTeHsieto. JlikyBanHss M@ 36i1b-
mye 6iomoctynHicth NO Ta nocina6moe Al cipuurHeHy
BUCOKOUyTIMBUM C-peaktuBHUM Oinkom (CPB), gepes
aktuBarlito 1isixy AMPK/PPARS i muisixy dochopurio-
BaHHsI AMPK/eNOS y nocnimkeHHsIx Ha TBapuHax. M®
TaKOX 3MEHIIIYE TpaHCayKIio curHay p38 MAPK uepe3
AMPK -3anexHnuit mexanizm [40, 51].

M® BriMBae Ha €KCIIPECiIO KiJIbKOX CYIMHO3BYKYBalb-
HUX CITONYK, sIK-0T eHpotein (ET-1) [52, 53], aHrioreH3uH
II (ATII), i TKaHMHHKUX (HAKTOPIB, 10 PETYIIOIOTH TOHYC
CyIMH. Y KJIiHIYHUX i PyHIAMEHTaTbHUX JOCIIIKEHHSIX
JIiKyBaHHSI MeT(hOopMiHOM 3HIKYE piBeHb ET-1 y mamieHTiB
i3 CITKS Ta B incyniHope3uctentHux EK moguan. M®
npurHiuye inagykoany ATII akTMBHICTb Ta TpaHCJIOKAIIil0
PKC uepes memOpany. ATII ctumyioe cynnary NOX, 1110
akTuByeThcst uepes peuentop ATII (AT1R/PKC curnaitinr)
i TicHo moB’s13anmii i3 cynuaauM OC npu EJ 3a ymos L.
KpiM Toro, iHTiOy10uM Ba30KOHCTPUKTOPHI MPOCTAHOINH,
M® nonininyBaB eHAOTeTialbHY (DYHKIIiI0 Me3eHTepialb-
HUX apTepiit Ha monei mypis i3 LIJ12 [40].

Ineibysanus cmapinus endomenito ma anonmosy. CeHec-
teHuist Ta anonto3 EK e BaxmBumu dakropamu EJI yepes
30iIbIIEHHS €KCIIpecii Mpo3anaJlbHUX [IUTOKIHIB i 3yITMH-
Ky KJIITAHHOTO LIUKJTY. Bucokwmii piBeHb IIIOKO3U iHIYKYE
crapinisa EK nuisixom nmpurniyeHHst ekcripecii SIRTI. 3a
ymoB L1JI Bucokuii piBeHb IJIIOKO3M B KPOBi BUKJIMKAE TO-
LIKOMXKEHHS eHpoTeio Ta arnonro3 [17]. M® 3anobirae
arnonro3y EK nuisixom inrioyBanHs mpoHukHocti mPTP, sika
€ MITOXOH/IpiaJTbHUM KaHaJIOM, 1110 Oepe yJacTh y alonTo3i.
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M® moxe npurHiuyBati BigkputTs KaHaiay mPTP y Tppox
tunax EK, Bkimouno 3 HMEC-1, HUVEC Tta EK aoptu, 3a-
no0iraroyu 3arudesi KITUH, COPUIMHEHIl TinepriikeMieio
[54]. M® 3axumae EK Bix muchyHKILT Ta aronTo3y, 4acTKo-
BO uepe3 3HXKeHHs1 (pochopumtoBatHsg p38MAPK, iHriOy-
BaHHs uussxy mTOR, crumymoBanHst nuisixiB PI3K/Akt i
ERK1/2, a Takox ranbmyBaHHs TpaHcKpumuii TRX-B3ae-
mogitouoro 6inka (TXNIP) nusaxom inaktuBaiii ChREBP
(carbohydrate response element-binding protein) i FOXO1
[9, 55—58]. M® Takox nmpurHiuye anonto3 EK uepes pery-
nauito peuentopiB VEGFE, FABP4 (fatty acid binding protein
4) i AMPK/CREB/BDNF (cAMP response element binding/
brain-derived neurotrophic factor) [40, 59, 60].

Crapinnast EK npusBonuts no EJl i cripusie mporpecy-
BaHHIO TIOB’SI3aHUX 3 BIKOM CyTMHHUX po3afiB. CeHecleH-
mist EK xapakTepu3yeThCsl 3yTMHKOIO KJIITUHHOTO LIMKITY Ta
eKCIIpecCi€lo Mpo3arnajbHUX T'eHiB i 00YMOBIIIOETHCS OaraTh-
Ma daKTopaMu, 30KpeMa BUCOKIM piBHeM ITioko3u, ROS,
3arajJbHUMM LIUTOKiHAMM, i0Hi3yIOUMM BUIIPOMiHIOBAaHHSIM
Ta nucGyHKIE TesioMep. Bucokuii piBeHb IIOKO3U iHIY-
kye crapinag EK uepes inrioyBanns ekcrpecii SIRT1, sike
MOXHa IMOCIa0UTH 3a JOIIOMOTOIO JIiKyBaHHS MeT(HOpMi-
HoM. OCTaHHili JTli€ IIJISIXOM MOIYJISIIT HU3XiAHUX MillleHe i
SIRT1 — FOXOI1 Ta p53/p21 [40, 61]. Kpim Toro, M® Ta-
KOX TIPUTHIYyBaB CIIPUYMHEHY BUCOKMM PiBHEM TJTIOKO3U
CEHECLIEHTHY «I1aM’SITb» LLIJISIXOM MiABULLIEHHS aKTUBHOCTI
SIRT1, momymoroun SIRT1/p300/p53/p21 curHaminr [62].

Y muieit ApoE—/— teparist MeT)opMiHOM CYTTEBO
MPUTHIUYE CTapiHHS CYIUH i YTBOPEHHS aTePOCKIIEPOTUY -
HUX OJISIIIOK Yepe3 akTuBanito AMPK, 1o mpu3BoguTth 10
SIRT1/DOTI1L/H3K79me3-iHayKoBaHOi up-peryJisilii piB-
Hst SIRT3 [40]. Kanbiuudikartiist € MapkepoM 3aXBOPIOBAHHS
CcyauH i mporHoctTuyHuUM aktopoM CC3, sKi MoB’s13aHi 3i
CTapiHHAM cyAuHHOI cucteMu. [Ipumnyckaiors, 1110 MO,
nitoun yepe3 AMPK-3anexHi mexaHi3mMu, Moxe OyTH Mo-
TeHLIIHHMUM 3acO00M IJIsI JIIKyBaHHS KajabLuGiKallii CyanH
[63]. Bynu nipoBeaeHi KiliHiuHiI BUITPOOYBaHHST IJIsT OLlIHKH
noreHuiiHuX nepesar M® sk mpenapaty IMpOTU CTapiHHS,
SIKW TOJIITIIIIYE 3/I0POB’SI Ta TIOOBXYE TPUBATICTb XXUTTS.
Crnpustiusuii BruinB M® onocepeakoByeThCs Yepe3 ioro
BIUIMB Ha KJIITUHHMUN METa0O0JIi3M i € pe3yJIbTaTOM 10ro
AHTUTINEPIJIIKEeMIYHOI Aii, MiIBUILEHHS YYTJIMBOCTI 10 iHCY-
niny, 3HkeHHs OC Ta 3aXMCHOI il o0 CyaMH i (PyHKITii
eHpoTeio [64].

Ilpueniuenus npoHukHocmi eHoomeniro i NOAINUIEHHS UYi-
aicHocmi cydun. TlimBullieHa MPOHUKHICTh CyIUH BUKJIU-
Ka€ MpOTiKaHHS €HI0TENil0 Ta eKCTpaBa3allilo MOHOIIUTIB.
TTocuneHHsS MPOHUKHOCTI €HAOTENII0 CYyMPOBOIXKYETHCS
OIoCcepeIKOBaHNUM 3amnaJeHHSIM 000POTHUM OKPYTJIEHHSM
KJIITUH, YTBOPEHHSIM MiK€HIOTeJiaJIbHUX ITPOMIXKIB i aK-
TUBOBaHUM BUCOKHMM piBHEM TJTI0K031 1isixom PKC. M®
(0,1—1 MmM) 3HMKXY€E TTpoHUKHICTh cynuH B EK rosoBHoro
MO3KYy 3a pornomoroio AMPK, mo cBimunTh mpo itoro 3a-
no6iranHs po3BuTKy EJl. EHgoTenianbHUil mIiKoKamike €
BaXJIMBUM TUIIOM MaTPUKCHOI CTPYKTYPH, sIKA TTEPEIITKO/I -
JKa€ MPOHUKHOCTI cyauH. JlikyBanHst muiueii db/db MO
MNPU3BOAUTD A0 TOJIMIIeHHs 0ap’epHOi (PYHKIIIT TIiKOKa-
JIIKCY Ta 3arobirae Habpsikam y cepili Ta HUpKax MUIIEH, 1110
BKAa3y€ Ha 3HMXKEHHSI IPOHUKHOCTI cynuH. M® in vitro Ta
in vivo 3Hmkye nipoHuKHicTh EK, cTumMynboBaHy BUCOKUM

BMiCTOM TJ110K03u Ta LPS, a Takox moJiiniinye miTicHiCTh
JilereHeBoro 6ap’epa sik Ha STZ-iHayKOBaHUX Jiabe TUYHUX
MoJelsIX, TakK i Ha Mulax db/db 3a MexaHi3MOM, II0B’s13a-
HuM 3 akTrBauieto usixy LKB1/AMPK [17, 65].

BBeaeHus M@ moB’si3aHe 3i 3HUXKEHHSIM TilepIipo-
HUKHOCTI €HJOTEJIil0 JIeTeHb Ta CUCTEMHOI 3aMajbHOI pe-
akiii y muieit i3 STZ-iHnyKoBaHUM JiabeToM i moJier-
mrye MikpocyauHHY EJI U1sIXoM IIpUTHIYeHHST CUTHAJIIHTY
HIF-1a/PFNI1 (nipoginin-1), ssKkuii onmocepenkoBye Mpo-
nukHicth EK min yac miabetnunoi pernHomnarii [40, 66].
IMokazaHo, 1o momipHi 1031 M@ BUKIMKAIOTH MiABUIIIEH-
H$1 TpaHCEHIO0TeiaJbHOI PE3UCTEHTHOCTI €eHI0Te IiaJbHUX
MOHOIIIAPIB i MOCUIOIOTDH LITICHICTh CyTIUHHOTO Oap’e-
pa [67]. Llnaxom aktuBaiii AMPK i perynsuii 6anancy
okcumaHTu/aHTHoKcuaaHTh M® HiBesmtoe pyitHiBHY nit0
noJicocdary, SIKUil iHAYKYE TiMeprpoOHUKHICTS i 3arajibHi
peakuii B EK uepe3 nuisix mTOR [68].

Bnaue M® na memabonizm endomenianshux kaimu. Bimo-
Ma BaxJuBicTh EK y minTpumiii romeocTasy BCi€l cymIMHHOI
cucremu. [lokazaHo, 1o mera6osizam EK Mae BupitanbHe
3HAYEHHS IS MIATPUMKH X 310pOoBOro crany. IHimiarist ta
nporpecyBaHHs AC MOXe BUHUKATU Yepe3 TOPYILIEeHHS Me-
tabonizamy EK, sike MoxXKHA BUSIBUTH Ha paHHIX CTalisIX pO3-
BUTKY cuHApoMy. Metabosmizm EK BaxkauBuii 1151 miaTpum-
KV HOpMaJIbHOTO OOMiHY TJTIOKO3M, JITTi/IiB Ta aMiHOKHUCIIOT
[69]. Byna Bu3zHauyeHa MeTaboJIiuHa Iporpama, sika Crpusie
HaOYTTIO CTaHY CITOKOIO €HIOTEIIO i IMiIKPeCIIIoe POJIb Me-
TaboMiTiB sIK curHaibHUX Mosiekyn B EK [70]. AKTUBHICTb i
mirpamisg EK 3HIKYIOTBCS, KO MPUTHIYYIOTHCS (DEPMEHTH,
OB’ s13aHi 3 MeTaboJ1i3MOM TTI0K03U, IK-0T GOPDH i TpaH-
ckeroiasa. [TonepenHi gociimkeHHs mokasanu, 1o M®
BIUIMBAE Ha onocepeakoBanuii FABP4 enporenianbHmii Me-
Tab0i3M xupHuX kucjaoT. EK iHTepHali3yloTh XiJToMiKpo-
HU, SIKi BUKJIMKAIOTh HAKOITMYCHHSI JIITiAiB B A0pTi MUIIIEH
3 nediturom finonporeinainasu [71]. M® 3meHIye cripu-
YMHEHEe HACUYEHUMU XKUPHUMU KUCIOTAMU HAKOTTUYEHHS
JIIMiIB i 3aMayIbHY peakilito IMUIsiXxoM BigHoBIeHHs B EK aB-
todariunoro nmoroky [72]. [MokazaHo, o M® Gepe yyactb
Y peTyJIsilii TpaHCIIOPTY Tekco3u K B ondaunx EK, Tak i B
I'MKC. M® KOHTpOJIIOE TPAHCIIOPT 'eKCO3U, peBEPCYOUn
CIpUIMHEHMH INII0KO3HUM ronoayBaHHsIM ER-ctpec B EK
yepe3 AMPK-He3anexuuii mexanizm [73]. M@, GLP-1RA
ta SGLT2i € equHMMM TIpenmapaTamu, siKi 3MeHIyIoTh ER-
cTpec, CpUUYMHEHUH (hapMaKoJIOTiIYHUMU iHTEPBEHIIISIMU
abo rinepriaikeMiuHuMu ctaHamu, B EK kopoHapHoi apTepii
moanHu [44]. BaxxnuBy ponb y metadosnizmi EK Bimirpatots
apriHiH, TJIyTaMiH, JIeWIuH i BaitiH [40].

Ilpuenivenns 3ananenus ma adeesii neiikoyumis 0o em-
domeanirw. JocnimxeHHs mokazanu, 1o M® npurHiuye
anare3iro MoHouMTiB, cnpuunHeHny AGE, BruimBamouu Ha
moutekynu anresii EK. M® mpurHiuye nmposamnaibHi 3MiHU,
CMPUYMHEHI IUTOKIHAMM, 1110 MOXe OYTH OJHUM i3 Mexa-
Hi3MiB HOT0 [lii Ha CyIMHU, KPiM TilTOTJIiIKEMiYHOTO e(heKTY.
Monynsaropu/6iomapkepu 3ananeHHs, sk-ot [L-1a, IL-1p,
1L-6, IL-12, IL-15, IL-18 Ta TNF-a, a0 ansrepHATUBHUIA
npotusananbHuii tuToKiH IL-10 Ta ICAM-1 i VCAM-1,
sIKi OepyTh y4acTh y riporpecyBanHi AC, mporHosyiots CC3.
Kpim Toro, aexijiibka CUTHaJIbHUX IUISIXiB, ACOLIiIHOBaHUX 3
aktuBauieo NLRP3-iHdaamacoMm, MoB’s3aHi i3 3amaabHOI0
BiIMOBIII0 Ta TOpyIeHHSIM OiogoctynHocTi H,S [74].
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Iloniono no aktuBatopa AMPK — AICAR, sixuii mpurHi-
yye excrpecito NF-«xB, 3a ymoB inky6aiiii HUVEC 3 TNF-a
BUSIBJIEHO, 1110 M@ iHribye 3ananeHHs yepe3 AMPK-3anex-
He nipurHidyeHHs nusixy [KK/IKBo/NF-kB. Kpim npurHi-
yeHHst NF-«kB 1uisixom 6;1okanu curHaininry PI3K/Akt B EK
mimmkipHoi BeHn momrar, M® takoxk ranemye TNF-o-iHmy-
KOBaHy MpoayKiiio IL-6 Ta KiIbKOX iHIINX 3aMalbHUX MOJIe-
KYyJ1, BIITTOBINATBHUX 32 are3il0 MOHOLIMTIB 10 aKTUBOBAHUX
EK, Bkimtouno 3 MCP-1, E-cenektunom, VCAM1 ta ICAM1,
LLJISIXOM TiinBUILeHHs peryisiii Bel6, AMPK-iHaykoBaHoro
dochopmmoBanast PARP1 o Ser-177, a Takox docdopu-
moBaHH4 ricroHaeauerunasu S (HDACS) no Ser-498 [40, 75].
JlikyBaHHS1 MeT(OPMiHOM 3MEHIIIYE aAre3ito JIEHKOLUTIB CiT-
KiBKHM [76], iIHIyKOBaHYy MaJIbMIiTUHOBOIO KUCIOTOIO aare3ito
MOHOIUTIB [72] i 3HMXKY€E KITiHIYHO 3HaUYIIi BUCOKIi piBHI E/JI,
i rineprensii, cipuunHeHi CPB. [NonepenHe JikyBaHHS MeT-
(OpMiHOM 3MEHIIYE iHAYKOBAaHUI XJIOPUAOM 3ali3a TpoM0O03
y COHHUX apTepisx. M® Takoxk Moxe 3HUKYBATH MO~
HaHHs okJITTHII eHgoTeniaTbHUMU KIIITUHAMU i 3MEHIIIYE
MO/IAJIbIII CUTHAJIN 3aTTaJIEHHST, TUM CaMUM 3a1to0iratouu aji-
resii Ta iHdinbTpanii Makpodaris [77]. lonaTkoBi MexaHi3Mu
CTUMYJIBOBAaHOTO MeT(OpMiHOM aBTO(arivyHOro MOTOKY [72]
i BimHoBneHHst KIf2 (kriippel-like factor 2) [75, 78] uacTkoBO
CIIPUSIIOTh IpoTU3anaibHii gii M® B EK.

V 11ypiB i3 0KMPiHHSAM i 1iabeToM crocTepirajocs 3Ha-
YyHe 3HMKEeHHs piBHs Sestrin2 ta aktuBHOCTi AMPK, 1110
CYTPOBOJIXYBaJIOCs TiaBUILeHHAM akTuBHOCTI MTOR y
TKaHWHax cepus i aopTu. JlikyBaHHS MeT(OPMiHOM Bij-
HOBIIOBaJIO piBHi Sestrin2 i AMPK, 3HIXyBasio aKTUBHICTh
mTOR i kopuryBajio 3MiHEeHY €KCITpecito 3arajibHUX Map-
KepiB i MOJIEKYJI afare3ii y IIypiB 3 OXKMPiHHSM i 1iabeToM 10
HOpMaJIbHOTO piBHS [79].

Takum unHoM, M® MoxXe OyTH KOPUCHUM areHTOM JIIst
3anobiranHs aares3ii MmoHouuTiB 10 EK. logaTkoBi Mexa-
Hizmu Aii M@ Bk1tovyaloTh iHrioyBaHHs curHatinry LOX-1,
saxuit € BaxxauBuM MeaiatopoM EJl Ta AC. BrummBaroun Ha
inmykoBany okJITTHIII excrpecito LOX-1, M® 3MeHIiye
BHYTpiltHboKIITUHHUIA OC [39]. AHTMOKCUTAHTHA DYHK-
ist M® Takox nos’si3aHa 3 iHrioyBanHam TRAF31P2 [80].

EnireHeTU4Hi epekTn meTHopMiHy

HoBi naHi cBigyath npo emnireHeTuYHi Moaudikariii, sKi
aaificHioe M® [81]. M® moxe BIUIMBAaTU HA aKTHUBALIilO
KiJTIBKOX €eIMireHeTUYHUX MOoAU(IKaTOpiB, MEPEBaKHO Ye-
pe3 AMPK, ockinbku AMPK moxe ¢ochopuiioBaT Kijib-
Ka cyOCTpariB, BKJIIFOYHO 3 TiCTOHalleTWITpaHCchepazamu,
ricronaearerniazamu kiaacy I (HDAC) i JHK/rictonme-
TUATpaHcdepazaMu, 1O IPU3BOAUTS [0 iX iHrioyBaHHsI. MO
Takox migsuinye aktuBHicTb SIRT1 i 3axuinae EK Bin iHmy-
KOBaHOI BUCOKMM BMICTOM TJIIOKO3M «ImaM’sati» [62]. Kpim
Toro, M® 3aTpuMye ctapiHHs eHaoTeNio yepe3 AMPK-3a-
JIEXKHY peryiisiito ricroumerunrpanchepasu DOTLI, tum
caMuM nocuitioroun 3B’ s13yBaHHs H3K79me3 3 mpomoTopom
reHa SIRT3 [82]. Li emirenernyHi epektit MD niekathb B oc-
HOBI 110T0 IIMPOKOTO PETYISITOPHOTO BIUIMBY Ha €KCIIPECito
reHiB. byno mokazano, mo M® 3piiicHI0€ TIpoTU3aNaIbHY
Iit0 IUIsIXOM 3HIDKeHHs ekcripecii IP-10 (interferon gamma-
induced protein 10), MCP-1 i dochopumoBanHs NF-kB y
LPS-cTtumynvoBanux kiituHax THP1. Kpim Toro, aBropu
nomiTiu, o M® 3Hmkye ekcrpecito 1L-10 mmisixom mo-

ciabJIeHHsI 3B’ s13yBaHHsI alleTUIboBaHuX TicToHiB H3 i H4 3
npomMoTopoM reHa IP-10 y mux kinituHax [83]. Takox moBi-
JIOMJISIEThCS, 1110 M@ mipurHiuye rposidepallito Ta Mirpailiio,
a TaKOX CIPUSIE arloNTO3y KIIITUH PaKy SIEYHUKIB ILISIXOM
nocuneHHs ¢ochopunoBaHHs AMPK ta 3HM>KeHHS ekc-
nipecii kommoHeHTiB PRC2 (polycomb repressive complex 2) i
OB’s13aHOTrOo 3 MM TpuMeTuntoBaHHs H3K27 [84]. Hagekc-
npecisgs EZH2 (enhancer of Zeste homolog 2) HiBelroBaia
npotupakosy airo M®. Lleii enireHeTnuHMit epekt MD 3a-
nexuth Bin AMPK, ockinbku inrioyBanas AMPK crionykoro
C niBemoe BB M® Ha 3HmkeHHss H3K27me3. Y cBitmi
JTOKAa3iB, 1110 IEMOHCTPYIOTh aTEPOTeHHY POJIb KOMITOHEHTA
PRC2 — EZH2 i mop’s13an0ro 3 HuM H3K27me3 [85] ipu
AC, Oyne 11ikaBo, uu 3HMkKye M@ KiJIbKiCTh Ta aKTUBHiCTh
kommoHeHTiB PCR2 B EK. JlocimkeHHs B 11iii TajTy3i 10I0-
MOXYTb BUCBITJIMTU HOBUIA crioci6 aii M® Ta minBuilyoTh
MMOBIpHICTb TOTO, 1110 M® MOXe OyTH BUKOPUCTAHUI SIK
eTireHeTUYHMI TIpernapar, SIKMii Moxe BITJIMBAaTH Ha aTepo-
reHHi npouecu, BKiouHo 3 EJ1 [17].

MikpoPHK — 11e BUCOKOKOHCEpBaTHBHI MaJli HEKOJIY-
toui PHK, s1iKi 6epyTh y4acTb y MOCTTpaHCKPUIMLIiMHIN pe-
rynsanii ekcrnpecii rediB. MikpoPHK 6epyTh yaacTh y pery-
JISIiT SIK QYHKIT, TakK i nucdyHKIT eHpoTenitoo. [HaykoBaHi
niabeToM i rimepiinigeMi€elo 3amaiabHi peakilii MOCUIIOI0ThH
eKCIpecito KOHeKCHUHIB i Rho-KiHa3u HUISIXOM CeIeKTUBHO-
ro 3HVKeHHs peryiisiiii MikpoPHK-10a, -139b, -206 i -222
[40]. DocmimkenHst mokasano, mo M® a6o iHrioyBaHHs
MikpoPHK-34a nuissxom inky6aiiii 3 aHtu-mMikpoPHK-34a
nocuiioe ekcrpecito SIRT1 i mocnmabaoe nopylieHHS
aHrioreHe3y B MikpocynuHHux EK mumeit (MMEC) Ha
TJIi BUCOKOTO BMicTy rimioko3u [86]. ¥ EKII, o6pobieHnx
MetdopmiHom abo siRNA 1o mikpoPHK-221, iHrioyBaH-
Hs1 AMPK 3HumkyBao excripecito p27 i onocepeakoBaHy
AMPK aBrodariuny aktuBHicTh [87]. HaBmaku, aktuBa-
ist MikpoPHK-130a, mikpoPHK-146a i mikpoPHK-155
[88] MeTdopMiHOM cITOCTEPIra€EThCSI B €KCIIOHOBAHUX 10
naneMitaty EKIT Ta enpotenii. docnigxkenHs mikpoPHK
B EK, 110 migmaroThcs periikaTUBHOMY CTapiHHIO ITiCis
TPUBAJIOTO 3acToCyBaHHSI M@, BUSBWIO TudepeHIIialb-
Hy ekcripecito 27 mikpoPHK [89]. Tosri Hekoaytoui PHK
(IncPHK) — 11e ponnHa HeKOOyI0UNX OiIKM TPAaHCKPUIITIB,
SIKi 3aiiMaloTh OUIbIIY YaCTMHY reHomy JtoanHu. Kiibie-
Bi PHK (circPHK) € nekomyrounmu PHK, ski mmpoxko
eKCIIPECYIOThCS B €YKapioOTUUHUX KJIiTUHaxX. Bce Oinbiie
nokasziB cBiguuTh 1po te, 1o IncPHK [90] i circPHK [91,
92] perynotoTh (PyHKIIIi eHIoTe 0, Tofi K posib tux PHK
y 3axucHoMy edekti MD Ha EK 3anuinaeTbes 1e HesiCHO.

Bnaue memgpopminy na mimoxondpianvHy ounamixy. Mi-
TOXOH/PIl € KPUTUYHO BaKJIMBUMU iHTETPATOPHUMU 1IEH-
TpaMH, sIKi OepyTh y4acTh y TPAHCAYKIIil CUTHAIIB, TIPO-
nykuii eHeprii, reHepauii ROS ta amonTosi. OtrpuMani naHi
MiAKPEeCANIN BaxKJMBICTh AMHAMiK1, OCOOJIMBO 3IUTTSI
Ta MOIiy MiTOXOHIpii B ix roMmeoctasi [93]. B EK Ginbiu
(bparMeHTOBaHI CTPYKTYpH, BUKJIMKAHI MOIIIOM, TTOB’sI3aHi
3 MITOXOHApialbHOIO AuchyHKIiE, o cupusie EI [94].
[Tonin MiTOXOHAPIH iHIIIFOETHCS, KOJIU OIJIOK, TIOB’I3aHMI1 3
nuHamiHoM (Drpl, Dynamin-related protein 1), muro3onbpHa
ryaHo3uH-5’-tpucocdarasa, 38’s3yeThest 3 Fisl (fission 1)
abo mitoxoHapianbHUM ¢dakTopoM aineHHss (MFF) [93].
M® nipurniuye nporpecyBanHst AC yepe3 iHriOyBaHHsI 010~
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cepenkoBaHoro Drpl mominy MiToXOHApiit y DiaOeTMIHMX
ApoE—/— muineit. Takoxk M® Moxe CrIpusiTi MiTOXOHAPi-
anpbHOMY OioreHe3y nursixoMm aktuBauii AMPK ta ingykuii
PGCla y HUVEC [40]. JlikyBaHHSI MeT(OPMiHOM TTOMIT-
HO 3MEHIIyBajio ¢pparMeHTalIlil0 MiTOXOHIpili, TaJbMyBajIo
BUBIJIbHEHHSI CYTIEPOKCULY B MiTOXOHAPIsIX, MOJIIIIIYBAJIO
E3B, npurHiuyBajo 3anajieHHs CyJIWH i aTepOCKICPOTUYHI
ypaxeHHs y muieit ApoE2/2 3 niabetom, innykoBanum STZ.
B EK'y cepenosuilli 3 BUCOKMM BMICTOM IJTIOKO3U JIIKYBaHHS
MeT(OpMiHOM i aileHOBipyCHA HaAeKCIIPeCisd KOHCTUTYTUBHO
akTuBHOI AMPK 3HMXyBanu peryssiito MiTOXOHIpiaab-
HOTIO CYMepOKCHIy Ta 3arobiraau parMeHTalii opraHes.
[HriGiTop mominy mMiToXoHApiii-1, ceNeKTUBHUI iHTIOITOP
Drpl, yepe3 aktuBalito AMPK 3MmeHIyBaB ¢pparmeHTa-
miro MitoxoHapiii, mocaadmosaB OC i EJI, mpurHivyBas 3a-
nayieHHs Ta po3BUTOK AC y fiaGeTMUHUX MUIIEH IILISIXOM
raJibMyBaHHSI orocepenkoBaHoro Drpl mominy MiTOXOHIpiii.
TTpurHidyeHHs IOy MITOXOH/IPIii Ta CIIPUSIHHS 1X 3JIUTTIO
MO3UTUBHO BIUIMBAa€E Ha yHKIioHyBaHHS EK, cTaHOBUTH
MOTeHUIMHWI TepaneBTUYHUI minxin misg xpopux Ha LI i3
CC3 i € ranyssio, sika MoTpedye MoAaIbIIOro BUBYEHHS [95].

M®D i asmogpacis. 3nmkeHa aktuHicth AMPK i cripu-
YMHEHe MM TopylleHHs aBrodarii moB’s3aHi 3 AC. [Ticist
iHKyOallii 3 BUCOKMM BMIiCTOM TIJ1toKo3u (25 MM), a moTim 3
0,4 MM nanbmitaty EK aoptu JtonMHU NpoaeMOHCTpyBa-
JIM 3HMXKeHHs akTuBHOCTI AMPK, nopyiieHHst aBrogarii,
CXUJIBHICTB 10 artONTO3Y Ta MOCUJIEHHS a/ire3ii MOHOLUTIB 10
EK. Lli edhekT ycyBaroThCsl aKTUBATOPOM aBTOarii pamnami-
HoM i akTuBatopamu AMPK (AICAR, A769662 i peHdop-
miH). Otxe, aktuBauis AMPK B EK moxe 3ano6irtu iHmy-
KOBaHOMY IIIOKO3010 Ta najbMiTaToM po3’enHaHHI0 AMPK i
aBTodarii [96]. Beenenns M® in vivo muiiam ApoE—/— tipu-
3BeJI0 10 3HAYHOI'0 3MEHILIEHHSI Ta cTabiIi3allii aTepocKiIepo-
TUYHUX OJISIIIOK, TTOB’SI3aHMX 31 30i/IBIIEHHSIM BMiCTY KJTITUH
[JIAJIKOT MYCKYJIaTypHY Ta KOJIATeHY, a TAKOX 3HWKEHHSIM BMiC-
Ty Makpodaris [94]. JlikyBanHsT M® TakoX iHIYKy€E aBTO-
arito mutsixom 3mentieHHsT SQSTM (sequestosome 1)/p62
i mocusieHHs posuierieHHs GFP-LC3 no BinbHOoro GFP
y tpaHcreHHux mutieit GFP-LC3. V kynsruBoBanux EK
2-JIeHHE JIiKyBaHHSI MeT(POPMiHOM TTOC/IabJII0OE aAre3ito Mo-
HouuTiB 10 TNF-a-aktuBoBanux EK yepe3 npurHiueHHs
ICAMI1 i VCAMI. IIpote 3axucHi edexkTn, onocepenkoBaHi
MO, 6ynu HiBeJIbOBaHi iHriOyBaHHSIM aBTO(arii 3a 4010~
Moro ornocepeakoBaHoro siRNA BucHaxkeHHst Atg7 [97].
3anuiaeTbes 3’scyBati, uu 6epe yuactb AMPK B inmykiiii
orocepenkoBaHoi MmeTopmiHom aBrodarii B EK.

M®D i endomenianvhi knimunu-nonepeonuxu (EKIT). He-
3BaXKalouM Ha noBeAeHUN 3axucHuil epext M®D 1omo eH-
JOTEJIiI0 CYIMH, TOCIIIKEHHSI, 1110 BUBYAJIM MOTO BIUIUB Ha
EKII, oomexeHi. 3aBIOsIKM 31aTHOCTI IO BiZHOBJICHHS T10-
mromkeHnx EK EKII cranyu HOBUMM MillIeHSIMU TSI JTIKY-
BaHHSI cynuHHUX 3axBopioBaHb. EKII, 1110 moxonsTs i3 KicT-
KOBOTO MO3KY i LIMPKYJIIOIOTH Y NepudepuyHiii KpoBi, MalOTh
3naTHICTh 10 nudepenmialii y EK i cekpellii aHrioreHHMX
(akTOopiB pocTy Ta IMTOKIHIB. BBaxkaeTncs, mo EKII 6epyTh
y4acTb y Mpolecax BiTHOBJIEHHS CYAMH ILISIXOM iX BKJIIO-
YEHHSI B YIIKOIKEHMI eHI0TeJili Ta mapaKpUHHOI aKTHUBAILIil
pereHepaTuBHUX pe3uneHTHUX EK [98]. [Hmi gocimkeHHs
MoKa3yioTh, 1110 EKII Takox MatoTh aBTOKpUHHY (DYHKIIIO,
sIKa 3/1IMCHIOETHCS Yepe3 PETYIISLI0 CUTHATBbHUX HUISIXIB, 1110

Bkouaoth Akt, NF-kB, STAT i Notch [99]. Onucano aBi
ocHoBHi cyonomnyJsuii EKIT — panHi Ta mizHi. IcHye rinore-
3a, 1110 OOMABI CyOITOMyJISILIii BilirpaloTh CUHEPIeTUYHY POJIb
Y BiIHOBJICHHI cynuH. BBaxaetncs, 1o panHi EKIT 6epyTtb
y4acTb y BiTHOBJIEHHI CyAMH Yepe3 NapakKpUHHY PeryJisiiiio
HeoBackyssipu3aitii, a misHi EKIT pearytoTs Ha mapakpuHHi
CUTHAJIY, 110 BUILISIOThCS JeiikouuTamu Ta paHHiMu EKII,
i BOYIOBYIOThCS B MiCLie IOLIKOKEeHHs [98].

HasiBHi maHi cBiqyaTh MPO y4yacTh OiJbIIEe HiXK OTHI€L
cyonomysuii EKIT y maTtorenesi giabeTy Ta iioro yckiamu-
HeHb. JocnimxkenHst panHix EKIT nmpoanemoHcTpyBanu
30ibIIEHHS KiJIbKOCTi CTapilouuX KJIITUH Y XBOPUX Ha Jli-
aber, i 11e KOpeJIoBaJIo 3 MiIBULIEHUMHU PiBHSIMU €HIIOTeH-
HuX iHribiTopiB eNOS — acMMeTpUYHOro TUMETUIaPTiHiHY
Ta guMeTuiaapriHingumeruiaaMminorigponasu [100]. Kpim
TOro, OyJIO IMOKa3aHo, 1110 TaKi (hyHKIIOHAJbHi BIaCTUBO-
CTi, 5K TpoJidepaliist Ta Mirpatisi, mopyuryiotbcs B EKII,
BUIiIeHUX Bif naiieHTiB i3 LI/12. baratodakropHa Tepartist
Mali€HTIB 3 1iabeToM, 1110 BKJIIOUYAE 3MiHY CIIOCOOY XKUTTS
pa3oM i3 JIiKyBaHHSIM [JIiKeMil, AUCIITiAeMii, apTepiaibHOro
TUCKY i TpoM0OO3y, 30iIblIyBana KiabKicTh paHHix EKII.
Excnosuist 3mopoBux mizHix EKII o migBuieHux piBHIB
[JIIOKO3U TIPU3BOAMIIA 10 MOopylIeHHs ¢hochOopuIoBaHHS
eNOS i sHmxenHs redepaitii NO. /1o Toro k 0yj10 mokazaHo
nopyieHHst mo6inizaiii CD34+KDR+ EKII y xBopux Ha
L, s i 3HmkeHHs KinbkocTi CD133+/KDR+ EKII ta
CD34+KDR+ EKII mipu LIJI2 i iioro 3B’30K i3 pu3uKOM
3aXBOPIOBAHHS MepUDEPUIHUX CYIMH. Y TinepriaikeMiyHuX
yMoBax KyJabsTuByBaHHs 3n0poBux CD34+/KDR+ EKII
yrBopeHHs1 NO i mirpattist KJ1iThH rajibmytoTthcest. Li mokazu
cBimuath, 110 EKII y cBoix BapiaGeIbHUX MiATUIIAX Bidirpa-
I0Th BaXKJIMBY POJIb y MatoreHesi giadery [5].

3natHicTb EK 10 camoBigHOBeHHST ooMmexkeHa, i EKIT,
SIKi IUPKYJTIOIOTH Y KPOBI, BilirpaloTh BasKJINBY POJIb Y Bill-
HoBisieHHI eHpoTeito. Otxke, EKII € miteHssMu 1t Takux
npermnaparis, IK M@, gKi NOTeHLITHO MOXYTb MiIBULLIATA
iX 3IaTHICTb A0 BiIHOBJEHHS. BiZKpUTTSI LIUPKYIIO0OUNX
EKII nokazajo, 1110 HeoBacKyJsipu3allis He 000B’sI3KOBO
3anexuts Bin EK y TkaHuHi. [cHye 3HauHUi iHTEpec 1o poJti
EKII y po3Butky LI/l Ta 10 TOro, 41 Moxe TapreTyBaHHs Ta
saxuct EKII y miabeTuaHOMy cepemoBuIli OyTH IepCreK-
TUBHMM MiIXOA0M JIJII KOMITEHcallii HEraTUBHOTO BILIUBY
niabeTy Ha cepleBO-CyaMHHY DyHKIIio [5, 40].

JlikyBanHst M® 3HaYHO MOCWITIOE TH(EPEHIIIFOBAHHS
EKII in vitro i y muinieii 3 niabetom. B ocHOBi MexaHi3My Je-
KUTh ocwieHHs hochopuntoBanHss AMPK, eNOS, nipo-
nykiii NO, excrnpecii LC3, a TakoX 3HUXEHHS eKCIpecii
mTOR, p70S6K, TGF-B, MMP-2 i MMP-9. Kpim Toro,
BriuB M® Ha nonermennst nucdyHkuii EKIT ormocepen-
KoBYyeThcs nekinbkoma MikpoPHK, sk-ot mikpoPHK-130a/
PTEN (phosphatase and tensin homolog) i MikpoPHK-221/
p27 [40, 49, 87].

Y KIiHIYHUX TOCTIIKEHHSIX OYJIO BCTAHOBJIEHO, 1110 M@
TOJIMIIYE KiTbKicTb i pyHKito paHHix EKII y maitieHTiB 3 mi-
abetom. EKII Oy 3armpornoHoBaHi SIK MapKepy BiTHOBJICH-
HSI CyIVH, a upKymotodi EK — sk Mapkepy MOIIKOMKEHHST
cynuH y nanieHTiB i3 LIJ11, i € maHi, 1110 ikyBaHHSI MeT(OpMi-
HOM KOpPHUTYE 11i piBHi. TakoxK OyJ10 IIpoaeMOHCTPOBAHO, 110
M® monimniiye SIK aAre3uBHi BJIACTUBOCTI MPOAHTiOTeHHUX
EKITI, Tak i 3maTHicTh 10 XoMiHTy 1tupKy/otounx EKII, He-
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3aJICKHO Bill KOHTPOJIIO IIiKeMii. BBaxkaeThbes, 110 11e 1mo-
JIinmmeHHs nos’sa3ade 3i 3HmkeHHsaIM OC Ta miaBUILEHHAM
KOHIIEHTpallii CyIlepoKCUAAMCMYyTa3u B Tu1a3Mi [40].

Ha TBaprHHUX MOJIEIISIX TaKOX OYII0 BUSIBIIEHO, 1110 M®D
nosinmye dyHkuito Ta nokasHuku EKII [49]. Ha mone-
i mumeit 3 L1 Oyno moka3aHo, IO KiJIbKicTh Sca-1+,
Flk-1+ EKII 3HuxyBanacs i 1o jgikyBaHHS M® 3Ha4yHO
301IBIIYBAJIO KUJIBKICTh KJIITHH, MOJIIIIIYBAJIO aHTiOTeHE3
Ta 3aKpUTTS paH in vivo [49]. Kpim toro, nikyBanHss MPD
npotsiroM 14 gHiB mocumosaio gochopmmoBanas AMPK,
eNOS i reneparttito NO B EKII tBapun 3 niabetom. EKIT
KiCTKOBOTO MO3KY KYJIbTUBYBAJIM B CEPEIOBUIIL 3 BUCOKUM
BMicTOM TJTI0KO3U Ta M@ TipoTsirom 24 rofuH i MopiBHIO-
BaJI 3 KOHTPOJIbHUMU KJITUHAMU, KYJIbTUBOBAHUMU B Ce-
penoBullli 3 HOpPMaJIbHUM BMICTOM TJI0KO3U. BusiBuiu, 1o
M® innykysaB pochopunoBanust AMPK, eNOS i npo-
aykiito NO i mo mi edbexTu Oynu iHrioosati crosrykoro C,
1o cBiguuTh npo ydyactb eNOS/AMPK y cipusitinBomy
BrutnBi M® na EKII. Takox BusiBUIU, 110 JTiKyBaHHSI M®D
MOJIITIIIYE 3aKPUTTS paH i YTBOPEHHS KamispiB in vivo.
Kinpkicts Sca-1+, Flk-1+ EKII kicTkoBOoro Mo3ky oOya
3HuXeHa y db/db muiieit 3 1iabeToM i OXXUPiHHSM, a Jii-
KyBaHH M® 4acTKOBO BimHOBWJIO 1Ieit moka3HuK [101].
M® noniniryBaB 31aTHICTh 10 (hOpMyBaHHS TPYOOK, 301/1b-
mryBaB yTBopeHHs NO Ta 3HMXKYBaB BHYTPIILIHbOKJIITUHHY

KOHIIEHTpAllifo KMCHIO Ta TpoMOocronauny-1 (TSP-1) B
i3oboBaHux EKII.

ExcnepuMenTH in vitro okasaiu, 110 JiKyBaHHS ITi3HiX
EKIIT meTdopmiHOM TTPU3BOIUTH 10 TTOCUJIEHHS €KCITpecii
CD31 i vWE, dochopunroBanHs eNOS i AMPK, npoayxkitii
NO, a takox o 3HuxeHHs ekcripecii mTOR i pochopu-
moBaHHs p70S6K. Kpim Toro, nikyBaHHS 3M0pPOBHX IMTi3HIiX
EKII meTdopmiHOM mpoTsIroMm 24 ToouH 3HIXKYBAJIO €KC-
TMpecito MaTPUKCHUX MeTaIoNpoTeiHas3-2 i -9 i rabmyBaio
mirparito EKII [102]. 3aragom 11i pe3yasTaTi BKa3yloTh Ha
kopucTth Aii M@ mono EKIT i mominiieHHs BigHOBIEHHS
cynuH npu niabeti. TapreTyBaHHs 3aXMCHMX Ta perapaTuB-
HMX BJIaCTUBOCTEM IUX KIITHH MOXe OyTH TeparieBTHYHUM
MiaXoa0M JJis1 3aMo0iraHHs CyTMHHUM YCKJIaTHEHHSIM,
MOB’I3aHUM 3 1iabeToM, a00 iX OOMEKEeHHSI.

Endomenianvro-mesenximanvruit nepexio (EK-EMIT) i EJI.
EK-EMII € Hag3BuuaitHO CKIagHUM IaTo(i3ioqorivHuM
npouecom, min yac sikoro EK BTpauators cBoi criermdivni
MapKepu Ta Ha0yBalOTh (DEHOTUITIB Me3eHXiMaJIbHUX KJIITUH
abo miodidbpobacTiB. Bucoki piBHI IJIIOKO3M iHAYKYIOTh
EK-EMIT yepe3 ERK, Smad2/3, NOD2 (nucleotide-binding
oligomerization domain-containing protein 2), ROCKI1 (rho-
associated, coiled-coil-containing protein kinase 1) i cupoBar-
koBuii pakrop Binnosiai B EK kiybouka, 1110 Ipu3BOIUTD 10
30iTbIIIEHHST €KCITpeCii ME3eHXiMaJIbBHUX MapKepiB y Pi3HUX
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PucyHok 1. Ponb eHgoTenianbHoi auceyHKUii npu giaberi Ta vioro cepLeBo-CyANHHUX YCK1aAHEHHSIX

TMpuMiTKN: rinepriikemiss € OCHOBHOKO Ta 3arasibHOK XapakTeEPUCTUKOIO [iabeTy i ioro cepLeBo-CyANHHUX YCKNaaHEHb, BKITHOY-
HO 3 PE3UCTEHTHICTIO [0 IHCY/IiHY Ta KONMBaHHAMM PiBHS r7toKo3u. inepriikemiss cripuunHse eHgoTeniasnbHy AUCEYHKUIo 3a
LOMOMOro pidHNX MEXaHI3MIB, IK-0T: 1) 3HmkeHHs1 6iogocTynHocTi NO Ta 36inbLUeHHS CeKpeLii BA30OKOHCTPUKTOPIB, HarnpyKias
ET-1 1a Ang II; 2) nigeuiyerHs pisHa MGO/AGE/RAGE; 3) nocuneHHs1 3anasnbHoi peakuii, Ha sIKy TakoX BrinBarOTb MOCUIIEHI
roKTyauii rnKko3un; 4) NOCUNeHHsI OKUCHIOBASIbHOrO CTPECY; 5) NOpPYLLUEHHST eHAoTeNianbHOro rmikokasikey; 6) enireHeTnyHi
3miHn piBHs geskmux mMikpoPHK ta IncRNA. EHgoTenianbHa AMCehyHKLIA BifOBpaxaeTbCa B Takux acriektax: 1) 3MeHLLeHHs Ba-
3oaunaradii i NocuneHHs Ba30KOHCTPUKLIT, MOPYLLIEHHS CYAMHHOro roMeocTtasay; 2) nigByLLEeHHs afaresii Ta mirpadii nevikoymTis,
arperadjii TpomM60oUMTIB; 3) MOCUIEHHSI MOLLKOLXKEHHS/arnonTo3y eHpoTenianbHuxX KituH; 4) ctumynsyis npouecy EndoMT; 5) no-
CUJIEHHS] CTapiHHS eHAOoTENI0; 6) NiABULLEHHS NPOHUKHOCTI €eHAOTEMIabHUX KIITUH.

CkopoyeHHsi: Ang Il, aHrioteH3uH Il; EndoMT, eHgoTenianbHo-Me3eHXxiManbHuvi nepexig, ET-1, eHgotenin 1; MGO, metunri-
okcasib;, miRNA, mMikpoPHK; NF-kB, spepHwmi ¢paktop kappa-B; PARP, noni-AL®-pnbo3o-ronimepasa; Akt, Takox Bigoma siK
PKB, npoteiHkiHasa B; RAGE, peuentop ansi AGEs; SIRT1, sirtuin 1. 3a Ding et al., 2021 [40].
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tumnax EK [103]. OrpumaHni maHi cBimgats 1po Te, mo EK-
EMII € BaxxJMBOIO JTaHKOIO Y B3aEMO/il MiX 3aMaJieHHSIM
i EJl. 3aBasgkuy mpoMy Mpoliecy pi3Hi MemiaTopu 3aIajeHHs
akTuByoTh EK Ta mepeTBopioroTh iX Ha KJIITUHU, MOAiIOHI 10
Me3eHXiManbHuX. PakTopamu, 3aydeHUMM JI0 LIi€l peakilii,
e IL-1pB, TNF-a, NF-kB Ta ennorokcunu. Ha nomaTtok mo
3arajieHHs Ta rinepriaikeMii Tirnokcis, IUCimiaeMisi, Mikpo-
PHK i IncRNA [104] Ta inmi aHomaJtii 1moB’s13aHi 3 iHoyK-
niero EK-EMII, axwii € npaiiBepom naroreHesy AC, acolli-
MOBaHOTIO 3 1iabeTOM peMOeII0BaHHs MioKapa, JereHeBO1
rinepreHsii Toio. BUBUEHHSI BILUIMBY pi3HUX MOJIEJICH MTOTO-
ky Ha EK-EMII B EK cBimuuTth mpo Te, 1110 hapmaxkosaoriuHa
akTtuBawists AMPK a6o SIRT1 moxke mocimadbutu nepexin,
iHAYKOBaHUI OCLIMISITOPHUM CTpecOM 3cyBY. CIpUSTIMBUIA
tepareBTuuHmii epekT M® Ha AC Moxke OyTH 4aCTKOBO OITO-
cepenxkoBaHuii iHrioyBaHHsaM EK-EMII y cynunHil cuctemi.
Excnpecia Klif4 (Kriippel-like factor 4), ocHOBHOTO TpaH-
CKPUIILIITHOTO (paKTOpa, IKUi1 3MiiICHIOE 3aXUCT EHIOTENiI0
i MiATPUMKY CYAMHHOI'O TOMEOCTa3y, i X0JIeCTepuH-25-Tin-
poxkcuiiazu (Ch25h) 3HUXKYETbCS] IPU BUCOKOMY PiBHIi IJTIO-
Ko3u, Toni Ik M® moxe migBulyBaTu ekcripecito Kif4 i
Ch25h, mpurniuyioun EK-EMIT [40].

Mis M® na inwi kinazu i mpanckpunuyiiini pakmopu. LKB1
€ ofiHi€I0 3 BUCXinHUX KiHa3 mono AMPK. M® nocuiioe
dochopumoBants LKB1 o Serd428 i ii momaibImii eKCIopT
3 si7ipa y 1IMTO30J]b, & TaKOX 30iblIye acolialito AMPK/

LKBI1 B EK. Takoxx M® BIiMBa€ Ha akTUBHICTh iHIITNX Ki-
Ha3. Tak, M® 3axumiae EK Big anmonTo3y ta auchyHKIIi,
cnpuunHeHnx B2KK, yacTkoBo nuisixoM 3MeHIIeHHs ¢Goc-
dopumoBants p38MAPK. THribytoui echektnt MD 1iomo p38
3anexatb Bin AMPK, ockinbku npurtiuenssst AMPK criony-
koto C HiBemoe 11i edektu [40]. MD mpurHivye GasaibHe,
a TakoX VEGF-inaykoBane ochopunoBanuss ERK1/2
AMPK-3anexuum criocodoM [105]. M® Takoxk MOMYITIOE
€KCITPEeCiio TeHiB, BIUIMBAIOYM HA YMCEHHI TPAHCKPUITLIi-
Hi pakTopu, ssk-ot PPARS, ChREBP, FOXO1 (forkhead
box O1), p53 i NF-xB. 3okpema, PPARS Mae BupimanbHe
3HAUEHHSI /11 OITOCEePEAKOBAHUX MET(POPMIHOM 3aXUCHUX
edexriB npotu ER-ctpecy, OC Ta EJI, BUk1MkaHoi BUCO-
KoxupoBolo gietoro [42]. B EK M® Takox 3HUXYE iHIy-
KOBaHy Imioko3010 aktuBaiio TXNIP nosaxom 3HIKeHHST
tpaHcrioptry ChREBP i FOXO1 B simpo Ta ix 3B’s13yBaHHS 3
npomotopoM TXNIP. Lleit epekT OyB HiBeTLOBAHUI MPU-
rHiveHHsSIM AMPK. M® Takox 10303a/1e3KHO TTPUTHIUYE iH-
nykoBany TNF-o akruBarito cyoonuHuib p65 i p50 NF-kB
y HUVEC. lleii edpext HiBenoBaBcs siRNA AMPK, o
Bkazye Ha AMPK-3anexHy npotusanainbhy airo M®. Kpim
toro, M® nipurHiuye iHayKOBaHe rinepriikeMi€lo eHI0Tei-
ajibHe cTapiHHs Ta armonTo3 yepe3 SIRT1 [40, 61], ranbMyto-
Yy TaKuM YMHOM auetuinoBaHHsa FOXO1 i p53.

Pesynbratn HaBemeHUX MOCIIIKEHb IMTiJICYMOBaHI Ha
puc. 1 1a2.

Metformin
via LKB1/AMPK and other targets

I NO & JeNOS uncoupling

| Inflammation & :
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| | | Oxidative stress
| v PPARS 1 | :
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|| E-soecin’ ER stress | | Senescence ;
L6 | mTOR | | : :
| MCP1 | FOXO1, ChREBP | : :
BCLS, PARP1.p 1 PI3K-Akt 1 FOXO03 1 Glycocalyx * H : H
HDACS-p, KLF2 ¢ eNOS-p (S1177) ¢ TRX 7, TXNIP | Fenestration * I - | ‘ Death & ApOplOSIS E
|| ch2sh, KLF4 1 eNOS, HSP90 * DOT1L/H3K79me3 1 Autophagic flux 1 | ' :
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PucyHok 2. 3axucHi epektn M® wono eHpgorenianbHoi aucpyHKUii Ta it MONeKynapHUX MilleHen

Mpumitkn: M® nocnaboe eHgoTeniansHy ANCEYHKLIO 3a JOMOMOIrow Takux Mexariamis: 1) nigsuiyeHHs npogykuii NO Ta iH-
rieyBaHHs po3’egHaHHs1 eNOS; 2) iHri6yBaHHS 3ananeHHs T1a aaresii nevikoynTie 40 eHaoTenianbHUX KiTuH, 3) iHribyBaHHs OKuc-
Horo ctpecy; 4) iHribyBaHHs1 CTapiHHS eHgoTesnianbHUX KiTuH; 5) 3anobiraHHs 3arnéesni eHgoTenianbHuX KiTUH Ta anonrosy;
6) npurHideHHs EndoMT; 7) npurHideHHs1 MpOHMKHOCTI eHgoTenito; 8) niasuiyeHHs augepenuitoaHHs ETK. Lli gpapmakonorivyri
epektn M® susinanucs yepes LKB1/AMPK ta AMPK-He3anexHi MiLLeHi.

CkopoyeHHsi: BDNF, HevipoTpogiuHmii gpakTop Mo3ky; ERK, kiHasa, perynboBaHa no3aknitmHHumu curHanamu; EPC, eHgote-
nianeHi KnitnHu-nonepegHnkn; EndoMT, eHgoTenianbsHo-Me3eHximanbHui nepexig; H3K79me3, rictoH-H3-nisvnH-79-TpyumeTn-
nosaHHs; HDACS5-p, ¢oocchopuntoBarHs rictoHpeavetunasv 5; HIF-1a, iHgykosaHwii rinokcieto ¢paktop-1 anbgpa; LOX-1, nek-
TUHOMOZIGHWMI okncHeHwVi peyentop LDL 1; LKB1, neuiHkoBa kiHasa B1; mTOR, miweHb panamiyvHy ans ccasuyis; MnSOD,
mapraHuyesa cynepokcuganemytasa; MMP, matpukcHi metanonpoteiHasu, mPTP, nepexigHa rnopa MITOXOHApIanbHOI npo-
HukHocTi; MAPK, mitoreH-aktnBoBaHa npoteiHkiHasa; MCP1, xemoaTpakTaHTHui 6inok moHouwTie-1; MiR, mikpoPHK; NF-kB,
anepHui ghakTop kanna-B; oxLDL, okvcHeHwvi ninonpoTteiH Hu3bkoi LwinbHocTi; PGC1a, koakTuBaTop peyernropa ramMmma, aKtu-
BoBaHwv riposichepatopom nepokeucom 1a; PISK, gpocpatvanninoauton-3-kiHaza; PARP1-p, gpocchopuntoBarHs noni-AQD-pu-
6ononimepasn 1; PFN1, npoginiH-1; PTEN, romonor ¢pocgpatasu ta teH3nHy; ROS, aktusHi ¢popmu kucHio; SIRT1, sirtuin 1;
TRAF3IP2, 6inok 2, o B3aemogie 3 TRAF3; TRX, tiopegokcuH; TXNIP, TRX-B3aemogito4ni 6inok. 3a Ding et al., 2021 [40].

Tom 20, N2 3, 2024 www.mif-ua.com, https://iej.zaslavsky.com.ua 73



Oragp, / Review

skl

BucHoBkuU

linepraikeMist MIKiIJIWBO BIUIMBAE HA CEPLIEBO-CYIMH-
HY CHCTEMY, BOHA € MPUUYUHOIO MiKPOCYJAUHHUX 3aXBOPIO-
BaHb i TICHO TOB’s13aHa 3 BUHUKHEHHSIM MaKpOCYIMHHUX
3axBopioBaHb. LlIKinauBi OioxiMiuHi MeXaHi3MU Tilepri-
KeMii TOoB’s13aHi 3 ABUIIEM iHCYJIiIHOPE3UCTeHTHOCTI. MDD
3HuXKye 1P, a oTXe, 3niliCHIOE aHTUTINEPIIiKEMiYHUNI Ta
IHCYJIIHO3HMKYBaIbHUI edekT y nawieHTis 3 L[[12. MO,
SIK TiMTOJTiMiAeMiuyHi CTaTMHU, TAaKOX 3MiMCHIOE T10IaTKO-
BUI CIIPUSATIAUBUI MIEHOTPONMHUIM, MPOTU3ATIAIbHUNI Ta
AHTMOKCUIAHTHUIA BILUTMB HA CYIMHHY CUCTEMY, OKPiM H1OTO
TiMoJIinigeMiyHoi i aHTurinepriaikemMidyHoi aii. OCHOBHUM
€ BB M@ Ha eHpoTeialbHy TUCOYHKIIIO, OCKIIBKHI
LUTICHICTD i PYHKIIOHATBHICTb EHAOTEi0 € KPUTUYHUM i
JIOBFOCTPOKOBUM (DaKTOPOM 3[0POB’Sl CYIMH, a OTXe, BU-
HUKHEHHS CeplieBO-CyIMHHUX 3aXBOPIOBaHb.

M®O® mae nyxe MpocTy XiMidyHY CTPYKTYpY, a 1ie O3Ha-
yae, 1110 po3poOKa HOBUX areHTiB 3 MOAiOHMMU abo Kpa-
IIIMMM BJIACTUBOCTSIMM Ta Me€XaHi3MaMMU Jii MaJO#MOBipHa,
TOMY Y MaiiOyTHbOMY BapTO pO3paxoByBaTW Ha BUKOPHU-
CTaHHS JaHMX (apMaKOKiHETUKM, (hapMaKOIMHAMIKU Ta
TepareBTUYHOTO TapreTyBaHHS IJIs PO3KPUTTSI IOBHOTO
TepareBTUYHOro noreHuianry M®. Lleii miaxia HellogaBHO
OyJ10 MPOJEMOHCTPOBAHO Ha MpuKiaai rnpenapaty M® 3
YIOBIIbHEHUM BUBIJIBHEHHSM, SIKW i€ Y TUCTATLHOMY
BilIii KUIIEYHMKA Ta BUSIBJISIE KUIIIKOBY TOPMOHO3aJIEX -
Hy aHTUTinepriikeMiuny fito. Kinbka BaXJInBUX KiiaciB
npenaparis, SKi ILIMPOKOMACIITAOHO BUKOPUCTOBYIOTHCS
IS JTIKyBaHHSI TillepIrilikeMii, BUSIBUIN CepiO3Hi HeOaKaHi
edeKTH, SIK-0T TIepeJIOMU KiCTOK, ceplieBa HEI0CTaTHICTh,
aMIIyTallii majbliiB, MOB’sI3aHi i3 3aCTOCYBAHHSIM JIESIKUX
inri6iTopiB SGLT2 [106]. [TpakTMYHO He iCHYE TPUXOBAHUX
HebaxxaHuX edekTiB mig MP, ToMy BiH Ma€ OTeHLIIA I
3a0e31eueHHs e(peKTUBHOTO Ta OE3IIeYHOTO JiKyBaHHS Ti-
nepriikemii y MailOyTHbOMY, 0COOJIMBO Yepe3 CIIPUSITIAUBUI
BIUIUB Ha CepLEBO-CYAMHHI 3aXBOPIOBAHHS, BKJIIOUHO 3
eHjoTellaJIbHOIO AuchyHKLiEo [17].

KondumikT inTepeciB. ABTOpH 3as1BJISIIOTH PO BiJICYTHICTb
KOHIIIKTY iHTepeciB Ta BlIacHOI (DiHaHCOBOI 3alliKaBJIeHO-
CTi IIpY MiATOTOBII JaHOI CTATTi.

Buecoxk aBtopiB. TpoHbko M./I. — inest poGoTH Ta KOH-
cynbralii ipu penaryBaHHi ctatTi; CokonoBa A.M., [Tymi-
kapboB B.B., Cokonona JI.K., [TymkaproB B.M. — anai3
JIiTepaTypHUX JKepeJl i HamyucaHHs TEKCTY, MiAroTOBKa 10
nyoJtikalii Ta nmepexian pesome.
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Pathogenetic basis of treating endothelial dysfunction
with metformin in patients with diabetes
(literature review and own data)

Abstract. Cardiovascular disorders are one of the leading causes of
mortality and morbidity worldwide, and their likelihood increases
with the addition of risk factors such as sedentary lifestyle, diabetes,
obesity, hyperlipidemia, and hypertension. Elevated blood sugar
levels can lead to oxidative stress, dyslipidemia, and endothelial
dysfunction, culminating in increased cardiovascular risk. Hyper-
glycemia adversely affects the cardiovascular system, it is a cause of
micro- and macrovascular diseases. Harmful biochemical mecha-
nisms of hyperglycemia are associated with the phenomenon of
insulin resistance. Metformin (MF) reduces insulin resistance and,
therefore, exerts an antihyperglycemic and insulin-lowering effect
in patients with type 2 diabetes. MF, like hypolipidemic statins,
also has an additional beneficial pleiotropic, anti-inflammatory
and antioxidant effect on the vascular system, in addition to its hy-
polipidemic and antihyperglycemic effects. Primary is the effect of
MF on endothelial dysfunction, as endothelial integrity is a critical

long-term determinant of vascular health and, therefore, the oc-
currence of cardiovascular disease. MF has a very simple chemical
structure. The simple structure means that the development of new
agents with similar or better properties and mechanisms of action
is unlikely, so future use of pharmacokinetic, pharmacodynamic
and therapeutic targeting data should be expected to unlock the
full therapeutic potential of MF. This approach has recently been
demonstrated using a sustained-release MF drug that acts in the
distal intestine and exhibits intestinal hormone-dependent antihy-
perglycemic effect. There are virtually no hidden adverse effects for
ME so it has the potential to provide an effective and safe treatment
for hyperglycemia in the future, particularly through its beneficial
effects on cardiovascular diseases, including endothelial dysfunc-
tion and atherosclerosis.

Keywords: endothelial dysfunction; atherosclerosis; diabetes; met-
formin; review
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CeprieHko O.O.", CeriH B.b.", KysHeLp B.O.?, CeprieHko B.O."
" AbBIBCBKMV HALIOHQABH MEAVNYHI YHIBEPCUTET iMeHi AQHUAQ [QAMLIBKOrO, M. /\AbBIB, YKpQiHQ
2 TepHOriAbCbK HALIOHQABHUE MEANYHUA YHIBEPCUTET iMeHi |.51. FopOayeBChbKoro, M. TepHoriinb, YKpaiHa

MeAQTOHIH i apTepiaAbHUN TUCK:
HOPATUBHUMN OTASA,

Pe3stome. MenatoHiH, okpim cBoei posii B perynsuii cHy, Mae HU3Ky eqbeKTiB LLio[O0 CcTaHy CepLeBO-CyaNHHOI cuc-
TeMU, y TOMY YUCIIi Mae rnoTeHuian s 3HWKEHHs apTepiasnibHoro Tucky. MenartoHiH 3gaTtHui ornocepeskoBaHo
noninLyBaty (OyHKUI0 eHZOTENIIO | 3HUXKYBAaTN aKTUBHICTb aapeHepridHoi cuctemu. MenatoHiH Moxe 3abearie-
4yBaTu riNOTEH3UBHI €YeKTU LUISIXOM CTUMYIALIl CBOIX peLernTopiB y nepugepudHnx cyauHax i LeHTpasibHiv
HepBoBIvi cuctemi. KpiM Toro, MenaToHiH Moxe 6yTy MOTeHUIVIHUM 3aco60M 415 JliKyBaHHS nayieHTiB 3 apTepi-
asibHoIo rinepTeHsieto, B ToMy Yucii kateropii night-picker. OgHak pe3ynbTaTtv JiLLe AEeKiIbKOX paHgoMi30BaHNX
AOCTIipKeHb CBIA4aTh Npo eheKTUBHICTL npenaparis MenaToHiHy B JiKyBaHHI aptepiarnbHoi rinepteHsii. MenaTtoHiH
MOXe 3HWXKXYBaTUN apTepiasibHU TUCK 3a paxyHOK Basoaunartayii, npamoro 6710KyBaHHs1 Ca?*-kaHasiB i TOCUIEHHS
rpoAyKuii okeugy as3oTy B eHAO0TESil; aHTUOKCUAAHTHUX BIACTUBOCTEW, MPUrHIHEHHSI CUMMNaTU4HOI HEPBOBOI cucTe-
MU, 3BMEHLLIEHHS1 BUPOOJIEHHS HopaapeHarniHy, a TakoX akTvsawii napacumnatn4Hoi HepeoBoi cuctemu. OCKinlbku
JlIKapChbKu¥i 3acib 3a3Bu4ari MPUIUMaeTbCs rnepes CHOM, Lje MOoXe 30iTbLUMTU TPUBAsICTb i IKICTb CHY I, OT)Xe, 3HW-
3UTn apTepianbHWV TUCK yBi CHI. Hn3bka cekpeLjis eHgoreHHoro MenaToHiHy nif 4ac cHy Moxe 6yTu ros’sidaHa 3
nigBULLEHNMM MOKa3HUKaMU apTepiasibHOro TMCKY BHOYI Ta KOMOPOIGHUMU CepLieBO-CYyaAMHHUMM 3aXBOPHOBaAHHSMU.
Kpim TOoro, MenartoHiH 4EMOHCTPYE BiaMiHHUY npoinb 6e3nekn. OTXe, HeobXiaHI 6irlbLL MacLUTabHi JOBrOCTPOKOBI
LOCHgKEHHS1 3 BIfIbLLIOK reTepOreHHICTIO XBOPUX, BUSHAYEHHSM 6ioMapKepiB i 0COOIMBOCTEN BXMBaHHS rnperna-
partis mesnaTtoHiHy. MeToro Lboro HapaTBHOIo orfisay € aHasni3 ocobIMBOCTEN MexaHi3MiB Aii, a TakoX BruBYy
©K30reHHOro MeNaToHiHy Ha rnapameTpu apTepiasiibHOro TUCKY B eKCrIEpUMEHTI Ta KiiHiYi. [MoLuyk npoBoanscs B
Scopus, Science Direct (Big Elsevier) i PubMed, BkrtouHo 3 6asamu gaHnx MEDLINE. BukopucTaHi Kto4oBi c/ioBa
«MeJIaToOHIH», «apTepianibHUil TUCK», «apTepiasibHa rinepTeH3isa», «OXUPIHHS», «MeTabosidyHui cuHapom». [ns
BUSIBJIEHHS pe3yrbTaTiB AOCHIAXEHHS, IKi He BAAoCcsl 3HaNTU Mif Yac OHaviH-MoLLYKY, BUKOPUCTOBYBABCS Py YH
roLuyk 6i6niorpadii nyénikawis.

Knro4oBi cnoBa: menatoHiH; apTepianbHuii TUCK; apTepianbHa rinepTeH3is; OXNPIHHS, MeTaboniqHMi CUHOPOM;
ornag nirepatypu

Heiiporopmon menaronin (MEJI, melatonin, Mel) —
11e TUIEMOTPOMNHA MOJieKyJsa 3 Pi3HOMaHITHUMU 0ios0-
TiYHUMU QYHKILiSIMU, SIKa, CEpel iHIIIOro, € aHTUOKCHU-
JaHTOM i ITorIMHaYeM BiIbHUX pagukaiiB [1]. MEJI, mo
BUPOOJISIETLCS eImidhi3oM y LMPKATHOMY pPeXUMi, € OC-
HOBHHUM MECEHIIXKEPOM y CMHXPOHi3allil aKTUBHOCTI me-
pudepUIHUX CUCTEM 31 3MiHAMU CBITJIa/TEeMPSIBU LLIJISIXOM
BIUIMBY Ha FOJIOBHUI LUPKAAHUI OCLIUJISATOP y CyIpaxias-
MaTUYHOMY Siapi (suprachiasmatic nucleus, SCN) [2]. Ha
NOJATOK A0 cBO€T XpoHoOioTnuHoi Aii MEJI Mmae HU3Ky
crienuivHUX pelerTop-3aJeKHUX i pelenTop-He3a-

JIEXKHUX e(eKTiB, SKi CIIpUSIIOTh MiATPpUMIL (izioaoriu-
HUX (yHKIIili 6araTbOX TKAHWH i OpraHiB, Y TOMY YUCi
cepiieBo-cyauHHoi cuctemu [3]. 3 Bikom piseHb MEJI
3HMXKYETHCS, MOTO 3aXMCHI BAACTMBOCTI 3MEHIIYIOThCS,
a MOIIMPEHICTh CeplLeBO-CyAMHHUX 3axBopioBaHb (CC3)
3poctae [4]. Okpim poui B perynsiii cHy, MEJI Bractupa
HU3Ka e(eKTiB 1010 CTAaHY CEPLIEBO-CYANHHOI CUCTEMHU,
30KpeMa, BiH Ma€ MOTeHIiall 1JIsl 3HUXKEeHHS apTepialbHO-
ro tTucky (AT) [5]. Lle mpu3Beio 10 aKTUBHOTO IIPOBEICH-
HS$I IOCHiIKEHD 1110710 0COOJMBOCTEN BILJIMBY €K30T€HHOTO
MEJI na napametpu AT [6].
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MEJI omtocepenkoBye CBOIO Aito yepe3 aBa pi3zHi G-0im-
ku (guanine nucleotide-binding proteins, G-proteins),
crupsikeHi peuentopu (G protein-coupled receptors,
GPCR), a came perientop MEJI-1 (MT1 receptor, CHHOHi-
mu: MTNRI1A, MEL-1A-R, Melatonin receptor type 1A,
Mella receptor) i peuenrrop MEJI-2 (MT2 receptor, cuHo-
Himu: MTNRI1B, Melatonin receptor type 1B, Mel-1B-R,
Mellb receptor, FGQTL2, melatonin receptor 1B variant b,
melatonin receptor MEL1B). Excnpecist reHiB perienropa
MEIJI tpetboro tumy (MT3 receptor, MT3, a6o MellC,
a6o MTNRIC) npurHiuye reHepallito peakTUBHUX (popm
KMCHIO B MiTOXOH/IpisiX, 3amo0irae HaJaXoIKeHHIO BiTHOB-
JIIOBAJILHUX €KBiBaJICHTIB B €JICKTPOHHO-TPAHCIIOPTHU I
JaHior [3].

MEIJI i unpkagHuii TOTMHHUK MaloTh (GyHIAMEHTalb-
HE 3HA4YEeHH$ U1 PEeTyJIsLil J0O0BOI aKTUBHOCTI TinoTa-
JlamMo-TinodizapHO-HaTHUPKOBOI CUCTEMH i BEreTaTUuBHOIL
HEPBOBOI CMCTeMH Y BilITOBiIb HA CTPECOBi (paKTOpM Mpo-
Tsrom H4 [7]. MEJI HanexXuTh BaxXJiMBe 3HaU€HHS B Heli-
POCHIOKPUHHUX CUCTEMAX, SIKi € OCHOBHUMM JIETEPMiHAH -
Tamu (izionoriuHoro 24-roguHHoro putmy AT i cepiieBoro
putmy [8]. Hocaimxkennsa L. Campos et al. (2023) BusiBuiio
3B’s13K1 Mixk MEJI i aHTiOTeH3MHOM, SIKi MOJIYJTIOIOTh 1P~
KaJIHy CeplieBO-CYIUHHY CUCTEMY Ha AEKiTbKOX PiBHSX,
10 103BOJIMJIO TIOCTYJIIOBATU aHTIOTEH3MH-MEIaTOHIHOBY
BiCb, 5IKa MOZYJIIOE CEPLIEBO-CYAMHHI peakiliii Ha cTtpec [9].
Kpim Toro, moka3aHo, 1110 piBeHb aHTiOTEeH3MHOIeHY B paH-
KOBIli ceyi acOLII0EThCS 31 3HMXKEHOIO HIYHOI0 €KCKPELi€l0
6-cynbdarokcumenaroHiny [10].

BapiatusHicTb AT, olliHeHa 3a JOITOMOTOI0 aMOyJIaTop-
HOTo MOHiTOpyBaHHS AT, MiATPUMYETHCS OiNBIIIICTIO KePiB-
HUITB 3 apTepiaibHOI TinepTeHsii (Al') K iHCTpyMeHT Bati-
nauii TpaauuiitHoro ogicHoro giarHosy Al o 6a3yerbest
Ha BuMipioBaHHi AT y nennwmii yac [11, 12]. [ligBummeHHs
AT BHOYI MoOxe OyTH MpeaukropoM BUuHUKHeHHs CC3, 3
HafcuipbHIIIMM 3B’ s13KoM Mizk 02:00 i 03:00, ToOTO B TOI
yac, KOJIM crocTepiraerbest mik BupooiaeHHst MEJI [13].

Binomo, 110 acdepeHTHi BOJIOKHA A. vagus 3aKiHUYIOThb-
csl B XeMOPEUEINTOPHIil TpUrepHiit 30Hi (area postrema) —
YacTUHI poMOOIOaiOHOI SMKHU B JOBraCTOMY MO3KY, sIKa
po3TallloBaHa 3a MeXaMM reMaToeHIedariyHoro 6ap’epa.
[IponemoHcTpoBaHoO, 110 BUKopuctaHHsa MEJI y mypiB 3
a0JIsIIielo area postrema CIpusie MOIYJIsILIi OapopelLenTop-
HUM pedieKCOM KOHTPOJTIO YaCTOTU CePIIEBUX CKOPOUCHB
(YCC) uepe3 MT B area postrema [9]. Otxe, MEJI 3auisi-
HU y TIpoliecax MOMYJIsIii CUMIIAaTUYHOI HEPBOBOI CUCTEMU
(CHC).

MEJI Mmoxke 3miicHIOBaTH YaCTUHY CBOET aHTUTITIEPTEH-
3UBHOI J1i1 Yepe3 B3aEMOIiI0 3 LIEHTPaIbHOIO HEPBOBOIO CUC-
temoro (LIHC). Pe3yabratit HU3KM OOCTiIKEeHb BKa3ylOTh Ha
MPOBITHY POJIb «lIeHTpabHUX» edekTiB MEJI y perymsiii
AT. 3anmponoHoBaHO KijJibKa TifnoTe3 1I0A0 0COOJUBOCTEMI
BBy MEJI Ha piBenb aktuBHocTi LIHC. BuinbHeHHs
MEJI 3 enicdi3y, 1110 po3MOYMHAETHCS 3a BiICYTHOCTI CBIT-
JIOBUX IMITYJIbCIB, 3JaTHE Yepe3 MeXaHi3MU HETaTUBHOTO
3BOPOTHOTO 3B’s13Ky BITMBaTu Ha 1lieHTpu CHC Ha nexinb-
KOX piBHsX [2, 14—16]:

— MEIJI 38’sa3yeTbest 3 MT1 i MT2 y SCN abo area
postrema, y SIKUX CIIOCTEPIra€ThCsl BUCOKA IIIJIbHICTh pe-
LIENTOPiB HETPOTOPMOHY;

— MEJI moxe MonmynoBaTh (DYHKIIOHAJIBHUI CTaH
SCN, 1110 3HUXKYE CUMITATUYHUI TOHYC i 3a0e3mneuye 3a-
XMCHUI MeXaHi3M IPOTU HAAMIpHOTO CUMITIATUYHOTO 30y-
JKEHHST

— HEWpOHHU B area postrema (peepeHTHI TOYLli pery-
Jisuii AT) MmoxyTb OyTH entireHeTHaHO MoaudikoBaHi MEJI;

— y-amiHomachsHa kucioTta (TAMK) e Haitnomu-
peHilMM rajapMiBHUM HelipomeniatopoM y LIHC. MEJI
nocunioe TAMKepriuny HelipoTpaHCMicito, 11O CYMpo-
BO/IXKYETHCSI IPUTHIYEHHSIM MapaBeHTPUKYJISIPHOTO sijipa
rinoranamyca (paraventricular nucleus, PVN) i pocTpaib-
HOI BEHTpoJIaTepaJbHOI AiISIHKY TOBracToro Mo3ky (rostral
ventrolateral medulla, RVLM). RVLM e ninsiHkoo MO3Ky,
1110 BiAMoBiga€ 3a 6a3aibHUM i pedIeKTOPHUI KOHTPOJb
CUMIIATUYHOI aKTUBHOCTI, OB’ SI3aHOI i3 CepLEeBO-CYIUH-
HO (QYHKIIIEIO;

— MEIJI y HeiipoHax, 110 npoekTyioThes Bix SCN mo
PVN, abo B HeiipoHaXx, 1110 MPOEKTYIOThCS Bi KaylalbHOI
BEHTpOJIaTepaJibHOI AiJSIHKKU TOBracToro Mo3ky (caudal
ventrolateral medulla, CVLM) no RVLM, 3naTHuii moTeHIi-
1oBaTu TAMKepriuny HeiipoTpaHcMicito 6e3mocepeHb0 abo
3aBISIKM ITiABUIIEHHIO 0i040CTYITHOCTI okcumy a3oty (NO);

— yrBopeHHst NO noreHuitoe TFAMKepriyny iHrioytouy
HelipoTpaHcMmicito B PVN i RVLM, a notenuian MEJI y
30inbIIeHHI 6iomocTymHOCTi NO MOXe T0JaTKOBO ITOCH-
sutu npurHiveHHss PVN. Kpim Toro, NO 31aTHUi MOTeH-
LiloBaTHU 1Ii e(heKTH;

— 3a paxyHOK aHTMOKcHuIaHTHUX ehekTiB MEJI moxe
OpaTu y4acTbh B O0CIa0JIeHHI CUMIIATUYHOIO TOHYCY.

MT1 i MT2 takoxX MOXYTb OyTH 3aTy4eHi 10 perysitii
AT depes LIEeHTpaJIbHI PEryIaTOPHI MeXaHi3MM, OCKIIbKU
Haiioinbira miteHicTs MT Binznauena B LIHC, 3okpema B
ageHorinodizi, SCN, PVN i area postrema. Y 6ynb-ssKoMy
BUITAIKy, xo4a B3aemomist MT1 i MT2 3 MEJI moxxe matu
BaxyiMBe 3HaueHHs1, MT1 i MT2 He € TOJIOBHUMU rpaBLSIMU
B MexaHi3Max peryJsisiiii AT 3a 1ormoMoroio HeiiporopMOHY.
JIOLiJIBHO MPUITYCTUTH, 1110 TIPUTHIYEHHS CUMITATUYHOTO
TOHYCY Ha LIEHTpaJIbHOMY a00 CyIMHHOMY PiBHi MOXe 3a-
0e3MeuynTH aHTUTITIEPTEH3UBHY i1 OPTaHOIIPOTEKTOPHY JIit0
MEIJI [2].

Otxe, eamorenHnit M EJI Moxke OyTu 3amistHIIT y KOHTP-
PEryJISITOPHUX MEXaHi3MaX HaIMipHO1 CUMITATUYHOI CTUMY-
Jisttii. 30KpeMa, IIpoaeMOHCTPOBAHO, 1110 CTUMYJISILIS iHTep-
JIeHKiHOM 1-[ TIypiB 3 TIiHEATEKTOMIEI0 CYITPOBOIKYETHCS
MTABUIIIEHHSIM PiBHSI KaTeXOJIaMiHiB i yCyBa€THCSI BHYTPILI-
HboILTYHOUKOBOIO iH(y3ieto MEJI [17]. TocTtpe BBeneHHs
MEIJI HopMmoTeH3uBHUM 1itypam 3Hmkye AT i UCC, a Ta-
KOX PiBEHb CEPOTOHIHY B CMyracToMy Tii (corpus striatum)
i rinotanamyci [3]. Xponiune BBeaeHHsst MEJI (rmomi6Ho 10
a"ntnokcuaanty N-auerunuucteiny) 3Hmkye AT i YCC, no-
Kpalllye XpOHOTPOITHY Bi/ITTOBi/Ib Ha i30MPOTEPEHO, ACOLIit0-
€TbCS 3 MPUTHIYEHHSIM CUMITATUYHOI aKTUBHOCTI, BiTHOB-
JIeHHsIM (DYHKIIIT f-aIpeHOPeenITOPiB Ceplis i MOMIMIICHHIM
6apopedekcy [2]. Exkzorennuit MEJI 3HMXYy€E Ty IbCOBUIA
iHgexc, cepenHiii AT, IBUAKICTh MOMIMPEHHS IIyIbCOBOI
XBWJIi, PiBeHb HOpaJpeHaTiHY i CUMITAaTUYHUIA TOHYC [14].

MenaroniHepriuti cummnaroiituyHi edpextu MEJI min-
TBEPXKEHI pe3yJibTaTaMM HU3KM JTOCiIKeHb. 30KpeMma,
BBeaeHHsT MEJI 1iypam 3i CIOHTaHHOIO TilepTeH3i€10 3HU -
Kye piBeHb AT i HopanpeHalliHy B cMpoBartiii KpoBi [16].
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MEJI npu HeliporeHHi# rinepTeH3il, iHIyKOBaHINM KIIIITy-
BaHHSIM HUPKOBOI apTepii B IypiB, 3HWXKYE AT i mokpaiiye
b6apopedaexkTopHuit KoHTpoJb YCC, a TaKoX 3MEHIIIYE
piBeHb peakKTUBHUX (hOPM KUCHIO B AUISIHKAX JOBracToro
MO3KY, 110 peryaoioTh AT [18]. ITocunaeHHs iMmnyabcaltii
BiI 6apopelenTopiB MPUTrHiYye BA30KOHCTPUKTOPHI CUM-
naTU4Hi ePeKTH i CTUMYJIIOE BIUIMB . vagus Ha ceplie, po3-
LIUPEHHSI apTepios i BeH, 110 MTPU3BOAUTH 10 3MEHILIEHHS
XBWJIMHHOTO 00’eMy i 3HMKeHHs1 AT. KpiM Toro, mokasaHo,
mo MEJI mocna6ioe peMoaetoBaHHS Ceplis i CUMITAaTUYHY
rinepakTHBallilo CUCTEMU «MO30K — ceplie» B IOCTiHpapK-
THUi niepioa [19]. BBaxaeTbcs, 1110 aHTUTIIEPTEH3UBHU I
edext MEJI moxe OyTy MoB’sI3aHUN 31 3HIKEHHSIM KOH-
LIEHTpallil HopaapeHaliHy B IJa3Mi KpOBi, 3MEHILIEHHSIM
[B-ampeHOpereTITOPIB ¥ cepili i MoimeHHSIM 6apopedIiek-
TopHoro kKoHrpoio YCC [16].

IlinBuimena YCC yacTo noB’si3aHa i3 3pOCTaHHSIM TO-
Hycy CHC, 1mo KJIiHiYHO BUSBIISIETHCS TillepKiHETUIHUM
TUIIOM KPOBOOOIry 3 Taxikapai€ro, 30ibIIEHHSIM ceplie-
BOro BUKUY, niaBuiieHHsIM AT i piBHSI HOpaapeHasliHy B
muia3mi Kposi [20, 21]. Baxaetbcs, 1o ek3oreHHuit MEJT
€ MePCHEeKTUBHUM KaHIMAATOM B JIiKyBaHHI TaxiKapmii y
xBopux 3 Al [2, 22]. ITneiiorponHa npupona MEJI moxke
BU3HAYaTU HU3KY JOJATKOBMX OaxkaHUX e(EeKTiB y XBOPUX
Ha AT 3 minBumeHow YCC [17]. Mo-nepiie, iHg0oMaMiH
MoOXe OYTM KOPUCHMM 3aBASIKM CBOIM 3MaTHOCTI 3HUXKY-
Batu Bucokuii AT cam 1o co6i [23]. Pe3ynbratn HU3KM
eKCMepUMEHTAJIbBHUX AOCIiIXEHb, 30KpeMa IMpoBeJe-
HUX y CIIOHTaHHO TillepTeH3MBHUX IIYpiB (spontaneously
hypertensive rats, SHR) 3 reHeTuuHo nerepmiHoBaHo Al
0710Kag010 KOHCTUTYTUBHOI NO-CHHTa31 3a JOIMOMOTIOI0
metusioBoro edipy NG-Hitpo-L-aprininy (L-NAME), mi-
HeaJIeKTOMi€10, O0e3nepepBHUM OIPOMiHEHHSIM CBIiTJIOM,
MeTtabomiyauM cuHapomoM (MC), iHTyKOBaHUM Ii€TOIO
3 BUCOKMM BMiCTOM (PpYKTO3U, MPOJIEMOHCTPYBAJIU, 110
MEIJI mae anturinepren3usHi epextu [2]. [To-apyre, mo-
KazaHo, 1o ek3oreHHuil MEJI cripuse 3HmxeHHo AT y
nauieHTiB 3 A" [24]. Kpim Toro, MEJI 3meHIiye ¢iopo3Hi
3MiHM B JIiBOMY IIUTYHOUKY i CYyIMHHIN CTiHIII Y XBOPUX Ha
AT i, oTke, 3aXuIlIa€ BiJ ypaxkeHHs opraHiB-mimieHeit [25].
Bimomo, 110 6110Kama B-anpeHeprivHrIX PeenTopiB MPOTH-
nie 30inpieHHo YCC, ogHak He ii maTtodi3ioforivyHUM Ha-
craigkam [22]. [TinBuinena YCC, He3allexXHO Bil 3pOCTaHHSI
AT, mocuitoe MBUAKICTh MOIIMPEHHS MTYJICOBOI XBUJI, 1110
MPU3BOAUTH 10 3POCTAHHS XKOPCTKOCTI apTepiii Ta eHaoTe-
mianpHOI mucdyHKl [2, 3]. brokaTopu B-anpeHepriyHux
peLenTopiB cnpusioTh 3HMXKeHHI0 AT 3a paxyHOK Hera-
TUBHOI iHOTPOITHOI Mii, 110 CYIIPOBOIKYETHCSI 3MEHIIICH-
HSM cepleBOro BUKKAY [26]. Y Toi Xe Jac TimoTeH3UBHMIA
edext MEJI nocsiraeTbes mepeBaKHO ILUISIXOM OOMEKEHHSI
nepudepnIHOi BA30KOHCTPHUKILiT 32 paXyHOK IOCIa0JICHHSI
OKCHUIAHTHOTO CTpeCy, MOJiNIIeHHs (QYHKIil eHI0TeMlilo,
3MEHILIEHHsI BUBUIbHEHHSI HOpaapeHaliHy abo uepes3 B3ae-
MOJIiIO 3 LIEHTpaJbHUMMU U nieprudepruaHrumu MT1 a6o MT2
[27]. CripusITAMBiI CMMIATOJIITUYHI ¥ TiMOTeH3UBHI epeKT
MEJI ipu AT’ TOTEHI1iI0I0ThCS 1OTO MO3UTUBHUMU METabo0-
JIIYHUMU BJIACTUBOCTSIMU, 1O J103BOJISIE BUKOPUCTOBYBATH
ek3oreHHUit MEJI y xBopux Ha AI, cxuiapHUX 10 MeTabo-
JIIYHUX TTOpYIIeHb, 30KpeMa B nalieHTiB 3 MC. HeoOxigHo
3ayBaXKUTH, 110 BXKUBAHHS JIiKapchbKuxX 3aco0iB (J13) i3 rpymnu

6J10KaTOPiB B-aapeHEePTIYHNX PEIIETITOPIB YHACTITOK OJloKa-
1 -1 ampeHepriYHUX PelenTOPiB 3HIKYE HIiYHY CEKPEIIilo
MEJI, mo npusBoauTh 10 modiyHux edekTtiB 3 6oky LIHC,
ITOB’SI3aHUX 3 HIYHUMU XaxiTTamu i aucomHiero [28]. Otxe,
naiieHTam 3 Al sIKi oTpuMyIoTh Ipernapatu 0JoKaTOpPiB
[-ampeHeprivHUX PerenTopiB, PEKOMEHIYETHCS BXKUBATH
MEJI ny1s1 yHUKHEHHST IUCOMHii [29].

V pi3HUX MOIeJISIX eKCIepUMEHTaIbHOI TillepTeH3sii, y
TOMY YMCJIi CIIPUYMHEHOI MOCTiiHNUM cBiTiioM i L-NAME,
npoaeMoHcTpoBaHo, 1o MEJI 3MeHIye HeraTUBHUI
BIUIMB BiIbHUX paaukaiiB [2, 3]. [IpurHiueHHsI OKCUAAHT-
HOTO CTpecy, iMOBIpHO, MOB’sI3aHe 3 MOCUJIEHHSIM aKTHB-
HocTi NO-cuHTa3u [24], 3HMKeHHSIM KOHILICHTpaIlii eH-
noTeniagbHOro (akTopa penakcauii (endothelium-derived
relaxing factor, EDRF) i 3MeHIIIeHHSIM pUTiTHOCTI CyTMHHOL
crinku [17]. Otxe, 3HmkeHHst AT mig BrmuBoMm MEJT i fioro
AHTHUPEMOJIETIOIUNI e(PEKT MOXYTh OyTH ITOB’s3aHi 3 T10-
JIMIIeHHSIM (QYHKIIIT eHI0TeJTio.

[ToBimOMJISIIOTH, 110 B LIYpPiB 3i CTPEC-iHIYKOBAHOIO Ti-
IIEPTEH3I€I0 CIIOCTEepiracThes 3MeHIneHHs piBHI MEJI y
repeaHbOMY Bimaisi rimotanamyca. Mikpoin’exuis MEJT y
IO TiITHKY 3HKyBasa AT 3 OmMHOYaCHUM ITiABUILIEHHSIM
[AMKepriuHoi HelipoTpaHCMicii Ta 3HUXKEHHSIM TIyTama-
TepriuHoi HelipoTpaHcMmicii B RVLM, a 6iokana MT1/MT2
3arobirana upbomy edekry [14]. IMoBipHO, 110 B TOI Yac,
gk niss MEJI Ha SCN MoxXe BIUIMBaTH Ha HIYHWII piBEeHb
AT, srutuB MEJI na RVLM (HaitiMmoBipHilIe, OB’ a3aHUi
3 nocuieHHsIM TAMKepriuHoi HeilpoTpaHcMicii) Moxe
MPUTHIYYBAaTU CUMITATUYHUI TOHYC i BUKJIMKATU 3arajibHe
3HIKEeHHsI AT He3aJIe>KHO Bifl CBITJIOTO i TEMHOTO 1000BUX
nepionis [14].

Bimomo, mo AT i KoHIIEHTpaIlisT KaTeXoJIaMiHiB MiIBU-
LIYIOTbCS i/l Yac aKTUBHOT (pa3u JHS i 3HUXKYIOTbCS Y (pasi
criokomo [1, 6, 30]. TToBimOMISIIOTS, 1110 MMiABUILEHUH pPiBEeHb
MEJI BHOYI MOXe CIPUYUHUTH 3HMKEHHS LIBUJIKOCTI O-
LIMPEHHS TyJIbCOBOI XBWIIi B a0pTi, a Takox AT i HCC. Li
edeKTH MOXYTh OyTH 1oB’s13aHi 3 M T-oIocepeIKoBaHOIO
npsimoio aiero MEJI Ha cTiHKy aprepii [6]. AktuBaiis MT1
cripusie Ba30KOHCTpuUKIIii, a MT2 — Bazomuiararii, abo
Moauikalii BereratuBHOI akTUBHOCTI [31, 32]. 30kpema,
aktuBauisg MT y PVN, imoBipHo, Mmomudikye YCC nnisixom
MPUTHIYEHHS rinoTajJaMo-TinodizapHo-HaAHUPKOBOI OCi
Ta area postrema, KOHTPOJIIO YyTJIMBOCTI Oapopediekcy,
3MEHIIEHHST CUMITATUYHOI i CTUMYJISILLIT MapacUMIaTUYHO1
aKTUBHOCTI [14].

Kpim Toro, imoBipHo, 110 3patHicTs MEJI 3anoGiratu
METUJIIOBaHHIO eHaoTeialbHol NO-CUHTa31 3yMOBIIIOE
ioro cymuHopo3mupoBaabHy gito [33]. MEJI takox Ha-
JIEKWTDH BUPILIATbHA POJIb B €MireHeTUUHIN perysiii AT y
JIOPOCINX, SIKA IMPOrpaMy€eThCS il Yac BHYTPIITHLOYTPOO-
HOTO i/a60 HeoHaTaIbHOTO PO3BUTKY [6]. MEJI, Ha momaTok
10 KOHTpOJI10 1000Boro putmy AT, 6e3nocepeaHbo oepe
y4yacTh y peryJisiiii 3MeHIeHHs Toka3HuKiB AT BHoui [34].

OTtxe, epextu MEJI y perynsuii AT MoxyTh OyTu 6ara-
torpanHumu. 3okpema, H. Kim et al. (2021) mociimxyBa-
s BruiB 2 mr MEJI nipojioHroBaHoi il MpOTSIrOM IIeCTH
THKHIB y 38 3M0pOBUX XiHOK i CIIOCTepiraay 3HauyHe 3HU-
keHHst cucroniuHoro AT (CAT) [35]. Pesynabratu Kijibkox
TOCTiIKEHb IMTPOIEMOHCTPYBAIM CIpUATIMBUI BIiuB MEJI
npu CC3, xpoHiuHiii cepleBiit HemoctaTHoCTi, AT [31, 36].
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V paHIoMi30BaHUX KOHTPOJIbOBaHMX AocmimkeHHIX (PK]I)
edexT y nepiiy uepry cnocrepiraerbes y xsopux 3 Al [37],
ykpoBuMm aiadetom (LL1) 2-ro tumy [38], MC [39], a Takox
y MallieHTiB 3 HEBPOJIOTIYHUMU TTOpyIeHHsIMU [40].

Bpaxkaiots, o MEJI BruinBae Ha AT pizHumMu ¢iziono-
TIYHUMU HUISIXaMU, BKJTIOYHO 3 PEHiH-aHTiOTeH3UH-aJIbI0-
CTEPOHOBOIO CUCTEMO10, BUpoOeHHSIM NO Ta aKTUBHICTIO
CHC [6]. 3okpeMa, BusiBiieHO, 1110 M EJI npurHivye BUBiIb-
HEHHSI PEHiHY i aJIbJIOCTEPOHY, SIKi € KITIOYOBUMM PETYJIsi-
Topamu AT [41]. KpiM Toro, aHTUOKCUAAHTHI BIaCTUBOCTI
MEJI MOXyTb 3aXMCTUTH KJIITUHNA €HIOTEJIiI0 CYIH, 1110 IIIe
OijIbllIe MOCUJIIOE MOro MOTeHUIMHUI aHTUTITepTeH3UBHUM
edekT, cripusie noJirniieHHo KoHTpoJito AT [5].

Binomo, 1o MC € kitactepoM (pakTopiB pU3MKY PO3BUT-
Ky CC3 i LI 2-ro Tumy, 30KpeMa abIoMiHaIbHOTO OXHUPiH-
HSI, IHCYJIIHOBO1 PE3UCTEHTHOCTI, MUCIJIiKeMil, TUCIIMONpo-
Teinemii, Al, a TakoX MPOTPOMOOTUYHUX i MPO3arnaIbHUX
cTaHiB (1lloOHaliMeHIIIe TpY 3 HUX) [42, 43].

Pesynbratu moaBiitHO ciinoro mianed0-KOHTPOIbOBa-
HOTO TMEepexXpecHOro paHI0Mi30BaHOTO MiJIOTHOTO KITiHIY-
Horo nociimkeHHs 11 ¢a3u nmpoaeMoOHCTpYyBaiM, 1110 BXHU-
BaHHs nanieHtamu 3 MC 8 mr MEJI/no0y npoTsirom aecsitu
TUXKHIB CIIPUSIIO TTIOMipHilA TO3UTUBHIN JUHAMIiLli OKPEMUX
kommioHeHTiB MC, a came CAT i miactomiunoro AT (JAT),
a TakoX JinigHoro npodinto kposi [39]. BucHoBku Mera-
aHaji3y 00’eqHaHux pe3yabTaTiB m’satu PKJI (uricts rpyn
JIIKyBaHHSI) 1I03BOJIMJIUA CTBepIXyBaTH, 1110 MEJI cripu-
sie 3HauyioMy 3HmkeHHI0 CAT (cepenHs pizHuus, MD):
—3,43 MM pT.CcT., 95% nosipuwmii intepsan (JI1): Big —5,76 mo
—1,09, p=0,004) i AT (cepennst pizHuus: —3,33 MM PT.CT.,
95% A1: Bin —4,57 no —2,08, p < 0,001) [36].

TToBimomstioTh, 110 TTo3uTUBHMUI BrumiB MEJI Ha 1o-
kaszHuku CAT i JJAT y xBopux Ha LIJI 2-ro Tumy i eceHli-
aJIbHY TiMEePTEeH3i10 BUSBUBCS 3HAYYIIIMM Yy JIBOX J03aX — 3
i 5 mr [44]. BonHouac mpoaeMOHCTPOBAHO, 1110 BXXUBaHHSI
nauieHtamu i3 LIl 2-ro iy 250 mMr Oyab-sKoi 3 MeIaTo-
HiHOBMX 100aBOK (1110 MICTSITh HATPil0 KPOXMAaJIbIJIiKOJIST,
cTeapaT MarHiio i 3 mr nopoiky yructoro MEJI) Ha no0y
MPOTSATOM BOCBMHU THKHIB CIIPUSIE 3HAUYIIIOMY 3HVXKEHHIO
cepenHix piBHiB CAT, cepenHboro AT, myJbCOBOTIO TUCKY,
Bard, iHgekcy macu Tina (IMT), iHmexcy abmomMiHaIbHOTO
oxupiHHs (body adiposity index, BAI), okpyxxHoCTi Taii Ta
CTeroH, iHaeKcy 00’emy xkuBoTa (abdominal volume index,
AVI), innekcy KoHycHocCTi (conicity index) i BiqHOIIEHHS
Tautii 7o 3pocty (waist-to-height ratio, WHtR) (p < 0,05).
Kpim toro, meniana 3smin CAT, cepearboro AT, myabcoBoro
TUCKY, Baru, IMT, o6xBaty Taii Ta creron, BAI, AVI, ingexk-
Cy KOHYCHOCTI BUSIBUJIach 3HauyIie Hux4ot. Criocrepira-
€ThCS 3HAUYIIIE 30ibIIEHHS CePEIHIX PiBHIB i MeiaH! 3MiH
ingekcy dopmu Tina (body shape index, ABSI) (p < 0,001).
Otxe, BxxuBaHHs1 MEJI Moxxe OyTu e(heKTUBHUM Yy KOH-
tpoJi AT, a came CAT, cepentboro AT i myJbCOBOTO TUCKY,
a TaKOXX aHTPOITOMETPUYHUX MTOKA3HUKIB (SIK TIPEIUKTOPiB
oXupiHHS) y xBopux Ha /I 2-ro Tuny [45]. MEJI moxe
3a0e3IeuyBaTy KapaionpoTeKIlilo B HU3bKUX (papMaKoJIo-
TIYHMX J03aX.

Ilepopansuuiit MEJI € moTeHLiTHUM aJlbTepHATUBHUM
MeTooM JIikyBaHHS Al, y ToMy uMcCIi maiieHTiB 3 mopy-
1meHuM n1o6oBuM mpodinem AT, 3okpema Kareropii night-
peaker, omHaK Opakye pe3yJbTaTiB SIKICHUX i peJieBAHTHUX

MetaaHani3iB. E. Lee et al. (2022) nmpoBenu cucreMaTnd-
HUA orisn i MetaaHaniz PK/, y sIKi BKiIroYaiuch Mami€eHTu
3 Al, BUKOpHUCTOBYBaJIUCH IlepopaibHi mpemapatu MEJI
sIK MOHOTepartist i gocnimkysaBcst BiiiuB MEJI Ha AT. 1o
aHajizy Oyyo BkaoueHo yotupu PKJI, i aume ogne PAK
BM3HAHO TaKWM, 1110 MaJI0 HU3bKUI PU3UK YTIEPEKEHOCTI.
[MoBimoMisiioTh, 110 Tiibku MEJI 3 KOHTpOJbOBAaHUM BU-
BiIbHeHHSIM, a He M EJI 3 HeraitHuM BUBITBHEHHSIM CIIPUSIE
3HIKeHHI0 moka3HukKiB CAT yBi cHi Ha 3,57 MM pT.cT. (95%
HI: Bim —7,88 mo 0,73; Tect HeogHopinHOCTi (heterogeneity
test, ) = 0 %). MEJI 3 KOHTpOJIbOBAaHUM BUBiTBHEHHSIM
Takox 3HMXKyBaB JIAT min yac cHy i HecmaHHsI, ajie 1ii Bi-
MiHHOCTI He OyJIi cTaTUCTUYHO 3Hauyiumu. Kpim toro, JI3
MoKpaiiyBaB e()eKTUBHICTb i 3arajibHy TpUBaIiCTh CHY [32].

3 kyiniuHoi Touku 30py menatoHiH (CR-MEL, nBo-
dazna popmyna MEJI 3 KOHTpOILOBAHUM BUBLJIBHEHHSIM)
IOLILHO MPpU3HAYATH MallieHTaM KaTeropii night-peaker,
0CO0JIMBO XBOPUM 3 HU3bKOIO $SIKicTIO cHY. Ha mpotuBary
ubomy MEJI mBunkoi aii (IR-MEL) a6o He mae aHTuUTINIEep-
TEH3UBHOTO e(eKTy, a00 HeraTUBHO BIUTMBAE Ha TIOKA3HUKU
AT [46]. MEJI wBMaKoi aii Ma€ KOPOTKUI Mepioj] HaIliBBU-
BeIeHHd, 0JIU3bKOo 45 XB, i, OTXKe, He MOXKe 3a0e3IeYnTH
critike 3HmkeHHs1 AT [47]. Y PK]I 3a3Buyvaii BUKOPUCTO-
ByBasu no3yBaHHs 2—10 mr CR-MEJI, Handizionoriunuii
piBeHb Y CUPOBATIIi KPOBi OUiKYETHCS MPU 103yBaHHi > 0,5
ML OTXe, HUXYi 103U € KpallluMU Yepe3 3MEHILEeHHS 10~
OiuyHmX epekTiB [48].

ImoBipHo, 1o MEJI, 3aBasiku 0COOJIMBOCTSIM B3aEMO/I1
3 MT1 i MT2, BusiBIIsi€ SIK BA30KOHCTPUKTOPHI, TakK i Ba-
30AWJIaTalliiiHi BJIaCTUBOCTI. BHCI0OBIeHO MpUNyIIeHHS,
110 HEHPOTOPMOH Y BUCOKMX J103aX 3a PaxyHOK AU epeH-
miftoBaHoi aktuBawii MT1 i MT2 moxe nmapamoKcaabHUM
YUHOM BUKJIMKATU Ba30KOHCTpUKIIilo [49]. AHamoriuHo
CIIOCTEPITa€ThCS BIICYTHICTD 3aJIEXKHOCTI «I03a — BiIMoO-
Binb» Mixk MEJI i napametrpamu cHy. 3oKkpema, BUIla 1032
MEJI meHm epeKTUBHA IJ1s TTOKpAIIeHHs CHY, Hix 0,5 MT
npenaparty [48]. JIist qocsIrTHeHHS LUTbOBUX ITOKa3HUKIB AT
4yacTo IMOTpiOHa KOMOiHallisg aHTUTinepTeH3uBHuUX JI3, a ix
B3aemonist 3 MEJI BuBueHa HemocTaTHBO [32].

BinbiiicTs KniHiYHMX HocaimkeHb epekTuBHOCTI MEJT y
PI3HMX TaTy3s1X MEIUIIMHM TTOKAa3aIu Ay>XKe HU3bKY TOKCHY-
Hicts MEJI y mmpokomy aianaszoni 103 [50, 51]. Pe3ynbratu
nepioi ¢gasu PKJI 3a yyacTio 3mopoBux 100OpOBOJIBLIB 3
METOIO OLIIHKM MTePeHOCUMOCTi Ta (hapMaKOKiHETUKHU TIEPO-
panbHux 103 20, 30, 50 i 100 mr MEJI He BUSIBUIU >KOTHUX
MoGIYHUX eeKTiB, OKPiM JIETKOI TPaH3UTOPHOI COHJIMBO-
cTi 6e3 BIUIMBY Ha pexkuM cHy [50]. Otke, momasblii KJli-
HiYHi gocimkeHHs 3 BukopuctanuaM MEJI y miamazoni
o3 Bim 50 mo 100 mr/mo0y BumarOThCcsi OOTPYHTOBAHUMU
i BunpaBgaHuMu [52—55]. OnHaK HEOOXiZIHO BU3HAYUTU
MPiOPUTETH 1IOJ0 MOy, pe3yabTaTiB i TPUBAJIOCTI
LIMX JOCJTIKEHb.

BucHoBKkM

MEJI moxe 3nmxyBatu AT 3a paxyHOK Ba3omujaTallii,
npsiMoro 61okyBaHHsT Ca?*-KaHaJliB i MOCUICHHS TTPOAYKIIiT
NO B eHgoTesii; aHTUOKCUAAHTHUX BJIaCTUBOCTEI1; IIpU-
rHiveHHs1 CHC, 3MeHI1IeHHsI BUpOOJICHHST HOpalpeHaliHy,
a TaKOX aKTHUBallil TapacUMIIaTUYHOI HEPBOBOI CUCTEMU.
HeiiporopMoH 31aTHUI OTIOCEPEIKOBAHO MTOKPAIIyBaTH
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(GYHKIII0 eHO0TEIIiI0 i 3HMKYBaTH aKTUBHICTh agpeHep-
riuHoi cuctemu. MEJI Mmoxe 3a0e3nedyBaTu TilMOTEH3UBHI
edexTu nusixom ctumyssanii MT y nepudepuaHux cyamHax
i IHC. Kpim Toro, MEJI € noreHuiiitHuM 3acobom st
JIiKyBaHHS MauieHTiB 3 Al, y Tomy uucii KaTeropii night-
picker. Ockinbku JI3 3a3BMuaii MpuMa€EeThCs Mepes CHOM,
11e MOe 30iTbIIUTH TPUBAJIICTD i SIKICTb CHY i, OTXe, 3HU-
3utu AT yBi cHi. Hu3bka cexpeuis enmorenHoro MEJI mig
yac CHy MOXe OyTH TOB’sI3aHa 3 MiJIBUIIEHUMM TTOKa3HU-
kamu AT BHoui Ta Komop6innumu CC3. Kpim Toro, MEJI
JNEMOHCTPYE BiIMiHHUI Tipodink 6e3neuyHocTti. OnHaK pe-
3yabraty auiie aekinbkox PKJI cBiquath mpo e(peKTUBHICTb
npenapartiB MEJI B nikyBanHi Al OTXe, He0OXimHi OibIIT
MaciuTabHi mroBroctpokoBi PKII 3 6ibIIoio rereporeHHi-
CTIO XBOPUX, BU3HAYEHHSIM OioMapKepiB i 0COOIMBOCTEM
BXuBaHHs npemnapatiB M EJI.

KondumikT intepeciB. ABTOpU 3as1BJISIIOTh PO BiZICYTHICTD
KOHQJIIKTY iHTepeciB i BacHOi1 (piHaHCOBOI 3alliKaBJI€HOCTI
MPU IiATOTOBIIi TaHOI CTAaTTi.

Indopmanist npo dinancysannsa. Ctarts niarorosjicHa B
pamMKax O0romkeTHoro dinancyBanHas MOH Ykpainu 3a mia-
HOM HayKOBO-I0CJiTHOT po60oTH «OCOOJIMBOCTI MaTOreHesy,
NIarHOCTUKY Ta JIIKyBaHHS 3aXBOPIOBaHb CEPLIEBO-CYAUH-
HOI, TPaBHO1, EHIOKPUHHOI Ta AUXaJbHOI CUCTEM B KJTiHiLli
Ta eKCIepPUMEHTI» Kadeapu eHIOKPHUHOIOTii JIbBIBChKOTO
HaILliOHAJIbHOTO MEAWYHOTO yHiBepcuTeTy iM. Jdanwmma [a-
Juibkoro (HoMep aepxpeectpaiiii 0120U002142).

Buecok aBropiB. Ceprienko O.0O. — KOHIeIIIisS Ta
NM3aiiH, HarMcaHHs Tekcty, penaryBaHHs; CeriH B.b. —
HamucaHHS TeKCTy, penaryBaHHs; KysHeup B.O. — KoH-
Hemniisi, aHami3 jiteparypu, peaaryBaHHsi; CeprieH-
ko B.O. — KoHuemnuis Ta au3aiiH, aHaji3 JiTepaTypu,
HaTMCaHHS TeKCTY, pefaryBaHHsI.
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Melatonin and blood pressure:
a narrative review

Abstract. Melatonin has several impacts on the cardiovascular
system, including the potential to reduce blood pressure in ad-
dition to its role in regulating sleep. It has the ability to decrease
adrenergic system activity and indirectly enhance endothelial
function. Melatonin can provide antihypertensive effects by stimu-
lating own receptors in the central nervous system and peripheral
arteries. In addition, melatonin is a potential treatment for patients
with hypertension, including the “night-peaker” category. Howe-
ver, the results of only a few randomized trials suggest that mela-
tonin supplements are effective in the treatment of hypertension.
Melatonin can lower blood pressure due to vasodilatation, direct
blocking of Ca?* channels and increased production of nitric oxide
in the endothelium; antioxidant properties; suppression of the
sympathetic nervous system, reduction of norepinephrine produc-
tion, as well as activation of the parasympathetic nervous system.
Because the drug is usually taken at bedtime, it may increase the
duration and quality of sleep and therefore lower blood pressure

during sleep. Low endogenous melatonin secretion during sleep
may be associated with elevated nocturnal blood pressure and
comorbid cardiovascular diseases. In addition, melatonin exhibits
an excellent safety profile. Consequently, larger-scale, longer-term
studies with higher patient heterogeneity, biomarker identification,
and idiosyncrasies related to melatonin use are required. The aim
of this narrative review is to analyze the peculiarities of the mecha-
nisms of action, as well as the effect of exogenous melatonin on
blood pressure parameters in the experiment and clinic. The search
was conducted in Scopus, Science Direct (from Elsevier), and
PubMed, including the MEDLINE databases. The key words used
were “melatonin,” “blood pressure”, “hypertension”, “obesity”,
“metabolic syndrome”. We manually searched the bibliography
of publications to find study results that the online search did not
yield.

Keywords: melatonin; blood pressure; hypertension; obesity; met-
abolic syndrome; literature review
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