Tom 20, N2 2, 2024

MDKHAPOZOHWUA EHAOKPUHOJIOMYHUIA XYPHAN

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

l joymcl of endocrinolog

MDKHAPOLHUI

EHOOKPUHOJIOMN4YHUN
XYPHAJI

CMELIAN EH30BAHUN W }KYPHAN

~ o HIMEL|bKWI BITAMIH D
er I CTO." L1851 BCIEl POOUHA

=
=)
S
S
=
o

DOekpicron’ D; 2000 MO 4000 MO 5600/Vi0! Hekpicton’ 500 MO 20000 MO

I 0 M 2 O ‘ o Kpanni. b, 30Tabnerok 30abnerox | 30abrerok | 50Ta6nerox | 20ancyn |

0 HAWBIIbLLINIA ACOPTUMEHT 03 - LLLOAEHHWIA / LWOTWUXXHEBUIA NPUAOM

Oekpicron’ D,

2
*3rigwo 3 gann Sale out cHcrewn gocTiaxeHHA o icron® 3aiiae Nepule Mice 5 FpOLOBON piHKie rikap- Texpicron® 20 000 MO, Kpyrni nposopi u T D
coxvx32c06i ATC 5 piss AT | 7a getn o 38epHTs yaary! Binbll peransia inbopwaLia copKl 3 MenuHoro
paxes [lexpicton® y garowy pe i opr Kkpaii. e e e e S
wicTuTs Xonekanbdepony 20,0 ur, o SiA0siza 0,5 wr, 260 20 000 MO, eirawiy Ds. Mokzsartsn
Crfateofre Sl Rexicor Dy 1000 MO, 1 g 2017p:2000 MO 14 i 2017 4000 M0-~4 oy 2017 p: SS00MO- T4 ceprun 2017, Tiysaris KiHi<HO IATBEPEXEROTD Aediumy aTabivy D y AOPOCIAE, MpORiTaKTHKa. AEiY
IHCTPYKL{= A1 MeR4HOTO 3acTOcyBaKH flexpicron® S00 MO. Kpyr, anera onykl TaGnerk 6inoro 6o XOBTYBTOr0 KOMbOP. By 13cka, 38€PHTb yBary! Binbiu BiTaniHy Dy NaUjeHTia 3 BICOKMM PUIMKOM; K OTOBHEHHA A0 CreLudidHoi Teparii OcTeonoposy
AETATAG HQOPUaLI B3 8 KT A 010 SCOQeahol IQETSPEY KX | MGX1 GTpariy 108 hISE VKA. gt | Tcher it y NaLjeTie 1 AeqiLTOM eitauiy D 360 3 BHCOKAM PUSHKOM HecTasi BiTauiHy D. TIpOTHIOKE3aHHS.
0 ! iy K, Nigeyiiena ymMBicTs 0 akTWBHO! DesoBWiM, apaicy, COT 260 Gynb-AKMX HLIAX [ONOMIXHIAX
nuwms Npodi m 0 s . Ol Tepanii PEYOBUH, IO MICTATHCR B NiKapCoKoMy 3acobi. inepkansuienia. finepkansuiypis. finepeitamizos D.
P Kaly I Hecbponirias, Hupkosa Heaocrarwicte. CapKoigo3. Tybepkynoos. JogaTkosuii
T pHHONY: Kl ory U i npyitom sirawiny D. MoGiswi peau, sadbikcosai wa i npowy. Hesacro (s 1/1000 Ao < 1/100)
ETana MOOPHALR 190 MoK oGS eS8 TOTINOGE3HiA MCTHTo TR 0 e iorD samzysam st inepKaTSLENA 1a FIvepRaTLLIYPI. flerana MGOPMALA 9o MOXIVE! NG peakLl WicTsca
iWcTpyKuii - 23.09.2021. Kareropis sinycxy. Bes pe. UA/18957/01, 8 IHCTPYKLi /119 MEAMIHOTD 33CTOCYBaHHA Npenapary. PeecTpalyiive nocaiguents N° UA/17901/01/01.

[Ta octaRH0ro nepermaay iHcTpywi~16.01.21 p, N° 60, Kareropis sianycxy. 32 peienton.

A ° BupoGivx: mibe GmbH Arzneimittel, Hiviewsiia
m I wwwdekristolcom.ua Iecpopauis
Tlpencrasiink s Yspali: TOB eMiGe Yxpaas, 01021, . Kis, Knoscoxuyasis, 13.Ten cpakc:(04) 254-39-36 HownesH, i Tex

Publishi

www.mif-ua.com




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 2, 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 2, 2024

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

NepeAnAaTHum iHAeKC: 94553

P\ g
ZASLAVSKY

Publishing house

CriB3aCHOBHHKH:
Bykoeuncokuii depiycasnuii meduunuil ynigepcumem,

3acaaecokuii 0.10.

3aBinyoua penaxiiero
Kynpinenxo H.B.

Anpeca 1714 3BepTaHb:
I3 numans nepeonaamu:

info@mif-ua.com,
Ten. +38 (067) 325-10-26

3 numany posmiuienns pexaamu
ma ingpopmauii npo aixapcoki 3acoou:
v_iliyna@ukr.net

KypHnan eHeceno 00 nepeniky HAyKoeux ghaxosux eudanv Yipainu,

8 AKUX MOJICYMb NYOAiKysamucs pe3yasmamu oucepmauiitHux pooim

Ha 3000ymms HAyKosux cmyneHie 0okmopa i kaHoudama HayK.
Kameeopis A. Hakaz MOH Ykpainu 6id 21.02.2024 p. Ne 220

Pexomendyemocs do Opyky ma 0o nowtupenis uepes mepexcy Inmeprem

8ueHol padoto Buwjozo deprcasrozo nasuansho2o 3axaady IV piens

akpedumauii «ByKosuncokuii depycasruii MeOuuHull yHigepcumen»
MO3 Ykpainu 6io 21.03.2024 p., npomokoa Ne 7

Yipaincokoro ma aneniticokoro moéamu

Csidouymeo npo depircasiy peecmpauito OpyKo8aHo2o 3acody macogoi
inghopmauii KBNe19313-911311P. Budaro /lepicagroio peccmpauiii-
Hoto cayacooro Yipainu 06.09.2012 p.

Dopmam: 60%x84/8. Ym. opyk. apk. 9,77
Tupaxc 3000 npum. 3am. 2024-iej-138.

Anpeca penakiiii:
a/c 74, m. Kuis, 04107, Ykpaina
Ten.: +38 (067) 325-10-26
E-mail: medredactor.vdz@gmail.com

(Tema: Jlo pedakuii « Mixchapoornozo
€HOOKPUHON02IMHO20 JCYPHARY»)
www.mif-ua.com, https://iej.zaslavsky.com.ua

Bunaseus 3acnasebkuii O.10.
zaslavsky@i.ua
Anpeca st iuctyBaHHs: a/c 74, M. Kuis, 04107, Ykpaina
CBimo1rBo cy0’eKTa BUIaBHUYOI CIIpaBU
JIK Ne 2182 Bin 13.05.2005 p.

FoAOBHMI peAaKTOP

Ilanvkie Boaodumup Ieanosuu (Kuis, Yxpaina)

3ACTYNHUK FOAOBHOIO PEAAKTOPA

IO36enxo Temana FOpiiena (Kuis, Yxpaina)

MoBHUM peAaKTOP

3eaincoxa Hamaaia bopuciena (Kuis, Yipaina)

PeAAKTOP CTATUCTUYHUX ACHUX

Cepcienrxo Bixmopia Oaexcandpisna (/lvgie, Yxpaina)

Pe AQKTOpP 3 HOYKOBOi €TUKU

Hawxoecoka Hamaaia Bikmopiena (Yeprisui, Yxpaina)

MeHeaXep-peAdKTop

Onuya Jlapuca ( Pexaineaysen, Himeuuuna)

PeaOKUiHO KOAerig

Boabmosa O.B. (KuiB, YkpaiHa)
Bonnapenko B.O.

(XapkiB, YkpaiHa)
Tonuyaposa O.A.

(XapkiB, YkpaiHa)

Hinymko O.M.
(IBaHo-®paHKiBChK, YKpaiHa)

Kupunmoxk M.JI. (Kuis, YkpaiHa)
Koowunak H.M. (Kuis, YkpaiHa)

Komicapenko 10.1.
(KwuiB, Ykpaina)

Kpasuenko B.I. (KuiB, Ykpaina)

Kpapuyn H.O.

(XapkiB, YkpaiHa)
Miciopa K.B. (XapkiB, Ykpaina)
Miruenko O.I. (KuiB, Ykpaina)
ITaceuko H.B.

(TepHorinb, YkpaiHa)
Ilepuesa H.O. ([1xinpo, YkpaiHa)
Ceprienko 0.0. (JIbBiB, YkpaiHa)

Ckpunuuk H.B.
(IBaHo-®paHKiBCHK, YKpaiHa)

Cokouosa JI.K. (Kuis, Ykpaina)

ToBkaii O.A. (KuiB, Ykpaina)

Ypoanosuu A.M. (JIbBiB, YkpaiHa)
Xuwxkusk 0.0.
(XapkiB, YkpaiHa)
Prof. Alekna V.
(BinbHioc, JIutsa)
Prof. Czupryniak L.
(BapiiaBa, [Tonbiia)
Prof. Holick M. (bocton, CILIA)
Prof. Mascarenhas R.
(Jlicabon, ITopTtyranis)
Prof. Mota M.
(Kpaiiosa, PymyHist)
Prof. Papanas N.
(Anekcanapymnoutic, [pertist)
As. Prof. Radzeviciené L.
(Kaynac, JIutsa)
Prof. Standl E.
(MionxeH, HimeuynHa)
Prof. Tkac I.
(Minneanodqic, CLLA)
Prof. Yki-Jérvinen H.
(Tenbcinki, OiHAAHTINA)
Prof. P. Zimmet
(MenbOypH, ABcTpaltisi)

BiAnoBiAQAbHUI ceKkpeTap

Jlpyk: TOB «Jlasanpeccs Pineyvkuii Poman Hocunoeuu (lsano-@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
MUCHMOBIif 3rofli pefakilii Ta 3 000B’I3KOBUM IMOCUIAHHSIM Ha JKepesio. Yci mpaBa 3axullieHi.

© ByKOBHHCHKHii 1epxKaBHHUIi MeIM4HUii yHiBepcuTeT, 2024

© 3acnascekuii 0.10., 2024

2 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 20, N2 2, 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 2, 2024

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

Subscription index: 94553 (in Ukraine)

P\ g
ZRSLAVSKY

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» (21.03.2024, Protocol Ne 7)

In Ukrainian and English

Registration certificate KB Ne 19313-911311P. Issued by State
Registration Service of Ukraine 06.09.2012

Folio: 60%84/8. Printer’s sheet 9,77
Circulation 3000. Order 2024-iej-138.

Editorial office address:
P.O.B. 74, Kyiv, 04107, Ukraine
Tel.: +38 (067) 325-10-26
E-mail: medredactor.vdz@gmail.com

(Subject: Editorial board

of the International Journal of Endocrinology)
www.mif-ua.com, https://iej.zaslavsky.com.ua

Publisher Zaslavsky O.Yu.
zaslavsky@i.ua
Correspondence address: P.O.B. 74, Kyiv, 04107, Ukraine
Publishing entity certificate

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

Deputy Editor-in-Chief

Tetyana Yuzvenko (Kyiv, Ukraine)

Language Editor
Natalia Zelinska (Kyiv, 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)

Goncharova O.A.
(Kharkiv, Ukraine)

Didushko O.M.
(Ivano-Frankivsk, Ukraine)

Kyryliuk M. L. (Kyiv, Ukraine)
Kobyliak N.M. (Kyiv, Ukraine)

Komisarenko Yu.I.
(Kyiv, Ukraine)

Kravchenko V.I. (Kyiv, Ukraine)

Kravchun N.O.
(Kharkiv, Ukraine)

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

Pasiechko N.V.
(Ternopil, Ukraine)

Pertseva N.O. (Dnipro, Ukraine)
Sergienko O.0. (Lviv, Ukraine)

Skrypnyk N.V.
(Ivano-Frankivsk, Ukraine)

Sokolova L.K. (Kyiv, Ukraine)
Tovkai O.A. (Kyiv, Ukraine)

Urbanovych A.M. (Lviv, Ukraine)
Khyzhniak O.0.
(Kharkiv, Ukraine)
Prof. Alekna V.
(Vilnius, Lithuania)
Prof. Czupryniak L.
(Warsaw, Poland)
Prof. Holick M. (Boston, USA)
Prof. Mascarenhas R.
(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.
(Minneapolis, USA)
Prof. Yki-Jérvinen H.
(Helsinki, Finland)

Prof. P. Zimmet
(Melbourne, Australia)

JIK Ne 2182 dated 13.05.2005 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 2, 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

[ d ]

3MicCT

OpUriHaOABHI AOCAIAXKEHHS

Kazakoe FO.M., Mypasavosa O.B.,
Hacmpoea T.B., Kimypa O.€., Illyms C.B.
OnTurMizallis JiKyBaHHS Talli€EHTIB
MOXUJIOTO BiKy 3 IIYKPOBUM AiabeTOM
Ta apTepiajbHOIO TiMePTeH3iE0
B 3aTaIbHIA IPAKTULI ..ovvvveeeeeeeeiiieeiieieeeeeeeeeeeeeeeeans 6

Lepbax M.A., Jlizaneuv H.B.,
Tanuy O.T., Mawypa B.B., Mawypa I'. 1O.,
Yemuu O.B., Pocmoka JI.M.
JlinigHuit oOMiH y Mali€eHTIB
i3 XxpoHiyHUM reratutom C,
HEaJIKOTOJIbHOIO KUPOBOIO XBOPOOOIO TIEUiHKH
1 OXKUMPIHHSM ITil BIULTUBOM JIIKYBAHHS ................... 12

Dorota Filipowicz, Ewelina Szczepanek-Parulska,
Aniceta A. Mikulska-Sauermann,
Marta Karazniewicz-Lada, Franciszek K. Gtowka,
Krzysztof Szymanowski, Mariusz Ottarzewski,
Lutz Schomburg, Marek Ruchata
Hedinurt fioay i Hee(eKTUBHICTD 10ro 100aBOK
y BariTHUX XiHOK y [losbIii Ta iforo Bruims
Ha MeTa00JIi3M HIUTOMOMIOHOT 3aJIO3H] ....ceeveeernnnnnn. 19

Mockea X.A., Kixmsak O.1I1., Papmaza M.JI.,
Jewyx 4.J1., Topeua M. IO.
HeasikoronbHa >krpoBa XBOpoda NeYiHKU:
HOBI ONAaTKOBi HEIHBa3UBHi
NiaTHOCTUYHI MapKepu Ta pU3UKU PO3BUTKY
KOMOPOITHIX 3aXBOPIOBAHD ......vvvvvvunnieeeeeeaeeaaaanannns 29

Kynaeus H.M.
OcobauBOCTI Tepediry cepiieBoi HeT0CTaTHOCTI
IIIeMIYHOTO TeHE3Y Y XBOPUX
i3 cymyTHiME QiOpuIIsLIi€lo Iepenacepab
Ta IYKPOBUM JHAOCTOM ....ceoeiieeeeeiiiiiiiiiiireeeeeeaeeeennns 35

Contents

Original Researches

Yu.M. Kazakov, O.V. Muraviova,
T.V. Nastroga, O.F. Kitura, S.V. Shut
Optimized treatment
of elderly patients
with type 2 diabetes mellitus
and hypertension in general practice ............ccceeeeen.... 6

M.A. Derbak, N.V. Lizanets,
O.T. Hanych, V.V. Mashura, H.Y. Mashura,
O.V. Ustych, L.M. Rostoka
Lipid metabolism in patients
with chronic hepatitis C,
non-alcoholic fatty liver disease
and obesity under the influence of treatment ........... 12

Dorota Filipowicz, Ewelina Szczepanek-Parulska,

Aniceta A. Mikulska-Sauermann,

Marta Karazniewicz-Lada, Franciszek K. Gtowka,

Krzysztof Szymanowski, Mariusz Ottarzewski,

Lutz Schomburg, Marek Ruchata
lodine deficiency and real-life supplementation
ineffectiveness in Polish pregnant women
and its impact on thyroid metabolism ..................... 19

Kh.A. Moskva, O.P. Kikhtyak, M.L. Farmaha,
Ya.L. Leshchuk, M.Yu. Horecha
Non-alcoholic fatty liver disease:
new additional non-invasive
diagnostic markers and risks
of comorbid diSEaSESs .......ceeeeeeeeeeeiiiiiiiiiiiiieeeeeeeeeenns 29

N.M. Kulaiets
The features of heart failure
of ischemic origin in patients
with concomitant atrial fibrillation
and diabetes Mellitus .........cceevvvveeeeeniiieeeeiiieeeees 35

4 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 20, N2 2, 2024



[ d

3mict / Contents

[laenok O.C., [laenok A.B., 3adopoxcna b.B.,
Ipuyuwun b.P., lenamosuu C.B.
BriiiB nmartosiorii IuTonoaioHo1 31031
Ha CTaH 0i0eJeKTPUYHOI aKTUBHOCTI
TOJIOBHOTO MO3KY Y BATITHUIX ....vvvvvvvunnnieeeeeeeeeaaaannnns 45

Oragp

benya T.M.
HeankoronbHa xkupoBa XBopoOa MeviHKu,
MOB’s13aHa 3 OXKUPIHHAM
i LIyKpOBUM JiaGeTOM 2-TO TUITY,
Ta AUCO0103 KULIEUHIKA ..vvvvvvernnnieeeeeeeaaeeeeeeeeeeereennnns 50

Kamuwna 1., Ilasnosuu JI., Ilanskis B.,
Xodopoescvka A., binoyc O., Kamuwnuii O.
MonexynsipHi ocHOBM HelipopeabimiTarii
Ta iX MOIYJISALIS TAPEOITHUMU TOPMOHAMM ............. 56

Cepeicnko B.O., Ceein B.b., Toyko M.€.,
Cepeienko JI.M., Cepeicnxo O.0.

MeTabomiyH1il CHHIPOM,
JIUCOMHIT Ta MEJTATOHIH ...cvvvveeeeiieriieeeeieiieeeeeeineeeenns 63

binookuii O.B., Baciok B.JIL., Illynix O.A.

ITopymenHs GyHKIIIi IIUTONOAIOHOI 3371031

B OCIO TTOXMIIOTO BIKY ..vvvvviiieeeeeeiiiiiinnnrereeeeeeeaaannnnns 73
lOBinel
Axanemiky
Muxkoui AmutpoBuay TpoHbKy — 80! ....cceeeeeennnnne. 79

KAiHiYHU BUNOAOK

Jlawyk I[1.M., Tawyk P.II., Mapuyk F0.D.
KomopbigHicTh XBopobu MeHeTpie
i IIyKpOBOTO miabeTy.
KUTHIYHUAN BUTTATIOK .vveeeeneiireeesiiiieeeeniiieeeesiiieeeens 80

0.S. Paienok, A.V. Paienok, B.V. Zadorozhna,
B.R. Hrytsyshyn, S.V. Ihnatovych
The influence of thyroid disorders
on the state of brain’s bioelectrical activity
IN Pregnant Women .............oeeeeeveeeevvvvvveneennieeeeeennnns 45

Review

T.M. Bentsa
Nonalcoholic fatty liver disease
associated with obesity
and type 2 diabetes
and gut dySbiosiS .....ccceeeeeeiiiiiiiiiiiiie e 50

1. Kamyshna, L. Pavlovych, V. Pankiv,
A. Khodorovska, O. Bilous, O. Kamyshnyi

The molecular fundamentals of neurorehabilitation
and their modulation by thyroid hormones ............. 56

V.0O. Serhiyenko, V.B. Sehin, M.E. Hotsko,
L.M. Serhiyenko, O.0. Serhiyenko

Metabolic syndrome,
dyssomnia, and melatonin ...............cccceeeveeeeeeeeennnn.. 63

0O.V. Bilookyi, V.L. Vasiuk, O.A. Shupik

Thyroid dysfunction
in the ageing patient .........ccccceeeeeeiciiiiiiiiieeeeeeeeeenns 73
Jubilee
Academician
Mykola Dmytrovych Tronko turns 80! ..................... 79

Clinical Case

P.M. Lyashuk, R.P. Lyashuk, Yu.F. Marchuk
Comorbidity of Menetrier’s disease
and diabetes mellitus.
A clinical CaSe .....eeevviviiieiiiiiieeiiiee e 80

Tom 20, N2 2, 2024

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


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

olel

International Journal of Endocrinology

OpUriHOAbHI AOCAIAXKEHHS
Original Researches

UDC 616.12-008.331.1:616.379-008.64-085

DOI: https://doi.org/10.22141/2224-0721.20.2.2024.1368

Yu.M. Kazakov, O.V. Muraviova, T.V. Nastroga, O.E. Kitura, S.V. Shut

Poltava State Medical University, Poltava, Ukraine

Optimized treatment of elderly patients
with type 2 diabetes mellitus
and hypertension in general practice

Abstract. Background. Population aging has become a leading demographic feature of Ukraine. According to
the World Health Organization, the number of elderly and senile people will increase to almost 40 % in the coming
decades. Hypertension and type 2 diabetes mellitus (DM) are among the leading factors of cardiovascular risk. It is
known that excessive oxidant stress and low-grade subclinical chronic systemic inflammation are determining factors
of endothelial dysfunction, vascular reactivity disorders, increased peripheral vascular resistance, carbohydrate,
and lipid metabolism disorders, which leads to increased blood pressure and plasma glucose levels. Hypertension
and type 2 DM are among the leading cardiovascular risk factors. The purpose of the study was to increase the
effectiveness of treatment and improve the quality of life of elderly patients with combined pathology of hypertension
and type 2 DM by additional inclusion of empagliflozin and L-arginine in the basic therapy. Materials and methods.
Fifty elderly patients with comorbid pathology were under our observation for second stage hypertension, coro-
nary heart disease (functional class Il) and type 2 DM in the stage of subcompensation. Participants were divided
into two groups: the first one, controls (n = 25), received generally accepted basic therapy. In the second group
(n = 25), the following drugs were added to the basic therapy: empagliflozin 10 mg/day, L-arginine 300 mg/day.
Results. Clinical observation in outpatient conditions lasted for 3 months. Comprehensive therapy in the elderly
patients with comorbid pathology of hypertension and type 2 diabetes, with the additional inclusion of empagliflozin
and L-arginine to the basic therapy, contributes to a significant positive effect on the clinical course, reduces the
risk of progression of this constellation. Conclusions. The application of the proposed comprehensive therapy in
outpatient conditions under the control of a family doctor will significantly improve the quality of life of patients and

prevent the development of complications.

Keywords: hypertension; type 2 diabetes mellitus; elderly patients; empagliflozin; L-arginine

Introduction

Population aging has become a leading demographic fea-
ture of Ukraine. According to the World Health Organiza-
tion, the number of elderly and senile people will increase to
almost 40 % in the coming decades [1, 2]. Hypertension and
diabetes mellitus (DM) type 2 are among the leading factors
of cardiovascular risk [3]. It is known that excessive oxidant
stress and low-grade subclinical chronic systemic inflam-
mation are determining factors of endothelial dysfunction,
vascular reactivity disorders, increased peripheral vascular
resistance, carbohydrate and lipid metabolism disorders,
which leads to increased blood pressure (BP) and plasma
glucose levels [4]. With the growing burden of metabolic

disease, cardiovascular disease, and diabetes mellitus, there
is an implication for new pharmacological intervention. So-
dium-glucose cotransporter 2 (SGLT?2) inhibitors are a class
of drugs that work on SGLT2 receptors in the kidneys to de-
crease glucose reabsorption. Lowering glucose levels mainly
aids those with type 2 DM, but they also have many other
effects on the body [5].

L-arginine, an endogenous amino acid, is a safe sub-
stance that can be found in food. The compound is involved
in synthesis of various products responsible for regulatory
functions in the body. Among others, nitric oxide, a signa-
ling molecule regulating carbohydrate and lipid metabolism,
is particularly noteworthy. The increasing experimental and
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clinical data indicate that L-arginine supplementation may
be helpful in managing metabolic disorders in obesity, regu-
lating blood pressure or alleviating type 2 DM symptoms,
but the mechanisms underlying these effects have not been
sufficiently elucidated [6]. Any improvement in endothelial
function contributes to the prevention of cardiovascular
diseases. As a functional amino acid, L-arginine serves not
only as a building block of protein but also as an essential
substrate for the synthesis of nitric oxide (NO), creatine,
polyamines, homoarginine. NO (a major vasodilator) in-
creases blood flow to tissues and contributes to a moderate
reduction of systolic (SBP) and diastolic blood pressure
(DBP) [7, 8].

Psychosocial stress has been long known to have dele-
terious effects on health and is considered a modifiable risk
factor for stroke. Given the prevalence of chronic and acute
exposure to stress, it represents a potentially attractive target
for population-health interventions [9]. It is also known that
with age, there is an increase in sensitivity to humoral influ-
ences (in particular, adrenaline), which leads to increased
sensitivity of the myocardium of older people to stressors
[10]. Also, improvements in the circadian rhythm of blood
pressure under the influence of treatment that improve the
quality of sleep have been noted [11].

The aim of the study was to increase the effectiveness of
treatment and to improve the quality of life of elderly patients
with combined pathology of hypertension and type 2 DM
with the help of additional therapy with empagliflozin and
L-arginine.

Materials and methods

We monitored 50 elderly patients with comorbid patho-
logy of second-stage hypertension, coronary heart disease:
functional class Il angina pectoris and type 2 DM in the
subcompensation stage. Duration of disease was more than
10 years. Patients gave informed consent in compliance
with the principles of bioethics and deontology during the
study in accordance with the principles of the Declaration
of Helsinki.

The average age of the patients was 66.8 = 2.3 years.
Clinical diagnoses were determined in accordance with the
Order of the Ministry of Health of Ukraine dated May 24,
2012 No. 384 and the current Unified Clinical Protocols
“Hypertension” of 2016, Order of the Ministry of Health of
Ukraine dated December 23, 2021 No. 2857 “Stable Ische-
mic Heart Disease” and Order of the Ministry of Health of
Ukraine of December 21, 2012 No. 1118 “Unified Clinical
Protocol of Primary and Secondary (Specialized) Medical
Care for Type 2 Diabetes”, as well as new 2023 European
Society of Cardiology guidelines [12]. Patients were exami-
ned using general clinical, laboratory and instrumental
methods.

BP measurement in the elderly patients with hyperten-
sion and diabetes was carried out after 5 minutes at rest on
both arms. To rule out possible orthostatic hypertension, BP
was measured after 1 and 3 minutes in a standing position.
Thickening of the common and internal carotid artery walls,
or the presence of atherosclerotic plaques, as well as inti-
ma-media thickness (IMT) were determined using duplex
scanning on an ultrasound scanner ACCUVIX A30 (Sam-

sung Medison, South Korea) with a linear sensor in B-mode
in three places on distance of 1.5 cm from the bifurcation of
the distal part of the right and left common carotid artery,
internal carotid artery along the anterior wall.

The diagnostic criterion for increased IMT was conside-
red to be > 0.9 mm, the presence of an atherosclerotic plaque
was noted with local thickening of IMT > 1.5 mm or thicke-
ning of more than 50 % of the lumen of the vessel, or 0.5 mm
according to other areas of IMT. Endothelium-dependent
vasodilation (EDV) was calculated using the formula:
EDV = (d60 — d0) x 100 % / d0, where d60 is the diameter
of the brachial artery (BA) 60 seconds after the restoration
of blood circulation, d0is the initial diameter of the brachial
artery. Endothelium-dependent vasodilation is calculated
by the difference in the diameter of the artery. Endothelial
dysfunction was considered to be at < 10 % EDV BA [13].

Parameters of plasma hemostasis were determined: levels
of fibrinogen, activated partial thromboplastin time (aPTT).
Blood lipids were studied: the levels of total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein (LDL-C) choles-
terol. Careful monitoring of the following indicators was car-
ried out: glycated hemoglobin (HbAlc), BP and body mass
index (BMI). The psychological state of the patients was
determined using Spielberger-Khanin questionnaire. The
results were evaluated in points: less than 30 points — low
anxiety; 31—45 — moderate anxiety; 46 or more points —
high anxiety [14].

Statistical processing of the results was carried out using
Prism5 (version 5/03) Microsoft Excel 2010 software packa-
ges, methods of descriptive statistics and statistical analy-
sis. The probability of the obtained results was determined
using the Student’s t-test of reliability. Differences were
considered insignificant at the probability of error P < 0.05
generally accepted in medical and biological research.
Correlation between quantitative indicators was assessed
using the Pearson correlation coefficient (r). All patients
were given personalized motivational recommendations
for lifestyle changes: a rational diet with a restriction of salt
(up to 5 g per day) and simple carbohydrates, a decrease
in the consumption of saturated fats and trans fats, and
an increase in polyunsaturated fatty acids and dosed fiber;
dosed physical activity: slow walking for 40 minutes 4 times
a week; careful control of glycemia, monitoring of BP and
body weight at home.

The patients were divided into two groups. The first one
(controls, n = 25) received the generally accepted basic
therapy: angiotensin-converting enzyme inhibitor — pe-
rindopril, calcium antagonist — amlodipine, antiplatelet
agent — acetylsalicylic acid, statin — rosuvastatin, glu-
cose-lowering therapy — metformin. The second (main)
group (n = 25) had the following drugs added to the ba-
sic therapy: SGLT?2 inhibitor empagliflozin 10 mg/day and
L-arginine 300 mg/day. Clinical observation in outpatient
conditions lasted for 3 months.

Results

Before the beginning of treatment, all elderly patients
with comorbid pathology of hypertension and type 2 DM
had complaints of headache, dizziness was noted in 43
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(86 %) cases, sleep disorders in 48 (96 %), periodic pain
in the lower limbs when walking in 46 (92 %), periodic
seizures in 26 (52 %), weakness in the legs in 36 (72 %),
nervous tension, or irritability and restlessness were noted
by all patients (100 %). The listed complaints testified to
characteristic clinically significant symptoms of macro-
angiopathy and psychopathological disorders, which sig-
nificantly worsen the prognosis and the process of social
adaptation of the elderly.

The average duration of reduction of the main clinical
symptoms (headache) in the main group was 4.30 £ 0.33
days, while in the comparison group 5.90 = 0.41 days
(P < 0.05); normalization of sleep — 5.10 + 0.44 days, and
6.40 £ 0.38 days in the controls (P < 0.05). The obtained
results show that in patients of the main group, the nor-
malization of sleep, reduction of clinical symptoms such as
headache occurred in a shorter time.

The average level of reactive anxiety (RA) in patients
of the main group before treatment was 47.8 * 2.2 points,
which indicates its high level. Clinically, this was manifes-
ted by a feeling of mildly and moderately expressed anxie-
ty, worry, sleep disturbances. After treatment, the anxiety
was 40.10 £ 2.94 points, decreased by 16.1 % (P < 0.05).
The average level of personal anxiety (PA) before treat-
ment in the comparison group was 47.20 *+ 3.12 points, af-
ter treatment, it decreased not significantly, by 9.1 %, and
was 42.9 £ 2.5 points (P > 0.05). There were no significant
differences in the level of PA after the course of therapy.
The obtained results allow us to state that comprehensive
therapy significantly reduces the level of RA, contributes to
the normalization of sleep and improves the quality of life
of patients.

The comparative evaluation of the integral standard
indicator of carbohydrate metabolism in patients of the
main group demonstrated a significant decrease in the ave-
rage level of HbAlc by 14.1 % (before treatment, it was
7.70 £ 0.33 %, after treatment — 6.52 £ 0.41 %) (p < 0.05),
while in the controls, HbAlc decreased not significantly, by
9 %, from 7.45 + 0.65 % t0 6.78 £ 0.51 (P > 0.05). It can be
assumed that the hypoglycemic effect of empagliflozin and

L-arginine is due to a positive impact on the regulation of
insulin synthesis and release, an increase in its content in
the blood, a decrease in insulin resistance and an increase
in the sensitivity of tissues to insulin, an increase in the
utilization of glucose, which coincides with the opinion of
scientists [15, 16].

After the treatment, SBP and DBP decreased sig-
nificantly in patients of the main group. SBP reduced in
them by 25.5 % (from 175.2 + 4.1 mmHg before treat-
ment to 131.40 £ 3.63 mmHg after it) (p < 0.05), while
in the controls — by 19.1 % (from 172.80 + 4.52 mmHg
to 137.4 £ 3.5 mmHg) (P < 0.05). DBP in the research
group decreased by 25.2 % (from 96.4 + 4.2 mmHg
to 73.2 £ 6.1 mmHg) (p < 0.05), in the control group,
a non-significant decrease in diastolic blood pressure by
16.4 % was noted (from 94.7 £ 5.9t079.2 £ 6.8) (P > 0.05).
The obtained results convincingly prove the positive thera-
peutic effect of comprehensive therapy with the use of em-
pagliflozin and L-arginine, which contributes to increasing
the effectiveness of antihypertensive drugs.

After the course of therapy, an improvement in the
blood lipids was noted. A more significant positive trend
was observed in the level of TG (p < 0.05): in the main
group, it decreased by 25.7 % (from 1.91 & 0.12 mmol/I to
1.42 £ 0.18 mmol/1) (p < 0.05), while in the controls by
17.1 % (from 1.88 £ 0.20 mmol/1 to 1.56 + 0.13 mmol/I)
(p > 0.05). Under the influence of comprehensive therapy,
there was a significant decrease in the level of fibrinogen by
12.1 % (before treatment, it was 4.53 £ 0.16, after treat-
ment 4.01 = 0.21 g/I (p < 0.05) in the main group, while
in the comparison group, it reduced only by 7.2 % (from
4.41 £ 0.34to 4.14 = 0.29 mmol/I) (p > 0.05).

After the course of therapy, the patients of the main group
reported an increase in the level of aPTT to 23.70 = 0.55
seconds, while in the controls, this indicator did not in-
crease significantly and was 21.8 £ 0.8 seconds (p < 0.05).
An increase in the level of fibrinogen and a decrease in aPTT
indicates the activation of coagulation hemostasis in the el-
derly with comorbid pathology of hypertension and type 2
DM. After a course of comprehensive therapy, a decrease in

Table 1. The results of laboratory-instrumental studies in the elderly patients with comorbid pathology
of hypertension and type 2 DM

Main group (n = 25) Comparison group (n = 25)
Indicators
Before treatment After treatment Before treatment After treatment
TC, mmol/l 5.57 + 0.64 4.13 £ 0.51 5.42 + 0.59 4.60+0.72
LDL-C, mmol/l 0.95+0.13 1.12+0.22 0.99 +0.28 1.08 £ 0.21
HDL-C, mmol/l 3.82+0.23 2.90 +0.26 3.91 £0.32 3.24 +0.29
TG, mmol/l 1.91 +0.12* 1.42+0.18 1.88 + 0.20 1.56 £ 0.13
Fibrinogen, g/l 453 +0.16* 4.01 £ 0.21 441 +£0.34 414 +£0.26
aPTT, sec 21.3+0.8 23.70 + 0.55** 20.10 £ 0.76 21.80 +0.80
Al 4.89 + 0.54* 2.98 + 0.31 447 £0.42 3.25 + 0.23*
IMT CA 1.28 + 0.06* 1.04 £ 0.08 1.22 + 0.09 1.130 £ 0.076
EDV BA 6.48 + 0.31 7.85 + 0.44* 6.31 £ 0.33 7.02 £ 0.51

Notes: * — differences before and after treatment are reliable; ** — differences are reliable between patients of
the main and control groups after treatment.
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the content of fibrinogen, an increase in aPTT was noted in
patients of the main group, which indicates a decrease in co-
agulation properties and an improvement in blood rheology
that coincides with the results of researchers [17].

Evaluation of the results of a carotid artery duplex scan
confirmed the thickening of the intima-media of the com-
mon carotid artery. After the course of therapy, the carotid
artery IMT in the main group decreased by 18.7 % (from
1.28 £ 0.06 to 1.04 = 0.08 (p < 0.05), while in the com-
parison group, the reduction of 7.4 % (from 1.22 £ 0.09 to
1.130 = 0.076) was insignificant (p > 0.05).

In the patients of the main group, a significant in-
crease in the absolute index of the artery diameter was no-
ted. The EDV in patients of the main group increased by
17.9 %, from 6.48 + 0.31 to 7.85 + 0.44 (p < 0.05), while
in the controls, an insignificant increase was noted — by
11.4 % (from 6.31 £ 0.33t0 7.02 £ 0.51) (p > 0.05). Thus,
the use of L-arginine in the comprehensive treatment of
elderly patients with hypertension and type 2 DM con-
tributes to the improvement of endothelium-dependent
vasodilation.

BMI showed a significant decrease in the main group af-
ter the course of therapy, by 5.7 % (from 29.9 £+ 0.7 kg/m? to
28.1 + 0.4 kg/m?) (p < 0.05), while in the controls, an insig-
nificant decrease by 1.4 % was noted (from 30.1 + 0.9 kg/m?
t029.7 % + 0.6 kg/m?). It can be assumed that comprehen-
sive therapy with the use of empagliflozin contributes to the
reduction of insulin resistance and the activation of catabolic
processes such as increased lipolysis and fat oxidation, which
contributes to weight loss.

After the course of therapy, 13 (52 %) patients of the
main group and 5 (21 %) patients of the control group noted
a reduction in the symptoms of macroangiopathy of the lower
extremities (p < 0.05), which suggested a positive effect and
the effectiveness of the proposed comprehensive therapy in
the elderly.

Discussion

The pandemic of type 2 DM has become a serious pub-
lic health threat [18]. A consistent downward trend in the
age of type 2 DM onset even worsens the situation [19].
Mounting evidence has demonstrated that the younger the
age at diabetes onset, the greater the risk of diabetes-related
comorbidities, e.g., cardiovascular diseases and prema-
ture mortality [20]. The existence of “metabolic memory”,
when the influence of an early glycemic exposure environ-
ment is imprinted in target cells and organs and leads to
prolonged impairments even after optimal glucose control
[21], emphasizes the need for the clinical priority of early
identification and intervention against risk factors for type
2 DM [22].

Our study found a significant interaction between cumu-
lative inflammation and atherogenic dyslipidemia associated
with type 2 DM onset among the general population.

Endothelial dysfunction contributes to the development
and progression of atherosclerosis, which leads to cardio-
vascular complications [23]. Among the most significant
mechanisms of endothelial dysfunction, there is a disruption
of the metabolism of L-arginine — NO, which is the main
effector molecule produced by endotheliocytes [24]. The

results of the study indicate that the use of L-arginine in
the comprehensive treatment of elderly patients with hy-
pertension and diabetes can be successfully combined with
standard hypotensive therapy and can contribute to the ad-
ditional reduction of systolic and diastolic blood pressure; it
also prevents the progression of the atherosclerotic process.
Additional use of empagliflozin in the comprehensive the-
rapy contributes to the blood glucose reduction through an
insulin-independent mode of action, namely, increasing the
excretion of glucose in the urine [5]. In addition, empagli-
flozin enhances the fractional excretion of sodium and has
a moderate diuretic and natriuretic effect, which also helps
reduce blood pressure and uric acid levels and is appropriate
in the comprehensive treatment of patients prone to hyper-
tension and type 2 DM [5].

Elderly patients with hypertension and type 2 DM have
a high level of RA, poor sleep, which justifies the need to use
comprehensive therapy. A reliable positive correlation found
between the level of RA and blood pressure before treatment
in the main (r = 0.448; p < 0.005) and comparison groups
(r=0.385; p < 0.005), between the level of HbAlc and to-
tal cholesterol before treatment in both groups (r = 0.158;
p <0.005 and r = 0.472; p < 0.005, respectively) proves that
a controlled decrease in the level of HbAlc prevents the pro-
gression of atherosclerosis, long-term micro- and macrovas-
cular events.

The use of the proposed comprehensive therapy in the
elderly with hypertension and type 2 DM in the outpatient
settings under the supervision of a family doctor will signifi-
cantly improve the quality of life of patients and prevent the
development of complications.

Conclusions

The conducted clinical observations and current la-
boratory-instrumental studies provide basis to claim that
hypertension combined with type 2 diabetes in the elderly
is a complex pathogenetic syntropy. Long-term course of
combined pathology, insufficiently effective results of stan-
dard therapy, modern challenges (military actions) lead to
the development of anxiety states, which significantly affects
the course of comorbid pathology in the elderly patients and
worsens the prognosis.
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[TOATQBCHKV AEPIKABHUM MEAMYHUN YHIBEPCUTET, M. [TOATABA, YKPAIHQ

OnTrUmi3auig AiKyBAHHS NALIEHTIB MOXUAOIO BiKY 3 LYKPOBUM Aia6eTtom
TA APTEPICABHOIO FNEepPTEeH3IEIO B 3ArAAbHIN NPAKTULL

Pesome. Axkmyaavnicmo. CrapinHs HaceJleHHs CTAJIO MPOBi-
HOIO AeMorpadiyHOI0 03HaKOI0 YKpaiHu. 3a rmporHo3aMu Bcee-
CBITHBOI OpraHizailii OXOpoOHHM 310POB’sl, KiJIbKiCTh JIOJAEH MOXU-
JIOTO Ta CTapeyoro BiKy B HAUOJIMKYi IECTUIIITTS 3pOCTe Maiike
1o 40 %. AprepianbHa rineptensist (AT) i ykposuii nia6er (L)
2-T0 TUITY € OTHUMH 3 TOJIOBHUX (DAKTOPiB ceplieBO-CYIMHHOTO
pu3uKy. Bimomo, 1110 OKCUIAHTHUI cTpec i CyOKJTiHiUHe XpOHiUHe
CHCTEMHE 3arajeHHs] HU3bKOT iIHTEHCUBHOCTI € BU3HAYAJIbHUMU
dakTopamu eHgoTeNiaNbHOT AUCPYHKIIIT, MOPYIIEHb PeaKTUB-
HOCTI CyIMH, MiABUILEHHS TTepUdEePUIHOro CyTMHHOTO OTIOpY,
MOpPYIIeHb BYTJEBOAHOTO i JIiMiAHOTO OOMiHY, 1110 IPU3BOAMUTH
110 3pDOCTaHHS apTepiaJiIbHOTO TUCKY i PiBHS TJIIOKO3U B IJIa3-
Mi KpoBi. Mema: ninBUIIUTH e(GEKTUBHICTD JIIKYBaHHS Ta MO-
KPAIUTH SIKiCTh KUTTS MAIIEHTIB TTOXUJIOTO BiKYy 3 TIOETHAHOIO
nartoJjorieto (LI 2-ro tumy Tta AI') 3a 4OITOMOro10 BKIIOUEHHS
eMmnarJiicdio3uny Ta L-apridiny go 6asucHoi Tepanii. Mamepiaaiu
ma memodu. [1in HauIUM criocTepexkeHHsIM repedyBaso S50 ocio
TIOXUJIOTO BiKYy 3 KoMop0OigHoto marojorieio: Al 11 ct., imemiuna

xBopoba cepus (dyHkuioHansHuUi kiac I11) ta LI/l 2-ro tumy
B CcTaHi cyOkoMmeHcailii. XBopi Oyyiu po3moisieHi Ha Bi rpymu.
Ilepuriit (KOHTPOJIBHIN) Tpymi (n = 25) mMpuU3Havagu 3arajJbHO-
MPUITHATY 6a3MCHY Teparrito. Y aApyriil (0CHOBHIi) rpymi (n = 25)
o 6a3ucHOI Teparrii qogaBanu emmnariidao3ud 10 mMr/mooy,
L-aprinin 300 mMr/no0y. Pe3yasmamu. KiiHidHe criocTepekeH-
Hs1 B aMOyJIaTOPHUX YMOBaxX TPUBAJIO IMPOTSITOM TPhOX MiCSIIiB.
KowmruiekcHe JiKyBaHHSI XBOPUX MOXUJIOTO BiKy 3 KOMOPOiTHOIO
narosiorieto (Al Ta LIJ] 2-ro Tumny) 3 10JaTKOBUM BKJIIOYEHHSIM
emmnariicdiao3uHy Ta L-aprininy mo 6a3ucHOI Tepalrii cripusie
CYTTEBOMY MO3UTHBHOMY BILUIMBY Ha KJIiHIYHUI TTepedir, 3HUKY€E
PM3UK TIPOrpecyBaHHSI 1i€l KOHCTeNs il Bucnoexu. 3acTocyBaH-
HsI 3aTIPOITIOHOBAHOT KOMIIEKCHOT Teparlii B aMOyJ1aTOpHO-TTOJTi-
KJTIIHIYHUX YMOBAX ITil KOHTPOJIEM CIMEITHOTO JIiKaps J03BOJIUTH
CYTTEBO MOKPAIIUTH SIKiCTb XUTTS MaLli€HTIiB, MOMEPEAUTH PO3-
BUTOK YCKJIaTHEHbD.

KuouoBi ciioBa: aprepianbHa rinepreHsis; yKpoBuii qiabet 2-ro
THITY; XBOPI ITOXWJIOTO BiKy; eMIanticho3uH; L-apriHin
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Lipid metabolism in patients
with chronic hepatitis C,
non-alcoholic fatty liver disease
and obesity under the influence
of treatment

Abstract. Background. In patients with advanced stages of liver fibrosis, progression of liver fibrosis and obesity
may be observed after complete elimination of hepatitis C virus. The aim of the research was to study the impact
of antiviral therapy on lipid metabolism indicators in patients with chronic hepatitis C (CHC) combined with non-al-
coholic fatty liver disease (NAFLD). Materials and methods. Eighty-two patients were under observation, 56 with
CHC combined with NAFLD and 26 with CHC. They were divided into three groups: first one (n = 23) — patients
with CHC with NAFLD and obesity, second (n = 33) — participants with CHC, NAFLD and overweight, third group
(n = 26) — CHC patients with normal body weight. All patients underwent determination of blood lipid spectrum and
cytokines Ang-2, TGF-1, TNF-a and neopterin, IL-6. The degree of liver fibrosis and steatosis was determined using
FibroMax. Patients received sofosbuvir 400 mg, daclatasvir 60 mg once a day for 12 weeks. Results. The study
found that 8 patients had liver fibrosis F, ,, 11 people — F, ,, 23 — F,_,, and 37 people — F,, ,. Sustained virological
response was achieved in 95.1 % of patients with CHC. No response was received in 4.9 % of patients who had
advanced stages of liver fibrosis and obesity or increased body weight. After the treatment, a slight increase in the
level of high-density lipoprotein cholesterol was registered in 61.1 % of patients in group 3, 50 % in group 2, and only
in 31.2 % of patients in group 1. Content of total cholesterol tended to increase in patients of groups 1 and 2 and
remained unchanged in group 3. Although the changes in the levels of low- and very low-density lipoprotein were
statistically significant, they were not large in terms of absolute values. In 62.5 % of CHC patients with concomitant
NAFLD who had obesity or increased body weight and F, , fibrosis, even after complete elimination of the virus,
the levels of Ang-2 and TGF-B1 remain high and positively correlate with the degree of steatosis and the stage of
liver fibrosis. Conclusions. After the successful elimination of the hepatitis C virus, lipid metabolism disorders are
registered in patients with concomitant non-alcoholic fatty liver disease, F, , fibrosis and increased body weight.
Keywords: hepatitis C; non-alcoholic fatty liver disease; steatosis; fibrosis; obesity; lipid metabolism; antiviral
therapy

Introduction

According to WHO data, about 71 million people suffer
from chronic hepatitis C (CHC), and 350—399 thousand
die annually due to liver damage and complications caused
by the hepatitis C virus (HCV) [1]. Every year, 1.75 million
new cases of HCV are registered, of which 70—85 % turn
into CHC [2]. Long-term persistence of HCV in liver tissue
with subsequent inflammation leads to angiogenesis, fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC) [3]. Direct-

acting antiviral agents (DAAs) have made a breakthrough
in the treatment of CHC with the possibility of a sustained
virologic response (SVR) in more than 95 % of cases [4]. In
most patients who have achieved SVR, there is a decrease in
the degree of liver fibrosis, so they have a lower risk of HCC.

However, progression of liver fibrosis and/or develop-
ment of HCC may occur in some patients after successful
eradication of HCV with DAAs [5]. This is especially true for
patients with advanced stages of fibrosis prior to treatment.
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The rate of fibrosis progression has been linked to a variety
of factors, among which other liver diseases, including alco-
holic and non-alcoholic fatty liver disease (NAFLD), hepa-
titis B virus infection, and HIV infection [6]. Several studies
have reported that SVR after DAAs has a beneficial effect
on glycometabolic control [7—9]. However, a statistically
significant effect could not always be detected, and there are
insufficient prospective long-term studies to confirm this fact
[10—12]. HCV is known to alter lipid pathways to enhance
its replication. The components of very low-density lipo-
proteins are involved in the assembly and secretion of HCV
[13]. Increased efficacy of interferon-based antiviral therapy
in combination with statins confirms the importance of lipids
in the HCV replication cycle [14—16].

The most frequent outcome recorded after achieving
SVR with DAAs was the reversal of steatosis. Regression
of hepatic steatosis was observed in about 22 % of patients.
However, recent reviews have shown contradictory data. In
a prospective study conducted by M. Noureddin et al. (USA,
2018) it was shown that the frequency of steatosis in patients
with CHC after SVR did not change and was 47—50 % [17].
However, patients who were diagnosed with steatosis despite
having normal alanine aminotransferase levels also had fi-
brosis compared to those who did not have fatty liver. At the
same time, there are studies that show an increase in the
degree of steatosis after the end of DAA therapy [18, 19].
Therefore, the prediction of fibrotic changes in the liver after
HCV treatment is a crucial clinical problem [20]. In this con-
text, it is important to study indicators of lipid metabolism
under the influence of antiviral therapy.

The aim of the research was to study the impact of anti-
viral therapy on lipid metabolism in patients with chronic
hepatitis C combined with non-alcoholic fatty liver disease.

Materials and methods

The research was conducted at the department of faculty
therapy with the consent of the patients, and the methodo-
logy corresponded to the Declaration of Helsinki 1975 and
its revision of 1983.

The study was approved by the local ethics commission
(protocol No. 2/4 dated February 28, 2024), its participants
read and signed the letter of consent, the structure of which
was officially accepted.

Inclusion criteria: patients with a verified diagnosis of
CHC with and without NAFLD, who agreed to follow-up.
Exclusion criteria: the presence of markers of infection with
other hepatitis viruses (A, B, D), markers of autoimmune
hepatitis and HIV infection, use of corticosteroids, non-
steroidal anti-inflammatory and immunosuppressive drugs,
and the patient’s decision to withdraw from the study. Given
the specified criteria, 82 patients with a verified diagnosis
of CHC were included in the study, 34 (41.5 %) men, 48
(58.5 %) women with an average age of 58.5 & 1.5 years.

They were divided into three groups: first group
(n = 23) — patients with CHC with NAFLD and obesity,
second group (n = 33) — participants with CHC, NAFLD
and overweight, third group (n = 26) — CHC patients with
normal body weight. The groups were representative in terms
of age and sex. All patients received specific antiviral the-
rapy: sofosbuvir 400 mg, daclatasvir 60 mg once a day for 12

weeks according to the protocol. The control group (n = 25,
average age 33.2 + 1.5 years) consisted of practically healthy
individuals.

The diagnosis of HCV was made according to the Inter-
national Classification of Diseases of the 10" revision and
confirmed by the detection of RNA HCYV in the blood of
patients by the real-time polymerase chain reaction with
determination of viral load and genotyping. General clini-
cal, biochemical, serological, and molecular genetic studies
were conducted in certified laboratories of Uzhhorod and
commercial laboratories. Indicators of biochemical blood
analysis such as total bilirubin (TB) and its fractions, total
protein and protein fractions, activity of serum cytolytic
enzymes alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST), activity of cholestatic enzymes alkaline
phosphatase (ALP) and y-glutamyl transpeptidase (GGT)
were determined using an automatic biochemical analyz-
er and original ChemWell reagents (Awareness Technology
Inc., USA). All patients also had lipid metabolism para-
meters evaluated: total cholesterol, low-density lipoprotein
(LDL), very low-density lipoprotein (VLDL), high-density
lipoprotein (HDL), and triglycerides (TG) on a biochemical
analyzer using the Bio-La-Test (Lachema, Czech Republic).
Enzyme-linked immunosorbent assay was used in the work to
determine the levels of serum angiopoietin-2 (Ang-2), trans-
forming growth factor B (TGF-B1), tumor necrosis factor-a
(TNF-a), interleukins (IL) 6, 1B and neopterin according to
the instructions attached to the reagent kits of Diagnostics
Biochem Canada and DRG (USA).

All participants underwent abdominal ultrasound. The
degree of liver fibrosis and steatosis was determined using a
non-invasive diagnostic method FibroMax (BioPredictive,
Paris, France) in the commercial laboratory Dila. Body mass
index (BMI) was also determined for all patients. BMI of
18.5—24.9 kg/m?* was regarded as normal body weight, and a
BMI > 24.9 kg/m? as overweight.

The analysis and processing of the results of the patients’
examination were carried out with the Statistics for Win-
dows v. 7.0 computer program (StatSoft Inc., USA) using
parametric and non-parametric methods for evaluating the
results. The difference was considered to be significant at
p <0.05.

Results

Out of 82 patients, 8 (9.8 %) had progressive liver fibro-
sis (F,_,), moderate fibrosis (F, ;) was found in 11 people
(13.4 %), minimal (F, ,) — in 23 (28.0 %), and 37 people
did not have significant fibrosis (F,_,). It should be noted that
progressive liver fibrosis is registered more often in overweight
and obese patients than in those with normal body weight.
According to FibroMax data, patients of group 1 more of-
ten than participants from groups 2 and 3 had pronounced
hepatic steatosis S, ; (45.2 vs. 30.2 and 27.0 %, respectively;
p < 0.05). Statistical analysis showed that the combination
of NAFLD and CHC increases the incidence of hepatic
steatosis S, ; (> = 4.8; p < 0.05).

After the treatment, an improvement in well-being was
noted in all patients. The number of patients who com-
plained of pain, heaviness in the right hypochondrium,
flatulence, weakness and rapid fatigue decreased, with
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a significant predominance of such in the third group.
The analysis of the obtained data indicates a 3.7-fold de-
crease in the manifestations of asthenovegetative syndrome
(p < 0.01) in group 3, while in groups 1 and 2, signs of
rapid fatigue, irritability, and general weakness decreased
only by 1.5 and 1.7 times (p < 0.01). Skin itching in group
3 decreased by 3.4 times (p < 0.01), while in groups 1 and 2
only by 1.3 times (p < 0.05). Pain in the right hypochondri-
um decreased to 6.8 % in group 3 during repeated clinical
examination, while in groups 1 and 2, such a complaint
was still identified after treatment in 20.0 and 18.0 % of
the examined patients.

As a result of the therapy, positive changes were observed
not only in the well-being of the patients, but also in the
blood biochemical parameters. Before the start of treatment,
biochemical indicators in all groups practically did not differ
(p > 0.05). After 12 weeks of treatment, a significant decrease
in the levels of TB, ALP, GGT was noted in all groups, with
a predominance in group 3 (Table 1).

Evaluating blood lipids in patients with CHC combined
with NAFLD, it is worth noting that the initial level of
the HDL fraction in all patients was low and amounted to
0.97 £ 0.08, 1.03 £ 0.07, 1.14 = 0.05 mmol/1 in the corre-
sponding groups, and the proportion of reduced values was
about 70 %. During the treatment period, 61.1 % of patients
in group 3 and 50 % in group 2 had a slight increase in the
level of HDL cholesterol, and in group 1 only 31.2 % of
patients. Levels of total cholesterol tended to increase in pa-
tients of groups 1 and 2, i.e., with CHC and NAFLD, while
in group 3 they remained unchanged. Although the changes
in LDL and VLDL were statistically significant, they were
not large in terms of absolute values and their difference was
not reliable (Table 2).

After the treatment, a decrease in the activity of pro-in-
flammatory cytokines and a slight increase in the level of
anti-inflammatory cytokines were noted. A significant de-
crease in TNF-a and neopterin by almost 4 times (p <0.01)
and IL-6 by 3.4 times (p < 0.05) was noted only in patients of

Table 1. Dynamics of the biochemical blood indicators in patients with CHC under the influence of treatment

. Groups
Indicators
1 2 3
a 32.3+29 29.2+3.7 309+1.2
TB, mmol/l
b 20.3 +1.6* 17.4 +1.3* 12.4 + 0.8%**
a 147.8 +42.7 162.5 + 38.5 122.1+34
ALT, U/
b 422 + 2.3* 32.3+2.1* 27.6 + 1.3%**
a 785+7.8 82.5+7.1 747 + 2.6
AST, IU/I
b 37.4 +1.6% 26.3+1.9* 22.6 +1.3%*
a 137.2+22.5 96.8 + 15.3 1124 £ 5.2
ALP, U/l
b 69.2 + 1.5* 55.4 +1.7* 375 +1.9%*
a 84.3+11.2 772+9.4 79.7 6.2
GGT, U/
b 57.1+8.2 46.1 + 3.1 21.7 £ 5.1%**

Notes: here and in Table 2: a — before treatment; b — after treatment; significance of the difference: * — with
group 1; ** — with group 2 (the indicator was calculated according to the Fisher test, p < 0.05-0.01).

Table 2. Dynamics of the blood lipid indicators in patients with CHC under the influence of treatment

. Groups
Indicators
1 2 3

a 5.89 +0.12 4,74 = 0.11 4.23 +0.11
Cholesterol, mmol/l

b 6.02 + 0.07 5.78 £ 0.08 4.52 +0.04

a 2.24 +0.09 1.93 + 0.04 1.56 + 0.07
TG, mmol/l

b 1.86 + 0.03 1.82 £0.03 1.81 £ 0.06

a 3.46 + 0.07 3.07 £ 0.03 2.24 £ 0.06
LDL, mmol/l

b 3.55 +0.04 3.15+0.05 2.45 +0.08

a 1.42 £ 0.06 1.34 £ 0.04 1.12 £ 0.04
VLDL, mmol/l

b 1.34 £ 0.04 1.29 £ 0.05 0.90 + 0.04

a 0.97 +0.08 1.03 £ 0.07 1.14 £ 0.05
HDL, mmol/l

b 1.18 + 0.03 1.11 £ 0.06 1.53 £ 0.05***

. . a 0.78 £ 0.07 0.84 +0.05 1.13+£0.03

Apolipoprotein A1, g/l

b 0.87 + 0.04 0.89 + 0.05 1.24 £ 0.06

) . a 2.08 + 0.09 2.02 +0.05 1.78 £ 0.04

Apolipoprotein B, g/l

b 1.86 + 0.04 1.97 +0.04 1.59 + 0.08
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Table 3. Dynamics of the blood cytokine activity in patients with CHC under the influence of treatment

. Groups
Indicators
1 2 3

a 160.35 £ 1.02 172.40 £+ 1.15 171.20 £ 1.14
IL-1B, pg/ml

b 140.12 + 0.53 131.20 + 0.73* 122.32 + 0.55*

a 142.30 + 1.34 148.40 + 1.09 148.92 + 0.70
IL-6, pg/ml

b 76.09 + 0.65 61.50 + 1.07* 53.22 + 1.35*

a 177.20 + 1.12 169.20 + 0.09 1922 +1.5
TNF-a, pg/ml

b 87.24 + 0.53 74.55 + 0.74* 57.76 + 0.45*

) a 186.34 + 1.02 184.10 + 1.42 187.67 + 1.08

Neopterin, pg/ml

b 112.32 £ 0.40 102.33 = 1.22* 82.34 + 1.15*

a 224.3 + 36.3 457.2 + 28.7* 176.2 + 15.3*
TGF-B1, pg/ml

b 1785+ 12.4 354.56 + 1.23 104.30 + 0.14

a 325.4 +22.5 423.2 +45.8 254.6 + 27.5
Ang-2, pg/ml

b 267.2+17.3 294.21 +1.44 122.40 + 0.12

Notes: a — before treatment; b — after treatment; * — significance of the difference with group 1.

group 3. However, in 62.5 % of CHC patients with concomi-
tant NAFLD, increased body weight and stage of fibrosis F, ,
after successful antiviral therapy, serum levels of Ang-2 and
TGF-B1 remain high and positively correlate with the degree
of steatosis and stage of liver fibrosis (Table 3).

As a result of the treatment, hepatitis C virus was com-
pletely eradicated in 95.1 % (78/82) of CHC patients, that
is, they had SVR after 12 weeks. No response was received
in 4.9 % of patients who had advanced stages of liver fibrosis
and obesity or increased body weight.

Discussion

After the successful elimination of the hepatitis C virus in
patients with concomitant non-alcoholic fatty liver disease
and increased body weight, lipid metabolism disorders and
high activity of fibrogenesis cytokines were found, which
contributes to the progression of fibrotic changes in the liver
and requires further correction and monitoring. Our results
agree with the data obtained by M.E Bassendine et al., who
proved that after the eradication of HCV, the level of total
cholesterol in the blood increases and, as a result of the al-
ready existing imbalance between the lipoprotein fractions,
atherosclerotic lesions progress (the authors called this “in-
heritance after persistence of HCV”) [21].

Other authors also hypothesized that the hepatitis C virus
triggers the formation of specific antibodies to apolipopro-
teins, which causes an imbalance between high- and low-den-
sity lipoproteins, with a predominance of LDL [19, 22].

At the same time, scientists proved that the achievement
of HCV clearance is related to lipid metabolism disorders
[22]. In patients who were effectively treated with pangeno-
typic antiviral agents, there was an increase in the level of to-
tal cholesterol, low-density lipoproteins and other “proathe-
rogenic” indicators of the lipid profile, as well as an increase
in central arterial stiffness, which are unfavorable factors in
the context of cardiovascular pathology.

CHC patients with low stages of fibrosis (< F,) after treat-
ment had a significant decrease in TGF-f1 levels against the
background of fibrosis regression and a decrease in the necro-

inflammatory activity of the process according to FibroMax
data. However, in 10 of 16 (62.5 %) patients with CHC and
NASH with fibrosis stage F, ,, a regression of liver fibrosis
was not registered after successful DAA therapy, and TGF-1
levels remained high, which confirms the involvement of
TGF-B1 in fibrogenesis. High levels of TGF-1 in CHC pa-
tients are associated with the risk of cirrhosis and hepatocel-
lular carcinoma, as reported by M.I. Radwan et al. [23].

Conclusions

After the successful elimination of the hepatitis C virus,
patients with concomitant non-alcoholic fatty liver disecase
and increased body weight experience lipid metabolism dis-
orders, which contribute to the progression of fibrotic changes
in the liver and require further correction and monitoring.
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Aepbak MLA., NisaHeup H.B., FarHny O.T., Mawypa B.B., Matuypa I+O., Yty O.B., PocTtoka A.M.
ABH3 «Y>KropoACbKk HALIOHAABHUN YHIBEPCUTET», M. Y KIOpOA, YKpAIHQ

AinipAHMN O6MIH Y NALEHTIB i3 XPOHiYHMM renartutom C,
HEAAKOIrOAbHOIO YXMPOBOIO XBOPOBGOIO NEYiHKU
M OXKMPIHHAM MiA BIAMBOM AiKYBOHHS

Pesiome. Axmyaavnicmo. V xBopux i3 BUCOKUMU cTagisMu Pi-
Opo3y MeviHKM ITics TOBHOI eniMiHalii Bipycy rematuty C Mmoxke
criocTepiraTucs nporpecyBaHHs ¢iOpo3y NMeYiHKU i OXXMPiHHS.
Mema: BUBUUTU BIUIMB MIPOTUBIPYCHOI Tepartil Ha MOKa3HUKU
JIinigHOTO 00MiHY B 0cib i3 xpoHiuHuM rematutom C (XI'C),
MOENHAHUM i3 HEaJIKOTOJIbHOIO XKMPOBOIO XBOPOOOIO MEYiHKU
(HAXXII). Mamepiaau ma memoou. Ilin crioctepekeHHIM
3HaXoAUI0Ch 82 xBopi: 56 nauienTiB i3 XI'C, moegHaHum i3
HAXXII, i 26 oci6 i3 XI'C. YyacHUKU pO3/iJieHi Ha TpU TPYIIN:
nepiry (n = 23) — nauientu 3 XI'C, HAXKXII ta oxupiHHsaM,
npyry (n = 33) — ocobu 3 XI'C, HAXKXII i mixBuiieHOIO Macowo
Tina, TpeTio (n = 26) — xBopi Ha XI'C i3 HOPMAJILHOI Macolo
Tila. YciM TamieHTaM IMpoBeAcHO BU3HAYEHHS 0i0XiMiUHUX ITO-
Ka3HMKIiB KpOBi Ta 3araJIbHOTO X0JIeCTePUHY, JIIMOMPOTEiHiB HU3b-
koi (JITTHIL), myxe ausbkoi (JITIJAHILLL) Ta BMCOKOI IIiJIBHOCTI
(JITIBLLL), TpuraiuepuiB Ta UUTOKiHIB aHTiOMIOETUHY-2, TPaHC-
dbopmyrovoro dakropa pocty 1, hakTopa HEKPO3y IMyXJIMHH o i
HEONTEePUHY, iHTepJelKiHy-6. CTymniHb (iOpo3y Ta cTeaTosy Ie-
4YiHKM BM3Ha4YeHo 3a nornomoroto FibroMax. XBopi oTpuMyBaiu
codocOyBip 400 mr, nakiatacsip 60 Mr 1 pa3 Ha 100y IPOTSTOM
12 TuxHiB. Pe3yasmamu. YcTaHOBIIEHO, 1110 8 XBopux Manu (i-
6po3 neuinku F, ,, 11 oci6 — F, ;, 23 — F,_,, a 37 oci6 — cra-

nito F, ,. Criiiky BipycoJioriuHy BiAmoBiab oTpuMaHo B 95,1 %
xBopux Ha XI'C. Y 4,9 % nauieHTiB, ki Maau porpecyroui craiii
(ibpo3y meviHKM Ta OXUpPiHHS abo MiIBUILEHY Macy Tijia, Bil-
MoBini He oTpuMano. [licas MpoBeaeHOTOo JIiKyBaHHST HE3HAYHE
migBuIneHHs piBHs xonectepuny JITIBILL 3apeectpoBano B 61,1 %
XBOPUX TPeThoi rpynu, 50 % — apyroi i Tinbku B 31,2 % — nep-
1IO01 TPYIMM. YMICT 3arajibHOTO XOJIECTEPMHY MaB TEHAEHILiI0 10
MiABUIIEHHS B MEPILiii Ta APYTiii rpymnax, a B TPeTiil 3aauiiaBcs
6e3 3MmiH. Xoua 3minu piBHiB JITTHILL Ta JIIIJHII 6yn1u cra-
TUCTUYHO 3HAYYIIli, OHAK 32 aOCOMIOTHUMM 3HAYSHHSIMU BOHU
HeBenuki. Y 62,5 % oci6 i3 XI'C i cynytHboto HAXKXII, ski maiu
OXMPiHHS 200 MigBuLIeHy Macy Tija Ta ¢iopos F,_,, HaBiTh micis
MMOBHOI eiMiHalii Bipycy rermatuty C piBHI aHTiOIIOCTHHY-2,
TpaHchopmylouoro dakropa pocty 1 3aaumaroTbecsi BUCOKH-
MU Ta MO3UTUBHO KOPEJIOIOTH i3 CTYIIEHEM CTeaTo3y Ta CTali€lo
(hidpo3y neuinku. Bucnosku. [licis ycniuiHoi eniMiHallil Bipycy
renatuty C y mamieHTiB, SIKi MAlOTh CYITyTHIO HEAJIKOTOJIbHY XU~
poBY XBOpoOy meuiHku, ¢iopo3 F, , Ta miaBuiieHy macy Tina,
PEECTPYIOTHCS MOPYLIEHHS JiliTHOTO OOMiHY.

KumouoBi ciioBa: renatut C; HeakorojibHa XUpoBa XBopo0a Ie-
YiHKH; cTeato3; hidpo3; oXXKUPiHHI, JIITAHII 0OMiH; ITIPOTUBIpY-
CHa Tepartisi
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NMPOPDIIAKTUKA PO3BUTKY OEDILUNTY NOAY:

* y nepioa BaritHocTi" ?

* y nepioa roaysaHHs rpyanro’

2 e y nopocnux ta gitein”?

IHpopmauis npo Ge3peuenTypHi nikapcbki 3acobu AnA cnewianicTis 0XopoHH 3710poB'a, Mep! i bap
NpaLiBHUKIB.

CKopoueHa iHCTPYKLiA ANA MeiN4YHOro 3acTOCyBaHHA NlikapcbKnX 3aco6is
MNOAOMAPUH" 100 (JODOMARIN® 100), AOLOMAPUH' 200 (JODOMARIN' 200)

Cknap: 1 Tabnetka 100 micTute Kanito ioaupy 131 MKr, wo BianoBigae woauay 100 mkr, abo 1 tabnetka 200
MICTUTb Kanito ioauay 262 MKr, wwo Bianosiaae 200 MKr i#0AuAY; AONOMiXHi PEYOBUHM: NAKTO3M MOHOTIAPAT, MarHilo
KapOoHaT OCHOBHWI NETKMiA, XeNaTuH, HaTpilo KPOXMAnbrikonaT (Tun A), KpemHilo Aiokcua KOnoiAHWi Ge3BoAHMi,
marHito cteapar. Jlikapcbka dpopma. Tabnetkn. OapmakoTepanesTuyHa rpyna. Jlikapcbki 3acobu And nikyBaHHA
33XBOPIOBAHD LUNTOMOAIGHOT 3an031. TpeoiaHi nikapcbKi 3acobu. Jlikapcbki 3acobm iopy. Kog ATX HO3C A. Mokasanka.
Mpodinaktuka po3BuTKy AediuuTy ioAy, y ToMy uucni y nepiod BariTHocTi abo roayBaHHa rpyaaw. MpodinakTuka
peuyuavBy fiopoAehiunTHOro 306a nicna XipypriyHoro NiKyBaHHA, a TakoX NicNA 3aBepLIEHHA KOMNEKCHOTO NiKyBaHHA
NiKapcbkumu 3acobamu ropMoHiB LiMTONOAIGHOT 3ano3u. JlikyBaHHA AuY3HOTO eyTupeoiAHoro ioAoAediLuTHOrO
306 y AiTeil, y TOMy YUCNi Y HOBOHAPOAXEHUX | HEMOBAAT, Ta AOPoCAMX 0Ci6 monoporo Biky. lpoTunoKasaunua.
MiaBuLeHa uyTAMBICTb A0 Ailouoi pevoBMHN abo Ao 6yAb-AKOTO 3 JOMOMIXKHUX KOMMOHEHTIB Nikapcbkoro 3acoby.
BupaeHuit rineptupeos. Y pasi nateHTHOro rinepTupeo3y NpoTUNOKA3aHO 3aCTOCOBYBATM NiKapcbkuil 3acib y Ao3ax,
10 nepeBuLLyioTb 150 MKT il0AYy Ha A06y. Y pasi aBTOHOMHOT afieHOMM, a TakoX (OKanbHUX Ta ANGY3HUX aBTOHOMHIX
BOTHULY L{NTONOAIOHOT 331031 NPOTUNOKA3aHO 3aCTOCOBYBATU JikapCbKuii 3aci6 y Ao3i Big 300 4o 1000 MKr oAy Ha
700y (3a BUHATKOM NepeaonepaLliitHoi iofoTepanii3 meTolo 6nokaAu WwuTonoAibHoi 3an03u 3a Mnamepom). Tybepkynbo3
nereHis. femopariuxnii Aiate3. lepnetupopmuuit sepmatut liopunra (cunapom fiopunra-bpoka). Mo6iuni peakuii.
Tpu npodinakTnuHomy 3acTocyBaHHi iloAnaY y 6yAb-AKOMY Billi, a TAKOX NPU TepaneBTUYHOMY 3aCTOCYBaHHi y HeMOBAAT
Ta AiTel H edekTiB, AK np He cnocTepiraeTbca. MpoTte Npu HAABHOCTI BEAMKUX BOTHULY aBTOHOMIT
wWMTONoAi6HOT 331031 i MU NpU3HAYEHH oAy y K060BIX 032X, L0 NepeBuLLytoTb 150 MKT, NOBHICTIO BUKAIOUNTH NOABY

TUYHUX

NpeacraBuuyTeo «bEPNIH-XEMI/A. MEHAPIHI YKPATHA Im6X»
Appeca: m. Kuis, Byn. bepesnakiBcbka, 29, Ten.: +38 (044) 494-33-88.

p 0 rinepTupeo3y HemoxuBo. 3 6oky iMyHHOT cucTeMu: peakuii rinepuyTAMBOCTI (Taki, HaNpuKNaz, AK PUHIT,
CMPUYMHERWI iHoA0M, Oynbo3Ha abo Tybepo3Ha iiopoAepMa, eKChONiaTUBHHIA AEPMATHT, AHTIOHEBPOTUYHWI HAbPAK,
rapayKa, akHe i npunyxnicTb CNUHHMX 3an03). loBHuit nepenik no6iuHuX peawiit 3 60Ky iMyHHOT, eHAOKPUHHOI CMcTEMM
Ta iHWMX 3HAXOAUTCA B IHCTPYKLIT AN MEAUYHOTO 3aCTOCYBAHHA Nikapcbkux 3aco6iB Mlogomapuk® 100i Hogomapuk® 200.
Cnoci6 3actocyaHHA. Tabnetkn npuitmaTin nicnA ign Ta 3anuBaT AOCTATHLOK KiMbKICTIO PiAMHYW, Hanpuknag,
CKNAHKOI BOAY. HemoBAATaM Ta AITAM A0 3 POKiB NliKapcbKuii 3aci6 MoxHa AaBaThy noapibHeHomy Burnaai. Kateropia
Biamycky. bes peuenra.

Bupo6Huk. BEPTIIH-XEMI AT, ikikep Ber 125, 12489 bepnin, Himeuuuna.

060B'A3K0BO YBAXHO 03HANOMTECA 3 OBHOI IHCTPYKLIED ANA MEANYHOO 3aCTOCYBAHHA NikapCbKux 3aco6is MOBOMAPUH®
100 Big 30.11.2018 p. Ne 2237, PN Ne UA/0156/01/01, OOMAPUH® 200 Big 06.03.2018 p. Ne 450, PIT Ne UA/0156/01/02,
a came 3 NOBHUM NepesiKoM MPoTMNoKa3aHb, MO6UHIX peaKLiil Ta 0cO6NMBOCTeI 3aCTOCYBAHHA.

*3a pe3ynbratamu po3zpioHoro ayauty Sale Out cuctemin AOCHIZXEHHA GapMaLieBTUYHOro puHKY «Pharmxplorer», npopaxi
6peHziB 3 ypaxyBaHHAM MapKeTylouoi opraHi3aui 3a 2023 pik BKntouHo cepes npenaparis, ki BigHocATbca Ao ATC ko (3)
HO3C «TTPEMAPATH /0AY, LLO 3A(TO(0BY!0TI:(FI 1PV 3AXBOPHOBAHHAX LLUMTOBMAHOT
3AN0311» B Ykpaii, B HaTyp ) TaBrp i
(Tuc. rpH). 3rigHo 3 «basa AaHMX «Pharmexplorer» ©TOB «lpokcima Picepu» 2009 2024».
[Noctynsi 3a nocunannam: https://pharmxplorer.com.ua/
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Aediuut noay i HeedPeKkTUBHICTb NOro AO6ABOK
Y BATMTHUX XIHOK Y MOAbLLi TO NOro BNAUB
HO MeTABOAI3M LLUTOMNOAIGHOT 30A03MU

Pe3tlome. AkTyanbHicTe. M10f] € OCHOBHM KOMIOHEHTOM FOPMOHIB LUMTONORIGHOI 3an03u, i vioro gegiyut npu-
3B0ANTb [0 HEraTUBHUX HACMIAKIB BaritTHOCTI. TOMY riig Yac BariTHOCTi peKOMEHLAYETbCA A0AATKOBWY MPUIOM VOZY .
Mera: LunisixoM OUiHIOBaHHS Py XIHOK i3 3axigHoi NonbLyi OHOBUTY [aHi O[O0 cTaTycy vioay rig Yac BaritHoCTi
" eqheKTUBHOCTI [06aBOK viody L4oao hyHKUi LUMTONOKIOHOI 3a503u MaTtepi vi HoBoHapomxeHoro. MauieHTn Ta
meroaun. Y fnocrnigxeHHs, sike nposoausiocsi Mix 2019 i 2021 pokamu, 6yrio BkoYeHo 91 XIHKY nepes rnosoramu.
ig 4yac megnyHoI criiBbecian nayieHTKU rMoBiGOMMUIN PO CHIOXUBAHHS JIETUYHUX [06aBOK. [TokasHUKu yHKUIT
wmronogioHoi 3anoau (TTT, ft3, ft4, a-TPO, a-Tg i TRAb) BuMiptoBarm B cupoBartLi KpoBi MartepiB i B ryrioBUHHIV
KpoBI ix HoBOHapokeHnx HemosssT. KoHuyeHTpadito viogy B cedi (UIC) i cniseigHoLLeHHs viog/kpeaTtuHiH (UIC/crea)
OUiHIOBasIN B OKPeMUX 3paskax cedi 3a [OrnoMOorow BasigoBaHoi BUCOKOEGEKTUBHOI pignHHOI xpomaTtorpadpii 3 yiib-
Tpagpionetosum getextysaHHsm (HPLC-UV). [NpoBeneHo aHani3a HeoHataibHOro CKpuHiHry TTI i3 cyxoi nnasmu Kposi.
Pesynbtatu. Y BaritHux XIiHOK megiaHa (MikksapTuibHui gianadoH) UIC pgopisHioBana 106 (69—156) mkr/n i crisig-
HoweHHs UIC/crea ctaHoBuno 104 (62-221) mkr/r, Togi sk npubnmaHo 20 % manv UIC/crea Hmxk4e 3a 50 MKI/T, Lo
BKaaye Ha HasiBHICTb fehiunTy viofy. KoeilieHT crnoxvsaHHs JO6aBOK viofy ctaHoBus 68 %. He 6yr10 BcTaHOBIEHO
XKO[HWX BiporigHux BigmiHHocTew Lwogo rnokasHukis UIC, UIC/crea i napameTpis LUMTOMOZIGHOI 3851031 MiXK rpynamu,
AKI npuimany fobasku voay i ki ix He npuvimanu, ogHak HavievLya vodypis 6yna susiB/ieHa B pasi Npu3HavyeHHs
viofy Ha [oLaToK 4O JIeBOTUPOKCUHY MOPIBHAHO 3 BUNaaKaMu, KoM obuasa Ui npenapatu npuiManincs OKpemo.
MavieHTkn 3 UIC/crea B Mexxax 150-249 MKr/r npoReMoHcTpyBanu HaviHwxkdi pisHi TTI i a-TPO. TTI 6ys BuLle Big
5 MMO/n 'y 6 % pgitesi. BACHOBKW. He3Baxkato4n Ha viofyBaHHs1 COJli, sike BIPOBaAXXEHO Ha HaLioHaIbHOMY PiBHI,
i pekomeHpauii Loao JO[ATKOBOro BXUBaHHS oAy nig Yac BariTHOCTI, IO4HWV CTaTyC i peasibHui PiBEHb CrIOXu-
BaHHS viofly nokasasv HeeheKTUBHICTb CyHacHOI Mogeri MpoginakTnkmn nogoRediynTy nig Yac BaritHOCTI.
Kno4oBi cnoBa: koHueHTpauis viogy B cedi (UIC); MikpoenieMeHTH fpy BariTHOCTI; Ko, CesieH; rinotmpeos;
TUPEeOoIanT; rnyrnoBUHHA KPOB HOBOHAaPOIKEHWUX; peKkoMeHAalii LLjo[o npu3Ha4eHHs1 4o6aBoK if Yac BaritHoCTi

BCTYI'I o fox € ocHoBHUM KomroHeHTOM TI. BariTHi XiHKu

IMopymennsa peryasmii gyHKIil IIUTONOAIOHOI 3a-
JIO3U € TOIMPEHOI0 KJIiHIYHOIO ITPO0IEeMOI0, 0COOINBO
aKTyaJbHOIO MiJl Yac BariTHOCTI, Ta TaKolo, 1110 BpaXae
Maiixxe omHy IT’sTy XiHOK. Ilig gac BariTHOCTI ImoTpeda
B TupeoinHux ropmoHax (TT') 3pocrtae Ha 25—50 % de-
pe3 MiaBUILeHHS BUPOOJEHHS TUPEOin3B’13yBaJIbHOIO
ra00yIIiHy, TUTAlleHTapHUI Tepexin Moay i TUPOKCUHY
(T4) no mnona, nerpanamnito TT y mialeHTi i mocuaeHUi
HUPKOBU# KiipeHC MikpoeneMmeHTiB [1]. Kpim Toro, TT
OepyThb yyacThb y Mirpallii HEeMpoHiB i Mi€JliHi3allil Imi yac
PO3BUTKY HEpBOBOI cucteMu T1oaa [2]. Ciin 3a3HauunTH,

3 ne¢iluTOM ooy 4acTO CTPaxKAalOTh Bifd TilMOTHUPEO3y
(I'T), a Takoxk 300y i MarOTh MiABUIIEHUI PU3UK PO3-
BUTKY aBTOIMYHHOI MaTOJIOTi] IIMTOMOAIOHO1 3a103u [3].
Kpim Toro, nedinut TT npu3BoauTh 0 NOTipIIeHHS aKy-
IEPChKUX Pe3yJbTaTiB, TAKUX SIK 3HAUHA MOLIMPEHICTh
BUKUIHIB, MEPTBOHAPOIIKEHb, 3aTPUMKH POCTY i BPOIKe-
HUX aHomadiii [4]. 3HauHuit nediuT Hoay mia yac BHY-
TPIITHBOYTPOOHOTO PO3BUTKY MPU3BOIUTH 10 HANTSIKIOI
dopmu I'T, Tomi gk merka abo rmoMipHa HeJOCTaTHICTh
iioay B MaTepi MOXe CIIPUUMHUTHU iHTEIeKTyalbHy He-
IIOCTAaTHICTh, MOPYIIEHHS IICUXOMOTOPHMUX (QYHKIIIH,
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skl

MOTipIIeHHS colliami3allii Ta 3HMKeHHS noKa3dHuka 1Q
y niteit mikinbHOTO BiKY [5, 6]. Y 1997 poui B [Toxbii Gyno
3apoBaIKeHO MporpaMy mpodiJakTuky iomomedimury,
sKa nependayana 060B’s1I3KoBe HoMyBaHHs MOOYTOBOI COJi
(20—40 mr xamniro omuay (KI) Ha 1 Kr coJjii) Ta cyminiei
1711 HoBoHapomkeHux (10 mxr/100 M Mosioka), a Takox
pexoMeHayBaja gonaTrkose npusHadyeHHs 100—150 mkr
KaJtiio foguay Ha 100y IJIsSI BariTHUX i XKiHOK, SIKi TOAYIOTh
TPYAIIO, 11O 3rOA0M BiTHOBWJIO ONITUMAJIbHUI WOTHUIA
cTaTyc y 3arajbHill momyssauii [7]. B eminemionoriaHomy
BiTHOIIIEHHI BIaJIoCs JIIKBiAyBaTH €HAEMITHMIT 300 Y TiTeit
i BHM3UTH HOro MouupeHicTpb y BaritHux (3 80 no 19 %),
3MEHIIIUTHU YacToTy TpaH3uTopHoro I'T y HOBoHapomxe-
HuX (32 10 0,16 %), a TaKOXX OOMEKUTH 3aXBOPIOBAHICTh
Ha paK IIMTOIIOMIOHOI 3a1031 B XiHOK, cTapinx 3a 40
pokiB [8, 9]. BigmosigHo 10 ocTaHHBOTO 3BiTY BececBiTHLOT
oprani3aiii oxoponu 3mopos’st (BOO3), [loabmia BUKo-
HaJla BUMOTY IIOA0 BXUBaHHS omoBaHoi comi B > 90 %
nomorocrnoaapcts [7].

OpHak 3apa3 CTIIOKMBaHHST COJIi MOXKE 3MEHIIUTHCS Ye-
pe3 BUCOKY YacTOTY TillepTeH3il cepel HaceJeHHs i peKo-
meHnanii [TorbcbKOro ToBaprcTBa TiMePTEH3ii, SIKi CIIpsi-
MOBaHi Ha 3HUXXEHHSI IIOJEHHOTO CITOXXWBAHHSI COJIi 10
5 /106y, abo yepe3 Te, 1110 OiIbIIY YaCTKY B IETI HACCICHHS
CTaHOBJATH iMNOPTHI TiponykTH [10, 11]. [Tpote 3 Toukn
30py ONTUMAaJIbHOI Hoaypii 3a pe3yasrataMu 10- i maiixe
20-piyHOro Nepioay CrocTepeskeHHS Tic/Isl BBEIEHHS TTPO-
rpaMu npodiTaKTUKK MOXKHA 3a3HAYMTH, 110 151 TTporpa-
Ma, 6€3CYMHIBHO, BUSIBWJIACS HEBIAJIOIO IIOAO0 BariTHUX
i XiHOK, siKi roaytoTh rpymato [12, 13]. Tomy HeoOXinHICTD
IOAATKOBOrO Ipuiiomy iomy B 103i 150—200 MKT Ha 100y
IIiJT Yac BariTHOCTI I TIepioay JakTallii Oyjia 0COOIMBO ITilI-
KpecJjeHa B OCTaHHiX HacTaHoBax [1oJIbCbKOro eHIOKPUHO-
JIOTITYHOTO ToBapucTBa [14].

Hapnaku, 3rigHo 3 koHceHcycom BOO3, Jlutsiuoro
¢onay OOH (FOHICE®) i MixHapoaHoi pagu 3 KOHT-
poutio 3a HoponaedinurHumu posnagamu (ICCIDD), ska
3apa3 nepeiiMmeHoBaHa Ha [Tio6anbHy Mepexxy oy (IGN),
3aCTOCYBaHHS MT00AaBOK HOMY HE PEKOMEHIYETHCS, SIKIIO
B 3arajibHiil momnyJsuii piseHb oy OyB JOCTATHIM MpoO-
TSTOM TIOTIEPEIHIX 2 POKiB, 110 BUPAKAETHCSI KOHIIEHTPA-
uieto iomy B cevi (UIC) > 100 MKr/n1, TOAi SIK 3HAYEHHSI
UIC < 150 MKr/1 mig 9ac BariTHOCTI BU3HAYAETHCS SIK Oe-
dinuT Moy [15]. BumiesasHaueHi peKoMeHaallil € HEOTHO-
3HAYHUMU, X04a BOHM 3aJTMIIAI0THCSI OMHOCTAHUMU 111010
rnepeBar MocTiifHOrO MOHITOPUHTY i1 OHOBJIEHHSI HOITHOTO
cTarycy Il yac BariTHOCTi B ycboMY CBiTi. HasiBHi Hallio-
HaJIbHI JaHi MIOI0 OLIHKMY e€(PEeKTUBHOCTI MPOdiTaKTUKNI
ononediuuTty Oyau OoTpUMMaHi 3 LEHTPaJbHUX, MiBHIY-
HUX i miBOeHHUX perioHiB [loabli, y SKuX yci ekcnepTtu
MOTOIXYIOThCS 11010 Hee(PEeKTUBHOCTI 1€l Moaesi cepen
BariTHUX KiHOK. I1poTe Ha ChOrOAHI KOTHUX OOCTiTKEHb
3a y4acTi MEIIKAHIIIB 3aXiJHOI YaCTMHM KpaiH! He IIPOBO-
matocs [12, 16—18].

Merta 1aHOTO TOCTiIKEHHS T10J1siTajia B TOMY, 11100 O11i-
HUTU UOAHUIA CTATYC y BariTHUX XiHOK, PiBEHb CIOXMU-
BaHHS oy, epeKTH i JOTpUMaHHS peKOMEeHaallill y pe-
aJIbHOMY KMTTi cepel BariTHUX XKiHOK i3 3axinHoi [Tobli,
3 0COOJIMBUM aKIIEHTOM Ha (DYHKILii IIIUTOMOAIOHOT 3271031
Marepi i HOBOHapOIKEHOTO.

MauieHtn Ta metoamn

VY nocnimkeHHs 0yJa0 BKIoYeHO 91 XiHKY €BpOrneoinHol
pacu 3 Teputopii Beaukoi [ombii (3axigHuii perion I1omb-
111i), SIKi OyJIM TOCTIiTai30BaHi B aKyIIepChbKe BillIiJICHHSI T1e-
pen HaCcTaHHSIM TepMiHy MoJioriB. JJId yJacTi B AOCTiIKEHHI
JKIHOK BiIOMpaii BUTMIAAKOBUM YMHOM TIPOTSITOM TEPiOLy MixX
20191 2021 pokamu B AiepKaBHili KJIiHiUHil JiKapHi riHeKo-
JIorii Ta akymepcTBa [1o3HaHCHKOro yHiBEpCUTETY MEIUIHIX
HayK (LIEHTp TPETHOTO PiBHS), KA € TMPOBIIHUM aKyllep-
CbKMM LieHTpoM Y 3axigHiii [Tonbmi. [pyma yqacHUIs 1octi-
JIKEHHSI cKJlamasacs 3i 3MOpOBUX XKiHOK, sIKi 10 BariTHOCTI
Oy/IM eyTUPEOITHUMHU a00 TiMOTUPEOINHUMU, MaJIk ad0 He
MaJli aHTUTUPEOIIHI aHTUTIJIA (10 TUPEOINHOI TIEPOKCUIAZU
(a-TPO), Tupeornobyniny (a-Tg), petientopa TTT (TRAb)),
a TaKOX JIIKyBaJuCs a00 He JIKYBaJIMCS JIEBOTUPOKCUHOM
(LT4). BoHu 6ynu po3nonizieHi Ha MiArpynu 3ajJexHo Bil
TOro, OTPMMYBaJI BOHM a00 He OTPUMYBAJIX JOOABKM MOy,
npuiiManu T4 un Hi, a TAKOX MaJIi Y1 HE MaJIl aHTUTUPE-
OINTHi aHTUTIIA. 3araJbHUM CTaH y4aCHMIIb JOC/iIKEHHS OyB
3a[I0BIJIbHUI, BOHM HE MaJIM B aHAMHe3i Oy/Ib-SIKUX Cepiio3-
HUX XPOHIYHMX 3aXBOPIOBaHb, 3JI05IKiCHUX HOBOYTBOPEHb 200
3aXBOPIOBaHb HUPOK/TIEYiHKU (32 BUHSITKOM JOOPOSIKICHUX
KicT). 2KomHa TalieHTKa He MOoBiZoMIIsia IIpo JTOTPUMaHHST
IeBHOTI'O TUITY Ii€TH, BKIIOYHO 3 pallioHOM, baraTuM puooio,
BEeraHChKOIO UM BETeTapiaHChKOIO JIIETOIO, i BCi MalliEHTKU
He MaJIy 3aKOPAOHHMX I0I300K TPUBATICTIO ITOHAM 1 MicCsIIIb.

By npoBeneHi CKpUHIHT Ta ONMUTYBaHHS MaLliEHTOK
32 KPUTEPisSIMU BKJIIOUEHHS/BUKJIIOUEHHS 1 II0JI0 CTIOXH-
BaHHS AIETUUYHUX A0OABOK Tifl Yac BariTHOCTi, BKIIOUHO
3 X Ha3BO10, 03010, YACTOTOIO Ta TPUBAIICTIO MIPUIIOMY.
[lepen mosoraMu B KOXKHOI >KiHKU OYJI0 B3TO 3pa30K cevi,
SIKWIA PO3MICTWIIN JIJIsI 30epiraHHs B MOPO3UJIBHY KaMepy
npu —20 °C y kinbKocti mpubausHo 10 miui. Kpim Toro, ne-
pen mojioraMu OyJIo B35TO 3pa30K BEHO3HOI KPOBi MaTepi 3a
nornioMoroto BeHonyHKkItii. ¥ 111 ca3zi nosoris micias mpunu-
HEHHS MyJIbcallil IyIIOBUHY BimOMpaiy A0 2 MJI ITyIIOBUHHOL
KpOBi 3 HEOHATAJIbHOI YaCTUHU T1alieHTH. O0uaBa 3pa3Ku
cupoBaTku 30epiranucs 3amopoxeHumu Iipu —20 °C. Ilo-
Ka3HUKU foaypii, Taki sk UIC, BuMiptoBanau 3a 101moMo-
rOl0 BajliIoBaHOI iOHHO-MTApHOT BUCOKOE(MEKTUBHOI PilMH-
Hoi xpoMaTorpadii 3 yaerpadioseTOBUM AeTeKTYBaHHIM
(HPLC-UYV), sk onucaHo B [19]. KpeatuHin BUu3Hauaiu
B TOMY CaMOMY 3pa3Ky cedi 3a TOITOMOT0I0 KOJIOPUMETPHY -
Horo Habopy /utst TBepaoda3zHoro iMyHohepMEHTHOTO aHa-
ni3y (ELISA) (ThermoFisher, EIACUN, Frederick, CIIIA).
st 06’exTUBI3allil pe3yabTaTiB pO3paxOByBaJIk CIHiBBil-
HoueHHs on/kpeatnHin y cevi (UIC/crea). Pesynbra-
™ UIC i UIC/crea 6ynu npoaHaiizoBaHi BillIOBIAHO 10
ocraHHix kputepiiB BOO3 151 olliHKM OIHOTO CTaTyCy
y BaritHux [20]. Konuenrpauii cupoBarkoBoro TTT, ft3, ft4
Ta aHTuTHpeoinHux antutii (a-TPO, a-Tg) BuMiproBanu 3a
JIOIIOMOTOI0 eJieKTpoxeMintoMmiHecteH1ii (Habopu ECLIA,
Hitachi Ta Roche Diagnostics) 3 BuKoprcTaHHsIM aHajiza-
topa Cobas ¢601 (Inmiananomnic, Inaiana, CILIA) i TRAD 3a
IIOIIOMOToI0 pamioiMmyHosorigHoro aHamizy (RIA, BRAHMS
Diagnostics, bepnin, Himeuunna). Heonataneuuit TTT
nepeBipsuin Ha 3-TI0 — 4-Ty 100y KUTTS y paMKax Hallio-
HaJbHOTO CKpUHIHTY Ha BpomxkeHuii ['T. BumiproBaHHs
MPOBOAWIM Ha BUCOXJIUX IUISIMaX KPOBi 3 I’SITKOBOI 30HU
3a J0TIOMOTOo10 iMyHotoMiHOMeTpuyHoro (LIA) anamisy.

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

Tom 20, N2 2, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

JocaimkeHHs] TpOBOAUIOCS BinmoBimHO no [eabciH-
cbKoi geknapalii [21] i 6yno cxBasieHo MiclieBUM KOMiTe-
TOM 3 GioeTuku [103HAaHCHKOTO YHIBEPCUTETY MEAUUHUX
Hayk (rmpotokon Ne 104/19, nara 3atBepmxeHHs: 10 ciuHs
2019 p., nonatok 4 motoro 2021 p., mpotokosn Ne 132/21).

CTATUCTUYHUIA OHAOAI3

JI1s1 CTaTUCTUYHUX PO3PaxXyHKiB BUKOPHUCTOBYBAIUCS
Statistica, Bepcist 13.3 (TIBCO Software Inc., KanidopHis,
CIIA), GraphPad Prism, Bepcist 9.5.1 (GraphPad Software,
LCC, bocron, CILA) i Microsoft Excel (2019) Bin Microsoft
Office (Adobe Inc., Kanigopnist, CIIIA). BignosinHo 10
tecty Shapiro-Wilk He Oy/10 HOpMaJIbHOTO PO3IOALTY J1a-
HUX, TOMY OYJIM 3aCTOCOBaHi HEMapaMeTPUIHi CTATUCTAYHI
Tectu. [pynu mopiBHIOBanu 3a momomoroio U-Kputepiio
Mann-Whitney a6o mapHoro tecty Wilcoxon (kosix mapame-
TpM aHaJIi3yBaJIM B MeXax Map «MaTh — JUTUHA» ), a TAKOXK
nucnepcifinoro aHanizy (ANOVA)/tectiB Kruskal-Wallis
3 post-hoc aHanizoM. 151 aHaJi3y KopeJsilii MixX rmapame-
Tpamu OyJsio BuUKoHaHO R-tect Cripmena. PesynbsraTtu mo-
JIaHi B OCHOBHOMY Y BUIJISIII ME/liaHU 1 MIXXKKBAPTUJILHOTO

niamazony (IQR, Q1-Q3), 95% nosipumx iHTepBanis (95%
1) abo cepenHbOro 3i CTaHAAPTHUM BinxuieHHsM (£ SD).
3navyeHHs p < 0,05 BBaxkaaocs BipOTiZHUM.

PesyAbTaTH

XapakTepUCTUKM TalliEHTIB MoaHi B TaoI. 1.

Y BariTHuX XiHOK i3 3axigHoi [Tonbuii memiana (IQR)
UIC nopiBHioBana 106 (69—156) mxr/n i Koediuient UIC/
crea nopiBHIoBaB 104 (62—221) MKT/T, 110 BU3HAYAETHCS K
nedinut ony (UIC a6o UIC/crea < 150 Mxr/1m a60 MKT/T)
JUTSI LiET KOHKPETHOI TPYITM BiAMIOBITHO 10 iara3oHiB, MpUii-
uatux BOO3 [15] (ta6u. 2). TTpubausno 20 % xiHOK Manu
UIC/crea nukue 3a 50 MKT/T, 1110 € TPAHUYHUM 3HAUYCHHSIM
TS iHIIOTO MoKa3HuKa aediuuty oy, Kopensiist crnocre-
piranacst Mixk 000Ma ITOKa3HUKAMM HOMypil, BAKOPUCTAHUIMM
B nocmimkenHi, To6to UIC i UIC/crea (R = 10,63, p <0,001).

[Ipo momarkoBuit mpuiioM oMy ITif Yac BariTHOCTI ITOBi-
Jomun 62 BariTHi i3 91 (68 %). Y GinbIIOCTI BUMAAKIB MO
MpuiiMaBcs y CKJIadi MOoJiBiTaMiHHUX TiETUMHUX 100aBOK
y cepenniit 1o3i (IQR) 200 (150—200) mkr/no0y 3 mianaso-
HoM 100—300 MKr/mo6y. 13 i3 62 (21 %) malieHToK 101aTKO-

Ta6nunys 1. KniHiko-6ioxiMidHi XapaKTepUCTUKU XIHOK i HOBOHapOAXXeHUX

KniHiyHi napameTpu (MegiaHa, IQR)

Martepi [n = 91] HoBoHapogxxeHi [n = 101]°

Bik, pokiB 33 (31-35)

Maca Tina go nonoris, Kr 62 (56-70)

TwXKHi BariTHOCTI 40 nosnoris 39 (38-40)

Maca Tina npu nonorax, r 3415 (3100-3650)
OuiHka 3a wWwkanoto Anrap Ha 5-i1 XBUNKWHI 10 (10-10)
Mpunmanwu LT4/He npuiimanu LT4, KinbKiCTb NaLieHToK 50/41

Hosza LT4 B 3-my TpumecTpi, MKr/go6y 75 (50-91)

AIT (+)/AIT (=), KinbKiCTb NaLieHTOK 18/71

BioximiyHi napameTpu (MegiaHa, IQR)

Matepi [n = 89] HoBoHapoaxeHi [n = 94]

TSH y BeHO3HIn/nynoBuHHiIn kposi, MkMO/Mn

1,99 (1,32-2,81) 8,53 (5,91-11,2)

TSHs, MMO/n [n = 101]

1,88 (0,63-2,78)

ft3, nmonb/n

4,05 (3,64-4,38) 2,05 (1,78-2,35)

ft4, nmonb/n

13,7 (12,2-15,5) 16,4 (15,1-17,6)

a-TPO, MO/mn

12 (10-20) 9 (9-12)

a-Tg, MO/mn

13 (11-17) 13 (10-15)

TMpumitkn: LT4 — neBotupokcuH; AIT — aBTOIMyHHUI TUPEOoIaNT: HasiBHUU [+], BigcyTHIn [-]; IQR — mix-
KBapTUnbHWI iHTepBan; TSH — tupeotponiH; TSHs — TSH Ha 3-t0 — 4-Ty fo6y XuTTs; ft3 — BinbHWI Tpu-
WOATUPOHIH ; ft4 — BinbHWI TUpOKCUH; a-TPO — aHTUTUPEOiaHa nepokcnaasa; a-Tg — aHTUTUPOINIO6YIIiH;

b — pamHi oxonnorTb 10 BariTHOCTeW ABiiHelo.

Tabnuys 2. MegiaHa viogypii y BariTHUX XiHOK 3a knacucpikaviero BOO3

KaTteropis 3a6e3ne4yeHocTi iogom
y nonynsujii BariTHMX »XiHOK

Kputepii nopypii 3a knacucpikauiero BOO3,
BupaxkeHi megiaHoto UIC, mkr/n aéo UIC/crea, mkr/r

Tsxkkui gediumnt <50
HepocTaTHicTb <150
HocTtaTtHs 150-249
BuLLie 3a3HaveHoi Hopmu 250-499
HapgmipHa > 500

TMpumitkn: UIC — KoHUeHTpauis viogy B cedyi; UIC/crea — cniBBigHOLIEHHS HOA4/KpeaTUuHiH.
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Ta6smys 3. [JobaBku viogy, Bo3u i hopmynun, Npo siki MOBiJOMUIN BariTHi XiHKN

O i saranaor xinekoor [ 623 o) | Hiewwan] nosas) floza, wkr/go6y
63 (39) KIO,, KI 200
31 (19) Ki 150
3(2) K 220/300
1,5 (1) KI 100
1,5 (1) Hesigomo HeBgigomo

TMpumitkn: KIO, — viogat kanito; KI — viogug kasniro.

BO 011 He MPUITMaJIK TIPOTSTOM YCi€i BariTHOCTI, 4/62 (6,5 %)
MaLi€eHTKY NpUiMaIy oro jiuiie B 1-My Ta 2-My TPUMECTPi,
a9/62 (14,5 %) — nuie B 3-My TpuMecTpi BariTHOCTI. Jlo-
3yBaHHS i (POpMyY/IM AiETUUHMX J10OABOK HaBe/IeHi B Ta0I. 3.

Ha HactynHux eTamnax aHaiizy Oy/y BUKJIIOUEHi XiHKM,
SIKi He TIpuiiMain 100aBKM omy B 3-My TPUMECTPI, i ma-
LIEHTKU, Y IKUX BUsgBIeHO aHoManbHuil TTI ms mporo
nepiofy BariTHOCTI.

He 06yno BusiBieHo BiporigHux BinminHocTeir y UIC
(memiana, Q1-Q3) y rpymi, sIKa moBiZoMujIa PO IPUIiOM
no6asok vony (105 mxr/a, 69—170, n = 50), mopiBHIHO
3 JXiHKaMU, Ki He TpuiiManu nobaBku itoay (99 mMkr/i,
84—130, n = 27) nin yac BariTHoCTi (p = 0,55) (puc. 1).

He 6yno BiporinHoi piznuui B UIC mixk rpynamu, siki
OTPUMYBAJIU i HE OTPUMYBAJIU MO/, y TIATpyIax naiieH-
TOK, sIKi He orpumyBaiu T4 (p = 0,47), a TaKOX THX, XTO
oTpuMyBaB Lieit mpemapat (p = 0,15).

He 6yJi0 BUSIBIEHO XXOHO1 Pi3HUIL MiX IpPyIOI0 MaTe-
PpiB, SIKi mpuiiMau i He IpuiiManu o, i Tumu, y koro UIC
Huk4e i Buiie 3a 150 MKr/J1, 111010 TTOKa3HUKiB TOPMOHIB
LIMTOIOAIOHOT 371031 MaTepi Ta HoBoHapomkeHoro (TTT,
ft3, ft4 i TTT'), HaBiTH IMiC/IsT BUKIIIOYEHHS ITAlliEHTOK, SIKi
orpumyBasiu LT4. Takox He Oysio BigMiHHOCTE B PiBHSIX
aHTuTin Matepi i nutuHu (a-TPO, a-Tg i TRAb) momo no-
6aBok itony gk y miarpyni AIT (+), tak i B minrpymi AIT (—).

Vci TupeoinHi aHTUTLJIa MaTepiB Ta IXHiX miTel Kope-
moBanu mo3utusHo (a-TPO 3 p < 0,001, R = 0,59; a-Tg
3p<0,001, R=0,52; TRAb 3 p < 0,001, R =0,49). Kpim

Toro, ft4 y mireit KopentoBas 3 piBHeM TRAb y marepi
(p=10,03, R=-0,26), a TTT myrmoBUHHOI KPOBi KOpETIO-
BaB 3 UIC matepi (p = 0,03, R =0,25).

[TopiBHSIHHSI TPHOX TPYI XKiHOK (THX, SIKi MpUiitManun
nobaBku oy i He nmpuiimanu LT4, axi npuiimanu T4 i ne
MpuitMay oj i rpynu KoMOiHOBaHOTO TpUitoMy Homy Ta
LT4) He BusiBMI0 BiporinHux BimMiHHocTe# mono UIC
(p=20,18) abo UIC/crea (p = 0,09). [1pote HaiiBuia itomy-
pist Oysa 3apeecTpoBaHa B IpyIi KOMOiHOBAHOTO MPUAOMY
LT4 i fiony (puc. 2).

150

100 A jl:

(MKr/n)

Mepiana UIC
(¢
o
1

0 T 1
He npuiimanu Mpuiimanu
no6asku oy nob6asku oy

PucyHok 1. [NopiBHsIHHS ioaypii B ocTaHHbOMY TpU-
MecCTpi BariTHOCTI y XIHOK, siKi nigTBEpANIN abo crpo-
cTyBanu npuviom gob6asok vogy. Buwja mepgiaHa UIC
i wupLuny goBipynii inTepsan (95% [Al) cnoctepiranucs
B rpyni npuiiomy oAy, Xxo4a pe3ynbTat He 6B Biporia-
Hum (p = 0,55). O6buasa iHTepBanu HUXXYI Bif HoOpmasib-
Horo giana3oHy, sctaHosneHoro BOO3 (< 150 mkr/n)

LT4 6e3 ogy 121
Wop + LT4 163
Nop 6e3 LT4 84
T T T 1
0 100 200 300
ﬂ MepiaHa cniesigHowweHHs UIC/crea (Mkr/r)

LT4 6e3 iopy 98
Vion + LT4 120
Wop 6e3 LT4 86
T T T T T 1
0 50 100 150 200 250
B Megiana UIC (mkr/n)

PucyHok 2. 3B’s130K KOHUYeHTpauii iogy B cedi matepi (A) i cniBBigHOLLeHHs vioa/kpeaTuHiH (B) 3 npuiioMom nieBo-

TUPOKCUHY i/abo ogHMUXx fo6aBOK. BariTHi BigpiaHanucs 3a cnoxuBaHHAM vogy (I) i neBotupokcuHy (LT4) i 6ynn

po3srnogineHi Ha Tpy rpynu; anwe | (rpyna 1), nuwe LT4 (rpyna 2) a6o kombiHoBaHe crioxusaHHs | Ta LT4 (rpy-

na 3). BiporigHux BigmiHHOCTeV y KOHUeHTpauii viogy B cedyi (UIC, p = 0,18, KW-H = 3,46) i cniBBigHOLIEHHI vioa/

kpeatuHiH (UIC/crea, p = 0,09, KW-H = 5,84) mixx rpynamu He crnioctepiranocs. lpote HaviBuwi UIC a6o UIC/crea

crioctepiranucs B rpyni 3 komb6iHoBaHoto Tepariieto LT4 i no6askamu I. lNokasaHo megiaHu (cumsonu Ta unghpm),
95% Al (cmyru nomunnok)

TMpumitkn: UIC/crea — cniBBigHoLeHHs ioa/kpeaTtuHiH; LT4 — nesotupokcuH; | — viog; KW-H — pesynerart Tecty
Kruskal-Wallis.
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Kinkm 3 UIC/crea B Mexax 150—249 mMxr/T Maau Haii-
Hkyi 3HaYeHHs1 TTT (y miarpymi mic/ist BAK/TIOYeHHS Mali€H-
TOK, $IKi oTpumyBaiu JikyBaHHsa LT4) i a-TPO (y minrpymi
3 HETaTUBHUMU aHTUTUPEOITHUMM aHTUTIJIAMU) TIOPiBHSIHO
3 TUMHM, Y KOTo Oyia HiK4ya abo BuIla ioaypis (Tadur. 4).

Kpim Toro, y 6 % HoBoHapomkeHux piBeHb TTT OyB BuIle
3a 5 MMO/n. Y Bcix HoBoHapomkeHux TTT < 12 MMO/n
(B onHoro > 10 MMO/n); oTXe, )KOHA AUTUHA HE TTIOTPeOy-
BaJIa MOAAJIBIIIOTO 0OCTeXKeHHsI Ha BpomkeHuid ['T.

O6roBopeHHs

Hariie nocniakeHHs1 Majo Ha MeTi 0XapakKTepu3yBaTu
MOIHMIA CTaTyC BaTiTHUX 3KiHOK Y IIPOBITHOMY aKyIIepPChbKO-
My LIeHTpi B 3axigHiit [1osbIii, a TaKoX mpoaHasizyBaTu
e(peKTUBHICTh 100aBOK MOy 1100 KOPEKIIil 1e(hilinTy HOmy.
OTpuMaHi pe3yJbTaTu MOKa3yloTh, 110 MoJaHa IpyIia BariT-
HUX XXiHOK, SIKi IIPOXMBAaIOTh Ha TepuTOpii 3aximHoi [1ombi,
Mae nediluuT ioay, He3BaXkaroun Ha Te, 1110 BBAXKAETHCS, 1110
HaceJIeHHs BCi€l KpaiHu Ma€ oNTUMaJIbHe 3a0e3eYeHHs i1o-
noM. [1pubm3HO oHa TpeTMHA BariTHUX XXiHOK MOBiOMUIA
Mpo Te, IO He MpuiiMara I0AaTKOBO MO Mill yac BariTHOCTI,
i B 6araTbOX IMOYATOK i TPUBAIICTh IIPUIOMY IIOTO MIiKPO-
eJIEMEHTY He BiITOBiIaIyu peKOMEHIALlisIM, 3a3HAYEHUM SIK
Y MOJIbCHKUX, TaK i B MiXKHApOAHUX HACTaHOBAX.

HesBaxatouu Ha BUSIBJICHI B JliTepatypi BiAiMiHHOCTI
B UIC Mix miarpynaMu KiHOK, sIKi IpuiiMaiuy i He TIpuii-
MaJii 100aBKY MOy, )KOIHE AOCIIIKEHHSI He TT0Ka3aJio J10-
CTaTHIiX KOHLIEHTpALill oy Y BariTHUX MOJbChKUX >KiHOK
momno pedepenTHux mianazoHiB UIC, BctanoBnenux BOO3
(Tabs. 5), 3a BUHSITKOM JaHUX OJHOIO iHTEPBEHILIIHHOTO
nocaimkeHHs Jastrzebska et al. [22]. ¥ momaHomy mgocii-
JKeHHI rpyma, sika OTpuMyBaJjia J00aBKU oLy, He mokasaja
BiporigHo Buiioro UIC, xoua yyacHMIIi TTOBIZOMJISUIH, 11O
NpuiiMany HaJIexXHy 103y ioay. BuiliezasHaueHe y3romxy-
€ThCS 31 CIMOCTEPEKEHHSIM TPO Te, 1110 piBeHb BXUBAHHS J10-
0aBOK OyB OMHUM 3 HAMBUIIMX MOPIBHSIHO 3 MOIEePeIHIMU
MOJIbCHbKUMU 3BiTaMU, ajie 11e BCe 1e He MaJio BipoTiTHOTO
BILUIMBY Ha 3arajibHy ioaypito. Lle MoxxHa IossICHUTH Hel0-
CKOHauMu hopMyJiaMu 100aBOK, SIKi BUKOPUCTOBYBAIU
Mali€eHTKU, Y pe3yJIbTaTi Yoro B HaAIIOMY JOCITiKeHHI JTUIIe
OJIHA yYaCHUIIS OTPUMYBaJIa TipernapaT Kaiito Hoaudy, 1o
BIi/IYCKAETHCA 3a PELENTOM, a pelliTa BUKOPUCTOBYBaJIN
Oe3pelenTypHi JiETUYHI 1o6aBKM A1 BaritHuX. Kpim Toro,
NpUiioM Mooy 4acTO MOYMHABCS 3aHAATO Mi3HO a00 Mpu-
MUHSBCS 3aHanTO paHo (21 % yyacHULb y HalIiil KOrOpTi
OTPUMYBAJIM MO/ JIMIIIE TIPOTSTOM KOPOTKOTO Tepiofy yacy).
TMoniGHe BxXe criocTepirasiocs B momnepeaHix aHamizax [23].
€IUHUM 3BIiTOM, Yy SIKOMY OYB JOCSITHYTUI MEXKOBUI 10-

CTaTHiil piBeHb omypii, OyJIO iIHTEpBEHIIIITHE JOCITIIKeHHS,
ske nepenodavano npuiiom 150 mr KI Ha o0y B okpemiii Ta-
onetui [22]. Cepen mieTnyHux nobaBok Kl € HalibOinbI pe-
KOMEHI0BaHOIO (OPMOIO, TOI SIK JJaMiHapii CJIifl YHUKATHA
yepes Bapiallito BUcokux 103 [24]. LlikaBo, 1110 aHaJ1i3 puH-
Ky CIIIA nokasas, 110 24 % noJjiBiTaMiHHUX 100aBOK JIJIst
MPU3HAYEHHS B IpeHaTaJIbHOMY Iepio/ii B3arajli He MiCTUIIX
Oy, a B THX, 110 MICTSATh 1101, JO31 3HAYHO BiIpPi3HSIIICS
(25—290 mr), a gesiki iHIII ManuM y ckiami JjamiHapito [25].
Kpim Tor0, O1iHIOBaNIOCS CIIOXKMBAHHSI CEJIEHY, i aBTO-
PY TOCITIIKEHHST BUSIBUJIU SIK TIOTAHUIA CTATYyC CEJIeHY, TaK
i Hee(peKTUBHICTh CAMOCTIITHOTO MpUOMY 100aBOK MiKpO-
eneMeHTiB [26]. [ToniGHe criocTepekeHHs OyJI0 3p00JIeHO
B JIaTBii, 1€, He3BaXkaluu Ha IIMPOKE BUKOPUCTaHHS A00a-
BOK (70 %), BariTHi XXiHKW He TOCSTIIA ONITUMAJILHOTO PiBHSI
cesieHy i itomy. OmHak 6a30Bi KOHIIEHTpallil 000X MiKpoeJie-
MEHTIB Oy/iu BULIUMMU, HiX Y [Tonbiii [26]. ToMy HeoOXinHi
MiClIeBi HACTAaHOBU 1110JI0 MPU3HAYEHHS MiKpPOEJIEeMEHTIB
i BiTaMiHHMX 100aBOK, 11100 3a0€3MeUUTH IMiATPYHTS JOKa-
30BOT MEAMLIMHU JIJIsI JIiKapiB i CIOXMBAYiB, 3 OCOOJUBUM
aKILIEHTOM Ha rpymnax, SKuM e Oyae HaiOiabll KOPUCHO,
TaKMX SIK BaTiTHI XIiHKY i MALliEHTU 3 aBTOIMyHHUM THPEO-
imuTom [27, 28]. B iHIIMX €BpOIECbKUX KpaiHax, ae OyJio
3aIpOBaIKEHO HOAyBaHHS COJIi, ONTUMaJIbHA Moaypis Oyia
JIOCSITHYTA B JIiTei IIKIJIbHOTO BiKY, ajie He y BariTHUX XKiHOK
[29, 30]. [TonibHi pe3ynbraTu Oyau OTpUMaHi B MOPTYraib-
CBHKUX BariTHHUX KiHOK y 1-My TpUMecCTpi, y IKMX CepeIHs
UIC cranomia 104 mxr/mn, 19 % mamu UIC < 50 MKr/m,
a piBeHb MpUitoMy 100aBOK CTaHOBUB 57 %, He3BaXkalouu
Ha YMHHI BIIPOJIOBXK JIECATH POKiB oilliliHi pekoMeHnaliii
11070 100aBOK MOy Mil Yyac BariTHOCTI, 1110 CBIAYMTb PO
roraHe nOTpuMaHHs HactaHoB [31]. Husbkuii piBeHb lioay
OyB MOB’sI3aHUI 3 HEIOCTATHICTIO 3HAHb 111010 3HAYECHHST
itomy i fioro mxepe [32]. Lle TakoxX MOTeHILIIAHO MOXKe IT0-
SICHUTH pe3yJIBTaTU, OTPMMaHi B MOJaHOMY JOCIIiIKEHHI.
Crtig 3a3HaYMTH, 1O HaIlla KOTopTa BKIIIOYaIa TaKOX
MaLiEHTOK i3 TIMOTUPEO30M, JIesIKi 3 HUX OTPUMYBAJIU JiKy-
BaHHs L'T4, 1o Buniisie 64 % itomy. MOXIMBO, y MiCLIEBOIO
HaceJieHHsI 200 0cib 3 TTopyIIeHoI0 (PYHKITIEIO IITUTOITONI0-
HOI 3aJ1031 criocTepiraBcsi HAAMipHUI MicLIeBUI TKAHUHHUMK
nediluT Hoay B IIUTOIIOAIOHII 321031 a00 IToTpeda B IIbOMY
MiKpoeJieMeHTi OyJia 3aHaJTO BEJIMKOIO, 1100 eheKTUBHO
3aJ0BOJIBHATH il peKOMEHI0BaHOIO 103010. OIHAK Y HAIlIIX
TMOAAJIBIIMX OIliHKAaX Pe3yJIbTaTiB MU BUKJTFOUMJIU TalliEHTOK
i3 rimotupeo3om i aHomanbHUM TTI Ha ocHOBI ckopuroBa-
HUX Ha TIOMYJISILiI0 KOHTPOJBbHUX 3HAYeHb, BCTAHOBICHUX
[ToabCbKMM €HAOKPUHOJIOTIYHUM TOBAPUCTBOM ISl 3-TO
tpumectpy BaritHocTi (TTI 0,11—3,53). Kpim Toro, 6epyun

Ta6bnunys 4. Bnnus viogypii B Matepi (3a kputepiamu BOO3) Ha noka3Hnku ¢hyHKUIT LUMTonogi6Hoi 3anosun

UIC/crea (mkr/r) H p
<150 150-249 > 249
M UIC/crea, mkr/r [Me, Q1-Q3] 64,9°9[35,7-91,2] | 182,8°[164,3-203,5] | 348,2¢[271-457,1] | 60,4 | < 0,01
M TSH, mkOg/mn [Mean, SD]* 2,06 + 0,82° 1,42 + 0,69° 1,97 £ 0,73 7,9 0,02
M a-TPO, MO/mn [Me, Q1-Q3]** 11¢[10-13,5] 10%° [9—-11] 132[10,5-16] 7,96 0,02

TMpumitkn: UIC/crea — cniBBigHOLWeEHHS1 nog/kKpeatnHiH; Me — megiaHa; H — pesynbtar tecty Kruskal-Wallis; P —
piBeHb BiporigHocTi ana tecty Kruskal-Wallis; Q1 — nepumvi kBaptunb; Q3 — TperTivi kBaptunb; M — matepi; TTIT —
TUpeoTponiH; a-TNO — aHTUTUpPeoiaHa nepokenpaasa; post-hoc aHania BusiBUB BiporigHi BiAMIHHOCTI MiXk nigrpynamu
3—p=0,025;"—p =0,014;°— p < 0,001; * — p < 0,001; °— p = 0,063; * — aHani3 cepen nNalicHTOK, siKi He OTpUMy-
BaJsif JIEBOTUPOKCUH; ** — aHani3 y rpyni nayieHToK i3 BUK/TIOYEHUM MNiABULLEHHSIM PIBHS aHTUTUPEOIAHNX aHTUTII.
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s

IIO yBaru BIUIUB J00ABOK omy Ha (PYHKIIIIO IIUTO-
MoaiOHOI 3aJ1031, B OLIiHIOBAaHHSI, 1110 MiCTUTb I1apa-
METPHU IIMTONOAIOHOI 321031, OY/IM BKIIOUEHI JINIIIEe
JKIHKM, sIKi He oTpuMyBaiu Teparito ['T4, i BpaxoBy-
BaJiacsl HasIBHICTh a00 BiacyTHicTh AIT.

Y oMy nociimkeHHi Opaiu yuacTb JIUIIE XiH-
KM B 3-My TpUMeECTpi BariTHOCTi (3a KijbKa QHIB
IIO TIOJIOTiB, ITiCJIS TOCIIiTaMi3allii), 100 YHUKHYTH!
HeBigmosigHocTi yepe3 3Mminu UIC mig gac Barit-

iopy

) NPOTH BifCYTHOCTi
6aBKu
p
5

npuiomy 1o
)
0

151,5 (100 % y 2-my

Ilo6aBka oy (npuitom
i 3-my) npotv 101, p < 0,01
100 % y 2-my i 3-my

inopy

24,6 %, 3-it —
p < 0,001
59 %

146,9 (35 %; 1-n — 31 %,

2-ih

39 %, 3-n — 34 %)

78,7 %) npotn 73,0,
npotu 97,3, p < 0,001

129,4 (45 %; 1-n — O,
2-ih

HOCTi, KoM 30iJbIIeHHS 00’eMy cedi MoxKe IIpu-
3BECTH O 3HMXKEHHSI KOHIIEHTpallii ifomy mopiB-
Hs1HO 3 1-M TpuMecTpom [33]. Lle Moxe mosicHUTH
Huxue 3HauyeHHs1 UIC y nupomy mociimkeHHi mo-
PiBHSIHO 3 JOCHiMXKEHHSIMU, 1110 TaKOX BKJIIOYa-
I0Th 1-i1 i 2-1 TpuMecTpu BariTHOCTI. OOHAK CJIif
MiIKPECIUTH, 1110 Apyra MOJOBUHA 1-ro TpUMecTpy

KiB
MeTop BUMipHOBaH-
Ha UIC
HPLC-UV (To4koBa
npooba ceyi)
Peakuis Sandell-
Kolthoff (ToukoBa
npoba ceyi)
Peakuis Sandell-
Kolthoff (ToukoBa
npo6a ceyi)

10J1eTOBUM [eTeKTyBaHHSIM.

o

Peakuis Sandell-
Kolthoff (ToukoBa
npo6a ceyi)
Peakuis Sandell-
Kolthoff (36ip ceui
NpOTAroM 24 rofinH)

if1 3 ynbTpa

€ HalOiIbII BUpIIIaJIbHUM TI€PiOAOM MJISI CITOXH-
BaHHS MOy 1IOJI0 CTaHYy I1J10/1a, OCKIBKHY TIIaleHTa
€ €IMHUM JIXXePEJIOM MOCTaYaHHS JOCTaTHbOI Kijlb-
kocti T3 1t po3BUTKY 1LIEHTPaJIbHOT HEPBOBOT CHC-
TEeMU IJI0MA 10 CepeMHU TepMiHy recraltii [2].

| HaBmaku, migBUIIeHA MOIYISLiiHA HOmypist

TSH > 5 MMO/n
4,41 %

HeoHatanbhuit
Ha 3-Ti0 406y XUTTA
6 %

8,77 %

o

2%
2,9%

Moxe OyTH HIKinaMBow, skino meniana UIC nepe-
uirye 500 MKr/m1 abo 1000Be CIOXUBAHHS MOTY
nepesuinye 500 MKr (yaBidi BUIIE Bill peKOMEH-
noBaHoro). IlixBullieHU# BMICT logy MoXe MaTu
HeTaTUBHUI BIUIMB Ha €eHIOKPUHHY CHCTEMY, CITPHU-

Yyac BaritTHOCTi 3a octaHHi 14 po

Kinbkictb
XiHok 3 UIC
> 150 mk/n

28,5 %

pigvuHHa xpomarorpa

28 %

YUHSII0YM OKHMCHIOBAJIbHE YIIKOIKEHHS JiMiAHUX
MeMOpaH, TTOPYIIYIOUM MeTa00JIi3M TOPMOHIB 11~
TOIOMIOHOI 31031 a00 MOCUIIOI0YM aBTOIMYHHI
MIpolieCH, OCOOJIMBO Y Bpa3IUBUX OCi0 3 HasSIBHUM

Mepiana
UIC, mkr/n
106
112

112,6

nedimuToM iony [34]. BaxnuBo 3a3HaunTH, 110,
3riIHO 3 OAHUM 3BiTOM, BMICT MOy i CeJeHy B I1O-
JIiBiTaMiHHMX H00OaBKaX IepPEeBUIIYBaB KiIbKiCTh,
3a3HaYeHy Ha eTMKETLI BUpoOHUKa, 10 25 % [35].
ToMmy BaXJIMBO YHUKATH TIepeno3yBaHHS abo Tpu-

Tpumectp
3-
1-i1 (14,7 %)
2- (21 %)
3-11 (64,7 %)

(32 %)
(36 %)
(32 %)

-
2-1n
i

3

; HPLC-UV — BucokoegheKTBHa

oMY HEBITOMUX 103 MiKPOEJIEMEHTIB, a TAKOX CyM-
HiBHUX JI€ETUYHUX 10OABOK.
3a nanumu BOO3, fiogHy mocTaTHICTh MpH Ba-

inbKicTb
XiHOK
91
300
9

K

MiH

100 (72)
500

TITHOCTI, 1110 BUPAXXKAa€EThCS MOMYPi€I0, MOXHA OLIIHU -
TH JINIIIE Ha TOITyJISILiiTHOMY piBHi (4epe3 BiporimHi
iHTpa- Ta MiXiHIMBiAYyaIbHi BigMiHHOCTI). Lleii mo-
Ka3HUK BigmoOpaxkae 3arajbHe CIIOXMBaHHS oIy
3a octaHHi Kinbka aHiB. CepenHi 3HaueHHst UIC
Bin 150 10 249 MKT/7 BBaXKalOThCS ONTUMATBHUMU.
Ockinbku > 90 % iioay BuBoauthest Hupkamu, UIC
y TOUKOBOMY 3pa3Ky cedi € bioMapKepoM HOogHOro
cTaTycy IIil Yac BariTHOCTI B €IiAeMiOJOTiYHUX 10~

niBAGHHO-CXiAHUIA

iBHSIHHSI MOJILCbKUX AOCigXeHb Lo[o rogypii nig

1, NiBHIYHO-CXiAHWIA,

i, NiIBAEHHUNA, LIEH-

PerioH Monbuyi
3axigHuit (Mo3HaHb)
LleHTpanbHuii (Bapluasa)
LleHTpanbHuii (Bapluasa)

[MiBHiYHK

; TSH — Tupeotpo

MisgeHHN (Kpakis)

LleHTpanbHuii (Jloasb)
LlenTpanbHui (Bapluasa)

Ta6bnuys 5. lNop

caimkeHHsIX, pekoMeHmoBaHnux BOO3 [36]. ITpote
Mig yac BariTHOCTI (piziosioriyHe 30iIbIIIEHHS] HAP-

2017 | TpanbHu

Pik
2019
2021
2008
2013

IS nogy B cedi

2010
2008

KOBOI (hibTpallii Ta po3BeIeHHS MOy B CeUi MOXe
MPU3BECTH 10 3aHUXKEHHSI KOHLIeHTpalii omy. Kpim
TOTO, CTaH TifpaTalii Ta IoJeHHAa Pi3HUII B KOH-
LIEHTpallii oAy TaKOX MOXYTb BIUTUBATU Ha PE3YJIb-
tatu. OTXe, TOUITbHUM JOJaTKOBUM IMOKa3HUKOM
€ cniBBinHomeHHs UIC/crea, sike 3MeHIIy€E BILIUB
3MiH 00’eMy cedi. Y BariTHMX XiHOK ILieii biomap-
Kep KOpestoe 3 24-rogMHHOI0 KOHLIEHTpALli€lo omy
B Ceyi i1 y3roxKy€eThCs 3 KOHIIEHTpaIli€lo oIy B CH-
poBarili KpoBi mia yac BaritHocTi [33]. bepyuu no

)

nepexpecHe cekuinHe

)
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)
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yBaru Bullle3a3HadyeHe, y IIbOMY JOCTIIKeHHI OLIIHIOBATN
obuapa 6iomapkepu. Kpim Toro, a1 1ijieil momaHoro no-
clIimKeHHs OyJia po3po0JjieHa i BajimoBaHa HOBa Helmopora
i1 cenmektnBHa MeToanka HPLC-UV mis Bu3HaueHH itomy
B ceyi JIOAMHMU 3a I0IoMOorow ioHHux mnap. I[lopiBHsIHO
3 MOTePeTHIM METOIO0M, Mac-CIEeKTPOMETPIEIO 3 iHIYK-
TUBHO 3B’s13aH010 11a3moio (ICP-MS), HPLC-UV e meHIn
CKJIATHOIO Ta HE BUMArae XOIHOTO IepeIoBOro O0IaaHaH-
Hs1. [TopiBHSIHO 3i CTIEKTPO(MOTOMETPUUHUM METOJIOM, SIKHUiA
BuKopuctoBye peaxkiiito Sandell-Kolthoff, HPLC-UV ne
nepeadavae MPOKOBTYBaHHSI BUXiIHOTO MaTepiaty abo BuU-
KOPUCTaHHS IIKIUIMBUX PEUOBUH (MULI'SKY i 11e3it0) [19,
37]. Kpim toro, HPLC-UYV 3a6e3reuye Kpaiily celeKTUB-
HIiCTb PEYOBUH, SIKi HEOOXiTHO BU3HAYMUTH B TaKill CKIIagHii
0ioJIOTiuHIl MaTpuili, SIK ceva.

BB cnoXuBaHHS HOMYy Ha IMMTOIOMIOHY 3a7103y
Moxke Bimoopaxatucs HaliHvkyumu TTI i a-TPO mate-
piB y TATpyIi, y sIKiil iomypist Oyia B MeXaxX peKOMEH/10-
BaHUX Jiala30HiB. AHAJIOTIYHO KUTaliCbKa KOTropTa 3 I10-
HaJl TUCSIYi BaTiTHUX XiHOK BusiBwia Huxkunit TTT y rpymi
3 UIC 150—249 mxr/n, HiX y THX, Yy kKoro UIC nopiBHIoBas1a
250 mkr/n a6o Butie. TakoxX y >KiHOK 3 Ti3HBOIO BariTHICTIO
pUBUK PO3BUTKY cyOkitiHiuHoro I'T OyB y 2,5 paza BUILIUM,
ko UIC y 1-my Tpumectpi 6yia Hukuoro 3a 100 MKr/
[38]. [1Ba paHaOMi30BaHMX KOHTPOJILOBAHUX IOCIIIKEHHS
MPOAEMOHCTpYBaIX MeHIle minBuiteHHs piBHga TTT min yac
BariTHOCTI ipu npuiiomi 200—225 MKT fiomy Ha IeHb, i B O1I-
HOMY JOCTiIKeHHI HuX4urii piBeHb TTIT y Mmatepi OyB BUsiB-
JIEHUI y 1-My TpUMECTpi B IPyIi, sSIKa OTpUMYyBaia 100aBKI

[39, 40]. Kpim Toro, y Haiomy IOCIiIKeHHi criocTepiraia-
cs1 ciadka no3utuBHa kopessitis mixxk UIC matepi Ta TTT
y IIYIIOBMHHII KPOBi HOBOHapomkeHoro. OmHaK, 3rigHo 3 Me-
TaaHaJli3aMM, Y OUTBIIIOCTI JOCTIIKEHb JI0IaBaHHS Oy came
110 co0i He BruiHYyso Ha piBeHb TTT, ft4, a-TPO y marepi Ta
TTT y ona [41]. Husbka UIC (< 100 Mxr/i1) Oysa BUsiBIe-
Ha SIK He3aJIeXXHUM (pakTop pU3UKY IJIs1 TIO3UTUBHOTO a-1g
cepeq HaceJeHHsI, 1110 CTIOKMBAE 1O/l HAa TOCTaTHbOMY PiBHi
[42]. Harre mociaskeHHSI TToKa3aio, 1110 HAMHWXKYWIA piBeHb
a-TPO crioctepiraBcs B miarpyIri 3 ONTUMAaJIbHOIO HOLYPi€IO.
Lo crocyeThbcst HeOaxkaHHSI TolaBaTH MO Y BariTHUX XiHOK,
sKi cTpaxkaaloTh Bin AlT, y 3B’13Ky 3 TMM, 1110 HaIJUIIOK
1i01ly BBaXKa€THCS TPUTEPOM aHTUTUPEOITHOTO ABTOIMYHITETY,
He OyJIO BUSIBJICHO BiporigHoro 30ijabiieHHs a-TPO micis
npuiiomy 100 a6o 150 Mkr Ha 100y [43], i MOIIMPEHICTH IT0-
3UTUBHOI peakii Ha a-TPO cepen BariTHUX XiHOK B IpaHi
He 3pocJia yepes3 2 pOKU Iic/Isl BBEASHHS Ha HAalliOHATbHOMY
PiBHi ITpU3HaYeHHS 100aBOK 1oy [44]. Ciig 3a3HaYnTH, 110
B HAIIOMY JOCJIi/I>)KeHHi OyJIO BUSIBJIEHO IMTO3UTUBHUI KOpe-
JISIIAHAM 3B’S130K MiX yCiMa aBTOTUPEOITHUMY aHTUTIIaMU
Matepi Ta HOBOHAPOIKEHMX, 110 TOBEJIO TPAHCIIAaLEHTapHY
nepenavy antutin IgG Big Martepi o0 1roma, OCKiJIbKA HO-
BOHApO/IXKeHa TUTUHA HE 31aTHA BUPOOJISITU aHTUTIJIA MPO-
TSITOM MEPIINX MicsauiB xKUTTSI. KpiMm Toro, Oilbln BUcoKa
koH1eHTpaliss TRAb y maTepi Oysia oB’si3aHa 3 HUXKIUM
piBHeM ft4 y miona, 1110 Moxe OyTH TIOB’SI3aHO 3 HAsIBHICTIO
(bpaxiiii aBToaHTUTIN, 1110 6J0KYIOTH petientop TTI, BusiB-
JIEHMX 3a J0oroMoroto oliHku TRAD, sKi 3HUXKYIOTh CUHTE3
TUPEOITHUX TOPMOHIB IUIOMA.

Tabnuys 6. KopoTkuii nepenik pekoMeHaauyiv Lo[o npuiiomy Job6aBokK Mogy nepes 3a4atrTam,
nip 4ac BaritHocTi Ta B nepion nakradii

A. Hubalewska-

3ano3u nig vac BariTHOCTI: pe-

nogy a6o 400 mr

ritHocTi (50 MKr),

P [o3a nopy Mepiop npuiiomy PekomeHpauia npu
n 6n?|(ap i Ha3Ba HacTaHOBMU Ha po6y [o6aBKu naronorii wuronoaiéHoi
y u i bopmyna i TpuBanicTb 3anosu
3axBOpPIOBaHHS LLUMUTONOAIGHOI 150-200 mKr lMnaHyBaHHA Ba- 150 mKr/noGy npw ner-

KOMY rinoTnpeosi, LWo

nig, yac BariTHoCTi

([)236%"3’1]??13/'2] Komer,au,i:l' [Monbcbkoro eHpo- Vlo,qosaHpT onii BaFiTHiCTI? i nak- n:f.IYfl,T b&gﬁﬂg";&g%%z%w
KPVHOMOri4YHOro ToBapucTea Ha pik Tauis NPV BUCOKIN 1031 LT4
PekomeHrpauiji MNonbcbkoro Mpuinom pno6aBku nif, KOH-

M. Zimmer TOBapucTBa riHeKonoriB i aky- - TPOSIEM PiBHSA TUPEOIAHNX

(2020) [48] LuepiB LLOA0 npuinomy fob6asBok 150-200 mkr BaritHicTb rOPMOHIB | aHTUTUPEOIa-

HUX aHTUTIN

E.K. Alexander

PekomeHgauii 2017 poky
AMepuKaHCbKOi TMPeOoigHOI
acouiauii Wwoo giarHoCTUKM

150 MKr Kanito
nogmay a6o

3 Mmicsaui oo Barit-
HOCTI, BariTHICTb

He npusHavatoTbea
no6aeku npu rinepTupe-

CYOKNiHIYHOro rinoTupeosy nig,
yac BariTHOCTI Ta B fiTen

(2017) [24] N MeHeKMeHTY 3axsoptoBaHb | 400 Mr noposa-  narkTaLis 03i Ta rinoTupeosi, Aki
LMTONOAI6HOI 3an03u nifg vac HOi onii Ha pik H nikytoTbca LT42
BariTHOCTI 1 nicns nosoris
MeHepXMeHT gucdyHKuii
LMTONOAI6HOT 3251031 nig Yac 150-200 mMKr )
(Lé(BZ)G[Lng?t BariTHOCTI Ta Micns nosoris: Kanito noguay I'iEI—?i ffﬁ?;;%iai a -
KMiHIYHI NpakTUYHi pekomeHaa- a6o ropary H
Uil eHOOKPUHHOro ToBapmucTea
Pekomenaauii 2014 poky HeO6XiP,HiCTb NpoBeAEeHHS
€BpONENCLKOI TMPEeoigHoi . AOCTkeHb eq)eKTMB'.
J.H. Lazarus acouialil LLono NikveaHHs 150 MKr Kanito Lo 3a4aTTs, Ba- HOCTi 1 NOGiYHMX edheKTiB
(2014) [50] Hiaulil thoa y noamoy rTHICTb | NnakTauis | komb6iHoBaHoro LT4 i nogy

abo rofy oKpemo npu
CYOKIiHIYHOMY FiNOTMPEO3i

Mpumitkn: LT4 — neBOTUPOKCUH; ° — cniabKi peKoMeHAalii, HU3bKU¥ piBeHb [OKa30BOCTi; * — CUIIbHi peKOMeH-
Aauii, BACOKUI piBeHb JOKa30BOCTi.
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Heonataneuuii TTT, ouiHeHmii y BUCYIIICHOMY 3pa3Ky
LJIbHOT KPOBi (OTpUMaHOI MpU yKOJIi I SITKOBOI 30HU) Ye-
pe3 3—4 nHi Iics HapOIKEHHS, MOXKe CIYXXUTU YyTIMBUM
iHIMKaTopoM nediuuTy iomy B omyJsiiii. [Tpo octaHHi#i ro-
BopsTh, Ko TTT nepeButiye 5 MOn/n y moHan 3 % HOBOHa-
POIXEeHUX, SIK TIOAaHO B LIboMy JociimkeHHi [20, 45]. Y HoBo-
HapOIKEHMX, SIKi MaJIM HU3bKUI piBeHb MOy, CriocTepiraBcs
MiABUIIEHNI 3aXBaT MOy IIUTOIOAIOHOIO 3a7103010. JIK HacIi-
oK, TTI migBuIy€eThCS B IEPIL TVKHI KUATTS, BAKJIAKAIOUN
HeOoHaTaJIbHy TPaH3UTOPHY TinepTrpeoTportiHeMito. Lleit cran
3HMKA€E CIMIOHTAHHO Yepe3 2 TVXKHI, 1 Toro CJTif Bilpi3HATH Bif
(izionoriunoro migsuineHHs TTT y nepiii 36 ToAWH XUATTS
BHACJIIOK nepruHaTtaibHoro crpecy. [IpoTe TpaH3uTOpHA Ti-
MEePTUPEOTPOITiIHEMiSI B HOBOHAPOKEHUX MiJBUIIYE PU3UK
PO3BUTKY CTiiiKOI TinepTUpeoTpoItiHeMil B JUTUHCTBI [46].
Y nmanomy mochimkenHi ninBuieHHs TTT y nepini xBuiu-
HU XUTTS OyJIO MiATBEpMKEeHOo yepe3 3 nHi, i diziomoriuna
KOHILIEHTpallisi OyJia TOCSATHYTA B YCiX HOBOHAPOIKEHUX, Oe3
KopeJsii 3 monepenHimu piBHsiMu TTT. Tomy ciin minkpec-
JIUTH, 1110 CJTia OpaTu 10 yBaru Jiiie BictpoueHy otiHky TTT.

HacTtanoBu AMeprKaHCBHKOI acouialii IKUTONoaAi0HO1
3aJ1031 PeKOMEHIYIOTh HoaaBaTu 150 MKT Hoay IIOMHS TTif
yac BariTHOCTI ¥ JiakTallii, Xo4a B 1IbOMY reorpadivHoMy
perioHi Oyia IMpoaeMOHCTPOBaHa ONTUMaIbHa Homypis [47].
Ha BinmiHy Bif MoJibCbKMX peKOMEH ALl TSl )KiHOK i3 Ti-
MOTUPEO30M, SIKi JTiKyoThcst LT4, y HUX He PeKOMEHIYEThCS
JIOIATKOBE BBEJIEHHS oMy, Y 1IbOMY JOCiIKEHHI He OyJI0
BUSIBJICHO BipOTiIHUX BiIMiIHHOCTE! MiX MalliEHTKAMU, SIKi
otpumyBanu juine T4, nuine no6aBku iioay abo oTpuMy-
Baiu 51K L'T4, taxk i #ion. OmHak BapTO MaTH Ha yBa3i, 110
nopaBaHH oy 1o LT4 y mauieHTiB 3 TiIOTUPEO30M MOXKe
MOKpaIlIUTA WOAHUM CTAaTyC OiIbIIOI MipOto, HixK TpUitoM
oKpeMo itony a6o okpemo L['T4, 1110 3a3Hau€HO B JIOKAJIb-
HUX peKoMeHaauisx (Tabm. 6). Lle miaTBepaKyeThes iHIIUM
MOJIbCBKUM JIOCTIKEHHSM, Y sikomy ontumainbHa UIC Gyna
nmocarayra micist nomaBaHHsa 150 mkr KI mo crangaptHoi
no3u L'T4 [22]. OnHak HeoOXimgHI JOIaTKOBI TOCIIIKEHHS,
11100 MiATBEPAUTU CIIOCTEPEKYBAHY TEHACHIIIIO.

ITpoBeneHe noCiIKEHHST TAKOX Ma€ KijTbKa 0OMeKeHb.
CepenHio iioaypito OlliHIOBaJKM B FeTEPOreHHIi Tpymi 3a
TUPEOITHUM CTaTyCOM (BKJIIOUHO 3 €yTUPEOIMHUMH, TilTO-
TUpeOiTHUMU XiHKamMu, 3 AIT i 6e3 Hboro, MarieHTKaMHu,
saKi orpumyBaiau L'T4). JlanHi om0 cnoXuBaHHS 100aBOK
0asyBaJIMCsl HA ONTUTYBaHHI; OTXe, HEMOXKJIMBO BUKITIOUUTH
yIepemKeHiCTh 3aHKEeHHS 3BiTHOCTI. KpiM Toro, He mpo-
BOJMJIOCS JIeTalIbHE 1IOICHHE OMUTYBAHHS PO XapuyBaH-
H$I; OTKe, BIUIMB OKPEMMX Ji€T, MOXJIMBO, OaraTux Ha 1o,
TakoxX He posmisinascs. [IpoTe 3 mocimkeHHs OyJiv BUKITIO-
YeHi XiHKM, SIKi JOTPpUMYBAIUCS OYyIb-sIKMX TIEBHUX €T,
a TaKOX Ti, XTO MPOXMBAJIU 32 KOPJIOHOM IPOTSTOM TpUBa-
JIOTO 4acy, i yepe3 000B’I3K0OBe MOAYBaHHS COJIi BUXiTHUIA
MomHMIA cTaTyC HaceJeHHS BBaxkaBCcsl Maiixe piBHUM. Pi-
BEHb MOy OLIIHIOBAJIY JIMIIIE B 3-My TPMMECTPi BariTHOCTI,
KOJIM Mir O OyTH 3aI0KyMEHTOBAHUI HAWOLIbII MOBHUI
MOMHUIA CTAaTYC 3 MPOBEACHHSIM OLIIHIOBAaHHS MPUHANMHI
OJIMH pa3 Ha TPUMECTP, BKIIOUYHO 3 HAWBaXKJIMBIIIIUM JIJIsI
HEOHATaJIbHOTO PO3BUTKY 1-M TpuMecTpoMm.

Y GinbiocTi KpaiH yHiBepcaibHi TporpaMu HopyBaHHS
CoJli € Hee()eKTUBHUMU Y BiTHOBJIEHHI afeKBaTHOI Homypil
MaTepi 1110110 niana3oHiB, BctaHoBieHUuXx BOO3. Hessa-

JKaruM Ha peKOMEHALIT 11010 TOAaTKOBOTO CITOXKWUBAaHHS
omy mix yac BariTHOCTI, peajibHa OlliHKa MpU3HAYEHHS
LIOTO MiKpoeJieMeHTa IoKa3aja Hee(EeKTUBHICTh IT0TOY-
Hoi Mozedi. IMoBipHO, HeoOXigHO Oyae IIPOBeCTH iHTEP-
BEeHIIiliHe MOCTiIXEeHHS, 11100 nepeBipuTU e(heKTUBHICTh
03U 1 YHUKHYTU MOXJIMBOI TIOMWJIKM, TIOB’SI3aHOI i3 ca-
MOCTIiHUM MpPU3HAYEHHSIM 100aBOK 01y, HEPETYJIIPHUM
puitoMoM 1006aBKM (0COOJIMBO HAIIPUKIHII BariTHOCTI),
BruinBoM ['T a6o T4, a TakoX i3 pi3HOMaHITHICTIO 3asiBJie-
HUX npernapartib. Jlikapi HOBUHHI PO3MISIHYTA MOXJIUBICTh
MPpU3HAYCHHS KaJjito Hoaumy siK JTiKapchbKoro 3aco0y (3 me-
peBipeHUM CKJIaJ0OM) i, MOXJIMBO, SIK OKpeMoi hopmu. Bax-
JIUBO TiABUIIIUTHU 00i3HAHICTh €HJOKPUHOJIOTIB, TIHEKOJI0-
TiB, JiKapiB 3arajJibHOi MPaKTUKM Ta CYCITIJILCTBA, OCOOJIMBO
BariTHUX KiHOK, 110/I0 3HAUYEHHS i TlepeBar MpaBUIbHOTO
3aCTOCYBaHHS MOy i Yac BariTHOCTI UTST MaTePiB Ta iXHiX
HOBOHAPOKEHUX IiTei IUIS1 BIMHOBICHHS HAJIEXKHOTO PiBHSI
LIbOTO €JIeMEHTA.

Ha 3akiHueHHSs cJli 3a3HAYMTHU, 1110, He3BaXKaoyyd Ha
BiJIMOBIZIHI peKOMEH/1allii, TpoaHaji3oBaHa rpyrna BariTHUX
KiHOK i3 3aximHoi [1osbIli mpoaeMoHCcTpyBajia HeAOCTaTHI
piBeHb 0oy, 1110 MOXKe MaTHU MOTeHIIi/iHI HeTaTUBHI HACTIiI-
KM U151 BariTHOCTI 1 pO3BUTKY IMTHUHU. BpaxoByrouu Te, 1110
il mpoOyieMi MOXXHa 3amo0irTv, HeoOXimHI TOAaTKOBI 3a-
XOIU JIJIS HaJaHHsI OiIbII MOBHOI iH(opMalIii TikapsM i Me-
IUYHUM MpaliBHUKaM, a TaKOX IITMPOKili TpOMaaChbKOCTi,
BKJIIOUAIOUM MOJIOAUX XKiHOK, i TTOJITIIIEHHSI CITOXUBaHHS
MOy Mil yac BariTHOCTI 10 piBHSI, SIKWI O€3MeYHO JO3BOJISIE
YHUKHYTH iogoaeiluTy.
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lodine deficiency and real-life supplementation ineffectiveness in Polish pregnant women
and its impact on thyroid metabolism

Abstract. Background. 1odine is a pivotal component of thyroid
hormones, and its deficiency leads to negative pregnancy outcomes.
Therefore, during gestation, additional iodine supplementation is
recommended. By evaluating a group of women from western Po-
land, the study updated on iodine status during pregnancy and the
effectiveness of iodine supplementation in relation to the maternal
and neonatal thyroid function. Patients and methods. A total of
91 women were recruited before the delivery between 2019 and 2021.
During the medical interview the patients declared their dietary sup-
plements intake. Thyroid parameters (TSH, ft3, ft4, a-TPO, a-Tg,
and TRAb) were measured in the serum of mothers and in the cord
blood of newborns after birth. Urinary iodine concentration (UIC)
and urine/creatinine (UlC/crea) ratio were assessed in single urine
samples using a validated high- performance liquid chromatogra-
phy with ultraviolet detection (HPLC-UYV). Neonatal TSH scree-
ning from dried blood spot was analyzed. Results. Pregnant women
showed a median (interquartile range) UIC of 106 (69—156) pg/liter

and UIC/crea ratio of 104 (62—221) pg/g, whereas approximately
20 % had UIC/crea below 50 pg/g, indicating iodine deficiency. The
iodine supplementation ratio was 68 %. No significant differences
in UIC, UIC/crea and thyroid parameters were found between
iodine supplemented and non-supplemented groups; however, the
highest ioduria was detected when iodine was supplemented in
addition to levothyroxine in comparison with both substances ad-
ministered separately. Patients with UIC/crea within 150—249 pg/g
demonstrated the lowest TSH and a-TPO levels. Screening TSH
was above 5 mlU/liter in 6 % of children. Conclusions. Despite the
national salt iodization and the recommendation to supplement
iodine during gestation, the status of the abovementioned microele-
ment and real-life intake revealed the ineffectiveness of the current
iodine-deficiency prophylaxis model in pregnancy.

Keywords: urinary iodine concentration (UIC); micronutrients at
pregnancy; iodine; selenium; hypothyroidism; thyroiditis; neonatal
cord blood; pregnancy supplementation guidelines

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

Tom 20, N2 2, 2024



() ® - . -
D Eﬂ OpUriHAAbHI AOCAIAXKEHHS
Original Researches

International Journal of Endocrinology

DOI: https://doi.org/10.22141/2224-0721.20.2.2024.1370
Kh.A. Moskva, O.P. Kikhtyak, M.L. Farmaha, Ya.L. Leshchuk, M.Yu. Horecha

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Non-alcoholic fatty liver disease:
new additional non-invasive diagnostic markers
and risks of comorbid diseases

Abstract. Background. Non-alcoholic fatty liver disease (NAFLD) is a pressing issue in modern society. While
excess circulating glucose and insulin resistance contribute to its pathogenesis, the diagnosis poses particular chal-
lenges. The purpose of the study was to identify new additional non-invasive diagnostic markers of NAFLD and the
risk of developing comorbid diseases in these patients. Materials and methods. The study involved 64 men aged
39 to 62 years: 35 patients were diagnosed with non-alcoholic fatty liver disease according to EASL-EASD-EASO
guidelines, 29 patients comprised the control group. The results of complete blood count, biochemical blood tests,
and abdominal ultrasound were evaluated in both groups. Results. Patients with NAFLD had significantly higher
body weight and body mass index, higher glucose, HOMA-IR, total cholesterol, triglycerides, low-density lipoproteins,
atherogenic index, alkaline phosphatase, gamma-glutamyl transferase, alanine aminotransferase, and aspartate
aminotransferase. Additional non-invasive markers of NAFLD were high body mass index, HOMA-IR, total cho-
lesterol, triglycerides, low-density lipoproteins, atherogenic index, and alanine aminotransferase, which may also
indicate future risks of type 2 diabetes and hypertension. Conclusions. Among patients with NAFLD within three
years, hypertension occurred in 22.2 % of cases and type 2 diabetes in 20.0 %, which is higher than in patients
without NAFLD (8.7 and 4.3 %, respectively). We found that at the time of initial examination, patients with NAFLD
had higher body weight and body mass index, as well as higher glucose, HOMA-IR, total cholesterol, triglycerides,
low-density lipoproteins, atherogenic index, alkaline phosphatase, gamma-glutamyl transferase, alanine aminotrans-
ferase, and aspartate aminotransferase. From these metrics, we identified high body mass index, HOMA-IR, total
cholesterol, triglycerides, low-density lipoproteins, atherogenic index, alkaline phosphatase as potential non-invasive
risk markers for NAFLD. This highlights the importance of studying them for the early diagnosis of type 2 diabetes
and hypertension, which could improve the treatment of this cohort of patients in the future.

Keywords: non-alcoholic fatty liver disease; type 2 diabetes; hypertension; obesity; non-invasive diagnostic markers

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a growing
concern in modern society due to its high prevalence, which
poses a threat to the health of millions of people [1]. This
chronic condition encompasses a diverse spectrum of pa-
thologies, from asymptomatic hepatic steatosis to necroin-
flammation, with or without centrilobular fibrosis, which
can result in cirrhosis and other serious complications [2].

One of the pathogenetic links in the development of the
condition, as mentioned above, is an excess of circulating
glucose, which, due to the resistance of skeletal muscles to
insulin, can be absorbed by the liver and serve as a source

for new lipogenesis, particularly saturated long-chain fatty
acids, resulting in the further deposition of lipids in the liver
and the secretion of very low-density lipoprotein particles.
This theory, namely that aging hepatocytes and adipocytes
may contribute to the development of metabolic diseases, has
been confirmed in recent studies [3]. The disorder most often
occurs with obesity, insulin resistance, type 2 diabetes (T2D),
dyslipidemia, hypertension, and metabolic syndrome [4]. At
the same time, it has been shown that concomitant NAFLD
significantly increases the risk of complications compared
to the presence of T2D alone. Patients with chronic liver
diseases and diabetes demonstrate higher mortality rates, in-
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cluding all-cause mortality, cardiovascular mortality, as well as
mortality due to non-hepatic oncology [5]. The link between
insulin resistance and hypothyroidism, which most often de-
velops against the background of autoimmune thyroiditis,
has been studied for a long time. Pathogenetic components
of dysbacteriosis and various autoimmune disorders are fre-
quently described, and it is believed that intestinal dysbacte-
riosis can trigger autoimmune thyroid diseases [6]. Wong et
al. [8] described that patients suffering from non-alcoholic
steatohepatosis have fecal dysbiosis with lower amounts of
Faecalibacterium and Anaerosporobacter and higher amounts
of Parabacteroides and Allisonella. Positive changes in intes-
tinal microbiota, such as an increase in Bacteroidetes and a
decrease in Firmicutes, correlate with improvement in patients
with liver steatosis [8]. It was found that in case of fatty liver
disease, already at the stage of steatosis, there is a shift in the
composition of the intestinal microbiome with an increase in
the total bacterial mass, a lower number of obligate strains,
as well as an increase in opportunistic strains, which in turn,
due to active participation in metabolic processes, can cause
the progression of liver disease [9].

Diagnosing NAFLD is still a challenge. While liver ul-
trasound is the primary diagnostic method according to the
latest guidelines, it has some drawbacks, such as subjective
evaluation by the diagnostician, as well as low informative-
ness in the presence of a high degree of fibrosis or obesi-
ty with a body mass index (BMI) of more than 40.0 kg/m?
[10—13]. Liver biopsy remains the gold standard. However,
it is rarely performed for the NAFLD diagnosis as it is an
expensive and invasive method and carries risks of sampling
errors and serious complications [10, 13]. Considering the
above, several non-invasive indices have been introduced in
recent years. For their calculation, it is necessary to obtain
anthropometric (BMI, waist circumference, etc.) and labo-
ratory indicators (platelets, triglycerides, gamma-glutamine
transferase (GGT), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), albumin, etc.) [14—17], which,
unfortunately, are not always simultaneously available to the
physician.

The purpose of the study was to identify new additional
non-invasive diagnostic markers of NAFLD and the risk of
developing comorbid diseases in these patients.

Materials and methods

Following written informed consent to conduct a ran-
domized comprehensive examination, 64 men aged 39 to
62 years (mean of 46.9 (45.0; 49.8) years) were enrolled.
They were referred for a preventive annual check-up in
2020—2021 at the Communal Non-Commercial Enterprise
of the Lviv Regional Council “Lviv Regional Clinical Hospi-
tal” and Lviv Regional State Clinical Medical and Diagnostic
Endocrinological Center. The non-inclusion criteria were the
presence of alcoholic, medicinal, viral, autoimmune liver
damage, and storage diseases.

All patients underwent a thorough examination for
NAFLD following EASL-EASD-EASO (European Associa-
tion for the Study of the Liver — European Association for
the Study of Diabetes — European Association for the Study
of Obesity) Clinical Practice Guidelines for the Management
of Non-Alcoholic Fatty Liver Disease [10] using liver ultra-

sound in the absence of apparent reasons for the secondary
build-up of fats in the liver (alcohol abuse, use of hepatotoxic
drugs, infection with viral hepatitis, autoimmune and here-
ditary diseases).

All patients underwent a standard abdominal ultrasound
on a Siemens Acuson device (Siemens AG, Germany) with
a 2—5 MHz convex probe under standard conditions (in
the morning, on an empty stomach, in a horizontal posi-
tion lying on the back) to detect functional and structural
changes in the internal organs, evaluate the size of the liver,
its outlines, structure, and echogenicity. Considering that
the detection of liver steatosis using ultrasound is subjective
due to the assessment of the intensity and specific patterns of
echo signals by a doctor [18], we additionally calculated the
recommended EASL-EASD-EASO indices of liver steatosis:
fatty liver index [14], non-alcoholic fatty liver disease liver fat
score [15], hepatic steatosis index for all patients [16].

The exclusion of alcoholic liver damage was based on
reports of daily alcohol consumption at a minimum dose of
50.0 g of pure ethanol for a period of 2—5 years and scree-
ning for alcohol abuse (CAGE questionnaire — Cut down,
Annoyed, Guilty, Eye-opener). Hepatitis B viral etiology
was identified by analyzing serological markers of hepati-
tis B virus (HBsAg) and hepatitis C virus using serological
markers of hepatitis C virus (anti-HCV). Additionally, the
history of acute viral hepatitis was taken into consideration.
Autoimmune reactions were evaluated based on the study of
serological markers of autoimmune liver damage.

Thus, two groups of patients were formed: 35 patients
with confirmed NAFLD using ultrasound and calculated in-
dices of NAFLD (study group, SG) and 29 patients without
confirmed NAFLD (control group, CG).

The following demographic and anthropometric data
were considered for the study: patients’ age, height, and body
weight at the time of examination. BMI was calculated ac-
cording to the A. Quetelet formula:

BMI = m.ass (kg)
height’ (m?)

A complete blood count was done using a Sysmex
XN-530 analyzer (Sysmex Corporation, Japan) to evaluate
the hemoglobin level, the number of red blood cells, and
platelets. Biochemical blood serum parameters were ana-
lyzed with an automatic analyzer Beckman Coulter AU680
(USA). The levels of total protein, total bilirubin, creati-
nine, urea, uric acid, glucose, total cholesterol, triglycerides,
high-density lipoproteins (HDL), low-density lipoproteins
(LDL), alkaline phosphatase, GGT, ALT, and AST were
determined. Moreover, all patients were examined using
the homeostasis model assessment (HOMA). Variants of
the HOMA are calculated differently [20]; our study used
HOMA of insulin resistance (HOMA-IR).

It is calculated according to the formula:

Jasting glycemia (mmol/L) x
HOMA-IR = x fasting insulin (uU/mL) )
22.5
where the constant 22.5 as a normalizing factor is formed
from the product of the average fasting insulin content, which

is 5 pU/ml, and fasting glucose with a level of 4.5 mmol/L.
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The HOMA-IR < 2.5 indicates the absence of insulin
resistance.

Additionally, the atherogenic index (Al) was calculated
according to the formula:

_ total cholesterol (mmol/L) — HDL (mmol/L)
HDL (mmol/L)

Al above 3 is considered to be elevated.

The study was conducted in three steps. In the first
step, we analyzed patient data obtained 3 years following
the first detected NAFLD regarding the manifestation
of type 2 diabetes and hypertension. In the second step,
some anthropometric and laboratory indicators, and their
peculiarities in patients with and without NAFLD were
analyzed retrospectively, and in the third step, new addi-
tional non-invasive diagnostic markers of NAFLD were
discovered.

The data was processed on a personal computer in Mic-
rosoft Excel using descriptive statistics and Student’s t-test.
The statistical reliability of the markers was evaluated using
the SPSS software based on contingency tables with the cal-
culation of indicators of diagnostic value. The correlation
between steatosis and the indicator studied was considered
confirmed by a module if the association coefficient excee-
ded 0.5 (or 0.3 for the contingency coefficient). The obtained
results were presented as M (p,; p,), where M is the arithme-
tic mean, p, is the lower limit of the 95% confidence interval
of the arithmetic mean, p, is the upper limit of the 95% con-
fidence interval of the arithmetic mean. The difference was
considered statistically significant if p < 0.05.

Al

Results

During the follow-up of patients of both groups after
3 years, we found that hypertension occurred in 2 patients of
the CG (8.7 %) and 10 patients of the SG (22.2 %). Type 2
diabetes manifested in 1 patient of the CG (4.3 %) and 9 pa-
tients of the SG (20.0 %).

Table 1 represents the results of the assessment of anthro-
pometric and some laboratory characteristics in patients with
NAFLD at the time of the initial examination.

As can be seen from Table 1, there was a statistically sig-
nificant difference between body mass (86.9 (82.2; 91.5) kg
vs. 65.8 (61.4; 67.8) kg) and, accordingly, the indicator
derived from it, BMI (28.8 (27.7; 29.8) kg/m? versus 22.0
(21.2; 22.9) kg/m?). Additionally, we found a statistical-
ly significant difference between the following laboratory
indicators: glucose (4.95 (4.7; 5.2) mmol/L vs. 4.4 (4.1;
4.7) mmol/L), the HOMA-IR (6.2 (4.9; 7.4) units vs. 1.8
(1.5; 2.1) units), total cholesterol (5.8 (5.4; 6.2) mmol/L vs.
4.1 (3.7; 4.5) mmol/L), triglycerides (2.1 (1.8; 2.4) mmol/L
vs. 1.1 (1.0; 1.3) mmol/L), LDL (4.1 (3.7; 4.5) mmol/L
vs. 2.8 (2.6; 3.1) mmol/L), Al (4.9 (4.2; 5.5) units vs.
2.4 (2.0; 2.8) units), alkaline phosphatase (101.7 (87.4;
116.0) U/L vs. 81.2 (74.3; 88.0) U/L), GGT (45.4 (29.1;
61.8) U/L vs. 16.8 (11.3; 22.2) U/L), ALT (71.6 (40.1;
103.1) U/Lvs. 18.0 (14.4; 21.6) U/L) and AST (45.2 (31.8;
58.6) U/Lvs. 27.1 (20.9; 33.4) U/L). However, we did not
find significant differences between the two groups for other
laboratory parameters, such as hemoglobin, red blood cells,
platelets, total protein, total bilirubin, creatinine, urea, uric
acid, and HDL.

The next step of the study is a statistical analysis by
calculating the chances of making a correct diagnosis of
NAFLD using a separate indicator — a marker. The reliable
probability of diagnosis was determined using indicators of
diagnostic value: sensitivity, specificity, and accuracy. Based
on them, the odds ratio is defined — a number that shows
how much the absence or presence of a specific outcome is
associated with the presence or absence of a particular di-
sease in a statistical group, and the coefficient of association
(or contingency), which characterizes how close the sto-
chastic relationship between qualitative traits — alternative
random variables is. The results of the study of sensitivity,
specificity, accuracy, and coefficient of association (or con-

Table 1. Anthropometric and laboratory characteristics of patients with NAFLD
at the time of initial examination

Parameter

SG CG

Body mass, kg

86.9 (82.2; 91.5)*

65.8 (61.4; 67.8)

Height, cm 179.1 (176.6; 181.6) 178.3 (176.0; 183.9)
BMI, kg/m? 28.8 (27.7; 29.8)* 22.0 (21.2; 22.9)
Glucose, mmol/L 495 (4.7; 5.2)* 4.4 (41;4.7)
HOMA-IR, units 6.2 (4.9; 7.4)* 1.8 (1.5; 2.1)
Total cholesterol, mmol/L 5.8 (5.4;6.2)" 4.1 (3.7;4.5)
Triglycerides, mmol/L 2.1 (1.8;2.4)" 1.1 (1.0; 1.3)
LDL, mmol/L 4.1 (3.7; 4.5)* 2.8 (2.6;3.1)

Al, units 4.9 (4.2;5.5)" 2.4 (2.0;2.8)

Alkaline phosphatase, U/L

101.7 (87.4; 116.0)*

81.2 (74.3; 88.0)

GGT, UL 45.4 (29.1; 61.8)* 16.8 (11.3; 22.2)
ALT, UL 71.6 (40.1; 103.1)* 18.0 (14.4; 21.6)
AST, U/L 45.2 (31.8; 58.6)* 27.1 (20.9; 33.4)

Note: * — p < 0.05 according to Student’s t-test, compared to CG values.
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Table 2. New additional non-invasive diagnostic markers of NAFLD

Parameter Sensitivity, % Specificity, % Accuracy, % Associa(t:ig:ﬁ(i((::ci):r:itngency)
BMI 88.9 95.5 91.0 0.98*
Glucose 16.7 100.0 37.5 0.21
HOMA-IR 80.0 85.7 81.6 0.92*
Total cholesterol 75.0 86.7 791 0.90*
Triglycerides 60.7 66.7 62.8 0.51*
LDL 22.2 100.0 50.0 0.30*
Al 88.9 80.0 85.7 0.93*
Alkaline phosphatase 23.1 100.0 46.4 0.29
GGT 23.1 100.0 48.3 0.29
ALT 51.1 95.7 66.2 0.92*
AST 31.1 82.6 48.5 0.36

Note: * — statistically confirmed correlation between the marker and the risk of NAFLD.

tingency) of anthropometric and laboratory parameters,
which differ significantly in the groups, — markers, are
given in Table 2.

Based on the data collected, it has been found that
only BMI and some laboratory parameters can be conside-
red additional non-invasive risk markers for the presence
of NAFLD. BMI equal to or greater than 25.0 kg/m?* with
a sensitivity of 88.9 %, specificity of 95.5 %, and accuracy
of 91.0 % suggests the presence of NAFLD. HOMA-IR
above 2.5 units, with a sensitivity of 80.0 %, specificity of
85.7 %, and accuracy of 81.6 % suggests the diagnosis of
NAFLD. Moreover, some blood lipids, such as total cho-
lesterol, triglycerides, and LDL, have a diagnostic value.
Hypercholesterolemia with a sensitivity of 75.0 %, speci-
ficity of 86.7 %, and accuracy of 79.1 % indicates the risk
of NAFLD. Similarly, an increased level of triglycerides
with a sensitivity of 60.7 %, specificity of 66.7 %, and
accuracy of 62.8 %, and high LDL with a sensitivity of
22.2 %, specificity of 100.0 % and accuracy of 50.0 % sug-
gest the presence of the studied disease. Accordingly, in-
creased Al confirms NAFLD with a sensitivity of 88.9 %,
specificity of 80.0 %, and accuracy of 85.7 %. Among
cytolysis markers, only ALT with a sensitivity of 51.1 %,
specificity of 95.7 %, and accuracy of 66.2 % indicates the
presence of NAFLD.

Discussion

It has been reported that NAFLD poses a significant
threat to the health of millions [1]. The association of the
disease with obesity, insulin resistance, hypertension, and
dyslipidemia has also been described [1, 10—13, 19], which
we were able to confirm. Our research group reported a clear
causal association between NAFLD and hypertension, as
well as type 2 diabetes. Throughout a three-year follow-up
observation, we have recorded the occurrence of these di-
seases in patients with NAFLD.

However, the problem of NAFLD is urgent not only be-
cause it is associated with severe diseases and diagnosing it
can be difficult. While liver ultrasound is recognized as a
first-line method for diagnosing NAFLD, it can sometimes

be subjective and insufficiently informative [10]. Significant
advances in diagnosing NAFLD were made by introducing
non-invasive indices that consider anthropometric and labo-
ratory parameters [14—17] in the diagnostic process. Howe-
ver, this process is imperfect and often requires a comprehen-
sive list of variables. Considering that and given the impact
of NAFLD on a patient’s quality of life and life expectancy,
we have suggested additional markers that can independently
indicate the risk of NAFLD in a patient. They can prompt
doctors to examine the patients additionally and more tho-
roughly.

It should be noted separately that the results obtained
in our study are in line with the newly proposed diag-
nostic criteria of metabolic-associated fatty liver disease.
This new nosology is being suggested as a replacement for
NAFLD. The scientific community is actively discussing
the introduction of a new term and its criteria — metabolic-
associated fatty liver disease. At this point, a consensus
among experts is yet to be reached. Introducing or exclu-
ding a new term requires additional cohort-controlled stu-
dies in compliance with the principles of evidence-based
medicine [20].

According to our retrospective review and statisti-
cal analysis, patients with NAFLD typically have higher
body weight and BMI, as well as elevated levels of glucose,
HOMA-IR, total cholesterol, triglycerides, LDL, Al, al-
kaline phosphatase, GGT, ALT, and AST. Accordingly, we
can suggest that parameters, which differed reliably in both
groups, can be used as risk markers for the development of
NAFLD. While these indicators are closely related to liver
steatosis, their cause-and-effect relationship with NAFLD
remains open.

The results of our statistical analysis confirm the sig-
nificance of the chosen approach and indicate the possi-
bility of improving the process of NAFLD diagnosis. An
important stage of further research can be the develop-
ment of even more accurate and affordable methods for
determining the characteristics of this disease, which will
aid in improving early diagnosis and the effectiveness of
NAFLD treatment.
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Conclusions

We have found that patients with NAFLD have higher
body weight and BMI, as well as higher levels of glucose,
HOMA-IR, total cholesterol, triglycerides, LDL, Al, alka-
line phosphatase, GGT, ALT, and AST. Among these para-
meters, additional non-invasive markers of NAFLD include
high BMI, HOMA-IR, total cholesterol, triglycerides, LDL,
Al, and ALT, which may also indicate the risk of T2D and
hypertension development in this cohort of patients.
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HeaAKOroAbHA XXUPOBA XBOPOOA NEYiHKK:
HOBiI AOACQTKOBI HEiIHBA3UBHI AIGrHOCTUYHI MApKepu
TA PUSUKU PO3BUTKY KOMOPOBIAHNX 30XBOPIOBAHDb

Pestome. Axkmyaavnicms. HeanxorosbHa Xuposa XBopo0a Me4iHKI
(HAXKXIT) € akTyaabHOIO TTPOOJEMOI0 CyJaCHOTO CYCHiIbCTBA, Y
naToreHe3i sIKoi 0COOJMBY POJib BilirpaloTh HAIIUILIOK LIMPKY-
JIIOI0YOI TJIIOKO3M Ta iHCYTIHOPE3UCTEHTHICTD, a il 1iarHOCTyBaH-
HS BUKJIVMKAE MEBHI TpyaHOIi. Mema: BUSBUTU HOBi JOIAaTKOBI
HeiHBa3iliHi JiarHOCTUYHI Mapkepu B mauieHTiB i3 HAXKXII Ta
PM3MK PO3BUTKY B HUX KOMOPOiITHUX 3aXBOploBaHb. Mamepiaiu
ma memoou. Y NOCTIKEHHSI 3aTy4eHo 64 4oJIoBiKM BiKOM Bix 39
110 62 pOKiB: y 35 BCTAaHOBJIEHO [IiarHO3 HEAJIKOTOJBHOI XUPOBOI
XBOPOOU MeviHKM 3rigHo 3 pekomeHaaisimu EASL-EASD-EASO,
29 0cib yBiliLIUIM B KOHTPOJIbHY TpyIly. B 000X rpynax oliHoBaIu
pe3yJIbTaT 3arajibHOro, 6i0XiMiYHOTO aHai3iB KPOBi Ta YJIBTPa3By-
KOBOTO OOCTEXXEHHSI OPTaHiB YepeBHOI MOPOXKHUHU. Pesytvmamu.
V nauieHTiB i3 HAKXII Oyau BiporiiHo BUIIIMMU Maca Tijla Ta
iHJeKC Macu Tina, BummuMu — ingekec HOMA, piBHi TJ110K03H1,
3arajJbHOTO XOJIECTEPUHY, TPUTJIILEPUiB, JIMONMPOTEIHIB HU3b-
KOI IITbHOCTI, JTy>KHOI (pocaTasu, raMMma-TiiyTaMiHTpaHChe-
pasu, ajaHiHaMiHoTpacdepas3u, acnaprTatramMiHOTpaHchepasu i
KoehillieHT aTepOreHHOCTI. Yci iHIIi 1abopaTOpHi MTOKa3HUKK
BipOTiIHO He Binpi3HsuMcs B 000X rpymnax. JlonaTkoBUMU HEiH-
BasuBHUMH MapKepamu HAXKXII Oyau BUCOKi iHIeKC MacH Tina,
ingekc HOMA, piBHi 3araJbHOTO XOJIECTEPUHY, TPUTJILICPUIIB,

JHIOIPOTEiHIB HU3BKOI IIJIBHOCTI, aJaHiHaMiHOTpaHchepa3u i
KoedilieHT aTepOTeHHOCTI, 1110 TAaKOX MOXe BKa3yBaTU Ha pU-
3UKU PO3BUTKY B MailOyTHbOMY LLYKPOBOTO AiabeTy 2-ro THUIy Ta
apTepiayibHOI rinepreHsii. Bucnosrxu. Cepen naiienTis i3 HAXKXI
IIPOTSTOM TPHOX POKIiB apTepiajibHa TimepTeH3isg BUHMKANA B
22,2 % Bunankis, a LI/ 2-ro tuny — y 20,0 %, 110 Buile, HiXX B
oci6 6e3 HAXKXII (8,7 14,3 % BinnosinHo). BusiBieHo, 1110 Ha MO-
MEHT repiuoro oocrexeHHs nauientn 3 HAZKXIT manu HactynHi
BUIII TTapaMeTpH: Maca Tijla Ta iHAeKC MacH Tijia, piBHI IJIIOKO3H,
HOMA-IR, 3arajJbHOro XoJeCTepuHY, TPUIIiLEPUIiB, JiMONIpoTei-
HiB HU3bKOI IILTLHOCTI, JIY>KHOI (pocarazu, raMMa-riryTaMiaTpaH-
cepasu, ananiHamiHoTpaHcdepas3u, acnapraTaMmiHOTpaHchepa-
31 Ta iHIEKC aTepPOTEHHOCTI. 3 ITUX MOKAa3HUKIB BUCOKUIA iHAEKC
macu Tina, HOMA-IR, 3aranbHuil XoaecTepuH, TPUTTiLIEPUIH,
JIIMOMPOTETHW HU3BKOI IITBHOCTI, iHAEKC aTePOreHHOCTI I JIy>KHa
docdaTaza € mMOTeHIITHMMY HEIHBa3MBHUMU MapKepaMU PU3UKY
HAXXII. Lle migkpeciioe BaXIUBICTh iX BUBUYCHHS IJIsI PAaHHBOI
niarHoctuku LI 2-ro Tury Ta apTepiajbHOI TilepTeH3il, 1110 MOXe
MOKPAILLIMUTH JIIKyBaHHS 11i€] KOTOPTHU MALliEHTIB Y MaiilOyTHbOMY.
Ki10490Bi cJ10Ba: HeankorobHa XUpoBa XBOpo0Oa MEYiHKu; 1y-
KpOBMIi miabeT 2-To TUIY; apTepiajabHa TillepTeH3isT; OXKUPIHHS,
HeiHBa3WBHi AiarHOCTUYHI MapKepu
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IBaHO-PPAHKIBCHKIY HALIOHQABHUT MEANYHWI YHIBEPCUTET, M. IBOHO-OPaHKIBCEK, YKpQIHQ

OcobAuBoCTI Nepebiry cepLeBoi HeAOCTATHOCTI
iLLeMIYHOro reHe3sy y XBopux
i3 cynyTHIMU PiGpuAsUieto nepeAcepAb
TA LYKPOBUM Aiab6eTtom

Pe3tome. AktyanbHricTe. Cepuesa HegocTatHicTs (CH) € 3aBepluanbHolo cTagieto 3axBoproBaHb cepLe-
BO-CYAMHHOI cucTeMu vi O4HI€0 3 OCHOBHUX MPUYNH CMEPTHOCTI Bif CepLyeBO-CyANHHUX 3axBOoproBaHsb. [1oLum-
peHictb CH ocTaHHIMU pokamMy HEBMUHHO 3pOCTaE | CTaHOBUTb ~ 2 % [OPOC/IOro HacesneHHs. o YuHHUKIB,
o noripwwyrTs AporHo3 CH, Hanexuts Lyykposuii giabet (LA). UL 2-ro tuny — He3anexHuit YUHHUK PU3NKY
po3ButKy CH, a piBeHb r7110K03u nnaamu HaTLye Ta nigBuLLEHHSI BMICTY riikoBaHoro remoriobiHy A1c (HbATc)
3Ha4YMMO roB’si3aHi 3i 36inbLUeHHSIM Hebe3neku po3suTKy CH. lNMosigomnsaeTscs, wo LU 3Hauyumo 36inbLuye
3arpo3y CH. Merta: BuBYMTH 0CO6/IMBOCTI nepebiry cepLeBoi HegoCTaTHOCTI, iKka BUHUKNA Ha (POHI MicrsiH-
papKTHOro KapRiockneposy, y XBopux i3 cynyTHimn ibpunsvieto nepegcepar (®rl) Ta yykpoBum giabeTom.
Marepiann Ta metogu. O6ctexeHo 398 xBopux i3 CH Ha 1ni nicnsiHpapkTHOro Kapaiockneposy, Bikom
45-65 pokis (54,3 + 7,2 poky). Cepen o6¢cTexeHnx 198 (49,7 %) xiHok i 200 (50,3 %) Honosikis. 226 (56,8 %)
XBOPUX Manu nocTiviHy gpopmy ibpnnsauii nepeacepab, 102 (25,6 %) — cynyTHivi LI 2-ro tuny. iarHocTuky
@1, CH 3givicHIoBanu 3rigHo 3 K/iHIYHUM IPpOTOKOIOM HafZaHHsI MeauyYHoi JOMoMorn XBopum i3 ¢hibpunsyiero
rnepegcepnb, cepuyeBor HefoOCTaTHICTIO, 3aTBepaxeHnm Hakazom MO3 Ykpainu Big 03.07.2006 Ne 436, Ta
3rigHo 3 PekomeHgauyismn €Bponevicbkoro tosapuctea kapgionoris (ESC) wjo[o pgiarHoCTuku ta nikyBaHHs
roctpoi Ta xpoHidyHoi cepyeBoi HegocTtaTtHocTi 2021 poky. OKpimM 3arasibHoro KiiHiYHoro ta 6ioxiMi4Horo
aHarniaiB KpoBi, npoBoannN iMyHO®EPMEHTHUI aHasli3 KPOBI i3 BUBHAYEHHSM MO3KOBOIrO HaTpifypeTU4Horo
nentugy, NT-proBNP, ranektuHy-3 ta ST-2 . [lpoBogunn cTaHgapTn3oBaHe exokapgiorpagidHe 06CTEXEHHS
3 po3paxyHkamun ¢ppakuii Bukmgy nisoro LiyHodka (@B JILL) ta poamipis cepusi nig Yac rocnitanidadii. Pe-
3ynbtatu. XBopi iz CH ta cynytHim L] nopiBHAHO 3 navieHTamm 6e3 nopyLLeHHs ByrneBogHoro 06MiHy mMarTb
6inbLLYy 4YacToTy (heHOTUNY 3axBoproBaHHs 3i 36epexeHoto @B JILL (48,0 %), BuLyi pyHKLiOHaNbHI knacu (PK;
I — 70,0 %) 3a NYHA ta pusuk nosTopHoi rocnitanisauii (BLL = 3,14 (2,05-5,68)). Ans nayieHTis i3 CH Ta
rnocTiviHoto ¢popmoro ®F1, ane 6e3 HasiBHoro L[] nputamaHHa 6i/bLU BUpaxeHa gunatawlisi nopoxHUH cepus,
Hmx4a @B JILL (Ha 15 %) Ta BUCOKW pu3uk NOBTOPHOI rocnitanidayii npotsrom nepLuoro poky (BLU = 1,235
(1,024-1,489)). XBopi i3 CH Ta cynytHim noegHaHHsam @1 i LI[] maroTe HarbinbLL HECnIpUSATANBUI repeodir na-
TosIorii cepysi: YacTilue peecTpyoTbCA 36i/bLUEHI PO3MIpU JTIBOro LUTYHOYKA, FipLLa Moro CUCTONIYHA (PYHKLIA
(Ha 19,3 %), Bucoka 4actota ¢peHoTuny 3i 3HmxeHoro @B JILL (51,9 %), IV ®K 3a NYHA (46,2 %), HanbinbLu
BUCOKWUV pu3nK noBTopHOI rocnitanizayii (BLU = 11,30 (4,73-27,04)) Ta ogHopi4Hoi cmepTi (BLL = 2,95 (2,00—
4,36)). BucHoBKn. 3 ypaxyBaHHsIM PU3UKy OBTOPHOI rocnitanisayii Ta ogHOPIYHOI CMEPTHOCTI HaKbinbLL
HecrnpusaTANBUM MOEQHAHHAM CYryTHLOI NaTosorii y XBOpuUX i3 cepLyeBO HEAOCTATHICTIO iLUEMIYHOIrO reHe3y
€ Qibpunsayia nepegcepnb Ta LyKpoBuvi giaber.

Knto4oBi cnoBa: cepLiesa HegocTatHICTb; LiyKpoBuii giabeT; ibpunsauis nepeacepas; NT-proBNP; ranektvH-3;
ST-2
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skl

Bctyn

Cepuena HenoctatHicTh (CH) € rimobanbHOIO naHae-
Mi€10, 1110 CTOCYEThCS OJIM3bKO 26 MIIH JIIOACH y CBITI, pe-
3yJIBTATOM YOTO € TTOHaJ | MJIH rocTiTaitizariiit nopiyto [1].
1i nommpenicTs pizko 3pocrae i3 1 % y 40-piunnx go 10 %
cepejl XBOpYX BiKOM cTapiiie 3a 75 pokiB [2].

Cepen xBopux Ha CH 1ykposuii giadet 2-ro tumy (1112)
Ta pibpusig nepeacepasb (PIT) TparisgOThCs JOCUTD Ya-
cro [3]. KoxHa 3 umx rarosoriit noripiiye repedir CH [4].
Ilonpu gocsirHeHHs Yy MeAMKAMEHTO3Hill Teparii, S-piuyHa
cMepTHicTh xBopux i3 CH 3anuinaerses Ha piBHi 50 % [4].

CrpaTtudikallis rpyny BUCOKOTO PU3MKY Ta CBOEYACHA
KOpeKIIist MeauKaMeHTo3Hoi Teparrii sk CH, tak i komop-
0iMHOI MAaTOJIOTIi BilirpaloTh BaXJIMBY POJb Yy 30iIbIIEHHI
TPUBAJIOCTI XXUTTS Ta MiABUILEHHI MOTO SKOCTi [5].

J10 OCHOBHMX TIOJIOKEHb, 1110 CTOCYIOThCSI KOMOPOiTHUX
3aXBOPIOBaHb, BimHOCATH Taki [6]: CH — ogHe 3 HaityacTi-
VX CEPLEeBO-CYIMHHMX ycKimagHeHb LIJ12, LI/12 36inbp1rye
pusuk po3Butky CH y 4—35 paziB, CH 3HauHO moripiiye
nporHo3 nauieHTiB 3 /12, CH — He3aiexxHUit YNHHUK
PM3UKY po3BUTKY HOBUX BunaakiB LI/12, mpu LIJ12 po3Bu-
BA€THCS paHHE CYOKITiIHIYHE ITOIIKOMKEHHS i TUCHYHKITiS
MioKapna, iIHTEeHCUBHUIA KOHTPOJIb TJIiKeMil He BIJIMBAE HA
nonii, mos’s13aHi i3 CH [7].

Merta po6oTH: BUBUUTH OCOOIMBOCTI IMepebiry cepreBoi
HEAOCTaTHOCTI, sIKa BUHUKJA Ha (DOHI MicstiHDapKTHOro
KapiocKaeposy, Y XBOpuxX i3 CynyTHiMuU (GiOpuisiiieto me-
pencepib Ta yKPOBUM /1iabeTOM 2-TO TUITY.

Marepiaam Ta meToamn

IIpoTokon nocimkeHHs 0yJ10 3aTBEPIKEHO JIOKATbHUM
KOMITETOM 3 TTUTaHb €TUKH Ta IcOHTOJIOTIT IBaHO-MpaHKiB-
CbKOTO HalliOHAJIbHOT'O MEIUYHOIO YHiBEPCUTETY. YCi Mpo-
BeIeHi JOCIIiIKEHHS 3a YJaCTIO MAIiEHTIB OY710 BUKOHAHO
BiIMOBiTHO 10 €TUYHUX HOPM [e/IbCiHCHKOI eKapaltii.

XBopi Oy/u 3ay4eHHi y JOCTiIKeHHSI HA MOMEHT IoC-
miTai3amii 7o KapAioJIOTiYHOTO BiIIiJIeHHS y 3B’ SI3KY i3 Jie-
komneHcauiero CH. Y nocnimkeHHs 3anyyuinun 398 xBopux
i3 CH eBpormeoinHoi pacu Bikom 45—65 pokiB (54,3 + 7,2
poky). Cepen obctexkenux 198 (49,7 %) xinok i 200
(50,3 %) yonosikiB. 226 (56,8 %) XBOpUX MaJIM TTOCTIHY
dopmy ®I1, 102 (25,6 %) — cynyrHiii LIJI2.

Kputepii BKIroueHHs: minnucaHHs iHGOpMOBaHOI 3ro-
1, iHapKT MioKap/a B aHaMHe3i, BepuGiKoBaHWI TiarHO3
CH cranii C, II-1V ®K 3a NYHA. Kputepii BUKITIOUCHHS:
HEITAMIcaHHs iHpOpMOBaHOI 3roau, TeMOAMHAMIYHO 3Ha-
uyili kjaanaHHi Baau cepius, CH iHioi etiosorii, Tupeo-
CYIIpeCUBHE JiKyBaHHS, KIiHIYHUN TiMOTHUPEO3, TUPEO-
TOKCMKO3, 3aMajibHi 3aXBOpPIOBaHHS, feKomneHcauis LIJI,
XpoHiuyHa xBopoOa Hupok IV cT.

Hiarnoctuky i mikyBanus MI1, CH 3ailicHIOBaIM 3rigHO
3 KJIIHIYHUM MPOTOKOJOM HaJaHHS MEAWYHOI 10MOMOIU
xBopuM i3 PI1, CH, 3aTBepmkeHuM HakazoM MO3 Ykpa-
iaum Bim 03.07.2006 Ne 436 Ta 3rimHo 3 PekoMeHmamisiMu
€Bporreiickkoro ToBapuctsa kKapmiosori (ESC) momno miar-
HOCTHMKM Ta JIIKyBaHHsI TOCTPOI i XpOHIYHOI CepIIeBOi HET0-
cratHocTi 2021 poky [8].

J11s1 BUBHAUYEHHSI CHPOBATKOBOT'O PiBHSI TUPEOTPOITHOTO
ropMmoHy (nmiarnazon Hopmu 0,3—4,0 MMO/1n), BinbHoro T,
(miamazon Hopmu 2,5—5,8 mMob/1) Ta BiibHOTO T, (mia-

nma3oH Hopmu 10—25 nmmomb/m), TIIOKO3U KPOBi (miamna-
30H HOpMU 4,0—5,5 MMJIOJIB/JT), TJIIKOBAHOTO FeMOTJIO0IHY
(HopMa 110 5,6 %) BUKOPUCTOBYBAJIM HAOOPU PEaKTUBIB
(«TTT-UDA», «cBT4-NUDA» Ta «cBT3-UDA» Kommanii
«XeMa», YKpaiHa).

st BU3HAUYEHHSI CUPOBATKOBOTO PiBHS TaJleKTUHY-3
(miamazon BusHaueHHs 0,156—10,0 ur/mn), nentuay ST-2
(suppression of tumorigenicity 2, miama3oH BU3HAYeHHSI
12,5—-250,0 Hr/MJ1), MO3KOBOTO HATPillypeTUUHOTO TIeM-
tuay (BNP, gianazon Hopmu 30—2500 nr/mi), HaTpiii-
yperuuHoro nentuay (NT-proBNP, nianazoH Bu3HaueHHsI
10—35000 nr/mu1) BUKOPUCTOBYBaIU HAaOOpPU peakTUBIB
(Human Gal3 (Galectin-3) ELISA Kit (FineTest®), ST-2
Rapid Test (Aspect-PLUS®), BNP Rapid test (NanoEnTek)
ta IF1002 (GP Getein®) BignosinHo). IMyHodepMeHTHI
TOCTiIKeHHST BUKOHAIU Ha nmpuiani « HamiBaBroMaTuaHmit
iMmyHOoepMeHTHUI aHaizaTop Immunochem-2100 (High
technology, CILIA).

IHCTpyMeHTaIbHI METOIM BKJIIOYAIM eJeKTpOKapIiorpa-
dito (EKT), mobose monitopyBanHs EKI, exokapaiorpadiro
(ExoKT).

EKI y crani criokoo peectpyBanu y 12 cranmapT-
HUX BiIBeICHHSX 3a JOMOMOTOIO eJieKTpokapaiorpada
Electrokardiograph, ECG 8820G (HimeuunHa).

JlommuiepexoKapaioCKOIIiYHe TOCTiIKeHHSI BUKOHAIN
3a JOMOMOTIOIO YJITPa3BYKOBOI MiarHOCTUYHOI CUCTEMU
CARIS-PLUS (Biomedice, Itanist). Busnauanu kiHue-
BO-IiaCTONIYHUI 1 KiHIIeBO-cUCTOJIUHUI po3mipu (KJIP
ta KCP BignmosinmHo) niBoro nuryHouka (JI1), ToBmuHy
MiXIIJTYHOUKOBOT MEPEeropoaku Ta 3aaHboi ctinku JILI,
niameTp naiBoro nepeacepas (JII1), mpaBoro nuiyHouka
(ITL) Ta inmi mapamerpu. Po3paxoByBaiu KiHIIEBO-
niactoniyHuit 06’em JILI, KiHLIEBO-CUCTOMIUHUI 00’ €M
JII, xinueBo-miactomiunmii inmexce (K1) JIII, kixnme-
Bo-cucrosiunuit inneke (KCI) JILL, dpakuito Bukumy JILI
(®B JI), macy miokapaa JILI (MM JIII) Ta ii iHgekc
(IMM JILL).

[TpoTsirom 0AHOTO POKY MPOBOIWIM CITOCTEPEKEHHSI 32
XBOPUMU, BPaXOBYBaJIM HAsIBHICTh MOBTOPHOI TOCTTiTaTi3a-
1ii 3 npuBoay aekomneHcauii CH (41 BHyTpillIHbOBEHHE
3aCTOCYBAHHS TTETIbOBUX IiyPETUKIB 32 TIPU3HAYCHHSIM
KapJiosiora), a TaKOX CMEPTHICTb.

AHaJti3 HOpMaJIbHOCTIi PO3IOALTY ITOKAa3HMKIB BUKOHAIN
3a gjonomoroto kputepito Lllamipo — Yinka. JlaHi HaBeneHi
gk MeniaHa (Me) i1 iHTepKBapTWIbHUM Aianma3oH [25—75]
(po3mnonin naHuX Binpi3HsIBCS Bif HopMasibHOTO). KinbKicHi
MOKa3HUKU MOPiBHIOBAIMU 3a IOMOMOTOI0 HelapaMeTpuy-
Horo Kputepito ManHa — YitHi. ¥ pa3i moTpeOu opiBHATH
3HaYEHHS MOKa3HMKa OJJHOYACHO Y TPhOX i OiJbllIe rpymnax
BUKOPHCTOBYBAaBCS AUCIIEPCIHUI aHaTi3 3 BU3HAYEHHIM
koedinienTta ®imepa (F). PisHuIIO cepen yacToT 03HaK
y Ipynax ouLiHoBaiu 3a kpurepieM x> [lipcoHa (3 momnpas-
Koo €Tca 1npu KiJbKOCTi o3HaK MeHIe Hixx 10). Po3paxy-
Bajiu BigHoleHHs 1maHciB (BIL) 3 95% nosipunM iHTepBa-
oM ([11), a TakoX BipOTiZHICTh YaCTOTHOTO PO3IIOLLTY 3a
KpUTEpieM y’ 3 mornpaBKoto MaHTenst — XeHiresns. PisHuirio
MiX 3HaUEHHSIMU BBaxkKajJyd CTATUCTUYHO BipOTiZHOIO IIpU
piBHi kputepito 3HauymocTi p < 0,05. CraTucTuyHy 00-
POOKY IPOBOAWIN 3a AOTIOMOTrOI0 TiporpaMu Statistica for
Windows Release 10.0.
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PesyAbTaTH

[TpoBeaeHMI CTATUCTUYHUI aHAaJTi3 TPOAEMOHCTPYBAB,
o y xBopux i3 CH, sixa Bunukia Ha i IXC, micnsgingapk-
THOTO KapIioCKJIepo3y 3a HasIBHOCTI MOCTiitHOI opmu DTT,
MOPiBHSHO 3 MalliEHTaMu 0e3 3a3HaYe€HOTO MOPYIIEHHS
putmy vactimme peectpyBanucs: I11 ta IV @K 3a NYHA
(BinnosinHo 66,8 Ta 17,7 % nportu 43,6 T2 2,3 %; > = 57,65;
p = 0,0001), Buma YCC (117,0 [104,0—127,4] xB™' npoTu
90,0 [84,0—98.,0] xB~', p=0,0001) (Tadx. 1).

XBopi i3 CH ta ®I1 nmopiBHSHO 3 IPyIIOI0 MalLiEHTIB
0e3 1iei marosorii Mmanu Buii piBHi: ST-2 (43,0 [38,3—
47,3] ur/mn npotu 40,2 [37,0—43,0] ur/mi, p = 0,0001),
NT-proBNP (na 24,9 %, p = 0,001); Ginblui 3HaYeHHS
criBBigHOmEeHb NT-proBNP/BNP (na 17,4 %, p = 0,010),
NT-proBNP/ST-2 (ua 42,9 %, p = 0,018), NT-proBNP/
ranekTnH-3 (Ha 15,7 %, p =0,043), a TaKOX TEHAEHIIiIO 10
30ibILIEHHSI J00OBOI KiJIbKOCTI IIIJTYHOYKOBUX €KCTPaCH-
croi (LHE) (1a 12 %, p = 0,052) 3a tTaHUMU XOJITEPiBCHKOTO
MoHitopyBaHHs EKTI (Tta6m. 1).

XBopi i3 CH Ta ®I1 manu GiblI BUpaXKeHy AMIaTalliio
JiBoro 1utyHouka (36iiabinenns: KIAP po 6,2 [6,1—-6,3] cm
nporu 6,0 [5,9—6.2] cM, p = 0,0001; KJII no 64,8 [60,9—
67,9] M/m? ipotu 58,4 [56,6—63,0] mui/M?, p=0,0001; KCP
1o 5,0 [4,6—5,0] cm ipotu 4,6 [4,0—5,0] cm, p = 0,0001;
KCI 38,2 [32,2—40,7] ma/m? ipotu 31,3 [23,9—37,0] mi1/M?,
p =0,0001 ra IMM 120,8 [110,8—141,5] r/m* ipoTu 114,7
[103,6—129,6] r/m?, p = 0,003), niBoro mepencepas (Ha
7,5 %, p = 0,0001), npaBoro nuryHouka (2,9 [2,7—3,0] cm
npotu 2,8 [2,7—-2,9] cM, p = 0,0001) Ta mpaBoro rnepejacep-
ns (4,9 [4,5-5,1] cm nipotu 4,7 [4,3—5,0] cm, p = 0,0001),
meHiry @B JIL (Ha 14,6 %, p = 0,0001) nopiBHsIHO 3 ma-
mieaTamu 6e3 OIT.

Binbiumii Bincorok xBopux i3 CH ta ®@I1 Manu ¢eHOTHUIT
3aXBOPIOBaHHS 3i 3HIKeHOM0 (< 40 %) ®B JIII (51,8 mpotn
29,8 %, v* = 20,67; p = 0,0001) Ta pimmre Maxu HEeHOTHUIT
3i 36epexenoro @B JILI (16,8 npotu 43,9 %, x> = 17,18;
p =0,0001) mopiBHstHO 3 aieHTamMmu 6e3 DI1.

TMauientu i3 CH Ta ®I1 Maau BUILIKI pU3UK TTOBTOP-
Hoi rocmitanizarii (B = 1,606 (1,073—2,403), y* = 5,34;
p = 0,021) Ta TeHAEHLIiO 10 30iIbIIEHHS PU3UKY CMEPTI
(BI = 2,288 (0,945—5,544), p = 0,06) MpOTSITOM IEPIIOTO
POKY criocTepexXeHHs1 (tadut. 1).

Takum unHoM, y xBopux i3 CH ta ®II (mocriiiHa
¢opma), 110 BUHUKJIA B pe3yJIbTaTi MicassiHpapKTHOTO
Kapaiockiiepo3sy, Ha BiIMiHY BiJ Malli€HTIB 3 ii BiACyTHic-
110, CH Mae 6inbin HecipusTIUBUT TIepedir: BUCOKUH
¢yHKIioHanbHU Ki1ac 3a NYHA, uacrilie peecTpyoThb-
cs rineptpodis Ta gUIaTalis KaMep cepis, Tiplla cu-
croJliuHa (pyHKILisI MioKapaa, BUIIMIA PU3UK TTOBTOPHOT
rocmitaiizailii Ta TeHASHIIisI 10 30iIbIIeHHSI OMHOPIYHOT
CMEPTHOCTI.

Ionanpmnii CTATUCTUYHUN aHali3 MIPOAEMOHCTPY-
BaB, 1o cepen xBopux i3 CH ta cynmyrHim LI/l mopiBHsI-
HO 3 malieHTamMu 0e3 3a3HayeHOoi KOMOPOiAHO1 MaToIO0ri1
OyJ10 Ginblie 4ooBikiB (61,8 mpoTtu 46,3 % BignoBigHO,
v =7,27; p = 0,007), gacrinme peectpyBascs [V @K 3a
NYHA (23,5 npotu 3,7 % BianosinHo) ta pigme — 11 @K
(16,7 ipotu 40,5 % BinmosigHo, ¥’ = 46,47; p = 0,0001);
puii piBHi IMT (Ha 12,8 %, p = 0,001), rimikemii HaT-
me (26,3 %, p = 0,0001), rrikoBaHOTrO TeMOMIOOIHY (Ha

27,8 %, p = 0,0001). IMamwientn i3 LI/ Maiu TeHIEHIIiO
110 301TBIIEHHS] KPeaTUHIHY CMpOBaTKM KpoBi (Ha 25,8 %,
p =0,067) (Tabm. 2).

XBopi 3 CH Tta LI/l mTopiBHSHO 3 TpYyIIOIO IAlli€EHTIB
0e3 11iel KOMOpOiTHOI MATONOTii MaJIv BUIL PiBHi: rajaek-
tiHy-3 (Ha 11,1 %, p = 0,001), NT-proBNP (na 33,4 %,
p = 0,0001); MeHI1lIe 3HaYeHH criBBinHOMIeHHs: ST-2/
ranexTuH-3 (Ha 12,7 %, p = 0,0001); 6inbii BenruanHu
criBBinHomeHb NT-proBNP/BNP (na 54,7 %, p = 0,0001),
NT-proBNP/ST-2 (na 77,0 %, p = 0,0001) Ta NT-
proBNP/ranektnn-3 (Ha 34,8 %, p = 0,002); 36inbIeHHs
000BOI KiJILKOCTI IIUIYHOUKOBUX eKcTpacuctos (1250,0
[312,0—3000,0] Ta 500,0 [200,0—1970,0] BinmoBimHO,
p =0,052) (Tabun. 2).

XBopi i3 CH Ta LI manu MeHII BUpaXXeHYy OuiaTa-
uito JiBux Bimminis cepust (KIP 6,0 [5,9—6,2] cM potu
6,2 [5,9—6,3] cm, p = 0,0001; KII 60,5 [58,3—64,8] mia/m?
nipotu 62,8 [58,6—66,5] mi/M?, p=0,002; KCP 1o 4,7 [4,0—
5,0] cMm ipotn 4,8 [4,4—5,0] cm, p = 0,001; KCI 33,8 [24,8—
38,7] mi/m? ipotu 35,5 [29,6—40,0] ma/m?, p = 0,013); JITT
4,0 [3,9—4,2] cm nipotu 4,2 [4,1—4,3] cm, p = 0,0001) mo-
piBHsSIHO 3 mawuieHTamu 6e3 LI/I.

Menmmii Bigcotok xBopux i3 CH ta LI/l manu ¢peHo-
TUII 3aXBOPIOBAaHHS 31 3HIXKeHHIM (< 40 %) @B JII (33,3
npotu 44,9 % BinmosigHO, ¥’ = 4,2; p = 0,041); yacTime
peecTpyBanocs oxupinus (44,1 nporu 32,4 % BinmosigHo,
v =4,53; p = 0,034) ta HanmipHa Maca Tina (62,7 ipotu
51,7 % simnoBigHo, ¥’ = 3,74; p = 0,053) mopiBHSIHO 3 Ia-
mieHtamu 6e3 LIJI.

[Taientn i3 CH Ta LI/ Manu BUILi pU3UKKU MTOBTOP-
Hoi rocriTtanizauii (BLL = 7,79 (4,55—13,34), x> = 65,72;
p=0,0001) Ta cmepti (BLL = 4,82 (2,16—10,78), > = 17,19;
p = 0,0001) mpoTsirom mepioro poky CIoCTepexXeHHs
(Tabm. 2).

Ha HactynHoMy eTari aHanizy yci 398 xBopux 0yJiu po3-
rnoaineHi Ha yotupu rpymnu: I rpyna — mamientu i3 CH ta
CUHYCOBUM puTMOM, 6e3 LIJT (n = 122 (30,7 %)); 11 rpyma —
xBopi i3 CH ta ®II, 6e3 LI (n = 174 (43,7 %)); 111 rpy-
na — nauieHTu i3 CH, cunycoBum putmom Ta cymytHiM LIJT
(n=150 (12,6 %)); IV rpyna — xBopi i3 CH Ta moeqHaHHsIM
OITi OO (n=52 (13,1 %)).

CTaTUCTUYHMI aHaJli3 TIPOJEMOHCTPYBaB, 1110 BUILIE-
3a3HavYeHi Ipyny Oy/Iu IMOPiBHIHHUMM 3a BiKOM (Ta0J1. 3).

MMopsia i3 mum s rpymu xBopux i3 CH ta ®I1, 6e3
LI (1I rpyna) mopiBHsaHO 3 nauieHtamu i3 CH, sgki He
Manu Hi DI, wi LI (I rpyma), xapaKTepHUM € OiJib-
muit Bigcorok xpopux i3 111 @K 3a NYHA (71,8 npotu
32,8 % BinmosigHo; ¥’ = 47,74, p = 0,0001); Bumma YCC
(Ha 30,0 %, p = 0,0001); cupoBatkoBi piBHi: ST-2 (Ha
15,3 %, p=0,0001), NT-proBNP (1a 16,7 %, p = 0,001)
(Tabm. 3).

Y xBopux i3 CH Ta ®I1, ane 3a BiacyrHocti LI rmopis-
HsHO 3 nauieHtamu i3 CH 6e3 cynyTHbO1 1aTosiorii € Oiibli
BUpaXkKeHOIO AWJaTallisl JiBUX BimaiiiB cepus: 6iabiri KJIP
JII (6,2 [6,1—6,3] cMm ipoTu 6,0 [5,9—6,2] cM BignosigHO,
pu p = 0,0001), KCP (5,0 [4,6—5,1] cMm tipotu 4,7 [4,3—
5,0] cm BigmoBinHo, p = 0,0001), po3mip JiBoro mepence-
pns (4,4 [4,2—4,6] cM tipotu 4,0 [3,9—4,1] cM BinmosigHoO,
npu p = 0,0001); menma sennynna OB JILI (1a 15,6 %,
v =17,87;p=0,007).
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Ta6nmys 1. Xapakrtepuctuka rpyn xBopux i3 CH 3a HasiBHicTio cynyTHboi ®I1

Moka3HuK, F'pynu xBopux i3 CH (n = 398) .

OAMHMULI BUMIpPIOBaHHS Bes ®M (n = 172) I3 ®M (n = 226) 5ol
Bik, poku 58,0 [54,0-65,0] 58,0 [54,0-68,0] > 0,05
Cratb, n (%):
— KiHKM 5 (49,4) 113 (50,0) 0,01; > 0,05
— YOrnoBikn 7 (50,6) 113 (50,0)
®K 3a NYHA, n (%):
- sae aien | sres oo
— v 4(2,3) 31 (13,7)
CAT, MM pT.CT. 135,0 [120,0-150,0] 135,0 [130,0-145,5] > 0,05
OAT, MM pT.CT. 80,0 [71,3-80,0] 80,0 [75,0-80,0] > 0,05
YCC, xB™ 90,0 [84,0-98,0] 117,0 [104,0-127,4] 0,0001
IMT, kr/m? 29,4 [27,4-30,9] 29,2 [25,8-31,2] > 0,05
BT,, MMOnb/n 2,8 [2,4-3,5] 2,7 [2,5-3,4] > 0,05
BT,, NMonb/n 14,6 [11,1-16,5] 14,5 [11,2-16,5] > 0,05
TTI, MMO/n 1,5[0,9-2,3] 1,7 [1,0-2,6] > 0,05
mioko3a, MMorb/n 5,8 [5,5-6,3] 5,9 [5,5-6,2] > 0,05
MmikoBaHu remornobiH, % 5,5 [5,0-6,0] 5,5 [5,0-6,0] > 0,05
KpeaTtuHiH KpoBi, MKMOnb/N 98,7 [75,8-122,8] 98,3 [68,5-123,7] > 0,05
FanekTnH-3, Hr/mn 2,0[1,3-2,2] 1,9[1,3-2,3] > 0,05
ST-2, Hr/mn 40,2 [37,0-43,0] 43,0 [38,3-47,3] 0,0001
ST-2/ranekTtnn-3, YO 20,94 [17,76-29,51] 23,86 [17,28-32,81] > 0,05
BNP, nr/mn 90,5 [80,6-92,5] 90,5 [83,4-90,8] > 0,05
NT-proBNP, nr/mn 760,0 [330,0-1073,0] 949,0 [227,0-2284,1] 0,002
NT-proBNP/BNP, YO 8,69 [3,75-11,86] 10,20 [2,95-25,24] 0,010
NT-proBNP/ST-2, YO 17,91 [8,42-26,03] 25,60 [6,64-53,13] 0,018
NT-proBNP/ranektuu-3, YO 402,11 [242,92-657,60] 465,10 [133,27-1175,36] 0,043
LLE, komnnekcis/noby 500,0 [338,7-1500,0] 560,0 [200,0-2300,0] 0,052
Cnapeti LLE, kynneTis/noby 13,0 [6,0-32,3] 10,0 [6,0-23,0] > 0,05
KOP, cm 6,0 [5,9-6,2] 6,2 [6,1-6,3] 0,0001
KOl, mn/m? 58,4 [56,6-63,0] 64,8 [60,9-67,9] 0,0001
KCP, cm 4,6 [4,0-5,0] 5,0 [4,6-5,0] 0,0001
KCI, mn/m? 31,3 [23,9-37,0] 38,2 [32,2-40,7] 0,0001
OB, % 46,5 [38,9-57,8] 39,7 [37,9-49,0] 0,0001
IMM, r/m2 114,7 [103,6-129,6] 120,8 [110,8-141,5] 0,003
JM, cm 4,0 [3,9-4,1] 4,3[4,2-4,4] 0,0001
ML, cm 2,8 [2,7-2,9] 2,9[2,7-3,0] 0,0001
MM, cm 4,7 [4,3-5,0] 4,9 [4,5-5,1] 0,0001
OB <40 %, n (%) 50 (29,8) 117 (51,8) 20,67; 0,0001
OB 41-49 %, n (%) 62 (36,0) 71 (34,4) 0,94; > 0,05
OB > 50 %, n (%) (34 9) 38 (16,8) 17,18; 0,0001
OXMPpiHHSA, N (%) 8 (39,5) 73 (32,3) 2,23; > 0,05
HapmipHa maca Tina, n (%) (50 6) 130 (57,5) 1,90; > 0,05
La2, n (%) 0 (29,1) 52 (23,0) 1,88; > 0,05
MNTB, n (%) 34 (19 8) 43 (19,0) 0,34; > 0,05
nr, n (%) 66 (38,4) 113 (50,0) 5,34; 0,021
CwmepTb, N (%) 7 (4,1) 20 (8,8) 3,53; 0,060
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Tabnuys 2. Xapaktepuctuka rpyn xsopux i3 CH 3a HasiBHicTio cynyTtHboro /]

MoKasHuK, Fpynu xBopux i3 CH (n = 398) »

OAVHMLI BUMiPIOBaHHS Bes LIA (n = 296) I3 LA (n = 102) P
Bik, poku 58,0 [54,0-67,0] 58,0 [53,8-66,3] > 0,05
Crartb, n (%):
— XIHKM 159 (53,7) 39 (38,2) 7,27; 0,007
— YOrnoBikn 137 (46,3) 63 (61,8)
®K 3a NYHA, n (%):
i e o 598 46,47; 0,0001
— v 11 (3,7) 24 (23,5)
CAT, MM pT.CT. 135,0 [130,0-150,0] 136,0 [132,0-156,0] > 0,05
OAT, Mm pT.CT. 80,0 [75,0-80,0] 80,0 [75,0-80,0] > 0,05
YCC, xB™ 102,7 [94,3-117,0] 102,7 [90,0-123,5] > 0,05
IMT, kr/m? 29,0 [26,4-30,4] 32,7 [30,0-36,5] 0,001
[Moko3a, MMosb/n 5,7 [5,4-6,2] 7,2 [6,9-8,3] 0,0001
MmikoBaHWin remorno6iH, % 5,4 [4,9-5,8] 6,9 [5,6-7,5] 0,0001
KpeaTtuHiH KpoBi, MKMOb/N 88,0 [69,4—123,5] 110,7 [98,7-123,7] 0,067
FaneKTnH-3, Hr/Mmn 1,8[1,3-2,1] 2,0 [1,4-2,8] 0,001
ST-2, Hr/mn 41,4 [37,0-47,3] 41,7 [38,2—-43,9] > 0,05
BNP, nr/mn 90,5 [83,4-90,8] 90,1 [80,6-92,8] > 0,05
ST-2/ranektnH-3, YO 23,7 [18,42-33,9] 20,7 [14,6-28,1] 0,0001
NT-proBNP, nr/mn 760,0 [209,0-1456,0] 1014,0 [689,3— 2367,3] 0,0001
NT-proBNP/BNP, YO 8,6 [2,8-15,7] 13,3 [8,0-26,9] 0,0001
NT-proBNP/ST-2, YO 17,4 [4,9-33,2] 30,8 [16,8-63,2] 0,0001
NT-proBNP/ranektun-3, YO 372,5[119,9-869,6] 502,2 [281,8-1010,5] 0,002
LLE, komnnekcie/noby 500,0 [200,0-1970,0] 1250,0 [312,0-3000,0] 0,008
Cnapeti LLE, kynneTis/noby 10,0 [7,0-25,0] 13,0 [5,0-23,0] > 0,05
KOP, cm 6,2 [5,9-6,3] 6,0 [5,9-6,2] 0,0001
KAl, mn/m? 62,8 [58,6—66,5] 60,5 [58,3-64,8] 0,002
KCP, cm 4,8 [4,4-5,0] 4,7 [4,0-5,0] 0,001
KClI, mn/m? 35,5 [29,6-40,0] 33,8 [24,8-38,7] 0,013
OB, % 42,2 [38,3-49,7] 46,1 [38,6-55,1] > 0,05
IMM, r/m2 117,8[112,2-136,4] 113,2[102,7-130,8] > 0,05
JN, cm 4,2 [4,1-4,3] 4,0[3,9-4,2] 0,0001
ML, cm 2,8[2,7-3,0] 2,8 [2,7-3,0] > 0,05
nn, cm 4,2 [4,0-4,2] 4,2[3,9-4,2] > 0,05
OB <40 %, n (%) 133 (44,9) 34 (33,3) 4,2; 0,041
OB 41-49 %, n (%) 96 (32,4) 37 (36,3) 0,50; > 0,05
OB > 50 %, n (%) 67 (22,6) 31 (30,4) 2,46; > 0,05
OXMPpiHHSA, N (%) 96 (32,4) 45 (44,1) 4,53; 0,034
HapmipHa maca Tina, n (%) 153 (51,7) 64 (62,7) 3,74; 0,053
@O, n (%) 174 (58,8) 52 (51,0) 1,88; > 0,05
Mnr, n (%) 98 (33,1) 81 (79,4) 65,72; 0,0001
CwmepTb, N (%) 11 (3,7) 16 (15,7) 17,19; 0,0001
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Tabnunys 3. Xapaktepuctuka rpyn xBopux i3 CH 3a HasiBHicTIo cynyTHbOI naronorii
I'pynu xBopux i3 CH (n = 398)
lNoka3suuk, oanHUL .2
BUMIPIOBAHHA bes @I 1a 6e3 LI Ison Isun I3 oM ta ] P X
(I rpyna, n =122) (Il rpyna, n = 174) (Il rpyna, n = 50) (IV rpyna, n = 52)

Bik, poki 58,0 [54,0-65,0] 58,0 [54,0-68,0] 58,0 [52,0-65,25] 58,0 [55,0-67,0] > 0,05
Cratb, n (%):
— XiHKN 67 (54,9) 92 (52,9) (36,0) 21 (40,4) > 0,05
— YOnoBIKM 55 (45,1) 82 (47,1) 32 (64,0)* 31 (59,6)
®K 3a NYHA, n (%):
ey 0 (328) 125 (11 3 (100 60y | 000018288
— v 4(3,3) 7 (4,0) 0(0) 24 (46,2)*
CAT, MM pT.CT. 140,0 [130,0-150,0] | 135,0 [130,0-145,5] | 137,0 [128,8-147,0] | 140,0 [130,0-147,0] > 0,05
LAT, Mm pT.CT. 80,0 [75,0-80,0] 80,0 [75,0-80,0] 80,0 [70,0-80,0] 80,0 [75,0-80,0] > 0,05
4CC, xB™ 90,0 [84,0-99,0] 117,0 [102,0-123,5]* 90,0 [80,0-96,0] 123,5 [117,0-130,0]* 0,0001
IMT, Kr/m? 29,8 [28,0-31,3] 29,0 [27,0-32,0] 32,7 [29,5-35,0]* 30,2 [27,8-32,0] > 0,05
[M0K03a, MMOAb/M 5,5 [5,5-6,2] 5,5[4,9-6,1] 6,9 [6,0-7,2]* 7,06,3-7,8]* 0,0001
rnikoBaHWi reMorno6it, % 5,5 [4,5-5,9] 5,4 [5,0-5,8] 6,5[5,8-7,7]* 6,7 [5,7-7,6]* 0,0001
KpeaTuHiH KpoBi, MKMOMb/N 97,5[75,5-121,3] 83,5 [68,5-123,7] 110,5[98,7-130,0]* | 120,5[93,4-123,7]* 0,016
FanekTUH-3, Hr/Mn 1,8[1,2-2,1] 1,8[1,3-2,1] 2,1[1,5-2,7]* 1,9 [1,4-2,8] 0,033
ST-2, Hr/mn 38,5 [35,8-43,0] 44,4 (38,4-50,2]* 42,9 [41,8-43,0]* 41,8 [34,2-44,6] 0,019
ST-2/ranektnn-3, YO 21,24 [17,95-34,49] | 24,82[19,1-33,90] | 20,70 [15,32-26,12] | 21,42 [12,1-30,0] 0,002
BNP, nr/mn 90,5 [80,9-90,8] 90,5 [85,7-90,8] 89,7 [75,5-97,5] 90,5 [80,6-90,8] > 0,05
NT-proBNP, nr/mn 760,0 [175,0-879,0] |886,6 [323,0-2284,11* |855,0 [531,0-1374,0]* 178366%%‘}1’2‘ 0,002
NT-proBNP/BNP, YO 8,7[2,3-10,9] 7.9[2,8-25.2] 10,2 [5,3-18,2]* 23,5 [11,3-34,1]* 0,0001
NT-proBNP/ST-2, YO 17,4 [3,3-22,7] 17,1 [4,9-48,4] 19,8 [12,3-32,9]* 42,7 [21,9-63,2]* 0,001
NT-proBNP/ranektun-3, YO 372,5[205,5-671,3] | 374,4[109,2-1158,0] | 473,0 [281,8-660,9] |874,9 [295,1-1312,0]* 0,051
LLIE, komnnekcig/no6y 500,0 [350,0-1500,0] | 527,5 [200,0-2075,0] | 400,0 [200,0-1500,0] |2000,0 [350,0-3075,0]* 0,001
Cnapei LLE, kynneTie/go6y 15,0 [7,75- 40,0] 13,0 [8,0-40,0] 16,0 [12,0-43,5] 34,0 [15,3-125,0]* 0,0001
KOP, cm 6,0 [5,9-6,2] 6,2 [6,1-6,3]* 5,9[5,9-6,1]* 6,2 [6,0-6,2]* 0,0001
KOl, mn/m? 59,6 [56,6-64,1] 64,8 [61,1-67,5] 58,36 [57,25-60,7] 64,1 [58,8-67,9]* 0,0001
KCP, cm 47 [4,3-5,0] 5,0 [4,6-5,1]* 43 [3,9-4,6]* 4,9 [4,7-5,0]* 0,0001
KCl, mn/m? 32,2 [26,0-38,1] 38,2 [32,2-41,0] 26,1[22,3-33,7]* 38,0 [34,0-40,0]* 0,0001
©B, % 46,1 [38,3-55,1] 38,9 [37,2-49,4]* 49,1 [43,5-63,2]* 37,2 [36,6-45,3]* 0,001
IMM, r/m? 121,3[112,3-131,8] | 117,8 [111,4-141,5] | 103,5[98,4-118,7]* | 114,4[110,3-146,9] 0,009
n, cm 4,0 [3,9-4,1] 4.4 [4,2-4,6]* 4,2 [4,0-4,5]* 4.4 [4,1-4,71* 0,0001
ML, cm 2,8[2,7-2,9] 2,8[2,7-3,0] 2,8[2,7-3,0] 2,9[2,7-3,1]* >0,05
M, cm 4,2 [4,0-4,3] 4.2 [4,0-4,2] 433,8-4,3] 4,2 [4,0-4,3] > 0,05
OB <40 %, n (%) 43 (35,2) 90 (51,7)* 7 (14,0)* 27 (51,9)* 0,0001; 23,61
®B 41-49 %, n (%) 43 (35,.2) 53 (30,5) 19 (38,0) 18 (34,6) > 0,05
®B > 50 %, n (%) 36 (29,5) 31 (17,8)* 4 (48,0)* 7(13,5)* 0,0001; 23,30
OXupikHs, n (%) 47 (38,5) 53 (30,5) 28 (56,0)* 29 (55,8)* 0,001; 10,99
HagmipHa maca Tina, n (%) 52 (42,6) 101 (58,0)* 12 (24,0)* 15 (28,8) 0,001; 18,01
nr, n (%) 32(26,2) 66 (37,9)* 4 (68,0)* 47 (90,4)* 0,0001; 49,58
CMepTb, N (%) 6(4,9) 5(2,9) 1(2,0) 15 (28,8)* 0,0001; 41,15

lNpumitka:

* — BiporigHicTe pisHUyi NopiBHsAHO 3 nayieHTamu | rpynu.
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51,7 % xBopux Il rpynu MaioTh 3HUKEHY CUCTOJIUYHY
dynkuito JIL mopiBHsHO 3 35,2 % mepinoi rpymu. | Tiapku
17,8 % mauienTis i3 CH Ta ®I1 MatoTh 36epeXkeHy CUCTO-
niyny dyHkitiro JIL, Toni sik y rpyni xBopux i3 CH 6e3 cy-
MyTHBOI MMATOJIOTII LIek moKa3HuK csrae 29,5 % (p = 0,018).
Cepen xBopux i3 ®I1 Ginble XBOPHX i3 MepeToKUPiHHSIM
(Ha 36,2 %, p = 0,009).

V xBopux i3 CH ta cynytHboio PI1 OyB BUILLMIT pU3KK
MOBTOPHOI rocmiTaizallii mopiBHsIHO 3 natieHTamu 6e3 OI1
(I rpyma) (BII = 1,235 (1,024—1,489), p = 0,035).

Cepen xBopux i3 CH ta cynytHim LIJ1 (3a ymoBU BincyT-
Hocri cynyTHboi DIT) (111 rpyna) mopiBHSIHO 3 MallieHTaAMK1
nepiioi rpynu (6e3 CymyTHbOI 1MaToJ1orii) Oyso Oisblie 4o10-
BiKiB (64,0 mpotu 45,1 % BinnosinHo, ¥* = 5,08; p = 0,024),
yacriie peectpysascs 111 @K 3a NYHA (70,0 mpotu 32,8 %
BinnosigHo) Ta pime — IT @K (30,0 mpotu 63,9 % Bimmo-
BinHoO, > = 20,46; p = 0,0001); Buwi piui IMT (Ha 9,7 %,
p = 0,001), rnikemii Hate (Ha 25,5 %, p = 0,0001), Tiiko-
BaHOIo reMortodiny (Ha 25,5 %, p = 0,0001), KpeaTuHiHy
cupoBatku Kposi (Ha 13,3 %, p = 0,028) (Tab6u. 3).

XBopi i3 CH ta LI/I nopiBHSIHO 3 rpyno0 MalieHTiB 6e3
CYITYTHBOI MATOJIOTIi Majid BUIIi PiBHi: rajekTuHy-3 (Ha
16,7 %, p = 0,003), NT-proBNP (na 12,5 %, p = 0,015);
ST-2 (na 11,4 %, p = 0,002); BuILli 3HaUEHHS CHiBBiIHO-
meHb: NT-proBNP/BNP (na 17,2 %, ipu p = 0,01), NT-
proBNP/ST-2 (na 24,1 %, p = 0,033).

XBopi i3 CH, cunycoBuM putMoMm Ta cyryTHiM LIJ]
MaJIu MEHII BUpaxkeHy AujaTallito jiBoro nutyHouka (KJIP
5,9 [5,9—6,1] cM potu 6,0 [5,9—6,2] c™m, p = 0,001; KCP
Ha 8,3 %, p=0,001; KCI na 19,8 %, p = 0,001; IMM na
14,8 %, p = 0,0001) Ta niBoro nepencepas (4,2 [4,0—4,5] cm
npotu 4,0 [3,9—4,1] cm BinnosinHo, p = 0,001) nmopiBHsIHO
3 nauieHTamu i3 CH 6e3 3a3HaueHoi CyImyTHHOI MaToJIoTii.

Menmmit Bincorok xBopux i3 CH Ta LIJI manmu peHoTHTT
3aXBOPIOBaHHS 3i 3HIKEHOIO (< 40 %) ©B JILI (14,0 po-
tn 35,2 % BimnosinHo, ¥’ = 7,76, p = 0,005), ane Ginbina
yacTka MaJia ¢peHoTHII 3i 36epexkeroro @B JIII (48,0 mpotu
29,5 % BinnosinHo, y* = 5,34, p = 0,021), 6inbury ®B JILI
(Ha 6,5 %, p = 0,01) mopiBHsTHO 3 marientamu i3 CH 6e3
CYITyTHbOI ITaTOJIOTi1.

V rpyni xBopux i3 CH Ta cynytaim LI gacTinre pee-
cTpyBajocst oxupinas (45,5 %, x> = 4,4; p = 0,036) ta
nepenoxupinus (Ha 64,3 %, x> = 10,63; p = 0,0001) nopis-
HsHO 3 TTanienTamu 6e3 LIJ1.

TMauienTn i3 CH Ta LI Manu Bullli pu3UKK MOBTOPHOI TOC-
mitamizamii (B = 3,14 (2,05-5,68), x> = 26,17; p = 0,0001)
MPOTSITOM MEPILIOTO POKY COCTEPeKeHHS (Tad1. 3).

V xBopux IV rpynu (CH Tta noeananns ®I1 i L) mo-
piBHsIHO 3 manieHTamu | rpyrmu (CH 6e3 cyryTHBO1 1aTo-
Jorii) yacriine peectpyBaBcs [V @K 3a NYHA (46,2 npoTtu
3,3 % signosinHo) Ta pigme — I @K (3,8 mporu 63,9 %
BinmosigHo) (¥’ = 73,13; p = 0,0001); Bui piBai IMT
(Ha 9,7 %, p = 0,001); 6yau Bumumu YCC (Ha 37,2 xB™!
(37,2 %, p = 0,0001), piBeHb [JIIOKO3M KPOBi HaTIe (Ha
27,3 %, p = 0,0001), rnikoBanuit remorno6ix (Ha 21,8 %,
p = 0,0001), kpeaTuHiH cupoBaTKU KpoBi (Ha 23,6 %,
p =0,008) (Tab. 3).

XBopi i3 CH Tta cynytHim noegnanasam ®IT ta L]
MOPiBHSIHO 3 TPYIOIO MaIli€EHTiB 06€3 CymyTHbhOI NaTOJIOTi1
(I rpyma) manu Bummii piseHb NT-proBNP (na 135,0 %,

p =0,0001); Bui 3HaueHHs criBBigHOIIEeHb: NT-proBNP/
BNP (na 170,1 %, p = 0,0001), NT-proBNP/ST-2 (Ha
145,4 %, p = 0,0001), NT-proBNP/ranektun-3 (Ha
135,2 %, p = 0,0001).

Takox ciim BimdHauuTH, 1110 XBopi IV rpynu nopiBHs-
HO 3 maiieHTamu | rpynu manu Ginbiny 10O0OBY KiIbKiCTh
noonuHokux (2000,0 [350,0—3075,0] komrIuiekciB/no0y
npotu 500,0 [350,0—1500,0] komruiekciB/no0y Biamosi-
Ho, p = 0,0001) Ta mapHux (34,0 [15,3—125,0] kymueriB/
nody nipotu 15,0 [7,75—40,0] kyrineTiB/no0y BilmoBigHO,
p = 0,03) IIJTyHOYKOBUX €KCTPACUCTOI.

XBopi i3 CH Tta noeagnanusm OIT i LI manu Gisblin
Bupaxeny muiatamito JILI (36inpmenns: KJIP mo 6,2
[6,0—6,2] cm mpoTu 6,0 [5,9—6.2] cm, p = 0,024; KT oo
64,1 [58,8—67,9] mn/m? mpotu 59,6 [56,6—64,1] ma/m?,
p = 0,0001; KCP no 4,9 [4,7-5,0] cm npotu 44,7 [4,3—
5,0] em, p=0,027; KCI 38,0 [34,0—40,0] mu/m> ipoTh 32,2
[26,0—38,1] mu/M?, p = 0,0001), niBoro mepencepas (Ha
10,0 %, p = 0,0001), mpaBoro nuryHouka (2,9 [2,7—3,1] cm
npotu 2,8 [2,7—2,9] cMm, p = 0,014); Hrxay Bennuuny OB
JIL (na 19,3 %, p = 0,012) nopiBHstHO 3 TattieHTamu i3 CH
6e3 cymytHix @I1 ta LI (Ta6. 3).

binbmnit BincoTok xBopux IV rpynu mopiBHSIHO 3 na-
ieHtamu I rpynu Manu ¢peHOTUN 3aXBOPIOBAHHS i3 3HU-
keHHsM (<40 %) ®B JIII (51,9 npotu 35,2 % BinnosigHO,
v =4,22; p=0,04) ta pinie manu heHOTHIT i3 30epeXkeHOI0
®B JIL (13,5 mpotu 29,5 %, y* = 5,05; p = 0,025).

¥ rpyni xBopux i3 CH ta cynyrHimu ®IT i LIJ] yacTiiie
peectpyBaiocs oxupinus (55,8 %, x> = 4,4; p = 0,036) mo-
piBHsIHO 3 nawuieHTamu 6e3 DI Ta LI.

IMauientu i3 CH ta noegnanuam PI1 ta LIJ] manu By
pu3uku nmoBTopHOi rocmitanizamii (BIL = 11,30 (4,73—
27,04), ¥* = 60,54; p = 0,0001) Ta cmepti (BLL = 2,95
(2,00—4,36), ¥* = 19,67; p = 0,0001) mpoTSITOM TIEPIIIOTO
POKY criocTepeskeHHs (TaoJt. 3).

V xomi mpoBeneHoro aHaji3dy 0yJIO BCTAaHOBJIEHO, IO
xBopi IV rpynu Marots 6iabiinii Bigcorok IV @K 3a NYHA
He TUIbKM mopiBHsHO 3 I rpymoto, ajne mono namieHTiB 11
rpyrnu (46,2 ipotu 4,0 % BinmosimHo) ta 111 rpymu (46,0
npotu 0 % BinnosinHo) (x> = 82,86; p = 0,0001) (tabm. 3).
YCC 6yna oinpmroro y xBopux IV rpynu mopiBHSIHO 3 maii-
entamu 111 rpyru (Ha 37,2 %), ajie BiporimHO He Bimpi3Hs-
nacs Bin takoi y 11 rpynu. YCC y maiieHTiB, sKi He Maau
®I1, ane mamu L (II1 rpyma), 6yia Hux4oro Ha 23,1 %
nopiBHsHO 3 Takoto y 11 rpymi (p = 0,0001).

[ManienTtn 111 Ta IV rpyn nopiBHsHO 3 XxBopumu 11 rpynu
MaJjIi BUILi piBHi roko3u (BignosinHo Ha 25,4 Ta 27,2 %,
p = 0,0001), rmikoBaHoro reMorio0iHy (BiamoBimHo Ha 18,2
ta 21,8 %, p = 0,0001), KpeaTHiHY CUPOBATKM KPOBi (Bi-
nosigHo Ha 32,3 1a 44,3 %, p = 0,016). Cain 3a3HaUUTH, 11O
nauientu 111 ta IV rpyn He BinpisHsuiMcs 3a 3a3HaYEHUMU
rmapamMeTpaMmu Mix co6oto (Tadi. 3).

lanexTuH-3 OyB BiporigHo OibinM y XxBopux 11 rpymu
nopiBHstHO 3 11 rpymoro (Ha 16,7 %, p = 0,033), BomHOYac
He BiIpi3HsI09MCh Bix Takoro y IV rpymi.

ST-2 6yB BiporigHo Ginbiium y xBopux Il rpynu no-
piBHsiHo 3 III (Ha 44,4 [38,4—50,2] ur/mn nipotu 42,9
[41,8—43,0] ur/ma BinmosigHo) ta IV rpynu (Ha 6,2 %)
(p = 0,019). BiporigHoi pi3HulIi 32 BKa3aHUM MapamMeTpoM
Mmix xBopumu 111 ta IV rpyn He Oyio.
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BenuunHa cniBBigHomeHHs ST-2/ranekTuH-3 Oyna
HaliMeH1ot0 y xBopux, o manu LIJI (IIT Ta IV rpynn),
MOPIBHSIHO i3 3a3HaYeHUM IapameTpoM y 11 rpyrmi xBopux
(p=0,002).

V¥ nauienriB IV rpynu (CH y noennaunHi i3 ®IT i LIJT)
nopiBHsiHO 3 xBopumu 1 Ta 111 rpymn peectpyBaivics HaiiBu-
it piseHb NT-proBNP (p = 0,002) Ta 3HaYeHHS CITiBBiJI-
HoueHb NT-proBNP/BNP (p =0,0001), NT-proBNP/ST-2
(p=0,001), NT-proBNP/ranektun-3 (p = 0,051) (Tab:x. 3).

Takox xBopi 1V rpynu nopiBHsiHO 3 naieHTamu 11 ta
III rpyn Manu HaiOiLIbITY KibKicTh mooguHokux (2000,0
[350,0—3075,0] kommiekciB/no06y nporu 527,5 [200,0—
2075,0] xommiekciB/no0y ta 400,0 [200,0—1500,0] xomm-
JekciB/mo0Oy BianmosigHo, p = 0,001) Ta rpynoBux (34,0
[15,3—125,0] kyrnetiB/no0y nipotu 13,0 [8,0—40,0] kyruie-
TiB/no6y Ta 16,0 [12,0—43,5] KymieTiB/no0y BiaMmoBigHO,
p=0,0001) LIE.

XBopi i3 CH ta cynmytHboto ®PI1, He3anexkHO Bim Ha-
saBHocTi LIJI, mopiBHSIHO 3 malieHTaMu 0e3 3a3Ha4YeHOro
nopyiieHHs1 putmy mMaiau 6inbimi KJP JIL (p = 0,0001),
KOT JI (p = 0,0001), KCP JIII (p = 0,0001), KCI JIII
(p = 0,0001), IMM JIII (p = 0,009), menmy ®B JILL
(p =0,001) Ta 6inbimit po3mip JIIT (p = 0,0001) (tadx. 3).

Cepen xBopux Il Ta IV rpyn (i3 cynmytHboro PI1 6e3 11/1)
nopiBHsHO 3 [11 rpyroro BiporinHO BUIIUIA BiICOTOK (heHOTH-
my CH 3i 3Hmxenoro @B JIII (BianosinHo 51,7 Ta 51,9 npo-
T 14,0 %, ipu > = 23,61; p = 0,0001) Ta HaliMeHTITi YaCTKA
denoruny CH 3i 36epexenoro @B JIL (BinnosinHo 17,8 Ta
13,5 mpotu 48,0 %, ipu > = 23,30; p = 0,0001) (Tab6mn. 3).

Cepen xBopux I11 Ta IV rpym (i3 cymythim L1 6e3 PIT)
nopiBHsIHO 3 11 rpymoro BiporinHo BUIIIMI BiICOTOK Malli€H-
TiB i3 oxupinusam (56,0 ta 55,8 nporu 30,5 % BinnosinHoO,
x> =10,99; p=0,001) (tabm. 3).

Crin 3a3Ha4mMTH, 110 cepen xBopux i3 CH, sxi Manm mmo-
ennanns OIT1 LU (IV rpyna) nopisusiHo 3 I1 ta I11 rpyna-
MM OyJia HaibibIlIa yacToTa MOBTOPHOI rocmitatizaiiii (90,4
mpotu 37,9 ta 68,0 % BinmosinHo, ¥* = 49,58; p = 0,0001)
Ta ogHOpiYHOi cMepTHOCTI (28,8 nmpotu 2,9 Ta 2,0 % Binno-
BimHO, ¥* = 41,15; p =0,0001) (Tabm. 3).

Takum ynHOM, y XBopuX i3 moegHaHHsM L1 Ta @I, Ha
BiIMiHy Bin mamieHTIB 3 iioro BigcyTHicTio, CH Mae Oinbin
HECIIPUSTAUBUIA Mepedir: yacTille peecTpyroThes 30i1b-
meHHs po3MipiB JIII Ta 3HMKEHHS CUCTOJIIYHOI (DyHKIIi1
JILI, Bummii pr3uK MMOBTOPHOI rocTiTati3allii Ta OqHOopiu-
HOI CMEPTHOCTI.

O6roBopeHHs

LI #a T1i Makpo- Ta MiKpOLIUPKYJISITOPHUX YCKIIAId-
HEHb PO3MISIIAETHCS OTHOYACHO SIK YMHHUK HEeOe3MeKu
npuenHansa CH (5K i 3aXxBoploBaHHS, 1110 MOTipIIIy€E Te-
pebir octanHbo1) [9]. 3okpema, LIJI2 cepen eTionorivHux
yuHHUKIB CH (mopsia i3 XpoHiYHMMU OOCTPYKTUBHUMU
3aXBOPIOBaHHSIMU JieTeHb) Tocinae 3-te — 4-te micue [10].

MeraaHani3 21 1oCHimKeHHs i3 3arajJbHOIO KiJIbKICTIO
XBOpHUX > 1,1 MJTH 0Ci0 IIpOAEMOHCTPYBaB, IO ITOETHAHHS
LI/12 i3 apTepianbHOMO Trineprensieto (Al) i 3axBoproBaH-
HSIMU TIeprubepUIHUX CYIUH € CTATUCTUIHO 3HAYYIITUM
YUHHUKOM Hebe3neku po3Butky CH [11]. Anai3 3a gomo-
MOTO0I0 MOJIeJIi MpornopLiiiHuX pu3rKiB Kokca it mokazHuka
BuxkuBaHocTi Kannmana — Meiiepa, a TakoxX pe3yJsibraTiB

obcrexeHHs 20 810 mamieHTiB 6e3 miarHoctoBaHoro LIJI
BUSIBUB 3HaUMMe 30ibllIeHHs] pu3uky npueaHanHs CH B
0cCi0 3 MiIBUIIEHMMU 3HAYCHHSIMU IIpeIpaHaiaJbHOI TJIi-
KeMil HaBiTb 3a BigcyTtHocTi LI [12].

AHaJti3 B3a€MO3B’S13Ky MixK KOHTPOJIEM TJIiKeMii Ta po3-
ButkoM CH y xBopux Ha L] (mticyisg BpaxyBaHHSI HU3KW YMH-
HUKIiB, 30KpeMa BiKy, cTati, Al, 0>KUpiHHSI, BXXMBaHHSI aIKO-
TOJII0, TIPUIOMY JIIKApCHKMX IIPEIIapaTiB i3 TPYII iHTi0ITOpiB
aHTIOTEH3UHIIEPETBOPIOBAIILHOTO (hepMEHTY i OeTa-aapeHo-
0JI0KaTOPiB) BUSIBUB, 110 IIPUPICT KOHILIEHTpaLlii [JTIKOBAHOTO
remonto6iny (HbAlc) Ha koxeH 1 % crpusiB 30iIbILIEHHIO
pusuky CH Ha 8 %. Cepen nauienris 3 piBHem HbAlc > 10 %
(TIOpiBHSIHO 3 JAHUMU, OTpUMaHuUMU B Tpymi 3 HbAlc <7 %)
pusuk po3sutky CH 36inbiryBaBcs B 1,56 paza [13].

Busuenns BBy LI Ha po3BuTok i mepedir CH moBe-
J10, 0 y xBopux Ha L] mpu CH BinOyBa€eThcsl BUpaXKkeHilie
(uik mpu CH 6e3 L) 30inbienns macu miokapaa JILLI, Tos-
LIMHU CTiHOK i 00’€MiB Kamep ceplisl, a TAKOXK CIIOCTEePIira€Th-
cs MiokapaianbHuii hiopo3. Y nauieHTis i3 L2 Ta oxupiH-
HSIM KiJTbKICTb eTTiKap/1iaJIbHOTO XUPY, PiBEHb TPUTTTILIEPUIIB,
iHcyniHope3ucTeHTHicTh (IP) HeraTuBHO KopesntoBanu 3i
IIBUIKOCTSIMU CUCTOJIIYHOTO i JiaCTOIIYHOTO HATTOBHEHHS
JILI mix yac mpoBeneHHst ExoKI. Okpim Toro, BBaXaroThb,
1110 TiMepiHCcyliHeMisl 6e3MmocepenHbo CIIpUsIE TimepTpodii
Miokapma. [TpurHidyeHHs rinepiHcy/iHeMii iCTOTHO 3HMXKYE
IUCHYHKIIiI0 MioKapaa, 3MEHIIIYeE TiIoKCilo Miokapaa. AHa-
JIOTiyHO crienudivyHe ISl KapAioMiOlMTiB 3HUXKEHHST eKC-
Tnpecii peLenTopiB iHCYIiHy 3arobirae inemii Ta rineptpodii
JII, mocna6moe cucromiuny aucdynkiio JIII [14].

[CHYIOTh TOKa3U MPSIMOTO 3B’SI3KY MiX Tepdy3sieto mi-
oKapja, MocTa4YaHHSIM KUCHIO, JOCTYITHICTIO €HEPreThuy-
HoOro cyOcTpary Ta (pyHKIli€ro Miokap/aa B naiieHTiB i3 LI,
IO CBITYUTH MPO MiKPOLMPKYJISATOPHE YIIKOIKEHHS 1K
TIPUYNHY ITOSIBY OiaOeTUUHOI KapaioMionaTii. 3MiHU eHep-
FeTUYHOTO MeTabo1i3My MioKap/ja € EeHTPaTbHUMU IS
mucdynkuii cepist mpu LI, ocKinbku mopyiieHa GyHKIIis
MIiTOXOH/Ipiii Ta CKOpoYyBaJibHA AUCGYHKIiSI criocTepira-
10ThCA Y XxBopux i3 LIJI, aje He B «MeTabOJIiYHO 3M0POBUX»
TaIliEHTIB 3 OXXUPIiHHSIM Ha paHHii ctanii [P [15].

SAxio posrsigaTy 6e3rnocepeHbO MUTAaHHS €TioJIorii Ta
IaTOreHe3y MOCIiIKyBaHOI KOMOPOITHOCTI, HEOOXiTHO 3a-
3HAYUTH, 1110 TpuuuHHUI 3B’ 130K LIJ1 i CH B3aemHo cripsi-
MoBaHui. 30Kpema, TpuBauii nepeoir LI/1, moTeHItitoBaHHS
eHIoTe TiaTbHOT MUChYHKIIIT, AMCIMONPOTeIHEeMil, rirmepKoa-
TYJISILIil, @ TaKOX Oe3MocepeIHbOro BIUIMBY TilepriikeMii Ha
(yHk1ito i Mopdoriorito Miokap/a TPOBOKYIOTh PO3BUTOK Ta
nporpecyBaHHs1 qucGyHKIIiT Miokapaa, a Takoxx CH. 3 iH-
mroro 00Ky, repedir CH y pesysbrari rimornepdy3ii opraHiB
i rinmepakTyBallii HEPOryMOPaTbHUX CUCTEM, MaTo(iziono-
TYHMX 3pYylLIeHb, 0 CIPUSIOTH 301IbIIEHHIO KOHIIEHTPALIil
[JIIOKO3M B KPOBi, MOXe YCKJIaJHIOBaTUCS po3BUTKOM LIJI.
I i CH yacTo BUHMKAaIOTh OMHOYACHO; KOXKHa XBOpoba ca-
MOCTITHO 30i/1bIIIye HeOe3MeKy PO3BUTKY iHIIOI. Y XBOPUX
Ha LI miarmazon CH cranoBuTh Big 9 1o 22 %, 1110 B 4 paszu
MepeBUIIYE 3arajIbHy YMCEIbHICTh XBopux i3 CH, a 1i mommm-
PEHICTE € 111e BULLIOKO B nawieHTiB i3 LI/ BikoM > 60 pokis [16].

OOcepgalliliHi JOCTIIKEHHS MOCTIMHO TeMOHCTPYIOTh
2—4-xpatHuii migsuineHuii puzuk CH y xBopux Ha LI/1. 30-
Kkpema, pe3yasratd Framingham Heart Study nosenu, 1o LT,
acollitoBaBCsl 3 Malixke 2-KpaTHUM 30UIbLIEHHSIM HeOe3MmeKu
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npuenHadHsg CH y 90/10BIKiB i 4-KpaTHMM 3pOCTaHHSIM Y XKi-
HOK (HaBiTb ITiCJIs1 KOPEKIlil iHIIMX YUHHUKIB CEpLEBO-CYAUH-
HOTO PU3UKY). AHaJIi3 pe3y/IbratiB BunpooyBaHHs Heart and
Soul Study, mposeneHoro B natieHTiB 3 IXC, mpoaeMoHCTpy-
BaB, 1110 LI/l moenHyBaBCsl TaKOXK 3 BUIIIOI0 CKOPUTOBAHOIO
3arposoto npueaHands CH (BimHocHMIT pusuk 3,34; 95% JI1
1,65—6,76). Pusuk CH, nos’s3anuii i3 L1/, Moxxe OyTH HaBiTh
BUIIMM Y MOJIOAMX JOPOC/IMX ITAIIIEHTIB i 3KiHOK [17].

Bonnouac LI/1 — BaXXIMBUiA TPEAUKTOP PO3BUTKY CUMIT-
TomatnuHoi CH y mamienriB i3 LIZI2. Okpim Toro, He3amo-
BUTbHUI TJIIKEMIiYHUI KOHTPOJIb MOB’SI3aHUI 3 OibIIOI0
Hebesmnekoro po3BuTKy CH; koxHe 30inbienHs HbAlc Ha
1 % cynpOBOIKYETHCST 3pOCTAHHSAM PU3UKY iHIIMIEHTHOL
CH na 8—36 % [18]. 3arposa inmmnenTHoi CH cepen xBo-
pux i3 LIJI 3pocTae 3i cTapmmm BiKOM, 3aXBOPIOBAHHSIMU
nepudepUuHUX apTepiil, peTuHonaTtieto, Tpusamictio LI,
oxupiHHaM, Al Ta 30i1bIIeHHSIM yMicTy N-TepMiHaJIbHOTO
¢dparMeHTa MomnepeaHuKa MO3KOBOTO HATPilypeTUIHOTO
nentuny (NT-proBNP). ¥V npocnieKTuBHOMY KOTOPTHOMY
nociimkeHHi cepen 18 084 oci6 6e3 LI/ (ogHak 3 BUCOKUM
pusukom CC3) noBeseHo, 1110 3pOCTaHHS PiBHS TJIIOKO3U B
J1a3Mi KpOBi HaTIIEe Ha | MMOJIb/JT ACOLIIIOEThCS 3 T ABUIIIC-
HoI0 Hebe3meKolo rocmiraiisaiii 3 mpusony CH y 1,23 pasa
(95% A1 1,03—1,47) [19]. Ananoriuno pesynsratu ARIC-trial
MPOAEMOHCTPYBAJIH, 110 30ibIIeHHs BMicTy HbAlc cympo-
BOJI>KYETBHCSI MIOCTYIIOBO 3POCTAlOUMM PU3MKOM TOCITiTali-
3auii yHacuinok po3sutky CH y nmauienris 6e3 LIJI abo CH.
Hwuzka aBTopiB BBaXkaroTh, 110 MiABUILIEHHS MMOBIpHOCTI
BuHukHeHHs CH i po3BuTKy miactomiunoi auchynkiii JITT
3YMOBJIEHO PE3UCTEHTHICTIO /10 iHCYJIiHYy [17].

BomHouac naTodizionoriuHi MexaHi3Mu B3aEMO3B’SI3KiB
CH i /12 3anuiaroThes He 30BCiM 3p0o3yMiImMu. 30KpeMa,
yacre noeaHanHs L1, AT i IXC 3anuinae quckyradbeabHUM
MUTaHHS 100 TOTO, Y IKUX BUIaIKaX MiacTOJiYHA JUC-
dyukuig JILI 6e3nocepenHbo 00yMoBJeHa r1ikoMeTado-
JIYHUMU PO3JIaJiaMu, a B SIKUX — CITIJTbHUM BIUIMBOM LIMX
3aXBOPIOBaHb. I3 KIIiHIYHOTO OISy TaKUit (haKT 00T pyH-
TOBYE HEOOXigHiCTh NMpoditakTuky po3BuTtky CH y xBopux
Ha LI/I, 30kpeMa KOMOpOiTHNX CTaHIB.

HeiiporopMoHanbHa akTUBallisl, 11O CHOCTEPIiraeThbes
3a CH (mmigBuilieHHsI piBHSI KOPTU30JIy Ta KaTeXOJaMiHiB),
301IbIIIY€E PiBEHb IVIIOKO3U B KPOBi; aKTUBALLisI CUMIATUYHOT
HEPBOBOI CUCTEMU CTUMYJIIOE IJIIOKOHEOTeHeE3 i IITiIKOTe€HOJTi3,
30UTbIITYE CUHTE3 TJIIOKO3M B TI€UiHIIl. [HITMMMY TTOTeHITiii-
HUMM MexaHizmaMH, 1110 3B’sa3ytotb CH i LI/12, € xpoHiuHe
3amnaJieHHs] HU3bKOI iIHTEHCUBHOCTI B TIOCMYTOBaHUX M s13aX
i KMpPOBilt TKaHWHI, aKTUBALlisl HU3KM (haKTOPiB, BKIIIOUYHO 3
¢hakTOpOM HEKPO3Y MyXJIMHU O i iHTepIeiKiHAMU TOIIO. 3Mi-
Ha Tepe/iavi CUTHATY iHCYJIiHY B TTOCMYTOBaHMX M’si3ax, Me-
YiHIIi, )KUPOBili TKAHWHI, MiOKapi CIPUYMHSIE Pi3Hi CUCTeMHi
MeTaboJIiYHI MOPYIIEHHS i MOXe CpusiTh po3BUTKY LI/12,
a TaKOX MOCUJTIOBATU YILIKOMKeHHsT Miokapaa 3a CH [20].

BucHoBkM

XBopi i3 ceplieBOI0 HEAOCTATHICTIO Ta CYIIyTHIM IIy-
KPOBUM JiabeTOM 2-ro TUITY TTOPiBHSIHO 3 TallieHTaMu 0e3
MOPYILIEHHST BYIJIEBOMHOIO OOMiHYy MalOTh OiIbIIy 4acTO-
Ty (DeHOTUITY 3aXBOPIOBaHHS 3i 30epekeHol0 (ppakiliero
BUKUAIY JiiBoro uutyHouka, Buili @K 3a NYHA Tta pusuk
MOBTOPHOI TOCITiTasi3allil.

JIJ1s1 TTaIli€HTIB i3 cepleBOI0 HEJOCTAaTHICTIO Ta MOCTIli-
Hoto hopMoto iIOpUIISILIT TIepeacepab, 63 HasIBHOTO 1yKPO-
BOTIO Iia0eTy, MpUTaMaHHUMMU € OiJIbIII BUpaXKeHa AuaaTallis
TTOPOXXHUH Ceplisl, HrK4a (Ppakilisi BAKUITY JiBOTO IUTYHOUKA
Ta BUCOKMI pH3UK ITOBTOPHOI TOCIIiTaJli3allil TPOTSTOM POKY.

XBopi i3 cepleBOl0 HEAOCTATHICTIO Ta CYIYTHIM MO€E-
HaHHSIM QiOpuIsLii mepeacepab i IyKpoBOro aiadeTy ma-
I0Th HAMOUIBII HECTIPUSTIIMBUIA ITepeOir ImaToIorii cepiis:
YacTille peeCcTPYIOThCS 301IbIIEHI PO3MipH JIiIBOTO IIUTYHOY-
Ka, Tipllla 10ro cucToiiuHa (pyHKIIisI, BUCOKa JacToTa (e-
HOTHITY 3i 3HIKeHOI0 (ppakiiero Bukudy, [V ®K 3a NYHA,
HalOIIbII BUCOKUI PU3MK MOBTOPHOI rocmiTamizallii ta
OIHOPIYHOI CMEPTHOCTI.

KonduaikT inTepeciB. ABTOp 3asiBjIsIE MPO BiICYTHICTH
KOHMITIKTY iHTEpeciB Ta BlIacHOI (piHaHCOBOI 3a1likKaBIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.
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The features of heart failure of ischemic origin in patients
with concomitant atrial fibrillation and diabetes mellitus

Abstract. Background. Heart failure (HF) is the final stage of the
cardiovascular diseases and one of the main causes of mortality
due to them. The prevalence of HF has been steadily increasing in
recent years and is ~ 2 % of the adult population. Diabetes mellitus
(DM) is among factors that worsen the prognosis of HE. Type 2
DM is an independent risk factor for the occurrence of HF, and
the level of fasting plasma glucose, as well as an increased content
of HbAlc are significantly associated with an elevated risk of devel-
oping HE. The purpose of the study was to investigate the features
of the course of HF, which occurred against the background of
postinfarction cardiosclerosis, in patients with concomitant atrial
fibrillation (AF) and DM. Materials and methods. Three hundred
and ninety-eight patients with HF on the background of postinfarc-
tion cardiosclerosis aged 45—65 (54.3 £ 7.2) years were examined,
198 (49.7 %) women and 200 (50.3 %) men. Two hundred and
twenty-six (56.8 %) patients had permanent AF, 102 (25.6 %) had
concomitant type 2 DM. Diagnoses of AF and HF were carried out
in accordance with the clinical protocol for providing medical care
to patients with atrial fibrillation and heart failure approved by the
Order of the Ministry of Health of Ukraine dated July 3, 2006 No.
436 and in accordance with the 2021 European Society of Cardiol-
ogy Guidelines for the diagnosis and treatment of acute and chronic
heart failure. In addition to general clinical and biochemical blood
tests, enzyme immunoassays were performed to determine brain na-

triuretic peptide, NT-proBNP, galectin-3 and ST-2. A standardized
echocardiographic examination was conducted with calculations of
the left ventricular ejection fraction (LVEF) and heart dimensions
during hospitalization. Results. Patients with HF and concomitant
DM, compared to participants without impaired carbohydrate me-
tabolism, have a higher frequency of the disease phenotype with
preserved LVEF (48.0 %), higher New York Heart Association func-
tional classes (FC III — 70.0 %) and the risk of re-hospitalization
(hazard ratio (HR) = 3.14 (2.05—5.68)). For patients with HF and a
permanent AF, but without existing DM, a more pronounced dilata-
tion of the heart cavities, a lower LVEF (by 15 %) and a high risk of
re-hospitalization during the first year (HR = 1.235 (1.024—1.489))
are typical. Patients with HF and a concomitant combination of
AF and DM have the most unfavorable course of heart pathology:
the increased size of the left ventricle is more often registered, and
its systolic function is worse (by 19.3 %), with high frequency of
the phenotype with reduced LVEF (51.9 %), FC IV (46.2 %), the
highest risk of re-hospitalization (HR = 11.30 (4.73—27.04)) and
one-year death (HR = 2.95 (2.00—4.36)). Conclusions. Given the
risk of re-hospitalization and one-year mortality, the most unfavo-
rable combination of concomitant pathology in patients with heart
failure of ischemic origin is atrial fibrillation and diabetes mellitus.
Keywords: heart failure; diabetes mellitus; atrial fibrillation;
NT-proBNP; galectin-3; ST-2
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The influence of thyroid disorders on the state
of brain’s bioelectrical activity
in pregnant women

Abstract. Background. Thyroid disease is the second most common endocrine disorder after diabetes in
pregnancy. Thyroid hormones are crucial for the growth and maturation of many target tissues, especially the
brain and skeleton. During critical periods in the first trimester of pregnancy, maternal thyroxine is essential for
fetal development as it supplies thyroid hormone-dependent tissues. The purpose of the study was to research
the features of the bioelectrical activity of the brain in pregnant women with thyroid pathology and determine the
frequency of such changes. Materials and methods. The state of bioelectrical activity of the brain was evaluated
by electroencephalography in 160 pregnant women with thyroid pathology. The biopotentials of the brain in the
subjects were studied with software and hardware complex DX-NT32 (DX Complexes software, Kharkiv, Ukraine)
and computer processing of electroencephalography data. Electrodes in the amount of 16 pieces were applied
according to the international scheme 10/20 in the bipolar interpretation. Results. Specific changes in electro-
encephalograms characteristic of each type of thyroid pathology and dependent on its severity were revealed in
pregnant women. Acquired disorders adversely affect the course of pregnancy and childbirth in women with thyroid
pathology. Increased anxiety with depressive tendencies, reduced general activity, a feeling of depression, anxiety,
and low mood were detected in women with thyroid disorders. The identified criteria make it possible to attribute
these changes to the manifestations of a pathological neurotic state in conditions of maladaptation, which was
confirmed by electroencephalography data. Conclusions. The detected disorders of spontaneous and evoked
brain activity indicate the existence of a cerebral basis of psychological stress, which has a qualitative effect on
electroencephalography. Acquired disorders negatively affect the course of pregnancy, childbirth, perinatal out-
comes, and future development of the child.

Keywords: pregnant women; thyroid gland; diffuse non-toxic goiter; diffuse toxic goiter; electroencephalography

Introduction

Thyroid disease is the second most common endocrine
disorder after diabetes in pregnancy. Thyroid hormones are
crucial for the growth and maturation of many target tissues,
especially the brain and skeleton. During critical periods in
the first trimester of pregnancy, maternal thyroxine is essen-
tial for fetal development as it supplies thyroid hormone-
dependent tissues. The ontogeny of mature thyroid function
involves organogenesis, and maturation of the hypothalamus,
pituitary, and the thyroid gland; it is almost complete by
the 12"-14" gestational week. In case of maternal hypothy-
roidism, substitution with levothyroxine must be started in

early pregnancy. After the 14™ gestational week, fetal brain
development may already be irreversibly affected by lack of
thyroid hormones [1].

Thyroid disorders represent one of the most frequent
complications of pregnancy associated with adverse obstet-
ric, fetal, and neonatal outcomes, especially in case of delayed
diagnosis and suboptimal management [2]. Adequate thy-
roid hormone availability is important for an uncomplicated
pregnancy and optimal fetal growth and development. Overt
thyroid disease is associated with a wide range of adverse
obstetric and child development outcomes. An increasing
number of studies now indicate that milder forms of thyroid
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dysfunction are also associated with these adverse pregnancy
outcomes. The definitions of both overt and subclinical thy-
roid dysfunction have changed considerably over the past few
years, as new data indicate that the commonly used fixed up-
per limits of 2.5 or 3.0 mU/I for thyroid-stimulating hormone
(TSH) are too low to define an abnormal thyroid function [3].

Research shows that during pregnancy, the size of the
thyroid gland increases by 10 % in countries with adequate
iodine stores and by approximately 20 to 40 % in countries
with iodine deficiency. During pregnancy, thyroid hormone
production increases by around 50 % along with a similar in-
crease in total daily iodine requirements. Thyroid dysfunction
in pregnant women including hypothyroidism and hyperthy-
roidism requires close monitoring and treatment as warran-
ted. Occasionally, pregnancy may be complicated by thyroid
nodules and thyroid cancer requiring further intervention [4].

It should be noted that metabolic and vascular disorders
caused by a deficiency of thyroid hormones in the body of a
pregnant woman contribute to brain damage, affect subcorti-
cal and mesodiencephalic structures, which play a significant
role in brain electrogenesis [5, 6]. Electroencephalography
(EEG) remains the main method for assessing the functio-
nal state of the brain. It makes it possible to determine the
localization, degree and nature of disorders in the brain in
various pathologies by the severity and nature of changes in
bioelectrical activity [7].

The aim of our study was to research the features of the
bioelectrical activity of the brain in pregnant women with
thyroid pathology and determine the frequency of such
changes.

Materials and methods

The state of bioelectrical activity of the brain according
to the EEG data was studied in 160 pregnant women with
different thyroid disorders (Table 1).

The diagnosis of thyroid pathology was established based
on clinical data, the results of hormonal studies (serum levels
of TSH and free thyroxine).

The biopotentials of the brain in the subjects were studied
with software and hardware complex DX-NT32 (DX Com-
plexes software, Kharkiv, Ukraine) and computer processing
of EEG. Electrodes in the amount of 16 pieces were applied

according to the international scheme 10/20 in the bipo-
lar interpretation [8]. The examination was carried out in a
semi-reclining position of the patient in a darkened room.
The examination protocol consisted of 7 functional tests of
32 seconds each with closed and open eyes; 3 sequential sta-
ges of hyperventilation, combined photo-audio stimulation
in 2 and 20 Hz mode. Recording artifacts were extracted by
means of digital filtering both during the recording process
and the analysis of the archived electroencephalographic
curve (with filters FTS-35 Hz; FAC-0.35 Hz) [9].

The use of computer EEG analysis made it possible to
reduce subjectivity in the interpretation of bioelectrical ac-
tivity; and the use of the homographic EEG method in the
system allowed for assessing the spatial localization of the
focus of pathological activity.

Results

An important point for determining the specificity of
EEG changes depending on the type and severity of thyrop-
athies was, in our opinion, the uniformity of age and timing
of gestational parameters among the groups. Therefore, the
results of the distribution of the examined pregnant women
are presented in Table 1.

As it is shown in Table 1, the age criterion and gestational
period of the subjects were homogeneous, with no significant
differences (p > 0.05).

During the electroencephalographic examination of preg-
nant women with stage 1 diffuse non-toxic goiter, regular alpha
and beta rhythms were recorded. The percentage of theta and
delta activity did not exceed the permissible limits of normal
EEG (up to 15 %). We have not registered irritative, diffuse or
paroxysmal changes in this group of pregnant women.

Changes in the bioelectrical activity of the brain detec-
ted on the EEG with stage 2 diffuse non-toxic goiter were
mainly bore signs of diffuse disorganization of a polymorphic
nature of various variants of paroxysmal manifestations, as
well as a decrease reactivity on functional tests. Attention
was drawn to a decrease in alpha and beta rhythms, in their
amplitude and frequency (Fig. 1). The percentage of theta
and delta waves of activity increased to 30 %. These changes
increased depending on the progression of the severity of
diffuse non-toxic goiter.

Table 1. Age and gestational age of pregnant women with thyroid pathology

Group n Age Weeks of pregnancy
Pregnant women with stage 1 diffuse non-toxic goiter 60 26.17 + 0.68 20.83 £ 0.11
: : ; ; 27.53 +0.87 20.73+0.18
Pregnant women with stage 2 diffuse non-toxic goiter 40 b, >0.05 b, > 0.05
. . . . 24.85+1.16 20.50 + 0.25
Pregnant women with stage 1 diffuse toxic goiter 20 p, > 0.05: p, > 0.05 b, > 0.05: p, > 0.05
26.30 +1.17 20.55 +0.22
Pregnant women with stage 2 diffuse toxic goiter 20 p, > 0.05; p, > 0.05; p, > 0.05; p, > 0.05;
p, > 0.05 p; > 0.05
28.40 +1.07 20.80 +0.19
Pregnant women after thyroidectomy 20 p, > 0.05; p, > 0.05; p, > 0.05; p, > 0.05;
p; > 0.05; p, > 0.05 p, > 0.05; p, > 0.05

Notes: significance of differences in the corresponding indicators of pregnant women: p, — with stage 1 diffuse
non-toxic goiter; p, — with stage 2 diffuse non-toxic goiter; p, — with stage 1 diffuse toxic goiter; p, — with stage

2 diffuse toxic goiter.
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During the examination of pregnant women with diffuse
toxic goiter, the bioelectrical activity of the brain was repre-
sented by slow-wave and acute-wave activity with signs of
irritation of medio-basal structures in the form of flashes of
sharp alpha-wave waves (Fig. 1).

At the same time, clinical manifestations of anxiety, ir-
ritability, nervousness, vegetative-vascular paroxysms were
noted. A decrease in the content of TSH against the back-
ground of replacement therapy led to the occurrence of hy-
persynchronous alpha rhythm, paroxysmal activity of the
affect sphere, which modified neurological symptoms in a
drug-compensated hypothyroid state. Thyroid pathology
affects not only the dysregulatory restructuring of the brain,
but also the stability of cortical-subcortical-stem structures.
When compensating for hypothyroidism, there is a potential
reversibility of the above changes.

Weak correlation in pregnant women with a long history
of thyroid disorders indicates the development of persistent
cerebral disorders, which are associated not only with impaired
thyroid function, but also with other pathological processes trig-
gered in the body under hypothyroid conditions (lipid peroxi-
dation, dysliloproteinemia, cerebral hemodynamic disorders).

In all pregnant women with diffuse toxic goiter and thy-
rotoxicosis, interhemispheric asymmetry was pronounced
due to the formation of a focus of slow-wave activity in the
frontal-pole areas, the frontal intermittent rhythmic delta
activity. These waves were detected only in the group of preg-
nant women with thyrotoxicosis (Fig. 2).

A characteristic EEG feature in pregnant women with
hypothyroidism was the presence of sleep spindles and
K-complexes corresponding to the second stage of sleep
in healthy people. Sleep spindles presented in the form of
flashes of diffuse activity with a frequency of 11—15 Hz,
which were most pronounced in the central leads with an
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amplitude of 50 mV. The duration of the spindles was 0.5 to
3 seconds with bilaterally synchronous placement, suggesting
a connection with the central median subcortical centers
(thalamic specific and nonspecific nuclei). K-complexes
arose spontaneously or in response to photostimulation, as
flashes of activity of two-phase high-amplitude waves with
an initial negative phase, lasting approximately 0.5 seconds.

Thus, it can be argued that for thyrotoxicosis, the chara-
cteristic EEG sign is the frontal intermittent rhythmic delta
activity. With hypothyroidism in pregnant women, an EEG
study reveals an epileptiform background.

Discussion

Thyroid dysfunctions such as hypothyroidism, thyro-
toxicosis and thyroid nodules may develop during pregnan-
cy leading to abortion, placental abruptions, preeclampsia,
preterm delivery and reduced intellectual function in the
offspring [11]. Epidemiological data have shown the signifi-
cant role of maternal thyroid hormone in fetal neurologic
development and maternal health [12].

It has been suggested that the deleterious effects of thy-
roid dysfunction can also extend beyond pregnancy and de-
livery to affect neuro-intellectual development in the early
life of the child [13]. Pregnancy poses an important chal-
lenge to the maternal thyroid gland as hormone requirements
are increased during gestation as a result of an increase in
thyroid-binding globulin, the stimulatory effect of human
chorionic gonadotropin on TSH receptors and increased
peripheral thyroid hormone requirements [14].
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Figure 1. EEG of pregnant woman M., 26 years old
(second trimester), with stage 2 diffuse non-toxic
goiter

Figure 2. EEG of pregnant woman M., 28 years old
(second trimester), with stage 2 diffuse non-toxic
goiter and thyrotoxicosis
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Maternal thyroid dysfunction is associated with increased
risk for early abortion, preterm delivery, neonatal morbidity,
and other obstetric complications. Early diagnosis of thyroid
dysfunction in pregnant women and treatment for thyroid
dysfunction during pregnancy is important and cost-effective
to avoid both fetal and maternal complications secondary to
thyroid dysfunction [15].

Different studies have shown that thyroid dysfunction is
common in pregnancy. The major causes for this dysfunc-
tion are hormonal and metabolic changes during pregnancy
leading to profound alterations in the biochemical parame-
ters of the thyroid function [16]. Understanding the normal
physiological adaptation of the pituitary-thyroidal axis in
pregnancy enables us to manage cases of thyroid dysfunc-
tion. Uncorrected thyroid function in pregnancy has adverse
effects on fetal and maternal well-being [17].

Thyroid disease usually affects females of the reproduc-
tive age group and caring for these women during pregnancy
requires close monitoring of both the mother and the fetus.
Appropriate diagnosis, and management of thyroid dysfunc-
tion in the pre-pregnancy, pregnancy and post-pregnancy
periods are important to minimize the risk of complications,
long-term effects in the mother and fetus [18].

Clinical evaluation of the patient’s symptoms as well as
laboratory testing should be done carefully to assess thyroid
function during pregnancy [19]. All pregnant mothers are
advised to undergo thyroid function testing, and those with
thyroid dysfunction should be given appropriate treatment
and follow-up until thyroid function returns to normal. De-
velopmental follow-up of the babies born to mothers with
thyroid dysfunction is also recommended in order to identify
cognitive and other deficiencies as early as possible and pro-
vide appropriate management [20].

Anxiety and depression symptoms in pregnancy typically
affect between 10 and 25 % of women. Elevated symptoms
of depression and anxiety are associated with increased risk
of preterm birth, postpartum depression, and behavioral
difficulties in children.

Conclusions

Increased anxiety with depressive tendencies reduced
general activity; a feeling of depression, anxiety, and low
mood were detected in women with thyroid disorders.

The identified criteria make it possible to attribute these
changes to the manifestations of a pathological neurotic state
in conditions of maladaptation, which was confirmed by
electroencephalography data.

The detected disorders of spontaneous and evoked brain
activity indicate the existence of a cerebral basis of psycho-
logical stress, which has a qualitative effect on electroen-
cephalography. Acquired disorders adversely affect the course
of pregnancy, childbirth, perinatal outcomes, and future de-
velopment of the child.
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BnAmB nAToAorii LIUTONOAIGHOT 3aA03U
HO CTAH Gi0eAEKTPUYHOT AKTUBHOCTi FOAOBHOIO MO3KY
Y BATITHUX

Pestome. Axmyaavnicmo. 3aXxBopioBaHHs LIXTONOAIOHOT 321031 ITi,
4yac BariTHOCTI € IPYTMMHU 3a ITOIIMPEHICTIO EeHIOKPUHHUMU PO3J1a-
JIaMM TTicJIs1 rectauiiHoro aiadety. [OopMOHM IIMTONMOAIOHOI 321031
MaloTh BUpIllIaJbHe 3HAYCHHST JJIsI POCTY Ta J03piBaHHSI GaraTrbox
TKaHUH, 0COOJMBO TOJIOBHOTO MO3KY i CKeJleTa. Y KpUTUIHI Iepi-
O/IX B MEPLIOMY TPUMECTPi BariTHOCTI MAaTePUHChKUI TUPOKCUH
HEOOXiIHMIA 11 PO3BUTKY TLI0Ja, OCKIJIbKU BiH 3a0e3reuye TKa-
HUHMU, 3aJIeXHi BiJl TUPEOITHUX TOPMOHIB. Mema docaidncenns: Bu-
BUMTH OCOOJIMBOCTI 0i0CIEKTPUIHOI AKTUBHOCTI TOJIOBHOTO MO3KY
y BariTHUX i3 TATOJIOTIi€I0 IIIMTOMOAIOHOI 321031 Ta YaCTOTY TaKUX
3miH. Mamepiaau ma memoou. Y 160 BariTHuX i3 MaToJIOTIEIO IIIUTO-
MoAiOHOI 3aJ1031 BU3HAYAIM CTaH 0i0eIeKTPUYHOI aKTUBHOCTI TO-
JIOBHOTO MO3KY METOIIOM eJleKTpoeHuedanorpadii. biomoreHmianm
JOCTIIKYBaJIU 32 JOMOMOT0I0 MPOTrPaMHO-arapaTHOrO KOMILIEKCY
DX-NT32 3 nporpamuum 3a6e3nedeHHsiMm DX Complexes (Xap-
KiB, YKpaiHa) Ta KOMIT I0TepHOI 00pOOKHM eleKTpoeHIIedarorpam.
Enexrponu B KiibKOCTI 16 IITYK 3aCTOCOBYBA/IM 32 MIXKHAPOIHOIO
cxemoto 10/20 B GinossipHiii iHTepriperattii. Pesytomamu. Busisie-

HO criennivHi 3MiHU Ha eJIeKTpoeHLIedamorpaMax, XapakTepHi IUIst
KOXXHOTO BMIy TUPEOINHOI ATOJIOT i1, 1110 3aJ1eXKaTh Bill ii TSKKOCTI.
BceraHoBeHI MopyLIeHHsT HEraTUBHO BIUIMBAIOTh HA Mepeoir Ba-
FiTHOCTI Ta TOJIOTIB Y XiHOK i3 MaTOJIOTi€I0 LUTOMOAIOHOT 3a103U.
V Takux MamieHTOK BUSIBJICHO IMiIBUIICHY TPUBOXHICTD i3 Aempe-
CUBHMMM HaXWJIaMM, 3HWXKEHHSI 3arajibHOI aKTUBHOCTI, BiTUyTTs
MPUTHIYEHOCTI, TPUBOTU, 3HV>KEHHSI HacTpolo. BusiBiaeHi kpurepii
JTAIOTh 3MOTY BiTHECTH 11i 3MiHU 10 TIPOSIBIB MTATOJIOTIYHOTO HEBPO-
TAYHOTO CTaHY B YMOBaX JIe3aanTallii, 0 MiATBEepIKEHO TaHUMU
enekTpoeHuedanorpadii. Bucnosku. I1opylieHHS CIIOHTaHHOI Ta
BUKJIMKAHOI TisIJTbHOCTI MO3KY CBiT4aTh MpO HAsIBHICTh LiepeOpaib-
HOI OCHOBM TICMXOJIOTIYHOTO CTpecy, 1110 Ma€ sIKiCHUM edekT Ha
enekTpoeHuedanorpadiuni gaxni. HadyTti mopyiieHHsI HeraTUBHO
BILIMBAIOTh Ha MepeOir BariTHOCTI, MOJIOTH, IepUHATalIbHI HACTiIK1
Ta MOJAJIbIIMI PO3ZBUTOK AUTUHU.

KunrouoBi coBa: saritHicTs; muTononioHa 3amo3a; 1udysHui
HETOKCUYHUI 300; nudy3HU TOKCUUHUI 300; eJIeKTPOCHILIe-
danorpagis
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Nonalcoholic fatty liver disease associated
with obesity and type 2 diabetes
and gut dysbiosis

Abstract. The increasing prevalence of nonalcoholic fatty liver disease (NAFLD) parallels the global epidemic
of obesity and type 2 diabetes mellitus (T2DM) worldwide. NAFLD increases the risk of T2DM, cardiovascular di-
sease, and chronic kidney disease. Conversely, obesity and T2DM increase morbidity and mortality from NAFLD.
Synchronous metabolic dysfunction in obesity and T2DM and gut dysbiosis exacerbate hepatic and systemic
inflammation due to direct activation of innate and adaptive immune responses. Gut dysbiosis can contribute to
the emergence and development of NAFLD, as well as acceleration of its progression to liver cirrhosis and he-
patocellular carcinoma. Currently, lifestyle changes based on diet and exercise are the first step in the treatment
of patients with NAFLD. Specific dietary interventions contribute to the improvement of NAFLD by modulating the
gut-liver axis. Physical activity increases the sensitivity of insulin receptors, and in combination with diet leads
to a reliably significant improvement in biochemical and histological indicators in patients with NAFLD combined
with obesity and T2DM. Physical activity also modulates gut microbiota composition. Specific pharmacological
treatment is performed mainly in patients with nonalcoholic steatohepatitis and biopsy-proven fibrosis, as well as
a high risk of progression (older age, T2DM, metabolic syndrome, persistent elevation of alanine aminotransfe-
rase). However, there are few available treatment options for NAFLD. Since gut microbiota is actively involved
in the pathogenesis of NAFLD, exposure to it with probiotics, prebiotics or synbiotics in order to improve the liver
phenotype is reasonable. At the congress of the European Association for the Study of the Liver, which took
place in Vienna on June 21-24, 2023, a new classification and nomenclature of NAFLD was adopted. It was
proposed to replace the term “nonalcoholic fatty liver disease” with the term “metabolic dysfunction-associated
steatotic liver disease”. This diagnosis is established in patients with confirmed steatosis of the liver and one of
five cardiometabolic risk factors: obesity, T2DM, insulin resistance, hyperlipidemia, atherosclerosis. The concept
of “nonalcoholic steatohepatitis” has been changed to the concept of “metabolic dysfunction-associated steato-
hepatitis”. Coordination of the views of international and domestic experts in the field of studying this pathology
will be important for clinical practice and scientific research.

Keywords: nonalcoholic fatty liver disease; nonalcoholic steatohepatitis; type 2 diabetes mellitus; obesity; gut
microbiota; gut dysbiosis

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common chronic liver diseases, which in recent years
has become an epidemic of the 21* century [1]. An increase
in the prevalence of this pathology occurs in parallel with
the global epidemic of obesity and type 2 diabetes melli-
tus (T2DM) in the world [2]. NAFLD increases the risk of
T2DM, cardiovascular disease, and chronic kidney disease.
Conversely, obesity and T2DM increase morbidity and mor-

tality from NAFLD [3]. NAFLD is also closely related to
our lifestyle. High-calorie diets that contain saturated fatty
acids, refined carbohydrates, and fructose contribute to both
obesity and NAFLD [4].

It is known that up to 80 % of patients with NAFLD
suffer from obesity and have a body mass index > 30 kg/m?.
A greater amount of visceral adipose tissue in morbidly obese
individuals contributes to the development of NAFLD [5].
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According to the results of a meta-analysis of 10 stu-
dies, the prevalence of NAFLD among patients with T2DM
was 55.5 %, and nonalcoholic steatohepatitis (NASH) was
37.3 % [6]. T2DM is closely correlated with the severity of
NAFLD, the progression of NASH, the severity of fibrosis,
and the development of hepatocellular carcinoma [7, 8].

At the stage of steatosis, NAFLD is characterized by a
relatively benign and slowly progressive course. But NASH
often remains unrecognized for a long time, in the absence
of adequate treatment in 50 % of cases it progresses and can
lead to the development of fibrosis and cirrhosis of the liver
[9]. Approximately 5 % of patients with NAFLD may de-
velop complications of liver cirrhosis and/or hepatocellular
carcinoma during long-term follow-up [10].

Gut microbiota (GM) is an “invisible organ” of the hu-
man body, vital for normal metabolism and immunomo-
dulation. The number and diversity of microbes differ in the
gastrointestinal tract from the mouth to the anus, they are
most abundant in the intestines [11]. 100 trillion microor-
ganisms (i.e. bacteria, viruses, parasites, and fungi) colonize
the gastrointestinal tract. In particular, 95 % of them be-
long to the types of Firmicutes (gram-positive), Bacteroidetes
(gram-positive) and Actinobacteria (gram-positive). GM is a
complex community that exists symbiotically and supports
important human physiological functions, namely digestion,
metabolism, and defense [12].

Many researchers consider GM as a “metabolic organ”
that plays a vital role in liver metabolism and function. Syn-
chronous metabolic dysfunction, obesity, and associated
nutritional disturbances can alter GM, which in turn exa-
cerbates hepatic and systemic inflammation through di-
rect activation of innate and adaptive immune responses
[13]. GM may contribute to the onset and development of
NAFLD, as well as the acceleration of its progression to liver
cirrhosis and hepatocellular carcinoma.

Imbalance between beneficial and pathogenic bacteria
leads to a condition called gut dysbiosis. Complementary to
the classical “two-hit” theory or the updated “multiple-hit”
model, gut dysbiosis is also a causative factor in NAFLD
and contributes to its progression by modulating host energy
metabolism, insulin sensitivity, immune response, and in-
flammation [14].

During the initiation and progression of NAFLD, many
gut bacterial metabolites, bacterial components and other
harmful substances enter the liver through the portal vein due
to the breakdown of the intestinal mucosal barrier caused by
various stimuli, with increased intestinal permeability [15].
Dysbiosis-induced translocation of bacterial components,
endotoxemia, initiation of inflammatory cascades with cy-
tokine release, altered biochemical metabolism, and various
metabolites produced by GM (i.e., bile acids, short-chain
fatty acids, aromatic amino acid derivatives, branched-chain
amino acids, lipopolysaccharides, choline, trimethylamine,
ethanol, etc.) can accelerate liver damage and fibrosis and
thus modulate susceptibility to NAFLD [16, 17].

It has been found that the metabolites of intestinal micro-
organisms change depending on the severity and stage of liver
fibrosis and can be used as diagnostic markers of NAFLD
[18]. Elevated levels of choline and its derivatives contribute
to atherosclerosis, as they are closely related to cholesterol

and triglyceride metabolism. An excess amount of lipopoly-
saccharide activates adenylate cyclase in the intestinal mu-
cosa, damages the mitochondria and lysosomes of epithelial
cells, which leads to necrosis of apical cells of intestinal villi
and autolysis of epithelial cells [19]. Furthermore, intesti-
nal lipopolysaccharides are key drivers of inflammation and
chronic liver damage through the release of large amounts of
pro-inflammatory cytokines (such as tumor necrosis factor
o (TNF-a), interleukins 1B, and 6) and chemokines that
mediates inflammation and pathological liver damage. Thus,
lipopolysaccharides cause inflammation and serious meta-
bolic changes in the body, such as increased fat intake and
elevated levels of circulating free fatty acids and triglycerides.
The deposition of free fatty acids in the liver can also cause
inflammation and insulin resistance (IR), which further con-
tributes to the development of NAFLD [20, 21].

Mouries J. et al. [22] found that not only bacterial metabo-
lites, but also the bacteria themselves can reach the liver. They
identified bacteria in the liver parenchyma of mice fed with
high-fat diet and suggested their free migration. According-
ly, bacteria and their metabolites can reach the liver through
the portal system and cause an inflammatory reaction, liver
damage and fibrosis [23]. GM and its metabolites can act as
molecular conductors between the intestine and the liver [24].

Several studies have shown that patients with NAFLD
have pronounced gut dysbiosis, in which the relative abun-
dance of Proteus and Enterobacter increases, and Ruminococ-
cus and Lactobacillus decrease [25]. As simple steatosis pro-
gressed to severe liver fibrosis, the number of gram-negative
bacteria increased, especially Proteus bacteria [26].

A meta-analysis of 15 studies published from 2012 to 2020
showed that patients with NAFLD had higher numbers of
Escherichia, Prevotella and Streptococcus and lower amount
of Coprococcus, Faecalibacterium and Ruminococcus [27].
In non-obese NAFLD patients compared to non-NAFLD
ones, microbiota changes were also described, including an
increase in gram-negative bacteria (85.21 vs. 71.8 %) and a
decrease in gram-positive bacteria (14.79 vs. 28.2 %). More-
over, a decrease in diversity and changes at the phylum level
with a higher number of Bacteroidetes and a lower number of
Firmicutes was found [28]. Compared to healthy individuals,
the number of intestinal bacteria, especially gram-negative,
was significantly increased in patients with obesity or NAFLD
and was accompanied by apparent endotoxemia [29].

Gut dysbiosis is associated with the severity of NAFLD,
in particular, patients with NASH showed an increase in
the number of Bacteroidetes (i.e., Bacteroidia class) and a
decrease in the number of Firmicutes (i.e., Lachnospiraceae,
Ruminococcaceae, Lactobacillaceae and Peptostreptococca-
ceae families). Additionally, differences have also been de-
scribed among lean, overweight, and obese patients with
NASH. In lean patients with NASH, fewer Faecalibacterium
and Ruminococcus were found, the fecal microbiota of over-
weight NASH patients was enriched in Bifidobacterium and
in obese patients, more Lactobacilli were detected [30].

GM changes with obesity and T2DM, revealing changes
in its composition and impaired function with a negative
impact on the host’s metabolism. Obesity is characterized by
a decrease in microbial gene richness (MGR). In addition,
the prevalence of patients with low MGR increases with
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increasing severity of obesity: from 40 % in mild obesity to
75 % in severely obese individuals [31]. Obese people with
low MGR also have reduced numbers of bacteria that pro-
duce short-chain fatty acids, which are involved in hydrogen
and methane production and have the potential to manage
oxidative stress. At the same time, the bacteria involved in
the remodeling of the intestinal mucus change. For example,
some overweight, obese, and prediabetic patients have de-
creased Akkermansia muciniphila. In patients with low MGR,
there is also an increased number of bacteria capable of syn-
thesizing lipopolysaccharides, which is also associated with
participation in the pathogenesis of NAFLD, in particular,
IR and an unfavorable lipid profile [32].

Currently, lifestyle intervention based on diet and exer-
cise are the first step of treatment for patients with NAFLD
[33]. Specific dietary interventions help improve NAFLD by
modulating the gut-liver axis [21]. Today, the recommended
goal is to reduce the patient’s weight by 7—10 % [4]. The
Diabetes Remission Clinical Trial (DiRECT) demonstrated
that weight loss in patients with T2DM for up to 6 years
resulted in a reduction in liver fat (from 16.0 £ 1.3 % to
3.1 £0.5 %, p <0.0001) and pancreas and restoration of
B-cell function [34].

A vegan diet is high in fermentable fibre, which supports
microbial growth [35]. A systematic review found an increase
in the number of Bacteroidetes at the type level and Prevotella
at the genus level [36]. Eating processed food is associated
with intestinal barrier disruption and GM changes. In ad-
dition, a high-salt diet is associated with decreased numbers
of lactobacilli [35].

A low-calorie Mediterranean diet is recommended,
which is rich in minimally processed plant foods, monoun-
saturated fats from extra virgin olive oil, seafood, but lower
in saturated fat, red meat, and dairy products. This diet has
a low glycemic load compared to conventional Western diets
and has demonstrated its ability to improve metabolic pa-
rameters and reduce weight [37]. The Mediterranean diet has
been shown to be associated with reduced levels of inflam-
matory biomarkers, effective in preventing cardiovascular
disease risk factors [38]. In NAFLD patients with metabolic
syndrome who followed this diet, there was a decrease in liver
fat, liver transaminase levels, a decrease in body mass index,
and an improvement in IR [39]. Adherence to the Mediterra-
nean diet modulates GM towards coloration, as evidenced by
a higher ratio of bifidobacteria and F.coli, and an increase in
the number of Prevotella. Whole grain fiber and polyphenols
increase the number of bifidobacteria and lactobacilli, which
has a positive effect on NAFLD [40].

Regular physical activity involves 150—300 minutes of
moderate-intensity aerobic exercise or 75—150 minutes of
high-intensity aerobic exercise per week [41]. Physical ac-
tivity increases the sensitivity of insulin receptors, and in
combination with diet leads to a reliably significant improve-
ment in biochemical and histological indicators in patients
with NAFLD combined with obesity and T2DM. Markers
of systemic inflammation, steatosis (fatty liver index), fibro-
sis-related parameters (FIB-4 and transient elastography)
decreased, and liver enzymes decreased by 15 %, indicating
an overall benefit of exercise in such patients [42]. Physical
activity also modulates GM composition. In obese and over-

weight people who followed a Mediterranean diet and phy-
sical activity for a year, the number of Firmicutes, especially
Lachnospiraceae, decreased [43].

Specific pharmacological treatment is performed mainly
in patients with NASH and biopsy-proven fibrosis, as well
as a high risk of progression (older age, T2DM, metabolic
syndrome, persistent elevation of alanine aminotransferase
(ALT)). However, there are few available treatment options
for NAFLD [44]. Since GM is actively involved in the patho-
genesis of NAFLD, exposure to it with probiotics, prebiotics
or synbiotics to improve the liver phenotype is reasonable [45].

Probiotics contain live microorganisms (or their com-
ponents) similar to the beneficial bacteria normally present
in the gastrointestinal tract of a healthy person [46]. These
beneficial bacteria can reduce lipid deposition, endotoxemia,
oxidative stress, and inflammation by regulating TNF-a,
NF-kB, and collagen expression levels. Types of probiotics
for therapeutic use are chosen on the basis of safety and func-
tionality. For example, some strains of Streptococcus, Lacto-
bacillus, Bifidobacteria and Saccharomyces can regulate the
immune system, reduce inflammation of the gastrointestinal
tract, as well as promote the growth and survival of intestinal
epithelial cells, improve the intestinal barrier function [47].

Clinical studies on patients with NAFLD have shown
that strains of Lactobacillus, Streptococcus, and Bifidobacteri-
um play an ameliorative role by restoring the levels of the liver
enzymes aspartate aminotransferase (AST) and ALT [46].
For example, AST and ALT levels are significantly decreased
in patients with NAFLD after a 3-month treatment with
Lactobacillus bulgaricus and Streptococcus thermophilus [48].

A pilot study using proton magnetic resonance spectro-
scopy found a significant decrease in intrahepatic tri-
glycerides after 6 months of taking a probiotic cocktail of
6 bacteria. A favorable clinical response was also observed
for GM: an increase in the number of Agathobaculum, Dorea,
Blautia and Ruminococcus [49].

Thus, the use of probiotics has shown promising results
in correcting gut dysbiosis and regulating metabolic pathways
that inhibit the progression of NAFLD through the gut-liver
axis [50].

The International Scientific Association for Probiotics
and Prebiotics defines prebiotics as substrates that are broken
down by host microorganisms into metabolites that promote
the growth of beneficial bacteria [51]. Inulin and fructooli-
gosaccharides are most often used. Prebiotics stimulate the
growth of Bifidobacteria and Lactobacteria, normalize the
level of endotoxins in the plasma. This improved glucose
tolerance and led to weight loss in obese patients [52].

The beneficial effects of prebiotics on the course of
NAFLD is explained by the reduction of de novo lipogenesis,
weight and fat loss, improvement of blood glucose control,
restoration of GM and reduction of inflammation. Clinical
studies have also demonstrated the therapeutic effects of pre-
biotics on the progression of NAFLD/NASH by modulating
glucose homeostasis and lipid metabolism [53].

Synbiotics are a combination of probiotics and prebiotics.
NASH patients treated with Bifidobacterium and fructooligo-
saccharides for 6 months had significantly lower serum ALT
and AST levels compared to the placebo group, indicating
the potential benefits of synbiotics [54]. In patients with
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NAFLD confirmed by ultrasound, who were randomized to
receive a synbiotic cocktail of Bifidobacterium animalis and
inulin or a placebo for 24 weeks, a significant reduction in
steatosis and improvement in liver enzyme activity were de-
termined [55]. A meta-analysis of 15 randomized controlled
trials, which included 782 patients with NAFLD, showed
that synbiotics significantly reduced liver steatosis, ALT, AST,
lipoprotein, triglyceride, and cholesterol levels, TNF-a ex-
pression, the degree of liver stiffness, and IR [56].

Fecal microbiota transplantation (FMT) is a treatment
method aimed at restoring GM disorders by transferring do-
nor stool with minimal manipulation into the patient’s gut.
There are different types of FMT depending on the type of
material and the form of administration. FMT can be admi-
nistered with fresh or frozen material via enema, colonosco-
py, upper gastrointestinal tract (by gastroscopy, nasogastric
or nasojejunal tube) or by oral capsules [57].

A study of the clinical effectiveness of FMT in NAFLD
patients showed that due to the positive influence of functional
microbiomes from the feces of healthy people, not only GM
was improved, but also fat accumulation in the liver of the
subjects was reduced [58, 59]. After FMT from healthy vegan
donors to NAFLD patients, there were improvements in the
biochemical liver profile, indicators of necroinflammation in
liver biopsies (reduction of lobular inflammation, hepatocel-
lular ballooning). Regarding the correction of dysbiosis, an
increase in the number of Ruminococcus, Eubacterium hal-
lii, Faecalibacterium and Prevotella copri were observed [60].
The results of another study on FMT from healthy donors to
NAFLD patients showed a significant improvement in liver
fat absorption (measured by FibroScan, fibrosis stage was not
analysed), GM modulation with a decrease in the number of
Proteobacteria and an increase in Bacteroidetes, Firmicutes,
Fusobacteria and Actinobacteria phyla [58].

At the congress of the European Association for the Study
of the Liver, which took place in Vienna on June 21-24,
2023, a new classification and nomenclature of NAFLD was
adopted. It was proposed to replace the term “nonalcoholic
fatty liver disease” with the term “metabolic dysfunction-as-
sociated steatotic liver disease”. This diagnosis is established
in patients with confirmed steatosis of the liver and one of
five cardiometabolic risk factors: obesity, T2DM, IR, hyper-
lipidemia, atherosclerosis. The concept of “nonalcoholic ste-
atohepatitis” has been changed to the concept of “metabolic
dysfunction-associated steatohepatitis” [61]. Coordination
of the views of international and domestic experts in the
field of studying this pathology will be important for clinical
practice and scientific research.
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HaLioHAABHW YHIBEPCUTET OXOPOHU 3A0PO0B ST YkpQiHW iMeHi [T.A. LLyrnvka, m. Knis, YkpaiHa

HeaAKOroAbHA XXUpoBA XBOPO6A NeYiHKU, NOB’I30HA 3 OXKUPIHHAM
i LYKpOBUM Aia6eTom 2-ro Tmny, Ta AMC6io3 KULLEeYHUKA

Pe3rome. 36inb1eHHs OMMPEHOCTI HEATKOTOJILHOI XKMPOBOI XBO-
po6u mrewinku (HA2KXIT) BinOyBaeThcst mapajieibHO II00aTbHiit
ermizgeMii OKMpiHHS Ta IyKpoBoTo aiadety 2-ro turry (LIJ12) y cBiri.
HAXXITI niguiitye pusuk LI/12, cepueBo-cymMHHUX 3aXBOPIOBAHb
i XpOHiYHOI XBOpoOM HUPOK. | HaBMmaku, oxupiHus i LIJ12 36i1b-
LIYIOTh 3aXBOPIOBaHicTh i cMepTHicTb Big HAXKXII. CunxpoH-
Ha MeTaboxiuyHa nucyHKIIS Tpu oxXupinHi i L2 Ta nucb6io3
KHUIIEYHUKA TTOCUIIIOIOTh MEeYiHKOBE Ta CUCTEMHE 3alajeHHs 3a
paxyHOK IpsIMOi aKTHBallii BPOIXKEHUX i aAalTUBHUX iIMYHHUX
peaxitiit. JInc6io3 KUIIeUHNKA MOXKe TTPU3BOAUTH 10 BUHUKHEHHS
Ta po3BUTKy HAXKXII, a TakoxX MpUCKOpeHHs ii mporpecyBaHHS
B LIMPO3 MEYiHKM Ta IeNnaToLeTI0IsIpHy KaplMHoMYy. Y naHuii yac
3MiHa CII0CcO0Y KUTTSI HA OCHOBI Ti€TH i (Pi3UYHUX BIIPAB € MEPLIUM
KpokoM JtikyBaHHS nauieHTiB i3 HAXKXTII. KonkpeTHi nieTnyHi
BTpY4YaHHSI CITPUSIIOTH MOKpateHHIo ctany npu HAXKXIT nursixom
MOAYJISILIT OCi «KMIIIEYHUK — IediHKa». Di3nuHi HaBaHTaXKEHHSI
MiABUIIYIOTh YYyTJMBICTh PELIENTOPIB J0 iHCYJIiHY, a B IOETHAHHI
3 JII€TOIO MPUBOASATD A0 BipOTiTHOTO MOKpAIEHHSs 0ioOXiMiUYHUX i
TiCTOJIOTIYHMX MTOKa3HUKIB B oci6 i3 HAXKXII, acomiiioBaHo1O 3
oxupinHsm ta LI/12. Di3ruHa aKTUBHICTh TAKOX MOJIYJIIOE CKJIAI
KUIIKOBOI MikpobioTu. CrienindiyHe apMaKoIoriyHe JiKyBaHHS
MPOBOIMUTHCS TOJJOBHUM YMHOM Y TAIIEHTIB 3 HEATKOTOJIbHUM
cTeaTorenaTuToM Ta (hibpo30oM, MiATBEPIKEHUM Oi0IICi€l0, a TAKOXK

i3 BUCOKMM PU3MKOM MporpecyBaHHs (JIiTHil Bik, 1112, MmeTabo-
JIIYHUI CUHIPOM, CTiliKe MiABUIIEHHS PiBHS ajlaHiHAMiHOTpaHC-
(epasu). OgHak goctynmHux BapiaHTiB JikyBaHHs HAKXII mao.
OCKiJTbKY KMIIIKOBA MiKp0o0ioTa 6epe aKTUBHY y4acTh y ITaTOTeHe3i
HAKXII, BruiuB Ha Hei npobioTMKaMu, MpedioTMKaMu abo CUH-
0ioTMKaMM 3 METOO TTOKpaIleHHsST (DEHOTUITY TTeYiHKU € JTOLiIb-
HuM. Ha KoHTrpeci €Bporieiicbkoi acomiallii 3 BABUCHHSI IIEUiHKU,
1o BinOyBcs y Bigni 21—24 yepBHs 2023 poky, IpUAHSITO HOBY
kinacudikaiio Ta HomeHkIatypy HAXKXII. 3anponoHoBaHoO 3a-
MIiHWTH TEPMiH «HEaJIKOTOJIbHA KMPOBa XBOpOoOa MeviHKU» Ha Tep-
MiH «CTe€aTOTUYHA XBOpOOa TeUiHKH, TTOB’sI3aHa 3 METa0O0IiYHOIO
nucdyHKuieo». Takuil 1iarHO3 yCTaHOBJIOIOTH Y MAlLi€HTIB, SIKi
MaloTh MiATBEPIXKEHUIA CTeaTO3 MEeYiHKU Ta OJMH i3 IT’SITU Kapaio-
MeTaboiuHMX (hAKTOPiB PUKKY: OKMPIiHHS, IyKPOBHii iadeT 2-ro
TUILY, IHCYJIIHOPE3UCTEHTHICTD, TillepJIiMigeMilo, aTepOCKIIepO3.
TTOHSTTSI «HEeaTKOTOJbHUIA cTeaTorenaTUuT» 3MiHEHO Ha TIOHSITTS
«CTeaTorenaTuT, MOB’sI3aHUI i3 MeTa0OJIYHO TUCOYHKIIEI».
VY3romKeHHs MOTJISIIiB MiXKHAPOIHUX Ta BITYM3HSHUX €KCIIEPTiB
y TajTy3i BUBUEHHSI 1Ii€i TTATOJIOTIT MaTUMe BaXJIMBE 3HAYEHHST LTSI
KJTiHIYHOI MPaKTUKH Ta HAyKOBUX MOCTiIKEHb.

Kiro4oBi ciioBa: HeankoronbHa Xrposa XBopoba MeYiHKu; Heas-
KOTOJIbHUI CTeaTOTeNaTUT; IIyKPOBUIA IiabeT 2-T0 TUITY; OKUPiH-
HS$T; KAIIIKOBA MiKpo06ioTa; 11c6io3 KUIIeUHUKa
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The molecular fundamentals
of neurorehabilitation and their modulation
by thyroid hormones

Abstract. Neurological disorders affect a large population, often leading to different levels of disability and
resulting in a decreased quality of life. Neurorehabilitation is the process of restoring the functions of the ner-
vous system after injuries, diseases, or other impairments. The molecular basis of neurorehabilitation includes
various aspects such as changes in gene expression, regulation of synaptic connections, nerve cell growth, and
repair, among others. Typical objectives in rehabilitating the patient with neurologic disease are to minimize pain,
reestablish normal neural pathways, prevent secondary complications, and ultimately improve quality of life. It
is also essential not to worsen neurologic function or pain in patients with spinal instability. A decreased free
triiodothyronine and thyroid stimulating hormone levels upon admission may predict an unfavorable outcome
at the end of early rehabilitative treatment. Thus, thyroid hormone levels are not only important during acute
treatment but also in prolonged critical illness. Thyroid hormones, specifically thyroxine and triiodothyronine, can
influence these molecular processes through their receptors in nervous tissue. Thyroid hormones are essential
for the normal functioning of the nervous system, including neurogenesis (the formation of new neurons) and
synaptic plasticity (changes in the strength and structure of connections between neurons). Research has shown
that thyroid hormones can affect the expression of genes related to the growth and survival of neurons, as well as
synaptic plasticity processes, which may be relevant for rehabilitation after nervous system injuries. A deficiency
of thyroid hormones such as in hypothyroidism can lead to disturbances in the development and functioning of
the nervous system, which, in turn, can complicate the neurorehabilitation process. Thus, understanding the
molecular basis of neurorehabilitation and the influence of thyroid hormones can help improve approaches to
the rehabilitation of patients with various nervous system impairments.

Keywords: neurorehabilitation; nervous system; thyroid hormones; physical therapy

The molecular foundation of neurorehabilitation encom-  deposition of neuroglial cells, and their subsequent differen-

passes complex biological processes and molecular mecha-
nisms underlying the restoration of nervous system functions
following injuries, diseases, or other impairments. Neurore-
habilitation promotes the stimulation of neurogenesis, the
formation of new neurons. This process occurs in major
neurogenic zones such as the hippocampus and subventri-
cular zone and can be enhanced through physical exercises
and specialized training. The neurogenic zones in the brain
include regions where the formation of new neurons, the

tiation occur [1, 2]. These neurogenic zones are crucial for
regulating brain functions in adults such as learning, memo-
ry, and mood regulation.

Thyroid hormones play a vital role in both brain deve-
lopment and optimal brain function, contributing to various
bodily functions throughout life. Beginning with prenatal
development, they support the growth and specialization of
the nervous system [3]. In adulthood, they are instrumental
in sustaining concentration, memory, metabolic rate, ther-

© «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, Kadeapa MeanuHol peabinitavyi, TepHoNiNbCbKMIA HaLioHanbHII MeAuuHWi yHiBepcuTeT imei |.fl. fTopbauescbKoro,
MaitpaH Boni, 1, m. TepHoninb, 46001, Ypaika; e-mail: Kamyshna_ii@tdmu.edu.ua; Ten.: +380(95)4313068
For correspondence: Iryna Kamyshna, MD, DS, PhD, Associate Professor, Department of Medical Rehabilitation, I. Horbachevsky Ternopil National Medical University, Maidan Voli, 1, Ternopil, 46001,

Ukraine; e-mail: Kamyshna_ii@tdmu.edu.ua; phone: +380(95)4313068
Full list of authors’ information is available at the end of the article.

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

Tom 20, N2 2, 2024



[ d

Oragp, / Review

mogenesis, cardiovascular health, and nutritional proces-
ses [4]. Moreover, thyroid hormones participate in intricate
mechanisms like gene regulation, memory consolidation,
and learning processes.

Recent advancements in medical and molecular research
have significantly enhanced our comprehension of the pivotal
role and intricate mechanisms of thyroid hormones. Studies
have revealed their involvement in pivotal processes including
neurogenesis, neuronal and glial cell differentiation, myeli-
nation, and synaptogenesis [5].

Thyroid hormones within the brain are known to regu-
late multiple pathways that contribute to structural aspects
during development, including neurogenesis, cell migra-
tion, myelination, and the differentiation of neurons and
glial cells. These hormones also impact adult neurogenesis,
primarily occurring in two brain regions: the subventricu-
lar zone of the lateral ventricles and the dentate gyrus [6].
This neurogenesis is often linked with cognitive deficits,
psychiatric disorders, and depression. Administration of
thyroid hormones stimulates neurogenesis in these brain
regions, while hypothyroidism suppresses it. It’s well-docu-
mented that thyroid disorders can lead to cognitive dys-
function and psychological deficits, such as anxiety and de-
pression [7—9]. The correlation between thyroid hormone
deficiency and anxiety and depression has been extensively
researched [10, 11].

Experimental studies on rats have revealed that hypo-
thyroidism leads to a reduction in the activity of choline
acetyltransferase and a decrease in the levels of this enzyme,
which is involved in the synthesis of acetylcholine. Acetyl-
choline is a crucial neurotransmitter that plays a key role in
the regulation of memory, cognitive functions, and learning
ability [12]. Disruptions in acetylcholine synthesis due to
a decreased choline acetyltransferase activity may result in
memory dysfunction and cognitive impairments in patients
with hypothyroidism [10]. These findings suggest a compre-
hensive impact of hypothyroidism on neurotransmitter sys-
tems and brain structures, particularly in the context of the
hippocampus, providing insight into the association between
hypothyroidism and cognitive deficits.

Studies indicate a decline in cognitive function during
hypothyroidism due to diminished synaptic plasticity in the
hippocampus. Notably, research highlights the critical role
of thyroid hormone receptor al in regulating the survival
of adult hippocampal progenitors, emphasizing its impor-
tance in governing the maturation processes of neuronal
precursors [13].

Autoimmune disorders of the thyroid gland impact the
transcriptional activity of genes that regulate neurogenesis
and neurotrophins. This influence can potentially lead to
depression and neurological complications.

Our research has revealed that the transcriptional activi-
ty of genes regulating nerve impulse transmission, including
BDNEF, CBLNI1, and MEF2C, is likely lower in patients
with hypothyroidism, by 2.8—41.8 times (p < 0.003—0.001)
compared to the control group, while that of GDNF is in-
creased by 5—10.7 times (p < 0.005). Conversely, in patients
with autoimmune thyroiditis, there is higher expression of
BDNE, CBLNI1, and PNOC by 3.4—4.6 times (p < 0.03),
with a decreased expression of GDNF and NTSR1 by

3.6—21.0 times (p < 0.005), respectively. No changes in the
transcriptional activity of genes CNTF, CRH, GALRI,
GALR2, HCRT, NPFF, and NPY were found in all obser-
vation groups [14].

We also discovered that the expression of certain neuro-
genesis-regulating genes is reduced in all patients, regardless
of thyroid gland pathology: NGFR, NRG1, and NTF3 by
4.43—17.4 times (p < 0.015), while genes ARTN, PSPN,
TFG, MT3, NELLI showed no change in their transcrip-
tional activity (p > 0.05). Additionally, lower expression
was found in primary hypothyroidism for the FGF2 gene
by 20.1-20.8 times (p < 0.001), and in patients with auto-
immune thyroiditis without hypothyroidism, for GFRA3,
NTRKI1, and NTRK2 genes by 6.4—10.5 times (p < 0.002)
[15, 16].

Restoring connections between neurons (synapses) is
a crucial step in neurorehabilitation. Physical activity and
specialized tasks can facilitate the formation of new synapses
and improve communication between neurons.

Neurorehabilitation, including physical exercises and
cognitive training, can support brain plasticity, which is cru-
cial for recovery after injuries. Physical activity promotes the
production of neurotrophic factors such as BDNF. These
molecules play a key role in the survival and growth of neu-
rons. Physical rehabilitation can influence molecular mecha-
nisms aimed at reducing inflammation and stress responses
in nervous tissue. Muscles produce myokines (biologically
active substances) during physical activity, which can influ-
ence molecular processes in the nervous system, contributing
to recovery. Understanding these molecular aspects allows for
the development of more effective neurorehabilitation stra-
tegies targeting specific molecular mechanisms to enhance
nervous system recovery. The molecular foundations of neu-
rorehabilitation involve understanding the intricate processes
underlying neural plasticity, repair, and regeneration in the
nervous system following injury or disease. Neuroplasticity
refers to the inherent ability of the brain to modify and adjust
in response to various experiences. This concept encompas-
ses the brain’s capacity to undergo changes, reorganization,
or growth in neural networks. These changes can manifest
as functional adaptations following brain damage, where the
brain redistributes functions from affected areas to undama-
ged regions, or as structural modifications resulting from
learning, leading to alterations in the brain’s physical con-
figuration [17—19]. Recent research has provided evidence
that the brain continues to generate new neural pathways and
modify existing ones to accommodate novel experiences,
acquire new knowledge, and form fresh memories [18—20].

Neurorehabilitation relies heavily on the concept of neu-
roplasticity, which refers to the brain’s ability to reorganize its
structure and function in response to experience, learning,
and injury. Molecular processes underlying neuroplasticity
include changes in synaptic strength, dendritic branching,
axonal sprouting, and neurogenesis.

The brain can reorganize and form new neural connec-
tions in response to learning or experience. Neurorehabilita-
tion aims to harness neuroplasticity to promote recovery and
functional improvement after neurological injury or disease.
Neuroplasticity is the ability of the nervous system, parti-
cularly the brain, to reorganize and change in response to
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experience, learning, and external influences. This process
involves the creation of new connections between neurons,
changes in the strength of synaptic connections (connections
between neurons), and the redistribution of functional areas
in the brain. Neuroplasticity plays a crucial role in learning,
memory, recovery after injury, and adaptation to new con-
ditions. For example, in case of brain damage due to injury
or disease, neuroplasticity allows other parts of the brain to
take on the functions of the damaged areas. Additionally,
neuroplasticity enables us to improve our skills and adapt to
new environmental conditions. This process is most active in
early life but continues throughout life. Utilizing neuroplas-
ticity in treatment involves stimulating this process to restore
functions in individuals with various neurological conditions
or after brain injuries [21—24].

Synapses are the connections between neurons where
information is transmitted. Molecular mechanisms such as
long-term potentiation and long-term depression play criti-
cal roles in synaptic plasticity, allowing synapses to streng-
then or weaken in response to activity patterns. Neurore-
habilitation aims to harness these mechanisms to promote
functional recovery by enhancing synaptic connections in
damaged neural circuits. Synaptogenesis is the process of
forming new synapses, or connections, between neurons
in the brain. It plays a crucial role in neuroplasticity, which
is the brain’s ability to reorganize and adapt in response to
learning, experience, and injury. Synaptogenesis is essential
for the establishment of neural circuits, the transmission of
signals between neurons, and the overall functioning of the
nervous system. In neurorehabilitation, synaptogenesis is
a key mechanism underlying the recovery of function after
brain injuries or neurological disorders. Here are several ways
in which synaptogenesis contributes to neurorehabilitation.
Synaptogenesis allows for the formation of new connections
between neurons, facilitating the re-establishment of neural
circuits that may have been disrupted due to injury or disease.
New synapses improve the communication between neurons,
leading to more efficient signal transmission and neural pro-
cessing [25—27]. This can result in improvements in cognitive
functions, motor skills, and sensory abilities. Synaptogenesis
is closely associated with neuroplasticity, the brain’s ability
to adapt and reorganize in response to changes in the envi-
ronment or internal factors. By promoting synaptogenesis,
neurorehabilitation interventions can enhance the brain’s
capacity for recovery and adaptation. The formation of new
synapses is essential for learning and memory processes.
Neurorehabilitation strategies that stimulate synaptogene-
sis may facilitate learning of new skills and the retention of
information, thereby promoting functional recovery. Sy-
naptogenesis is also involved in neuroprotection and repair
mechanisms in the brain. By promoting the formation of
new synapses, neurorehabilitation interventions may help
mitigate damage, promote tissue repair, and support overall
brain health.

In summary, synaptogenesis plays a crucial role in neuro-
rehabilitation by facilitating the restoration of neural connec-
tivity, enhancing neural communication, promoting neural
plasticity and adaptation, supporting learning and memory
processes, and contributing to neuroprotection and repair.
Strategies aimed at promoting synaptogenesis are integral to

the rehabilitation process and can lead to improvements in
functional outcomes and quality of life for individuals with
neurological conditions or brain injuries.

Inflammation is a double-edged sword in neuroreha-
bilitation. While acute inflammation helps clear debris and
initiate repair processes, chronic inflammation can exacer-
bate tissue damage and impair recovery. Molecular signa-
ling pathways involved in the inflammatory response such as
cytokines and chemokines need to be carefully regulated to
promote healing without causing further harm.

Neurotransmitters such as dopamine, serotonin, gluta-
mate, and gamma-aminobutyric acid play essential roles in
modulating neural activity and synaptic transmission. Imba-
lances in neurotransmitter levels are associated with various
neurological disorders [28]. Neurorehabilitation strategies
may target these neurotransmitter systems to restore normal
function and promote recovery.

Molecular processes regulating gene expression and epi-
genetic modifications play crucial roles in neurorehabili-
tation. Changes in gene expression patterns can influence
neuronal survival, synaptic plasticity, and axonal regene-
ration. Epigenetic modifications such as DNA methylation
and histone acetylation regulate gene expression without
altering the underlying DNA sequence and are implicated
in neuroplasticity and recovery processes. Understanding
these molecular mechanisms provides insights into the de-
velopment of novel neurorchabilitation strategies aimed at
enhancing functional recovery and improving outcomes for
individuals with neurological injuries or diseases. By targe-
ting specific molecular pathways, researchers and clinicians
can design interventions to promote neural repair, rewiring,
and regeneration, ultimately restoring lost function and im-
proving quality of life.

Neurogenesis is the process of generating new neurons
(nerve cells) in the brain. While it was previously believed
that neurogenesis primarily occurs during early development
and decreases with age, emerging research suggests that it can
occur throughout life, particularly in certain brain regions
such as the hippocampus. The role of neurogenesis in neuro-
rehabilitation lies in the fact that stimulating the formation
of new neurons may promote the recovery of functions after
brain injuries or neurological disorders. New neurons may
contribute to improving memory, learning, and other cognitive
functions, which is particularly important for patients with
memory disorders or other cognitive deficits. Neurogenesis
may also impact emotional state and mental health, helping
reduce depression and stress often observed in patients with
neurological disorders. New neurons can integrate into motor
pathways in the brain, helping restore motor skills after brain
injuries or damage to motor areas. Stimulating neurogenesis
can help the brain adapt to new conditions such as recovery
after injuries or changes in the environment [29, 30].

Overall, neurogenesis plays a crucial role in neuroreha-
bilitation, and stimulating it can be beneficial for improving
brain functions and enhancing the quality of life for patients
with neurological disorders or after brain injuries. By ad-
hering to these basic principles, neurorehabilitation aims
to promote recovery, improve functional outcomes, and en-
hance the overall well-being of individuals with neurological
conditions or injuries.
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Neurotrophic factors are molecules that support the
growth, survival, and differentiation of neurons. BDNF,
NGE and GDNF are examples of neurotrophic factors in-
volved in neurorehabilitation. They promote neuronal sur-
vival, axonal growth, and synaptic plasticity, facilitating re-
covery after injury. Additionally, we also observed a decrease
in the level of neurotrophic factors in patients with thyroid
pathology [31, 32].

Neurotrophic factors promote the survival of neurons
and stimulate the growth of new neurites, which are es-
sential for the regeneration of damaged neural pathways.
By providing trophic support to neurons, these factors can
enhance the recovery of neural function following injury or
disease. Neurotrophic factors play a vital role in synaptic
plasticity, the ability of synapses to strengthen or weaken
over time in response to activity and experience [33]. They
promote the formation of new synapses and modulate sy-
naptic strength, which is essential for learning, memory,
and functional recovery, have neuroprotective effects, hel-
ping mitigate damage and prevent cell death in the nervous
system. Also, they can stimulate repair mechanisms such
as axonal sprouting and remyelination, which contribute
to the restoration of neural function after injury. Neuro-
trophic factors promote neuroplasticity, the brain’s ability
to reorganize and adapt in response to changes in the en-
vironment or internal factors. They facilitate the structural
and functional changes necessary for neural adaptation and
recovery of function during rehabilitation. By supporting
neuronal survival, regeneration, synaptic plasticity, and
neuroprotection, neurotrophic factors contribute to the
overall process of functional recovery during neurorehabili-
tation. Neurotrophic factors help restore neural circuits,
improve synaptic connectivity, and enhance the recovery
of motor, sensory, and cognitive functions.

The main neurotrophic factors and their role in neurore-
habilitation include BDNEF, which is crucial for promoting
neuron survival, growth, and synaptic plasticity. In neurore-
habilitation, it can aid in the regeneration and strengthening
of neural connections, enhancing cognitive and motor func-
tions. NGF supports the survival and growth of sensory and
sympathetic neurons, contributing to the development of
neural networks. It may play a role in improving perception
and motor skills during neurorehabilitation. GDNF is es-
sential for the survival and growth of dopaminergic neurons,
which are important for motor coordination and control. In
neurorehabilitation, GDNF may help restore functions in
patients with movement disorders like Parkinson’s disease.
The role of these neurotrophic factors in neurorehabilitation
is to promote neuron survival, growth, and regeneration,
support synaptic plasticity, and facilitate functional reco-
very following injuries or neurological disorders. Utilizing
strategies that stimulate the production and activity of these
factors can improve the effectiveness of neurorehabilitation
programs and aid in the recovery process [34, 35].

BDNEF is a protein known to stimulate neurogenesis, pro-
mote neuron and microglia survival, enhance neuroplasticity,
and contribute to cell differentiation in the hippocampus.
BDNEF is also released from skeletal muscles during exer-
cise, facilitating communication between the nervous and
muscular systems [36].

Both short-term and prolonged exercise regimens have
been shown to result in elevated levels of BDNF both perip-
herally and in the brain. This is supported by numerous stu-
dies [37, 38], as well as a comprehensive review [39].

Irisin, often referred to as the exercise hormone, is ano-
ther protein released from skeletal muscles during physical
activity and is involved in metabolic processes within the
body. This is particularly relevant in the context of preven-
tative and therapeutic interventions for age-related con-
ditions such as senile dementia, obesity, and type 2 diabe-
tes [40].

Irisin originates from a transmembrane precursor pro-
tein known as FNDCS5. In addition to its predominant ex-
pression in muscle tissue, FNDCS is also highly expressed
in the brain. The processed form of FNDCS5 has been iden-
tified in the cerebrospinal fluid and various brain regions.
Several studies have indicated that irisin plays a crucial role
in regulating brain metabolism and inflammation. Given
the significant impact of metabolism and inflammation on
stroke outcomes, our published study demonstrated that
low-frequency vibration therapy administered after mid-
dle cerebral artery occlusion led to a notable reduction in
innate immune response, improvement in motor function,
and reduction in infarct volume in reproductively senescent
female rats [41].

Irisin, an exercise-induced myokine, is released following
cleavage of the membrane-bound precursor protein FNDCS5,
which is also expressed in the hippocampus. Our research re-
veals reduced levels of FNDC5/irisin in the hippocampi and
cerebrospinal fluid of individuals with Alzheimer’s disease
(AD), as well as in experimental AD models. Knockdown
of brain FNDC5/irisin in mice impaired long-term poten-
tiation and novel object recognition memory. Conversely,
increasing brain levels of FNDCS5/irisin restored synaptic
plasticity and memory in AD mouse models. Peripheral
overexpression of FNDC5/irisin improved memory deficits,
while inhibition of either peripheral or brain FNDCS5/irisin
weakened the neuroprotective effects of physical exercise
on synaptic plasticity and memory in AD mice. By demon-
strating that FNDCS5/irisin plays a crucial role in mediating
the beneficial effects of exercise in AD models, our findings
highlight FNDC5/irisin as a novel agent capable of coun-
teracting synaptic dysfunction and memory impairment in
AD [42].

Physical exercises impact the production of irisin
through various physiological mechanisms. When engag-
ing in physical activity, especially aerobic exercises such as
running, swimming, or cycling, muscle contractions stimu-
late the release of irisin from skeletal muscles. This process
is particularly prominent during moderate to high-intensity
exercise sessions. Irisin is primarily produced and secreted
by skeletal muscle cells in response to exercise-induced
stress. The signaling pathways involved in irisin release
include the activation of peroxisome proliferator-activat-
ed receptor gamma coactivator 1-alpha, a key regulator
of mitochondrial biogenesis and energy metabolism. Its
activation triggers the expression of FNDCS5, which is
then cleaved to produce irisin. Additionally, factors such
as oxidative stress, and hormonal changes during exercise
contribute to the regulation of irisin secretion. For exam-
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ple, irisin release may be influenced by the activation of
the sympathetic nervous system and the secretion of cat-
echolamines like epinephrine and norepinephrine [43].
Once released into the bloodstream, irisin can exert various
metabolic effects on different tissues, including the brow-
ning of white adipose tissue, modulation of glucose me-
tabolism, and enhancement of energy expenditure. These
metabolic effects are thought to contribute to the overall
health benefits associated with regular physical activity,
including improved insulin sensitivity, weight management,
and cardiovascular health.

While research on the use of irisin in neurorehabilitation
is still relatively new, the prospects of its application look
promising. Considering its potential beneficial properties
for the brain and nervous system, irisin could become an
interesting subject for further research and development of
neurorehabilitation approaches [43].

The effect of physical exercises on the expression of neu-
rotrophic factors involves a complex interplay of biological
mechanisms. During physical exercise, increased blood flow
and oxygen delivery to the brain stimulate neuronal activity,
leading to the release of neurotransmitters and activation of
intracellular signaling pathways. These pathways, in turn,
regulate the expression of neurotrophic factor genes, pro-
moting their synthesis and release. BDNF, for example, has
been implicated in synaptic plasticity, neurogenesis, and
neuronal survival, all of which contribute to improved cog-
nitive function and mood regulation. Furthermore, physical
exercise can modulate the expression of neurotrophic factors
in specific brain regions involved in motor control, learning,
and memory. For instance, aerobic exercise has been shown
to increase BDNF levels in the hippocampus, a brain re-
gion critical for learning and memory formation. Similarly,
resistance training has been associated with elevated levels
of NGF and GDNF in the motor cortex and basal ganglia,
enhancing motor skill acquisition and movement coordina-
tion [44—46].

Overall, the upregulation of neurotrophic factors through
physical exercise represents a key mechanism by which re-
gular physical activity promotes brain health and function.
Understanding the molecular pathways involved in this pro-
cess may offer insights into the development of targeted in-
terventions for neurological disorders and cognitive decline.
Therefore, comprehending the molecular underpinnings
of neurorehabilitation and the impact of thyroid hormones
can enhance strategies for rehabilitating patients with diverse
nervous system impairments.
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2 ByKOBUHCBK AEPIKABHUA MEANYHA YHIBEpCUTET, M. YepHiBuj, YkpaiHa

3 YK QIHCbK HQYKOBO-MPAKTUYHNM LIEHTP €HAOKPWHHOI XipYPril, TOAHCAAQHTALT @HAOKPUHHVX OPraHiB | TkKaHH MO3 YkpaiHuy,

M. KniB, YkpaiHa

MoAekyAspHi ocHOBU HepopeaGiaitauii
TA iX MOAYASILiS TUPEOIAHUMU FOPMOHAMMU

Pe3tome. Hespoutoriuni possiagm BpaXaioTh BEJIUKY YACTHHY
HaceJIEHHSI, YaCTO MPU3BOISYN A0 iHBATIHOCTI Ta iCTOTHOTO
MOTipLIeHHS SIKOCTi XUTT. HelipopeabiniTallia — 1e mpolec
BiHOBJIEHHS (PYHKIIill HEPBOBOI CUCTEMMU ITiCJIsI TPaBM, XBOPOO
200 iHIWMX ypaxkeHb. MoJIeKyJISIpHI OCHOBM HelipopealimiTawii
BKJTIOUAIOTh y ce0e Pi3Hi acreKTH, TaKi SIK 3MiHU B €KCIIpeCii TeHiB,
PeTyJIsiiisi CMHANTUYHMX 3B 513KiB, HeliporeHe3 Toio. OCHOBHUMU
3aBJaHHSIMU peadiniTallii mauieHTa 3 HEBPOJOTIYHUM 3aXBOPIO-
BaHHSIM € MiHiMi3allisl 60JbOBOTO CUHAPOMY, BiTHOBJIEHHS (DyHK-
IIIOHAJIBHOTO CTaHY HEPBOBMX IUISIXiB, 3aM00iTaHHSI BTOPUHHUM
YCKJIaTHEHHSIM i 3PEILTOO MOJIIMIIEHHS SIKOCTI XUTTS. 3HUXKEHHS
PiBHiB BiJIBHOTO TPUHOATUPOHIHY Ta TUPEOTPOITHOTO TOPMOHY ITpU
rocriTtajizallii Moxe 3amo0irTi HeCHPUSTIUBUM pe3yJibTaTaM Ha-
TMPUKIHIII pAHHBOTO peadiiTalliitHOTO JiKyBaHHS. TaKiM YUHOM,
piBeHb TOPMOHIB IIMTONOAIOHOI 321031 BaXKJIMBUI HE TiLTbKU ITifT
yac JIiKyBaHHSI TOCTPUX CTaHiB, ajie i MPOTSIrOM TPUBAJIOTO Mepioay
peabinitartii. [opMOHU IMTOMOMIOHOT 3a7103M, 30KpeMa TUPOKCUH
i TPUHONTUPOHIH, MOXYTh BIUTMBATU Ha I1i MOJIEKYJISIPHI TPOIIECH

yepes3 CBOI peLieNTOPU B HEPBOBill TKaHWHI. TUPEOinHi TOPMOHU
MarTh BaXJIMBE 3HAYEHHS IS HOPMaJIBbHOTO (PYHKITIOHYBaHHS
HEPBOBOI CUCTEMU, BKITIOYAIOUU TTPOLIeCH HeliporeHesy (YTBOpEeH-
HSI HOBUX HEIPOHIB) i CHHANITUYHOI IJIACTUYHOCTI (3MiHU B CHJIax
Ta CTPYKTYpi 3B’513KiB MixX HelipoHamu). [JlocimKeHHs mokas3aiu,
110 TOPMOHU IIUTOTIOMNIOHOT 32103 MOXYTh BIUIMBATU Ha €KC-
Mpeciro reHiB, MOB’I3aHUX i3 POCTOM Ta BIDKMBAHHSIM HEMPOHIB, a
TAKOX Ha MPOLECU CUHANITUYHOI TUITACTUYHOCTI, 1110 Ma€ 3HAYEHHS
IUTSE peadisiTauii miciist ypaxkeHb HepBoBoi cucteMu. Jediuut rop-
MOHIB IIIUTOTIONIOHOT 3aJ103U TIPH TITIOTUPEO3i MOXKE TTPU3BECTH 10
MOPYIIEHb Y PO3BUTKY Ta (PYHKIIIOHYBaHHI HEPBOBOI CUCTEMMU, 1110,
B CBOIO Uepry, YCKJIaIHIOE Mpoliec HelipopeabiniTanii. Takum yu-
HOM, PO3YMiHHSI MOJIEKYJISIPHUX OCHOB HelipopeadiiiTallii i BIUIUBY
TOPMOHIB IIIATOIOMIOHOI 3271031 MOXeE JTIOMTOMOITH Y BIOCKOHA-
JIGHHI MiAXOAiB 10 peadiiTallil Mali€HTiB i3 pi3HUMU YpaKeHHIMU
HEPBOBOI CUCTEMM.

Kimo4oBi cj10Ba: Heiipopeabisitariis; HepBoBa CHCTEMa; TUPEOIIHI
TOPMOHU; JTiKyBaJIbHa (Di3KyIBTYpa
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MeTab6OoAIYHNIN CUHAPOM,
AUCOMHIl T M@AQTOHIH

Pe3tome. OctaHHiMu pokamu criocTepiraeTbes 3aLikaB/eHICTb BUBHEHHSIM OCOGIMBOCTEN B3AEMO3B'I3KIB MiX
metaboniyHum cuHgpomom (MC), nopyLueHHsMu cHy i menatoHiHom (MEJI). OucomHii Ta iHCOMHIT € BaxxnBummn
hakTopamm puanKy iHCY/IIHOBOI Pe3NCTEHTHOCTI, OXXMpPiHHSA, MC, UykpoBoro giabeTty 2-ro tvry 3i CTyrneHem Briiu-
BY, roZi6HUM [0 TPaanuiviHux YHHUKIB. OTXXe, NiKyBaHHS QUCOMHIV € OAHUM i3 K/IFOHYOBUX 3aBAaHb Mpoginak-
TUKK ¥ nikyBaHHs MC. PerynioBaHHs npoyecis CHy | UMPKaaHUX pUTMIB 3a JOMOMOIO €K30reHHOro BTPyYaHHs
(30Kpema, BUKOPUCTaHHS MenaTOHIHEPriYHUX NIIKapCbKux 3acobiB), iIMOBIPHO, MOXe BigirpaBaTu rosioBHy pPosib
y ApogpinakTnyi vi nikyBaHHi ancomHivi npyu MC. MEJ] gie sik MOTYXHWA aHTUOKCUAAHT, 34aTHWi JonaTtn remaro-
eHuearniyHui 6ap’ep, NPUrHivyBaTn OKCUAAHTHUA CTPEC, XPOHIYHE 3arasieHHs i B3aEMOLIAT 3 MIKpO6iOMOM
KULLIeYHMKA. I3 KniHIYHOI ToYkn 30py AncbanaHc MEJ]T moxe Bka3yBaTtv Ha «geqiynt Tempsieu». [JoBefeHo, Lo
HeNpOropMoH Mae CUCTEMHI eqheKTU 3aBASKMN CBOIM MexaHiamam Ail, Lo mae rnoTeHyiasn 4/ BBy Ha rnepeoir
baratboX XPOHi4HUX 3axBOptoBaHb. Ha cborofHi menaTtoHiHepridyHi npenaparty oTpUMasnn CXBasieHHs BUKITIOYHO
[714 JNiKyBaHHS1 IHCOMHIT, KOpeKLii HacnigkiB 3MiHU 4acoBuX rosCiB | AEnpecii, Lo CyrnpoBO4XYETLCS po3niagamm
cHy. OgHak MEJI noTeHuiviHo mae TepaneBTUYHi BAACTUBOCTI B NiKyBaHHI HeripogereHepaTuBHNX 3aXBOPIOBAHb,
oCTTPaBMaTU4yHOro CTPecoBOro po3nany, HeEPBOBO-NICUXIYHNX PO3N1adiB, AeMeHUii, aBTOIMYyHHUX, anepridyHmx
3axBoptoBaHb. 30iMbLLUEHHS MOTPebu y BUKopucTaHHi npenapatis MEJT crioHykano [o noLyky 6e3neqyHux, ane
€KOJIOMHHO YMCTUX JlIKapChbkux 3acobiB. [MoBiqoMIAETbCA, O DITOMENATOHIH MOXe MaTtu rnepesaru, ros’s3aHi
3 MosinLeHoro 6iofOCTYMHICTIO Vi eheKTUBHICTIO. MeToro Lboro ornsay € aHasia ocob6mMBOCTeN B3aEMO3B A3KIB MK
MC, gucomnismum i MEJI. Mowuyk nposoguscsi B Scopus, Science Direct (Big Elsevier) i PubMed, Bkrto4Ho 3 6azamu
faHnx MEDLINE. BukopucTaHi K/1lo40Bi ¢/10Ba «MeTabosliYHU CUHAPOM», «QUCOMHII», «IHCOMHIi», «CUHLPOM
O6CTPYKTUBHOIO arHoe», «MenaToHiH». s BUSBIEHHS pe3ynbTatiB QOCIIXEHHS, sIKi He BAasnocsl 3HavuTu rig
4ac OH/auviH-noLLyKY, BUKOPUCTOBYBABCS PyYHWV MOLLYK 6ibstiorpadii nyonikaiv.

Knro4oBi cnoBa: mera6osnidHmii cuHgpom; coLlianbHui oxKeTnar; AUCOMHII; iHCOMHIT; CUHAPOM 06CTPYKTUBHOIO
ariHoe; MesnaToHiH; ornsg niteparypu

Bctyn

BaxuBicTb 3a0e3mneueHHs (i3ioJoriYyHOro CHy 3yMOB-
JIeHa HeOOXiTHICTIO IMiATPUMYBATH i 30epiratul (hi3ionoriaHi
Mpolecy, KOTHITUBHI (yHKIIiI MO3KY, YCYyBaTH MOpPYIIIEH-
Hs Ha KJIITUHHOMY i TKAHMHHOMY DPiBHSIX, 3a0e3MeuyBa-
TU CUHAITUYHY TUIACTUYHICTh 3a JOTIOMOTOIO TPOIIECY,
BiJOMOTO $IK pruning, i 1€TOKCUKYBAaTH BiJIbHI paguKaaiud
[1]. IlopymeHHsI cHY, panToBe IMPOOYIKEHHS Yepe3 HiuHi
CTPAaXiTTS i CKOPOUYEHHSI MOBHOI (Pi3i0JIOTiYHOI TPUBATOCTI
CHY BHACJIiIOK iHCOMHIl € MPUYMHOI0 BUHMKHEHHS Oara-
ThOX MaTodizionoriyHux npouecis [2]. 3o0KkpeMa, TUCOMHIT
€ BaXXJIMBUM (haKTOPOM PU3UKY META0O0IiYHOTO CUHIPOMY
(MC), uykpoBoro miabety 2-ro tumy (LIJ12) 3i ctynmeneM

BILUIMBY, IOMIOHNM 10 TPagULiMHNX YMHHUKIB. TpymHOIIi
i3 3acMHaHHAM 30i1bIyIOTh pu3uK LI/12 Ha 55 %, a 3 min-
TpUMaHHSIM CHY — Ha 74 % [2, 3].

3B’S130K MixX TPUBAJICTIO CHY i CEpIeBO-CYINHHU-
MU 3axBoproBaHHsIMU (CC3) mocaimkyBaBcsl B 6ararbox
obOcepBaliitHuX BurpoOyBaHHIX. OMHAaK TPUYMHHO-HA-
CJIiIKOBI B3a€MO3B’I3KM MiX TPUBAIICTIO CHY i OaraTbma
3axXBOpPIOBaHHIMHU, 30KpeMa MC, XpoHIiYHUM KOpOHap-
HUM CUHIPOMOM, CEPLEBOIO HEAOCTATHICTIO Ta iHCYJIBTOM,
3aJIMIIAI0ThCSl He BUBYEHUMU. Pesysibratu BUnpoOyBaHb
MPOJEMOHCTPYBAJH, 1110:

— HaKOIUYYIOThCS I0KA3U TOTO, 10 KOPOTKOTPUBATU I
COH € npuunHHUM pakTopoM pu3uky MC i CC3;
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— YHCJIeHHI JaHi 00cepBalliiHIX TOCTiIKEeHb ITiITBEep-
JIKYIOTb, 1110 HaAMIpHUMI COH IOB’s13aHUil 3 pu3ukoM MC,
CC3, incynsry i cMepTHOCTI [4].

IlparHeHHs TIOAMHU 3aCHYTH 3yMOBJICHE LIUPKATHUM
putMmoM. IlupkanHa cuctema 6i0JOriYHOTO rOAMHHKKA
CTBOPIOE i MATPUMYE KIITUHHY 1 CUCTEMHY PUTMIiUHIiCTb
yepe3 TUMYACOBY OpraHi3allilo i KoOopauHallilo 6araTbox
(i310JI0TIYHMX i TPAHCKPUIILIMHMX IIPOLIECiB B OpraHi3Mi
[5,6].

TonoBHUM edeKTOpOM LIEHTPATBbHOTO LIMPKATHOTO TO-
IVWHHMKA € enii3 i iforo 6ioreHHWII aMiH, HEUPOTOPMOH
menaToHiH (N-auetwi-5-metokcutpunrtamin, MEJI) [7].
OcTaHHIMU pOKaMU CIIOCTEPIra€Thcsl 3alliKaBJIeHICTh BU-
BUEHHSIM 0COOJIMBOCTEI B3a€EMO3B’s13KiB Mixk MC, mopy-
meHHsmu cay i MEJI [8].

MeTaboAiYHUN CUHAPOM
| TOUBAAICTb CHY

Binomo, 1110 icHY1OTb IBi OCHOBHI (pa3u CHY — CKJIaHO-
ro ¢izionoriunoro npotiecy. Lle daza mBuakoro cHy (rapid
eye movement, REM), 1110 xapakTepu3yeTbCsl aKTUBHUM
PyXOM OYeli Ta aKTUBHICTIO MO3KY, i (pa3a IMOBiLILHOTO CHY
(non-rapid eye movement, NREM) [9]. OpraHi3m JitonruHu
HEOIHOPa30BO MPOXOAUTH Yepe3 1Ii CTaii MPOTSIroM HOUi,
i KokeH uukJi 3aiimae 6;1m3bKo 90 xB [10]. AnekBaTHa Tpu-
BaJIiCThb CHY, HEOOXiTHOTO IJIS MiATPUMKM ONTUMAaIbHO-
TO CTaHy 3I0POB’sl Ta CAMOITOYYTTSI, KOJIMBAETHCS Bil 7 10
9 ron g nopocaux i Bin 7 10 8 roa Aist Jiofeil JiTHbOTO
BiKy yrpomoBxK moou [11]. Orisam momyasuiiHuX T0CTi-
JIKEHb MPOJEMOHCTPYBAB, 110 MOIIUPEHICTh 00’ EKTUBHO
BUMIPSTHOTO KOPOTKOTPUBAIOTO CHY (< 6 TOI) CTAHOBUTD
Bin 22,1 o 53,3 % nopocnoro HaceneHHst CILIA, y Toit yac
K 9,2 % MOBIIOMJISIFOTB ITPO HAAMIpHMIA COH (= 9 rom) [12].
TTpyarHT KOPOTKOTPUBAIOTO CHY BKIIIOYAIOTH TPUBAJIUIA
po06oYMii IeHb, PAHHE PAHKOBE MPOOYIKEHHS Yepe3 JI0Bro-
TpUBaJIi MOI3AKU Ha POOOTY, 000B’SI3KM 110 AOMY i 3 HOTJISILY
3a JIiTbMU, a TAKOX OiIbIII aKTUBHE BUKOPUCTAHHS TEXHO-
JIoriii y BewipHiit yac [13].

YwucaeHHI TOCTIKEHHS TOBITOMIISTIOTH TIpo U-T10/1i6-
HUI PO3MOIiJA MiX IMOKa3HUKAMM B JIIoAeH 3 ¢izionoriu-
HOIO TPUBAIICTIO CHY i 3 KOPOTKOTPUBAIUM a00 HaIMipHUM
CHOM i HeraTUBHUMMU HaCHigKaMu sl 3010pOB’sT (0XKU-
PiHHSIM, LYKPOBUM AiabeToM 2-T0 TUIMY i apTepialbHOIO
rinepteHsielo) [14]. 3okpema, IIPOIEMOHCTPOBAHO, IO
CIIOCTEPIraeThCsl 3HAYHO IMiABUILEHUI PU3UK 3aXBOPIOBa-
HocTi i1 cmepTi BHacinok CC3 Ta iHCYIbTY MPU KOPOTKO-
TPUBAJIOMY CHi, @ TPYU HaAMIpHOMY — TIiIBULLIEHUI PU3UK
3aXBOPIOBAHOCTI 1 CMEPTi Bifl XpOHIYHOTO KOPOHAPHOTO
CUHAPOMY Ta iHCYy Ty [15]. OqHaK Ma€e mpaBo Ha XUTTS Ti-
moTe3a Ipo Te, 110 HAIMipHUI COH € IIBUIIIE iHIUKATOPOM
HE3a/I0BIJILHOTO CTaHy 3M0POB’S, Hixk (haKTOPOM PU3UKY
200 MOTEHUIMHUM MEXaHi3MOM HEraTMBHUX HACIKIB IS
3mopoB’s [4, 16].

CoLiaAbHUM AXKeTAar
i METAGOAIYHNI CUHAPOM

CouianpHuii IXeTaar — 1e po30iXKHICTh MK LIIMpPKaI-
HOIO CUCTEMOIO JIIOAWHU Ta (haKTUYHUM YacoM CHY i He-
cnadHs [17]. CoH i BxXXUBaHHS 1Xi 1To3a MexaMu (iziosno-
TIYHOTO LMKITY «CBITJIO-TeMpsiBa» i 11o3a a3010 roAMHHUKA

LIEHTPAJIbHOI LIMPKAIHOI CUCTEMU CIIPUYMHSIIOTH 11COaaHC
ii (izionoriuHoro crany. TpuBasi nopylieHHs HUPKATHOTO
pUTMY TIOB’s13aHi 3 TIOTiPIIEHHSIM KOHTPOJIIO PiBHS TJIIOKO-
3U, MiABUIIICHHSIM PiBHSI MapKepiB XpOHIUHOTO 3artajJeHHS
HU3bKOI iIHTEHCUBHOCTI, iHAEKCY MacH Tijla, pO3BUTKOM
ykposoro aiadety, CC3 Ta incynbry [18, 19]. Ls HeBiano-
BiIHICTh BUHUKAE Yepe3 Pi3HUIIIO0 Y BUMOIax 10 4acy CHY
i HecmaHHsI, BCTAHOBJICHUX IpadiKoM y po0Oodi JHi, i YacoM
CHY i HecrmaHHs y BUXiaHi aHi [20]. Y nomynsiiitHiii Koropti
HaceneHHs1 Higepianais cepen oci6 BikoM 10 61 poky coiti-
aJTbHUI IKETJIar TPUBAJIICTIO > 2 To1 OYB OB’ I3aHMIA 3 ITi/I-
BUILIEHUM PU3MKOM pO3BUTKY MC (3rimHo 3 KpuTepisimu
Adult Treatment Panel 111 National Cholesterol Education
Program (NCEP ATP III)) i iiykpoBoro giabeTy/npeniabety
(xoedimienT mommpeHocTi (prevalence ratio) 2,13 (95%
noBipunii intepsan (confidence interval, CI) 1,3—3,4)i 1,75
(95% CI 1,2—2,5) BinmoBigHO) Tic/Isl MTONMPaBKU Ha CTaTh,
cTaTyc 3aifHATOCTI Ta piBeHb ocBiTH [21]. [ToBinoMsieTbes,
110 COLiaJIbHUM JXKeTJar acolilOeEThCS i3 3HaUyIle Oilb-
IO10 iHCYJIIHOBOIO PE3UCTEHTHICTIO il OXKUPIHHSM, a TAKOX
3MEHILEHHSIM PiBHSI XOJECTepUHY JIMOMPOTEiHiB BUCOKOI
mimbHOCTI (XC JITIBII) i 30inbIIeHHIM TPUTTILIEPUIIB Ta
iHcyniHy B rua3mi kposi [20]. Haperri, mo3miHHa po6oTa
4yacTo rnependavae NeHHUM COH i MPUIOM iXi B IMi3Hili yac
IoOM, a TaKOX KOPOTKOTPUBAIUIA COH, 110 Pi3KO 3MiHIOE
CTaH UMPKATHOI CUCTEMHU i TPU3BOAUTH 0 3JIOBKUBAHHS
MIPOAYKTAaMM 3 BUCOKMM BMIiCTOM XUPIB i Kajopiii, a TaKoxX
TMOTipIIy€e TOJEPAHTHICTD 10 IIIOKO3M 1 UyTJAUBICTh 10 iHCY-
qiny [19, 22]. He36anaHcoBaHMiT COH MOXe 3MiHUTHU CKJIA
MikpoOioMy KUIlIEYHWKA, a HepallioHAJIbHE XapuyBaHHS
MOPYIIYE Oro pUTMIYHY €KCIIPECiIo, 110 CIIPUSE iHCYIIi-
HOBIll PE3UCTEHTHOCTI, XPOHIYHOMY 3amajeHHI0 HU3bKOT
iIHTEHCUBHOCTI, PO3BUTKY oxXupiHHs Ta MC [19, 23].

MeTaboAiYHUN CUHAPOM, iIHCOMHIS
i CHHAPOM OOCTPYKTUBHOIO ANMHOE

[HCOMHIsI € OTHUM 3 HAWMOIIMPEHIIINX PO3JaAiB CHY
i XapaKTepu3yeThes cneludiYyHUMU CKapraMu Ha TPYI-
HOIIIi i3 3aCMHaHHSIM a00 TOTaHYy SIKiCTh CHY, HE3BaXKat0uu
Ha JIOCTaTHIO KiJbKiCTh MOXJMBOCTEU IJISI CHY, a TAKOX
MOPYLIEHHSIMU JeHHOI aKTUBHOCTI. [Toka3zHuku mommpe-
HOCTi iHCOMHIi B 3arajbHiil MOMyJIsilii KOTMBAIOThCS Bif
4 no 48 % 3anexxHo Bim KpuTepiiB BU3HaueHHs [24]. TH-
COMHIST MOXKe OyTH XpOHIYHOIO a00 TOCTPOIO 3aJIEXKHO BiJl
TPUBAJIOCTI TPYAHOILIB 3i CHOM i 4aCTO € KOMOPOiaTHOIO
3 HU3KOI 3aXBOPIOBaHb, 30KpeMa KapAioMeTaboJJiyHUMU
U mcuxiaTpUYHUMU posnagaMu. ICHYIOTb pi3Hi hakTOpu
PpM3UKY IHCOMHIi, III0 BKJIIOYAIOTh XKiHOYY CTaTh, CTapIINil
BiK, €THiYHi 0COOJIMBOCTi, 6€3pO0ITTS, AeMpecito, TPUBOTY,
BXKMBaHHS ICUXOAKTUBHUX PEUOBUH i 3JIOBXXMBAHHS HUMU,
a TaKOX CYITyTHi 3aXBOpIOBaHHS [25].

Pesynbrati oLliHKM OCOOJIMBOCTE B3a€EMO3B’SI3KY MixX
iHcomHielo i MC (BimmosinHo mo kputepiiB NCEP ATP 11I)
cepen 830 mauieHTiB 50—64 POKiB MPOAEMOHCTPYBAIH, 11O
y 12,4 % o6cTexXeHUX AiarHOCTOBaHA iHCOMHIsI, BU3HAaUYEHA
3a MOKa3HUKaMU iHAEKCY TSKKOCTI 6e3conHs (Insomnia
Severity Index score > 15,31). IHcoMHisT He3aneXXHO 30i/1b-
mryBasia pusuk MC (BigHomeHHs maHciB (odds ratio, OR)
1,97;95% CI 1,00—3,86) HaBiTh IIpx KOHTPOJIi 3a TPUBAJIi-
CTIO CHY i cuHaApOMOM o0cTpyKTuBHOTO arHoe (COA). Kpim
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TOTO, Y IALIEHTIB 3 0€3COHHSIM CITIOCTEePIiraBcsI HYUKIMIA pi-
BeHb XC JITIBL i BuLuii BMicT TpUIIiLIEPUAIB Y KPOBi
[16]. Bepudikauis iHcomHii cepen 26 016 o6cTexkKeHUX Bi-
KoM 35 poKiB i cTapiiie 3HaYHO TiIBUIILYE iIMOBIpHICTb OJTHO-
YacHOI MPUCYTHOCTI KOXXHOro KomroHeHTa MC, 30kpema
301TbIIIEHHST TTOKa3HUKIB OKPY>KHOCTI TaJlii, HU3bKOTO PiBHSI
XC JITIBILL, BUCOKOTO BMICTY XOJECTEPUHY JIIMOMPOTEi-
HiB HU3bKOI IIUIBHOCTI, TPUIJIILIEPUAIB i [IFOKO3M B IUIA3Mi
KpoOBi HaTIie [26].

V KiNnbKOX mepexpecHUX JOCTiIKeHHSIX BUBUABCS 3B S~
30Kk Mixk MC i cieuuiyHUMU CUMIITOMaMU O€3COHHS
(TpyaHOILIAMM 3aCUHAHHS W MiATpUMaHHS CHY, paHHIMU
PaHKOBUMM TPOOYIKEHHSIMU). 30Kpema, pe3yabraTu Io-
nyJsiiiHoi Bubipku cepen 4197 obcTexxeHUX MPOIEMOH-
cTpyBasy, 1o TpyaHoii i3 3acuHanHsaM (OR 1,24; 95% CI
1,01—1,51) i tpyaHomi 3 minTpumanHsM cHy (OR 1,28;95%
CI 1,02—1,61) mop’sa3ani 3 MC (kputepii MixxHapoaHoi
niabetnuHoi penepaii (International Diabetes Federation,
IDF)/AmepukaHCcbKoi Kap/ionoriyHoi acomiantii (American
Heart Association, AHA)/HattionaibHOro iHCTUTYTY ceplis,
nereHb i kposi (National Heart, Lung, and Blood Institute,
NHLBI)) [27]. I1oBimoMIISIETBCS, 11O TPYMHOIII 3 MiATPH-
MaHHSM CHY cepel 6354 obcTexkeHnX 65 poKiB i cTapiie
HesasexxHo 1oB’sa3aHi 3 MC (kpurepii NCEP ATP I1I) (OR
1,23;95% CI 1,06—1,43) i abnominanbHUM oxupiHHsaM (OR
1,20; 95% CI 1,06—1,36) [28].

PesynbraTu BUNpoOyBaHb, 1110 BUBYAJIM CTAaTEBI i1 BIKOBI
BiIMiHHOCTI y B3aeM03B’s13kax Mixk MC Ta iHCOMHi€0, Cy-
nepewinBi. 3o0Kpema, oocrexxeHHs 8017 mopociaux ocid Bu-
SIBUJIO 3HAYYIIUIA 3B’s130K Mix 6e3coHHsM i MC (kputepii
IDF) tineku B yonosikis (OR 1,36; 95% CI 1,02—1,77) Ta
oci6 Bikom 40—59 pokis (OR 1,40; 95% CI 1,09—1,79). On-
HaK He CIIOCTePiraJoch BipOriqHOIo 3B’s13KYy MiX iHCOMHi€I0
i MC y xiHOK, a Takox B oci0 < 40 pokiB abo > 60 pokiB
[29]. Tsexkuit iepeGir 6e3coHHsS B 624 TOPOCIHMX MAalli€eH-
TiB 3 BEJIMKUM JIETIPECUBHUM PO3J1aIOM CYyIIPOBOIXKYBaBCS
3HAYHUM 30ibIIeHHIM yunciia Bunaakis MC 3a kputepissmu
ATP III (OR 2,2; 95% CI 1,3—3,9) i kpurepissmu IDF (OR
1,8;95% CI 1,1-2,9) y XiHOK, a He B 90JIOBiKiB. Kpim Toro,
y XiHOK BikoM moHaa 50 pokiB criocTepiraBcs OiabIInii
pu3uk po3Butky MC [30].

PesyibTaTu 5-pivyHOTO JOHTITIOAHOTO TOCiIKEHHS
y BUOipLi 3 242 mopocaux 0cid mpoaeMOHCTpyBaiIu, 110
iHCOMHIsI 3HaUHO TiABUIIYBajda pu3uK BUHUKHeHHST CC3
(OR 11,04; 95% CI12,57—42.,49). 3okpema, 6e3COHHS OYI0
MoB’s13aHe 3 abmomiHanbHUM oxkupiHHIM (OR 5,83;95% CI
1,34—25,45) i nuspkum pisaem XC JITIBI (OR 6,97; 95%
CI 1,06—45,99) [31].

CuHIpOM OOCTPYKTMBHOTO allHOE, HANTTOIIMPEHIINii
po37aa IMXaHHS, OB’ sI3aHUI 31 CHOM, XapaKTepU3y€EThCS
MOBTOPIOBAHWMU BUIIaIKaMU IMOBHOI (amHoe) abo yacT-
KOBOI (TilmOITHOe) OOCTPYKILii BEPXHIX AUXATbHUX IIISXiB
i 9ac CHY, IO MPU3BOIMUTH A0 TIilTOKCIi Ta YacTHX IIPO-
oymxeHb [32]. Haiinomupenimi cumnromu COA BKITIO-
YaroTh AVXaJIbHI May3! IIiJ 9ac CHY, TYIHEe XPOIIiHHS, IIPO-
OyIKeHHS Bil 3amyxu abo 3aIMIIKW, YaCTi MTPOOYIKEHHS,
PaHKOBUI TOJOBHMIA OiIb i HAAMIpHY N€HHY COHJIMBICTb.
Ho nepBuHHux ¢akropiB COA BigHOCSITb aOlOMiHaIbHE
OXMPiHHS 1 YOJIOBIUYy CTaTh, a B >KiHOK 4acTOTa PO3BUT-
Ky COA 3pocrae mig yac meHonay3u |[33]. Pusuk po3sur-

Ky COA 3pocTa€ 3 BiKOM i 30i/IbIIEHHSIM MAacH Tija, i, K
MPaBUJIO, BiH € OUIBII MOLIMPEHUM i TSXKKUM cepell ocid
3 abgoMiHanbHUM OXUPiHHAM [34]. MeTaboJiuHi mopy-
meHHs mpu COA MaroTh pi3Hi crieliudivyHi maToreHeTUYHi
LLJISIXW, OAHAK CHUTBHUM JUISI HUX € (PeHOTUN abaoMiHab-
Horo oxwupiHHs [32]. [Mauientn i3 COA cxuiibHi 10 3aiiBO1
Baru i MaloTh TPyIHOLLI 3i cxyaHeHHsM [35]. [ToBToproBaHi
BUNAJIKU YTPYAHEHOTO TUXaHHS TPU3BOJSITh 0 TIOBTOPHUX
LIMKJTiB TMOKCii-peOKCUTEHALLiT 3 TONATBILINM MTOPYIIEHHSIM
CHY IpoTsAroM Houi. Lle Moxe mpu3BecTu 10 HEMpPOTrymMo-
paJIbHOI aKTUBALIil, ITOB’sI3aHOI 3i CTpecoM, i € MOTeHIIili-
HUM MexaHi3MoM MmeTabouiuHoi aucperysuii mpu COA.
[MoBTOpIOBaHI LIMKIIM TIMOKCii-peoKcUTeHallii BIJIMBAIOTh
Ha Pi3Hi OpraHu i XXUPOBY TKAHUHY, MPUIOMY AUCHYHK-
LIOHAJIBHICTh XUPOBOI TKAHWHU Bifirpa€ BaxkJIUBY pOJIb
y cXuIbHOCTI 10 po3BuTKY MC [32, 36]. CriBicHyBarHst MC
3 COA, sKe iHOIi Ha3UBAIOTh CUHIPOMOM Z., IiATBEPIKEHO
B YMCJIEHHUX JOCTiIKeHHSIX [ 16]. 30KpeMa, BUTPpOOYBaHHSI,
MpoBeneHe cepen ocid 3 TsekkuM nepedirom COA, BUSIBUIO
3HAYHO BUIy nomupeHicts MC y malieHTiB 3 HaIMipHOIO
JIEHHOIO COHJIUBICTIO. KpiM TOro, mamieHTH 3 TSXKKUM Te-
pebirom COA Ta HaIMipHOIO JEHHOIO COHJIMBICTIO BilITO-
Bimaym OiTBIIII KiJTbKOCTI AiarHOCTUYHMX KpuTepiiB MC
MOPiBHSIHO 3 XBOPUMU 0€3 HaAMipHOI JEHHOI COHJIMBOCTI
(3,22 £ 0,94 ipotr 1,96 £ 1,06, p < 0,001) [37]. Pesynsratu
MeTaaHaJsi3y OecsTU JOCiIXEeHb i3 3arajJbHOI0 BUOIpKOIO
2053 cocTepexXeHHsI ITPOIeMOHCTPYBaJIU, 10 Y XBOPHX i3
COA nopiBHsIHO 3 nmaiieHTamu 6e3 giarHoctoBaHoro COA
CIIOCTepirauch 3HaYHO BUIIi MOKAa3HUKU CUCTOJIIYHOTO ap-
tepianibHOTO THCKY (AT), XC JITTHIL i 3MeHI1IeHHSI BMiCTY
XCJIMBUI (yci 3nauenHs p < 0,001) [38].

MeAaToHIH

Bimomo, mo cexpemist MEJI mos’si3ana 3 4iTKUM IIAP-
kagHuM putMoM. MEJI onocepenkoBye CBOIO [il0 yepe3
nBa pizHux G-0inku (guanine nucleotide-binding proteins,
G-proteins) cnpsixeHux perenrtopiB (G protein-coupled
receptors, GPCR), a came peuentop MEJI 1 (MT1, a6o
MellA, a6o MTNRIA) i peuentop MEJI 2 (MT2, a6o
MellB, a6o MTNR1B) [39]. Tpusasie 3HUKEHHS MPOAYKIIil
MEJI yacTo acowitoeThesl He TUTBKH 3 TIOPYLIEHHSIMU PUTMY
CHY/HECIaHHsI, ajie i 3i 3HaYHMUM 30iJbleHHsM Baru [18].

Ennorennnit MEJI Bupo0OisieTbest 3 Tpumnrodany i ce-
poToHiHy. JIBoHaIIpaBieHi HEMPOHHI ITPOIIeCH BijJ KUIIIeU-
HUKa 0 MO3KY 3ajiexaTb Bil crielin(piyHuX METa0O0JIiYHUX
peaxiliii, 1110 3aJ1eXaTh Bifl TepeTBOPEHHS TPUNTO(DAHY B ce-
potoHiH. CepoTOHiH 6arato B YoMy 3abe3neuye 6a3uc aist
3B’SI3KY MiX BiCCIO «KMIIIEYHUK — MO30K», OCKIJIbKI 0€3I10-
CepelHbO BIUIMBAE Ha MOAPA3HUK(M) i epenayy CUTHaIIiB
y neHTpanbHili HepBoBiii cuctemi (LIHC). I1po3amnanbHi,
3amnajbHi Ta iIMyHHI peakilii, sKi iHillilol0Th 3MiHM (QYHKITi-
OHAJILHOTO CTaHy KiHypeHiHOBOIO IISIXY, 0€3MocepeIHbO
BIUIMBAIOTh Ha MeTaboJ1i3M TpunTtodany [40].

CyTiHKHU, TEMpSIBa € TOLITOBXOM JUISI CeKpellii GioreH-
HOTO aMiHYy 3 eITidi3y I KOHTpoJIeM Ccynpaxia3MaTUIHOTO
sapa (CX4). Enidis neperBoproe cepoToHiH y N-aleTu-
CEepPOTOHIH, SIKMI Y TeMPSIBi MeTa00J1i3ye€ThCsI B OiOTeHHUIA
amiH. Cekpetist MEJI 30inb11y€eThest B CyTiHKaXx, H0CsITa€e
MKy BCepeaMHi HOUi Ta 3HMUXXYETHCS A0 0a30BUX PiBHIB
BIeHb [41]. MeTaboJ1i3M HeiipOropMOHY BifIOyBa€eThCS Tie-
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peBaxkHoO B remarouurax, 1e MEJI mpoxomuTs mpomec rim-
POKCHJTIOBAHHSI, YTBOPIOIOUM 6-TiApOKCUMEIATOHIH, SKHit
CcyIb(MYETHCS i BUBOAUTHCS i3 ceuero [42].

Businsaenns MEJI i peryssiiss impKagHOTO pUTMY Jie-
MOHCTPYIOTh TiCHUI 3B’SI30K i3 UMCJAEHHUMU HellpoMeTi-
aropHumu cuctemamu B LIHC. Ha menatoHiHOBY cucteMy
MOXYTb BIUIMBAaTH Pi3Hi HelipoMeaiaTopu, 30KpeMa cepo-
TOHIH, nodaMiH, HOpagpeHalliH i ricTaMiH, SIKi BUSIBJISIIOTD
SIK CTUMYJIIOIOUMH, TaK i TaibMiBHUI BriuB. Kpim Toro,
iCHY€E TiCHA KOPEJIis MiXK XOJiHEPTiuHOI0 CTUMYJISIIIEIO
i CX51, xoua rmuOMHHI AeTali UUMX HEMPOHHMUX MPOEKILii
3aJMIIAI0ThCS HEIOCTAaTHhO BUBYEHUMU. KoxXeH i3 1ux
LIJISIXiB € MEPCINEKTUBHOIO (hapMaleBTUUHOK MillIEHHIO
B JIiKyBaHHi 6araTboX 3aXBOPIOBaHb, SIKi OMTOCEPEIKOBY-
otees LIHC [43, 44].

MEJI BusiBiisie MiliHi i mepeadbadyBaHi pUTMU CEKpellii,
SIKi CUHXPOHI3YIOTh YMCJIeHHI ¢izionoriuni mpouecu. [am-
Ma-amiHomacisiHa kucioTta (TAMK) € ocHOBHUM rajibMiB-
HUM MeniaTopoM y Mo3Ky. Yac cekpeuii MEJI 3 miHeanbHO1
3aJ103U CYBOPO MPUCTOCOBYETHCS 10 IIUPKATHOTO PUTMY,
o perymoetbess CXA nuisixom MocHIeHHS/TTPUTHIYSHHS
neHTtpanbHoi [AMKepriunoi Heiiporpancmicii [7]. Kon-
LIeHTpallisi HepOropMOHY JI0CsITa€ BUCOKMX PiBHIB BHOYI
i HU3bKUX yIeHb, 3 MiKOBUMU KOHIIEHTpALisIMU B IIJ1a3Mi
kpoBi Mix 02:00 i 04:00 rox, oTxe, 30ira€ThbCs 3i 3HMKEH-
HSIM TeMIIepaTypu Tija, MWIbHOCTI, (i3MYHOI i pO3yMOBOI1
aKTUBHOCTI [45].

BioreHHuit amiH 3aBasiku 3B’s13yBaHHI0 3 MT1 i MT2
BUSIBIISIE HU3KY IepudepruIHuX (i3ionoridHux edexTiB
[45]. KpiM TorO, HEMpOTOPMOH MOXKE B3aEMOIISITA 3 LIV~
TOIUTa3MaTUYHUMU (haKTOpaMHU i SIepHUMU PeLeNTOPaAMMU.
3aBasiku ubomy MEJI Monynioe nepudepudHi ocumisi-
TOPMU i 3’€IHY€E BTOPUHHI MOJIEKYJISIPHI LIJISIXU, Y TOI Yac
SIK YMCJICHHI iHIII e()eKTH 0iOTeHHOTO aMiHy € pellenTop-
HO-He3aJexkHUMU [46]. Kpim Toro, HeifporopMoH 3axuIiiae
1IHC, ockinbky HagXOAUTh y CyO0apaxHOigaJIbHUI IPOCTIp
i nutsixom audy3ii MPOHUKAE B MapeHXiMy HEPBOBUX TKa-
HuH [47]. 3 iH1I0rO0 60OKY, OiOreHHMIT aMiH Oe3rocepeTHbO
BILJIMBA€ Ha akTUBHicTh CXS i MexaHi3MM LIEHTpaJIbHUX
nupkagHux ronuHHUKIB. O1ke, MEJI uepe3s MT1/MT?2 nie
SIK MOIYJISITOP €JIEKTPUIHOI aKTUBHOCTI B HelipoHax CXS1
[48]. Kpim TOrO, HEIpOrOPMOH B3aEMOJIE 3 TOMMHHUKOM
HUPKAagHUX TeHiB OinkiB Period circadian clock 1 (Perl),
Period circadian clock 2 (Per2), Cryptochrome circadian clock
1 (Cryl), Cryptochrome circadian clock 2 (Cry2), Brain and
muscle arnt-like (Bmall) i, oTXe, 3a0e3meuy€e MOy TIOBaHHSI
LIMPKaTHUX PUTMIB i anmanTanito 10 3MiH doTonepiony [49].

MEIJI € Bomo- i xkxupopo3unHHUM (amM@pidiabHIM)
i MOXe€ BiJTbHO TTOIIMPIOBATUCS MiXK yciMa TKAaHWHAMU Opra-
Hi3My, 0COOJIMBO Yepe3 CeJCKTUBHUM reMaToeHIehaTiaHit
6ap’ep. ImoBipHO, 0 MEJI € oqHIM 3 HANTTOTYKHIIITUX aH-
tuokcuaantiB y LIHC [50]. Kpim Toro, 6ioreHHMiT amiH —
AKTUBHUI KOMITOHEHT MIiM(MaTUYHOI CUCTEMHU, 30KpemMa,
CIIpUsIE eliMiHallil MPOIYKTiB MeTaboJ1i3My, Y TOMY YMCIi
Hakonmn4eHb aminoiny [47]. Ha chorogHi akTUBHO 00TO-
BOPIOETHCST KOHIIETILis, 3TiTHO 3 SIKOIO KiHIIEBOIO METOIO
npusHayeHHs/no3yBaHHss MEJI 3 TepaneBTUYHOT TOUKU
30pY € IOCATHEHHST ONTUMAJIbHOTO PiBHSI OI0T€HHOTO aMiHy
B CIIMHHOMO3KOBI pinuHi i1 rmiMdbatuuHiit cuctemi. OmHak
151 KOHIIETIIIis Bee Iiie mepeOyBae B 3apoaKoBoMy cTaHi [40].

Huzka 3axBopioBaHb MalOTh Y CBOEMY ITaTOTEHE31 Mi-
TOXOHIpianbHy AUCchYHKILiI0. MiTOXOHIPI1, SIK AXepeso
KJIITUHHOI eHeprii, TaKOX € MIIIEHHIO OKHCHIOBAaJIbHOTO
MOMmKoOMXKeHHsI. YyTauBa mpupoaa MiTOXOHIpiaJlbHUX
MeMOpaH, sIKi MOXYTh OYyTU MOIIKOMXeHi 6araTbma ak-
TOpaMu, MOXe 3HAMTH 3aXUCT 3aBISIKN €K30T€HHOMY Ha/l-
xomxeHHio MEJI. BaxyuBum € Te, 1110 MiTOXOHApiaJbHi
MeMOpaHu BHOipKOBO MOTJMHAIOTh 0i0TeHHUI aMiH, 110
He BJIACTMBO iHIIMM aHTHOKCHUAaHTaM [51].

MeTab6oAIYHNI CUHAPOM, AUCOMHIS,
IHCOMHISl i MEAOQTOHIH

JucbanaHc IUPKATHOTO PUTMY CHY Ta iHCOMHIsI — 11e
CTiMKMIA 3CyB CHY i HECITaHHs Ha OiTbII Mi3Hil Yac, HixX 11e
nepeadadeHo couiaabHUMMU HopMamu. [lopymenHs a3
CHY i HeCrlaHHSI BUKJIMKAE CUMITOMU, CXOXi Ha O€3COH-
HSI, TPYAHOILI 3 MPOOYIKEeHHSIM BpaHIli i HAAMipHY JIeHHY
coHMBICTD. Lleii cTaH Halikpallie JIiKyeTbCs 3a JOTIOMOTOI0
ajexkBaTHOro no3yBaHHs npenapaty MEJI, BpaxoByrounu
OakaHMIi Yac BiIXOMy 710 CHY Ta TpoOymKeHHsl. Pesynbratu
PaHIOMi30BaHOTO AOCIIIXKEHHS, MTPOBEAECHOIO B Malli€H-
TiB i3 3aTpUMKOI0 (pa3 CHY Ta iHCOMHI€EIO, TPOAEMOHCTPY-
BasIM, 1110 HM3bKa no3a MEJI (0,5 Mr) 3a ogHy ToguHy 10
0axxaHOTO Yacy BiIXOdy IO CHY pa3oM 3 MOBEAiHKOBUMU
CTpaTeTisIMU TIPOTSTOM YOTUPHOX THMXKHIB CTIpusiyia OiIbIII
paHHbOMY 3aCMHAHHIO, MOJIMIIEHHIO e(heKTUBHOCTI CHY
IIPOTATOM IIepPIIOl TPETUHU HOYi Ta 3MEHIIEHHIO Cy0’€K-
TUBHMX cKapr [52].

[Mopy1ieHHST TMPKATHOTO PUTMY CHY i HECTIAaHHSI MO-
KyTh OYyTU BHYTPillIHiMU 200 30BHILIHIMU. BHYTpillIHi po3-
nany 3’ IBISI0ThCS, KOJANU 0i00TiYHUI TOOAMHHUK JIIOAUHUA
a00 3MillEHMIT 1IIOI0 HOPMHU, SIK TIPY 3aTPUMILi a00 3HAYHO-
My po3iani ¢a3 CHy i HeclmaHHsI, a00 HeperyJIIpHUA, SIK IpU
po3nami pUTMY CHY i HecllaHHsI, III0 He BimmoBizae 24-T1o-
NUHHOMY LUKITY. DaKTOpH CrOCOOY KUTTSI MOXYTb IPU3BO-
IWTU 10 30BHIIIHIX PO3JIafiB UMPKATHUX PUTMIB, TAKHMX SIK
po31aay Mpu MOo3MiHHiil poOOoTi a00 yepe3 3MiHY YaCOBUX
nosiciB [24]. Ilo3amiHHa po6oTa, 0COOIMBO HiYHA, 3 il BIUIU-
BOM CBIiTJIa BHOUi MOXe€ TTi/IBUIIYBaTH PU3UK OHKOJIOTTYHUX
3aXBOPIOBaHb, 3arOCTPIOBATU ITYHKOBO-KHUILIKOBI I ceplie-
BO-CYIMHHI 3aXBOPIOBaHHsI, YCKJIAHIOBATH BariTHICTS [13].
OTxe, Ha OB MaKpOCKoMiYHOMY piBHi aucbananc MEJI
MOe OyTH IIOB’sI3aHMI 3 «Ie(illUTOM TeMpPsIBU», a00 Bil-
CYTHICTIO TOCTaTHBOI BeUipHbOI TeMPSIBU, 1100 iHillitoBaTh
cekpellito HeiiporopMoHy emigizom [40]. [Tpermapatu MEJI
MOLIJTBHO BUKOPUCTOBYBATH 3 TEPATIEBTUYHOIO METOIO TIPU
BHYTPIIIIHIX i 30BHILIHIX MOPYIIEHHSIX LIUPKATHOTO PUTMY
cHy [24]. YucneHHi mocaimKeHHs I HAaCTAaHOBU IIPOITOHY-
10Tb MEJI K OCHOBHY Tepamito IS MOJIIIIEHHS CTaHy
300pOB’sI Ta CHY IIpU MO3MiHHIN po6oTi [53].

LnpkamHi pUTMU JTIOOAWHU 3aJieXXaTh Bill TPUBAJIOCTI
CBITJIOBOTO JIHs, Y TIEPIILY YEPry Bill OCBITJIEHOCTi, 0CO0IM-
BO Ha CBiTaHKY i B cyTiHKax [54]. BxxuBannst MEJI 3anexHo
BiJl yacy MpuiioMy MOXe MOJYJIOBATH LIUPKAAHUIN PUTM,
30KpeMa BUKJIMKATU MOTO BUIIEPEIKEHHS a00 3aTPUMKY.
Orxe, MEJI nae 6ararorpaHHi XpoHOOIOTUYHI PETy/IsITOPHI
edpextu. BxxuBanns MEJI nepen cHoM cripusi€ ImiaBUILEH-
Hio piBHsI MEJI BHOUI, 1110 TTiABUIIIYE 0i0JIOTIYHY CXMITBHICTD
1o cHy. Exzorennuit MEJI BriuBae Ha MT1 1 MT2, i posb
1IbOTO OIOTEHHOTO aMiHY SIK COMHOTEHY TIOJISITAE B MOJYJTIO-
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BaHHI (byHKIIIOHAJIILHOI aKTUBAIIil caMe X pelenTOPiB.
BcranosneHo, mo MT1 npurHiuye yHKIIIOHAJIbHY aK-
TUBHICTD HelipoHiB CX4 i TUM caMuM cripuse€ iHimiaii
CHY Yepe3 BUBIJIbHEHHSI CUCTeMHOTO eHaoreHHoro MEJI
[39]. MT2 Takox BruiuBae Ha CX4 i Binnosigae 3a 3MiHY
¢a3 cHy, 1110 JornomMarae npuB’s3aTu 10 dizionoriyHoOro
LIMKJTY «CBIiTJIO-TEMpsiBa» a00 CUHXPOHI3yBaTU 3 HUMMU L1~
pxagHuii put™. [1pogemoHcTpoBaHo, 1o npemapatu MEJI
e(eKTUBHO BIUIMBAIOTh Ha CKOPOYEHHS Yacy 3aCUHAHHS
[32]. lIpuznauenns MEJI y pi3nuit yac BizHOCHO IIpaBuja
«30JIOTOI CEpeIMHN CHY» CIIPUSIE 3MIllIEHHIO TOAWMHHUKA
opratisMmy moaunu [55]. Hanpuxkian, 0,5 i 3 Mr npenapaty
MEJI, BxuTi 3a 11 ron 10 «30J10TOI CEpeAMHU CHY», CTIPU-
YUHSIOTD 3CYB (Da3. Y 3B’3Ky 3 LIUM JIIOJIMHA TPOKUAAETHCS
paHile i BimuyBae coHnuBicTh. OOMABI 103U mpemnapaTy
MEJI, npuitHgaTi BpaHLi, TpUOGIU3HO Yepe3 6 TOd Iicas
«30JI0TOI CepeaHU CHY», BUKIMKAIOTh 3aTPUMKY (a3 CHY.
Coin 3a3HaunTH, 1m0 y Bunaakax BxkusaHHsg MEJI 3a 4 rox
IO «30JI0TOI CepeIHU CHY», TOOTO Iepes CHOM, HU3bKa
nmo3a 0,5 mr ipenapaty M EJI He 3Milllye mupKagHuii puT™,
toni sixk 3,0 mr MEJI Bukinukae 3arpumky as. Takuii pe-
KM JI03yBaHHS MOXe OyTU MTPUUYMHOIO MEePIOIUYHUX CKapT
Ha napaaoKcaabHUI BIUIMB BXWBaHHS npenapaTiB MEJI Ha
SIKiCTh cHY [40].

Huska nocinimkeHb miaTBepkyoTh Kopuctb MEJI mst
3MEHILIEHHS] HEraTUBHUX HACJIJKiB 3MiHU YaCOBUX MOSICiB
i IPUCKOPEHHST HOpMaJli3allii HUpKaaHUX PUTMIB. 30KpeMma,
Yy KOKPaHiBCbKOMY OIJISII Y I€B’SITU 3 AECSATH JOCHTIIKEHb
noka3aHo, 1110 MEJI e¢eKTUBHO 3MEHIIIYE CUMIITOMMU KET-
JIary B MaHJIPiBHUKIB, 0COOJIMBO MpU nomopoxkax Ha Cxif
abo yepes I’ aTh YacoBuX 1moscis [40, 56]. CrieuianbHi rmpo-
TOKOJIY 3MiHM (a3 miaTpuMyIoTh a3y CHY IIil 9ac Imoaopo-
JKeil yepes yacoBi rmosicu. TepaneBTUYHI 3aX01 BKJIIOYAIOTh
npu3HadeHHs nperapatiB MEJI, TouHo cuHXpoHi30BaHe
3 (hizioNOriYHUM LUKIIOM «CBIiTJIO-TeMpsiBa» [S7].

MEJI neBHUM YMHOM CTaB CUHOHIMOM CHY, OMHaK iHIIIi
KJIHIYHI miaxonu nependadyaroTh NepIoYeproBi BTpyyaHHsI
rnepea BUKOPUCTAHHSM Tperapary 1bOro HelpOropMoOHY.
Binomo, 110 nuchyHKIIOHATbHUI COH HE Ma€ BUKJIIOYHO
OJHOTO MeXxaHi3Mmy, a came 3HuxXeHHs piBHg MEJIL. Ilo-
TEHIIIAHO iCHYIOTh KiJIbKa MPUYNH, IesIKi 3 HUX abo BCi
BOHM MOXYTb BIJIuBaTH Ha piBeHb M EJI. Binomo, 1110 icHye
MOHAI BiciMAecAT IMPUYMH po3iamiB cHy [24], oTXe, IOB-
Ha OIliHKa i AiarHOCTHKA € BaXJIMBUMM JJIsI €(PEKTUBHOTO
nikyBaHHs. O1xe, kpiMm MC, COA Moxke 3Haf00MUTUCS JTi-
KyBaHHSI 3aXBOPIOBaHb, MOB’SI3aHUX i3 XpPOHIYHUM 3arlajieH-
HSIM HU3bKOI iHTeHCUBHOCTI To1110 [58, 59]. TopmMoHabHMIA
nucbaaHc, MOB’SI3aHUI 3 eCTpOoreHaMU, KOPTU30JI0OM Ta
IHCYJIIHOM, TaKOXX Ma€ BeJMKe 3HAYCHHS [IJIsT IOTO OLliIHKK
Ta BigmosinHoi kopekiii [60, 61]. Kpim Toro, Moxe icHyBa-
TH 3B’SI30K MiXK TOKCUHaMU1 HaBKOJIMIITHBOTO CEPEIOBUIIIA,
TaKMMH SIK BaXKi MeTaIu, i MOPyLIEHHIAMHU CHY [62].

Heo0xinHo 3abe3neunTtu ¢izionoriyHy TirieHy cHy,
MPAKTUKY 3A0POBOTO CMOCOOY KUTTS, Y TOMY YMCIIi yTPU-
MaHHS$ BiJl BXXMBaHHS TICUXOCTUMYJISITOPIB, a TAKOX PO3-
cJ1abJIeHHd 3a TOIOMOIOI0 pejlakcalliiiHUX MPakTHUK [63,
64]. 3 Touk¥ 30py XapuyBaHHS OL[iHKA CITOXXWBAHHS MaKpO-
eJIEeMEHTiB, 0COOJIMBO TpUNTOhaHBMICHUX JKepen Oinka
[65], a TakOX MiKpOeJeMeHTIiB, TAKMX SIK MarHiii [66, 67],
BiTaMid D i KanblIiii, Ma€ BeJIMKe 3HAYCHHS I 3a0e3IIe-

YeHHs 0i0XiMiYHOI OCHOBH, sSIKa CIIPUSITUME 3I0POBOMY CHY
[68]. OTxe, npenapatu M EJI moBMHHI BUKOPHCTOBYBATHUCS
IepeBaKHO B TMX BUMNAAKaX, KOJIU iHII JIIKyBaJIbHi 3aX011
BXX€ BITPOBAKEHI.

MEJI mae rinotepMiuHy it0, a 3HUKEHHS TeMIIepaTypu
TiJIa, SIK BiIOMO, CYMTPOBOIKYETHCS CHOMIMHUM edeKkToM
[39]. OTxe, ekzorennuit MEJI Moxe MaTu mpsiMuii BIUTUB
Ha sIKicTb cHy. MeTaaHai3 Bukopuctanas MEJI y nikyBaH-
Hi TepBUHHUX PO3JIaliB CHY IpoaHajidyBaB 19 nociimkeHb
3a yyacTio 1683 oci6. [TpogemMoHCcTpoBaHoO, 1110 TIpenapaT
MEIJI craTucTiYHO 3Havyllle BIUIMBAJIW Ha 3MEHILIEHHS Jia-
TEHTHOCTI Ta 301IbIIEHHS 3arajJbHOI TPUBAIOCTI CHY [69].

[IpoBeneHo MeTaaHasi3, METOIO SIKOTO OyJia OlliHKa J0-
Ka30Boi 0a3u TepaneBTUYHUX e(heKTiB ek3oreHHoro MEJI
y JiKyBaHHI IEPBUHHUX PO3JIAdiB CHY. 3arajioM OyJIo imeH-
tudikoBano 5030 mochimkeHb, 3 HUX 12 OyJ10 3ay4eHo 10
MeTaaHaJli3y Ha OCHOBi KpUTEpiiB BKIIIOUEHHSI: TIOIBiliHE a00
OJIMHApHE CJIiTe, paHI0Mi30BaHe Ta KOHTPOJIboBaHe. Pe3yiib-
TaTu MeTaaHaJli3iB IMoKa3aju, 1110 HaOLIbII MepeKOHIMBUMU
IoKa3aMu 3acTocyBaHHs ek3oreHHoro MEJI e [70, 71]:

— iHCOMHis: 1—3 MTr MeJIaTOHiHY 3 (DOPMYJIOIO ILIBUJI-
KOro BuBiIbHeHHs 3a 30 XB 10 CHy; MEJIaTOHIH 3 (hOpMYy-
JIOIO TIOBUJIBHOTO (KOHTPOJbOBAHOI'0) BUBIIbHEHHSI MOXE
BUKOPHCTOBYBATHCS TTPH MPoOIeMax 3 MiATPUMaHHSIM CHY;

— MEIJI 3 popMyJiol0 KOHTPOJILOBAHOTO BUBIJIBHEH-
H$I KOPMCHUIA 7151 3MEHILIEHHS Yacy 3aCMHaHHS, a TaKOX
30iIbIIIEHHS 3arajibHOI TpUBAJIOCTI cHY. [lepeBara uux rpe-
rnapariB IoJisirae B OUIbII TPUBAJIOMY MEpioi HamliBBUBE-
IIeHHS, 110 CIIPUSIE SIK iHilliamii, TaK i MITpUMIIi CHY;

— PperyJItoBaHHsI CHY B CJTIIUX JIIOZICH, SIKi 4acTo CTpaxk-
JIal0Th Bill pO3/Ia[iB PUTMY CHY i HECIIaHHSI, 1110 HEe OOMEXYy-
I0ThCS 24 TON;

— BiATBOpeHH:I (Pi3ioJIOriYHOro €HIOreHHOIO MaTepHY
CHY,

— 3arpumka ¢a3s CHY.

V nepexpecHOMY IDOCIiIKEHHI paHIOMi30BaHO 24 310-
POBUX 0COOU JIITHHOTO BiKY, siKi 32 30 XB 10 BUMKHEHHSI
CBiTJIa IBa THXKHI OTpUMYBaju Iuianedo, HU3bKy (0,3 mr)
abo Bucoky (5 mr) go3y nipenapaty MEJI. Bctanosneno,
o 0,3 mr MEJI cripustiv TeHIEHILIT 10 MiABUICHHS eeK-
TUBHOCTI cHY (sleep efficiency), omHaK y mijjoMmy 1e 0yio
roB’si3aHo 3 BruiiBoM MEJI Ha cOH ynpomoBX 6i0IoriyHOro
nHs1. Ha mporuBary upomy 5 Mr MEJI 3HauHO migBUIIyBaIu
e(eKTUBHICTb CHY SIK BlIeHb, TaK i BHOYi, TOJJTOBHUM YUHOM
3a paxyHOK 30iib1eHHs TpuBanocti REM-da3zu cHy [72].

MEJI BusiBUBCSI TIepCMEKTUBHUM Y JIiKYBaHHI ifgiorna-
TuyHOTO posiany REM-dasu cHy (isolated REM sleep
behavior disorder, iRBD), npoagpomansHOro 6iomapke-
pa xBopobu IlapkiHcona. Ilauientu 3 iRBD 306epiraioth
M’s130Buii ToHyc 1ig yac REM i MoXyTh po3irpyBatu cBoi
cHOoBUIiHHS. [TOBiTOMIISIETBCS, 1110 BXXKMBAHHS 2 MT Mpe-
napaty MEJI ynpomoBx I1ecTd Mics1iB y TOI caMuii yac
(mix 10-10 i 11-10 romMHaMu Be4opa) MPUBEJIO 10 3MEH-
LIeHHS BUpaxeHocTi cuMmnToMiB iRBD nipotsarom mepiix
YOTUPHOX TYKHIB JIiKyBaHHSI. Lle mmosinmenHs 36epiraaocs
MPOTSITOM Tiepiony crioctepexkeHHs 4,2 + 3,1 poky. Otxe,
TpuBaJje JIiKyBaHHS HU3bKMMU no3aMu npernapaty MEJI 3a
TOJMHHUKOBUM MEXaHi3MOM 3TiTHO 3 MPaBUJIOM «30JI0TOL
CepeIrHU CHY» BUSBWIOCH €(heKTUBHUM Y JIIKyBaHHi Ialli-
enriB 3 iRBD [73].
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ITponemMoHCTpOBAaHO, 110 TTPU3HAYEHHS TAIliEHTAM 3 ap-
TepiajibHOIO TinepTeHsieto i oxupinHsm 3 mr MEJI npotsi-
TOM YOTUPBOX THXKHIB CIPUSIIO 3HIKEHHIO MOKA3HUKIB
o(icHoro cucrosiuHoro i giacronaiunoro AT Ha 6,91 6,7 %
(p <0,05), a cepenHbOTOOOBUX CUCTOJIIYHOTO i AiaCTOiU-
Horo AT (3a manumu mo6oBoro MoHiTopyBaHHsI AT) — Ha
7,916,7 % (p < 0,05). Kpim TOro, Bin3HaYaJIuCch MO3UTHB-
Hi 3MiHM ITapaMeTpiB JIiIiZHOTO i BYIJIEBOMHOTO OOMiHY,
3HauyIle MOMIMIIEHHS Cy0’EKTUBHUX XapaKTePUCTUK CHY
i IMPKATHOIO PUTMY «COH-HECTIaHHS» TTOPSII 3 TTOJIITIIeH-
HSIM MOKAa3HMKIB IKOCTi XUTTs. OTKe, BXXuBaHHss MEJI
nauieHTamu 3 Al' Ta 0XXUPiHHSM 3 HOPYLIEHHSIMU CHY ITilT-
BUINYE ¢(PEKTUBHICTH TIITOTEeH3MBHOI Teparlii, IO3UTUBHO
BIUIMBA€E Ha IIIOKOMETA0OJIIuHI mapamMeTpu, cy0’eKTUBHE
OLIIHIOBAHHSI SIKOCTi CHY i IKOCTi XXUTTS [74].

[Ipermapatu MEJI BBaxatoTbcsl 6e3rneyHnuMu, 6e3 cep-
MO3HUX HACTIAKIB IJIs 3M0POB’Sl, OMHAK OMKUCAHO HU3KY
no6iyHux edekTiB [75]. HaiiOiib MomMpeHUMHU € T0-
JIOBHMI OiJib, COHJIMBICTh, IPUCKOPEHE CepLICOUTTS i OiIb
y 3KUBOTI [76].

Aeonicmu peyenmopie mesamoniny. ICHye Kiabka aro-
HicTtiB MEJI, sKi MOXYyTb BUSBUTHUCSI KOPUCHUMMU IJIST
JIiKyBaHHs Tpo6siem 3i cHoM. Pamenteon (Ramelteon) —
HecenekTuBHUM aroHict MT1 1 MT2, cxBajieHuii 10 3acTo-
CyBaHHS YTIpaBJIiHHSM i3 caHiTApHOTO HaIJISIAY 3a sIKic-
TIO Xap4yoBUX MPOAYKTiB i MenukaMeHTiB (Food and Drug
Administration, FDA) nist 1ikyBaHHSI iHCOMHIi B IOPOCITUX.
PamenTteoH — eauHuii mpenapar, iKWl He Ma€ MPSIMOTO
cemaTUBHOTO e(eKTy, ajie CTyMiHb Oro KIiHIYHOI KOPUCTIi
HeBenukuii [77]. Tazumenteon (Tasimelteon) — cenek-
TuBHUU aroHict MT1 i MT2 3 6inblIo10 CIOPiAHEHICTIO
no MT2. Tazumenteon cxBaneHuit FDA mist nikyBaHHS
Heli101000BOT0 po3jiaay CHY i HecriaHHs [78]. Aromera-
TiH (Agomelatinum) — aTUMOBUI aHTUACIIPECAHT, 110
HaifyacTillle BAKOPUCTOBYIOTh JUIsI JTiIKyBaHHSI BEJIMKOTO
NETPECUBHOTO PO3JIay i reHepaai30BaHOTO TPUBOXKHOTO
poznany [77].

Ha croronHi MenaToHiHepriyHi penapaTu oTpuMain
CXBaJICHHSI BUKJIFOUHO JIJIs JIIKyBaHHS iHCOMHI1, KOpeKIIil
HaCJIiIKiB 3MiHM YaCOBUX TOSICIB i Aenpecii, 1110 CynpoBO-
IDKYETBCS po3inagaMu cHy. OnHaK MeJaTOHIHepriuHa CH-
cTeMa MOTEHIITHO Ma€e TepareBTUYHI BJaCTUBOCTI 11100
HelipoJiereHepaTUBHUX 3aXBOPIOBaHb, IMMOCTTPaBMaTUY -
HOT'0 CTPECOBOTO pO3jaay, HEPBOBO-TICUXiYHUX poO3Jia-
IiB, IeMeHIlii, aBTOIMYHHUX, aJepTiYHUX 3aXBOPIOBaHb
Touo [44].

IlepopanbHuit MEJI € KkoMepliliHO JOCTYITHUM, OJ-
HaK 4epe3 CBill CTaTyC MiETUYHOIL J0OABKU HE PeTyIIOEThCS
FDA sik mikapcbKuii 3aci0 i, 0T>Ke, BUpOOHUIITBO Mpenapary
He BUMara€ JOTPMMaHHS CYBOPUX 3aXOJIiB OO0 SIKOCTI.
PesynbraTu aHanizy 31 KoMepuiiiHO JOCTYIMHOI Ti€TUYHOL
no0aBku BUSBUIU, 1110 BMicT MEJI 3HauHO KOIMBaBCS Bif,
8,3 mo 47,8 % Bin 3asBaeHoro [79]. Kpim Toro, 26 % mietnu-
HUX 100aBOK MIiCTUIM CEPOTOHIH, IKUM, K BiTOMO, MOXe
CTAaHOBUTH PU3UK I 300poB’s. lle He TMBHO, OCKiIbKI
BxkuBaHHsI MEJI, BiTHOCHO HeIOPOroi i JIErKOAOCTYIMHOI
IIETUYHOI 1OOABKU, CTAJIO 3BUYHUM SIBUILIEM. 3arajioMm 3a-
JMIOKYMEHTOBaHe 3pocTaHHsl BukopuctanHsi MEJI Buxkimu-
Ka€ 3aHEMOKOEHHS 111010 1ioro 6e3MeKu 4yepe3 BiICyTHICTh
peryJitoBaHHSI, 0COOJIMBO B KOHTEKCTi Bpa3JIMBUX IPyT Ha-

CeJICHHSI, TaKUX SIK IiTH abo JIOOU JIITHBOTO BiKy. OTKe,
npenapatu MEJI, iMoBipHO, cJ1il 3aCTOCOBYBATH JIUILIE i
Oe3rocepeaHiM KOHTpoeM Jikaps [41].

30inbiIeHHST TOTPeOU Y BUKOPUCTAHHI TperapariB
MEJI crioHyKajo 10 MoIyKy 0e3neyHux, aje eKOJOTriYHO
YUCTUX JiKapCchbKMX 3ac00iB. ICHYIOTH TTOTIEpeIHi MOBiIOM-
JIEHHSI, 1110 (biTOMeaTOHIH MOXe MaTu MepeBaru, MmoB’si-
3aHi 3 MOJIIIICHOI0 0i0TOCTYITHICTIO Ta e(PEeKTUBHICTIO.
OnHi€elo 3 yHiKaJbHUX 0COOJIMBOCTEN (piTOMEIaTOHIHY
€ Te, IO BiH 3yCTPIiYa€ThCsl B KOMILJICKCI 3 iHIIMMU O0-
MOMiIXXHUMU POCIMHHUMHU KoMIloHeHTaMu. [loka3aHo,
1110 3aIraTeHToBaHa (popMa (hiTOMeIaTOHIHY, BUTOTOBIEHA
3 mouepHu (Medicago sativa), xiopesnu (Chlorella vulgaris)
i pucy (Oryza sativa), MiCTUTb iHIII DITOHYTPiEHTH, TaKi
K xjopodin, 6eTa-KapoTuH, i3odiraBonu, Gitatu it ca-
noHiHu [80]. OmHieto 3 mepeBar (iToMeIaTOHIHY Hal
CUHTEe30BaHOI0 XiMiuHOIO crmoiaykoio MEJI € pizHoma-
HITHUI cKiaa QiToXiMiYHUX peYOBUH, 30KpeMa MPUCYT-
HIiCTh Y HE3HAUYHUX KiJIbKOCTSIX KapOTHUHOIMiB KCAHTOMIIY,
JIIOTETHY 1 3eaKCaHTUHY, SIKi KOHIIEHTPYIOThCS B 3aHil
MoBepxHi oka. JlocaiakeHHs MOKa3yloTh, 110 Lli POCIMHHI
CTOJYKU MOXYTb TOTTOMOTTHU 3aXUCTUTHU OYi, MOTJMHA-
ouM wiKinause cuHe cBiio [40]. OTxe, diTomenatoHiH
MocTavyae He TiJIbKM OionoriuHo ineHTnyHuii MEJI, ane
it poTo3axucHi cronyku, 1o 3abe3reuye rapMOHiHHUIA
OaraTodyHKIioHaabHU# minxin [80].

BucHoBkM

MenaToHiH € iIHTPUTYIOUOIO CITOJYKOIO, SIKa Ma€ ILIe-
MOTPOIMHY aKTUBHICTb i pearye Ha IIUKJI «CBITJIO-TEMPSIBa».
3 HayKOBOI TOYKY 30py MEJIATOHIH Ji€ SIK MOTYXKHUI aHTH -
OKCHUAHT, 3/IaTHUIA 1oJ1aTh reMaTtoeHledaniyuii 6ap’ep,
MPUTHIYYBaTU OKCUIAHTHUM CTpeC, XpOHiUHe 3aIajieHHs
HM3BKO1 iHTEHCUBHOCTI Ta B3a€EMOIISITU 3 MiKPOOioMOM
KHUILIEYHUKA. 3 KJIiHIYHOI TOYKHU 30py AucOaliaHC MeJlaTo-
HiHy MOXe BKa3yBaTu Ha «aediuuT rempsiBu». [1penapatu
MeJIaTOHIHY HEeIpaBUJIbHO TPAKTYyBaTU BUKIIIOYHO SIK JTi-
KapchKi 3ac00U IS MOJIILIeHHS Iepediry cHy. JloBeaeHo,
1110 HEHPOTOPMOH Ma€ CUCTEMHi e(DEeKTH 3aBISIKU CBOIM
MeXaHi3MaM [iii, 1110 B MiACYMKY Aa€ MOTEHIia IUIsl BILIMBY
Ha mepebir 6araTboX XpOHIYHIX 3aXBOPIOBAHb.

L{s1 KOHIIEIIisI 3aCIyrOBY€E Ha MOAJbIIE PeTeIbHE 10-
CJIiIKEHHS 1IIJISIXOM IIPOBEIeHHS paHIOMi30BaHUX KITiHi4-
HUX BUIIPOOYBaHb, 1100 Kpallle 3p03yMiTH BIJIMB Mejia-
TOHiHY Ha OpTaHi3M 4yepe3 CHOXMBaHHS 1Xi, BIUIMB I'eHiB
i pelenTopiB, a TAaKOX MeTabosi3M HeiiporopMoHy. Kpim
TOT0, HEOOXiIHI OifbLI MacIUTaOHi JOCIIKEHHS 3 IOBro-
CTPOKOBUMU pe3yJibTaTaMu, 11100 BUSHAUUTH, YU Oy[ie BU-
KOPUCTaHHS MeJIATOHIHY KOPUCHUM JIJIST TTOTYJISILIIT XBOPUX
Ha METa0OIIYHUI CUHAPOM 3arajaoM.

KondaikT inTepeciB. ABTOpU 3as1B/ISIIOTH ITPO BiICYTHICTh
KOH(DITIKTY iHTepeciB i BlacHOi (hiHaHCOBOI 3alliKaBJIEHOCTI
MPU MiATOTOBLI JaHOI CTATTi.

Indopmanisa npo dinancyBanus. CtaTTs MiAroTOBIIE-
Ha B paMKax OroakeTHoro ¢iHancyBaHHs MOH Ykpai-
HU 3a IJIJaHOM HayKOBO-IOCHiAHOI poboTu «Ocob0IMBOC-
Ti MaToreHesy, AiarHOCTUKM Ta JIiKyBaHHSI 3aXBOPIOBaHb
CepleBO-CYIMHHOI, TPaBHOI, EHIOKPUHHOI Ta JUXaJIbHOI
CHCTEM B KJIiHilli Ta eKCIepuMeHTi» Kadeapu eHI0KpU-
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Metabolic syndrome, dyssomnia,
and melatonin

Abstract. In recent years, there has been an interest in studying the
specifics of the relationships between metabolic syndrome (MetS),
sleep disorders and melatonin (MEL). Dyssomnia and insomnia are
important risk factors for insulin resistance, obesity, MetS, and type
2 diabetes mellitus with a degree of influence similar to traditional
factors. Thus, the treatment of dyssomnia is one of the key tasks in
the prevention and treatment of MetS. The regulation of sleep and
circadian rhythms by exogenous intervention (in particular, the use
of melatonergic drugs) is likely to play a central role in the preven-
tion and treatment of dyssomnia in MetS. MEL acts as a powerful
antioxidant that can cross the blood-brain barrier, suppress oxidative
stress, chronic inflammation, and interact with the gut microbiome.
From a clinical point of view, an imbalance of MEL may indicate
a “darkness deficit”. It has been proven that the neurohormone has
systemic effects due to its mechanisms of action, the potential to
influence the course of many chronic diseases. Currently, melato-
nergic drugs are approved exclusively for the treatment of insomnia,

jetlag, and depression accompanied by sleep disorders. However,
MEL potentially has therapeutic properties in the treatment of
neurodegenerative diseases, post-traumatic stress disorder, neuro-
psychiatric disorders, dementia, autoimmune and allergic diseases.
The increasing need for the use of MEL products has prompted the
search for safe but environmentally friendly medicines. It is reported
that phytomelatonin may have advantages related to improved bio-
availability and efficacy. The purpose of this review is to analyze the
specifics of the relationship between MetS, dyssomnia, and MEL.
The search was conducted in Scopus, Science Direct (from Else-
vier), and PubMed, including MEDLINE databases. The keywords
used were “metabolic syndrome”, “dyssomnia”, “insomnia”, “ob-
structive sleep apnea”, and “melatonin”. We conducted a manual
search of the bibliography of publications to identify research results
that were eluded during the online search.

Keywords: metabolic syndrome; social jetlag; dyssomnia; insomnia;
obstructive sleep apnea; melatonin; literature review
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Thyroid dysfunction
in the ageing patient

Abstract. Thyroid dysfunction is a common endocrine disorder in the general population, with a reported preva-
lence of 10—15 %. This rate is higher in older adults, with an estimated prevalence of 25 % in some populations.
Since elderly patients usually present more comorbidities than younger individuals, thyroid dysfunction may carry
a synergistic negative health impact, mainly due to increased cardiovascular disease risk. Thyroid dysfunction in
the elderly can be more difficult to diagnose due to its subtle or even asymptomatic clinical presentation, and the
interpretation of thyroid function tests may be affected by drugs that interfere with thyroid function or by the coexis-
tence of several diseases. Clinical experience shows that older people with hyperthyroidism display fewer signs or
symptoms compared to younger people with hyperthyroidism. Moreover, older people with normal thyroid function
tests have several clinical features of hypothyroidism. These observations suggest that there may be an age-related
resistance to the actions of thyroid hormones. Laboratory experiments have consistently documented an age-related
blunting of response to exogenously administered thyroid hormones. This resistance to thyroid hormones action
has been attributed to reduced cellular transport of thyroid hormones. In light of these observations, along with
epidemiologic studies, the diagnosis and treatment of thyroid disease in older people differ from the current treat-
ment guidelines of younger people with thyroid disease. It is noteworthy that the age-related resistance to thyroid
hormones is distinct from the congenital thyroid hormone resistance syndromes. This distinction is explained by
the age-related changes in pituitary responsiveness to the feedback inhibition by thyroid hormones and reduced
thyroid gland response to thyrotropin. The current evidence suggests that the age-related resistance to thyroid
hormones is an adaptive process to prolong life span. In this review article, we summarize the current knowledge
on the pathophysiology, diagnosis, and therapeutic management of thyroid dysfunction in elderly patients.

Keywords: subclinical hypothyroidism; overt hypothyroidism; hyperthyroidism; elderly; overtreatment; screening

Nowadays, people worldwide are living longer, and every
country in the world is experiencing growth in both the size
and the proportion of older persons. In line with this, by
2030, one in six people in the world will be aged 60 years
or over (more than 1.4 billion) and by 2050, people aged
60 years and older will double (2.1 billion expected). More-
over, the number of persons aged 80 years or older is expected
to triple between 2020 and 2050, reaching 426 million [1, 2].

Thyroid dysfunction is a common endocrine disorder in
the general population, with a reported prevalence of 10—
15 % [3]. However, this rate is even higher in older adults,
with an estimated prevalence of 25 % in some populations
|4, 5]. Factors involved in this increasing thyroid dysfunction
in elderly patients do not only include the well-described
age-dependent increase of thyroid stimulating hormone
(TSH), but also some other determinants, such as a higher

prevalence of autoimmune thyroiditis or autonomously func-
tioning thyroid nodules [6, 7]. Furthermore, other mecha-
nisms (e.g., inflammation, epigenetic changes, or gut dys-
biosis) may also play a significant role [8].

Elderly patients usually present more comorbidities
than younger individuals, and thyroid dysfunction may
carry a synergistic negative health impact, mainly due to
increased cardiovascular disease risk. Age may be conside-
red a decisive factor in the relationship between subclinical
hypothyroidism/hyperthyroidism and cardiovascular disease
risk [9, 10]. Thyroid dysfunction in the elderly can be more
difficult to diagnose due to its subtle or even asymptoma-
tic clinical presentation. In addition, the interpretation of
thyroid function tests may be affected by the use of drugs
that interfere with thyroid function or by the coexistence of
several diseases [11, 12].
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Subclinical hypothyroidism (defined as elevated concentra-
tions of TSH, along with normal values of free thyroxine) is
a highly prevalent condition in the elderly population, espe-
cially among females, with a reported prevalence of 18 % in
women older than 65 years [13]. The prevalence of this con-
dition in the general population is estimated to be 4—9 % [14].

Normal ageing is associated with physiologically increased
TSH concentrations [15]. A progressive increase in the 97.5
percentile of normal TSH serum levels with age has been de-
scribed and could be set in 5.9 and 7.5 mU/L for people aged
70—79 and > 80, respectively [16]. It has been estimated that
about 70 % of older adults with TSH levels > 4.5 mU/L are
within their age-specific reference range [15]. Using age-ad-
justed TSH ranges should be mandatory when evaluating
older patients, to avoid misdiagnosis [17]. It is important
to take into account that a considerable percentage of older
patients with subclinical hypothyroidism may revert to eu-
thyroid state spontaneously on repeating test; therefore, the
diagnosis of subclinical hypothyroidism should be based on
the confirmation on this condition [18]. The concomitant use
of drugs that potentially interfere with thyroid function testing
(e.g., anticonvulsants, iodine-containing drugs, heparin, or
non-steroidal anti-inflammatory drugs) should be assessed,
as they can lead to changes in thyroid state (including hypo-
thyroidism and hyperthyroidism) [11].

The postulated considerations for the treatment of sub-
clinical hypothyroidism in older patients are based on the
presence of symptoms and adverse health-related outcomes,
although some controversies and additional particularities
regarding levothyroxine treatment in the elderly should be
considered [19]. Potential symptoms related to hypothy-
roidism are usually non-specific and subtle in older indivi-
duals (fatigue or weakness); previous studies have shown no
differences with regard to hypothyroid symptoms between
older adults with and without subclinical hypothyroidism
[20], and treatment with levothyroxine in several randomized
controlled clinical trials did not improve these symptoms or
health-related quality of life [21]. No associations between
subclinical hypothyroidism and a decline in cognitive func-
tion, mood alterations or depression in older adults have
been found in a number of meta-analyses [22, 23]. Physical
function is not altered in older adults with subclinical hypo-
thyroidism [24]; mild elevations of TSH (< 7.0 mU/L) may
be associated with a slight functional improvement [25].

Despite initial studies raised concern about the relation-
ship between subclinical hypothyroidism and the potential
development of adverse cardiovascular outcomes, recent
prospective cohorts and meta-analyses have reported mixed
results [26]. An increased risk of heart failure has been ob-
served in elderly patients (70—79 years) with TSH levels
> 7.0 mU/L, or in older patients with TSH > 10.0 mU/L
[27]. Cardiovascular events different from heart failure (coro-
nary heart disease, stroke, and cardiovascular-related mor-
tality) or overall mortality were not higher in older patients
with subclinical hypothyroidism [28].

Randomized controlled trials did not show a significant
effect of levothyroxine therapy on the reduction of cardiovas-
cular events/mortality or the improvement of cardiac func-
tion in the elderly [29, 30]. In a data analysis from 6 prospec-
tive cohorts including more than 55,000 adult participants,

TSH concentrations > 10.0 mU/L were associated with an
increased risk for coronary heart disease independently of
age [31]. Some authors have suggested starting levothyro-
xine therapy in older adults (> 65—70 years) with TSH levels
>10.0 mU/L [32]. The increased risk of progression to overt
hypothyroidism in patients with subclinical hypothyroidism
and higher TSH concentrations may play a part in this deci-
sion [33]. Although adults with subclinical hypothyroidism
and positive anti-thyroid peroxidase antibodies have an in-
creased risk for the development of overt hypothyroidism,
antibody status in the elderly appears not to be associated
with more benefits following levothyroxine therapy [34].

The prevalence of overt primary hypothyroidism, defined as
elevated serum concentrations of TSH and low serum levels
of free thyroxine, is estimated to be 0.3 % in the general po-
pulation, although this percentage can be higher among older
subjects [35]. As the clinical presentation of overt hypothyroi-
dism in the elderly is usually less evident compared to younger
individuals, an accurate and early diagnosis is essential [36].

Untreated overt hypothyroidism is associated with ad-
verse health outcomes in the elderly population, including
a higher risk of hyperlipidemia, hypertension, cardiovas-
cular disease, or depression [37]. In a recent nationwide,
population-based, retrospective cohort study including more
than 2,000 patients aged > 65 years, hypothyroidism was
associated with increased all-cause mortality, and thyroxine
replacement therapy resulted in a lower risk of mortality [38].
In a meta-analysis of 4 prospective studies including 2,116
participants > 80 years (5 % with overt hypothyroidism),
overt thyroid dysfunction was not associated with disability
or impaired mental/physical performance, and there were no
differences with euthyroid subjects in terms of 5-year survival
[22]. Clinical significance of overt hypothyroidism in older
age groups might be limited, although further research is
warranted to confirm this hypothesis.

The benefits and risks of starting replacement therapy
with levothyroxine should be balanced in older adults, espe-
cially in the frail elderly, since overtreatment can result in an
increased risk of cardiovascular and skeletal side effects, as
well as a higher overall mortality [39].

In a community-based cohort from the Baltimore Longi-
tudinal Study of Aging, iatrogenic thyrotoxicosis was highly
prevalent and incident among the study population, with the
highest rates in women over 80 years [40]. In a case-control
study conducted in individuals > 65 years with subclinical
hypothyroidism (TSH levels < 10.0 mU/L), levothyroxine
therapy was associated with increased mortality, although the
mechanisms leading to this outcome remained unclear, since
the study did not include any information with regard to the
cause of mortality [41]. The calculation of lean body mass,
instead of total body weight, should be considered before the
initiation of levothyroxine therapy in older patients, since
it has been demonstrated to be a more accurate method to
individualize levothyroxine requirements in some popula-
tions. Thus, lean body mass is the best correlate of levothy-
roxine daily requirements [42]. The reduction in lean body
mass associated with age may result in a lower degradation
of levothyroxine in the elderly and, therefore, a decrease in
the daily requirements of this hormonal therapy may be ex-
pected. The frequent concomitant intake of medications that
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interfere with thyroid hormone metabolism (prednisolone,
carbamazepine, phenobarbital, amiodarone or tamoxifen) or
absorption (bisphosphonates, proton-pump inhibitors, fer-
rous sulfate) along with other medical conditions can make
the adjustment of levothyroxine therapy in this population
even more challenging [11].

Despite thyroid disorders, including hypothyroidism, are
highly prevalent in the elderly, there is a lack of consensus
with regard to the screening for thyroid dysfunction in this
population. Some guidelines recommend against screening of
thyroid function in non-pregnant asymptomatic adults [43],
while others suggest screening older patients [44]. The U.S.
Preventive Services Task Force concluded that, based on the
current knowledge, there is insufficient evidence to evaluate the
risk-benefit of screening for thyroid dysfunction in non-preg-
nant asymptomatic adults [45]. Different societies contemplate
that thyroid dysfunction should be considered a potential cause
of different non-specific signs and symptoms and also support
case finding in some scenarios (e.g., cardiovascular disease)
[46]. A high stability of thyroid function has been reported
among older subjects with euthyroidism; accordingly, repeating
thyroid function tests should be avoided among older indivi-
duals with a recent (within 5 years) normal result, as long as no
hypothyroidism-related signs or symptoms appear [47].

Although the daily oral intake of levothyroxine tablets
is the most common form of administration of replacement
therapy in patients with hypothyroidism, additional therapeu-
tic alternatives are available. Newly developed formulations,
such as liquid and soft gel levothyroxine, could become sui-
table options for older patients with swallowing difficulty, or
impaired gastrointestinal absorption due to different prevalent
clinical situations in this group (chronic atrophic gastritis and
achlorhydria, polypharmacy and related drug interactions)
[48]. Studies specifically conducted in the elderly are needed
to evaluate the feasibility of such options in this population. In
addition to this, alternative dosing schedules of levothyroxine
tablets may be taken into consideration for patients with dif-
ficulties in maintaining compliance of daily administration.

In this regard, twice-weekly regimens have been demon-
strated effective and safe in older adults [49]. Despite the fact
that once-weekly administration of levothyroxine has only
been tested in younger adults [50], the American Thyroid
Association (ATA) also recommends this dosing strategy in
the elderly presenting problems in maintaining a regular daily
schedule [51]. As an alternative, intramuscular levothyroxine
administration might be considered, although there is scarce
evidence available in this regard [52].

Primary hyperthyroidism is a frequent disease in the el-
derly population. The Third National Health and Nutrition
Examination Survey showed that the prevalence of TSH
levels < 0.4 mU/L was between 4 and 6 % in the 70—79 years
group, with a prevalence rate over 6 % in adults > 80 years
[35]. In another analysis including more than 5,000 parti-
cipants aged > 65 from the Atherosclerosis Risk in Commu-
nities study, the prevalence of overt and subclinical hyper-
thyroidism was 0.26 and 0.78 %, respectively, in untreated
participants, increasing this prevalence with age [4].

With regard to the different etiologies of hyperthyroidism,
toxic multinodular goiter (TMG) has been described as the
most common cause in older adults, followed by Graves’

disease [7]. lodine deficiency has been demonstrated to be an
important factor in the pathophysiology of TMG in the el-
derly population [53]. Additional causes of hyperthyroidism,
such as iatrogenic thyrotoxicosis, toxic adenoma or iodine-
induced thyrotoxicosis (e.g., due to the use of amiodarone),
should also be considered in this population [7].

Overt hyperthyroidism is associated with severe adverse
outcomes, such as cardiovascular disease, bone fragility and
increased fracture risk, cognitive impairment and increased
mortality [54]. Although clinical manifestations of the di-
sease are often milder in older patients, this population have
a greater risk of complications and adverse outcomes [55].
Therefore, appropriate treatment should be initiated in older
patients presenting overt hyperthyroidism.

There is wide agreement in treating persistently TSH
levels < 0.1 mU/L in subjects > 65 years [55], since a greater
risk of hyperthyroidism-related complications and progres-
sion to overt hyperthyroidism have been reported in subjects
with TSH levels < 0.1 mU/L compared to those with per-
sistent TSH levels between 0.1 and 0.4 mU/L. There is less
evidence supporting the treatment of subclinical hyperthy-
roidism in subjects with persistent TSH levels between 0.1
and 0.4 mU/L [56]. Some studies have revealed that even
mild subclinical hypothyroidism could entail a higher risk of
adverse outcomes in older patients, including cardiovascular
disease, bone fragility and overall mortality; treatment for
mild subclinical hyperthyroidism should also be considered
in this population [57].

Different therapeutic modalities are available for the
treatment of hyperthyroidism. On the one hand, the ATA
guidelines consider radioactive iodine (RAI) as an especially
suitable option for elderly patients, since TMG is the most
common cause of hyperthyroidism in this population, and a
high risk of relapse is observed following discontinuation of
antithyroid drugs (ATD) [55]. Some studies have shown that
long-term administration of ATD is effective and safe in pa-
tients with Graves’ disease and TMG, and therefore, medical
treatment might be maintained indefinitely [59]. This strate-
gy might entail a higher risk of adverse events in patients with
coexisting liver dysfunction/hematologic disorders.

Only a few studies have evaluated the impact of long-term
ATD therapy in the elderly population. Remarkably, in a re-
cent randomized trial, E Azizi et al. compared the safety and
efficacy of RAI versus long-term methimazole treatment in
patients > 65 years with grade 2 subclinical hyperthyroidism
(TSH levels < 0.1 mU/L) and nodular/diffuse goiter [58].
After 5 years, all patients in both groups attained euthyroidism
with a similar safety profile and overall costs, a finding that
suggests that ATD could be equally valid for the treatment
of subclinical hyperthyroidism in older adults. Further trials
including older participants with both overt and subclinical
hyperthyroidism are needed to confirm these results.

Although RAI or ATD are often preferred in older pa-
tients with hyperthyroidism, surgery may be chosen as the
first therapeutic option in patients with manifest compressive
symptoms or signs. Some large series of patients undergo-
ing thyroid surgery showed no differences in surgical out-
comes between older and younger patients [59], although it
is important to note that patients should be referred to high-
volume thyroid surgery centers to attain these positive results.
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It is recommended to outweigh the risks and benefits of this
procedure in elderly patients, and the presence of important
comorbidities or contraindications should also be carefully
assessed before surgery.

Amiodarone-induced thyroid dysfunction (including both
amiodarone-induced hypothyroidism and amiodarone-in-
duced thyrotoxicosis) is often observed in the elderly and
can be challenging for clinicians. This medication is widely
used in older adults, and this population can be particularly
susceptible to the effects of amiodarone. Amiodarone-in-
duced thyrotoxicosis has been associated with increased risk
for major cardiovascular events and mortality, especially in
older patients with left ventricular dysfunction. It should be
pointed out that amiodarone discontinuation is not required
in amiodarone-induced hypothyroidism, and patients can
be treated with levothyroxine if necessary [60]. Two types
of amiodarone-induced thyrotoxicosis can be found: type 1
(iodine-induced hyperthyroidism in patients with nodu-
lar goiter/latent Graves’ disease, which can be treated with
ATD) and type 2 (destructive thyroiditis, which should be
treated with oral glucocorticoids).

Conclusions

Thyroid dysfunction and thyroid nodules are prevalent
conditions among older adults, and their management may in-
clude some particularities in this population. These particula-
rities should be taken into consideration to avoid pathologizing
normal situations or futile treatments. Since different options
in the management of thyroid dysfunction may be available,
patient- and family-centered approaches should be prioritized,
with a careful evaluation of their preferences and personal cir-
cumstances. It is important to note that large-scale, long-term
randomized trials are needed in this population in order to deal
with some unsolved questions (e.g., the potential benefits of
screening for thyroid dysfunction in some patients, the mana-
gement of mild subclinical hyperthyroidism, the usefulness of
long-term treatment with ATD). Moreover, the term “elder-
ly” or “older adult” may include a wide range of age groups
and different health/functional status, which might result in
additional differences among the individuals included in this
definition. Therefore, future studies should also evaluate some
of these clinical problems in specific subpopulations.
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Binookumi O.B.", Bactok B.A., LUynik O.A.?

" BYKOBUHCBKN ASPXKABHUA MEANYHU YHIBEOCUTET, M. YepHIiBL, YkpQiHa
2 AbBIBCbK HALOHAABH MEANYHUA YHIBEPCUTET iMeHi AQHMAQ FQAMLIbKOrO, M. /\bBiB, YKpaiHa

MopyLweHHs QYHKLUIT LIUTONOAIGHOT 3aA03U
B OCi6 NMOXUAOrO BiKYy

Pesiome. Tuchynkuisa murononioHoi 3anosu (I3) — vyactuit
€HIOKPUHHUI po3j1a/ y 3arajibHili MOMyJsLii, MOIIUPEHICTh KO-
ro ctaHoBUTh 10—15 %. lleit MOKa3HUK BUIIMI Y JITHIX JIIOAEH:
3a OLIIHKaMU, MOUIUPEHICTh TUPEOITHUX TUCHYHKIIIN CTAHOBUTD
25 % y mesxux nomyasiisgx. OCKiIbKY Malli€HTA TTOXUIOTO BiKy
3a3BMYail MalOTh OiJIbllIE CYMYTHIX 3aXBOPIOBaHb, HixK JTIOAU MOJIOA-
moro BiKy, aucdyHkis L3 Moxke MaTh CHHEPTiYHWI HeTaTUBHU
BIUIMB Ha 37I0POB’sl, TOJIOBHUM YMHOM Yepe3 MiIBUILIEeHUI pU3NK
BUHUKHEHHS CEplLIeBO-CYAUHHUX 3aXBOpioBaHb. JuchyHKIlio
1113 B 0ocib moxuioro BiKy iHOMI BaxkKue AiarHOCTYBaTH BHACIIiTOK
HEBUpaXXeHOoi ab0 HaBiThb OE3CUMIITOMHOI KJIiHIYHOI KapTUHU, a
Ha iHTepripeTallito TecTiB ¢pyHKUioHANbHOTO cTany L3 MoXyTh
BIUIMHYTH iHIII TTpETapaTu 3a YMOB JIiKyBaHHSI KOMOPOiTHMX CTa-
HiB. KiHiuHUMI 1OCBiA MOKa3ye, 1110 JiTHI JIIOAM 3 TilepTUPEeO30M
MaloTh MEHIIIe 03HaK ab0o CUMIITOMIB MOPIBHSIHO 3 MOJIOAUMU
natieHTamu 3 rineptupeo3omM. Kpim Toro, B ocid moxuyioro Biky 3
HOpMaJIbHUMU TToKa3HuKaMu pyHKiIii 1113 criocTepiraloTbest Kiti-
HiYHi 03HaKU TinoTupeosy. Pe3ynsraTi 10CHiIKeHb CBiTUaTh Mpo
Te, 1110 MOX€ iCHYBaTH BiKOBa PE3MCTEHTHICTD 0 il TUPEOITHUX
ropMoHiB. ExcriepyuMeHTanbHi poOOTH BKa3ylOTh Ha IMOB’s13aHE 3

BiKOM 3HMKEHHSI peakliii Ha eK30reHHe BBeAeHHST ropMoHiB 1113.
Lo cTiliKicTh 10 [ii TUPEOiAHUX TOPMOHIB MOSICHIOIOTh iX 3HU-
>KEHUM KJIITUHHUM TpaHcropToM. EmigemiosoriyHi nociimkeH-
HS MTATBEPIKYIOTh, 1110 JiaTHOCTUKA Ta JIIKYBaHHS 3aXBOPIOBaHb
113 y niTHIX JI0Aei BiIpi3HSIOTHCS Bill MOTOYHMX PEKOMEHIALIIi
1IO/I0 JIIKyBaHHSI MOJIOAMX JIIOJel i3 TUPEOINHUMU 3aXBOPIOBaH -
Hamu. CIii 3a3HAYUTH, 10 BiKOBa PE3MCTEHTHICTh 10 TOPMOHIB
1113 BinpizHsIE€TbCS BiJ BPOIKEHUX CUHIPOMIB PE3UCTEHTHOCTI
10 TUPEOITHUX TOPMOHIB. LIsT BimMiHHICTb TTOSICHIOETHCS BiKOBH-
MM 3MiHaMU YyTJIMBOCTI Tinoisza A0 raJbMyBaHHSI TUPEOITHUMU
TOPMOHAMU 3a TMIPUHIIUIIOM 3BOPOTHOTO 3B’SI3KY i 3HUKEHHSIM
peakuii 1113 Ha TupeotponHuii ropmon. CyyacHi aHi cBinyaTh
PO Te, 1110 BiKOBA PE3UCTEHTHICTh 10 TopMoHiB LLL3 € amanTuBHUM
MPOLIECOM [JIs1 TTOIOBXXEHHS TPUBAIOCTI XKUTTS. Y 1l orIsia0-
Bilf CTaTTi y3arajJibHEeHi CyyacHi BiTOMOCTi 1110710 ratodiziosorii,
NiaTHOCTUKU Ta TeparieBTUYHOTO JIiKyBaHHS nucdyHkiii 3 y
MMali€HTIB TOXUJIOTO BiKY.

KirouoBi cioBa: cyOxmiHiuHMIA TiMOTUPEO3; ABHMIA TIMOTUPEO3;
TinepTUpeos; JIIOAN MOXWIOTO BiKy; HaAMipHE JIiKyBaHHS; CKpU-
HIiHT
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28 ntotoro 2024 poky sunosHuioca 80 pokis BuaaTHo-
My YKpaiHCbKOMY BYeHOMY, akagemiky Mukoni OMuTpoBudy
TpOHbBKY, AUPEKTOpY IHCTUTYTY eHaoKpUHONOrii Ta 06MiHYy pe-
4oBWH iMeHi B.I. KomicapeHka, 4neHy-kopecnoHgeHTy Haujo-
HamnbHOI akagemii Hayk, akagemiky HauioHanbHOi akagemii
Meou4HUX Hayk YKpainu, naypeaty [epxxaBHoi npemii Ykpainu
B ranysi HayKu 1 TEXHiKM, MOBHOMY KaBanepy opfeHa «3a 3a-
cnyru» — fAVHI, ka noegHana yHikanbHui 4OCBig HayKoBLS,
opraHizaTopa OXOpOoHW 3[0POB’sA, Nnegarora.

Mwukona OMUTpOBUY HAPOAMBCHA B POAMHI BiiCbKOBOrO fi-
kaps Ha Janekomy Cxopgi, Ae 6aTbko nicns 3akiH4eHHs Xapkis-
CbKOr0 MEeAM4YHOro iHCTUTYTY 6YB Ha BIMNCLKOBIN Cnyxo6i. Micns
HaB4aHHA B KNiBCbKOMY MeM4YHOMY iHCTUTYTi BCTYNMB A0 acni-
paHTypu B HaykoBO-AOCAIAHWI IHCTUTYT eHAOKPUHOSOTIi Ta 06-
MiHy peyoBuH. Y 1967-1982 pp. 6yB HayKOBUM CMiBPOBITHNKOM,
BYEHUM CekpeTapeM, 3acTyNHUKOM AupekTopa iHCTUTyTy. Mg
KepiBHMUTBOM akagemika B.N. KomicapeHka Mukona Omutpo-
BMY 3aXMCTUB KaHOMAATChbKY AMcepTaLito, NPpUCBAYEHy BUBYEH-
HIO MEeXaHi3MiB BMNMBY HOBOrO CUHTE30BaHOIO B IHCTUTYTI Npe-
napaty Ha CTaH HaAHMPKOBUX 3as103, YPaXKEHUX PakoM. 3rogomM
6yna i JOKTOpPCbKa, NpuUcBaYeHa 06MiHy CTEPOIAHMX FOPMOHIB.
I3 6epesHs 1986 poky Mukona OMUTPOBMY OYOMOE IHCTUTYT
E€HOOKPUHOSOrii Ta 06MiHy pe4oBuH iMeHi B.I1. KomicapeHka.

2019 poky B AnoHii akagemiky M.[. TpOHbKY ypo4ncTo
BPYYMIN MDKHApOAHY MemopiaribHy Mefarns MUpY iMeHi JOKTO-
pa Harai, akuii noctpaxaas Bif aTOMHOro anokanincucy 1945
poKy B XipocuMi 1 Haracaki, a TakoX nam’siTHy CKynbnTypHY
irypy Ha 4ecTb BMHaropogu. BiH cTaB nepLunm yKpaiHCbKMM
YHEHUM, YOOCTOEHUM OJHI€E 3 HAaMBULLMX Npemir AnoHii B ra-
ny3i pagiauinHoi meguumHn. Mpemisa 6yna npucymkeHa 3a Lk
POGIT, AKi NOrNMEMNM PO3yMiHHA PYHAAMEHTASIbHUX | NPpUKNag-
HWX acnekTiB y ranysi pagiauiiHoi eHOooKpuHonorii. ABTopuTeT
YHYEHOro HaCTiNbKM BUCOKUA, WO M.[. TpoHbKO ABidi OTpUMy-
BaB 3anpoLUeHHA BUCTYNUTK 3 [OMOBIAAMU Ha KOHpepeHLisx
y Wwra6-ksapTmpi OOH y Hbto-Mopky i 6araTbox kpaiHax CBiTy.

Akagemik Mukona OmuTtposu4 TpOHBKO 04ontoe AcouiaLlito
eHpoKpuHonorie YKpaiHu, 3pobus BaroMmnii 0COBUCTUIN BHECOK
Y CTaHOBJIEHHS | PO3BUTOK MEANYHOI HAYKWN | OXOPOHU 300POB’s
Ykpainu. ig oro KepiBHULUTBOM MigrotoBneHo 16 ookTopis
Mean4HuX Hayk i 15 Kangngatis MeamyHux Hayk. BiH € une-
HOM EBponencbKoi Ta AMEpUKaHCLKOI acoujiauin 3 BUBHEHHS
LlyKpOBOro fiabeTy, €BponenceKoi TMpeoigHoi acoujadii, rono-
BOO CreLiani3oBaHoi HayKoBOI paau i3 3axXucTy aucepTauin 3i
cneuianbHOCTi «EHOOKpUHONOris».

OpraHi3auiiHi 3gi6HOCTI 1 eHepris KepiBHUKA rapMOHIAHO
noegHaHi y M.[. TpoHbKa 3 negaroriYyHnum TanaHTom BUKMa-
[aya, HayKOBOI MpaLero BYEHOrO, BiH YNPOAOBX OEKiNbKOX

lOBiAei

Jubilee

DOI: https://doi.org/10.22141/2224-0721.20.2.2024.1377

Tpotsky = 80'

\‘ﬂeCﬂTVIJ'IITb‘SaBI,D,ye Kad)eﬂpOlO@HD,OKpMHOJ'IOFII HauioHanbHoro

LY
yHiBEpCUTETY oxopOHM 300poB’a Ykpainu imeHi IM.J1. LWWynuka.
BuxoBaHuji Ta NOCAIJOBHMKM BYEHOro — Lie hakTUYHO BCi Mi-
Kapi-eHOoKpUHooru Ykpainu.

Mwukona OMUTpoBUY — ronoBHUI peaakTop XypHany «EH-
OOKPUHONOTif», YneH pefakuinHux Konerin 6aratbox haxoBmx
Mean4YHMX BuAaHb, 3okpema «MiHapogHOro eHOoKPUHONO-
riYHOro XypHany». Y noro gopo6ky noHag 600 HaykoBux ny-
6nikauin, cepen SKUX cTaTTi B NPOBIOHMX CBITOBMX BUOAHHSIX,
30Kpema B XypHanax Science Ta Nature.

[MoegHytoum B CO6i TanaHT, po3yM, iHTENIFreHTHICTb, iHiLi-
aTMBHICTb, HAA3BMYaNHY NPaLbOBUTICTb, BUMOMUBICTb, BU-
TPUMKY, OBPOTY, Pi3HOGIYHY OCBIYEHICTb, 3pOGUBLLM BAroMui
BHECOK Y PO3BUTOK HU3KU BaXSIMBUX HANPSMKIB €HOOKPUHOMO-
rii, 3aCHyBaBLU/ HAYKOBY LLUKOMY, BifOMY Oaneko 3a Mexamu
Vkpainn, Mukona OMUTPOBKY | CbOroAHI Bifgae CBOK EHEprito,
3HaHH4A | 6aratui 4ocBif 651aropogHin cnpaei — NOBEPHEHHIO
300POB’A MOAMHI.

lOBinen B4eHoOro Takoro macwutady Ta pi3HOBIYHOCTI —
3HaKoBa Mofia He NuLle Ans HayKoBO-MeQU4HOro 3arany Ta
haxoBoi CMifibHOTN eHJOKPUHONOrIB, ane N Ang yciei BiT4ns-
HSAHOI HayKW.

Pedakyia «M/mapodﬂoao eﬁdo/(paﬂoaoamﬂoao XypHaAy» wupo eimae wawnosnozo MuxoAy Amumposusa
31 3HamenHoto damoto, 3udums oMYy MHO2AA Al mA noOarsUILX mMEopuUx 3Aemie!
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Comorbidity of Menetrier’s disease
and diabetes mellitus.
A clinical case

Abstract. We present a case report describing the diagnosis and management of a patient who presents with a rare
diagnosis of Menetrier's disease. This condition poses a diagnostic challenge to clinicians due to its nonspecific
clinical presentation and is oftentimes misdiagnosed for more common gastric disorders. Menetrier's disease is
characterized by gastric mucosal hypertrophy and subsequent protein loss, resulting in gastric symptoms and
widespread edema. While the etiology remains unclear, notable associations have been observed with Helicobacter
pylori infection and overexpression of transforming growth factor alpha. The management often involves supportive
measures with medical and surgical interventions for refractory cases and when necessary. This report includes
a comprehensive review of the literature on the clinical presentation, diagnostic approach, and management of
this rare disease. By documenting such cases in the medical literature, we aim to enhance the clinician’s ability
to recognize and manage this disorder, thereby preventing the development of more severe manifestations
such as diabetes mellitus. Menetrier's disease is a rare disorder that should be suspected in patients with upper
gastrointestinal complaints and hypertrophied gastric mucosa. With a rather broad differential diagnosis consisting
of Zollinger-Ellison syndrome, hypertrophic lymphocytic gastritis, hypertrophic hypersecretory gastropathy, gastric
adenocarcinoma, gastric polyps, infections such as histoplasmosis and tuberculosis, autoimmune-like inflammatory
conditions such as sarcoidosis, and more commonly, gastrointestinal disease, it is often overlooked in the diagnostic
workup. Therefore, it is crucial for clinicians to conduct a thorough evaluation and maintain a high clinical suspicion
when there is concurrent H.pylori infection and/or imaging findings suggestive of hypertrophied gastric mucosa to
avoid missing this disease.

Keywords: Menetrier's disease; diabetes mellitus; clinical case

Introduction

Menetrier’s disease is a rare acquired disorder of the
stomach associated with giant rugal folds involving the body
and fundus, hypochlorhydria or achlorhydria, excess gas-
tric mucus production, and hypoalbuminemia resulting
from gastric mucosal protein loss [1, 2]. Patients with Me-
netrier’s disease generally are men, diagnosed at a mean
age of 55 years with progressive and insidious symptoms of
abdominal pain, nausea, and vomiting, often with concomi-
tant peripheral edema resulting from severe protein-losing
enteropathy [3, 4]. In 1888, Pierre Ménétrier first described
the disease that bears his name. Many of the findings he
reported then remain accepted features of the disease [5, 6].

The disease is characterized by histologic features of mas-
sive foveolar hyperplasia, tortuosity and cystic dilation of
glands, smooth muscle hyperplasia, and atrophy of oxyntic
gland mucosa, with a marked reduction in the number of
parietal and chief cells [7, 8].

Although decreased gastric acid production is frequently
associated with this condition, serum gastrin levels remain
relatively normal [9].

The clinical description of Menetrier’s disease in the
current literature largely is limited to case reports and
case series, and the today understanding of the etiology
and epidemiology of this rare condition is unknown [3,
10, 11].
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The differential diagnosis for a clinical presentation
consistent with Menetrier’s disease includes signet ring cell
carcinoma, lymphoma, sarcoidosis, and linitis plastica, but
all of these can be excluded by clinicopathologic correla-
tion. In 1993, H.C. Wolfsen et al. [12] reported the patholo-
gic features of 23 cases of Menetrier’s disease diagnosed at
Mayo Clinic. Since this time, very few publications have
addressed the etiology or outcomes of this disease, with a lack
of data about the demographic characteristics or long-term
follow-up evaluation of patients with Menetrier’s disease.
Currently, there have been less than 1,000 reported cases of
this disease [1].

Its etiology is not known, although several childhood
cases have been associated with cytomegalovirus, which has
been characterized by an abrupt onset of symptoms, spon-
taneous and complete resolution, and evidence of acute and
convalescent titers for cytomegalovirus [13].

The clinical presentation is often nonspecific and can
resemble signs and symptoms of gastritis. However, the pro-
tein loss can cause widespread edema, providing a clearer
picture of Menetrier’s disease. A detrimental complication
of Menetrier’s disease is the evolution to gastric adenocarci-
noma. Because of the rarity of the disease and the often vague
clinical presentation, it is important for clinicians to conduct
a comprehensive diagnostic workup to prevent further harm
to the patient.

Clinical case

Patient D., 42 years old, complained about gnawing
pains in the epigastric area that become stronger after
eating, nausea, sometimes vomiting after eating, weight
loss. He considered himself sick for 8 years. Almost annual-
ly, he was treated on both outpatient and in-patient basis
in a district hospital for chronic gastritis with temporary
improvements. Diabetes mellitus was diagnosed 2 years ago.
The patient had a regular physique, height of 170 cm, body
weight of 64 kg. The skin and visible mucous membranes
were pale pink. Peripheral lymph nodes were not enlarged.
The tongue was wet, with a slight white coating. Abdo-
men of the correct configuration, soft, moderately painful
during palpation in the epigastric area. Blood pressure was
130/80 mm Hg.

Laboratory data. There were revealed: hypoalbumine-
mia — 28 g/l (normal 36.0—52.0), glucosuria — 5.2 mmol/I,
hyperglycemia — 8.0—12.3 mmol/I, glycated hemoglobin
6.5 % (normal is up to 6.0 %), blood C-peptide — 3.2 ng/ml
(normal 0.5—3.2 ng/ml). These results indicate the presence
of type 2 diabetes mellitus.

Instrumental data. X-ray of the stomach with double con-
trast: accumulation of thick tortuous folds protruding into
the lumen of the stomach (filling defects of irregular shape).
CT scan of the abdominal cavity: diffuse thickening of the
gastric walls without signs of lymphadenopathy. Esophago-
scopy: the folds of the gastric mucosa are thickened mainly
in the body of the organ, resembling cerebral convolutions.
Biopsy microscopy: hyperplasia of surface mucous cells and
glandular atrophy (reduction in the number of parietal and
chief cells), cystic dilatation of gastric pits.

Clinical diagnosis: Menetrier’s disease, type 2 diabetes
mellitus, mild form.

Since infection is considered as the main etiological fac-
tor of Menetrier’s disease [3], it can presumably be common
to the development of DM, because viral infections can be
among factors provoking its occurrence in case of genetic
predisposition [9].

The optimal method for treatment of Menetrier’s di-
sease is not defined. Surgery (gastric resection) is indi-
cated for gastric bleeding. The use of cetuximab, which
blocks the activity of transforming growth factor alpha
whose production is increased in patients, gives encoura-
ging results [10]. The patient is prescribed symptomatic
drugs, metformin 500 mg after dinner. Since Menetrier’s
disease refers to precancerous diseases, observation by
a family doctor, an esophagoscopist and an endocrinolo-
gist is recommended.

Discussion

Menetrier’s disease is a rare gastric disorder that causes
enlargement of gastric mucus-secreting cells with subsequent
atrophy of the acid-secreting glands. It is not well-docu-
mented, with less than 1,000 cases currently reported in the
literature [1]. The disease tends to affect males slightly more
often than females and typically presents between 30 and
60 years with an average age of 55 [2].

The clinical presentation of Menetrier’s disease is of-
ten nonspecific and can be misdiagnosed as other more
common abdominal diseases and disorders. Most indivi-
duals present with upper abdominal pain with and typical-
ly without nausea and vomiting. Often, the patients note
early satiety, most likely attributed to the increased gastric
surface area. The protein loss, specifically albumin, causes
a state of fluid extravasation in peripheral tissues, leading
to edema, most prominent in the lower extremities. Pa-
tients can also present with gastrointestinal bleeding [14].
There have been few reports of Menetrier’s presenting
with intussusception, causing small bowel obstruction
[15]. Although the disease is rarer in children, the pre-
sentation in this population often follows a transient viral
illness [16].

The diagnostic workup for Menetrier’s disease often be-
gins with a physical examination, medical history assess-
ment, and basic laboratory tests such as complete blood
count and comprehensive metabolic panel.

Imaging studies can be of many types, including a ra-
diological swallow with either barium or water-soluble con-
trast, allowing the radiologist to visualize the gastrointes-
tinal tract and detect any abnormalities in size and shape.
An esophagogastroduodenoscopy is widely used in gastro-
intestinal practice to grasp a better and more direct view
of the gastrointestinal lining in both the esophagus and the
stomach. CT scans and magnetic resonance imaging can be
used to evaluate gastric wall thickness as well as detect any
associated complications that can arise with Menetrier’s
such as gastric ulcers and even gastric carcinoma. These
images can also identify lymphadenopathy, which can be
a nonspecific finding or an early indication of carcinoma
development.

Biopsies are also taken with esophagogastroduodenosco-
py, allowing the pathologist to examine the tissue under the
microscope, aiding in the diagnosis.
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The management of Menetrier’s disease is largely sup-
portive with a focus on nutritional replenishment. Patients
are advised to follow a high-protein diet with frequent elec-
trolyte monitoring and supplementation as needed. In pa-
tients whose disease is refractory to medical management
or in patients with a risk of clinical deterioration, surgical
intervention is utilized. If the disease is localized to the an-
trum, partial gastric resection can be done; however, if it is
widespread, total gastrectomy is performed. Surgical inter-
vention also reduces the risk of gastric cancer development.

Menetrier’s disease is a chronic condition with rare
spontaneous regression and remission. Patient response to
symptomatic and supportive treatment varies. Although this
risk is low, frequent monitoring with annual endoscopies and
biopsies is recommended. Unfortunately, there is no known
cure for Menetrier’s disease, underscoring the importance of
close patient follow-up to monitor the disease and prevent
complications.

Conclusions

Menetrier’s disease (hyperplastic gastropathy) is a rare
illness of stomach, belonging to the group of precance-
rous diseases. It should be suspected in patients with upper
gastrointestinal complaints and hypertrophied gastric mu-
cosa. With a rather broad differential diagnosis consisting
of Zollinger-Ellison syndrome, hypertrophic lymphocytic
gastritis, hypertrophic hypersecretory gastropathy, gastric
adenocarcinoma, gastric polyps, infections such as histo-
plasmosis and tuberculosis, autoimmune-like inflammatory
conditions such as sarcoidosis, and more commonly, gas-
trointestinal disease, it is often overlooked in the diagnostic
workup. Consequently, such patients belong to the group
of systematic dispensary (X-ray laboratory) observation.
The combination with diabetes worsens the prognosis of
this pathology.
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BYKOBUHCHKA AEPIKABHUM MEANYHN YHIBEPCUTET, M. YepHiBLyj, YKpaiHO

Komop6iaHicTb xBOpo6u MeHeTpi€ i LLyKpOBOro Aiaberty.
KAiHiYHMI BUNOAOK

Pestome. TpeacraBieHo onuc AiarHOCTUKK Ta JIIKYBaHHSI Talli-
€HTa 3 PiIKicHOIO XBOpoOoio MeHetpie. Lleit cTaH € miarHOCTHY-
HOI0 TIPo0JIeMOI0 ISl KJTiHIIMCTIB yepe3 HecneludiuHi KIiHiuHi
MPOSIBY, Or0 4YacTO MOMUIKOBO MPUAMAIOTh 3a OLIbIL MOLIMPEHi
pO3JTaIn 1IITyHKa. XBopoba MeHeTpie XapaKTepu3yeThCsI TilepTpo-
i€ero caM30B0i 000I0HKH IILTYHKA Ta MMOJAIBIIIO0 BTPATOO OijKa,
10 MTPU3BOJUTH JI0 TOSIBU CUMIITOMIB 3 OOKY IITYHKOBO-KHUIITKO-
BOT'O TPAKTYy i FeHEPaTi30BaHOI0 HAOPSKY. X0uya eTioJorisi XBOPO-
OU 3aJTUIIIAETHCS HEe3 SICOBAHOIO, TIOMITHUI 3B’ 30K 3 iH(EKIIiEO
Helicobacter pylori i HanMipHOIO eKCTIpeci€0 TpaHC(HOPMYIOUOTO
(axTopa pocty anbda. JIikyBaHHSI 4acTO BKJIIOUYAE MiATPUMYIOUi
3aX0M 3 MEIUYHUMU U XipypriYHMMU BTpyYaHHSIMU B pedpak-
TEPHUX BUMAIKAX Ta 32 HEOOXiAHOCTI. Y cTaTTi HaBeeHUI OIS
JliTepaTypy MIOA0 KJIiHIYHUX TIPOSIBIB, MiarTHOCTUYHUX TTiIXO/iB
Ta JIiIKyBaHHSI IIbOTO PiAKiCHOrO 3aXBOpIOBaHHS. JIOKyMEHTYIOUN
TaKi BUNAAKU B MEAWYHIH JiTeparypi, MU IparHeMo MOKPAIIUTH
3MATHICTb KJIiHII[MCTA pO3Ii3HABaTU Ta KOHTPOJIIOBATH L€l pO3-

Jlaj1, 3arnodiraroum po3BUTKY OUIBII Cepilo3HUX MPOSIBIB, 30KpeMa
LIYKpOBOTO IiabeTy. XBopoba MeHeTpi€ € pigKiCHMM 3aXBOPIOBaH -
HSIM, SIKE CJIi/I 3aMiTo3pUTH B MAlli€EHTIB 3i cKapraMu Ha po3jaau
LUTYHKOBO-KHILIKOBOTO TPAKTY Ta MPH rirneprpodoBaHiil cin30Biit
o0oJstoHLI nutyHka. JudepeHuiitHy niarHocTUKy CJIiI TPOBOAUTH i3
cuHapomoMm 3ojutinrepa — Emticona, rineptpodiyHum TiMponm-
TapHUM TaCTPUTOM, TilepTPO(hiYHOIO riNMepCceKPEeTOPHOIO racTPoO-
TaTi€ro, aJleHOKapIMHOMOIO IIIJTYHKa, MOJliNaMu LUTyHKa, iH(peK-
uissMu (Ticroruiazmo3s i Ty0epKyJibo3), aBTOIMyHHUMMU 3arajibHu-
MM cTaHaMH (capkoino3). ToMy ST KIIHIIMCTIB yKpail BaXKJIUBO
peTebHO OOCTEXXUTHU TAallieHTa 32 YMOB CYMYTHbOI iH(eKIii, 110
BKazye Ha rineptpodoBaHy CIM30BY 00OJOHKY LIUTyHKA, 11100 He
MPOMYCTUTH 1Ie 3aXBOpIOBaHHs. Taki XBOpi Hajexarb 0 Tpynu
CHCTEMATUYHOTO IMCITAHCEPHOTO criocTepekeHHs. [loeqHaHHs
3 IlYKPOBUM JiaOETOM MOTipIIy€e MPOrHO3 i€l MaToJIOorii.
KimouoBi c10Ba: xsopo6a MeHeTpie; IyKpOBUA 1iabeT; KIiHiuHMiA
BUITaJI0K
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