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LLIaHOBHI YuTQuil

Hanepenonni 2025 poky AMeprKaHchbKa giabeTUuHa acolli-
allist ONPUITIOMHIIIA OHOBJIEHI CTAHAAPTH JIIKYBaHHST I[yKPOBOTO
niadety (LLJ), siKi po3rsiialoThesl SIK 30JI0TUI CTaHIAPT Hay-
KOBO OOTPYHTOBaHUX PEKOMEH/Ialliif CTOCOBHO AiarHOCTHKHM Ta
MEHEIKMEHTY JiabeTy Ta npeniadety. bazyiounch Ha cydacHUX
HAYKOBUMX JIOCJIIKEHHSIX 1 KIIHIYHUX BUITPOOYBaHHSIX, CTaH-
JIapTU MEAUYHOI JOMTOMOTHY MICTSITh CTpaTerii JiarHOCTUKM Ta
nikyBaHHs LI, nuisixu mpodilakTuku ado BiaATepMiHYBaHHS
LI/I Ta 1moB’s13aHKMX 3 HUM CYIYTHIX 3aXBOPIOBAHb.

PosrisiHeMo aesiki BaxJ1MBi OHOBJICHHSI CTAaHAAPTiB MEIUY-
Hoi noromoru Tipu aiadeti — 2025. PekoMeHIyeThCS pO3TIsi-
HYTU BUKOPHUCTAHHS 0€3MepepBHOrO MOHITOPUHTY TJIOKO3U
st nopocnux i3 LI 2-ro Tumny. Brepiire iforo 3acrocyBaHHs
peKoMeHIoBaHo JiosM 3 L] 2-To Ty, 30KpeMa TUM, XTO He
OTPUMYE iHCYJIiH. JloCTiIKEeHHS TOKa3YIOTh, 1110 BAKOPUCTaH-
HsT 6e3IepepBHOTO MOHITOPUHTY TJIIOKO3M MOXKE JOTIOMOTTH
3HU3UTU PU3UK CEPUO3HUX YCKIIATHEHb, BKIIOYHO 3 Aiade-
TUYHUM KETOALIMI030M, TSKKMMU BUIMAAKAMU TiMOIIiKeMii,
KOMAaTO3HUMU cTaHamu, NoB’ss3aHuMu 3 LIJ1, i rocmitanizarii
3 MPUBOY TillO- YU Tinepriaikemii.

AKIIEHTYETBCSI BAKOPMCTAHHSI CKPUHIHTY Ha OCHOBI aHTH -
TiJ st 6e3cumnroMHoro LI/ 1-ro Tuny y goaeii i3 poaMHHOIO
icTOpi€to 3aXBOPIOBaHHS 200 3 BiTOMUM T€HETUUHUM PU3UKOM.

HageneHi pekoMeHaallii 111010 JiIKyBaHHSI CT€aTO3y MeYviH-
KU, TTOB’SI3aHOTO 3 METa0O0JIIYHOIO TUC(HYHKITIEIO i3 TOMipHUM
a0o nporpecyouuM ¢Gidpo3oM TediHKU, 3 BUKOPUCTAHHSIM
0OeTa-aroHicTiB pelenTopiB TUPEOITHUX TOPMOHIB.

VY posaini npo xapuyBaHHSI AMepUKaHCbKa AiadeTUYHa
acolliallisl HaroJerauBo peKkomeHaye JoasaMm 3 L] nmutu Boxy
3aMiCTb COJIOAKMX a00 MiJICOJIOMKEHUX Ta30BaHUX HATIOIB JIs1
niaTpuMKu rigpaTauii. 'a3oBaHi HaMoi, HaBiTh AIETUYHI, MO-
KYTb CIIPUSITU TTOPYIICHHIO OOMiHY PEUOBMH Ta 30iTbIIICHHIO
Macu TiJia, [0 HeTaTUBHO TTO3HAYa€eThcss Ha KoHTpouri L.
Tomy 3aMicTh TOTrO, 11100 MOKJIaAaTUCS Ha KaJopiliHi abo He-
KaJIOpiliHi MiACOM0IXKyBayi, pPEKOMEHIYETHCS OOUPATU BOLY K
ONTUMAJIbHUI BapiaHT /UIsl BTAMYBaHHSI CITpar.

be3ymoBHO, Ha TiepLIKil TJIaH BUXOAUTD BaXJIUBICTb i/~
TPUMaHHS TICUXiYHOTO 310poB’st mroaeit 3 L.

PosristHeMo TakoxX iHINMI acTieKT eHIoKpuHoJoTi1. JIlikapi
JIOBOJIi YacTO 3aIlUTYIOTh, Y OE3MeYHO TTPU3HAYaTH arOHiCTH
peuenTtopiB riaokaroHonoaioHoro nentuay 1 (I'TITI-1) mami-
€HTaM i3 3aXBOPIOBAHHSIMM HIUTOIMOAIOHOI 3a1031 (Tirmo- 4u
rinepTupeos, By3JoBuii 300). Take 3aHEMTOKOEHHS OB’ SI3YIOTh
3 OIyOJIiKOBaHMMHU pe3yJbTaTaMU JOCITiIKeHb Ha TBapuHaX,
y IKUX OyJIO BUSIBJICHO 3B’SI30K MiXK BXKMBAHHSM LIUX JIiKiB Ta
aHOMaJIbHUMM 3MiHaM¥ B C-KJTITUHAX IIIUTOMOMIOHO1 3aJ1031.

Hacamnepen citin 3a3Ha4uTH, 11O MiABUIEHUN PU3UK PO3-
BUTKY paKy LIUTOIOAIOHOI 3271031 iCHYE B JIIOJEH 3 OOTSIKEHUM
aHaAMHE30M CTOCOBHO BUITAIKiB CUHAPOMY MHOKUHHOI €HI0-

kpuHHOI Heornaszii 2 (MEH2) a6o memymnsipHOi KapiimHOMU
mmTononioHoi 3ano3u (MKII3). MKII3 € nommpeHuM mpo-
ssBoM cuHIpomy MEH2 — reHeTnyHOro 3axBOproBaHHSI, SIKe
BpaXka€ eHIOKPUHHI 3aJI031 Ta MOXe CIIPUUMHUTHA PO3BUTOK
tupeoinHoi myxauHu. [Tpu nbomy MKII3 Tpamniserbes Heva-
CTO i CTAHOBUTB He Oijibliie HiX 3—35 % ycix BUIiB paKy IIUTO-
noai0HOI 3a1031. bisbIll mommMpeHi TUITU paky IUTONOAIOHOT
3aJ103U (MANISIPHUI, (DONIKYISIPHUI) HE € TPOTUTIOKA3aHHS -
MM J10 Tpu3HauYeHHs aroHictiB peuenTopin ['TITT-1.

Tomy mepen mpu3HAYEHHSIM LIMX TpernapaTiB BaXJIMBO
YTOUHUTH HasIBHICTh KOHKPETHOTO 3aXBOPIOBAHHST IITUTOTIOi0-
HOI 3aJI03U Y MallieHTa abo B 1Oro poaAMHHOMY aHaMHe3i. 3a-
XBOPIOBaHHSI IIIUTONOAIOHOT 3a/1031 B aHAMHe3i, SIK-0T XBopoba
I'peiiBca, aBTOIMYHHMI TUPEOIAUT, TIMOTUPEO3 3 MOTPeOOIO B
TMPUIOMi JIEBOTUPOKCHUHY, HE PO3IIISIAAIOTHCS SIK MPOTUITOKA-
3aHHS 10 BUKOpUCTaHHS aroHictiB peuenTopiB ['TITT-1. TTpu
LIbOMY CJIiJl 3Ba)KaTH Ha BCi PUBUKM i TIepeBary Mpru3HavYeHHS
npenaparis.

Jlo Toro x minBuiueHuit pusuk po3Butky MKIII3 He OyB
YiTKO MPOAEMOHCTPOBAHUIA HA JIIOAX MiJ Yac KJIiHIYHUX BU-
npoOyBaHb, a JIMIIE Ha TPU3yHaX. Y IPU3YHiB YacTillie pO3BU-
BA€ETBHCS paK IIMTOMOAIOHOT 31031 MiC/sl BILUIMBY aroHiCTiB
peuenropiB I'TITT-1, ocKiJIbKM BOHU MalOTh OiIbIIY KiJIbKiCTh
LIUX PEeLeNTOPiB Y KIITHUHAX IIIUTOINOAIOHOT 3a71031. Pu3nK po3-
BUTKY paKy IIMUTOINOAIOHOI 32J103U TaKOX 3aJI€XKUTh Bill 1O3U:
no3a aroHicrtiB peuenTopiB I'TII-1, sika BUKIMKaia MyXJIMHU
LIUTONOAIOHOT 321031 y TPU3YHiB, OyJsia y 8—60 pa3iB BUILIOI0,
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HiX 3a TpU3HAYCHHS 1IMX MIpEIapaTiB JoasM. TUM He MeHII,
ony061iKoBaHi nmosigomyieHHs nipo Bunanku MKI3 y mroneit
miciist mpuitomy arosictiB peuernropiB ['TITT-1.

[TankpeaTwT € 111e OMHUM 3aXBOPIOBAHHSIM, SIKe TTOTpeOye
PO3IJISIAY, KOJIM BUPIIIYEThCS MUTAHHS MPO MPU3HAYEHHS aro-
HictiB peuenrtopis ['TITT-1. Y gesgakux nociiikeHHSIX BCTAHOB-
JIEHO, 1110 1Ii TIpernapaTvi MOXYThb 30UIbIIUTHA PU3UK PO3BUTKY
MmaHKpeaTuTy. TOMy BaXKJIMBO 3HATU MPUYMHY BUHUKHEHHS
IMAHKPeaTUTy, TIepI HixX TPUAMATH PillIeHHST PO MTPU3HAYEeH-
H$ mpenapariB. SKIo maHKpeaTUT BUKJIMKAHWI BXUBAaHHSIM
aJIKOTOJTI0 200 TIPUITOMOM TIEBHMX JIiKiB, BUKOPUCTaHHSI aro-
HictiB peuenTopiB ['TITI-1 He pekoOMeHIy€EThCS.

IH1Ia cuTyalliss BUHUKAE MPU KOBYHOKAM sTHiiT XBOpPOOi.
3a YMOB HassBHOCTI 3aJJOKyMEHTOBAHOI iCTOpii MaHKpeaTUTy,
CIIPUYMHEHOTO XXOBYHOKAM STHOIO XBOPOOOIO, XOJICIIUCTEK-
TOMii CJIiJl pO3MJISIHYTH NIPU3HAYEHHS aroHiCTiB pelenTopiB
T'TITT-1 micyist CrijIbHOTO MPUMHSATTS PillIEHHS 3 MaLliEHTOM.
PexoMennallii He BU3HAYalOTh TaKi CTaHU, SIK KiCTU TiAILTYH-
KOBOI 3aJ1031 a00 pONMHHUI aHAMHE3 paKy MiAILTyHKOBOT
3aJI03H, K MPOTUIIOKA3aHHS 10 BUKOPUCTAHHS arOHiCTiB pe-
genropiB ['TIT-1. OgHaxk ciig mam’sitaTu, 100 Li MpernapaTu
MOXYTb ITOCHJINTA PO3BUTOK 3aXBOPIOBAHb (KOBYHOTO MiXypa.
Amnauniz 2022 poky B JAMA Internal Medicine, HanpukJa,
BUSIBUB, 1110 BUKOpUCTaHHS aroHicTiB peuientopis ['TITT-1 6yno
MOB’s13aHe 3 MIIBUIIEHUM PU3MKOM 3aXBOPIOBAHb KOBUHOTO
Mixypa abo >KOBYOBUBITHUX IISIXiB, OCOOJIMBO MPHU 3aCTOCY-
BaHHI Y BUCOKUX J103aX ITPOTSITOM TPUBAJIOTO Yacy.

SIK1o B aHaMHe3i HasiBHA )KOBYHOKaM siHa XBOopo0a, JTikapi
MOBMHHI MOBIIOMUTH MalliEHTAM, 1110 BAKOPUCTAHHS arOHICTiB
peuenTopiB I'TITT-1 Moxe 30i1bIIUTH KMOBIPHICTh BAHUKHEH -
HsI HanaaiB XBOpoou. XBopoOa XKOBYHOTO Mixypa caMa I1o cobi
HE € TIPOTUITOKA3aHHSIM, aJjie Y WX MMaLliEHTIB MOXe BUHUKHYTH
OibllIe YCKJIaAHEHb 3aXBOPIOBAHHS ITiJ1 Yac MPUAOMY aroHiCTiB
peuenropis I'TITT-1.

3a3Hauy, 1o aroHictiB peuentopiB ['TITT-1 MoxyTh npu-
3BOJUTH 10 3arOCTPEHHS iHIINX 3aXBOPIOBaHb, CEpel SIKUX
ractporiape3s i niaderuuyHa peruHomnartis. OCKiJIbKi BOHU MO-
JKYTb MOTIPIIMTH CTaH TaKUX XBOPUX, iX BAKOPUCTAHHS B Ta-
KMX BHUITaJKaxX He peKOMEHAYEeTbesd. KpiM Toro, HeIOUiIbHO
npusHayatu aroHictu peuenTopiB I'TITT-1 nauieHTam, y skux
€ 3a1opHu.

OTxe, He KOXHa JIIoJAMHA 3 HaJIMipHOIO Macolo Tija €
KaHIMIATOM Ha Npu3HayeHHs aroHicTiB peuenrtopis ['TITT-1.
Tomy BaxJivBa criBIpalis Jiikaps i naiieHTa. Baxinso ne-
peKOHATUCS, 1110 NaLliEHTH TOTOBI JOTPUMYBATUCS BiAIOBII-
HUX BKa3iBOK 1100 30POBOT0O XapuyBaHHSI il Yac MpuiioMy
JIiKiB, 30KpeMa OTPUMYBATU JOCTATHIO KiJIbKiCTh Oijika Ta
KJIITKOBUHU IJIs ITIATPUMKHY HOPMAJbHOTO BUITOPOXKHEHHS
KWIIEYHUKA.

Sk BimomMo, BUKopucTaHHs aroHictiB penenropiB ['TITT-1
Hajiae HabaraTo OiJibllle KOPUCTi, HiX MPOCTO 3HUKEHHS Macu
Tina. [103UTUBHUIT BIUIMB MOIIMPIOETHCS HA CEPLIEBO-CYIMHHE,
MeTaboJIiuHe Ta TICUXiYHe 300POB’s, TIPO SIKE YacTo 3a0yBalOTh,
KOJIM 30CEPEIKYIOThCSI BUKJIIOUHO Ha 3HAYEHHI iHIEKCY Macu
Tija.

HepnaBHi nociimkKeHHST TaKOX TMiAKPECIUIN 3HaUYHI T0B-
TOCTPOKOBI MepeBaru BUKOPUCTAHHS arOHICTiB peLIeNTOPiB
I'TITT-1, 30kpeMa MOMiTHE 3HUXXEHHS CEpPLEBO-CYIUHHUX
Mojiii, ceplLeBOi HEIOCTAaTHOCTI Ta 3aXBOploBaHb HUPOK. LIi
pe3ybTaTh MiAKPECTIO0Th X e(PEKTUBHICTD i Oe3MeKy He JIUIle

TUTSI TIKYBaHHST OXKUPIHHS, ajie i IJIsT IO HHST 3aTaTbHOTO
CTaHy 30pOB’sl, 0COOJIMBO B Ipynax BUCOKOI'O PU3UKY.

Bitauns unrayam 3 ropu Kopkosano B Pio-ge-2Kaneiipo,
Jie BUCOYI€ BiZloMa Ha yBech CBIT cratyst Xpucra-Criacures.
B nucromnanosi aHi 2024 poKy JIOACHKUIA MOTIK A0 LIbOTO 3Ha-
MEHHOTO MiCLIs OCOOJIMBO iIHTEHCUBHUI.

Ane Ha crioraa npuxoauTh guctonan 2008 poKy, KoM mo-
1IACTUJIO BIiepiiie moOyBaTu B bpa3uiii i mepenaTu BiTaHHS
IIAHOBHUM 4yuTayaM «MiXXHapOJHOTO €HIOKPUHOJIOTiYHOTO
KypHany» (Bumyck 6 y 2008 poui). Toai Takox GaraTo 1o Bu-
[JIa710 SIK B TYMaHi i 300pakeHHsI He MaJIO YiTKOCTi. Ajie MU
BipMJIM 11 BipUMO, 1110 SIK i3 Mpsiku BUprHae noctatb CuHa bo-
Koro Hazl 6eperom ATJIaHTUYHOTO oKeaHy B Pio-ne-2Kaneiipo,
TaK OXMBYTb 3a BCiMa TypOOTaMU, IEPEKMBAHHIMU i XBUITIO-
BaHHSIMU Hallli CMIOMiBAaHHS Ha Kpallle, Ha 100po, Ha I1acTsI.

I ocw moporoto 3 MaremraHoBoi MPOTOKHU Yepe3 16 pokiB
BUHUKJIA IaC/IMBA HAaroga — 3HOBY MOOYBATH Oisl MiTHIXXKS
CTaTyi, SIKa BilHECEHa 10 CEMU CYYACHUX UY/IEC CBIiTY, OIJISIHYTH
ii, MOAMBUTUCS 3 OIJISIIOBOrO MaiiJaHYMKa Ha YHiKaJIbHY IMaHO-
paMy MeraroJjicy Ta ioro oKeaHChKe Y30epexoKs.

CraTucTuka cBiguuTh, 1110 Topy KopkoBamo KOXHOTo
POKY BinBinye 1,8 MinbiioHa TOCTEil 3 Pi3HUX KYTOUKIB CBiTY.
Ha naniiit niaHeti He Opakye 4apiBHUX MicClb i yHiKaIbHUX
CIIOpY/, 30KpeMa i CyJacHMUX, Y SIKUX BTiJIeHi Halilep3HOBEH-
Hillli apXiTeKTYpHi 3alyMU, 3aCTOCOBaHi HalicyyacHillli MaTe-
piayiiv i TeXHiYHi pillleHHs. A OT JI0Jei 3aXOIUIIOE HE TiJIbKU
i He CTINIBKM 11 TPaHIiO3HICTh i MOHYMEHTAJIBHICTD. [X TIpH-
BOPOXY€E OJyXOTBOPEHICTb CTBOPEHUX JIOACBKUMU PYKaMH,
TaJIAHTOM, AYIIEI0 apXiTeKTyPHUX i CKYIBITYPHUX MaM’SITOK,
10 CTalOTh HieaeBpamu. [1lam’aTok Bipu i 11060Bi. CkynbnTypa
Xpucra-Crnacurens B Pio-ne-2KaHeiipo — 3 psiny yHiKaJIbHUX.
Lle cipaBXHE cydacHe 4yIO CBIiTY, IIJISIXM 10 STKOTO 3aBXKIU
bararomonHi. He ckynbntypa, a, 3maetbest, cam Icyc Xpucroc
HEeMOBOU 3ilIIIOB Ha 3eMJTI0, PO3MPOCTEp HAM JIIOAbMU CBOI
pPYKH, 6JIArOCIOBIISIIOUM 1€ MIiCTO, YBECH CBIT i KOKHOTO 3 Hac.

Mu npomraemocs 3 2024 pokoM, 1110 OyB ISl HAC CITOBHE-
HWI1 YeproBUX BUTIPOOYBaHb.

MuHae 111e oIUH PiK HeCKiHYeHHOI BiliHU. BiH He cTaB ne-
peJlaMHUM, ajie BCe XX TaKW 3JIMLIUTh CBiil citin B icropii. Hapasi
MUTaHHSI MOJISITA€ B TOMY, XTO, KOJIH i SIK CHOPMYITIOE IPUHLIUTTU
MaiiOyTHBOI IeONnOIITUIHOI CUCTeMMU. Bin 11bOro 3HauHOIO MipoI1O
3aJICKUTh He TUTBKY Hallla IepeMora, a i yCyHeHHsI MailOyTHiX
3arpos. Crapuii CBIiT 371amMaBcsl, TTOTPiOEH HOBUIA. 3 MOTJISIMY
TeOIOJITUKM PiK, IO 3aBEPIIYETHCS, MOXHA HA3BATH POKOM
PO3BISIHUX iJTk03ii1, HEBUNIPABAHUX OYiKYBAHb i HEPIIIYYMX Jji.

Hixto, kpiM Hac, He mojoJiae NUIIXy A0 nepemMoru. BoHa
MOX€ CTaTHCSl HACTYITHOIO POKY, a MOXe I Mi3Hilie. ToMy 110
B ITOBHOMY CEHCI MepeMorolo cTaHe HoBa YKpaiHa, oMpisiHa
Ta BilIHOBJIEHA.

Jltonu cnioniBaloThcsl HA TMBO B HOBOPIYHY Hi4, HEMOBOM
LISl HiY He Taka, sIK iHui. BoHa i1 HacripaBni He Taka, BOHa —
oco0ymBa. MU roBOpMMO OJIMH OJHOMY TEILIi cjioBa. | 31aeTh-
csl, 110 BCi MoOaXKaHHSI, sIKi MU TTPOTOJIOCUMO 1LIi€1 HOYi, HEO/I-
MiHHO 30yayThcsl. YCi MU TTparHeMo 1IACTsl, aike B HOBOPIUHY
HiY BOHO HAIlOBHIOE Hallli ceplisl, HiOU Lot 6anb3aMm,
BiraHsitouu OiJ1b po3uapyBaHb i BTpaT. LIporo it 6axato mupo
BCiM HamuM yutayaM y 2025 poui!

FonoBHuii pegakTop
npogpecop Bonognmup IeaHoBuy lNaHbkie MW
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Disorders of circadian rhythms of heart rate variability

in diabetic cardiac autonomic neuropathy:
mechanisms and consequences

Abstract. Abnormalities in heart rate variability (HRV) may increase the risk of cardiovascular disease over the
next six years from 4 to 10 %. It is reported that the probability of stroke or cardiac death can be immediately re-
duced by chronobiologically assessing HRV and optimizing timed treatment efficacy. Physiological cardiovascular
activities are under the control of the cardiac autonomic nervous system. Damage to the autonomic nerves results
in dysfunction in heart rate control and vascular dynamics, particularly in cardiac autonomic neuropathy (CAN).
Autonomic imbalance in the sympathetic (SNS) and parasympathetic nervous systems (PSNS) regulation of cardio-
vascular function contributes to metabolic abnormalities and significant morbidity and mortality for individuals with
diabetes mellitus (DM). Misalignment of circadian rhythms has been evidenced in patients with DM, and there is a
close relationship between alterations in neuroendocrine sleep architecture, circadian clock oscillations, glucose
metabolism, autonomic function, and diurnal profiles of blood pressure and heart rate. Metabolic syndrome, hyper-
tension, myocardial infarction, and DM are characterized by increased SNS activity and decreased PSNS activity.
However, type 2 DM patients had a decrease in both PSNS and SNS activity. It can be explained by type 2 DM,
which is a metabolic disease responsible for CAN that affects both sympathetic and parasympathetic fibers. The
purpose of this review was to discuss the current state of the problem of the relationship between DM and circadian
rhythm disorders, HRV. Particular attention is paid to the risk factors of diabetic CAN; insights into the mechanisms
of excess mortality associated with CAN; the pathogenesis of diabetic CAN; possible pathogenic pathways binding
CAN and atherosclerosis progression; genetic and epigenetic factors and CAN; DM and circadian rhythms of HRV;
diabetic CAN and circadian rhythm disorders. The search was conducted in Scopus, Science Direct (from Else-
vier), and PubMed, including MEDLINE databases. The keywords used were diabetes mellitus, cardiac autonomic
neuropathy, circadian rhythms, heart rate variability. A manual search of the bibliography of publications was used
to identify study results that could not be found during the online search.

Keywords: diabetes mellitus; cardiac autonomic neuropathy; circadian rhythms; heart rate variability; review

Introduction

A circadian rhythm is an oscillation of a physiological
process over a 24-h period. Many cardiovascular (CV) variab-
les, including heart rate (HR), heart rate variability (HRV),
ECG waveforms, and blood pressure (BP), demonstrate a
robust circadian rhythm [1]. Strictly speaking, an oscillation
is considered circadian only if it persists over 24 h of dark-
ness. Despite the lack of testing for cardiovascular variables
in many cases, we describe the oscillations as circadian due
to the widespread usage of this term [2]. Many cardiovascular

diseases (CVDs) vary in prevalence according to the time of
day, including myocardial infarction (MI), supraventricular/
ventricular arrhythmias, and sudden cardiac death [3, 4].
Circadian clocks, which drive day-night oscillations with
a free-running period of approximately 24 hours, control
circadian rhythms. Others have extensively characterized and
reviewed the molecular machinery of the circadian clock [5].
At its core is a negative feedback loop made up of four basic
helix-loop-helix transcription factors, also known as per-
arnt-sim domain transcription factors. These are CLOCK,
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BMALI, PER, and CRY3. In the nucleus, CLOCK and
BMALI1 work together as a heterodimer to bind to canoni-
cal enhancer or E-box regions in the promoters of the Per,
Cry, and Rev-erb genes. This starts the transcription of these
genes [6]. So, PER and CRY proteins slowly build up in the
cytoplasm. Then, they join forces to go back into the nucleus
and stop CLOCK/BMALI from starting the transcription of
the Per and Cry genes. At the same time, the accumulation of
REV-ERB suppresses the transcription of Clock and Bmall.
Together, this establishes a negative feedback loop. This full
cycle takes about 24 hours [4, 5].

Most mammalian cells contain circadian clocks. External
cues such as light synchronize the central circadian clock in
the suprachiasmatic nucleus in the hypothalamus with the
environment. Then, neurohumoral factors (such as auto-
nomic tone, body temperature, and glucocorticoid signaling)
bring clocks in peripheral tissues into sync with the central
clock [7]. The intact heart exhibits oscillations in the ex-
pression of core circadian clock genes, and these oscillations
persist in isolated cultured myocardial tissue and cardiomy-
ocytes [5]. The heart’s local clock controls up to 10 % of the
cardiac transcriptome. As a result, key processes in the heart
(including electrical excitability, signal transduction, and
metabolism) vary in a circadian manner [3, 4].

Continuous 24-h ECG recordings from healthy volun-
teers have shown a circadian rhythm in the ECG. The RR
interval increases at night, corresponding to a slowing of the
HR. This nocturnal bradycardia seems to be independent of
the nocturnal fall in BP. At night, there is also a lengthening
of the PQ interval, QRS duration, and both uncorrected and
corrected QT intervals [8]. This indicates slower atrioventri-
cular node conduction, His-Purkinje conduction, and ven-
tricular repolarization, respectively. Rodents display a similar
circadian rhythm in their ECGs. Therefore, we understand
the normal electrical properties of the sinus node, atrioven-
tricular node, and the His-circadian release of other neuro-
humoral factors, but the impact on the circadian rhythm in
HR remains unclear. Studies of day-night variations in HRV,
a widely used indirect measure of cardiac autonomic tone,
appear to support the role of autonomic tone [9].

But, studying the biophysics of HRV has shown that there
is an exponential relationship between HRV and HR. This
means that changes in HRV seen in people and rodents are
mostly caused by changes in HR [10]. Interestingly, direct
recordings of stellate ganglion nerve activity and vagal nerve
activity in an ambulatory dog model of heart failure show a
circadian rhythm in the sympathetic but not vagal tone of
the heart [11]. These studies suggest that circadian sympa-
thovagal balance may be largely due to diurnal fluctuations
in sympathetic tone. Catecholamine secretion from the ad-
renal medulla also exhibits a prominent circadian rhythm;
this may contribute to the circadian rhythm in HR [4, 12].
An alternative way to test the involvement of the autonomic
nervous system (ANS) is to block autonomic control of the
heart. The autonomic tone is the dominant mechanism by
which the suprachiasmatic nucleus drives circadian changes
in HR [3]. In their 2019 study, N. Black et al. suggest that
the ANS affects the circadian rhythm in HR by keeping the
local cardiac clock in sync to cause gene expression to change
during the day [3].

Risk factors of diabetic cardiac
autonomic neuropathy

Major risk factors of atherosclerosis include age, diabetes
mellitus (DM), high total cholesterol and low-density lipo-
protein cholesterol (LDL-C) levels, low levels of high-den-
sity lipoprotein cholesterol (HDL-C), arterial hypertension
(AH), tobacco smoke, obesity, and an inactive lifestyle [13].
Researchers also discovered that some of these factors serve
as risk markers for cardiac autonomic neuropathy (CAN).
M. Dafaalla et al. (2016) conducted a meta-analysis which
revealed a direct relationship between the risk of CAN deve-
lopment in type 1 DM (T1DM) and factors such as age, du-
ration of diabetes, glycated hemoglobin Alc level (HbAlc),
body mass index (BMI), serum triglycerides, AH, and inci-
dence of microvascular complications [14]. Similar findings
apply for CAN in type 2 DM (T2DM) [15]. Reduced HRV
(an indicator of CAN) in T2DM patients is also associated
with obesity and smoking. Poor glycemic control seems to be
a major risk for CAN progression in the diabetic patient [16,
17]. Many risk factors of atherosclerosis and diabetes CAN
overlap, especially in T2DM patients. Nevertheless, what is
the exact mechanism of CAN development? Is it only a result
of vasa nervorum ischemia, or do other pathogenic pathways
also take part [18, 19]?

Numerous prospective cohort studies have confirmed
the identification of hyperglycemia, hyperlipidemia, and AH
as the primary controllable risk factors for the progression
of diabetic CAN [20, 21]. Previous studies also found that
microvascular complications are the main risk factors for the
diabetic CAN process [4, 22]. Numerous factors contribute
to autonomic dysfunction in pre-diabetes and metabolic
syndrome (MetS), manifesting as parasympathetic depres-
sion and sympathetic overactivity or predominance. There
is evidence that when someone is insulin-resistant, their
sympathetic nervous system is overactive. This is because
insulin causes the sympathetic nervous system to activate
through peripheral and central mechanisms, as well as upre-
gulating chemoreflex. Obstructive sleep apnea (OSA) is often
linked to being overweight or having T2DM. It also raises
the chemoreflex, which leads to sympathetic hyperactivity
[23, 24]. In addition to OSA, other factors in MetS may also
cause autonomic dysfunction, potentially with a bidirectional
relationship [25, 26], and subsequently exacerbate metabolic
derangements at various levels [27, 28].

Insights into the mechanisms
of excess mortality associated with CAN
The mechanisms of this CAN-associated excess mortality
and morbidity remain mostly unknown. Several cardiovascu-
lar abnormalities have been found in association with CAN.
They can represent: 1) a form of morbidity in themselves,
such as silent myocardial ischemia; 2) a recognized risk factor
or marker for mortality or morbidity (resting tachycardia,
postural hypotension, QT interval prolongation, impairment
of baroreflex sensitivity (BRS), nondipping, reduced HRV);
3) a potential pathogenetic links between CAN and morta-
lity, such as an imbalance in sympathovagal activity, cardiac
sympathetic dysinnervation, reduction in the sympathetically
mediated vasodilatation of coronary vessels, dysregulation of
cerebral circulation, new mechanisms like increased arterial
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stiffness and coronary calcium content, or inflammation
[28, 29]. Finally, peripheral vascular function abnormalities
may exert a contributory role to diabetic foot complications.
Some of these abnormalities are established risk markers for
mortality and morbidity in diabetes [28, 29].

Pathogenesis of diabetic CAN

The exact cause of diabetic CAN is complicated and not
fully understood. Several molecular processes are at play,
such as high blood sugar, oxidative stress (OS), inflammation,
and endothelial dysfunction (ED) [20, 30]. These mecha-
nisms interact with each other, of which hyperglycemia is the
major pathological factor [28, 31]. Chronic hyperglycemia,
a result of worsening insulin resistance (IR), is a well-es-
tablished characteristic of T2DM [28]. Furthermore, the
increased expression of several inflammatory factors, in-
cluding tumor necrosis factor-a and interleukin-6, is closely
associated with IR [32]. Inflammatory cytokines also disrupt
insulin signaling, thereby contributing to IR [32]. Therefore,
IR can be involved in the diabetic CAN process via multiple
mechanisms. Y. Liu et al. (2021) showed that in addition to IR
reflected by fasting C-peptide, a computer version definitions
of the Homeostasis Model Assessment of IR (HOMA-IR)
and C-peptide index, two recognized factors independently
associated with diabetic CAN; namely age and duration of
diabetes, which is consistent with other studies [32]. Along
with IR shown by fasting C-peptide, HOMA-IR and fasting
C-peptide point to two known factors that are independent-
ly linked to diabetic CAN: age and time having diabetes,
which is in line with previous research [28]. It was surpri-
sing, though, that HOMA-IR wasn’t significantly linked to
diabetic CAN. Instead, it was found that as HOMA-IR went
up, so did diabetic CAN. This could be because the sample
size was too small to find a statistically significant link with
diabetic CAN after insulin-treated patients were taken out.
This could be because the sample size was too small to find
a statistically significant link with diabetic CAN after insu-
lin-treated patients were taken out [33]. Cohort studies have
confirmed the identification of hyperglycemia, hyperlipide-
mia, and AH as the primary controllable risk factors for the
progression of diabetic CAN [32].Y. Liu et al. (2021) showed
that the LDL level increased significantly with the progres-
sion of diabetic CAN. Diabetic CAN showed a correlation
with systolic blood pressure (SBP). However, the study did
not observe a correlation between diabetic CAN and serum
glucose. The present study, being a cross-sectional study that
monitored serum glucose at a specific time, may have failed
to reflect long-term fluctuations in serum glucose [32]. Pre-
vious studies also found that microvascular complications
are the main risk factors for the diabetic CAN process [20].
The relationship between diabetic chronic The present study
found a relationship between diabetic chronic kidney disease
and the progression of diabetic CAN, as well as a correlation
between indicators reflecting kidney function such as estima-
ted glomerular filtration rate, urinary albumin excretion rate,
and urine albumin-to-creatinine ratio association between
diabetic CAN and diabetic peripheral neuropathy or diabetic
retinopathy. These different conclusions might relate to the
various study populations, diagnostic criteria, and different
research methods; for instance, patients with proliferative dia-

betic retinopathy were not involved in the present study [32].
In addition to IR reflected by fasting C-peptide, HOMA-IR,
and fasting C-peptide point to two recognized factors that are
independently associated with diabetic CAN: age and diabe-
tic duration, which is consistent with previous studies [28].
However, it was unexpected that HOMA-IR was not signifi-
cantly correlated to diabetic CAN but was found to rise with
increasing HOMA-IR, possibly due to the sample size after
excluding the insulin-treated patients was too small to detect
a statistically significant association with diabetic CAN [33].

Possible pathogenic pathways binding
CAN and atherosclerosis progression

The relationship between CAN and atherosclerosis is well
known [18, 34]. The ANS regulates HR and vascular tone,
and its dysfunction may contribute to the development of
atherosclerosis and arterial stiffness in patients with diabetes
[35]. The SEARCH Cardiovascular Disease study suggested
that even young patients with T1DM may present with signs
of early autonomic dysfunction. Similarly, these subjects have
shown a relationship between CAN and arterial stiffness,
independent of other classic cardiovascular risk factors [36,
37]. However, we have not elucidated whether the presence
of CAN is associated with concomitant asymptomatic pe-
ripheral artery disease (aPAD) in patients diagnosed with
arterial stiffness. A study by L. Nattero-Chavez et al. (2019)
suggested that CAN might be linked to both peripheral arte-
rial stiffness (defined by an ankle-brachial index (ABI) > 1.2)
and the presence of aPAD at the same time [38]. L. Natte-
ro-Chavez et al. (2019) looked at the link between CAN and
arterial stiffness, which was defined as an ABI of 1.2 or more,
in people with T1DM while using vascular sonography to
thoroughly check for aPAD [38]. The authors hereby report
a relationship between cardiovascular autonomic dysfunc-
tion and peripheral artery compliance in young adults with
T1DM who maintain acceptable glycemic control. Authors
findings also show that the prevalence of CAN in patients
with arterial stiffness is threefold higher than in patients with
normal ABI values, with the highest prevalence in the sub-
set of patients with both arterial stiffness and concomitant
aPAD; in addition, this association persisted even after ad-
justments for the presence of other relevant cardiovascular
risk factors and aPAD. Furthermore, in a cohort of patients
with TIDM, peripheral arterial stiffness appears to foster the
association of cardiovascular autonomic dysautonomia and
atherosclerosis, suggesting another link between CAN and
cardiovascular morbidity. Mounting evidence from others
supports this dual pathogenic pathway from cardiac auto-
nomic dysfunction to arterial stiffness and atherosclerosis. It
seems that autonomic neuropathy is not only a microvascular
complication, but several pathophysiological mechanisms are
involved in its development [39, 40].

Genetic and epigenetic factors
and CAN

Recent genetic studies have pointed to possible mecha-
nisms that depend on inflammation, the immune system,
or lipid abnormalities instead of intravascular pathways that
control muscle contraction or mechanotransduction. It was
first found that a common genetic variation in a locus in the
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BCLI11B gene desert was linked to higher PWV in the Aorta-
Gen Consortium [41]. Examining the functional impact of
selected single-nucleotide polymorphisms provided further
evidence of the importance of common BCL11B gene desert
variants. Correlations between the BCL11B transcripts and
markers for activated lymphocytes suggest an immune-rela-
ted mechanism in arterial stiffening [42]. A single-nucleotide
polymorphism in the APOAS5 gene is linked to higher PWV
in people who have low HDL-C and low plasma adiponectin
levels. This is an independent predictor of AS in people with
T2DM or high blood pressure [43, 44].

Diabetes can cause or worsen neuropathy in many
people. Some of the genes that were linked to this were
ACE, MTHFR, GST, GLOI, APOE, TCF7L2, VEGF,
1L-4, GPX1, eNOS, ADRA2B, GFRA2, MIR146A, and
MIR128A [45]. Researchers focused some of their studies on
determining the correlation between gene polymorphism and
diabetic autonomic neuropathy. Examples of genes linked
to autonomic dysfunction include the antioxidant enzyme
glutathione S-transferase, the transcription factor TCF7L2
gene, and the ANS receptor alpha-2B-adrenergic receptor
[18]. The role of genetic predisposition is now gaining some
attention, given the finding of associations between CAN
and polymorphisms of genes encoding a few microRNAs,
i.e., MIR146a, MIR27a, and MIR499 [46]. MicroRNAs
are posttranscriptional regulators of gene expression, impli-
cated in various pathways and reported to be dysregulated
in diabetes and its complications. In an Italian cohort of
patients with T2DM, the C allele of the rs2910164 single
nucleotide polymorphism in MIR146A was associated with
a lower risk of developing CAN, whereas the variant allele of
the rs895819 SNP in MIR27A was associated with a higher
risk of developing early CAN [46]. Moreover, the analysis of
the rs3746444 SNP in the MIR499A gene revealed that the
MIR499A GG genotype, along with disease duration and
HbAlc, contributes to early CAN. The GG genotype and
disease duration are the main factors that contribute to the
severity of CAN [46]. It is interesting to observe that micro-
RNA-499 is preferentially expressed in the heart and areas
of the central autonomic network (nucleus ambiguous) and
is involved in both CVD and MetS/DM, as well as MIR499
polymorphisms that are in susceptibility to CVD [28, 46].
Within this theme, larger studies that evaluate the use of
genetic markers in the prevention, diagnosis, treatment, and
prognosis of the patient are still necessary [47].

Diabetes mellitus
and circadian rhythms of HRV

Adaptation to stress is characterized by an increase in
sympathetic activity and a decrease in parasympathetic acti-
vity, inducing a state of alertness [48]. Common diseases
such as obesity and MetS, M1 etc, are associated with a de-
crease in parasympathetic activity and an activation of sym-
pathetic activity [49].

HRYV reflects the changes in HR caused by fluctuations
in sympathetic and parasympathetic function under steady
conditions. Heart rate is never completely stable. Continuous
tonic, phasic, and transient external and internal stimuli of
multiple origins affect HR to a variable but measurable extent.
Five different mechanisms have been described: sympathetic

and parasympathetic efferences to the sinus node; neurohu-
moral influences (e.g., catecholamines, thyroid hormones);
stretch of the sinus node; changes in local temperature; ionic
changes in the sinus node. Under resting conditions, it can be
assumed that the short-term HRYV is essentially determined by
the first and third factors. The sympathetic and parasympa-
thetic stimuli directly influence HR and are responsible for a
physiologic variation in the HR, or HRV. The HRV can be
evaluated in the time and frequency domains [50, 51]. Time
domain measures of the normal R-R intervals include the
difference between the longest and shortest R-R intervals,
the standard deviation of 5-min average of normal R-R inter-
vals (SDANN), and the root-mean square of the difference
of successive R-R intervals (RMSSD). Longer recordings
(e.g., 24-h, classic 24-h Holter ECG) allow the calculation
of additional indices, as the number of instances per hour
in which two consecutive R-R intervals differ by more than
50 ms over 24 h (pNN50). Essentially, all these indices ex-
plore the parasympathetic activity [52, 53]. In the frequency
domain, the use of spectral analysis of R-R interval (and
other cardiovascular and respiratory signals) allows a precise
description of the different fluctuations. The components of
the HRYV obtained by spectral analysis provide information
about both the sympathetic and parasympathetic influences
on the heart. Based on studies using acceptable techniques,
there is evidence of reduced parasympathetic modulation of
HR in diabetes and also reduced modulation of SBP in the
low-frequency region [50, 51] particularly after sympathetic
stimulation in response to tilting, or in the microcirculation.
As most of the cardiovascular autonomic reflex tests (CARTS)
essentially explore the parasympathetic activity, there is no
other simple test of sympathetic activity capable of identi-
fying early (functional or anatomic) autonomic sympathetic
abnormality [54]. CARTs are considered the “gold” standard
for CAN testing. Impaired HRV time- and frequency-domain
indices have been reported in diabetic patients before CARTs
abnormalities arise. However, the few studies that assessed the
diagnostic accuracy against the reference standard of CARTs
found only fair results. Time- and frequency-domain analysis
of 24-h ECG recordings has documented an abnormal noc-
turnal sympathetic predominance in diabetic patients that
was linked to BP non-dipping. In obese patients weight loss
was associated with an improvement in global HRV and in
parasympathetic HRV indices [4, 55].

In this way, HRYV testing is a clinically relevant measure
in addition to CARTs and provides key information about
autonomic-parasympathetic and sympatheticmodulation
of the cardiovascular system. Analysis of HRV can be done
using statistical indices in the time and frequency domains.
Time-domain indices of global HRV and total spectral power
of HRYV represent the index of parasympathetic activity, as
well as the HRV spectral power in the high-frequency (HF)
region, while the relative proportion (not the absolute power)
in the low-freguency (LF) of HRV provides a relative mea-
sure of sympathetic modulation. This interpretation should
be made with cautions if respiratory artifacts (slow breaths)
cannot be excluded. Application of the technique is critically
dependent upon understanding of the underlying physiology,
the mathematical analyses used, and the many confounders
and possible technical artefacts [4].
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In early stages, CAN could be detected by decreased
HRYV with deep breathing, which implies parasympathetic
dysfunction in patients with T2DM [56]. F. Olivieri et al.
(2024) reported that HF power, as a direct measure of vagal
nerve integrity, was reduced in early CAN in patients with
T2DM [57]. Thus, frequency-domain measures of HRV
might be a diagnostic method to detect early CAN in patients
with T2DM [58]. Previous studies reported the associa-
tion between impaired HRV and CAN in patients with and
without TIDM and T2DM [4, 59].

The significant relationship between altered glucose
metabolism and HRV may explain the deleterious general
metabolic effects on both parasympathetic and sympathe-
tic activity [60, 61]. Interestingly, blood glucose levels were
associated with both an increase in LF (sympathetic) and
HF (parasympathetic), as well as standard deviation of all
normal RR (NN) intervals during a 24-h period (SDNN)
(sympathetic) and RMSSD (parasympathetic), which may
appear contradictory. In healthy individuals, parasympathe-
tic activity is triggered by an increase in blood glucose levels
through insulin responses [62].

Cardiovascular autonomic dysfunction results from da-
mage to the nerves and blood vessels innervating the heart
and can lead to dysfunctional HR control and abnormal vas-
cular dynamics. Cardiac autonomic dysfunction is a frequent
but underdiagnosed complication of T2DM that is associated
with arrhythmia, MI, and sudden cardiac death [16]. One of
the earliest subclinical manifestations of cardiac autonomic
dysfunction is reduction in HRV with parasympathetic loss
preceding sympathetic dysfunction [4, 63]. Compared with
their peers without DM, adolescents with T2DM have early
signs of cardiac and vascular abnormalities including left ven-
tricular hypertrophy and diastolic dysfunction as well as vas-
cular stiffness and thickness [64, 65]. However, cardiac auto-
nomic function and HRV have been evaluated less frequently
in young adults with youth-onset T2DM [66]. The SEARCH
for Diabetes in Youth (SEARCH) study found cardiac auto-
nomic dysfunction in 17 % of their cohort of young adults with
youth-onset T2DM (compared with a lean control group), a
higher prevalence than that seen in young adults with TIDM
(17 vs 12 %) [36]. However, SEARCH was not able to identify
risk factors associated with the presence of autonomic dysfunc-
tion, perhaps because of inadequate statistical power [64, 67].

Hyperglycemia is thought to be associated with abnor-
mal signaling of autonomic neurons via accumulation of ad-
vanced glycation end products, activation of polyol pathway,
and ischemia-induced atrophy of the autonomic nerve fibers
innervating the cardiac and vascular tissue. Both divisions of
the ANS are typically affected, with parasympathetic impair-
ment preceding the sympathetic dysfunction [68, 69]. Loss
of HRV is one of the earliest manifestations of this process.
In the Framingham Heart Study, HRV was found to be in-
versely associated with the risk of mortality [70]. Similarly,
the Atherosclerosis Risk In Communities study found de-
creased HRV was independently associated with the risk of
developing coronary heart disease [71].

Another convincing point is that the relationships bet-
ween HbAlc and HRV is logical. F. Li et al. (2023) demon-
strated that higher levels of HbAlc were associated with
shorter RR intervals, which were associated with an increased

risk of ventricular arrhythmias. There was also a tendency for
higher LF/HF ratio (i.e., decreased HRV) with higher levels
of HbAlc [72]. Furthermore, time from diagnosis of T2DM
was linked with a higher level of SDNN. J.-K. Chiang et al.
(2024) demonstrated a decreased SDNN in T2DM patients;
the meta-regression is not contradictory but may simply
highlight the fact that cardiac parasympathetic activity in
T2DM is affected before sympathetic activity. Time from
diagnosis of T2DM was also linked with a lower level of total
power, but not with LF and HF [73]. Thus T. Benichou et al.
(2018) can hypothesize that very low-frequency (VLF) could
be decreased in T2DM [62]. Despite few studies assessing
VLF in DM, interesting relationships were reported between
VLF and OSA in diabetics [74, 75].

Similarly, total cholesterol was associated with both an
increase in LF and HF, and HDL-C was associated with an
increase in SDNN and RMSSD [76]. Interestingly, some
studies showed that a decrease in LDL-C by statin thera-
py could improve HRV parameters [62]. T. Benichou et al.
(2018) demonstrated that an increase in SBP was linked with
shorter RR intervals and a decrease in HF [62]. Despite no
study previously assessing this relationship in DM, conflicting
results were reported in the general population, with either
high BP associated with an increase in all spectral parameters
[77], or a decrease in HRV [78]. It has also been suggested
that the decrease in autonomic nervous function precedes
the development of clinical AH [79]. Moreover, T. Benichou
et al. (2018) found a significant relationship between BMI and
HRV [62]. Such relationships have been either found [80, 81]
or not [82, 83]. However, the severity of obesity and related
diseases is not directly linked to the accumulation of total
body fat but rather to its distribution, and particularly to vis-
ceral localization [84]. HRV parameters have been previously
correlated with sagittal abdominal diameter, anterior forearm
skinfold thickness and waist hip ratio [62, 82].

Measuring HRYV is challenged by environmental noise,
mental stress, and physical activity during daytime [85].
Night-time HRV during sleep may be a more valid tool to
measure CAN and therefore may improve prediction of CV
events in low-risk people with T2DM [86]. Copenhagen
Holter Study included 678 community dwelling subjects aged
55—75 yrs who were free of previous CVD. Day- and night-
time HRV were available for 653 participants. The population
included 133 people with well-controlled T2DM and newly
recognized T2DM. Cardiovascular events were defined as
CV death, MI, stroke, or coronary revascularization. 24-h
HRYV was not associated with CV events, but with all-cause
mortality in people with T2DM. Conventional risk factors
had a receiver operating characteristic value of 0.704 (95%
CI10.602—0.806) to predict CV events in people with T2DM.
The prediction of CV events by conventional risk factors was
improved in people with T2DM by the addition of night-time
SDNN. Thus, reduced night-time HRV predicts increased
risk of CV events in people with well-controlled T2DM,
thus night-time HRV may add to traditional risk factors in
predicting CV events in people with T2DM [87].

In T2DM’s cardiac autonomic dysfunction, expressed as
reduced vagal activity, leads to HR acceleration and thus to
diastole shortening, but it seems that cardiac autonomic dys-
function may shorten diastole duration per se, independently
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of the effect on HR [88]. Since diastole duration influences
strongly subendocardial myocardial viability index, cardiac
autonomic dysfunction plays a primary role in addition to
arterial stiffness in the impairment of subendocardial myo-
cardial viability index and may thus worsen CV prognosis
[89]. S. Chorepsima et al. (2017) showed that beyond BP, im-
paired cardiac autonomic function assessed by determination
of HRV was a significant determinant of abnormal pulse wave
velocity (PWYV) in patients with T2DM [90]. Furthermore,
lower values of the frequency-dependent domains of the HRV
were independently associated with higher odds of abnormal
PWYV [91]. It has been shown that low HRV is associated with
increased mortality in patients with coronary heart disease or
DM. HRV is also a sensitive indicator of BRS control, spe-
cifically the vagal control [51]. Therefore, arterial stiffness
may affect BRS and thereby, HRV. Increased arterial stiffness
evaluated by PWV and/or ambulatory arterial stiffness index
has been associated with the presence of coronary atheroscle-
rosis and worse CV prognosis both in general population and
specific disease groups, including DM [92]. Decreased HRV
in the uncomplicated diabetes patients highlights the obscure
process of CAN in diabetic patients that begins even before
clinical atherosclerotic CVD’s becomes apparent [4, 93].

It has also been shown that surrogate atherosclerosis
markers were associated with lower HRYV, and increased
carotid intima media thickness in T2DM participants was
significantly associated with decreased HRYV, independent
from conventional CV risk factors. Therefore, the presence
of CAN should be considered much earlier in the course of
DM, rather than after the development of clinical CVD’s
(process of CAN in diabetic patients that begins even be-
fore clinical atherosclerotic CVD’s becomes apparent) [4,
94]. Thus, there is strong evidence of a decrease in HRV in
T2DM patients. Both sympathetic and parasympathetic ac-
tivities were decreased, which can be explained by the delete-
rious effects of altered glucose metabolism on HRV [62]. The
benefits of an HRV evaluation in assessing and monitoring
the severity of T2DM should be further studied, given its po-
tential as a noninvasive, reliable and pain free measurement.

Diabetic CAN
and circadian rhythm disorders

Cardiac autonomic neuropathy is a significant risk factor
for cardiovascular injury resulting in heart attack, conges-
tive heart failure, stroke and sudden arrhythmic death. This
issue is associated with myocardial structural remodeling
that follows AH, such as hypertrophy and fibrosis. This re-
modeling accompanies changes in expression, distribution,
and function of cell membrane ion channels, Ca*"-cycling
proteins, intercellular gap junction connexin-43 channels
and extracellular matrix composition [4, 95].

There is a lot of evidence that CAN plays a crucial role in
the pathogenesis of progressive vessel atherosclerosis [18, 38,
96]. Moreover, diabetic autonomic neuropathy is closely as-
sociated with subclinical myocardial dysfunction, interstitial
myocardial fibrosis, and metabolic changes [67]. Additional-
ly, CAN also significantly increases the incidence of CVD’s
and their related mortality [97]. However, the independent
relationship of CAN with the severity of coronary lesions in
T2DM patients has not been established [97, 98].

A new CVD’s risk factor, which could be more helpful
in terms of prognosis in particular, “syndrome of vascular
aging”, is needed and the possibility of its using is actively dis-
cussed. The results of several epidemiological studies reported
that increased arterial stiffness predicts mortality and mor-
bidity, independently of other CV risk factors. Additionally,
results from clinical studies have shown that arterial stiffness
increases with aging or several pathological conditions asso-
ciated with AH, MetS, chronic kidney disease, and DM [90].
Diabetes may increase arterial stiffness through pathological
changes in the vascular bed, such as changes in structure or
type of elastin and/or collagen in the arterial wall, chronic
low-grade inflammation, increased OS, reduced nitric oxide
bioavailability, increased activity of SNS [99, 100].

Cardiac autonomic dysfunction has been considered as
a significant risk factor in the acceleration of atherosclerosis
and serves as a trigger for cerebrovascular or CV events. The
pathophysiology of CAN is complex and involves the endo-
crine and vegetative nervous system with associated meta-
bolic, inflammatory and hemostatic abnormalities [101].
The pathophysiological link between autonomic dysfunction
and aortic stiffness and whether impaired cardiac autonomic
function induces the arterial stiffness or increased arterial
stiffness leads to autonomic function’s impairment remains
obscure. Both the arterial stiffness and cardiac autonomic
dysfunction share common pathogenetic pathways inclu-
ding chronic hyperglycemia and IR, formation of advanced
glycation end products and protein kinase C activation, low
grade-inflammation and ED [90]. Insulin resistance and
HI increase systemic metabolic disorders and activate the
SNS; then activate renin-angiotensin-aldosterone system;
prompt OS, mitochondrial dysfunction, and endoplasmic
reticulum stress; and impair Ca>* homeostasis. These effects
result in cardiac fibrosis, hypertrophy, cardiomyocyte death,
dysfunction of the coronary microcirculation, and eventually
heart failure [4, 102].

Conclusions

CAN is one of the underdiagnosed microvascular com-
plications of T2DM caused by hyperglycemia-induced
neuronal damage. The decline in HRV is seen even before
manifesting signs and symptoms of diabetic CAN. As a re-
sult, there is strong evidence of decreased HRV in T2DM
patients. HRV pattern analysis has the capacity to discover
autonomic imbalance in the preclinical and asymptomatic
stages. Both sympathetic and parasympathetic activity is
reduced in T2DM persons, which can be explained by the
negative effects of altered glucose metabolism on HRV. Arte-
rial stiffness may contribute to cardiovascular dysautonomia
by inducing baroreceptor dysfunction; conversely, CAN may
favor arterial stiffness by increasing HR and impairing arte-
rial wall elasticity. Both states may also develop in parallel
due to aging in the presence of hyperglycemia. The presence
of CAN should be evaluated considerably earlier in the DM
process, and reduced HRYV is the earliest sign of CAN. Im-
provement of HRV may allow guiding the patients toward
lifestyle changes and early management. Given its promise
as a noninvasive, reliable, and painless assessment, the bene-
fits of an HRV evaluation in diagnosing and monitoring the
severity of T2DM should be investigated further.
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2 MyKQuiBCbK AEPIXKABHUN YHiBEPCUTET, M. MyKayeBo, YkpaiHa

3 YOKropOAChKUA HQLIOHQABHWI YHIBEPCUTET, M. Y>KIropoa, YkpaiHa

MopyLUEeHHS LUPKAAHUX PUTMIB BAPIAGEAbHOCTI pUTMY cepus
npu Aia6eTnYHIN KApAIOAbHIN ABTOHOMHI HEeMponaTii:
MEXAHI3MM TA HACAIAKHU

Pe3stome. IMopyenns BapiabenbHocTi putMy cepiist (BPC) moxe
30UIBIINTU PU3UK CEPLIEBO-CYIUHHUX 3aXBOPIOBaHb MPOTSATOM
HACTYITHUX 1iecTu pokiB Big 4 mo 100 %. [MoBimomisieThes, 1110
xpoHoOiosioriyHa oniHka BPC Ta cBoeuacHa onTumizaiist Ji-
KyBaHHSI 103BOJISIIOTh 3MEHILUTU PU3MK iHCYJIBTY ab0 CeplieBOi
cMepti. DizionoriyHa ceplLeBO-CyAMHHA TisNIbHICT 3HAXOAUTHCS
i KOHTPOJIEM BereTaTMBHOI HEPBOBOI cucTeMu. [lomKomKeHHS
BereTaTMBHUX HEPBiB BUKJIMKAE MOPYLIEHHSI KOHTPOJIIO YaCTOTH
CeplLeBUX CKOPOYEHbD i CyTIMHHOI IMHAMIKH, OCOOJIMBO IPU Kapi-
aJbHill aBTOHOMHIi1 Heiiponartii (KAH). BereratusHuit nucbananc
y peryJsiii ceprieBo-cynuHHol ¢yHkuii cumnarnyHoro (CHC) ta
napacuMIaTUIHo0 HepBoBoio cuctemoro (ITCHC) npu3BoauTs 10
MeTa0OTiYHUX MOPYILEHb | 3HAYHOI 3aXBOPIOBAHOCTI if CMEPTHOCTI
cepen ocib i3 imykpoBuM giaderom (11J1). Y HUX BUSIBISIIOTH HOPY-
IIeHHST UMPKATHUX pUTMIB. ICHY€E TiCHUMIA 3B’SI30K MiXX 3MiHAMU
HENPOeHIOKPUHHOI apXiTeKTYpH CHY, KOJMBaHHSIMU 0i0JIOTiYHOTO
TroAMHHMKA, METa00J1i3MOM IJIIOKO3U, BereTaTUBHOIO (DYHKIIi€IO Ta
JI0O0BUMM TTPOMITISIMU apTepiaIbHOTO TUCKY I YaCTOTU CEepPLIEBUX
CKOpoueHb. MeTabosiyHui CUHIPOM, apTepiaibHa rinepTreH3is, iH-
dapkT miokapaa Ta LI/ xapakTepu3yloThesl MiABUILIEHOO aKTUBHIC-
TI0 CHC i 3Hmxenoro — [ICHC. Ognak y xBopux Ha LIJI 2-ro Tumy

criocrepiraerbes 3HMKeHHs akTuBHOCTI sIK [ICHC, tak i CHC.
Lle MoxHa MosicHUTU TUM, 1o LI 2-ro Tumy € MeTaboJiYHUM
3aXBOPIOBaHHSM, sike cnipuunHsie KAH, Bpaxkaiouu cuMmmaTuuHi
1 MapacUMITaTUYHI BOJIOKHA. MeTOoI0 1IbOTO OTJIsiAy OYJI0 00roBO-
PEHHSI Cy4aCHOTI'O CTaHy IpobsieMu B3aeM03B’s13Ky L1/1 i mopyiiieHb
unpkanHoro putMmy, BPC. OcobnuBy yBary mpumisieHo (akrtopam
pusuKy niadbetnaHoi KAH; MexaHi3maM 30iIbIIIEHHSI CMEPTHOCTI,
noB’s13aHoi 3 KAH; natorenesy miabetnunoi KAH; MoxiuBum
MaTOreHETUYHUM ILIsIXaM, 1110 1moB’si3yioth KAH Ta mporpecyBaH-
HSI aT€POCKIIEPO3Y; TCHETUYHUM, eTIITeHETUIHIUM OCOOJTMBOCTSIM i
KAH; LI/I Ta uupkanaum putMam BPC; niabetnuniii KAH i mopy-
meHHsIM upkagHoro putMmy BPC. IMomryk mpoBonuBcs B Scopus,
Science Direct (Bim Elsevier) i PubMed, BkiitouHO 3 6a3amMu qaHWX
MEDLINE. BukopucrtaHi KJII0UOBi C10Ba «IIYKPOBUIA diabeT»,
«KapHiaJbHa aBTOHOMHA HEMPOTIATisl», «[IUPKaIHI pUTMU», «Bapia-
OeTbHICTD pUTMY ceplis». [1y1st BUSIBIICHHSI pe3y/IbTaTiB TOCIiTKEHb,
SIKi He BAAJIOCSI 3HAMTH il Yac OHJIAH-TIOLIYKY, BAKOPUCTOBYBAaB-
csl pyYHMIt motryK 6i6tiorpadii myoJrikarriii.

KorouoBi ci10Ba: nykposuii 1iaGer; KapaiajibHa aBTOHOMHA HEii-
pormnarisi; HMpKaaHi pUTMU; BapiabeJbHICTh PUTMY CepLis; OIS
JIiTepatypu
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PoAb L-apriHiHy B NATOAOrYHUX NpoLecax
npu LyYyKpoBoMY Aiaberi

Pe3tome. L-apriHiH — ymMOBHO-He3aMiHHa aMiHOKUCIOTA, LO € KITITUHHUM PEeryasiTopoM 6araTboX XUTTEBO BaX-
TMBuX QhyHKUIVi opraHiamy. CTPYKTYypa MOSIEKYn apriHiHy 3yMOBJTOE MOro y4acTb Y BESMKIV KiTbKOCTI KITITUHHNX
npoyecis. BiH 3Haxo[auTbCcs B aKTUBHUX JiNsiHKax 6aratbox 6iKiB i 6epe yHacTb y perynsyii ToHycy rnagkom s30-
BOIro KOMIMOHEHTA CTIHKW CYAWH (3HWKEHHST apTepiaribHOro TUCKY), OPOHXIB, KMLLEYHMKA. L-apriHiH € cybcTpaTtom
Ans cuHtasun okengy asoty (NOS), sika Bignosigae 3a npoaykuito okengy asoty (NO), wo yTBoproeTbcsl B eHgoTeii
cyamH. L-apriHiH Mae Bucokuii npioputeT y npogykuii NO i, oTxe, y gbisionorii cepLieBo-cyanHHOI Ta LiepebpoBacKy-
nspHoi cuctem. Perynsuis 6iogoctynHocti NO Mae Beske 3Ha4eHHs 47151 PO3PO6KU HOBUX CTPATEriV NiKyBaHHS
baratbox 3axsoproBaHb. [enani 6inbLue KAiHiYHUX gaHux cBig4atb, Lo Xap4oBi jobaBku 3 L-apriHiHoM MOXYyTb
3MEHLLIYBaTU OXWPIHHS, OKUCHIOBAITbHUU CTPeC, HopMariidyBatuy eHgoTesianbHy ANCPYHKLI0, BUKITMKATU PEMICIO
rpv giabeti 2-ro Tury. L-apriHiH Moxe MofytoBaTv roMeocTas r/iloko3u, CTUMYIIOBATY J1iNoni3, MNigTpUuMye piBeHb
FOPMOHIB (ropMOHa PoCTYy), NOCAabItoe IHCYIIHOPE3NCTEHTHICTb. L-apriHiH TakoX BrMBae Ha iMyHHYy CUCTEMY,
rasibMye CTapiHHS1 CyAuH | opraHiamy B LisIOMYy, Cripyusie AeTOKeuKauii amiaky, peryioe MHOXUHHI MeTabonivHi
LUISIXU, MOB’sI3aHi 3 MeTabosli3MOM XUPHUX KUCIIOT, aMiHOKUCIOT i 6inkiB. lNepeTBopeHHs apriHiHy B NO cnpusie
JIIKYBaHHIO Pi3HVX NATOJOrIN, TaKnX SIK ePEKTUIbHA ANCYHKLISI, CTEHOKAPAIs, MirpeHb, LUISXOM MOCUIIeHHS Ba-
3oaunarayii. ApriHiH npUCKoproe CUHTE3 BINKIB, KOHTPOJIIOE MIONATItO, CTUMYJTIOE MPOAYKYBaHHS criepmu. L-apriHiH
MOXe BNNBaTV Ha TPOMOOLUNUTU, Koarynsauito i pibpuHoONIT4HI cuctemm. Tomy ciig BpaxoByBaTy TepaneBTUYHUN
roTeHwian apriHiHy i MpogoBXyBaTh BUBYEHHS MOXIIMBOCTEV MOro BUKOPUCTAHHS SIK NEPCrEeKTUBHOMO rnpogi-
NIaKTUYHOIro 3acoby rpu nporpecysaHHi CyaAMHHOI ANCEYHKUII, MoB’a3aHoI 3i CTapiHHAM i cepLeBo-CyANHHUMU
3axBoproBaHHsaMu. OcobmBY yBary crig npuginnuTn CrpoMOXHOCTI apriHiHy MOAY/II0BaTN CUCTEMHE 3arasieHHs,
LL{O MOXKe CrpaBuUTU NMO3UTUBHWY BITJIMB HA CYLMHW MNPV OXUPIHHI U giabeTi.

Knrou4oBi cnoBa: apriviH; cyauHHi 3axsoproBaHHs; giabeT; ninigu; giabetTnyHa Hevrponaris

Bctyn

L-aprinin (2-amiHo-5-ryaHigrHoBajJepiaHOBa KUCIO-
Ta) — 1€ YMOBHO-He3aMiHHa aMiHOKUCJIOTA, sIKa € pi3-
HOOIYHUM i aKTUBHUM KJIITUHHUM PETryJIsSITOPOM OaraTbox
JKUTTEBO BaXJIMBUX (DYHKIIil opraHizmy [1—3].

L-aprinin (Arg) OyB yrepiie BUIIJICHU i3 3apoaKo-
BUX OpyHBOK 3koBTOTO moniny E. Illymeie i E. [lraiire-
pom y 1886 polii, siKi Ha3Bau ioro 4pyvpog (argiros), 1o
03HAYa€ «CpiOHUIt», yepes 0io-cpidasIcTUil BUTJISIA OO
KpUCTaiB, a yepe3 9 pokiB 3’sCyBajiocs, 110 BiH BXOAMUTD J10
CKJlally TBApMHHUX OiNIKiB [4]. Arg € KJIIFou0BUM MeTaboJIi-
TOM Ha KiHLIEBOMY €Talli OiIKOBOTO Ta iHIIIMX BUIIiB OOMiHY
a30TOBMICHMX CITOJIYK, @ TAKOX Biflirpa€e poJib HE3aMiHHOTO

KOMITOHEHTa HAaBaXJIMBILIUX PETYJISITOPHUX CUCTEM JIIO-
IMHU. be3 iloro yyacTi HeMoXJIMBa CUCTeMHa I JIOKaJbHa
peryJisiilisi TOHYCY IVIaIKOM SI30BOTO KOMITOHEHTa CTiHKU
CyIUH, OpOHXiB, KMIIIeUHMKA. Arg 3a0e3reuye eheKTUB-
HICTb J1i30COMaJIbHO-KiJIIHTOBOI CUCTeMHU (DarolLuTiB, Oepe
y4yacTh y peryssiiii nposidepaTuBHUX MpoueciB, GYHKILT
MAaTPUKCOYTBOPIOIOUMX KJIITUH Me3eHXIMaJIbHOI JIiHii [5, 6].

A>xepeAa apriHiHy

L-Arg € anichatMyHOO OCHOBHOIO Q-aMiHOKMCJIOTOIO,
1110 MiCTUTh IBa TOJIOBHUX LIEHTPU: B O-ITOJIOKEHHI — aMmi-
HOTpyIly, B O-TIOJIOXKEHHI — TyaHimMHOBY rpymny. IcHye
y Burisai L- i D-i3omMepiB, ane B Oiikax ccaBLiB MPUCYT-
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Hiit Tinbku L-Arg. Haii6inbiie (1o 85 %) itoro MicTUThCsI
B OCHOBHUX OijKax — MpoTamiHax i rictoHax. Ha aprinin
0co01BoO OaraTi M’sico i ropixu. L-Arg — He3aMiHHA B HO-
BOHAPOKEHUX i 3aMiHHA B 3JI0POBUX TOPOCIUX AMiHOKHUC-
JIoTa, 3ajJy4eHa B YMCJIeHHi ¢i3iooriuni mpouecu [5—7].

JIxepenamMu HanxomKeHHs Arg €: 1) cuHTe3 y cucremi
«TOHKA KUIIIKa — HUPKW» 3 IJII0TaMiHYy i IIyTamaty, TJIioTa-
MiHY IU1a3Mu KpoBi, nipodiiny ixi, NH; i CO,, yrBopeHux
KHUIIKOBOIO MiKpoJI0po1o; 2) nerpanaltist 6iJIKiB opraHizmy;
3) HaIXOMXKEHHS i BCMOKTYBaHHS B KUIIIEYHUKY apriHiHy
3 ii; 4) ToKaJIbHi MeXaHi3MU (hepMEHTAaTUBHOI PeLUPKY-
JISILT LIATPYJIiHY.

I'moraMiH i yTamar, IIoTaMmiH T1a3Mu KpoBi, MpoJIiH
1Xi KaTaboJIi3yI0ThCS €eHTEPOLIUTAMU TOHKOI KUILIKM i CTy-
TYIOTh TTOTEPeTHUKAMY CUHTE3Y LIUTPYIiHYy. Y HOpOCIUX
LUTPYJIiH TAKOX CUHTE3YEThCSI TOHKOIO KuUIlKo 3 NH3
i CO, 3a yuacTio (pepMeHTiB opHiTUHKapbamoindochar-
cuHTeTasu |, opHiTMHTpaHCKapOaMoila3! i MOCTaBIISIETHCS
B HUPKU Ta iHIII TKAHUHU 1j1d cuHTe3y Arg. LlutpyiH, 1110
HAAXOMUTh 3 KPOBI Mil €10 apriHiHOCYKIIMHATCUHTA3U 1
apriHiHOCYKUMHAT/Iia3U, MePEeTBOPIOETLCS B HUPKAX HA
Arg. Hupka TakoxX eKcrpecye apriHa3u, sIKi KaTajli3yloTh
rinpoJi3 L-Arg 3 yTBOpEHHSIM OPHITUHY U cedoBUHU. st
JIOPOCJIO1 IIONVHU IIoAeHHUM mpuiiom L-Arg 3 Xeto B ce-
penHboMy CTaHOBUTH 5,4 T [9]. Uepes BUCOKY aKTUBHICTb
aprinas 10 40 % Arg, 110 HaaXOOUTh 3 [Kel0, PYHHYEThCS
B mpolieci abcopO11ii, TOMy 3 JIiIKyBaJIbHOIO METOIO PEKO-
MEHJO0BAaHO 3aCTOCYBaHHS OUTbIIMX 103 (HaNpUKJIIad, BU-
cokokoHIeHTpoBaHuil TiBoptiH Dopte 8,4 T), 0cOOIUBO
B 0Ci0 3 TTOPYILIEHHSIM BYTJIEBOAHOTO OOMiHY, OXKUPIHHSIM,
iHCYJIIHOPE3UCTEHTHICTIO. 3a/IeXKHO Bil BiKy I TiETU KOH-
neHTpauist L-Arg y nia3mi KpoBi JIFOIUHY i TBAPUH KOJIU-
Ba€eTbecs B Mexax Bin 95 no 250 mxmonb/a [10].

TpaHcnopT i KAaTa6oAiI3M Arg

Arg K cyOCTpaT BUKOPUCTOBYEThCS IEKiIbKOMa Me-
TaOOJTIYHUMM NIUISIXaMU. 3aJIeXKHO Bil KOHKPETHOTO Op-
raHa 4y TUITy KJIiTUH Arg cayrye MonepeaHUKOM Pi3HUX
MOJIEKYJI, BKJIIFOUHO 3 okcuaoM a3oty (NO), KpeaTUHOM,
CEYOBUHOIO, MojiamiHamMu, L-mposiiHoM, L-OpHITUHOM,
[JIyTaMaToOM i arMaTUHOM |5, 6].

L-Arg € cybcTpaToM KiJlbKOX (PepMEHTIB, BKIIFOYHO
3 apriHa30lo, apriHiHAeKapOOKCUIIa3010 Ta apriHiHIIiL-
HaMignHoTpaHcdepasoro. ApriHaza € OCHOBHUM (hepMeH-
TOM, SIKMii TIepeTBoplo€e L-Arg Ha L-OpHIiTHH i ceUOoBUHY,
i BiToMa CBOEI BaXKJIMBOIO POJITIO B LIMKJIi CEYOBUHU JJIsT
JeTOKCUKallii aMiaky. I3odopma aprinasu I jokanizyerbest
B MEYiHIII IJIST YTBOPEHHS CEYOBUHU, TOII K apriHasza I
PO3IOISIETHCS TOJTOBHUM YMHOM Y HUPKaXx, MidIITyH-
KOBIi#l 3a/1031 i1 KMIIEUHUKY TePEeBakKHO IJs CUHTE3Y
noJjiiaMiHiB yepe3 OpHITUH i OpHITUHIEKapOOKCcUIasy.
HaiiBaxnusime, mo L-Arg € cydocTpatoMm st ¢hepMeHTY
cuHTa3u okcuny azoty (NOS), sIKuii BigImoBigae 3a mpo-
nykKiiito okcuay azoty. NO, 1110 YTBOPIOETECSI B €HIOTEMii
cynuH enpoteaianpbHo0 NOS (eNOS), Bigmosinae 3a pe-
JIakcallito TJaagKuX M’s13iB i HEOOXiTHUIA M1 3HUKCHHSI
apTepiaJbHOTO TUCKY. L-Arg TakoXX BUKOPUCTOBYETHCS
KJiTnHaMu iMyHHOI cuctemu, 1e NOS nponykye NO st
KJIITUHHOTO CUTHAaJIiHTy a00 OKMCHIOBAJbHUX OaKTepu-
ouaHuX miit [8, 11, 12].

JIOCTYITHICTh Arg IIOM0 Pi3HUX METa0OIYHUX IIJISIXiB
3aJIE3KUTh BiJl IOT0 3MATHOCTI TPOXOANTH Yepe3 Tuia3MaThy-
Hi Ii MiTOXOHIpiaabHi MemOpaHu. [lormuHaHHIO i BUBEIEH-
HIO Arg i 10ro MoXiIHUX KJIITUHAMU CTIIPUSIOTh TPAHCIIOPTHI
0inku. BBaxaeThcs, 1110 B TIOAMHU NIpuHaiiMHi 18 TpaHc-
IOPTEPiB 3MiACHIOITH 00MiH L-Arg i #10ro MoXimHUX Yepe3
KJIITUHHY MeMOpPaHy a00 Mi LMTOIIa3MOIO Ta KIITUHHUMU
opraHejilaMu, TAKMMH SIK MiTOXOHIPIii YM JIi30COMM.

EHAOTEAIOABHMM OKCUA A30TY/
NO-cuHteTasu

Okcua a30Ty BUKOHYE KJIIOUOBI PEryIsITOPHi (yHKIIIT,
BKJIFOUHO 3 Ba30JMJIaTalli€lo i MOTIMHAHHSIM [JIIOKO3U. 3HU-
JKeHHs KiJibkocTi NO MoXe MpHU3BeCTU 10 KIIITUHHOI TUC-
(¢yHK1Ii1, raTbMyBaHHSI KPOBOTOKY, ITOPYIIIEHHS CEKpPeLlil iH-
CYJIiHY i TPAHCTIOPTY TJTFOKO3U, TIOCUJICHHS PE3UCTEHTHOCTI
IIO iHCYITiHY i TimepTeH3ii, a TaKoX 10 PO3BUTKY IIyKPOBOI'O
niabety. YTBopeHHs1 NO NMpUTHIYYETHCS TIPU CEPLIEBO-CY-
NUHHUX i METa0OIYHUX 3aXBOPIOBAHHSIX, BUKJIUKAIOUU
cepito3Hi mopymeHHs [14, 15]. 1o uncia MexaHi3MiB, 110
JIeXXaTh B OCHOBI OLTbII HU3bKOI MPpoAyKILii/moctyrmHocTi NO
MpU METaOOJIIYHUX i CeplIeBO-CYTMHHUX 3aXBOPIOBAHHSIX,
MOXHA BiTHECTU 3HMKEHHS L-Arg B opraHiaMi, 3HWKEHHS
PiBHSI iHCYJIiIHY B KPOBi, 30iIbIIIEHHSI BUPOOJEHHS aHTi0-
teH3uny ll, rimeproMmonucTeiHeMito, IIOCUIEHHST CUHTE3Y
aCUMETPUYHOro IMMETUIAPTiHiHy (€HIOreHHOro (akTopa,
o npurHiyye yrBopeHHsI NO) i HU3bKy KOHILIEHTpPALIil0
L-Arg i MmeTunboBaHoro Arg 'y riasmi [16, 17].

EnnorenianbHUil OKCcUI a30Ty — BaXkJIMBa Ba3opeak-
TUBHA MoJjiekysa [11]. ¥ BiibHOMY cTaHi Tepion 11 HamiB-
po3Iamy CTaHOBUTSH Bin 6 10 30 ¢, Tic/Ist 40ro BOHA IIBUAKO
PYMHYETHCH.

NO, cuntezoBaHuii eNOS, BUKOHY€E HUBKY (DYHKIIIIA:

1. € omHMM 3 HAWOLIBII ITOTYKHUX Ba30AMJIATATOPIB,
pesnakcyounuMm (GakTOpOM Il raCTPOiHTECTUHATbHOTO
TPaKTy, TUXaJbHUX NUIIXiB. [IpoHMKa0UM 3 eHmoTeialb-
HUX KJIITUH Y KJTITUHY MIaIeHbKUX M SI13iB CYIMHHOI CTiHKH,
BiH aKTHBYE IryaHiIaTUUKIIA3y, B3AEMOIiI0UN 3 aTOMOM 3aJli-
3a B aKTUBHOMY 1IEHTpi (hepMeHTa, 1110 Belle 0 MiIBUILICHHS
piBHs cGMP, aktuBanii PKG, 3HUXeHHSI KOHLEHTpaLil
KaJIbIIil0, pO3CIabIeHHS CyIUH.

2. OrnocepenKkoBY€E CyIMHOPO3IIMPIOBaIbHI eheKTH
eHIOTeJli3alIeKHUX Ba30AMIaTaTopPiB (alleTUIXOJiHY,
OpanuKiHiHY, TicTaMiHy TOIIO), TaJTbMY€E YTBOPEHHS €HJIO-
TeJIiaJIbHOTO CYAIMHO3BYXKYI0UOro (hakTopa — eHI0TeNiHy- 1
i BUBUJIbHEHHST HOpapeHaJliHy 3aKiHUYeHHSIMU CUMITIaTHY-
HUX HEUPOHiB, MepelIKoaKae 3MiHCHEHHIO HAAMipHUX
e(eKTiB iHIINX Ba30KOHCTPUKTOPIB (aHTiIOTEH3UHY, TPOM-
o6okcany A2). 3aBasku ubomy NO Oepe aKTUBHY y4acTh
Y peryJisilii CyIMHHOTO TOHYCY i KPOBOTOKY, apTepiabHOTO
THUCKY, CUCTEMHOI Ta perioHaJIbHOT FeMOAMHAMIKU.

3. CTtumyJjoe CUMHTE3 eHIOoTeiaIbHOro (pakTopa poc-
Ty 1 aHTiOTeHe3, ajie raJibMye MmpoJidepailito Ta mMirpaitito
[JIaAKOM SI30BUX KJIITUH (TUM CaMUM MepPeIIKoIKalouun
YTBOPEHHIO HEOIHTUMM) i TirepTpodito cyauH.

4. NO 37iiiCHIOE TTIOTYXXHY NpOTHU3aIlaJbHy i aHTH-
TPOMOOTEHHY [Iil0: raJIbMy€ TPAHCKPUIILIiO ITPO3anaJibHOro
simepHoro (akropa Karnma B (NF-xB); 61okye ctumynboBa-
HY LIMTOKiHAMU €KCIIPECito aare3nBHUX MOJIEKYJI €HIOTelil0
(VCAM-I, E-cenextun, MCP) i xeMOTaKCUYHUX ITETITUIIB
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MOHOIINTIB; 3MEHIITY€E IPUINTIAaHHS, iIHDIBTpallifo, arpera-
1ito HeUTPOodiTIiB i MOHOLIUTIB, MEPETBOPEHHS OCTAHHIX Ha
Makpodaru; raJbMy€e arperaiiio Ta aare3iro TPOMOOILIUTIB,
eKcIpeciio pakTopa, o aKTUBYE TPOMOOIINTH.

5. NO Mae aHTMOKCHMIOAHTHI BJIACTUBOCTI, MEPEIIKO/I-
JKa€ MaTOTeHHUM BIUJIMBAM JIIMOTIPOTEINiB HU3bKOI IIiJIb-
Hocri [9, 15, 20, 21].

6. NO/NOS 6epyTh yuacThb B onocepenkoBaHiii PKC
peryJisiiii albIOoCTEpOHY iOHAMU KaJilo, 110 MOB’sI3aHO
3 MiATPUMMaHHSIM BOIHO-COJILOBOTO OaJlaHCy i TOHYCY Cy-
IWH B opraHi3Mi [22].

PoAb Arg B NATOAOrYHMX NpoLecax

OCHOBHMM HacCJIiIKOM HecTadi Arg B opraHi3mi € 3HU-
KeHHs nponykiii NO, sIKu1ii yTBOPIOETCSI B €HIOTEIl Cy-
IIVH, BIIOBIIAE 3a peslakcallilo IIagKuX M s13iB i HeOOXiTHMiA
IUTSL 3HVDKEHHST apTepialbHOTO TUCKY. Bynb-sIKe MosinmimeHHs
GYHKIIIT €eHIOTEIIO CITPUSIE TPOMITAKTULII CEPLIEBO-CYTMHHIX
3axBoproBaHb. [lonaBaHHs L-Arg TakoxX 3HaYHO IMOKpaIyBajo
eHIoTe iabHy (QYHKIII0 cynrH. BaxkimmBuM € BIummB Arg Ha
iMyHHy cuctemy. IlamieHTH, sIKi OTprMyBaIu BHYTPIlITHLOBEH-
Hy Tepartito L-apriHiHoM, IeMOHCTpYBaIM 3HAYHE 30UTBIICHHST
Kimbkocti CD4+ nimdoumris (T-xenmepis) [6].

L-Arg i Lepe6pOoBACKYASIPHO CUCTEMA

DeHOoTUIM eHI0TeMiaIbHUX KIIITUH MO-Pi3HOMY pery-
JIIOIOTHCS B TIPOCTOPI Ta 4yaci, BU3HaUYa0uM (PeHOMEH Te-
TepOreHHOCTI eHpoTenito. LlepedpanbHuii eHaoTeniii, iMmo-
BipHO, € OTHUM 3 HANOUTBII cieM(PITHUX TUTIIB, OCKIJTBKI
BiH € HAllBaXJIMBIILIMM €JIEMEHTOM remMaToeHedaaiuHOTO
oap’epa. EnnorenianbHa nuchynkuis (EI) y romoBHOMY
MO3KY TTOB’si3aHa 3 1aTo(i3io0riel0 HU3KK HEBPOJIOTTYHUX
3aXBOpIOBaHb [23—25].

Ha nonatox no atepockiieposy EJI cucreMu MO3KOBOTO
KpOBOOOIry Moxke OyTH 3ajlydeHa 0 IaToreHe3y epedpaib-
HUX 3aXBOPIOBAaHb APiOHUX CYOUH i XBOpoOU AJbLreiimMme-
pa. [Topymenns NO-3a1exXH0i Ba3oamuIaTarii Moxe TaKOX
301IBIINTY OUISTHKY ITOLIKOMXKEHHS P iHCYJIBTI Uepe3 Mmo-
PYIIEHHS KoJlaTepaJbHOTO KpoBOTOKY [26]. LlepebpanbHa
aBTOPETYJIsILis MiATPUMYE MOCTIMHUI KPOBOTIK Yyepe3 Mo-
30K, HE3BAXKAIOUM HA 3MiHY CEPETHbOTO apTepialIbHOTO THUC-
Ky, i 3aJ1eXXUTh, IIOHAMEHIIIE YACTKOBO, Bill 3MiH JIOKAJIbHO1
KOHLeHTpalii L-Arg B MO3Ky i IIBUAKOCTI IOr0 MeTa00IIi3My
[27]. ABTOpeTrysiilisi MO3KOBOTO KPOBOTOKY CKJIATAEThCS 3
MeXaHO- i XeMOperyJisiii. XeMOoperyJisiis IPsSIMO KOPEJIIoe
i3 cupoBaTKOBUM piBHEM Byriekucioro ragy (CO,) i, Ha
BiIMiHY Bi MeXaHOPETYJIsLi1, He 3aJIEXKUTh Bill 3MiH cepel-
HBOTO apTePiaIbHOTO TUCKY. MexaHOpeTyJIsllisl 3a7IeXUTh
Bill TpAaHCMYpPaJbHOTO TpaliEHTa TUCKY U eHI0TeTiaaIbHO1
Bazonuiaraiii. BinoMo, 1110 eHmoTesiaibHa Ba3ouiaTalist
BEJIMKUX apTepiil HaiiOiIbI BUpaXeHa B CyIMHHIN Mepexi
rojIoBHOro Mo3KYy [25]. HopMasbHa yHKIIisSI eHA0TeNiI0 Mae
BUpillIaJIbHe 3HAYeHHST TSl perysisiiii. JucdyHKiioHanbHuii
1epedpalibHUil eHnoTeNiil Buainse meHiie NO, yHaclinok
YOro MOPYIIYETHCS PO3CIa0JeHHS KIIITUH TJIAAKUX M SI3iB
npibHMX apTepiii. HaiiGinbim BaxmuBoto posuto L-Arg € iforo
BIUIVB Ha €HIOTelialbHi KIIITUHY CyaUH i, OTXe, Ha KPOBO-
Tik. BHyTpillHbOBEeHHE BBeeHHS L-Arg BUKIMKA€E po3IIn-
PEHHSI CYIMH i 30i/IbIIIEHHST KPOBOTOKY B CUCTEMi MiKPOLIMP-
Kynawnii. biner Toro, 6yio moka3zaHo, mo L-Arg Bimirpae

pOJIb y 3HIDKEHHI TPOMOOTHYHOI aKTUBHOCTI, IIpoJidpeparrii
KJIITUH, 3afaJeHHsI Ta iHIIKWX TPOLECIB, SIKi MPU3BOIAITH 10
HOpYyIIeHb y CYAMHHIN cucTeMi [28].

JloBeneHo, 110 BUKOPUCTAaHHS L-Arg € 0e3IeYHNM.
NO Bimomuit Ik HalOUIbII e(PEeKTUBHUI Ba3oaAMIATATOD
i OCHOBHMI MPEIUKTOP CYIMHHOTIO TOHYCY, OCOOJMBO
B LIepeOpOBaCKYJISIPHIN CUCTEMI.

LepebpoBackynsipHa muchyHKIIIS, BAKIMKAHA €K30TeH-
HUMM CTPECOBUMM (haKTOpaMU, BKIIIOYAE BHYTPIllTHbOYE-
peIHy rinepTeH3ilo, Tirnomnepdysiio i 3amajeHHs TOJIOBHOTO
MO3Ky. JIikyBaHHs1 L-apriHiHOM Bimpasy micjst ctpecy 3Ha4HO
MOKpAIIyBajo BIXKMBaHICTh TBAPUH, 3MEHIITYBaI0 BHYTPIlII-
HbOYEPEITHY TilepTeH3ito i 301IbIITYBao BMICT MeTabOJIITiB
NO, ryramary, DiinepuHy, JakTaTy/mipyBaty i IUTiIpoKCcu-
OEH30IHO1 KMCIOTH B TilloTayiaMyci. 3yMOBJIeHI €K30TeH-
HUMM (paKTOpamMu TiABUILIEeHI piBHI po3ananbHux [L-13
i TNF-a B rinotazamyci TakKoxK 3HVKYBAIMCS TIPU JIiKyBaHHI
L-aprininoM. HaBnaku, piBHi mpotusanaibHoro IL-10 y ri-
MoTajlaMyci 3HaYHO MiIBUILyBaIvcs. Pe3yabTaTu moKasyioTh,
1o L-Arg MoXe BUKJIMKATH OCJIabJIeHHST HETaTUBHOTO BILIU -
BY €K30T€HHUX CTPeCcOBUX (haKTOPIB 32 paXyHOK 3HWXKEHHS
LepeOpoBacKyISIpHOI MMChYHKILI i 3amaneHHsT MO3KY [3, 32].

3aBasKu cBoeMy (hizioorivyHOMY BIUIMBY Ha (DyHKIIiO
CyIMH MeTa0o01i3M Arg BUKJIMKAE BeJIMKUI iHTepeC IIpU Liepe-
OpOBaCKYJISIPHUX 3aXBOPIOBaHHsIX. Takox HEOoOXiTHO 3ayBa-
KUTH, 10 L-Arg y HU3II BeJIMKUX AOCTiIKEeHb i MeTaaHaJIi3iB
TMiATBEP/LKEHUI SIK 6ioMapKep CYIMHHOTO PU3UKY, 3aXBOPIO-
BaHOCTi Ta cMepTHOCTi. OTXe, MoXinHi Arg € 6araToo0ilsio-
YUMU JiarHOCTUYHUMMU i TeparieBTUMHUMU MillIEHSIMU TIPU
Pi3HUX LIepeOPOBACKYJISIPHUX 3aXBOpOBaHHsIX [23, 34].

L-Argi aiabet

Hykposuii miabet 2-ro tuny (LI/12) cTaB rio6aibHOIO
po0JIEMOIO OXOPOHM 300pOB’s. baraTo mociaigHUKIB BU-
CTYNaloTh 3a 3acTocyBaHHS L-Arg s JikyBaHHS niabety
SIK TIPSIMO, TaK i orocepenkoBaHo. L-Arg € MoTy>KHUM IIpU-
CKOPIOBAYEM CEKpellil EHIOKPUHHOI CUCTEMU, OCKIJIbKI BiH
IHIYKY€E CeKpellilo iHCYJIiHY i TJIIOKaroHy, sIKi € TOJJOBHUMU
(akropamu meTaboiizmMy rioKo3u. byio momiueHo, 1o
nonaBaHHsT L-Arg y BUCOKMX 103ax Aa€ iMyHOMOMIYJ/II0I0-
yuit epeKT, IKUI MOXe CIIPUINHUTU ITOCHICHUI KIIipeHC
MPOJYKTiB HepepMEHTATHBHOIO IIiIKO3WUJIFOBAHHSI Ha MMi3Hil
cTafii, TUM CaMMM MOKPAIIyIOUX TOJIEPAHTHICTh 10 TIIOKO-
3H B ITAIli€HTIB 3 KiabeToM [4].

L-Arg, sk nonepenHuk NO, Bimirpae BaxJiuBy poJib
y TOMeOCTa3i, iMyHiTeTi, pO3MHOXEHHI, POCTi, 3aTPUMIIi
CTapiHHS JIOAUHU. Yce Oiblile KIiHIYHUX JaHUX CBiTYaTh
IIpo Te, 110 JodaBaHHs L-apriHiHy MoXKe 3MEeHIITYBaTH OXKH-
PiHHSI, 3HIDKYBATH apTepialbHUI TUCK, OKUCHIOBAJIbHI ITPO-
1ecu it HopManisyBatu EJI, cioBiIbHIOIOUM IPOTrpeCcCyBaHHSI
npeniadety B kiaiHiyHO BupaxxeHuii LI12. [ToreH1iitHO MO-
JIEKYJIIPHUM MEXaHi3MOM MOXe CJYTyBaTW MOIYJTIOBaHHS
romMeocTasy TJI0KO3U, CTUMYJIIOBAHHS JIITOJi3y, MiATpU-
MaHHs PiBHS TOPMOHIB, OCJIa0JeHHS iHCYJTiHOPE3UCTEHT-
HoCTi Ha eTari npemiadety. [is L-Arg, iMoBipHO, BKITIOUa€E
curHanbHuii nuisix L-Arg/NO, yepe3 sIKMii MOXYTb OyTH
AKTUBOBaHI iHII KIITMHHI CUTHAIBHI Kackagu [36]. Ha-
KOIMUWYEeHi laHi mokasanu, 1o L-Arg Moxe MOTeHIiitHO
3anobiratu 11J12 i mokpalyBaTu ioro nepeoir 1IsXoM Bii-
HOBJICHHSI YYTJIMBOCTI J10 iHCYJIiHY in vivo.
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3acrocyBaHHs L-Arg 3Hmkye EJI i BiTHOBIIOE HOpMallb-
HU# onip nepuGepuIHUX CyIUH 3a PaXyHOK 3HMXKEHHS
ADMA B xpoBi i nocunenns npoaykiii NO [4, 37]. Tpusa-
Jie BBeIeHHsI L-Arg MiaBUIIY€E YyTAUBICTb 10 iHCYJIiHY i Me-
Ta001i3M IJIIOKO3! IIPY OAHOYACHOMY MOJIIMIIEHHI (hyHKIIiT
eHnotenito B mauieHTiB 3 LIJ12 [39]. L-apriHiH y BuCOKOMY
no3yBaHHi 8,4 1/100y 3HAUYHO 30ibIIIYE YYTIUBICTb 10 iH-
cyminy B mmanieHTiB i3 LI [40].

3arajioM AaHi, HasBHi B JIiTepaTypi, aKlIEHTYIOTh yBa-
Ty, 110 3aCTOCYBaHHS L-Arg € 6e3neYHrM i BaXKJIUBUM JIJIs
JIiIKyBaHHSI iabeTy. 3 orjisiay Ha i MipKyBaHHSI JiKyBaHHSI
L-Arg Moxe sIBISITA CO0010 1OAAaTKOBY CTpaTerilo IS ma-
LIEHTIB 3 OiabeToM, 0COOJIMBO HA PaHHIX CTamisIX 3aXBOPIO-
BaHHS, JUTI 3aM00iraHHs YCKJIAIHEHHSM, 1110 CTOCYIOThCS
IHIIMX OpraHiB, a00 MpMHANMHI iX yrmoBiabHeHHs. Cepern
Pi3HOMAHITHUX ITOCTYITHUX HA JaHU MOMEHT MpernapariB
L-Arg Ha yBary 3ac;IiyroBy€ HOBUI1, IIOCWJICHUI TOIBiITHOIO
no3oto L-aprininy TiBoptin ®@opte 100 M1, 1110 MicTUTB 8,4 T
L-aprininy B omHoMy ¢iakoHi. [1pu ibomy 8,4 r L-apridiny
Ha 100y — MiHiMaJIbHe JO3yBaHHS IS IMALE€HTIB, STKUM
3BUYaliHOI 1000BOI 103U L-apriHiny 3amano. IlocuneHuii
MOIBiiTHOIO M03010 L-apriHiHy, equHMIA B YKpaiHi BUCOKO-
KOHILIEHTPOBAHUI pO3YMH 3 M03yBaHHSIM 84 mMr/mi1 TiBOpTiH
®opre eeKTUBHMI TTPU CYIMHHUX i HEBPOJIOTIYHUX YCKIIa/I -
HenHsx LIJI, ingexci macu tina > 30 kr/m?, quciininemii,
KypiHHi. JlocaimkeHHsT TaKOX TIEMOHCTPYIOTh, 1110 L-apriHiH
CIIpUSIE BTPaTi XKMPOBOI TKAHMHM, HOpMaJTi3allil IJTiKeMii, 11o-
JIiMIIeHHIo MeTabostiyHoro npodimo. HeobxigHi momasbli
paHOOMi30BaHi I JOBrOCTPOKOBI Ij1a1e00-KOHTPOIbOBaHI
KJIiHiYHi BUTIPOOYBaHHSI, 0O OCTATOYHO OLIIHUTU CIIPUSIT-
JIvBUi BIMB L-Arg Ha MeTa0o0J1i3M IIIOKO3U i BU3HAUYUTU
KJIITMHHI #I MOJIEKYJISIpHI MEXaHi3MM, 110 JIeXaTb B OCHOBI
MeTabosIiuHuX repesar L-Arg npu niaberi [4].

BucHoBKMU

Crpykrypa Mmonekyiau L-Arg nepegdavyae 1oro y4yacTtb
Y BEJIMKi KiJIBKOCTI KIIITUHHUX TpolieciB. [lepeTBopeHHs
Arg Ha NO cnpusie JiKyBaHHIO Pi3HUX MaTOJIOTIH IIUISIXOM
MocuIeHHs BasoauaTaiii. Tomy ciii BpaxoByBaTH Tepa-
MEeBTUYHUI nmoTeHuian L-Arg i mMponoBXyBaTU BUBYEHHS
MOXJIMBOCTE! OTr0 BUKOPUCTAHHS SIK MEPCIIEKTUBHOTO
npodiJIaKTUYHOTro 3aco0y IMpU MPOrpecyBaHHi CyIMHHOT
IUCHYHKIIII, TTOB’s13aHOI 3i CTapiHHSM i ceplieBO-CyIMHHU-
MM 3axXBopoBaHHAMHK. Ha choromHi KITiHIiIMCTH 30ceperkKeHi
Ha OCTaHHIX po3po0Kax iHTerpaTuBHOI (hapmakosorii L-Arg,
L-uutpyniny i NO sk MomgynsiTopiB KapaioMeTaboIiuHuX
3aXBOPIOBaHb, 3aXBOPIOBAaHb HUPOK i IIyKPOBOTO AiadeTy.
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Role of L-arginine in pathological processes
in diabetes mellitus

Abstract. L-arginine is a semi-essential amino acid that is a cellu-
lar regulator of many vitally important functions of the body. The
structure of the arginine molecule implies its participation in many
cellular processes. It is found in the active sites of many proteins
and plays a role in regulating the tone of the smooth component of
the vascular wall (reducing blood pressure), bronchi, and intestines.
L-arginine is a substrate for nitric oxide synthase (NOS), which is
responsible for the production of NO in the vascular endothelium.
L-arginine has a high priority in the production of NO and, thus, in
the physiology of the cardiovascular and cerebrovascular systems.
Regulation of NO bioavailability of is of great importance for the
development of new strategies for the treatment of many diseases.
More and more clinical data show that food supplements with L-ar-
ginine can reduce obesity, oxidative stress, normalize endothelial
dysfunction, and induce remission in type 2 diabetes. L-arginine can
modulate glucose homeostasis, stimulate lipolysis, regulate the level
of hormones (growth hormone), and reduce insulin resistance. L-ar-

ginine also affects the immune system, inhibits the aging of blood
vessels and the body as a whole, promotes ammonia detoxification,
and regulates multiple metabolic pathways related to the metabolism
of fatty acids, amino acids, and proteins. The conversion of arginine
into NO contributes to the treatment of various pathologies, such as
erectile dysfunction, angina, migraine, by increasing vasodilation.
Arginine accelerates protein synthesis, controls myopathy, stimulates
sperm production. L-arginine can affect platelets, coagulation and
fibrinolytic systems. Therefore, the therapeutic potential of arginine
should be taken into account, and further research into its use as a
promising preventive agent in the progression of vascular dysfunction
associated with aging and cardiovascular diseases should continue.
Special attention should be paid to the ability of arginine to modulate
systemic inflammation, which can have a positive effect on blood
vessels in obesity and diabetes.

Keywords: arginine; vascular diseases; diabetes; lipids; diabetic
neuropathy
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BuBYEHHS KAPAIOBACKYASIPHOrO PU3UKY Y XBOPUX
HO LyKpoBumn aAiabet 2-ro tmny y roctpin oasi
KOPOHABIPYCHOI iHpeKLUii T NOCTKOBIAHOMY

nepioAl HA TAI Tepanil i3 3aCTOCYBAHHSM iHriGITOPIB
HATPIN3AAEXXHOIro KOTPAHCNOPTEepPAd rAIOKO3N-2

Pe3tome. AKTyanbHicTb. AKTyanbHICTb MOLLYKY ONTUMAIbHUX METOLIB JiKyBaHHS OCI6 3 LIyKPOBUM [iabeToM 2-ro
tvny (4A2), siki nepeHecsiv KopoHaBIpyCcHy XBopoby, 3yMOBJIeHa TUM, LLO Ui CTaHU MaroTb HU3KY 3arasibHuX narore-
HETUYHUX MeXaHI3MIB, LLJO MPpn3BOJAATL [0 B3aEMHOIo o6TsxeHHs1. Merta: y nayieHTiB 3 LJ[J2 y nocTkoBigHOMy niepiogi
OLIHNTY eqbeKT Ail LUyKPO3HMXYBaJIbHOI Teparlii 3 BUKOPUCTaHHSM IHrGITOPIB HATPIi3anexxHoro KotpaHernoprepa
rmokoan-2 (IH3KTI-2) Ha piBeHb cepLeBo-CyanHHUX MapKkepis — nentugy ST2 Ta roMouyucTeiHy — MOpIBHAHO 3i
cTaHgapTHoto Tepariieto (MeTghopmiH/noxigHi cynbgoHinceqdosuHy). MaTtepianu Ta metoamn. O6cTexeHo 43 xBopi
Ha L2 Bikom 44—-85 pokis y roctpwmii nepiog COVID-19 Ta yepe3 9 micayis nicna ogyxaHHs. pyna 1 (n = 25)
oTpuMyBana AoAaTtkoBo [0 METOPMIHy nikyBaHHs npenapatamu iH3KTI -2, rpyna 2 (n = 18) npogosxysana
npuviom KoMO6iHaLil MeTghopmiH/noxigHi cynbgoHincedosuHn. [pyny 3 (KOHTPOsbHY) cTaHoBvM 32 nayieHTu 6e3
MOPYLUEHHS BYriieBogHOro oomiHy, siki nepexsopimm Ha COVID-19. CTpok criocTeEpexeHHs1 cTaHoBMB 9—12 micAuiB
nicnia ogyxanHs Big COVID-19. Pesynbratun. HYepes 9 micsuiB nikyBaHHS Bij3Ha4YEHO BIpOrifHe 3HWKEHHS MnigBu-
eHoro B roctpomy niepioni COVID-19 piBHsi B cupoBaTLi KpoBi roMoUUCTEIHY, KWK JOCSIr HOPMaslbHUX 3Ha4eHb
(v rpyni 1 — Big 16,8 0o 9,9; y rpyni 2 — Big 14,4 o 10,1 mkmornu/n; p < 0,05). Kpim TOoro, B nocTkoBigHoMy nepiogi
BUSIBJIEHO BIpOrifHe 3HWXEHHS piBHSA b6iomapkepa ceplLeso-cyanHHoI natosorii ST2 B cuposartyi Kposi XBopux
rpyrv 1 (Big 5,4 go 4,8 Hr/mn; p < 0,05), Ha BigmiHy Big rpynv 2, e piseHb ST2 nigeuymscs (Big 4,9 4o 5,7 HI/Mi;
p < 0,05). MNavieHTv rpyrv 3, Ha BigMIHY Big XBOpyX Ha LILJ2 060x rpyn, Manm 3Ha4HO HYDK4MV cepeaHivi pieHb ST2
(p < 0,05), Lo He 3miHMBCS Yepe3 9 MicsUiB Micss nepeHeceHoi KopoHaBipycHoI iHgekuii (p > 0,05). BUCHOBKM.
OrtpuMaHi pe3ynbTaTi MigTBepaXy0T NO3UTUBHUI echeKT npuriomy npenaparis rpyrv iH3KTI -2 Ha piBHi MapkepiB
cepLeBo-CyaNHHOIo pyusuKy y nauieHTiB 3 L2, ski oTpumyBanv Tepanito rnigprio3vuHamu rnpoTsrom 9 Micayis nicsisi
onyxaHHs Big COVID-19, Ha BiamiHy Bif rpyrv XBopuX, siKi npuiiManin MeTgopMiH/roxigHI CyrbOHINCe40BUHM.
Knro4oBi cnoBa: kopoHaBsipycHa xBopoba; LyKpoBuii fiabeT; MOCTKOBIAHWI nepiof; eHgoTesianbHa ANCYHKLIS;
cepLeBo-CyaNHHI 3aXBOPHOBaHHS; cepLeBa HELOCTaTHICTb;, ST2-nentvg; roMoyncTeiH; ghonieBa KncioTa; iHrioiropm
HaTpiizanexHoro KotpaHcropTepa rfitoKo3n-2

Bctyn

OO6cepBalliiftHi TOCTiIKEHHS MOCIiTOBHO JEMOHCTPY-
I0Th, 1110 CIiBiCHYBaHHS IIyKpoBoro giadery (L) 2-ro tumy
Ta cepueBoi HepoctatHocTi (CH) € yacTum sBUILEM: KiTi-
HiuHo MaHicectoBana CH Binm3navaetses y 10—30 % ycix
oci0 i3 LI/12, ocobmmnBo yacto y Biui moHan 70 pokiB, Tomi

K y 30—40 % ycix BunankiB roctpoi uyu xpoHiunoi CH mia-
rHoctyeTbest LIJ12. IMamienTun 3i BcranosiaennwM LIJ12 MaroTh
Ha 33 % OGinblnii pu3uK rocmitatizanii 3 mpusoay CH, Hix
ocobu 0e3 LIJI2 [1—3]. 3 ormamy Ha 1ie y peKOMEHIallisIxX
2021 ESC/HFA Bu3sHano, 1o LI/12 € ocHOBHUM (hakTopoMm
pusuky BuHukHeHHs1 CH. I[Ipu mboMy mpuirycKa€eTbhes,
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1o oco6u 3 11J12 mepedyBaroTh Ha Tepriii ctamii CH (cta-
nisg A). Kpim Toro, npocrekTuBHiI KOropTHi AOCTiIKEeHHSI
nokxa3syioTb, mo CH moxke nepenyBaTtu po3Butky L2 [4].

3a JaHUMU CyYyacHUX OCIiIKEHb, KOPOHABipycHa iH-
(exilis TaKoX BIUIMBAE HA PO3BUTOK CEPLIEBO-CYAMHHUX
3aXBOPIOBAaHb i MOXE CIIPUYMHIOBATU TOCTPE YpaskeHHsI cep-
1I€BOTO M 5132 UM 3arOCTPEHHSI XPOHIYHOTO 3aXBOPIOBAHHS, a
TaKOX MPU3BOJINUTHU A0 AEKOMIIEHCAIlil HASIBHUX XPOHIUHUX
CeplEeBO-CYTMHHUX 3aXBOPIOBaHb. X0oya icHye 6araro my-
OJiKaliid Ioa0 CTaTUCTUKM LIMX MPOOIeM, ajie, 3a JaHUMU
pi3HUX aBTOPiB, YaCTOTAa XPOHIYHOI CEPILIEBOI HEMOCTATHOCTI
(XCH) y nauienriB 3 COVID-19 3HauHo BiapizHsieTbes. Tak,
y mociimkeHHi S. Shi ta criBaBr. 17 oc¢i6 (4,1 %) y nomyssiuii
naiienTiB 3 COVID-19 manu cunapom XCH [4]. B iHmiit
kuraiichkiit Bubipui XCH Oyna HasgBHa y 23 % naiieHTiB 3
COVID-19 [5]. Bimomo TakoX, 1110 XpOHiYHi 3aXBOPIOBaHHS
cepird, 30kpema XCH, MOXXYyTb COPUYMHUTY TSLKKUM (heHO-
Tt COVID-19, sikuit xapakTepu3yeThCs TipIIUM ITPOTHO30M
Ta MABUILEHOIO cMePTHICTIO [6]. TTpoTe, 6e3CyMHIBHO, HasIB-
Hicte XCH y mauienTis i3 COVID-19 ycknanHioe niarHocTu-
KY, JTiKyBaHH$I Ta ITPOrHO3 KapAiOBaCKYISIPHUX 3aXBOPIOBaHb.
Kpim Toro, BimoMo mmpo B3a€EMHO OOTSKYBaJIbHUI TIepeoir
XCH 3a HagsHocti COVID-19. Tak, XCH nigBuiiye iimo-
BipHicTb 3axBoptoBaHHsl Ha COVID-19 i TsexkicTh nepediry
indpexuii, a COVID-19 npusBoauts 1o 3aroctpeHHss CH
YHaCJIiIOK pi3HUX MexaHi3MiB (ilemis, iHhapKT Miokapaa,
MigBUILIEHAa KMUCHEBA 3aJIEXKHICTh, 3pOCTaHHSI TUCKY B Jiere-
nartisi, nMdy3He BUBUIbHEHHS IIUTOKIHIB) [7—10].

Ha ocHOBi pe3ynbTatiB MiXkHApOAHUX KIJIIHIYHUX J10-
CIIiIKeHb, MPOBEIEHUX MPOTSITOM 5 pokKiB, €BpoIieiichbKa
Ta AMeprKaHCchKa JiabeTU4Hi acolliallii BUITYCTHUIU HOBI
peKoMeHaallii, SIKi pilllyye CXBallolOTh BUKOPUCTAHHS
iH3KTTI -2 (iaribitopiB Na-3ajexXHOT0 KOTpaHCIIopTepa
rmoko3u-2) ta ap-I'TITI-1 (aroHicTiB pelienTopiB ra0Karo-
HoMomiOHOTOo menTuay-1) y moegHaHHi 3 MeT(pOpPMiHOM IS
nauieHTiB i3 1112, siki MatoTh 10JAaTKOBI Kap1ioBacKyJIspHi
CYITyTHi 3aXBOPIOBAaHHS a00 (haKTOpU pU3MKY, IS 3a1100i-
TaHHSI CEPIIEBO-CYTUHHUM TIOJIisIM.

Pesynbpratu paHgoMizoBaHUX KIIIHIYHUX JOCIiIXKEHb
nponeMoHcTpyBaiau Kpamuii epext iH3KTT -2 momo 301~
>xeHHs1 yactotu CH ta mporpecyBaHHsI XpOHIYHOT XBOPOOU
HUPOK, Tofi K ap-I'TII1-1 — 3HMKeHHST pU3KUKY aTepOCKIIe-
POTUYHUX CEPLIEBO-CYAMHHUX 3aXxBoptoBaHb. KpiMm ToTO,
HeIoJaBHi peKoMeHaalii €Bporeiicbkoro ToBap1cTBa Kap-
TOJIOTIB, a TAKOXX AMEpUKaHCHKOTO KOJIEKY KapIioJorii Ta
AMepUKaHChKOI KapioJOTiYHOI acolliallil loI0 JiKyBaHHS
CH migkpecaunm BaxmmBicTb 3actocyBaHHs iH3KTI-2 y
nauieHTiB i3 CH HesanexHo Big HasiBHocTi LIJI2 [11].

Tak, B omHOMY 3 HOCHiIXeHb OLIIHIOBABCS BIUIMB 3a-
crocyBaHHs ofnHoro 3 npeactaBHukiB iH3KTI-2 — ka-
Harmidno3nHy — y 666 manientis 3 1112 Ha 3MiHM piBHIB
B KpoBi Takux MapkepiB, Ik NT-proBNP (N-kinuesuit
MPOMENTU HATPiiypeTUHYHOTO TOPMOHY), BACOKOUYTIUBUI
TponoHiH I, ranektnH-3 Ta ST2-nentun, yepes 26, 52 ta
104 TvxHi Tepanii. OTpuMaHi 1aHi CBIZUMIIM MPO BiACYT-
HicTb miaBuieHHs piBHiB NT-proBNP, BucokouyTimBoro
TporoHiHy | Ta rajekTuHy-3 yepe3 2 poKH ITicJisl IprU3Ha-
YeHHs Mpenapary, Ha BiIMiHYy Bin Ijiaine0o, mpoTe piBHi
ST2-nentumy 3aJuInaanicsd He3MiHHUMH B 000X TpymHax —

SIK TUIa1e0o0, Tak i IIpHU JIiKyBaHHI KaHarTidao3nHoM. st
pelITH mpernapariB J1aHOI TPy HE OILliHIOBAaBCS BIUIMB Ha
BCi HaBeIeHI KapaioBacKyJIsIpHi Mmapkepu [12].

VY 3B’S13Ky 3 IUM aKTyaJIbHUM KJIiHiIKO-J1abopaTOpHUM
3aBJaHHSIM CTa€ BCTAHOBJIEHHSI OCOOJIMBOCTE! 3MiH piBHIB
MiarHOCTUIHOTO Ta MPOTHOCTUIHOTO GiomMapKepa ceplie-
BO-cyaMHHOI naTosorii ST2 (suppression of tumorigenicity 2)
y nanieHriB, mo neperHecaun COVID-19. [lanuit mapkep
HaJIeXXWTh JI0 ciMelicTBa perienTopiB iHTepielikiny (IJ1)-1 Ta
Ma€ 3HaueHHS B peMOJIETIOBAHHI JIiBOTO IIUTyHOYKa, IIPOTHO-
3yBaHHI CepIlIeBO-CyIMHHOI Ta 3araJIbHOI CMEPTHOCTI ITpH iH-
(apkri miokapna, cepuesiit HenoctatHocTi [13]. Pisenb ST2
BimoOpakae HAIMpyTy CTIHKY MioKapa i aKTUBALIiIO IUISIXY
(iOpo3y Ta € MeHII 3aJIEXXHUM Bif 3araibHUX (PakTopiB.
BBaxaroTs, mo nigBuieHi piBHi ST2 y maiieHTiB 3 rOCTpoOIO
Ta XpOHIYHOIO CEPLIEBOIO HEAOCTATHICTIO MPOTHO3YIOTh IMOB-
TOPHY I'OCIIiTali3a1lilo Ta CMEPTHICTD, IPU LIbOMY TALIIEHTH
3 XCH, y sixux piBHi ST2 pearyoThb Ha MeIUKaMEHTO3HE
JIiKyBaHHsI, MalOTh Kpalluit pe3yabTaT [13].

MerTa: OLIHUTH BIUIUMB LIYKPO3HUKYBAJIbHOI Teparii 3
BukopucraHHsiM iH3KTT -2 Ha piBeHb ST2-nentuay Ta ro-
monucreiny (I'Ll) y mamienTis 3 LIJI2 B mocTKOBiZHOMY Tie-
piofii 3a yMOB XpPOHiIYHO1 CepIIeBOI HEAOCTATHOCTI IMTOPiBHSIHO
3i cTaHIAPTHOIO Teparieto (MeThopMiH/cynbhaHiIamiam) Ta
3 malieHTamMu 6e3 opyIilieHb BYTJIEBOAHOTO 0OMiHY, Bpaxo-
BYIOUM BUHUKHEHHSI HOBUX KapAioBacKyJISIPHUX IOl 4yu
MIPOrpecyBaHHS HASIBHUX Y TIOCTKOBITHOMY IEPioIi.

MarTtepiaAu Ta meToamn
O6crexeHo 43 narienTu 3 L1J12 Bikom 44—85 pokiB y
roctpuit nepion COVID-19 ta yepe3 9 micsiliB micis ony-
kaHHs. CralioHapHe JIiKyBaHHSI KOPOHAaBipYCHOI iH(eKIIil
npoBoauiiocst Ha 6a3i JIY «TMO MiHictepcTBa BHYTPILLIHIX
cripaB Ykpainn», M. Kuis. liarnoz COVID-19 migrBepmke-
Ho [TJIP-tectyBaHHsIM (Bipyc ineHTU(hiIKOBAHO) BiAMOBiM-
Ho 1o IIporokony MO3 Ykpainu (Haka3 Bin 17.09.2020 p.
Ne 2116). Ctpok criocTepeskeHHs CTAaHOBUB 9—12 mics1iB
TTicJIs1 OTPUMaHHS HETaTMBHOTO PE3y/IbTaTy TECTYBaHHS Ha
COVID-19 ta Bunucku i3 crauionapy. Bci maiieHTn Ha Mo-
MeHT 3axBoptoBaHHs1 Ha COVID-19 orpumysanu MeTopmiH
Y BUIJISIAI MOHOTEpAIIii UM y KOMOiHaIil i3 cynbghaHiacedo-
BUHOO. 3roJIoM MAalLliEHTU OYyJIM pO3MOAiJIeHI Ha 2 TpyIu:
nepia rpyma (n = 25) orpumaia 10 MeThopMiHy J0IaTKOBE
nikyBaHHs nipeniapatamu iH3KTT -2 (manarmicdnoszun 10 mr
yu emnariigao3ux 10 Mr), apyra rpyna (n = 18) mpoaoBxu-
J1a ipuitoM KoMOiHallii MetdopMiH/cynbdaHiiceuoBrHa.
CepenHiii Bik Maui€eHTiB 000X IpyIl CTAaTUCTUYHO HE
BimpizHsBes (65,5 £ 8,7 poky Ta 67,28 = 10,3 poky), SK i
TpuBamicTh rocmitanisauii (16,2 + 3,56 ta 16,3 £ 6,8 nHiB).
KontponbHy (TpeTio) Tpyiy cTaHOBWIX 32 MalliEHTU
BikoM 46,7 & 17,3 poky, sKi xBopian Ha COVID-19 ta He
MaJli ITOPYIIEHHS ByIJIEBOAHOTO OOMiHY, TPMBaJIiCTh FOCIIi-
TaJtizamii skux ctaHoBuia 14,6 & 3,1 gHs, 1110 6yJ10 Biporia-
HO MEHIIMM 3a TPUBAJIiCTh rocmiTajizaiiii namieHTis 3 LIJ12.
Vcim mamieHTaMm ITig 9ac CTallioHapHOTO JIIKyBaHHS
BUKOHYBJIM TaKi 3arajibHi reMaTOJIOTiYHi Ta JlabopaTopHi
aHaJIi3u: 3araJIbHUI aHali3 KpoBi (KiJIbKICTb €pUTPOLIUTIB,
JIeKoLuUTiB, TpoMOoLuTiB, rematokpuT, LLIOE), anani3
piBHSI 3arajibHOTO OiJiKa, XojecTepuHy, Oinipyoiny, AJIT,
ACT, rmoko3u, ce4OBUHU, a30Ty CEUOBMHU, KPEAaTUHIiHY.
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Kpim toro, y xBopux Ha LIJI 2-ro ThIry Ha moJaTKy JIKYy-
BaHHs 3 npuBoay COVID-19 ta uepe3s 9 micsiiiB miciis omy-
JKaHHS TOCIIIXKYyBaal MOKAa3HUKU BYIJIEBOOIHOI'O OOMiHY
(rnikeMiunuit podins, HbAlc), ninmimHOro Komruiekcy
(Tpurninepuau, 3araabHuil xonectepud, JITTHIL, JITTBILT
CUPOBATKM KPOBIi).

V ceprudikoBaniii 1adopartopii «Eckynad» (M. Kuis)
MMPOBENeHO BU3HAYEHHS KOHIEHTpallil TOMOIMCTEIHY
(pedepenTHi 3HaYeHHs 5,0—12,0 MKMOJIB/1T) Ta (osieBoi
kucinoru (pedepeHTHi 3HaueHHs 3,0—17,0 Hr/MJ1) MeTO-
noM iMmyHodepmeHTHoro aHanidy (IDA). ¥V mabopatopii
«J11IJTA» BU3HaYeHO KOHIIeHTpallilo C-peakTuBHOro Oijka
B cupoBaTili KpoBi (pedepeHTHi 3HaueHHs1 < 10 mr/i) Ta
D-numepa (pedepentHi 3HaueHHs < 0,55 Mr@EO/n (mii-
rpaM (iOprH-eKBiBaJeHTHNX OOWHUIIb) Y BEHO3Hill KpOBi
iIMYHOTYPOiTMMETPUYHNUM METOIOM.

Konuentparito ST2 B cupoBaTii KpoOBi IALIIEHTIB A0 JTi-
KyBaHHS Ta yepe3 9 Mics1iB ITic/s1 OMy>kKaHHST BU3HAYAIM 3a
noromoroto Hadopy ST2 Finetest. CepenHst KOHLIEHTpallist
ST2 y 3mopoBux oci6 craHOBUTbH 2—18 HI/MJI, KOHLIEHTpa-
11is1 BUILE 32 35 HI/MJI CBITYUTH TIPO iCHYBaHHSI BUCOKOTO
CepIlEeBO-CYAMHHOTO PU3UKY.

CraTucTUYHY OOpPOOKY pe3yJibTaTiB MPOBOIMIMU 3
BUKOPUCTAHHSM TaKeTiB CTaTUCTUUYHUX PO3PaxyHKiB
MedStatv.5.2 (Copyright @ 2003—2019). I1poBeneHo re-
PEBipKYy rinoTe3u 100 BiAMOBITHOCTI (PaKTUYHOTO PO3-
OOy KOXHOTO 3 JOCTIIKYBaHUX MOKA3HUKIB KPUTEPi-
sIM HopMasibHOTO posnofainy Llamnipo — Vinka. Ockiibku
PO3IIOIiI BCiX MOCTiMKyBaHMX ITOKA3HUKIB Billpi3HIBCS Bill
HOPMaJIBHOTO, po3paxoByBai MefdiaHy, | kBaptuib (Q1),
111 xBapTuab (Q3), MiHiMabHE Ta MaKCUMaJIbHE 3HAYEH-
Hs, a Takox 95% J11. [1y1st OlliHKY pi3HUIII TTOKA3HKKIB 10
i TmicJis JTiKyBaHHSI BUKOPUCTAIM t-KpuTepiii BilkokcoHa,
Pi3HUIIIO TTOKA3HUKIB BBaXKaJM BiporigHoro mpu p < 0,05.

PesyAbTaTH

Y 6inboi yactuHu nepiioi rpynu (14 natieHTis, 56 %)
3acpikcoano I'X 11 c1., y 11 mamienTis (44 %) — I'X 111 cT.,
cepen MalieHTiB APYroi rpyu Jiuiire 5 xBopux (28 %) Mamu
I'XII ct., peruta — I'X 11 1. (72 %). I1pu ibomy y 16 ma-
ieHTiB (64 %) rpynu 1 Ta 6 mauienTiB (33 %) rpymnu 2 3a-
dikcoBano CH IIA, y pemrtu mauientiB — CH 1. ¥ onHoro
nauieHTta rpynu 2 3adikcoana CH I1b, 2 mauienTtu 3 rpy-
nu 1 ta 3 mauieHT 3 rpynu 2 He Mayu rposisis CH.

Crin 3a3HAaYMTH, IO PO3IOMAII Ha TPYNM MAIli€HTIB
BiIOyBCSI PETPOCHEKTUBHO, OCKUIBKM BCIM TAlliEHTaM, Y
sKux Oyna miarHoctoBaHa CH, mpusHavanucs mpernapatu
iH3KTT -2, npote nuire 25 nauieHTiB (rpyma 1) posnova-
JIM TIpUIiOM T1ihyI03uHIB (3 HUX Aanariigio3uH — 18 ocio,
emraricao3uH — 7 oci6). HatoMicTh nmanieHTH, 1110 He 3Mi-
HWIM LIYKPO3HIKYBaJIbHY TEParilo, siK 0yJ10 peKOMEHIOBAaHO
(rpyna 2), He 3po0MIN IILOTO 3 MaTepiaabHuX mpuanH (10 ma-
LIIEHTIB) YN Yepe3 MoOOBaHHS YpakeHHsI HUPOK BHACITIIOK
[JIIOKO3ypii (2 manieHTn ) a00 yepe3 TeHiTOypruHapHi yCKIa-
HEHHSI, 1110 BUHUKJIW TIC/ISl ToYaTKy npuitoMy (2 maitieH-
™). Y nepuriii rpymi 5 mamienTis (20 %) manu ogHOGIYHY
ITHEeBMOHII0, 8 maiieHTiB (32 %) — nBOGIUHY ITHEBMOHIIO, B
JIPYTiii TpyTIi TAKOX 8 MALliEHTIB MaJIM YCKIIAAHEHHS Y BUTJISI-
I TBOGIYHOI TTHeBMOHII (44 %) Ta 2 malieHTU — OTHOOIYHOL
(11 %). Iepebir COVID-19 6yB po3LiHEHU JTiKapsIMU SIK
CepenHbOl TSLKKOCTI y 88 % maliieHTiB mepIioi rpynu ta y
100 % manieHTiB APYTOi, TP LIOMY B MEPIIIiii TPYITi 2 Malli-
€HTHU MaJIM TSDKKU 1epebir KopoHasipycHoT iHGeKIiT (8 %)
ta | — yrerkuit (4 %). KucHeBoi MiATpUMKY TTOTPeOyBaIu 11O
4 manieHTH B 000X rpymax (16 Ta 22 % BimIoBiIHO), MPU3HA-
4yeHHs ekcameTa3oHy — 10 matienTiB nepiuoi rpymnu (40 %)
Ta 4 manienTu B Apyriit (22 %).

HaiiTsokui KiIiHiYHI TposBY KOPOHaBipyCHOI iH(eKIIil
OyJiv B rpyTi MALli€HTIB, SIKi HE MaJIi TTOPYIIEHb BYTJIEBO/I-
HOro o0OMiHy: 26 naiieHTiB (81 %) Manu 1BOGIYHY THEBMO-
Hi10, 6 nmawieHTiB (19 %) — ogHOGiuHy, 12 nmauieHTiB (38 %)
MOTpeOyBaJI OKCUTEHOTEpaIrlii Ta MPU3HAYEHHS TIIIOKOKOP-
tuKoiniB. [1pu iboMy, SIK BxKe 3a3Ha4anocsI, TEPMiH TOCITi-
TaJTi3allii MaieHTiB i€l rpynu OyB BipOTiTHO MEHIIINM, 110
CBiIUMTH MpPO Kpallly peakililo OpraHizaMy Ha Teparliio.

Sk BXe OyJs10 3a3HaYeHO, TPy MaiieHTiB 1 i 2 He Bin-
pi3Hsucs 3a BikoMm, IMT ta TpuBajicTIo rocmitaiizalii
3 mpuBoay COVID-19. He BinzHaueHo Takox BiporiaHO1
Pi3HUILI MiX rpynaMu 3a OCHOBHUMHU MapamMeTpaMu KpoBi,
a caMe: KiJIbKiCTIO €pUTPOLIUTIB, IEUKOLUTIB, PiBHEM TeMO-
r1o6iHy, remarokputoM, LIIOE, a Takox 3araabHUM XoJiec-
TepuHoM, Oinipyoinom, AJIT, ACT, ce4oBOIO KUCIOTOIO,
CEYOBMHOI0, KpeaTUHIHOM cUpoBaTKu KpoBi (p > 0,05).

EdexTuBHicTh MpU3HAUYeHOI TEpaIlii OLIiHIOBAIM, 30Kpe-
Ma, 3a 3MiHAMHU PiBHS B CUPOBATIIi KPOBi TOMOLIMCTEIHY Ta
domniepoi kucnotu (PK) (tabds. 1). Y nocnimKyBaHUX TPy-
Tax NauieHTIiB yepe3 9 Mics1iB Micyst ofy>KaHHS BiJl KOpOHA-
BipycHOI iH(eKIIii Bil3HAUGHO BipoTiiHE 3HUXXEHHS PiBHSI

Tabnuys 1. Pe3ynbTaT BUSHa4€HHs1 KOHLEHTpauii romouncTeiHy Ta ¢honieBoi kucnotu B cupoBaryi KpoBi
nayientis 3 [ 2-ro Tuny Ha tni nikysaHHsi iIH3KTI -2 (rpyna 1, n = 25) abo cTtaHRapTHOI LyKpO3HUXYBasibHOI
Tepanii (rpyna 2, n = 18) Ao nikyBaHHs Ta Yepe3 9 micsayiB nicna ogyxaHHs Big COVID-19

F'omouuCTElH, MKMONb/N donieBa KMCNOTA, Hr/MN
CTaTUCTUYHI NOKAa3HUKK Tpyna 1 Tpyna 2 Tpyna 1 Tpyna 2
lo Nicns Ho Micng Jlo Nicns lo Nicns
NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | JiKyBaHHA

MepiaHa 16,8 9,9* 14,4 10,1* 4.4 48 43 6,9*
| kBapTunb (Q1) 10,6 9,6 9,6 20,4 3,8 3,4 3,4 54
Il kgapTunb (Q3) 21,5 10,0 20,4 10,8 4,8 55 5,7 7,8
MiHimanbHe 3Ha4eHHS 6,24 9,3 6,72 6,2 2,7 2,6 2,7 4,6
MakcumanbHe 3Ha4eHHS 28,2 11,9 29,2 18,5 7,4 13,0 7,3 16,3
95% [l 10,6-21,5 | 9,6-10,0 9,2-21,3 8,9-10,9 3,8-4,8 3,4-55 3,1-5,8 5,2-7,4

lMpumitka: * — p < 0,05 — BiporigHa pi3HULs1 NOKa3HUKIB AO Ta Micssi JliKyBaHHs (MOPIBHSIHHS [AHUX, PO3MOAIN
SAKUX BIiAPI3HAETbLCSA Bif HOPMaJslbHOro, i3 3acToCcyBaHHSAM t-Kputepito BinnkokcoHa).
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TOMOLIMCTEIHY B CHPOBATLi KpoBi. SIKII0 Mmim yac XxBopoou
Ha COVID-19 B 060X DOCTiZHUX Ipyrax CIOCTepirajoch
nigBuieHHs piBHst I'Ll B kpoBi 1o > 12 Mkmounb/1 (y 52 %
xBopux rpymnu 1 tay 33 % rpymnu 2), To 4epe3 9 MiCsILIiB Mmicst
ONyXXaHHS y BCiX 0OCTeXXeHUX Mali€eHTiB KoHLeHTpaitis 'Ll
HopMaJtidyBajiacb. HaroMicTh y maitieHTiB rpynu 3 piBeHb
roMo1uucTeiny B roctpuii nepion COVID-19 6yB BiporinHo
HIDKYNM, HiXK B 000X rpynax naiieHTiB 3 LIJI2 He3amexxHo
Bin Teparii, i craHoBUB 9,9 * 3,1 MKMOJIb/J1.
3a3HauMMoO, 110 CUPOBATKOBUM piBeHb (hoyaTy ITic-
JIST JTiKyBaHHS y Tpymi 1 MaB TeHAEHIIIO IO 3pPOCTaHHS
(0,10 <p>0,05), ay rpymi 2 BiporigHo minBuimscs (p < 0,05).
OCKiIbKY 3MiHU B KiJIBKOCTI (DOJTIEBOI KMCJIOTU Y TALIIEHTIB
MOXYTb OYTH 3yMOBJI€HiI KOMILJIEKCOM BiTaMiHiB, sIKi MpuiiMa-
JIA TIALIIEHTH B MIOCTKOBIZHOMY TIEPiOfi, a 3HVZKEHHS PiBHS
TOMOLIMCTEIHY B I'pyri 1 He Oyj10 orocepeakoBaHe 3MiHAMU
PiBHSI (bOTIEBOI KUCIOTH, TO MOXHA MIPUITYCTUTH, 1110 Ha 1Ie
BrutrHyJIa Teparist iH3KTT -2, siKy 3acTocoByBaiM MalliEHTH.
HocaimkeHHss nMHaMiku KoHeHTpalii ST2 B cupoBartiii
KpOBi IAIIiEHTIB y ITOCTKOBITHOMY TIE€piOi TO3BOJMIO BU-
SIBUTU BipOTiiHE 3HUKEHHSI PiBHS 1IbOTO CEPLIEBO-CYIUH-
Horo 0ioMapKepa B 000x rpynax naiieHriB 3 LIJI2 (Tabr. 2).
Crin 3a3Ha4nTH, 110 Yepe3 9 MicsiiB y 8 mawieHTiB (32 %)
rpynu 1 CH perpecyBaia no I cT. KJIiHiYHO, HATOMICTb Y
7 maiieHTiB Ipyroi rpynu CUMITTOMAaThKa OyJia olliHeHa Kap-
nionoramu sk CH IIA, 1110 B 1iJioMy 301JIbIIMIO KiIBKICTh
nauieHTiB 3 gaHoo cragieo CH no 72 % y 2-ii rpymi.
IlaienTn KoHTpOJIbHOI I'pynu 6e3 LI/1, Ha BinMiHYy Bi
xBopux Ha L1J12 060x rpyI, mo-nepiie, MajJiy 3HAYHO HIDK-
yunii cepenHiii piseHb ST2 (p < 0,05), mo-npyre, He TEMOH-
CTpyBaJli IMHAMIKM PiBHS KapJioMapKepa yepe3 9 Mics1iB
TicJis mepeHeceHoi KopoHaBipycHo1 iHdeKIil (Tadt. 2).

O6roBopeHHs

[aHi JiTepaTypu cBimyaTh Mpo Te, 110 Y Malli€HTIB,
SKi cTpaxnatoTh Ha LI/l 2-ro Tumy, micis mepeHeceHoro
COVID-19 crioctepiratotbest OUTbII TSIKKi Ta TOBFOTPUBATi
HACJIiIKU, SIKi CTOCYIOThCSI YpaXkKeHHS CepLIEBO-CYIMHHOI
cucremu [7—10]. Mu nocnimxyBanu e(eKTUBHICTb TIPO-
THIiabeTMYHOI Tepamnii y nmauieHTiB 3 LI/12, siki nepeHeciaun
COVID-19, Bu3Havaoun OCHOBHI KJTiHiKO-1a00paTOpHi 1o-
Ka3HMKH, a TAKOXK PiBHi 1iarHOCTUYHOTO Ta MTPOrHOCTUYHOTO
OioMapkepa cepleBO-CynnHHOI maToJjorii ST2 ta eHmoTemi-
OTOKCUYHOTO MPOAYKTY (hOJIATHOTO LIMKJTY TOMOLIUCTETHY.

Bcranosneno, mo xBopi Ha LIJI2 sk mig yac TocTporo
nepiony COVID-19, Tak i uepe3 9 Mics1IiB Mmic/ist omykaHHSI
MaJIi BUILI piBHi OioMapKepa ceplieBO-CyIMHHOI ITaToJIOoril
ST2, Hixx ocoou 6e3 LIJI. Yepe3 9 MicswiB Imiciist omy>KaHHS
nauieHTu, skum Oyna npusHadeHa tepamnist iH3KTI -2, ne-
MOHCTPYBaJIY BiporinHe 3HMKeHHS piBHS ST2 MOpiBHSIHO 3
TUMU, XTO MPOAOBXKYBAB OTPUMYBATH LIYKPO3HUKYBAJIbHY
Teparliro MeT(pOopMiHOM Ta IIpernapaTaMu CyJb(paHiIicedo-
BUHU (IUB. TaOI. 2).

KinbkicHe BuzHaueHHsI ST2 3aCTOCOBYETHCS IS OLIH-
KU CTYTIEHSI XpOHIYHOI CepleBOi HEMOCTATHOCTI Ta IMPOTHO-
3yBaHHS ii pe3yabTary 3rifiHo i3 3asB0o0 AMEpUKaHCHKOI
Kap/ioJIoriyHo1 acoliialii mpo 6ioMapkepu Mpu cepueBiii
HenocTaTHOCTI [14]. BctaHOBAEHO, 110 MiABUIIIEHHST PiBHS
po3unHHOTO ST2 3yMOBIIIOETHCS MEXaHIYHUM PO3TSTHEHHSIM
KapIiOMiOILIUTIB i MO3UIIIOHYETHCS SIK HOBUI MapKep KapIi-
aJIbHOTO cTpecy, (idbpo3y Ta peMonemoBaHH:. Lleit 6imok
MOXe eKCIPecyBaTHCs B KUTTE3IATHOMY MiOKap/i, CXUJIb-
HoMy 110 cTpecy. Hisg ST2 y ceplieBoMy M’s13i € KOMIUIEKCHOIO
i TicHO TOB’s13aHOIO0 3 iHTepaelkiKiHoMm 1JI-33 — dyHKio-
HajnbHUM JiiraHaoM ST2L. IJ1-33 cnipusie aHTurinepTpodiy-
HOMY Ta aHTH(DiOpoTHIHOMY edeKTam dheHiTenHehpruHy Ta
aHrioreH3uny I1. Po3unnnmii sST2 3HaxomUThCs Y KPOBOTOILL
Ta Ji€ sIK peuentop-npumanka misa 1JI1-33, mo mocnabioe
KapIioIpOTEKTOPHI BIACTUBOCTI OCTaHHLOI0. MexaHiuHe
PO3TSITHEHHSI KapAiOMiOLIMTiB MOX€ IOCUIIOBATA BUBLIb-
HeHHs 1J1-33 i3 nuroruiasMaTnyHux Be3ukyil. Kapmiomio-
LIMTH i ceplieBi GibpobsacTu nmapajiebHO BUBUIBHSIIOTH SIK
nevikomurapuuit ST2L, Tak i po3unaHmit SST2 mim yac 6io-
MeXaHiqHOoTro po3TarHeHHs. [Togaibiia rimepTpodist Kapmio-
MiOLIMTiB, aKTUBHICTh (piOPOOJIACTIB Ta aIONTO3 IIPU3BOIUTH
IO aKTUBI3allil CTPYKTYPHOTO peMoJieTtoBaHHS cepls [15].

Kpim toro, BctaHoBJIeHO, 110 XBopi Ha [IJ12 min yac
COVID-19 manu BuIuii cMpoBaTKOBUI PiBEHb €HIOTENi-
OTOKCUYHOI CIIOJIYKM TOMOLMCTEIHY Ta HUXKYWM piBeHb (ho-
JIIEBOI KMCJIOTH, SIKa € BAXIMBUM KO(EepMEHTOM (DOJIaTHOTO
LIMKJTY, HEOOXiHUM [IJIsI 3HEIIKOIKEHHSI TOMOLIMCTEIHY
LLJIIXOM TIepeTBOPEHHSI 110ro Ha MeTioHiH (Ta6:. 1). [omo-
LIUCTEIH — BiOMUII TOKCUYHUI META0OJIIT, 110 YTBOPIO-
€TbCS Y POJIATHOMY LIMKJIi SIK TTPOMiIDKHUM MPOIYKT ITi1T yac
MeTa0oJIi3My METIOHIHY 3a yJacTi (PepMEeHTIiB METUJICHTE -
tparinpodonarpenykrazu (MTHFR), metioHiHCuHTa31-pe-
nykta3u (MTRR) ta metionincunrasu (MTR) i donaTis s1x
kodepmenTiB. [linBuieHui piBeHb TOMOIIMCTEIHY BBaXKa-

Tabnuys 2. Pe3ynbTaT BUSHa4€HHS1 KOHLEHTpauyii 6iomapkepa cepyeBoi HegoctatHocTi ST2 (Hr/mi)
B cuposartyi Kposi nayieHtis 3 LU/ 2-ro tuny Ha tni nikyBaHHs iH3KTI -2 (rpyna 1, n = 25) abo ctaHaapTHOI
YYKPO3HMXyBasbHOI Tepanii (rpyna 2, n = 18) nopiBHsiHO 3 oco6amu 6e3 LIA2 (rpyna 3, n = 32)
A0 NiKyBaHHs Ta Yepe3 9 micsyis nicns onyxaHHs sig COVID-19

Ipyna 1 (n = 25) Ipyna 2 (n=18) I'pyna 3 (n = 32)
CraTHeTHHi MoKasHitki [lo nikyBaHHs nil?\;:::m [lo nikyBaHHs nil?\;:::m [lo nikyBaHHs nil?\;;jal:m
Mepiana 54 4,8 49 57 2,5 2,3
| kBapTunb (Q1) 5,0 31 4,3 51 2,1 2,0
Il kgapTunb (Q3) 6,2 51 5,2 6,2 2,8 2,9
MiHimanbHe 3Ha4eHHs 4,2 1,3 2,7 2,7 1,7 1,6
MakcumanbHe 3Ha4eHHs 50,0 59 79 10,0 3,6 2,5
95% [l 51-6,2 3,5-5,1 43-52 51-6,2 2,3-2,7 2,1-2,8

lMpumitka: * — p < 0,05 — BiporigHa pi3HULs1 MOKa3HUKIB AO Ta Micssi NiKyBaHHs (MOPIBHSIHHSA BaHUX, PO3MOAIN

SIKUX BIAPI3HAETbLCSA Bif HOPMaJslbHOr O, i3 3acTocyBaHHAM t-kputepito BinkokcoHa).
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€ThCsT (HaKTOPOM PUBUKY BUHUKHEHHSI CePIIeBO-CYIMHHIX
3aXBOPIOBaHb Yepe3 MeXaHi3MU YIIKOIKEHHST €HIOTEJIilo,
MPOBOKYBaHHS OKCUIATUBHOTO CTPECY Ta Mpo3arnaibHUX
MPOLIECiB, TPOMOOYTBOPEHHSI, aTeporeHesy [16]. 3HmKeH-
Hst piBHs 'Ll Ha Tu1i 36inbiieHHsT noctynHocTi @K moxke
BimoOpakaTy TMO3UTUBHI MPOLIECH, TIOB’sI3aHi 3 TIOJIIMIIeH-
HsIM (YHKIIOHYBaHHS (hOJAaTHOTO LIMKIY, a caMe IMpole-
Cy TIEpeTBOPEHHS TOKCUIHOTO MPOMIiKHOTO TTPOIYKTY —
'Ll — Ha aMiHOKMCJIOTY METIOHiH, 1110 Bee J0 3MEHILIEHHS
HakomnuyeHHs1 TokcuuHoro 'Ll Ta cnipusie 3HUKEHHIO eH-
JMOTEIIOTOKCUYHOCTI Ta 3MeHIleHHo pu3nkKy CC3 y rpymnax
MHAalli€HTIB, SIKi MpUMaIM IyKPO3HMKYBaJbHY Tepariiio 3
3actocyBaHHIM Ipenapartis rpynu iH3KTI-2 abo meTdop-
MiHy/cynbdaHinaMinis. Lle MoXe CBIiTYUTU PO MOXIIUBE
BiTHOBJIEHHSI aKTUBHOCTI (DEPMEHTIB, SIKi 3HEIIKOIKYIOTh
I'LI, 1110 3HMXKY€E HeOe3MeKy CyAMHHUX MOPYIIEHb.

7151 OinbIin meTanbHOIL OLIIHKY e(heKTiB TPoTHAiabe TUIHOI
Tepartii y xBopux Ha LI/I2 y mocTkoBimHOMY ITepioi HeoOXim-
Ho BpaxoByBatu AaHi ExoKI 3 oninkoro ®B Ta piBHS iHIINX
oiomapkepiB (NT-proBNP) mist hopMmyBaHHST KOropTu Ia-
LIEHTIB, 1110 MOTPEOYIOTh TPUBAJIOI0 AMHAMIYHOIO CIIOCTEPEe-
JKeHHSI TICIISI TIepeHeCceHOl KOPOHaBipyCHOI iH(eKITii.

BucHOBKMU

BpaxoBytouu mnigBuiieHi piBHi romouucteiny ta ST2-
MNenTUIy MiI Yac rocTpoi KOPOHaBipyCHOI iH(MeKIIil y malti-
enTiB 3 1IJ12 mopiBHSIHO 3 TakuMmu y oci6 6e3 L2, moxHa
MOPUITYCTUTH, 1110 KOMOiHALIis MiIBUIIEHOTO PiBHS WX ABOX
MapKepiB CBiTYUTD PO MOKJIMBE ITOTipIIEHHS CepLIeBO-CYy-
JMWHHOTO MPOTHO3Y Y BUIIIsiAL noripieHHsT nepediry CH y
nalieHTiB 3 giarHoctoBanuM 11/12 ta HasiBHOIO CH. Lle BKa-
3y€ Ha HEOOXiTHICTh IMHAMIYHOTO Kap/IioJIOTiYHOTO CITOCTe-
pexxeHHs 3a mnauieHTamu 3 11J12 npoTsroM TpuBajaoro yacy
micist mepeHeceHoro 3axpopioBanHs COVID-19.

BusiBiieHe HaMu 3HUKEHHST KOHIIEHTpallii Mapkepa ST2
y KpoBi xBopux Ha 1I/I2 y mocTKOBimHOMY mepioni mopsiz
3i 3HUKEHHSIM YTBOPEHHSI €HI0TeJIiIOTOKCUYHOrO areHTa
TOMOLIMCTEiIHY BKa3y€ Ha MO3UTUBHY AMHAMIKY L1010 3MEH-
IIEHHS KapIioBaCKyJISIPHOTO PU3UKY, 30KpeMa TirepTpodii
KapaioMiOIIUTIB Ta peMOIEIOBaHHS CTPYKTYPH Ceplisl, a Ta-
KOX ypaxK€HHSI CyTIMHHOTO €HIOTEJIiI0 MicJIsi TPOBENEHOTO
JIIKyBaHHS TaLIiEHTIB i3 3acTrocyBaHHsIM Tepamnii iH3KTT-2.

HanpsmkoMm Hamoi mogaibiinoi poootu Oyme ImpoaoB-
JKEHHSI CITOCTEpEeXEHHSI 3a TpylaMy MallieHTiB 3 METOIO
OLIIHKM TPMBAJIOCTi KapAioMpOTEeKTOPHOIoO edeKTy Teparrii
iH3KTTI -2y oci6 3 LIJ12, siki mepeHecn KoBinHy iH(heKIi1o
y TSDKKil (hopMi, MOPiBHSIHO 3 MalliEHTaMM Ha CTaHAAPTHil
LYKPO3HIKYBaJIbHIN Teparrii.

Konduikr inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiZICYTHICTh
KOHGMIIKTY iHTepeciB Ta Bi1acHOi (hiHaHCOBOI 3alliKaBJIeHO-
CTi MiJl Yac MiAroTOBKU IaHOT CTaTTi.

Indopmanis npo dinancysanns. brogxeTHe, 3a HiqTpuM-
ku MO3 Ykpainu, Ne 538 Bim 01.2022 p., B pamkax HIP
«JlocminnTy eHOTUIIOBI TOPMOHAJIBHI i METabOIiYHI 0CO-
OJIMBOCTI 3aCTOCYBaHHSI IHKPETUHOMIMETHKIB Ta iHTi0iTOPIB
HaTpiii3aje;KHOro KOTPAaHCIIOPTePYy INTI0KO31-2 Y XBOPUX
Ha LIYKPOBUIi 1iaGeT 2-T0o TUITY Y TOCTKOBITHOMY IT€piOJi».

Etnyni HopMu. ABTOpU 3aeKiIapyBaiu BilCyTHICTb KOH-
GaikTy iHTepeciB i hiHaHCOBUX 3000B’sI3aHb.

Buecok aBtopiB. KymnuaproBa H.M. — mouarkoBuit
MPOEKT, AOCTIIKEHHS, 30ip i aHai3 OTPUMAHUX JaHUX,
00po0OKka MaTepialy Ta HamucaHHs ctarTi; 3iHug O.B. —
KOHIIEMIIid i AU3aliH, aHaJli3 Ta 00poOKa MaTepiaiy, mepe-
BipKa, peLieH3yBaHHs Ta peaaryBaHHs; Lllynposuu A.A. —
IOCTiIKeHHsI, 30ip i 00poOKa MaTepially, pelieH3yBaHHS Ta
penaryBaHHs1; Komicapenko K.I1. — pocmimkeHHs, Bidya-
Jri3amis, 30ip Ta aHaji3 MaTepiany.
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Study of cardiovascular risk in type 2 diabetic patients in the acute phase
of the coronavirus infection and post-COVID period on the background
of therapy with sodium-glucose cotransporter-2 inhibitors

Abstract. Background. The relevance of finding optimal meth-
ods for treatment of people with type 2 diabetes (T2DM) who
had coronavirus disease 2019 (COVID-19) is due to the fact that
these conditions have a number of common pathogenetic mech-
anisms that cause complications of both diseases. The purpose
of the study was to assess the effect of antidiabetic therapy using
sodium-glucose cotransporter-2 inhibitors (SGLT2i) on serum
level of cardiovascular markers, ST2 peptide and homocysteine,
in patients with T2DM in the post-COVID period compared to
standard therapy (metformin/sulfonylurea derivatives). Materials
and methods. Forty-three T2DM patients aged 44—85 were ex-
amined during the acute period of COVID-19 and nine months
after recovery. Group 1 (n = 25) received treatment with SGLT2i
in addition to metformin; group 2 (n = 18) continued taking a
combination of metformin and sulfonylurea derivatives. Group 3
(control) consisted of 32 people without an impaired carbohy-
drate metabolism who have had COVID-19. The follow-up period
was 9—12 months after recovery from COVID-19. Results. In 9
months of treatment, a significant decrease was noted in serum

level of homocysteine, which was elevated in the acute period of
COVID-19 and reached normal values: in group 1, from 16.8 to
9.9; in group 2, from 14.4 to 10.1 umol/I; p < 0.05. In addition, in
the post-COVID period, there was a significant decrease in the
serum level of ST2, the biomarker of cardiovascular pathology, in
patients of group 1 (from 5.4 to 4.8 ng/ml; p < 0.05), in contrast to
group 2, where ST2 increased (from 4.9 to 5.7; p < 0.05). Patients
of group 3, unlike individuals with T2DM from both groups, had
a significantly lower average level of ST2 (p < 0.05), which did not
change 9 months after the coronavirus infection (p > 0.05). Con-
clusions. The results obtained confirm the positive effect of taking
SGLT2i on the level of cardiovascular risk markers in patients
with T2DM who had received gliflozin therapy for 9 months after
recovery from COVID-19, in contrast to the group of patients who
received metformin/sulfonylurea derivatives.

Keywords: coronavirus disease; type 2 diabetes mellitus; post-
COVID period; endothelial dysfunction; cardiovascular diseases;
heart failure; ST2 peptide; homocysteine; folic acid; sodium-glucose
cotransporter-2 inhibitors
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Cknad: fitoua peyoBuHa: xonexaanmgepcm 1 karicyna MicTHTb xonexanhqmpepony Il Mkr (BiTaminy D3 — 20000 MO_‘) TNikapcbka hopma. Kancynu m'sii.
®apmakoTepaneBTUYHa rpyna. Bitaminn. Mpenapaty sitaminy D 1a ioro awanoris. Xonexansundepon. Kog ATX A11C COS. flokasaHHA: Ana nikysanHA
KNIHINHO NIATBEPAXEHOTD AeiywTy Bitaminy D'y Aopocnux; Ans npodinakTiki ATy sitamity D y NaleHTIB 3 BACOKMM PU3MKOM; AONOBHEHHA [0 CReLMdyHOI Tepari
0cTE0N0po3y Y NatyenTie i3 Aediuuton sitaminy D abo 3 BUCOKMM PU3UKOM HecTaudl BiTamiHy D. MpomunoKkasaHHA: NiABALIEHa YYTNMBICTE 10 KOMIOHEHTIS NiKapChKOro
3acoby; rinepkansLiemis; rinepkanbLiypis; rinepeitamiHos D; ncesporinonapatupeoa (notpeba y BitamiHi D moxe ByTH HWKYa, HIK Y Nepiog HOPMankHOT YyTNMBOCTI A0
BITAMIHY, 3 PU3MKOM TPUBANOFO NEepeoayBaHHm); Hetbpon'rriaa (cevokam'aHa xBopoba); HUPKOBA HEOCTATHICTE; CapKOia03; Tyﬁepxynbos; JOAETKOBWI NpHifom BiTaminy D
(Moxe npussecty flo Nepenoaysants). CrOCi6 3acmocyeanHss ma do3u. [lovarkose nikysanns ediuury siraminy D: 40000 MO wa Twiaens (6-12 TukHis).
Nikysana gediunTy sitamity D Ta nigrpumia ioro pieks: Big 60000 ao 120000 MO a micaup (o & micauis) Tlpodinarvka gedpiuty iramity D: 20000 MO Ha TwxaeHs (3
ncTonana o keiteHs). [lonosHeHHA Ao cneuudHOl Tepanii ocTeonoposy y nawienTis 3 fediuntom BiTamiHy D abo y naujeTis 13 puankom Hectaql Bitamiby D: 20000-40000
MO Ha micaUb y nosHaHHI 3 NpefiapatoM Karkdiio, Ak Ue e noTpibhum. [imu. He pekomenayeTses 3acTocysarHa Nikapckoro 3acoby AITAM Ta Nignitkam (sikom fo 18
poxis). TepMiH npudamHocmi. 3 poki. YMOBMW 30epiraHHA. 30epirari B opuriHansHIi ynakosL| npy Temneparypi He Biwe 25 °C. 3bepiratv y epocTyntomy Ang
aitei micyi. YnakoBka. (1o 10 kancyn y 6nictepi; no 2 6nictepw B navui. Kateropis Bianycky. 3a peuentom

BupobHuk. AT «KIBCBKIAWA BITAMIHHWA 3ABO[».

IHhopmaLyis Npo nikapckkiie 3acit, npuaHaveHa ANA POANOBCIOKEHHA Cepes MeAMHHUX | thapMaLEBTHYHKX TPaLiBHKIB Ha CeLjaniaoBaHyx ceMiHapax, KoHepeHLYiAX,
CUMNO3IYMAX 3 MeUUHOT TEMATHKM.

Bigein: P MO3 Yikpainu Ne UA/18050/01/03 sig 23.04 2020; Ne UA/18050/01/04 Big 15.08.2023. Mepen 3acTocyBaHHAM YBaKHO O3HAWOMTECH 3 IHCTPYKUIEID Ta
NPOKOHCYMLTYATECH 3 MiKapeMm

KWIBCbKWUIA BITAMIHHUA 3ABOD,
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lNawwkosckka H.B., Llapuik 1.O.
BYKOBUHCHKI ACPIXKABHU MEAMYHWI YHIBEpCUTET, M. YepHiBLj, YkpaiHa

EdeKTUBHICTb 30CTOCYBAHHS XOAEKAAbLUUDEPOAY
B KOMNAEKCHOMY AIKYBCOHHI NALIEHTIB
3 ABTOIMYHHUM Aia6eToM

Pestwome. AkryanbHicTb. Jegiumt BitamiHy D € rrio6anbHoK npobrieMoro, sika HeratueHO BMBAE Ha repeobir
aBTOIMyHHVX (hOPM LiyKPOBOro fiabeTy, BKIMOYHO 3 KIacu4HUM LyKposuM giabetom 1-ro tuny (L4A1) i nateHTHum
asToiMyHHUM giabeTom gopocsmx (LADA). Bitamin D Bigirpae BaxvBy posib y perysnsuii iMyHHOI Bianosigi, nigTpumui
OyHKUII B-KIITVH MigLLITYHKOBOI 3a5103u | MeTabosiyHoro 6anaHcy. MeToro focnigkeHHs1 6y10 OLiIHUTY ebeKTUBHICTb
AonasaHHs1 xonekanbumgheporsty 1 pa3 Ha TvKAeHb MPOTAroM TPbOX MICAUIB 4O CTaH[apTHOI Tepanii 4715 NOsinLLIeHHs
metaboriidHoro ctatycy nauientis i3 L1 i LADA. Matepianu Ta MeToaun. Y [OCIKEeHHI B3Sn y4acTb 72 nalieHTu:
36 i3 4/J1i 36 i3 LADA. Y4acHvKIB po3roginvmmi Ha rigrpynv 3a5exHo Big OTPUMYBaHOro JiKyBaHHS: 6a3vucHa Tepariisi
abo basvcHa Tepariis i3 gofasaHHAaM BitamiHy D. [MpoBe[eHo KOMIIIeKCHY OLIHKY MOKa3HWKIB BYriieBOAHOro 06MiHy
(rnikemisi HaTLye, rrikoBaHui remorrnobiH (HbA,,), iHaekc iHcyniHopesucteHntHocTi HOMA (HOMA-IR), piseHb iHCyrniHy
i C-nentugy), aBTOIMYHHOI aKTUBHOCTI (TUTP aHTUTIN [0 AeKapboKcuiasu riyTaMiHoBoi kncrotn (antiGAD)) i ninigHoro
npogpinto Ao i nicns nikysaHHs. Pe3ynbratu. [onasaHHs BitamiHy D fo Tepanii cyTTeBo nigsuLLyBasno piseHb 25(0OH)D
Y eupoBaTtLi KpOoBi NavieHTIB, 3abe3rneyyroumn 3Ha4He MOSIMLLIEHHS IXHbOro MeTabosiqHoOro cratycy. Y rpynax 3 JOAaTKo-
BVIM MPUVIOMOM XOTeKasbLMehepory CriocTepirasniocsi OMITHe 3HvKeHHs1 piBHst riikemil HaTtiye, HbA,,, HOMA-IR, a Takox
TuTpy antiGAD, Lo CBiR4Y/TL MPO MO3UTUBHWK BI/IMB HA KOHTPOSIb BYITIEBOAHOIO OBMIHY | 3MEHLLIEHHS] aBTOIMYHHOI
aKTUBHOCTI. Takox y navieHTis 3 JO[AATKOBUM NPpuOMOM BiTaMiHy D 3agbikcoBaHO MosinLLIeHHs1 NOKa3HUKIB NirigHoOro
OOMIHY, BKJTIOHYHO 3i 3HUXKEHHSIM PIBHS 3arasibHOro XoneCcTepuHy, XonecTepuHy JinonpoTeiHiB HN3bKOI LLiTbHOCTI,
ToMaUMnrmIiLeponis i NABULLEHHSM PiBHSI XONeCcTepuHy JinonpoTeiHiB BUCOKOI LUinbHOCTI. OCO6/IMBE 3HA4YEHHS Masio
nigeuLYeHHs1 piBHs1 C-rientugy B nayieHTis i3 LADA, Lo Bigo6paxae nosinLLeHHS QoyHKUi B-KIiTvH MigLLTyHKOBOI 3a/1034.
Llevi eqbeKT Mmoxxe 6yTv OB’ I3aHNV 3i SMEHLLIEHHSIM aBTOIMYHHOI aKTUBHOCTI Vi aHTU3anasibHUMM BIacTUBOCTAMU BiTami-
Hy D, siki cripysiroTb migTpmmMyi B-KiTvuH i iXHiVi 34aTHOCTI 40 cekpeuii iHeyniHy . JJocnipKkeHHs nigTBeEpLXYeE MIeroTpOrNHNA
BrimB BitamiHy D: 3MEHLLEeHHS1 aBTOIMYHHOI0 3arasieHHsl, MoslinLLIeHHs Yy TIMBOCTI [0 iHCYsIiHY, Hopmasisayito flinigHoro
npocgbirto i nigTpuMKy B-KniTMHHOI QoyHKLT. BUcHOBKM. OTpuMaHi pe3ynbtatii CBig4ats rpo LOLiNbHICTb MOHITOPUHIY
i kopekuii pisHs BitamiHy D y nauieqTis i3 U1 i LADA, ocobsmBo B ymoBax vioro aeqiumnty. Lii gaHi MoXyTs 6y Bu-
KopucTaHi /151 BAOCKOHAIEHHS TepaneBTUHHUX MiAXOAIB | 3HVXKEHHSI PUBVIKY YCKIIaAHEHb Y AAaHOI KaTeropii nauieHTis.
Kno4oBi cnoBa: yykposuii giabet; naTteHTHU aBToiMyHHUI giabeT [opocinx; BiTamiH D; XonekaibLmgheport;
ninigorpama

Bctyn

Hediuut BitamiHy D € rio6anbHOI0 MpobJeMOoI0 0X0po-
HU 300POB’sl, BiH Bpaxae Joaeii Oyab-sKOi eTHIYHOI ITpU-
HaJyieskHOCTi Ta BiKy [1]. OkpiM MeTaboJTi3My KaJIbIIiIO Ta Mi-
HepaJizalii KicTok, BitamiH D perymioe npodmidepatiito ta
mrdepeHIIiallio KIIiTUH, 3aXUIIa€ YUCIeHHI TKAaHUHU Bil
OKVICHIOBAJIbHOTI'O TIOIIKOMXKEeHHSI, Bilirpa€ pojib B iMyHiTeTi
1 MeTaboJTi3Mi Ta KOHTPOJIIOE EKCIIPECito YMCIIEHHUX T'eHiB.

Bitamin D 3B’sa3yetbes 3 peuentopamu (VDR), migkiacom
SIIEPHUX PELIENTOPIB, SIKi MiCTSAThCS MaliXe B YCiX KIIITUHAX
Oprafi3my i HeOOXiIHi TSI peryJIsLii pi3HOMAaHITHIX 0i0JIOTiu-
HUX MpolieciB. BBaxkaeTncst, 110 aediuumt Bitaminy D 3MiHIOE
VDR, 1110 ipu3BoauTh 10 AMCHYHKIIII OaraTbox opraHis |2, 3].

3arajabHOBIIOMO, 10 BiTaMiH D Mae 3HaYHMIT BIUIMB Ha
PO3BUTOK i Mepedir aBTOIMyHHUX 3aXBOPIOBaHb, 30KpeMa
mykposoro giadety 1-ro tTumy (1IJ11), ockinbkm Bimirpae
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BaxXJIMBY POJIb Y peTyJ/Isiii iMyHHOI BiIIIOBimi, 3HIDKYIOUN
akTUBHicTh T-xenmnepiB Tuny 1 i HUTOTOKCUYHMUX T-J1iM-
¢douuTiB, SKi BiAIIOBiZadbHI 3a aBTOIMYHHE ypa>KeHHS
B-xuituH [4]. Y cBoto uepry, nedinut BitamiHy D morip-
1IIy€ peryJisiiito 1i€i iMyHHOI Bif[[TOBI/li Ta CIIPUSIE PO3BUT-
Ky aBTOIMYHHMX IPOILECIB, MiABUIIYIOYN PU3UK PO3BUTKY
i nmporpecyBaHHs LIJI1.

3a mgannmu MixxHaponHoi miabetnunoi deneparii (IDF),
y 2022 pori mpuOIm3Ho y 8,75 MiTbIOHIB 0Ci0 Y BCbOMY CBITi
OyB miarHocroBanuii LIJ{1, 84 % 3 HUX CTAHOBUJIM TOPOCI
[5]. 3 ornsimy Ha HEYXWJIBHUIA TIPUPICT IIOPIYHOI KiJTBKOCTI
HoBux Bunankis LIJI1, oco6auBo B KpaiHax 3 00OMeKeHUM
COHSTYHUM BUTTPOMiHIOBAHHSIM, JTOCITIIKEHHS MOXKJIMBOCTE M
Kopexiiii neditmty BitaMiny D y 11i€i kateropii ocio € akty-
aTbHUM 3aBIaHHSIM.

JlateHTHU#1 aBTOIMyHHUIt niabet nopocaux (LADA)
€ Haitbutp omupeHuM (1o 12 % ycix Bumankis miadety
cepell 10pOCoro HaceJeHHs) (PeHOTUITIOM aBTOIMyHHOTO
LI, ssxuit mae o3Haku gk LIJI1, Tak i iykpoBoro miadety
2-ro tumry (LI12). LADA, ax i 1I/I1, BUHNKA€ BHACTIIOK
aBTOIMYHHOTO MPOLIECY, 1110 MPU3BOAUTH A0 MOCTYIIOBOTO
pyiiHyBaHHS 3-KJ1iTuH [6]. Ha choromgHi HeMae ocTaTouHO-
ro po3yMiHHs, Y1 € LADA iHIIIOI0 CYTHICTIO, UM ITiATUTIOM
1111 i3 MOBUIBHIIIIMM PYHHYBaHHSIM KJIITHH, 1110 BUPOOJISIIOTh
iHcyniH. Y Cranmaprax HaZaHHS JOITIOMOTH IIPU IIYKPOBOMY
niabeTi AMeprKaHCBhKOi niabetruHoi acomianii (ADA) LADA
BKJIIOUeHO 10 Kateropii LIJ{1 mis 3a3Ha4eHHST MOXIIMBOCTI
aBTOIMYHHOT'O pyitHYBaHHs [3-KJIiTUH y nopociux [7]. [Tpore,
Ha BinmiHy Bin kracuuyHoro 1IJ11, LADA po3BuBa€ThCS 1Mo~
BIJIbHIIIIE, YaCTO 30epiraloyn 4acTKoOBY (PYHKIIIIO [3-KJIITUH Ha
PaHHIX CTalisX 3aXBOPIOBAHHS, a TAKOX XapaKTepU3y€EThCS
0O3HaKaMM iHCYJIIHOPE3UCTEHTHOCTI, 1110 TTOETHYE HOT0 3 Me-
TabOTIYHUMM TTOPYIIEHHSIMMU, TTpuTamMaHHuMu LIJ12. Y cBoro
Jepry, iCHyIOTh ITepeKOHJIMBI JOKA3!1 POJIi AeillnTy BiTaMi-
Hy D y MexaHi3max po3BuTKy ii iporpecyBanns LI12 [8, 9].

3 ooy Ha BUIe3a3HadyeHe mnedinut Bitaminy D npu
LADA, okpiM TOTEHIIiIOBaHHSI aBTOIMYHHOTO ypaXkKeHHS
[B-KJIiTHH, MOXKe TaKOX MOCUIIOBATH iHCYTIHOPE3UCTEHTHICTD
i CIIpUSITH TIOTipIIIEHHIO BYIJIEBOIHOTO OOMiHY i1 TIporpecy-
BaHHIO iHIIMX MeTa0O0JIiYHUX MOpYIlIeHb, 30KpeMa ITUCITiITi-
nmemii. YucaeHHi oOcepBaliiiHi JOCTIIKEHHS CBiTIaTh IIpO
3B’S130K MiXK BUILIMMM PiBHSIMU BiTamiHy D y cupoBarili KpoBi
M COpUSTAMBUM JiittimHuM Tipodiniem [10], 1110, 3 0omHOrO OOKY,
3MEHIIYE PU3UK CEepLIEBO-CYIMHHUX YCKIIaIHEHb, a 3 iHIIIO-
TO — CIPUSIE 3HMKEHHIO 3araJIbHOTO CUCTEMHOTO 3arajieHHs],
SIKE € OCHOBHUM YMHHUKOM iHCYJIIHOPE3UCTEHTHOCTI.

Otxe, BUBYeHHs eekTy BitamiHy D rpu aBToiMyHHOMY
niabeTi € BaXKJIMBUM HAMPSIMKOM JUISI TIOJITIIIEHHS IOBTO-
CTPOKOBOTO MTPOTHO3Y SIK Y BUMankax kixacuuHoro 11, tak
i B mauieHTiB 3 LADA.

Metoro nociimkeHHs Oyyo 3’sicyBaTu e(heKTUBHICTb
3aCTOCYBaHHSI XOJeKaTbLMGbEPOTY B KOMILIEKCHOMY JIiKY-
BaHHI ITAlli€HTIB 3 pi3HUMU (PEHOTUIIAMH LIYKPOBOTO Iia-
oety 1-ro Tumy.

Marepiaam Ta meToamn

TTpoBeneHoO CKpUHIHTOBEe OOCTeXXeHHs 96 TMalieHTiB
3 pisHumu denorunamu L1 (46 — i3 kmacuynum LIJT1
i 50 — 3 LADA) Ha nipeaMeT BU3HAaYeHHsI CUPOBAaTKOBOTO
piBus Bitaminy D. HopmanbHi piBHI BiTaminy D peectpy-

Bamuch y 13 % oci6 3 L1 i 10 % mauientiB 3 LADA. Ille
8,7 1 18 % mauienTin 3 LI/]1 i LADA BignoBimHo OyJau Bu-
KJTIOUEHI 3 TOCTIIXKEHHS Y 3B’SI3KY 3 HAasIBHICTIO CYITyTHBOI
T1aToJIOTI, SIKa MOXe MOTipIIIyBaTH MeTaboJ1i3M BiTamiHy D.

Jlo momanbIIoro AOCHiIXKeHHs OyIu 3aaydeHi 72 ma-
LieHTH BikoM Bin 19 no 59 pokiB 3 pisHUMU (heHOTUTIAMU
aBTroimyHHoro LI/l i HemocTaTHIM cTaTycoM BiTaMiHy D:
36 oci6 3 LADA (rpyma 1) i 36 — 3 xinacuunum LII1 (rpy-
na 2). 'pyny LADA ctanoBuiu 23 4osoBiku i 13 XiHOK
BikoM Bin 38 mo 59 poxkis, LIJI1 — 21 gonoBik i 15 XiHOK
BikoM Bin 19 10 51 poky. Ha MOMeHT moctimKeHHs TpuBa-
JIiCTh 3aXBOpIOBaHHA nauieHTiB 3 LADA ctanosuna 7 [4,0;
10,0] pokis, i3 LIJI1 — 10 [8,0; 14,0] poxis.

Hiarnos LI/ BcTaHOBIIOBABCS BilMOBIAHO 10 YHidi-
KOBAHOTI'O KJIiHIYHOT'O MPOTOKOJY ITePBUHHOI, €KCTPEHOI
Ta creliajaizoBaHOi Meau4Hoi gomoMoru «llykpoBuii
nmiaber 1 Tuny y gopociaux» [11] i CtangapTiB HagaHHS
JIOTIOMOTHU TpU 1yKpoBoMmy niadeti ADA 2024 poky [7],
LADA — 3rinHo 3 pekoMeHaauisiMu ToBapucTBa iMyHO-
JIoTii mykpoBoro miabety [12] i KoHceHcycHOI 3as1BU MixX-
HaponHoi excrieptHoi naHesi 3 LADA [13]. OcranHbo0O
3aMpOIIOHOBaHI po3mmupeHi xapakrtepuctuku LADA, axi
BKJIOUatoTh Bik MaHidecrarii LIJI — monan 30 pokiB; ci-
MEIHMIT1/0COOMCTUI aHAMHE3 aBTOIMYHITETY; HMXUY Yac-
TOTY MeTaboJIiIYHOTO CUHAPOMY TTOpiBHSIHO i3 L1J12; BomHO-
yac BiICYTHICTb Pi3HUIII B CEPLIEBO-CYIMHHUX HaCJiaKax
1t manieHTiB 3 LADA i xBopux Ha LIJ12; 6iibln ToBibHE
3HUKeHHS piBHiB C-mientuny, Hix npu LJ1; mo3utus-
HICTh IIOAO aHTUTLI A0 AeKapOOoKcuaa3u IriIyTaMiHOBOI
kuciotu (antiGAD) siKk HailGiIbII YyTIMBOTO MapKepa
(pinme — mo iHmux aHTuTin — ICA, IA-2A ab, ZnT8A
i TeTpacriaHiHy-7); BilCyTHICTb IOTpeOU B iHCYJIiHOTepartii
Ha IToYyaTkKy 1iabeTy.

Vci nanientn 3 knacuuanM LJI1 nepeOyBanu Ha Oa-
3UCHO-00JTIOCHIH cxeMi iHcyaiHoTeparii. 27,8 % matieH-
TiB 3 LADA oTpuMyBaiu nepopajibHi IyKpO3HUKYBaIbHi
npemnaparu (ITL3IT), pemta — iHcyaiHOTeparito, 30KpeMa
B mmoeaHaHHi 3 TTH3TI.

OO6cTexxeHUM 000X TPYIT BUSHAYAJIM aHTPOTIOMETPUYHI
naHi (picT i Macy Tija 3 HACTYITHUM OOUYMCIIEHHSIM iHIEKCY
macu Tima (IMT), okpyx#icts Tamii (OT) Ta oKpyKHICTh
creroH (OC) nns po3paxyHky criBbinHoieHHs1 OT/OC),
cupoBatkoBuii piBeHb 25(OH)D, moka3HUKM ByTJI€BOIHOTO
00MiHy (TJTiKemito HaTIle, rikoBaHui reMorio6id (HbAlc),
C-nientuna, antiGAD). I1amientam 3 LADA, ki He niepe-
OyBaJiu Ha iHCyJIiHOTeparii, BU3HaYaJIu PiBeHb iHCYJIiHEeMil
Ta iHgekc iHcyaiHope3ucreHTHOCTI HOMA (HOMA-IR).
JlimigHuit cieKTp KpoBi BUBYAIM 32 BMiCTOM Y KPOBI 3arajib-
Horo xojiectepuny (3X), rpuanunriineposnis (TT'), xonecre-
puny ninonpoteiniB Hu3bKoi (XC JITTHIILL), myxke HU3bKOI
(XCJITTAHILL) i Bucokoi minbHocTi (XC JITIBILL), a Takox
obuMcIoBaIM iHAeKC areporeHHocTi (1A).

[TanieHTr OyIM po3MoAisieHi Ha TPYU 3aJIeXHO Bifl CTa-
Tycy BitaMiHy D: KoHleHTpalii < 20 Hr/m1 BBaxanu aedi-
MTOM, MiX 21 1 29 Hr/MJ1 — HEIOCTaTHICTIO, @ CUPOBATKOBI
piBHi > 30 Hr/MJ1 — HOpMaJIbHUM piBHeM [ 14].

3 MeTo10 OLiHKM e(eKTUBHOCTI JiKyBaHHS TMaLliEHTH
KOXHOI rpynu Oyiu rofiseHi Ha asi miarpynu. [liarpy-
na A (ocHoBHa) rpynu 1 (20 oci0) i miarpyna A (oCHOB-
Ha) rpymu 2 (20 oci®) oTpuMyBaIn Y KOMILIEKCHOMY JIi-
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KyBaHHI npemnapat Bimein (xonekansumdeposr) 20 000 MO
(AT «KuiBcbkuii BiTaMiHHMIA 3aBOJI») 11O OJHil Karcyni
Ha TYKIEHb YIIPOIOBX TPhOX MiCSIIiB; miarpyma B rpymm 1
(16 oci6) i migrpyma B rpymm 2 (16 oci6) — TiIbKU cTaH-
napTtHy (6a3ucHy) Tepamito. Bubip npenapaty 3yMoBlIeHU
TUM, 1110 TIpUitoM xoseKanbuudepony B no3i 20 000 MO
OIIMH pa3 Ha TUXIEHb XapaKTepU3y€eThCsl HU3KOIO (hapMako-
JIOTIYHMX Ta KJIHIYHUX IIepeBar. 3aBAsK/ TPUBAJIOMY IIepio-
ny HamiBpoanany BitamiHy D (15—20 ni06) 3a6e3neuyeTbest
crabinpHa koHueHTpalisg 25(OH)D y cupoBariii KpoBi 6e3
3HAYHUX KOJMBaHb. Taka cxema 3pydHa JUIsl TIalli€HTIB,
3HMXY€E PU3UK MTPOMYCKY /103 i MOJIETUIYE TOTPUMAaHHS pe-
KMMY Teparlii, 0COO0JIMBO B IOBrOCTPOKOBIii MePCIeKTUBI.
JaHuit peXXuM € KOPUCHUM Y HaliEHTIB 3 MOPYIIEHHIMU
BCMOKTYBaHHS UM KOMOPOiTHMMU CTaHAMHU, IO OOMEXKYy-
IOTh MOXJIMBICTb IIOJEHHOTO MpUiioMy TIpenapariB. YciM
nauieHTaM JOCJiIKyBaHi ITOKa3HUKY BCTAHOBIIOBAJIU B I~
HaMilli JTlikyBaHHS (110 i yepe3 3 micsiti).

MatemMaTnaHy 00pOOKY OTpUMAaHNX JaHUX IIPOBOIMIIN
3a JOITOMOrolo rmporpam Statistica 13.3 StatSoft Inc., Micro-
soft Excel 2016. KinbKicHi qaHi HaBeIeHi y BUTTISANI METiaHN
(Me) i mixxkBapTuibHOTO iHTepBany (Q25—Q75). lns Bcra-
HOBJICHHSI BipOTiIHOCTI BiIMiHHOCTEl y Irpynax crocrepe-
JKeHHSI BUKOPUCTOBYBaJIM HenapameTpuuHuii U-kputepiit
ManHa — VYirHi, y iMHaMmili JiKyBaHHsSI — KpUTepill Yin-
KOKCOHa. [ mpoBeAeHHs KOPEJsLiifHOTro aHai3y nmpu
HEHOPMaJIbHOMY PO3ITOAiTi BUOIpKM BUKOPUCTOBYBAIU He-
mapaMeTpUYHU KoedilieHT Kopesuii panriB CripMeHa.

PesyAbTaTH

Ha nepiiomy etarti BuUB4aJii 0COOJMBOCTI TOCTiIKyBa-
HUX MOKA3HUKIB 3aJIeXKHO Bill cTaTycy BitTaMiHy D. Xapakre-
PUCTHKA aHTPOTIOMETPUYHMX JaHUX, TTOKA3HUKIB BYTJICBOJI-
HOTO, JlirnigHoro ooMiHiB, piBHs 25(OH)D i kanb1iito KpoBi
y xBopux Ha Kinacuunuii LIJ11 i LADA 3anexHo Big cTatycy
BitamiHy D HaBeneHa B TaouI. 1.

Tabnmys 1. Xapaktepuctmka aHTpPornoMeTpUYHUX JaHux, NoKa3HUKIB BYrsieBo4HOrO, NinigHoro o6miHiB,
PiBHs1 KanbLito KpOBi y XBOpUX Ha Knacu1iHui Lykposui giabet 1-ro tuny i LADA 3anexHo Big cTatycy BitamiHy D

LLA 1-ro Tuny | LADA
Moka3Hukn 25(0OH)D
Aediumt (n = 19) | HepocTatHicTb (n = 17) | Oedoiumt (n = 20) | HegocTaTHicTb (N = 16)
14,09 24,73 [22,00; 27,30] 8,06 23,31 [21,49; 25,50]
25(0H)D, Hr/mn [10,70; 18,00] b, = 0,000 [5,01; 16,63] b, = 0,000
A 23,85 22,04 [18,83; 24,69] 2523 23,93 [22,24; 26,40]
’ [21,94; 27,34] 0, = 0,271 [23,58; 27,43] b, = 0,336
OT om 83,00 79,00 [69,00; 87,00] 88,50 86,50 [76,50; 94,50]
’ [80,00; 90,00] b, = 0,066 [82,00; 94,50] b, = 0,404
oT/0C 0,88 0,77 [0,70; 0,85] 0,92 0,91 [0,86; 0,99]
[0,82; 0,94] P, = 0,011 [0,89; 1,00] P, = 0,479
[Mtoko3a HaTLle, 10,77 10,05 [9,51; 12,52] 11,88 10,64 [9,04; 12,15]
MMOMb/11 [9,53; 13,01] b, = 0,802 [10,26; 12,53] b, = 0,249
oA 9, 8,90 8,90 [7,80; 9,40] 9,75 10,17 [7,46; 11,46]
1o [8,6; 9,90] b, = 0,433 [8,49; 11,00] b, = 0,838
lnpexkc HOMA-IR - - 4,93 4,99 [4,09; 5,14]
(n = 10) [4,13; 5,80] b, = 0,683
[HcyniH, MkO/n _ _ 9,50 11,25[10,34; 12,65]
(n=10) [8,28; 10,85] b, = 0,214
] 0,10 0,10[0,10; 0,15] 0,58 0,63 [0,39; 0,87]
C-nenin, Hr/mn [0,02; 0,17] b, = 0,707 [0,30; 0,81] b, = 0,937
. 210,00 150,00 [126,00; 205,43] 200,00 112,25 [59,47; 129,43]
antiGAD, Op/mn [116,30; 240,00] b, = 0,186 [123.50; 262,70] b, = 0,002
5,05 4,93[4,17;5,21] 4,99 5,84 [5,28; 6,37]
3X, Mmonb/n [4,44; 5,85] p, = 0,594 [4,18; 5,72] p, =0,133
3.44 3,44 [2,39; 3,78] 2,75 3,63 [2,67; 3,96]
XC JINHLL, mmonb/n [2,33; 3,78] p, = 0,959 [2,68; 3,20] p,= 0,171
0,55 0,59 [0,53; 0,67] 0,56 0,51 [0,51; 0,56]
XC IINARLL, mmons/n | 16 467 65 b, = 0,645 [0,53: 0,61] b, = 0,648
1,26 1,20 [1,07; 1,28] 1,23 1,14 [1,06; 1,25]
XC NNBLL, mmone/n [1,16; 1,44] p, = 0,442 [1,07; 1,60] p, = 0,524
1,43 1,46 [1,29; 1,60] 2,05 1,55 [1,32; 2,46]
T, Mmonu/n [0,64; 1,85] 0, = 0,721 [1,11; 2,63] 0, = 0,959
A 2,69 3,16 [2,69; 3,47] 1,81 3,19 [1,76; 4,77]
[2,01; 3,27] b, = 0,382 [1,81; 5,02] b, = 0,043
N 2,02 2,43 [2,40; 2,46] 2,30 2,13 [2,00; 2,30]
Kanbuin, MMonb/n [1,98; 2,37] p, = 0,143 [2,16; 2,44] p, = 0,336

TMpumiTkn: N — KinbKicTb criocTepexeHb; p, — BipOrigHICTb BIiAMIHHOCTEN MiXK nayieHTamn 3 He[OCTaTHICTIO Ta

Aegpiynrom BitamiHy D.

Tom 20, N2 8, 2024

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

35




OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

V rpyni nauienTis i3 L1y 52,8 % BcTtaHoBiaeHo nedi-
T, a B 47,2 % — HemoctatHicThb Bitaminy D, 3 LADA —
y 55,6 i 44,4 % BignosinHo. I1pu upomy B ocio 3 LADA
B rpy1i aedinuty BitamiHy D BcTaHOBJIEHI BipOTiAHO HYKYI
(y 1,7 paza, p = 0,011) piBui 25(OH)D, HixX y BianoBinHii
miarpyni nauieHTiB i3 knacuuyaum LI 1.

3a TaHUMM aHTPOMOMETPUUYHUX AOCTIIXKEHb, HOP-
MaJjibHa Maca Tija 3a moka3zHukom IMT crmocrepiranace
y 77,3 % nauienTis i3 LIJI1 i 44,1 % — 3 LADA. B oci6 i3
L1 HemocTaTHS Maca Tijla BcTaHOBJIeHa B 4,5 %, HaaMmip-
Ha Bara — y 18,2 %. Y 29,4 % nauienriB 3 LADA 3apee-
CTPOBAHO HAMIUILKOBY Macy Tija, y 26,5 % — OXUpiHHS
(v 20,6 % — 1 ctynenst, y 5,9 % — 11 cTyrmeHs BillloBinHO).
MeTabo0iYHO HEe3A0pOBU (PEHOTUIT PO3IOILTY KUPOBOT
TKaHWHMU 3a a0IOMiHaJIBHUM TUIIOM BCTaHOBJIEHO B 44,1 %
nauieHTis 3 LADA 1 18,2 % — i3 LI/ 1.

IIpu LI/I1 anTpormoMeTpu4Hi MOKa3HUKM, Taki sk IMT
Tta OT, cTaTUCTUYHO HE BiIPI3HSUIUCS TIPU MiXKTPYTTOBOMY
MopiBHSIHHI, rpoTe criBBinHo1eHHss OT/OC OyJio BULIUM
B oci6 i3 LIJI1 y rpymi nediunTy mMOpiBHSIHO 3 TAKUM B OCi0
3 HemocTaTHicTIo Bitaminy D Ha 14,3 % (p < 0,05). ¥ nai-
enTiB i3 LI[]1 000X rpymn Big3Ha4aa0Ch CYTTEBE ITiABUIIICHHS
Moka3zHuKa rikeMii Hatie, HbA,, BinHOCHO pedhepeHTHUX
3Ha4yeHb, 110 CBiIYUTH MPO HE3aJAOBIILHY KOMITEHCALIiIO
BYIJIEBOIHOTO OOMiHY, a TaKoX minBuilieHHsT antiGAD Ha
TJi 3HMKeHHST piBHsT C-nienituay. TakoX y MaiieHTiB 060X
TPYII IIOKA3HUKH JIITiIIHOTO 0OMiHY BKa3yBaJIl Ha THMCIIiITi-
JIeMilo pi3HOTO cTyrneHs. BonHouyac BiporinHuX BiAMiHHOC-
Teil 3a3HaYeHNX MOKA3HUKIB MixX rpyIliaMu ocib 3 HemocTaT-
HicTio Ta nediuntoM BiTamiHy D He 3apeectpoBaHo. PiBHi
3arajbHOr0 KaJbllil0o KPOBi HE BUXOIWIN 3a MeXi HOPMU
i He MaJIM BipOTiZHUX BiIMiHHOCTE! MiX ITiAIpyIIaMu.

B oci6 3 LADA noka3HUKM aHTPOMNOMETPil TaKOX He
IEeMOHCTPYBAJIM CTATUCTUIHO 3HAYYIIOI Pi3HUII IIPU MixX-
rpynoBOMY MOPiBHSAHHI. B 000X rpynax BUsIBJIEHO 3HaUYHE
MiIBUILEHHS PiBHS MII0K03U HaTiue i HbA,, 110 cBinuuTh
MpO MOTaHUI KOHTPOJIb BYIJIEBOJHOIO 0OMiHY. BogHouac
MiX IpyraMu 3 HeIOCTaTHICTIO Ta nediuToM BiTaMiny D
BIpOTiTHUX BiIMiHHOCTEH 1IMX TTOKAa3HUKIB HE BUSIBICHO.
PiBenb antiGAD 3HayHO nepeBuIyBaB peepeHTHI 3Ha-
YeHHSI B 000X IpyImax i 6yB BULLUM Ha 78 % y pasi gedinuty
BiTaminy D, Hix npu itoro HemocratHocTi (p < 0,01). TH-
IeKC iIHCYJIiHOPE3UCTEHTHOCTI IIepeBUIIlyBaB HOpMY i OYB
MPaKTUYHO OJHAKOBUM B 000X Tpyrax, a BMicT C-menTumy
3HAUYHO HMKYMM 3a pepepeHTHI 3HAUeHHS i He 3aj1eXaB Bif
CTyIIeHsT HegocTaTHOCTI Bitaminy D. ¥V mamienTiB 3 LADA
000X Ipyn AiarHOCTOBAHO AUCIIIiAEMil0, TPOTE MOKA3HUKU
JIIiTHOrO 0OMiHY BipOTiZHO HE BiIpi3HSIMCH IIPU MiIKTPY-
MOBOMY TTOPiBHSTHHI. PiBeHb CMPOBAaTKOBOTO KaJbllilo HE
BUXOIUB 3a MeXi pe)epeHTHUX 3HaYeHb i He Bilpi3HSIBCSI
MPU MIXTPYTIOBOMY TTIOPiBHSIHHI.

Otxe, HU3bKUIA piBeHb BiTaMiHy D moimpeHuii cepen
naiieHTiB sk 3 KiacuyHuM LIJ11, tak i 3 LADA. Oco6iuBo
BUpaxeHuit nedinut Bitaminy D y manieHTis 3 LADA, 1o
CBiIUNTH TIPO MOXJIMBY poJjb BiTamiHy D y maTtorenesi el
dopmu miabeTy, 30KpemMa 3aBISIKH MOro iMyHOMOIY/TIOBAJTb-
HUM BJIACTUBOCTSIM i BIUIMBY Ha iHCYJiHOPE3UCTEHTHICTb.
[Ilogo aHTPONTOMETPUYHUX XapaKTEPUCTUK, TO OLIBIIICTD
nauieHTiB i3 LIJ11 Manu HopMaibHy Macy Tijla, TOMi SIK cepes
oci6 3 LADA uacrimre criocrepirajgacs HagMipHa Bara abo

oxXUpiHHS. TakoxX po3momii KMPOBOi TKAHUHU 33 a0a0Mi-
HaAJTbHUM TUITOM OiTbII XapakTepHUid 1st maiieHTiB 3 LADA.
Xoua noka3Huku IMT Ta oKpy>KHOCTI TajIii He MajIy 3HAYHUIX
BiIMiHHOCTEI MiX IrpyraMu, BiTHOIIEHHS OKPYKHOCTI Taii
IO OKPY>KHOCTi CTeroH Bullle B naiieHTiB i3 LIJ11 pu nedi-
1umTi BitamiHy D. [Toka3HuKM BYTrJieBOAHOTO OOMiHY HE Maik
3HAYHUX 3MiH 3aJI€XKHO Bill cTatycy BiTamiHy D y maiieHTiB
3 LIJI1, omHak y xBopux Ha LADA 3adikcoBaHO CyTTeBiIIe
nmigBuieHHs piBHS antiGAD nipu nediumti Bitaminy D, 1110
BKa3y€ Ha OiJIbIII BUCOKY aBTOIMyHHY aKTUBHICTb.

OTxe, HU3bKUI piBeHb BiTaMiHy D acoilitoeTbcst 3 Heba-
JKaHMMU MeTa0O0JIiYHUMHU 3MiHAMM, 30KpeMa 3 ITiBUILIEHOIO
aBTOIMYHHOIO aKTUBHICTIO y Bumanky LADA, 1o migkpec-
JIIOE BaXKJIMBiCTh MOHITOPMHTY i KOPEKIIil IIbOTO MOKa3HUKa
IIJIS TIOJTITIIIIEHHS CTaHy Halli€HTIB.

3a TaHUMM JIiHiIiTHO-perpeciiiHOTO aHali3y KopeJsiliii
MiX moKa3HMKaMu BitamiHy D, maHumMu aHTpomnoMeTpii,
BYIJIEBOJHOTO OOMiHY i B-KJIITUHHOI (hyHKIIi1, TTOKa3HU-
KaMM aBTOIMYHITETY i JiMiZHOro CTaTycy, B Malli€EHTIB 3
LADA peectpyBaiauch IIpsMi KOpeJIsLiifHi 3B I3KU cepel-
HbOI CUJIM MiX piBHsIMM BitTaMiHy D ta iHcyniny (r = 0,518;
p < 0,05), HOMA-IR (r = 0,437; p < 0,05); obepHeHi KO-
pesiLiiiHi 3B’S13KU CepeIHbOI CUJIM — MiX piBHEM BiTaMi-
Hy D i koHueHTpatieto antiGAD (r = —0,698; p < 0,05),
BmictoM HbA, (r=—0,330; p < 0,05), a TakoX MOKa3HUKOM
XCJIMHLIL (r=-0,397; p < 0,05).

Otxe, aHaIi3 Pe3yabTaTiB JIIHIMHO-PeTrpeciitHOro aHa-
JIi3y CBiIYUTh MPO HASIBHICTh 3HAUYYIIUX KOPEJSILIiid MixX
piBHeM BiTaminy D i KJITo4uoBUMM MeTaOOTiYHUMU 1 iMyHO-
JIOTIYHMMM TTOKa3HUKaMmu B nauieHTiB 3 LADA. 3okpeMma,
BCTaHOBJICHO TIPSIMUIA 3B’SI30K MixK KOHLIEHTpaLIi€l0 BiTaMi-
Hy D i piBHeM iHcyJliHY, 110 CBiTYUTH TIPO HOTO 3MaTHICTh
miaTpuMyBaTu (PYHKIiIO0 B-KIIITUH IMiIIUIYHKOBOI 3aJ103U.
Takox BuIIi MoKa3HUKM BitTamiHy D acomitoBaiucs 3 Kpa-
11010 Yy TauBicTIO 10 iHcyniHy (HOMA-IR).

BomHouac 3apeecTpoBaHa 4iTKa oOepHEeHa 3aJ1eXKHICTh
MiX piBHEM BiTaMiHy D i aBTOIMyHHUMHU TIpoLiecaMu, PO
1110 CBIIYUTb 3HMKEHHS KOHLIeHTpallil antiGAD y nauieH-
TiB 3 BUIIIUM piBHEM 11boro BitamiHy. Kpim Toro, y Takmux
Mali€eHTIB BiA3HaYaeThCcs 3MeHIIeHHs piBHSA HbA, , 1110
BKa3y€ Ha ITOJIIIIIIEHHS BYTJIEBOTHOTO OOMIHY IpH OiJIBIIX
3a710BiJIbHOMY cTaTyci BitamiHy D. HeratuBHa Kopensiis 3
piBaem XC JIITHIII Bka3ye Ha MOXJIMBY poJib BiTamiHy D
y TIOJIITIIe HHI JIITiAHOTOo MpodiIio, 0 3HMXKYE PU3UK Cep-
11I€BO-CYJAMHHUX YCKJIalHEeHb.

VY rpyni nauienTis i3 LIJI1 npsmi kopensuiiiHi 38’13k
CepeaHbOI CUJIM BCTAHOBJIEHO MiX piBHsAMU Bitaminy D i XC
JIIBII (r=0,379; p < 0,05); o0epHEeHi KOpeJIsIiiiiHi 3B’ 13-
KM CepeIHbOI CWJIM — MiX piBHeM BiTamiHy D i KOHIIeHTpa-
mieto antiGAD (r = —0,303; p < 0,05), a Takox Bmictom TT'
(r=-0,375; p <0,05).

Otxe, y mauieHTiB i3 LIJ11 BrumuB Bitaminy D Ha moci-
JKYyBaHI TTOKA3HUKY OyB CXOXKUIT HAa TaKWil y MALi€EHTIB 3
LADA, ane 3 nesskuMu 0COOJIMBOCTSIMU. 30KpeMa, piBeHb
BiTamiHy D mpsiMo KopeioBaB 3 MiIABUILIEHHSIM «KOPHUC-
Horo» XC JITIBILI, 1110 MoXe CIpUsITU MOJIIILIEeHHIO CTa-
HYy ceplieBO-CyanHHOI cucTteMu. Kpim Toro, Bim3Havamacst
oOepHeHa 3aJIeXXHICTh MiXK piBHEM BiTaMmiHy D i KOHIIEH-
Tpaii€eto aBroaHTUTL1 (antiGAD), a Takox piBHeMm TT, 1110
CBiIYUTH IIPO MOTO MO3UTUBHUIA BIUIMB Ha JIIiTHUI OOMiH.
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OTpuMaHi HaMH [aHi BiOIIOBiIAIOTh pe3yJIbTaTaM iHIIIX
MOCHiIKeHb. 30KpeMa, y JliTepaTypi MOBITOMIISIETLCS TTPO
cwibHYy acouiamito Mixk LIJI1 i HU3bKUM piBHEM LIMPKYIIO-
rouoro BitamiHy D. TakoX € 1oKa3u BUCOKOTO piBHS (CUCTe-
MaTUYHi OIJISIIM, MeTaaHaJli3u) TOTO, 1110 aneKBaTHUI CTaTyC
BitamiHy D y paHHbOMY Billi 3HUXY€E pyU3uK po3BUTKy LIJ11.
ToBinomisieThest PO 3B’5130K Mizk rojtimopdizmom VDR, pu-
3ukoMm LI/11 i pynakuiero 3-xiitiH 3a piBHeM C-nienTumy [15].

Otxe, BiTaMiH D neMOHCTpy€e 3HaYHUIT BILIUB Ha 00-
MiHHi nponiecu B naiieHTiB 3 LADA i LI]1. Bui itoro piB-
Hi acOLiIOIOTHCS 3 MOJIMIIEHHIM (DYHKIIIT B-KITiTUH, 3MEeH-
LLIEHHSIM aBTOIMYHHOI aKTUBHOCTI Ta MO3UTUBHUM BIUIMBOM
Ha ripodinb ninini. OcobsnBO BUpaXeHi 11i e(heKTH B Talli-
eHTiB i3 LADA, 1110 miaKpecatoe BaXJIUBIiCTb MOHITOPUHTY i
KOpeKIIil piBHS BiTamiHy D y 11iif Kateropii XBopux.

HacTynmHuM eTarnom Haloro 10CiIKeHHs OyJia olliHKa
NUHAMIKHA aHTPOMOMETPUYHUX JAHUX, MOKA3HUKIB ByIJe-
BOJIHOTO, JIiTiTHOTO OOMiHiB, PiBHSI KaJIbLit0 KPOBi Y XBOPUX
Ha ki1acuyHuii 1111 Ha Ti1i 6a3ucHOI Teparlii Ta JiKyBaHHS
3 mopgaBaHHSIM BiTaMiny D yripogos:xk 3 MicsiiB (Ta0ir. 2).

SAK BUIHO 3 HABEJEHUX NAHUX, Y MAL[IEHTIB i3 KJIacUY-
HuM 11 y rpymi 6a3ucHOro JIiKyBaHHS piBeHb BiTaMiHy D
BipOTiTHO HE 3MiHUBCS, TOMi SIK Y pa3i 10JaTKOBOTO MpH-
oMy XoJleKaabLu@epoIry TaHWi MOKa3HUK 30LIbIINBCS Ha
57,3 % (p = 0,000).

Jani anTpornomeTpii B oci6 i3 kmacnuaum LIJ]1 He 3a-
3HAJM CTATUCTUYHO 3HAUYILIMX 3MiH MPU MOPiBHSIHHI 10
1 TTicJIst TIKyBaHHS B XKOMHIN JOCIIKYBaHil TPyIIi.

BuBueHHST TOKa3HMKIB BYIJIEBOIHOTO OOMIHY B TMHAMIIT
JIiKyBaHHsI MalieHTiB i3 kiaacuyHuM LIJ11 BcTaHOBUMIIO, 1110
piBeHb IJTiKeMii HaTIIe BiporigHo 3HW3UBCS Ha 24,7 % y na-
uieHTiB (p = 0,001), siki orpuMyBajn 6a3uCHY Tepariilo oc-
HOBHOTI'O 3aXBOPIOBAHHS, ajie B pa3i JomaBaHHS BiTamiHy D
Bil3HaYaI0Ch CyTTeBilIe 3MeHIIeHHsT (Ha 30,4 %) 3 BUCOKUM
crynieneM BiporigHocTi (p = 0,000). ITokasnuk HbA, Biporin-
HO 3HU3MBCS Ha 15,8 % Ha T1i 6a3ucHOI Teparlii Ta GiTbIIo0
Mipoto (Ha 23,4 %) — nipu momaBanHi Bitaminy D (p = 0,000).

PiBenp C-mrenTuay cTaTUCTUYHO HE 3MIHUBCS 1O i ITic-
JIsT TIpOBeIeHHsT 0a3MCHOrO JIiKyBaHHS mauieHTiB 3 L1,
IIpY JOoAaBaHHI BiTamiHy D MaB HeBiporinHy TeHIEHIIiIO 1O
3pocTtanHs. Tutpu antiGAD cTtaTrCTUYHO 3HaYYIIE 3HU3M-
ek Ha 9,3 % (p < 0,05) TakoxX JuIiIe B pa3i JomaBaHHs 10
06a3MCHOTO JIiKyBaHHS BiTaMiHy D.

V mauienTiB i3 /11, siKi oTpuMyBaiu 6a3ucHy Tepa-
IT1i10, He BCTAHOBJICHO BipOTiTHMX 3MiH 3 OOKY ITOKa3HUKIB
JIimiAHOro 00OMiHY, TOMI SIK Y TpYIIi 0Ci0, sIKi TOAaTKOBO OT-
puMyBanu BitamiH D, peectpyBaioch 3MeHIIeHHS 3X Ha
9,3 % (p = 0,000) i areporeHHMX (bpaKIiiil JiMOMPOTEiHiB:
XC JIIMHII — na 11,2 % (p < 0,05), XC JITOHIL — Ha
13,2 % (p < 0,05), TT' — nHa 10,7 % (p < 0,05) BignosimHO,

Tabnumys 2. [IuHamika aHTPOMOMeTPUYHUX [BaHUX, MOKa3HUKIB BYrJieBO4HOrO, NinigHoro o6miHis,
PiBHS1 KanbLito KpOBi B NaLlieHTIB i3 Knacu4Hum LyKpoBum giabeTom 1-ro Tuny Ha Tni npuiomy BitamiHy D

[ToKaZHNKM BasucHe nikyBaHHs (n = 16) BasucHe nikyBaHHs + BitamiH D (n = 20)
o Micna o Micna
19,79 20,15 [18,00; 28; 00] 19,44 30,58 [22,40; 41,40]
25(0H)D, wr/mn [18,00; 26,98] p. = 0,579 [12,07; 22,58] 0, = 0,000
A 23,76 23,76 [22,59; 26,90] 22,26 22,06 [19,04; 25.44]
: [22,59; 27,45] b, = 1,000 [19,20; 26,24] D, = 0,141
OT om 82,00 82,00 [79,00; 88,50] 81,50 81,50 [69,00; 88,00]
’ [79,50; 89,00] P, = 0,341 [69,00; 88,00] b, = 0,480
OT/0C 0,83 0,83 [0,77; 0,90] 0,85 0,85 [0,74; 0,91]
[0,77; 0,91] P, = 0,341 [0,74: 0,91] b, = 0,480
[Mtoko3a HaTLle, 10,36 7,80 [6,88; 8,13] 10,99 7,65 [6,98; 8,00]
MMOJb/N [8,567; 12,27] p, = 0,001 [9,55; 13,11] p, = 0,000
HbA._ 8,75 7,37 [7,03; 8,55] 9,20 7,05 [6,75; 8,05]
1o %0 [8,08; 9,44] p, = 0,000 [8,15; 9,80] b, = 0,000
0,11 0,11 [0,10; 0,15] 0,10 0,11 [0,03; 0,20]
C-nentup, Hr/mn [0,10: 0,15] p, = 0,480 [0,02: 0,20] p, = 0,054
. 188,20 184,22 [119,00; 219,15] 196,78 178,50 [95,60; 199,70]
antiGAD, Op/mn [116,30; 224,15] b, = 0,243 [127,55; 224,70] b, = 0,014
4,93 4,88 [3,94; 5,62] 5,05 4,58 [3,95; 5,39]
3X, mmonb/n [4,00; 5,77] p, = 0,320 [4,34; 5,73] p, = 0,000
267 2.11[2.10; 3.33] 3,74 3,32 [2,23; 3,74]
XC JNHLL, mmone/n [2,10; 3,78] p, = 0,183 [3,13; 4,24] b, = 0,023
0,55 0,51 [0,45; 0,51] 0,68 0,59 [0,46; 0,54]
XC NINAHLL, mmone/n | 10 50 0,55] p,= 0,182 [0,62; 0,90] p, = 0,041
1,8 1,32 [1,08; 1,32] 1,23 1,26 [1,23; 1,61]
XC NMNBLU, mmone/n [1,17; 1,26] p, = 0,182 [1,04; 1,59] p, = 0,041
1,42 1,38 [1,12; 1,59] 1,49 1,33[1,17; 1,57]
TF, Mmone/n [1,20; 1,61] D, = 0,246 [1,37: 1,97] b, = 0,023
A 3,07 3,45 [2,86; 3,70] 3,46 245 [1,78; 3,02]
[1,78; 3,07] ., = 1,000 [2,31; 4,38] p, = 0,131
- 2.43 242 [2,22; 2,49] 2.0 2,49 [2,41; 2,52]
Kanbuiit, Mmons/n [2,19; 2,46] 0= 0617 [2,00: 2,35] D, = 0,134

TMpumiTkn: N — KinbKicTe criocTepexeHb; p, — BiporigHiCTb BigMIHHOCTEN A0 i nicns niKyBaHHs B NayieHTIB rpynu
UA1, aki nepe6yBanu Ha 6a3uCHIv Teparii; p, — BiporigHICTb BiAMIHHOCTeN A0 i nicsisA sliKyBaHHS1 B NayieHTIB rpynu
UA1, sxi nepebyBanu Ha 6a3uCHI Tepanii 3 gogaBaHHAM BiTamiHy D fo cxemu JliKyBaHHs.
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a Takox He3HauHe 30inbpmeHHs XC JITIBIL mopiBHSIHO
3 MOKa3HUKOM 10 JiKyBaHHs (p < 0,05).

PiBeHb cUPOBATKOBOTO KaJbllit0 BipOTiTHO HE 3MiHUBCS
B KOJIHI# TPyIIi He3aJIe>KHO Bifl BULY Tepartii.

Ilpu omiHui 3MiH A0 i Mmicjas JiKyBaHHsS Talli€HTiB
3 LADA nHamu Oynin oTpuMaHi Taki pesynbratu (Tabi. 3).

PiBensb BiTaminy D y nmartieHTiB 3 LADA, s1ki oTpuMyBa-
I 6a3MCHY Tepalliio, He 3a3HaB BipOTiZHMX 3MiH, TOMi SIK
MpU J0MaBaHHI XOJIeKaIblIU(MEPOy 10 CXeMHU JIiKYBaHHS
CIIOCTEPIrajloch CyTTEBE 3pOCTaHHS MoKa3HuKa Ha 63,7 %
(p = 0,000).

3aciyroBye Ha yBary Toi ¢akT, 110 nokasHuku IMT,
OT T1a OT/OC He3HauHO, aJie BipOTiHO 3MEHIIMINCS
B rpy1i nauieHTiB 3 LADA 3 nogaBaHHSIM 10 CXeMHM JIiKy-
BaHHg Bitaminy D Ha 4,4; 3,31 3,3 % (p < 0,05) BignosinHo,
YOTo HE CITOCTEPIrajioch y rpyIli MOPiBHSIHHS.

Cepen mMoKa3HUKIB BYIJIEBOOZHOTO OOMiHYy B ITalli€HTIB
Ha 0Ga3MCHIii Teparii 10 i Ticst JiKyBaHHSI pEECTPYBATUCS
Taki 3MiHU: piBeHb IJIiKeMii HaTie 3MeHIInBCsa Ha 26,4 %
TOpiBHSHO 3 BuximHuM (p < 0,05), a BmMicT HbA,, — Ha 16,5 %
(p = 0,000), Tomi sIK Mpu [0oAaBaHHi 1O CTAHAAPTHOTO JIiKY-

BaHH BiTaMiHy D TitikeMist HaTIe 3HM3WIACH OiIBIII CYTTE-
B0 — Ha 36,9 % (p =0,001), a HbA,,—Ha 22,8 % (p = 0,000).

Ha oco6auBy yBary 3aciayroBye Toii (akT, 1110, Ha Bil-
MiHy Bill Tpynu 6a3UCHOTO JIiKyBaHHSI, B 0Ci0, SIKUM J0-
IIaTKOBO TpM3HavyaBcs BitamiH D, 3apeecTpoBaHO CyTTEBE
CTATUCTUYHO 3HauyIe 3HmkeHHsT HOMA-IR — na 31,9 %
(p < 0,05), a Takoxx BiporigHe 3pocTaHHs piBHS C-TieNnTH-
oy —Ha 9,4 % (p < 0,05).

Takox B oci0, 1110 OTpUMYyBaau JOJATKOBO BiTaMiH D,
tutp antiGAD BiporinHo 3meHmmBces Ha 19,1 % (p = 0,000)
0e3 BipOoTiTHUX 3MiH Yy TpyIli 06a3MCHOTO JIiKyBaHHSI.

[Hani pinigorpamu B naiieHTiB 3 LADA, siKi oTpuMyBaiu
0a3uCcHYy Teparlito, IeMOHCTPYBaIu 3HMXKEHHS piBHsI 3X Ha
4,8 % (p < 0,05) micig nikyBaHHS, TOAI SIK Y TPYIIi Malli€H-
TiB, SIKi OTpUMYyBajau BiTamiH D Ha momaTok mo 6a3mMcHOI
Teparii, peeCTpyBajoCh OJIbIII CYTTEBE 3HUXKEHHS HE TiJIbKU
3X —Ha 15,5 % (p = 0,000), aze it XC JITTHILL — Ha 6,9 %,
XC JIMTAHILL — na 10,7 % i TT — Ha 9,9 % mnopiBHSIHO
3 [IOKa3HMKOM J10 JiikyBaHH: (p < 0,05). PiBeHb cupoBaTKO-
BOTO KaJIbIIil0 TaKOX 3pic Ha 5,7 % y rpyIi Malli€HTiB 3 10-
IaBaHHSM BitaMiHy D 10 ocHoBHOTO JlikyBaHHS (p < 0,05).

Tabnuys 3. [uHamika aHTpPOMoMeTPUYHUX BaHUX, MOKa3HUKIB BYriieBO4HOrO, NinigHoro o6miHis,
PiBHs1 Kanbuito KpoBi y nayieHTiB 3 LADA-giabeTom Ha Tni npuiomy BitamiHy D

Ba3ucHe nikyBaHHs, h = 16 Ba3ucHe nikyBaHHs + BitamiH D, n = 20
MokasHukn . .
ho Micnsa o Micnsa
25(0H)D 18,35 19,29 [8,50; 24,50] 19,50 31,93 [24,19; 37,23]
[6,48; 24,13] b, = 0,061 [8,06; 22,36] b, = 0,000
. 24,77 24,64 [23,02; 26,67] 25,04 23,95 [21,11; 26,57]
’ [23,35; 26,54] b, = 1,000 [22,08; 27,91] 0, = 0,037
OT om 86,00 86,00 [81,00; 89,00] 88,00 87,50 [80,00; 94,00]
: [81,00; 89,00] b, = 0,480 (83,00; 98,50] b, = 0,032
0,91 0,91 [0,88; 0,95] 0,92 0,89 [0,85; 0,98]
OT1/0C [0,88 0,95] . =0,480 (0,86 1,03] b, = 0,031
Mnioko3a HaTLLe, 11,34 8,35 [7,73; 9,05] 11,36 7,17 [6,00; 7,40]
MMONb/N [10,47; 12,41] b, = 0,028 [8,51; 12,44] 0, = 0,001
HDA._ 9, 97 8,10 [7,15; 9,09] 9,45 7,30 [6,93; 8,22]
o0 % 8,44: 11,30] b, = 0,000 [7,46: 11,46] p, = 0,000
] 4,87 2,50 [2,24; 3,29] 5,05 3,44 [2,54; 3,67]
IHgekc HOMA-IR [4,64; 5,23] P, = 0,074 [4,54; 5,34] b, = 0,023
IHcynin, MKOL/n 11,00 7.30 [7,10; 9,80] 10,00 9,85 [5,80; 11,00]
(n =10} [9,25: 11,30] P, = 0,371 [9,40; 12,50] b, = 0,480
] 0,58 0,56 [0,18; 0,71] 0,64 0,70 [0,49; 1,04]
C-nenmua, Hr/mn [0,16: 0.81] ='1,000 [0,43; 0,98] 0, = 0,023
. 146,57 143,00 [110,00; 189,00] 151,50 122,50 [60,50; 201,70]
antiGAD, Op/mn [117,00; 194,00] p, = 0,071 [82,50; 234,05] b, = 0,000
5,64 5,37 [4,29; 5,78] 5,30 4,48 [4,08; 5,32]
3X, Mmonb/n [4,41; 5,90] ,=0,039 [4,60; 6,15] p, = 0,000
3.20 3,10 [2,23; 3,90] 3.40 3,18 [2,43; 3,45]
XC JINHLL, mmone/n [2,15: 3,96] 0, = 0,371 [2,75: 3,80] 0, = 0,041
0,51 0,47 [0,39; 0,50] 0,56 0,50 [0,39; 0,58]
XC NNAHLL, mmons/n [0,50; 0,51] =0, [0,54; 0,66] , = 0,041
1,15 1,15 [1,03; 1,28] 1,17 1,35 [1,07; 1,51]
XC NMBLL, mmons/n [1,03: 1,28] p, = 1,000 [1,07: 1,28] p,=0.134
1,78 1,71 [1,15; 2,45] 1,81 1,63 [1,04; 2,22]
T, mmons/n [1,26; 2,47] p, = 0,221 [1,18; 2,63] p,= 0,013
A 3,14 2,70 [1,60; 4,88] 252 2,95 [1,34; 3,61]
[1,70; 5,02] ,=0,131 [1,81; 5,41] p. = 0,683
N 223 2,26 [2,16; 2,35] 2.30 243 [2,36; 2,48]
Kanbuiit, Mmons/n [2,12; 2,38] p, = 0,683 [2,00; 2,42] p, = 0,023

TMpumiTKn: N — KinbKicTb CriocTepexeHb; p, — BiporigHiCTb BigMIHHOCTEN [0 i nicns niKyBaHHs y NayieHTiB rpynu
LADA, siki nepebyBanu Ha 6a3uCHI Teparnii; p, — BipOrigHicTb BigMIHHOCTE! [0 i nicnsA NiKyBaHHA y NauyieHTIB
rpynu LADA, siki nepebyBanu Ha 6a3ucHivi Tepanii 3 gogaBaHHAM BitTamiHy D fo cxemu JlikyBaHHs1.
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O6roBopeHHs

OTxe, pe3yJbTaTh MPOBEICHOTO JTOCiIKEHHST IeMOH-
CTPYIOTh 3HAYHUI BIUIUB BiTaMmiHy D Ha pi3Hi acriekTu 00-
MiHY pe4oBUH y TaiieHTiB i3 LIJI1, ocobauBo 3 heHOTUTTIOM
LADA. IMT, OT i cniBBinHoteHHst OT/OC 3MeHIIMINCS
B IPYIIi 3 TOOATKOBUM MpUioMoM BiTaMiHy D, 110 miaTBep-
JIKY€ MOro MO3UTMBHUM BIUIMB Ha po3noaia xupy. Lle moxe
TMOSICHIOBATHUCh 3MEHILIEHHSIM CUCTEMHOTO 3aMaJIeHHsI, SIKe
CTUMYJIIOE HAKOITMYEHHSI KUPOBOI TKAHWHU, i TIOJIiMIIICH-
HSIM YyTJIMBOCTI 10 iHCYIIiHY.

3ac/IyroBylOTh Ha yBary MO3UTUBHI 3MiHU TTOKAa3HUKIB
BYIJIEBOAHOTO 00MiHYy, 0co01uBO B 0cid 3 LADA: y rpymi
Mali€HTIB 3 JOIAaTKOBUM TPUHOMOM XOJieKablindepory
BCTAHOBJIEHE CYTTEBE 3MEHILEHHS PiBHA IJIiKeMil HaTIle
i HbA,,, 110 BoueBUIb MOB’SI3aHO 3 MiABUILEHHSIM YyT-
JIMBOCTI 10 iHCYJiHY, Ha KOPUCTh YOTO CBiIYUTh 3HAYHE
3HmkeHHs B Hiii rpyni HOMA-IR. Otpumani pe3yabsratu
BiITIOBiZAIOTh JaHUM HEIIOAABHBOIO MeTaaHali3y, 3TiIHO
3 IKMMM J0AaBaHHS BiTaMiHy D MoxXe 3HaYHO 3HU3UTU
piBeHb riikemii HaTiie, HbA,,, HOMA-IR i piBHi iHCy/1iHY
Hartie B nauieHTis i3 12, MexaHizmu i HeHOTUIIOBI pucu
skoro nputamanHi LADA [9].

Y cBolo 4Yepry, BcTaHoOBJIieHe B mamieHTiB 3 LADA
HiABUIINEHHS Ha TJi IpuU3HaYeHHs BiTaMiHy D piBHs
C-mneniTuay BKa3ye Ha ToJiiniueHHsT GyHKIii B-KJIiTuH,
1110 € KPUTUYHO BaxkKJIMBUM I yrpaBiaiHHs LADA, npu
SIKOMY iHCYJIIHOIIPOAYKYyro4a (DYHKIIiSI TIOCTYIIOBO ITOTip-
LIYETBCS 3 MPOTPECyBaHHAM 3aXBOpOBaHHA. [IpuunHoOI0
1IbOTO MOXe OyTH, 3 OMHOTO OOKY, BCTAaHOBJIEHE HAMU
BiporinHe 3HMXeHHs TUTPY antiGAD), 110 cBiTuuTh TIPO
3MEHIIIEHHS aBTOIMYHHOI aKTUBHOCTI, 3 iHIIIOTO — 3MEH-
IIeHHS 3araJeHHs 3aBISIKA iIMyHOMO/IYJIIOBaJIbHIN il Bi-
Taminy D. BapTo 3a3HauuTH, 1110 3 OIJISIAY HA AYKE€ HU3bKY
TOKCHYHICTh BiTaminy D i BimoMmi mepeBaru 30epeKeHHs
no3uTUBHOCTI C-MenTUIy 010 PU3UKY JOBIOCTPOKOBUX
YCKJIaTHEHb HAYKOBLSIMU PEKOMEHIYETHCS PO3IJISTHYTH
MOXJIUBICTb IIOJICHHOTO MPUIOMY MperapariB XoJeKalb-
uudepony nauienram i3 L1 Ta ocodbam 3 BUCOKUM HHOTO
PU3UKOM, OCOOJIMBO SIKIIIO BOHM MalOTh HEIOCTATHICTh
BiTaminy D [15].

Takox HaMM BCTAaHOBJIEHWI MO3UTUBHUN BIUJIUB J10-
IaTKOBOI'O MpU3HAYEHHs BiTaMiHy D Ha MOKa3HUKU Ji-
nigHoro ooMiHy B mauieHTiB 3 LADA 3i 3HIKeHHSIM 3a-
TaJIbHOTO XOJIECTEPUHY, TPUIJIILEPUIIB i aTEPOreHHUX
dpakiliii JinonpoTeiHiB, 1110 € MOTEHLIMHO CIIPUSITIANBUM
1110/1I0 3HUKEHHSI pU3UKY CEPLIEBO-CYIMHHUX YCKIaIHEHb,
akuit ipu LADA HaBiTbh niepeBuinye takuit mpu L2 [16].
Bcranosneno, mo Bitamid D mokpaiirye MeTaboIi3M JIiiniB
3a paxXyHOK 3HVKEHHS 3aMajJibHOTO TPOILIECY i BIUIMBY Ha
€KCIIpeCilo TeHiB, sIKi peryJIolTh piBeHb JIIIONPOTEIHIB
y kposi [17, 18].

Hesnaune, aje cTaTUCTUYHO 3HAUyIle 30iIbIIEHHS
piBHSI Kasblito B nanieHTiB 3 LADA Ha T1i mpuiiomy Bita-
MiHy D TakoxX € BaXJIMBUM, OCKiJIbKM BiH € KO(haKTOPOM
IJ1st 6araTboX (PEpMEHTIB i TOPMOHIB, SIKi OEpyTh y4acThb
y MeTabOJIIYHUX TTPOLECcax, BKIOYHO 3 BYIJICBOIHUM i JIi-
MiIHUM OOMiHOM.

Baprto 3a3HaunTH, 1110 peKUM 3aCTOCYBAHHSI XOJIEKaIb-
mudepody B 103i 20 000 MO (Binein 20 000 MO, AT «Kwuis-
CBhKUI BiTAMiHHUIA 3aBOMI») ONMH pa3 Ha TYKIEHB OYB 3pyd-

HUM TS TIALliEHTIB, TIpernapat 100pe NMepeHOCUBCS, XKOTHUX
MoOiYHUX e(PEKTIiB HE 3aPEECTPOBAHO.

OTtxe, nomaBaHHs BiTaMiHy D mo 6a3ucHoi Tepamii
BIIPOJIOBXK 3 MiCSIIiB Ja€ TMIEHOTPOITHI MO3UTUBHI edeK-
T MIPU aBTOIMyHHOMY Aia0eTi, ocodauBo B ocid 3 LADA,
CTIPUSIIOUN TIOJIIMIIEHHIO MTIKEMiYHOTO KOHTPOJIIO, 3HU-
KEHHIO 1HCYJTiHOPE3MCTEHTHOCTI, HOpMaJli3allii JiMmigHo-
ro mpodimo i 3MEeHIIIEHHIO aBTOIMyHHOTrO 3amaneHHs. Li
pe3yabTaTu MiATBEPIXKYIOTh HEOOXiIHICTh KOPEKIIii piBHS
BiTaminy D mis1 mostimimeHHs SIKOCTi JIiIKyBaHHS i 3HVKEHHS
PU3UKY YCKJIaIHEeHb Y 1€l KaTeropii nauieHTiB.

BucHoBKM

B oci6 3 aBTOiMyHHUM JiabeTOM HEAOCTaTHill piBeHb
BiTamiHy D acouiloeTbcs 3 HECIIPUATIANBUMU MeTabo-
JIIYHUMU 3MiHaAMHM, 30KpeMa 3 TipIIMMM MOKa3HUKaMU
BYTIJIEBOMIHOIO i JIiMiAHOTO OOMiHiB, BKJIIOUHO 3 MiABM-
IIEHOIO aBTOIMYHHOIO aKTMBHICTIO B mamieHTiB 3 LADA.
BxuroueHHs1 xonexkanbludepoay (Binein 20 000 MO) no
OCHOBHOI Tepallil IPOTSATOM TPHOX MiCSIIIiB YMHUTH IIIUPO-
KMiA MTO3UTUBHUM BIUIMB HA CTaH MAalli€HTiB 3 aBTOIMYyH-
HUM miabetom, 30kpema 3 LADA, cripusie momimiieHHIO
KOHTPOJIIO TJIiKeMii, 3HU>KEHHIO IHCYJTIHOPE3UCTEHTHOCTI,
crabimizanii JinigHoro mpodiao, 3MEeHIIeHHIO aBTOIMYH-
HOTO 3arajieHHs i 3arobiraHHIo BTpaTi yHKIIIT B-KIiTUH.
OTpuMaHi pe3yabTaTu MiAKPeCI0I0Th BaXXIUBICTh KOPEK-
ii piBHA Bitaminy D mirsg nigBuineHHs e(peKTUBHOCTI Ji-
KYBaHHSI 1 3HMKEHHSI PU3UKY YCKJIaTHEHb Y Malli€HTIB i3
L1, ocoomuBo 3 LADA.

Buecok aBtopiB. [1ammkoscbka H.B. — xoHuenis i nu-
3aiiH MOCHIIKEHHS, aHaJTi3 OTPUMaHMX TAHUX, pelaryBaHHSI
tekcty; llapuk 1.0. — 30upaHHs it 06podKa mMaTepiaiiB,
HaIMCcaHHS TEKCTY.
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N.V. Pashkovska, I.O. Tsaryk
Bukovinian State Medical University, Chernivtsi, Ukraine

The efficacy of cholecalciferol in the comprehensive treatment
of patients with autoimmune diabetes

Abstract. Background. Vitamin D deficiency is a global issue
negatively affecting the course of autoimmune diabetes, including
classical type 1 diabetes mellitus (T1DM) and latent autoimmune
diabetes in adults (LADA). Vitamin D plays a vital role in immune
response regulation, maintaining (3-cell function of the pancreas,
and metabolic balance. The purpose of the study was to evaluate
the efficacy of adding cholecalciferol at a dose of 20,000 IU (once
weekly for 3 months) to standard therapy to improve the meta-
bolic status of patients with TIDM and LADA. Materials and
methods. A total of 72 patients participated in the study: 36 with
T1DM and 36 with LADA. They were divided into subgroups de-
pending on the treatment received: basic therapy or basic therapy
with vitamin D supplementation. A comprehensive evaluation
of carbohydrate metabolism indicators (fasting glycemia, HbA,,
HOMA-IR, insulin, and C-peptide levels), autoimmune activity
(antibodies to glutamic acid decarboxylase (anti-GAD)), and lipid
profile was conducted before and after treatment. Results. The
addition of vitamin D to therapy significantly increased serum
25(OH)D levels, ensuring a substantial improvement in metabolic
status of patients. In groups receiving supplemental cholecalciferol,
there was a notable reduction in fasting glucose levels, HbA

leo

HOMA-IR, and anti-GAD titers, indicating a positive impact on
glycemic control and a decrease in autoimmune activity. Addi-
tionally, patients receiving vitamin D exhibited improvements in
lipid metabolism, including decreased levels of total cholesterol,
low-density lipoprotein cholesterol, triglycerides, and increased
levels of high-density lipoprotein cholesterol. Particularly signifi-
cant was an increase in C-peptide levels observed in patients with
LADA, reflecting enhanced [-cell function in the pancreas. This
effect may be related to the reduction in autoimmune activity
as well as the anti-inflammatory properties of vitamin D, which
contribute to the maintenance of 3-cells and their ability to secrete
insulin. The study confirms the pleiotropic effects of vitamin D:
reducing autoimmune inflammation, improving insulin sensitivity,
normalizing lipid profiles, and supporting (3-cell function. Con-
clusions. The findings highlight the importance of monitoring and
correcting vitamin D levels in patients with TIDM and LADA,
particularly in the presence of deficiency. The above data could
be used to optimize therapeutic approaches and reduce the risk of
complications in this patient population.

Keywords: diabetes mellitus; latent autoimmune diabetes in adults;
vitamin D; cholecalciferol; lipid profile
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HaAHUPKOBO HEAOCTATHICTb
Y TXKONOPOAHEHUX YOAOBIKIB
npu 60MOBIN BOrHEMNAAbHIN TPOBMI

Pe3tome. BiliHa pyviHye HOpMabHUA PUTM XUTTS | € OCHOBHUM (hakTOPOM MCUXOSIOriHHOI Ta ¢hisnyHoi Bpas-
mBocTi moguHn. CTpec BiViHWN HANeXnTb [O HaWMOTYXHILLUMX NaTOreHHUX YUNHHUKIB BUHUKHEHHS, BUSIBIIEHHS
Vi 3aroCTpeHHs1 CoOMatnyHnX, NcuxidHnx i noBegiHkoBux poananis. Tpasma Moxe BrIMHYTH Ha (OyHKLIOHYBaHHS
rinoranamyca v rinogiza, a Takox Ha rirnoraaamo-rinogizapHo-HaaHNPKoBY Bick. OQHUM 3 TakuX CUIIbHUX ¢bi-
3UYHUX BUAIB CTPeCy € BOrHernasbHa TpaBma i, Ik HacifokK, XipypridHe BTpy4YaHHsl, y pe3ynbrati 4oro BUHNKaroThb
ropyLUeHHs1 MeTabosiYHuX | gidionoriyHnx npowecis. [Npu cTpeci BUPOOISETLCS HAAMIPHA KifTbKICTb KOPTU30/1Y,
arsne rpu BUCHaXXeHHI opraHiamy JIl0auH PiBEHb LibOro ropMOHY 3HWXKYETLCS, | TOAI BUHMKAE HagHUpKoBa HegocTar-
HICTb. Y cTaTTi PO3r/IsiHYTO PO3BUTOK BTOPUHHOI HAAHUPKOBOI HEAOCTATHOCTI BHACIIAOK XipypriYHOro BTpyYaHHs
ricsisi 6oMoBOI TpaBMu 3 MACUBHOIO KPOBOBTPATOO, LL{O MOXe 00’ EKTUBHO XapaKTepu3yBaTuUCs SIK rOCTPUY CTpec
Y 4Os10BIKIB-KOMOAaTaHTIB. BaXimBo 3BepTaTtu yBary Ha po3ri3HaBaHHsI i PaHHIO NpoginakTUKy rinormikemii npy Hag-
HUPKOBIV HEAOCTAaTHOCTI. TOMY aBTOPU PEKOMEHLYHOTb BUKOPUCTAHHS 6€3MepepBHOrO MOHITOPUHIY PIBHS ITIOKO3U.
HesaBaxatoun Ha Te, Lo ey TEeCT € JOCUTb 6e3rneYHNM, 6axaHo MaTtu MPOCTILLNK JiarHOCTUYHU MapKkep, KU
MOXHa oTpumaT 6e3 BBeleHHs a4peHOKOPTUKOTPOIMTHOrO roPMOHY. Takox peKoMeHAyeTbCA AOCiAKYBaTH piBeHb
KOPTN307/1y B CUPOBAaTLi KpOBI, 3BepTatu yBary Ha AegiynT ctateBux ropMoHiB. [oTpiOHO BKIIHOHaTH BUMIPOBaHHS
[erigpoeniaHapocTepoHy i AerigpoeniaHapoCcTEPOH-CynbghaTy B 1abopatopHy ouiHKY yHKUIi rinotanamo-rino-
izapHO-HaaHMPKOBOI Oci. [JoBeaeHo, Lo AMHaMI4YHI BUMIpOBaHHS [eriapoeniaHapoCTepoHy MOXYTb MiagBLYATA
TOYHICTb BCTAHOBJIEHHS fiarHo3y HanHWPKoBoi HegoctaTtHocTi. OTxXe, He[OCTaTHICTb HaAHUPKOBMX 3a/103 MOXE
BUKITMKATY HecrieyniuyHi CUMATOMU B JIIOANHU, SIKa 3a3Hana roctporo cTpecy. PaHHe BUSBIIEHHS Vi TeCTyBaHHS
Ha riigcTaBsi KNiHIYHOI nigo3py Moxe 3arnobirTy rnogasisLioMy pO3BUTKY HaAHUPKOBOIO KpU3y.

Kno4oBi cnoBa: 6osiosi TpaBMmu; CTPeC; ropMoHM; MPOoiNakTKa; BTOPUHHA HAAHUPKOBA HEAOCTATHICTb

Bctyn

[TcuxiuHe i izuyHe 3M0pOB’sT YKpaiHIIiB ChOTOIHI CTa€E
LIEHTPaJIbHOIO MPOOJEeMOI0, OCKIJIbKM B 0aratbox Joaei,
SIKi TTepekniIn BiliHy, BUHUKAIOTh CEPIO3HI ICUXivHi i1 co-
wianbHi po3naau. BiiiHa, sika pyliHye HOpMaJIbHE XUTTS,
€ OCHOBHUM (PAaKTOPOM IICHXOJIOTIYHOI Bpa3auBOCTi. Bili-
CbKOBi ITOpaHEHHsI, Maparuieris abo aMmyTallis HiaBUIILY-

IOTh iIMOBIpHICTb ITOJAJIBIIOL IICUXOJIOTIYHOIT IUCHYHKIIIT
B iHauBiga. Ctpec BiiiHM € HAWMOTYXHIIIIUM TTAaTOTeHHUM
YUHHUKOM BUHUKHEHHS, BUSBJICHHS I 3arOCTPEHHS COMa-
TUYHUX, ICUXIYHUX i MOBeniHKOBUX po3nauis [1—3]. Haii-
MOIIMPEHIIINM i MOMITHUM MCUXOJOTiYHUM HaCJIiIKOM
BiifHM € TOCTpUI i TOCTTpaBMAaTUYHUI CTPECOBUI PO3JIaL
(ITTCP) — ncuxiyHuii po3naj, pisHOBUI HEBPO3Y, 1110 BU-
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HUKA€E BHACIIOOK IIepeXMBAHHS OTHIE] YN KiIbKOX ITOMII,
SIKi YILIKOJIKYIOTh TICUXIKY, 1110 3TOJIOM MOB’SI3YEThCSI 3 aKTH -
Ballilo CIiBBiTHOCHUX 3i CTPECOM Heilpo0ioIOriYHMX LIIISIXiB
1 4acTo aCOLIIOETHCS 3 HEMpoAereHepalli€r.

Ha croroaHi BxXe moBedeHoO, 110 HEpBOBa CHUCTEMa
MEPIIOI0 pearye Ha TOCTPUIA CTpecC, SIKUH Y MOJaIblIOMy
BinnzepkamoeTscs y Burmsiai [ITCP. Y Ham yac Mu cTu-
Kaemocs 3i 3HaueHor notpebdoio BuBuatu IITCP paszom
i3 LiJIeCIpsSIMOBAaHUMM CTpaTeTisIMUA BTpY4aHHSI — (DaKkT,
3yMOBIICHUH TTOIisIMU, 1110 BinOyBalOThCS B YChOMY CBITi,
TaKUMU SIK Mirpallisi HaceJIeHHSI, MOTraHUi1 COlliaIbHO-EKO-
HOMIUHUI CTaTyC, HACWJIbHUIIbKI BiTHOCUHU, XPOHIYHUI
cTpec, MCUXOJIOTiuHI # hi3uuHi TpaBMU, 00IOBI BUOYXH,
0ili, mobayeHa 3arubesb JJIOOMHU, paKeTHUI 0OCTPIia TOLIO.

Bick «rimotanmamyc — rinodiz — HagHUPKOBI 3a71031»
(I'TH) € nobpe HanaroaxeHow HeMPOeHIOKPUHHOIO CUCTE-
MOIO, BAXKJIMBOIO UTSI MiATPUMKH (PizionoriyHoi ctabiibHOC-
Ti IIUISIXOM BUBUIBHEHHSI TOPMOHIB CTPECY y BilNIOBiAb Ha
izionoriuni crpecopu [4—8]. Y HOopMi rinoTanamyc BUILISIE
KOPTUKOTpOITiH-puti3uHr-ropmoH (KPI), sxkwuit TpaHcmop-
TY€ETHCS Yepe3 MOPTAJIbHY CUCTEMY 10 MEePEeTHbOI YACTKH Ti-
nodiza. Y nepenHiit yactui rimogiza KPI' crumymmoe kit~
HU KOPTUKOTPOITiHY BUBLIBHSTH aIpeHOKOPTUKOTPOITHU I
ropmoH (AKTT) [9]. AKTT, y cBoto 4epry, 3MylIye Kopy
HaTHUPKOBUX 3aJ103 HIBUIKO BUPOOJISITU KOPTUKOCTEPOIIN.
TpaBma Moxke BIUIMHYTY Ha (byHKIIOHYBaHHSI riroTajiaMmyca
1 rirmoisza, a TakoxX BIDIMHYTH Ha Bick ' TH 3amexuo Bixg
MiCLISI Ta TSDKKOCTI TpaBMU. X04a MEBHI TPaBMU MOXYTh He
BIUIMBATH 0€3M0CepeIHbO Ha 11i HEMPOEHIOKPUHHI KOMITO-
HeHTH, (i3iosIoriYHMit cTpec, MoB’s13aHui 3 (iziosoriyHo0
TPaBMOIO, MOX€e MPU3BECTU 10 aHOMaJIbHOI aKTUBHOCTI
I'TH-oci [10, 11]. KoptukocTepoinu BimirpaloTh BUpi-
IIAJIbHY POJIb Y MiATPUMIII TeMOJIUHAMiIYHOI CTaOiIbHOCTI
Ta KOHTPOJIi HAIJIMIIIKOBOTO 3aMaJIeHHs ITiJ] 4ac CTPECOBUX
craHiB. Ak Hacnigok, dyHkuis 'TH-oci TicHo moB’s3aHa
3 peryJIslli€lo apTepialbHOrO TUCKY i CTPeCOCTIiHKICTIO, 1110
3HAYHO BIUIMBAE Ha SIKIiCTb XUTTS 1 3arajibHUIA CTaH 3110-
POB’sI MALIiEHTIB.

Ichye kinbka MeTomiB otinku ¢GyHkuii ['TH-oci, Bkitou-
HO 3 TeCTOM Ha ToJiepaHTHICcTh 1o iHcyminy (TTI), Tectom
Ha ctumyisiairo AKTI, Tectom Ha MeTupaIioH, TeCTOM Ha
CTUMYJISLIIO TJIIOKArOHOM i TecToM Ha ctumyJjsuiio KPIT
To1o. TecT Ha ToJepaHTHICTD M0 IHCYIiHY 3a3BUYali BBaXKa-
€ThCS 30JIOTUM CTaHAapTOM st otiHku ¢yHkKiii ['TH-oci,
OCKIiJIbKM BiH MOX€ OLIIHUTH He JIIIIE BCIO BiCh, ajie TAKOX
0Ci TOPMOHY pOCTY ¥ iHCyJIiHOTIOAIOHOTO (haKTOpa pocTy
1 [12]. Ipore 1ieii TecT Ma€ 0OMEXEHHSsI, OCKiJIbKM BUMArae
CYBOPOTO CITOCTEPEXEHHSI 3a MAIIEHTOM i MPOTUTTOKA3aHU I
IJIs1 MEBHUX TpyN naiieHTiB. Ha choromHi Hemae y3romxe-
HOT'O Mi>XKHAapOIHOI'0 KOHCEHCYCY 100 ONTUMAaIbHOTO i~
arHOCTUYHOTO TecTy Wit ouinku ¢ynHkii ' TH-oci.

T'inmoTanamo-rinodizapHo-HaZHUPKOBA BiCh € OC-
aKTHUBAlLisl TPU3BOJAUTD 10 BUBIJIbHEHHSI TOPMOHY CTpeCy
KOPTHU30JIY SIK aJalTUBHOI CTpaTerii mIst 00poTHOU 3 o-
TEHLiHHOIO HEeOEe3MeKOI0 He3aIeXXHO Bill TOro, UM € BOHA
peanbHOIO, M ysBHOIO [13]. KopTuson mae 6arato egex-
TiB, BKJIIOYHO 3 YTIIOBUIbHEHHSIM TPAaBJIEHHS, KaTab0J1i3MOM
TKaHVH, TOPYIIECHHSIM iIMyHHOI/3anajJbHOI aKTUBHOCTI Ta
MiIBUIIIEHOIO BEreTaTUBHOIO (PYHKIIIEIO, i BCE 1Ie € IiAro-

TOBKOIO JI0 TaK 3BaHUX peaKilili «0iiicst a0o Oixkmy». Kiminiuni
nposiBu GyHkKuii oci ['TH, BKIOYHO 3 reHepaiizoBaHUM
0oJieM, MpobdsieMaMu 3 TPaBJIEHHSIM, TIOPYIIEHHSIM CHY Ta
KOTHITMBHUX (DyHKIIi [14], MatOTh pa3touy CXOXicTb 3 Oa-
raTbMa XpOHiYHMMU IIpo0JeMaM OIIOPHO-PYXOBOTO ama-
paTy, a HellloIaBHi JOKa3M MiATBEPIKYIOTh MPSIMUI 3B’ 130K
3 (pibpomianrieto [15].

Binbi TUIIOBUM € 3B’SI30K MiIBUILEHNX PiBHIB KOPTU30-
1y 3 TpuBajioro akTuBalieo 'TH-oci mig yac cTpecy, xoua
OCTaHHI IaHi CBimyaTh MpPO Te, IO TIMePKOPTULIM3M MOXKE
OyTH TUMYACOBUM, 3 MOXJIMBUM TilTOKOPTUIIM3MOM, 11O
30epiraeTbcs B XpoHiuHiit ¢asi [16].

TpaBma 3MiHIOE HellpOeHIOKPUHHI peakllii Ha cTpec
i TABUILYE BPa3IUBICTh IO MOB’SI3aHUX 3i CTPECOM po3jia-
niB. [1poTe 3B’5130K MixK TpPaBMOIO, CIIPUYMHEHOIO CTPECOM,
HEepBOBMMMU 3MiHaMM 1 akTuBHicTIO oci [ TH He Bu3HaueHo.

Ctpec — 1e HecnenugiyHa peakiiisi opraHi3aMy y Bil-
TMOBiJIb Ha AyXe CUJIbHY [ito (TToIpa3HUK) 330BHI, sIKa Tie-
pPeBUIIYE HOPMY, a TaKOXK BillIOBiIHA peakllis HEpBOBOI
cucremu. Lle dizionoriyna i1 mcuxonoriyHa peakirist, siKka
€ TIPUPOTHOIO Ta AJANTUBHOIO i JOoMOMAarae aiekBaTHO Bi/l-
MOBiZaTU Ha Ail0 MOAPA3HUKIB, OPIEHTYBATHUCh B CKIIATHUX
oOcTaBMHaX Ta e(peKTUBHO BiIITOBiZaTH Ha XXUTTEBI BU-
KJIUKMU.

OgHUM 3 TaKUX CUJIbHUX (Di3MIHMX BUIIB CTPECY € BOT-
HelajJibHa TpaBMa i, SIK HacCJIiIOK, XipypriuHe BTpyYaHHSI.
BoruenanabHi TpaBMU BUHUKAIOTH IIPHU Oii (DaKTOPiB YIIKO-
TKeHHS CTPiJlelbKOoi 30p0i, OCKOJIKOBUX i OCKOJIKOBO-(y-
racHUX OOEMPUIIACIB, IIPOTHUITIXOTHHX 3aC00iB, OOEMPUIIACIB
BUOYX0BOi aii. Ha Hal rmorisia, 3a1/1s1 yHMKaHHSI HEIOpo3y-
MiHHSI, TEpMiH «OCKOJIOK» Tpeba 3aCTOCOBYBaTHU IJis ¢pa-
IrMeHTa (€JeMeHTa, 1110 3aBJa€ TOPaHEeHHSI) MiHU, CHapsILy,
00MOU TOIIO (HANIPUKJIIAM, «CJIille MOPaHEeHHST M’ IKUX TKa-
HUH 3 HasIBHICTIO CTOPOHHIX IIPEAMETIB (METaJIeBUX OCKOJI-
KiB)»), «yJaMOK» — JIJIs1 KiICTKOBUX (DparMeHTiB yHACiNOK
BOTHEMAJIbHOTO MepesioMY KiCTOK (HarpuKIIaz, «yIaMKOBUA
MepesioM CTETHOBOI KiCTKW» a00 «BOTHETAJbHUM TepesioM
KiCTOK Ta3a 3 KiCTKOBUMM yJIaMKaMU» ). BorHenanbHi Tpas-
MU TIOUISIIOTHCSl Ha BOTHETaJIbHi, BUOYXOBi TTOpaHEeHHSI
i BuOyxoBi TpaBmu [17].

BornenanbHi mopaHeHHs1 CTaHOBIATL 54—70 % ycix 60-
iioBUX TpaBM. CTpyKTypa BOTHEIaIbHUX [IOPAHEHB € TAKOIO:
VIIKOIKEHHSI KiHIiBOK — 35,7 % BepxHix i 64,3 % HIX-
Hix. Cepen HuX 74,8 % — YIIKOIKEHHSI M’SIKUX TKaHWH,
25,2 % — BorHenajbHi nepeaoMu. Jedekru KicTKoBoi TKa-
HWHU Bin3HavaoThes B 11,6 % xBopux, a 35—40 % xBopux
MOTPeOYIOTh MOJANIBIINX PEKOHCTPYKTUBHUX BTpyYaHb [18].

CrpecoBa peakilis Ha XipypriguHe BTpyYaHHS, TOCTpe
3aXBOPIOBAHHSI, TPABMY i1 OITiKM OXOTUTIOE IMOPYILIEHHS Me-
TaOOJIYHUX i (pi3i0JOTIYHUX IPOLECIB, IKi CIPUUMHSIOTH
MOPYIIEHHS 3aMnajabHOI, TOCTPOi (ha3u, TOPMOHAJIbHOI Ta
TeHOMHOI BiamnoBineii. Pe3ynbraToM € rinepmeTradosti3m i ri-
IepKaTadoJIi3M, 110 IPU3BOAUTH 10 BUCHAXEHHS M sI3iB,
MOpYIIEHHSI iIMyHHOI (PYHKIIii Ta 3aTOEHHS paH, BIIMOBU
OpraHiB i CMepTi.

[Ticas xipypriyHoro BTpy4aHHs1 a00 BUMaAKOBOI TpaBMU
HEepBOBA CUCTeMa aKTHMBYE PEaKllilo Ha CTpec, HallCUJIalo-
YUY iMITyJIbCH Bifl TOLIKOIXXEHOTO MiCIIsl 10 TirmoTajiaMmyca.
lnoTtanamyc abo ycyBae rajJbMiBHUI TOHYC rimodisa, adbo
BUBIJIbHSIE TOPMOHU, SIKi CTUMYJIIOIOTH BUPOOJIEHHS i/a00
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BUIIJIEHHSI TOPMOHIB Tinmogiza. ['opmonu rimogdisza miroTh
Ha BiIIOBiIHUIA OpraH-MillleHb, BUKJIMKAIOUW BUBLIbHEHHS
TaKUX TOPMOHIB, SIK TOPMOH cTpecy KopTusour. [ligBuieH-
H$I piBHSI KOPTH30J1y, TJIIOKAroHy, KarexojaaMiHiB i 6e3miyi
3anajbHUX LIUTOKIHIB TaKOX MOCUIIIOE PEaKililo Ha CTpec
TicJist ornepattii.

AdepeHTHi HEepBOBi CUTHAJIU BiJl MOIIKOIKEHOTO MiCIIst
i TIpo3aragbHi HUTOKIHUA JAIOTh YMCTUI e(eKT 30LIbIIeH-
Hs ceKpellii ropMoHiB rinodizoM. IligBuieHa cekpertist
ropMOHiB nepeaHboi yacTku rimodiza — AKTI i ropmo-
Hy pocty (I'P) Mae ocobimnBo 3HauUHi MeTaboJIiYHI HACTi/I-
Ku. [HIIIi TOpMOHM TepeaHboi YacTKM Tinmodisa, Taki sk
TUPEOTPOTIiH i TOHAnOTPOIiHU ((PONIKYIOCTUMYITIOIOUNI
TOPMOH i JIIOTEHi3yI0uuii TOPMOH), HE 3a3HAIOTh TAKOTO
CYTTEBOTO BILUIUBY [19].

[Tig yac i micas onepallii MexaHi3MM HEraTUBHOIO 3BO-
POTHOTO 3B’S13Ky Hal0Th 30ilf, i B KpPOBi 30epira€Tbcst Bu-
cokuii piBeHb sIK AKTT, Tak i KopTrzoiy. 3a HasIBHOCTI
MiABUILIEHUX PiBHIB KOPTU30JIY IiJl Yac Cepio3HOI peakiil
Ha cTpec IBUIKICTh po3najay 0iJika NMepeBUIIy€e HBUIKICTh
itoro cuHTe3y [20], 1110 MPU3BOAUTH O YUCTOTO KaTaboJIi3-
MY M’SI30BUX OUIKiB U1 3a0e31edeHHsI CyOCTpaTiB [IJIsT TJTI0-
koHeoreHe3y. [Toganbliii cyocTpaTh Uil IIIOKOHEOTEHE3Y
3a0€3IeUyIOThCS IISIXOM PO3IIEeIIeHHS XKupy. Tpuriine-
puIM KataboJli3yroThCs 10 XKUPHUX KUCJIOT i TIIIEpUHY,
IJIIOKOHEOTEHHOTo CyoCTpary.

IIpu cTpeci BupoOsieTbcs HaaMipHa KiJIbKiCTb KOp-
TU30J1y, ajie IPU BUCHAXEHHI OpraHi3My JIOJWHU PiBEHb
1IbOTO TOPMOHY 3HUKYETHCS, i TOIi BUHUKAE HATHUPKOBA
HEIOCTaTHICTb.

HanHupkoBa HemOCTaTHICTh CIIpUYMHEHA HE3MATHICTIO
KOpPH HaJIHUPKOBHUX 3aJ103 BUPOOJISITU KOPTU30JI, III0 MOXKE
OyTU CIIPUYMHEHO BTpaTol0 PYHKIIii caMMX HaTHUPKOBUX
3aJ103 400 IX TirmorajaMo-Tinmogi3apHOTO PEryasITOPHOTO
LIEHTPY, SIK TIPAaBUJIO, TiCJIsl TPUBAJIOTO JIiIKYBaHHS €K30-
TeHHUMM TJIOKOKOPTUKOIgaMU iHIIMX XxBopoO. Ilamien-
TH 3 HAQJIHUPKOBOIO HEIOCTAaTHICTIO HE B 3MO3i BUPOOJISITH
aleKBaTHY KiJIbKiCTb KOPTU30JY Y BillIOBiAb Ha CTpeC i,
OTKe, TOTPEOYIOTh ITIABUIIEHUX 3aMiCHUX 103 TiIpOKOp-
TU30HY, 00 YHUKHYTU HEOE3MEYHOTO /JISl XXKUTTS Hal-
HHUPKOBOTO KpM3y ITif Yac omeparii, TpaBMU ab0 TsK-
kol iHdexkuii [21]. [TpodinakTka HAAHUPKOBOTO KPU3Y
€ CKJIagHOoIO [22], i HemOCTaTHHO OOCiMKEeHb 1010 BU3HA-
YEHHST ONTUMAJIHOI 103U 1 peKMMY CTepPOIMTHOTO HaBaHTa-
JKEHHS MiJl Yac CUJIbHOTO CTpecy.

OTxe, afipeHaToBUI KpU3 MOXE BUHUKHYTHU, SKIIO JTO-
NIMHA 3 HAAHUPKOBOIO HEOCTATHICTIO MEPEXUBAE CTPECH,
TaKi K HeIIaCHUI1 BUIIAgOK, TpaBMa, oIlepallis abo TsKKa
iHdexuist. Lle HeOe3nmeuHuit A1 XKUTTS CTaH, 1110 BAHUKAE
BHACJIIOK CEpiiO3HOI0 Ae(illuTy KOPTU30JIY B OpraHi3-
Mmi [23], i cMepTh y TaKMX BUMAJAKaX MOXE HACTaTH JyXe
IIBUAKO [24].

IcHye Tp¥ OCHOBHMX TUITM HAJHUPKOBOI HELOCTAT-
HocTi. [lepBMHHa HaAHUPKOBA HENIOCTATHICTh BUHUKAE
BHACJIIIOK IMOpYIIeHHS (QYHKIIII HATHUPKOBUX 3aJ103, 110
MPU3BOJIUTH 0 HEOCTATHBOTO BUPOOJICHHSI TJTIOKOKOPTH -
KoimiB. OcKinbKu 6e3MocepeIHbO YpaxKaloThCsl HAAHUPKOBI
3aJ1031, BUPOOJICHHSI MiHEPAJIOKOPTUKOIIB TAKOX 3HUXY-
eTbes. [lepBHHA HATIHUMPKOBA HEIOCTAaTHICTh CIIpUYMHEHA
IUCHYHKITEI0 HATHUPKOBUX 3aJ103 (IECTPYKIlis — XBOpoba

AnpicoHa, 3aTpUMKa PO3BUTKY — IMCTeHE3ist HATHUPKOBUX
3aJ103 a00 gedinuT GepMeHTIB — BpOKeHa Tinepruiasis
HaZHUPKOBUX 3a103) [25]. BropuHHa HagHUPKOBaA HEIO-
CTaTHICTh CIIpUYMHEHA MOPYyIIeHHIM (PYHKIIII Timodisa,
1110 TPU3BOAUTH 10 HeNOCTaTHbOTO BUpoOaeHHS AKTT
i TOIAJTBIIIOTO 3HVXKEHHS CTUMYJISILT HAIHUPKOBUX 3aJ103.
Ockinbku AKTT roioBHUM YMHOM BILIMBA€E Ha BUPOOJICH-
HSI TJIIOKOKOPTUKOIAIB, a TIPSIMOTO BIJIMBY HaTHUPKOBI
3aJI031 He 3a3Hal0Th, BUPOOJIEHHSI MiHEPATOKOPTUKOITiB
3a3Ha€ MiHiMaabHUX 3MiH. OTXe, rinogi3 abo rimorajna-
MYC He BUPOOJISIFOTh TOCTaTHIO KiJIbKiCTh TOPMOHIB, SIKi
JIOTIOMAaralTh peryjioBaTy (yHKIIiI0 HATHUPKOBUX 3aJ103
[26]. OCHOBHMMM IIpUYMHAMU BTOPUHHOI HATHUPKOBOI
HEJIOCTATHOCTI €: MyXJIMHU B Tinodi3i, BUCOKI 1031 OIpO-
MiHEeHHS, XipypriqyHe BTpyJ4aHHs, KpOBOBTpaTa, eK30TeHHi
KOPTHUKOCTEpOinu Toio. TpeTMHHA HaAHUPKOBA HEIOCTAT-
HICTh CIIPMUYMHEHA TOPYIIeHHSIM poOOTH TiltoTajamyca,
110 TIPU3BOAUTH 10 HeAOCTaTHbOTro BUpobiaeHHs: KPT, 1o
BU3HAyae Tnojajblie 3HukKeHHs1 BupooseHHsa AKTI i ctu-
MYJILii HATHUPKOBUX 3aJ103. BIUMB perymomoynx rop-
MOHIB Ha HAITHUPKOBI 3271031 He € Oe3mocepenHiM, TOMy
BIUIMB Ha CEKpeLlilo MiHEPAJIOKOPTUKOINIB € MiHiMaJIbHIM,
ockiibku AKTI B o0cHOBHOMY BILJIMBAa€ Ha BUPOOJICHHSI
[JIIOKOKOPTUKOINiB. [IpnuynHaMu TpeTUHHOI HAAHUPKOBOI
HEJIOCTaTHOCTI MOXYTh OyTH parToBa BiMOBa Bill TpUBa-
JIOTO BXXMBAHHSI €K30M€HHUX CTEPOIliB a00 MyXJIUHU To-
JIOBHOTO MO3KY [27].

Haii My OynemMo po3misigaTi BTOPUHHY HaJHUPKOBY
HEJIOCTATHICTh, SIKa MOX€ PO3BUHYTUCS BHACIIIOK Xipyp-
TiYHOTO BTPYYaHHS MicJisi 00OBOT TpaBMU 3 MAaCUBHOIO
KPOBOBTPATOIO, 1110 MOXKe 00’€KTUBHO XapaKTepU3yBaTUCS
SIK TOCTPUI CTPEC y YOJIOBiKiB-KOMOATaHTIB.

O3HakaMy BTOPMHHOI HAIHUPKOBOI HEIOCTATHOCTI €:
TiTTorTiKeMisl, 3HeBOMHEHHsI, BTpaTa Baru i me30pieHTallis.
JlonaTkoOBUMU O3HAKaMM i CUMIITOMaMU € CIa0KiCTh, BTO-
Ma, 3alIlaMOPOYEHHSs, HU3bKUIT apTepiaibHUii TUCK, ceplie-
BO-CYIMHHMI KoJjaric, 60 B M’si3aX, HyJ10Ta, OJIIOBaHHS
i miapes. Lli mpoGiaeMu MOXYTh PO3BUBATUCS OCTYIIOBO
i1 HeroMiTHO. TakoX Moxke BUHMKATH eo3uHobTis [28]
i rimoHaTpiemist [29].

[1Ipu HamHMPKOBIIT HEMOCTATHOCTI CITOCTEPITra€THCS JIe-
(iuT BUpOOIEHHS KOPTU30J1Y, TIPU BTOPUHHII i TPETUHHI I
HaIHUPKOBill HEMOCTATHOCTI HEMA€E BIUIMBY Ha BUPOOJIECHHST
aJIIOCTEPOHY B KJIIyOOUKOBIll 30Hi, OCKUIBKY 1IEW TPOIIeC
PeryII0ETLCS peHiH-aHTiIOTeH3UH-aIbJ0CTEPOHOBOIO CUC-
temoto, a He AKTI. HemocrarHicTh HamIHUPKOBUX 3aJ103
TAaKOX MOKe BIUIMHYTU Ha CITYACTy 30HY i MOPYLIUTU BU-
pOOGJIeHHS aHAPOTEHIB, SIKi € MOMepeTHUKaM1 TeCTOCTe-
poHYy i ecTtporeny. Lle mpu3BoanuTh 10 OedillUTy CTaTEBUX
TOPMOHIB i MOX€e CIPUSITHU TOSIBi CUMIITOMIB AeMpecii Ta
MopyIIeHb MEHCTPYaJIbHOTO ITUKITY.

JedinuT KopTU30J1y IiIBUILYE PiBEHb LIYKPY B KPO-
Bi IIUISIXOM iHAYKIIii TIIFOKOHEOTeHe3y B TeUiHIIi, JIToizy
B JKMPOBIill TKAHWHI Ta MPOTEOJIi3y B M’s3aX, 30i/IbIIyI0-
YM CeKpellilo IIIOKATOHY i 3MEHIIYIOUN CeKpellilo iHCYTi-
HY B MianuIyHKoBii 3amo3i [30]. Taki edpekTu 3MyIIyI0Th
OpraHi3M BUKOPHMCTOBYBATH XKMPOBI 3allacu Ta M SI3U JJISI
oTpuMaHHs eHeprii. Jlediuut npu3BoIUTh 10 TiMOrIiKe-
Mii, 1110 CYIIPOBOIXKYETHCSI HYA0TOI0, OJIIOBAHHSIM, BTOMOIO
i cradKicTro.
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PosniszHaBaHHs TimormikeMii SK CUMIITOMY HaTHUPKO-
BOI HEIOCTAaTHOCTI € BaXJIMBUM JUISI 3a100iraHHS panToBiit
cMmepTi. KopTu3sou Bimirpae Kjiro4yoBy pojib y roMeocTasi
TJIIOKO3HM, 0COOJIMBO B KOHTPPETYJISITOPHUX MeXaHi3Max,
1151 3am00iraHHsI TiMoIiKeMil ITif yac rocTporo crpecy [31].

KoHTpperyasaTopHUil MeXaHi3M TiroriikeMii rmoJjsrae
B TaKOMYy. 3a 3BMYailHUX 0OCTaBUH, KOJIU PiBeHb IJIIOKO-
31 B KPOBi Magae HUKYe Bim (i3iosorivHOTO miana3oHy,
BUPOOJICHHS iHCYJIiHY 3MEHIIYEThCSI, @ KOHTPPETYISITOPHI
TOPMOHU BUBUIBHSIOTHCS JUISI TIIATPUMKU HAJAXOMXKEHHS
TJIFOKO3U IS XKUTTEBO BaXJIMBUX (DYyHKIIN opraHizmy. Ha
M0YaTKy BUBiJIbHEHI KOHTPPETYJIITOPHI TOPMOHM BKJIIOUa-
I0Th TJIIOKAroH i aapeHaiH. | riokaroH, i anpeHalliH AiloTh
IJISIXOM CTUMYJISILT IIiKOT€HOJTi3y B ITeUiHIli Ta CIIPUSTHHS
IJIIOKOHEOTeHe3y. ApeHalliH TaKOXK OOMEXKY€ KITiPEHC TJTI0-
KO3U YYTJIMBUMMU JIO iHCYJIiHY TKaHUHaMH [32].

IHI11i KOHTPPEryIITOPHI TOPMOHU, TaKi IK TOPMOH POC-
Ty i KOPTU30J1, BUAUISIIOTBCSI, KOJIM PiBEHb IJIIOKO3M B KPOBI
npoaoBxye nmamatu. OOuaBa 1i TOpMOHU OOPIOTHCS 3 Ti-
MOLIKEMI€IO TIPOTSITOM OiJIBII TPUBAJIOTO IIepiody Jacy.
T'opMOH pocTy i KOPTHU30J IHAYKYIOTb JIIMOMi3 Y XKUPOBUX
TKaHWHAX i CTUMYJTIOIOTh MIEYiHKOBUI KETOT€HE3 i TIII0KO-
HeoreHe3. JIinosti3 BUKIMKA€E 301TbIIEHHS BITbHUX XXUPHUX
KMCJIOT, 1110 BIUIMBA€ Ha CUTHAJbHI NUISIXU iHCYmiHY [33].
KopTu3oi TakoxX 3MEeHIIY€E CEKpPeLLito iHCYTiHY 3 THAILTyH-
KOBOI 3ayio3u [34]. ¥ roMeocTasi IJII0KO3U IiIBUILECHHS
PiBHSI TJIIOKO3U MIPU3BOIUTH 0 301IbIIEHHS BUPOOICHHS
iHCYJiHY. ['OpMOH pOCTy TaKOX CTUMYJIIOE BUPOOIEHHS
iHCYyJIiIHOIIOAIOHOTO (haKTOpa pocTy 1 3 MEeUiHKM 3a YMOBU
aIeKBAaTHOTO XapuyyBaHHS i MiABUIIEHUX PiBHIB MOPTalb-
Horo iHcyniHy. Hopmoriikemist mocsiraeTbest, KOJIM IJI0K03a
BCMOKTYEThCS Hazan y nepudepunyi kiaitunam [31].

Came TOMy TakK BaXKJIMBO 3BepTaTH yBary Ha pos3mi3Ha-
BaHHS i paHHIO TTPOMIIAKTUKY TilTOTTiKeMil IIpy HaTHUPKO-
Biil HEAOCTATHOCTI, Tpe6a BUKOPUCTOBYBATU Oe3MepepBHUIA
MOHITOPUHT PiBHSI TTIOKO3U.

Sk yxe Oyio cka3aHO BHIIE, 30JI0TUM CTAaHIAPTOM Ji-
arHoctuku HenoctaTHocTi I'TH-oci € TTI, ockinbkm BiH
MOXe OLIIHUTHU LiJiCHICTb yciei oci [35]. OnHak TecT Buma-
ra€ iHayKIlii TinorjikeMii, TOMy He € KpallliM i HaBiTh BBa-
JKAETHCSI TTPOTUTIOKA3aHUM JIIO/ISIM TIOXWJIOTO BiKY i1 ocobam
i3 CyIOMHUMMU po3JagaMHU Ta illleMidYHOIO0 XBOPOOOIO ceplist
[36]. IHIO0 noTeHuiiiHOW Hebesneko TTI € moxiuBa
IHIYKIIis1 HAIHUPKOBOTO Kpu3y. OTXKe, 3aMiCTh IIbOTO IS
NiarHOCTUKY HaIHUPKOBOI HETOCTAaTHOCTI 3a3BUYail BUKO-
PUCTOBYEThCS ekcnpec-TecT Ha ctumydsiio AKTI, skuit
€ Jermum i 6e3neuHimumm, Hixk TTI. He3Baxatouu Ha Te,
110 1Ie¥f TeCT € JOCUTh Oe3MeYHNM, 0akaHO MaTu MPOCTi-
MU TiarHOCTUYHUIA MapKep, SIKMiA MOXHA OTpUMaTu 6e3
BBeneHHs AKTT.

HerinpoenianapocrepoH-cynbdar (JI'EA-C) — 1ie yo-
JIOBIYMIA CTaTEeBUI TOPMOH (aHIPOTEH), SIKMI MiCTUThCS
B KPOBI SIK YOJIOBIKiB, TaK i iHOK. BiH 6epe yyacTs y dop-
MYBaHHI YOJIOBIYMX BTOPUHHUX CTAaTEBUX O3HAK IiJ Yyac
CTaTeBOTO HO3PiBaHHS i MOXe OYTH MepPeTBOPEHUIA OpTraHi3-
MOM Y OiJbII Ti€Bi aHAPOTEHU (TECTOCTEPOH i aHAPOCTEeHIi-
OH), a TAKOXX KOHBEPTOBAaHMUH Y >KiHOUMI1 TOPMOH €CTPOIeH.
Bupoo6nennst JITEA-C konrponoetsest AKTT. I'onoBHOMO
MepeBarolo 1bOTo MPOILIECY € Te, IO AaHAPOTeHH, IKi CeKpe-
TYIOThCSI HAAHUPKOBHUMM 3aJ103aMU, MOXKHA PO3TJISIAATH SIK

1IIe OMVH CTEPOIMHMIA IIPOAYKT HATHUPKOBOI 3a71031. Tomy
BUMIpPIOBaHHS CeKpellil aHAPOTeHiB HAIHUPKOBUX 3aJ103
MOXHa PO3IJISIaTy 1K aTbTePHATUBHUN METO/I OLIHKU 11i-
sicHocTi yHkuii I'TH-oci.

Otxe, cupoBaTKoBi piBHi JII'EA-C BinoOGpaxkaloTh cTaH
cekpenii AKTT mpoTsaromM rmeBHOTO epiony i MOXYThb OyTH
KJIiHiYHO LIIHHUMMU U1 MOHITOPUHTY CTaHy HATHUPKOBUX
3a103. OMHAK iCHYIOTH IIeBHIi TPYIHOI TP BUKOPUCTAHHI
piBHiB JITEA-C y cuposarii sk 6ioMapkepa anpeHOKOp-
TUKaIbHOT (yHKIi. Toro HopMaIbHUIA ialia30H MOMITHO
BiZIPi3HSIETHCS 3aJIEXKHO Bill cTaTi (BUILIMI Y YOJIOBIKiB, HiX
y KiHOK) i BiKy (HM>KYMM y 1iTHIX). OnmHaK BaxkJIMBO 3a3Ha-
YUTHU, 110 PiBHI aHIPOTEHIB HAHUPKOBUX 3aJ103 3aJIeKaTh
Bifl BIKOBOI Ipynu Habarato Gibliiie, Hix Bia cTati. S. Fischli
i3 crmiBaBT. [37] moka3aju, 110 TOCiMIKEeHHS CUPOBAaTKOBUX
piBHiB ITEA-C Moxe OyTH KOPUCHUM IS TiarHOCTUKU
HaIHUPKOBOI HEAOCTATHOCTI B MOJIOAMX OCi0 BiKOM 10
30 poxiB.

OOrpyHTYBaHHS AOCIIXKEHHSI HATHUPKOBUX aHIPOIe-
HiB JII'EA i AT'EA-C mst ouinku pyukuii [TH-oci 6a3yeTs-
csl Ha KiJIbKOX iXHiX BJacTUBOCTsIX. HaliBaxuBilie Te, 110
BOHU CEKPETYIOThCS MailXe BUKJIIOUHO CiTYACTOIO 30HOIO0
i tpodivauM epektom AKTI. Y Hopmi JITEA-C i ITEA
CEKPETYIOThCSI CHHXPOHHO 3 KOPTU30JI0M 3 KOPY HaHUP-
KoBUX 3ay103. Kpim Toro, sieuka Ta S€YHUKU MPOIYKYIOTh
MiHiManbHi piBHi JIT'EA Ta ITEA-C, Tomy ixHi piBHi Maiixke
He 3MiHIOIOTbC ITiJ1 Yac rinmoroHanaabHux craHis. llle oqHa
BiactuBicth [II'EA-C, gKa nonoMara€ oLiHUTH BIUIMB Ha
I'TH-Bich, — 1Ie MOMITHO MEHIIMI CTyHiHb TOOOBUX KO-
JINBaHb MOpiBHsSIHO 3 KopTusojom. JIIEA-C mae TpuBanuit
repioa HamiBpo3many — 0au3bKo 20 roavH, 1110 3a0e3euye
MOCTiiHI piBHI mpoTtsroM nHs, Tofi sik JIITEA mMae koport-
LW epiod HamniBpo3nany — 1—3 romuHu, y HbOro MEHIII
IO0OBI 3MiHU, HIXK Y KOPTU30IY.

B onHoMmy 3 nocrinkeHb O0yJ10 MpoBeneHe BUBYEHHS 10-
IIaTKOBOI LiHHOCTI BUMiptoBaHHs piBHs T’ EA B cupoBaTii
KPOBI Mi/l yac CTUMYJISILIiT HU3bKUMHU 103aMM (1 MKT) KO-
CUHTPOIIIHY B IAIli€HTIB 3 Mig03p0I0 Ha HATHUPKOBY He-
JIOCTaTHICTh. Y 1IbOMY HociimkeHHi [38] Oyna okpecieHa
KOHIETIisI AMcolialii KOpTU30Jy/aHIPOreHiB HAAHUPKO-
BMX 32J103 B yMOBaX HaTHUPKOBOI HeM0CTaTHOCTI. Jlo 11boTO
TaKi CIOCTePEXXEHHSI pOOMJIN NepeBaXkKHO 100 MAalliEHTIB i3
XPOHIYHUMU 3aXBOPIOBaHHSIMHU [39] i KpUTUYHUMU CTAaHAMU
[40]. MexaHi3Mm 1ii€i qucortiallii He sICHUIA, aje izioaoriyHo
BUTITHO CIIPSIMYBAaTH CUHTETUYHMUI MTPOLIEC Ha BUPOOJICHHS
[JTIOKOKOPTUKOIIB, @ HE HATHUPKOBUX aHAPOTEHIB 3 OTJISIAY
Ha oOMeXXeHUI pe3epB HaAHUPKOBUX 3aJ103 TIpU AePiliu-
i AKTT. V¥ wmiit rpymi BimHOmeHHs koptu3soiy go ATEA
OyJ10 MiIBUILIEHMM Ha TTOYaTKOBOMY PiBHi Ta 3pOCTajio Jai
IIpY CTUMYJISLIT KocuHTporiHoM. Lle BimoOpakae BiTHOCHO
oinbiry Brpaty JII'EA nmopiBHSIHO 3 KOPTHU30J10M TTPU HATHU -
PKOBIili HEIOCTaTHOCTI B 0a3aJIbHOMY CTaHi Ta OLIbIITY BTpaTy
JATEA nipu ctumyiisiii. OTxe, BUMipIOBaHHSI BiTHOIIEHHS
kopTuzoiy 10 JII'EA 3a 1ormoMoror KOCMHTPOITiHY B Malli-
€HTIB 3 pU3MKOM BUHWKHEHHSI HAJIHUPKOBOI HETOCTaTHOCTI
MOX€ BUSIBUTUCSI KOPUCHUM JIOMTOBHEHHSIM 10 METO/IB,
nocTymHuX 11t ouinku dyHkii I'TH-oci.

OTxe, BUSIBIISIETHCS, 1110 B MALIEHTIB 3 HAAHUPKOBOIO
HEIOCTaTHICTIO MOPYILIEHHS CEeKpellil aHAPOreHiB HaTHUP-
KOBHX 3aJ103 Mepeye MOPYHIEHHIO CeKpellii INTIIOKOKOPTU-
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KoimiB. TouHMiT MexaHi3M BTpaTy aHAPOTeHiB HATHUPKOBUX
3aJ103 Tepes NIIOKOKOPTUKOIZaMU B MaLli€EHTIB 3 HAAHUP-
KOBOIO HEIOCTaTHiCTIO HeBimomuii. OmHaK iHTpUTYyIOUE
nochimxkeHHst Topor ta criiBaBT. [41] ponuBae cBiT/IO Ha
NOoTeHUiiHUI MexaHi3M. BoHO mpoaeMoHcTpyBajo, 1o
npu Gi3ioJOriYHNX KOHIEHTPALISIX KOPTU30J CTUMYJIIO-
BaB cekpelito JI'EA 3anexHo Bin 103U B KJIIITUHAX KOPU
HaJIHUPKOBUX 3aJ103 JIIAWHU in Vitro. JlOCTiIKEHHS TaKOX
MPOJIEMOHCTPYBAJIO, 110 BHYTPIllTHBOHATHUPKOBA CTUMYJISI -
uist JITEA xopTtr3onom BinOyBanacs yepes i1oro iHrioyBaH-
Hs1 pepMmeHTy 3B-rinpokcucrepoinaerinporeHasu tumy I1.
OTxXe, 3HMKEHHSI KOHLEHTpallil KOPTU30Jy B HUPKOBUX
3aJ103ax MPU3BOIUTH 10 3HMKeHHs cekpelii JITEA B pe-
3ybTaTi MiABUILEHHS] aKTUBHOCTI 3[3-TigpoKcucTepoinie-
rimporenasu tuiy I1.

BaxnauBo minkpecauTu, mo Hu3bKi piBHi JAT'EA Ta
JAT'EA-C He 3aBXIy € CHHOHIMaM1 HaTHUPKOBOI HEIOCTAaT-
HOCTIi, OCKUJIBKM iX PiBHI MOXYTb 3aJIMILIATUCS HU3bKUMU
MPOTSTOM TUXKHIB 200 MiCSIIIiB ITiC/Is1 BIUIMBY €K30T€HHUX
IIIOKOKOPTHUKOINIB. | HaBmakm, Maiixke Bci cy0’€KTH 3 HOp-
MainbHoo dyHKiiero ['TH-oci manu Bignosinxi piBHi JIFTEA
Ta JIFEA-C momo BiKy. Tox MoxHa cKa3aTu, 1110 HOpMaJlb-
HU# piBeHb aHIPOTreHIB HAIHUPKOBUX 3aJ103 (haKTUUYHO
BUKJIIOYAE AiarHO3 HAAHMPKOBOI HEAOCTATHOCTI.

Otxe, ATEA ta ITEA-C € uiHHUMM MapKepaMHu 11i-
ngicHocti I'TH-oci. Ouinka ¢yskuii 'TH-oci noBuHHa
0a3yBaTuCs Ha BU3HAYEHHi 0a30BO1 Ta/a00 CTUMYJIbOBA-
HO1 KOHLIEHTpallii KOPTU30Jly B CUpOBaTLi KpoBi. JAuHa-
miuHi BuMipioBaHHsa JII'EA MOXyTb IMiABUIINTHA TOYHICTh
BCTAHOBJIEHHS J1iaTHO3y HaJHUPKOBOI HEJOCTATHOCTI.
BuwmiproBanHsa nouyatkoBoro piBHs JII'EA-C y cuposat-
1Ii KpoBi € nyxe 1iHHUM st oninku ¢yHkuii ['TH-oci,
a HOpMaJIbHMIi piBeHb 3 MOIPABKOIO Ha BiK i cTaTh po-
OUTh AiarHO3 HAJHUPKOBOI HEJOCTATHOCTI HaJA3BUYAMi -
HO MaJIOMOBipHUM. TOMYy pEeKOMEHAYETHCSI BKIIIOYATH
puMipioBanHs JIT'EA i ITEA-C y nabopatopHy OLIIHKY
¢yukuii 'TH-oci.

BucHoBKMU

HanHupkoBa HEAOCTaTHICTh MOXe BUKJIMKATU HECIe-
OUMIYHI CUMIOTOMU B JTIOOWHU, SIKa Ma€ TOCTPUI CTpec.
PaHHe BUSIBJIEHHS I TeCTyBaHHS Ha ITiJACTaBi KJIiHIYHOL
MiT03p1 MOXe 3am00IiITH MOJANBIIOMY PO3BUTKY HaIHUP-
KoBoro Kpu3y. OCHOBHY NpUYMHY HAITHUPKOBOI HEJ0CTAT-
HOCTIi 4acTO MOXHa BU3HAUYMUTH 3a JOMIOMOTIOIO CTpaTeriy-
HOTO TTiIXOy 10 OOCTEXXEHHS, 1110 JOTIOMara€e Mpu3HauYuTu
JIOBrOCTPOKOBE CIIOCTEPEKEHHSI/CKPUHIHT Ha TOB’si3aHi
3aXBOPIOBaHHS.

[ 3anmo6iraHHsI pO3BUTKY HaTHUPKOBOI HEIOCTATHO-
CTi B MAalli€HTIB, sIKi epeOyBalOTh Ha XipypTivyHOMY JIiKy-
BaHHI micist 6010BOTO TTOpaHEHHS, TOTPIOHO BUKOHYBATH
0Oe3repepBHUIT MOHITOPUHT PiBHS [NIIOKO3U, TOCiIXKYBaTU
piBeHb KOPTU30Jy B CUPOBATIIi KPOBi, 3BEPTaTH yBary Ha
nediuuT cTaTeBUX TOpMOHiB. PeKoMeHayeTbesl BKITIOYa-
TU BUMIipPIOBaHHS JETiIpoeIiaHaApOCTePOHY i IeTiapoeri-
aHAPOCTEPOH-CYIb(MaTy B JJaOOPATOPHY OLIHKY (PYHKIIIT
rirorajgamo-rinogizapHo-HaTHUPKOBOI oci. Tomy 1110 au-
HaMiuHi BUMipIOBaHHSI JETiIpOeIiaHIpOCTEPOHY MOXYTh
MiIBUIIUTYU TOYHICTh BCTAHOBJIEHHS MiarHO3y HAIHUPKOBOI
HEJIOCTaTHOCTI.

KonduikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BiICYTHICTh
KOHQJIIKTY iHTepeciB i BiacHOI (piHaHCOBOI 3alliKaBJIEHOCTI
IIPY MiATOTOBII JaHOI CTATTi.

Indopmauis npo dinancysannsa. CtarTs MiAroToBieHa
BJIACHUM KOIIITOM aBTOPIB.

CxBaJieHHs 10 myoJikamii. Yci aBTopy cXBaJMIN OCTa-
TOYHMIA BapiaHT PYKOITUCY i Taju 3rofy Ha IyOJIiKalliio.

Buecok aBtopis. CentokoBa H.}0. — koHuenuis ta qgu-
3aliH, HaITMCaHHsI TEKCTY, aHaIi3 JiTeparypu; Miciopa K.B.,
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Lernuis Ta penaryBanHs; 3amo6oscbka O.1., Szucsik E. —
KOHLIeTILS.
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Adrenal insufficiency in severely wounded men
with combat gunshot injury

Abstract. War destroys normal life and is the main factor of hu-
man psychological and physical vulnerability. The stress of war is
the most powerful pathogenic factor in the emergence, detection
and exacerbation of somatic, mental and behavioral disorders.
Trauma can affect the functioning of the hypothalamus and pi-
tuitary gland, as well as affect the hypothalamic-pituitary-adrenal
axis. One of these strong physical types of stress is gunshot injury
and, consequently, surgical intervention resulting in metabo-
lic and physiological disturbances. During stress, an excessive
amount of cortisol is produced, but when the human body is
exhausted, the level of this hormone decreases, and then adrenal
insufficiency occurs. The article considered secondary adrenal
insufficiency that can develop as a result of surgical intervention
after combat trauma with massive blood loss, which can be ob-
jectively characterized as acute stress in male combatants. It is
important to pay attention to the recognition and early prevention

of hypoglycemia in adrenal insufficiency. So, continuous glucose
monitoring should be used. Although this test is quite safe, it is
desirable to have a simpler diagnostic marker that can be obtained
without the administration of adrenocorticotropic hormone. It is
also recommended to study the level of cortisol in blood serum,
pay attention to the deficiency of sex hormones. Measurement
of dehydroepiandrosterone and dehydroepiandrosterone sulfate
should be included in the laboratory assessment of hypothalamic-
pituitary-adrenal axis function. Dynamic measurements of de-
hydroepiandrosterone have proven to increase the accuracy of
diagnosing adrenal insufficiency. Thus, adrenal insufficiency can
cause non-specific symptoms in a person who has acute stress.
Early detection and testing based on clinical suspicion can prevent
further development of adrenal crisis.

Keywords: combat injuries; stress; hormones; prevention; secon-
dary adrenal insufficiency
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Targeting Toll-like receptor 4
and microbiota dysregulation:
a new frontier in nonalcoholic

fatty liver disease management

Abstract. Background. Nonalcoholic fatty liver disease (NAFLD) is a widespread chronic liver condition affecting
nearly a quarter of the global population. It encompasses a spectrum of disorders, ranging from simple steatosis to non-
alcoholic steatohepatitis, fibrosis, cirrhosis, and hepatocellular carcinoma, often associated with metabolic syndrome and
insulin resistance. Emerging evidence underscores the critical role of gut microbiota dysbiosis and Toll-like receptor 4
(TLR4) activation in the pathogenesis and progression of NAFLD. Gut-derived lipopolysaccharides activate TLR4,
initiating inflammatory cascades that exacerbate liver injury. This study purposed to evaluate the relationship between
gut microbiota composition, TLR4 levels, and biochemical markers in NAFLD and to assess the efficacy of microbiome-
targeted therapy in modulating these factors. Materials and methods. The study included 152 patients with NAFLD
and 47 control participants without liver steatosis. NAFLD diagnosis was confirmed by ultrasound, steatometry, and the
presence of cardiometabolic risk factors. Microbiota composition was analyzed using quantitative polymerase chain
reaction, and TLR4 levels were measured in serum samples. Patients with NAFLD underwent a microbiome-targeted
therapy consisting of rifaximin, probiotics, and essential phospholipids over 12 weeks. Biochemical, microbiota, and
inflammatory markers were assessed before and after treatment. Statistical analyses included t-tests and correlation
analysis to explore associations between microbiota, TLR4, and biochemical parameters. Results. Patients with NAFLD
exhibited significant gut microbiota changes, characterized by an increased Firmicutes/Bacteroidetes ratio and elevated
Actinobacteria levels compared to controls. TLR4 levels were significantly higher in the NAFLD group, correlating
positively with liver function tests and systemic inflammatory markers. Following microbiome-targeted therapy, patients
demonstrated a substantial reduction in TLR4 levels, improved liver enzymes (alanine aminotransferase, aspartate
aminotransferase), decreased HOMA-IR index, and enhanced gut microbiota composition. Notably, the prevalence
of small intestinal bacterial overgrowth decreased from 51 to 20 %. Conclusions. The findings emphasize the critical
role of gut microbiota dysbiosis and TLR4 activation in the progression of NAFLD. Microbiome-targeted therapy proved
effective in reducing TLR4-driven inflammation, improving metabolic and liver function, and normalizing dysbiotic
microbial profiles, supporting the use of microbiota-focused interventions in NAFLD management.

Keywords: nonalcoholic fatty liver disease; gut microbiota dysbiosis; Toll-like receptor 4; small intestinal bacterial
overgrowth; metabolic syndrome; steatosis

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a prevalent
chronic liver disorder, impacting nearly one-fourth of the
global population. It includes a range of conditions, from
simple steatosis to non-alcoholic steatohepatitis (NASH),
fibrosis, cirrhosis, and hepatocellular carcinoma, frequently
linked to metabolic syndrome and insulin resistance [1, 2].

Affecting nearly a quarter of the global population,
NAFLD has emerged as a significant public health chal-
lenge, encompassing a continuum of conditions ranging
from simple steatosis to NASH, progressive fibrosis, cir-
rhosis, and even hepatocellular carcinoma. Closely linked
to metabolic syndrome and insulin resistance, NAFLD
represents a complex interplay of metabolic, genetic, and
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environmental factors that make its pathogenesis and treat-
ment particularly challenging [3, 4].

Given the increasing prevalence of diabetes and obesity
worldwide, the deleterious effects of NAFLD are becoming
a growing challenge for public health. NAFLD is the most
common chronic liver disease in the Western world. NAFLD
is closely associated with metabolic disorders, including cen-
tral obesity, dyslipidaemia, hypertension, hyperglycaemia
and persistent abnormalities of liver function tests. In gene-
ral, NAFLD is a common denominer for a broad spectrum
of damage to the liver, which can be due to hepatocyte injury,
inflammatory processes and fibrosis. This is normally seen
on liver biopsy and can range from milder forms (steatosis) to
the more severe forms (NASH, advanced fibrosis, cirrhosis
and liver failure) [5, 6].

Recent studies have highlighted the pivotal role of Toll-
like receptor 4 (TLR4) in mediating the connection between
gut microbiota dysbiosis and liver inflammation in NAFLD
[7, 8].

TLR4, activated by lipopolysaccharides (LPS) derived
from gram-negative bacteria, triggers inflammatory cascades
upon translocation through a compromised gut barrier. This
gut-liver axis dysfunction exacerbates hepatic steatosis, fi-
brosis, and metabolic disturbances, making TLR4 a critical
target for therapeutic interventions aimed at modulating mi-
crobiota-related pathways in NAFLD [9, 10].

TLR4, a transmembrane receptor, plays a central role
in the innate immune response. TLR4 not only engages
with exogenous ligands at the cellular membrane’s surface
but also interacts with intracellular ligands, initiating intri-
cate intracellular signaling cascades. Through MyD88, an
adaptor protein, TLR4 activates transcription factors NF-
kB and AP-1, thereby facilitating the upregulation of pro-
inflammatory cytokines. Another adapter protein linked to
TLR4, known as TRIF, autonomously propagates signaling
pathways, resulting in heightened interferon expression. Re-
cently, TLR4 has garnered attention as a significant factor
in the regulation of symptoms in aging-related disorders
[11, 12].

The purpose of this study was to investigate the role of
TLR4 and gut microbiota dysregulation in the development
of NAFLD and to assess the effectiveness of targeted inter-
ventions aimed at modulating these factors.

Materials and methods

A total of 152 patients with NAFLD were included in
this study. These individuals were outpatients from the the-
rapeutic departments of Truskavetskurort LLC, Medical
Center “Intersono” (departments 1 and 2), and the thera-
peutic department of St. Panteleimon Hospital of the Lviv
First Territorial Medical Association. The inclusion criteria
were as follows:

— clinical diagnosis of NAFLD, established based on
clinical, laboratory, and instrumental assessments;

— informed consent to participate in the study.

The main group included 85 females (55.9 %) and 67
males (44.1 %) with a mean age of 48.63 + 0.55 years. The
control group consisted of 47 individuals without NAFLD,
matched by gender and age, with a mean age of 48.36 £ 0.97
years.

The diagnosis of NAFLD was supported by ultrasound
findings demonstrating diffuse hepatic parenchymal echoge-
nicity and an increased hepatorenal index (HRI), categorized
as follows [12]: stage 1 (S1) — increased echogenicity of the
parenchyma; stage 2 (S2) — mild hepatomegaly, increased
parenchymal echogenicity, fragmented vascular pattern;
stage 3 (S3) — hepatomegaly, loss of vascular clarity, and
diminished echo penetration to the diaphragm.

Steatometry was utilized as an adjunct to ultrasound, with
thresholds of 0.65 dB/cm/MHz for S1, 0.71—0.76 for S2, and
>0.77 dB/cm/MHz for S3 [13, 14].

Additionally, the presence of cardiometabolic risk factors
was considered diagnostic when combined with ultrasound or
steatometry findings. These risk factors included:

— waist circumference > 102 cm (men) or > 88 cm
(women);

— blood pressure > 130/85 mmHg or antihypertensive
therapy;

— plasma triglycerides (TG) > 1.70 mmol/L or lipid-
lowering treatment;

— HDL cholesterol < 1.0 or < 1.3 mmol/L in men and
women, respectively;

— fasting glucose 5.6—6.9 mmol/L or HbAlc 5.7—6.4 %;

— HOMA-IR index > 3;

— high-sensitivity CRP > 2 mg/L.

Exclusion criteria were: laboratory evidence of hepatitis B
or C infection, alcohol consumption in hepatotoxic doses
(30—40 g/day), autoimmune hepatitis, Wilson’s disease,
inflammatory bowel diseases, severe comorbidities (e.g.,
cardiovascular, pulmonary, renal), malignancies potentially
influencing the outcomes, psychiatric conditions, and patient
non-compliance with study requirements.

Microbiome analysis. Microbiome profiling was conduc-
ted using quantitative real-time PCR. Stool samples were
stored at —20 °C and DNA was extracted using the phe-
nol-chloroform method. DNA concentration and quality
were assessed using a NanoDrop ND-8000 spectrophotome-
ter. PCR amplification was performed on a Rotor-Gene 6000
(QIAGEN, Germany) using Taq polymerase and gene-spe-
cific primers. Hydrogen breath tests (Gastrolyzer®, Bedfont
Scientific Ltd.) were conducted to assess small intestinal
bacterial overgrowth (SIBO), defined as hydrogen levels
> 20 ppm above baseline.

Microbiome-targeted therapy. Patients with NAFLD re-
ceived comprehensive lifestyle modification recommenda-
tions, emphasizing the importance of physical activity and
dietary adjustments. Participants were encouraged to en-
gage in 150 minutes of moderate-intensity physical activity
per week, distributed over 3—5 sessions, combining both
aerobic and strength training exercises. Dietary guidance
was provided to help lower cholesterol levels, following the
recommendations of the American Gastroenterological As-
sociation [13].

Microbiome targeted therapy was implemented to
address SIBO and restore gut microbiome balance. This
regimen included a 14-day course of rifaximin (2 tablets
200 mg, three times daily). Following this, from the 15" day,
patients were prescribed Saccharomyces boulardii CNCM
1-745 (1 capsule, twice daily) for 14 days, along with essential
phospholipids (600 mg, three times daily) for 30 days. From
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the 29" day, patients were administered probiotic medicine
containing Lactobacillus acidophilus (LA-5) and Bifidobacte-
rium lactis (BB-12) at a total concentration of 2 X 10° CFUs,
with 1 X 10° CFUs 1 capsule twice daily, for a duration of
12 weeks.

Design of the study is presented in Fig. 1.

Statistical analysis. Data were analyzed using Statistica
11.0 for Windows. Results are presented as mean * stan-
dard error (M £ m). Student’s t-test was used for comparing
means, with significance defined as p < 0.05. Non-para-
metric methods were employed for variables not following
normal distributions. Correlation analysis was used to explore
relationships among parameters.

Results

Patients with NAFLD demonstrated notably elevated
levels of BMI, ALT, AST, GGT, high-sensitivity CRP, alka-
line phosphatase (AP), and HOMA-IR index in comparison
to the control group, reflecting significant metabolic and
inflammatory imbalances (Table 1).

According to Table 2, the mean total cholesterol level
was significantly higher in patients with NAFLD compared
to those without liver fat infiltration. Triglyceride levels also
differed significantly between patients with dyslipidemia and
the control group. Additionally, a significant difference was
observed in LDL markers, which were higher in the main
group, and HDL levels, which were significantly lower in
NAFLD patients (p < 0.05).

Recent studies have demonstrated that the so-called
TLR4 is associated with inflammatory changes in the liver
in the context of NAFLD and subsequent lipid metabolism
disturbances contributing to the development of steatotic
changes. This process is potentially linked to activation by
lipopolysaccharides produced by gram-negative gut micro-
biota in cases of dysbiosis.

Therefore, it was of particular interest to investigate
its levels among patients in the main group and the con-
trol group where steatotic changes in the liver were absent
(Table 3).

The Toll-like receptor 4 level was significantly higher in
the NAFLD patient group compared to the control group
(p <0.05).

Considering that TLR4 activation is primarily driven by
components of gram-negative gut microbiota (LPS) which
are commonly associated with a specific type of gut dysbiosis
such as SIBO. It was essential to determine the prevalence of
SIBO in both groups of patients.

Fig. 2 demonstrates that 50 % of patients with NAFLD
were diagnosed with SIBO. In contrast, only 29 % of patients
without NAFLD were found to have SIBO.

The gut microbiota composition was analyzed in both the
main and control groups to identify potential bacterial phy-
lotypes that are more characteristic of the microbial profile
in the presence of NAFLD (Table 4).

The results presented in Table 4 show a significant pre-
dominance of Firmicutes and Bacteroidetes among NAFLD
patients compared to the control group. Additionally, the
part of Actinobacteria differed significantly too. A significant
difference was also observed in the Firmicutes/Bacteroidetes
index in comparing the control group.

N
’—(Rifaximin 2 tablets 200 mg, three times daily for 14 days )

From day 15
Saccharomyces boulardii CNCM 1-745 1 capsule,

| twice daily for 14 days
Essential phospholipids 2 capsule 300 mg,
\three times daily for 30 days

~
From day 29

| Lactobacillus acidophilus (LA-5) and Bifidobacterium

lactis (BB-12) at a total concentration of 2 x 10° CFUs,

with 1 x 10° CFUs 1 capsule twice daily for 12 weeks

Figure 1. Study design for microbiota intervention

in patients with NAFLD

Table 1. Clinical and biochemical variables between

patients with NAFLD and controls

Value NAFLD Control group | P-value
BMI 29.37+056 | 24.50+0.70 <0.05
ALT 43.65+6.09 | 23.65+6.09 <0.05
AST 4490+2.23 | 23.90+2.23 <0.05
GGT 54.45+358 | 31.45+3.58 <0.05
hsCRP 3.50+£0.29 1.20+0.29 <0.05
AP 78.40+4.28 | 69.40+4.28 <0.05
HOMA-IR 3.60 £1.23 2.20 +1.34 <0.05

Table 2. Lipid profile in NAFLD patients compared
to the control group, mmol/

Value NAFLD Control group P-value
TC 6.20 £ 0.21 5.20+0.28 0.043*
TG 2.50£0.36 1.12+0.09 | 0.000689*
HDL-C 1.03 £ 0.06 1.52+0.07 | 0.01144*
LDL-C 3.98+0.17 3.20£0.23 0.047*
VLDL-C 1.09+0.16 0.77 £ 0.07 0.16

Note: * — p < 0.05 — statistical significance.

Table 3. The level of Toll-like receptor 4
in NAFLD patients compared to the control group

Value

NAFLD

Control group

TLR4 (1.25-2.5 ng/ml)

2.67 +2.05"

1.23£0.99

Note: * — p < 0.05 — statistical significance.

80
60
40 76
20
25
0 1
NAFLD Control group

Figure 2. Prevalence of small intestinal bacterial
overgrowth in patients with NAFLD and controls
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Table 4. Gut microbiota composition in patients
with NAFLD and the control group, %

Bacteroidetes 31.29+1.11 45.65 + 1.48 <0.05
Firmicutes 50.30 £ 2.46 3517 £1.51 <0.05
Actinobacteria 13.34 £ 2.87 9.90 +1.87 <0.05
Other 12.88 + 0.84 9.68 + 0.25 >(.05
F/B index 3.02 + 2.61 1.54 +1.36 <0.05

Table 5. Biochemical parameters in NAFLD patients
before and after combined therapy (n = 95)

Before Atter
treatment treatment

29.37£058  27.90 £0.43 >0.05
ALT 4512278  29.50+2.18 <0.05
AST 37.45 £ 3.01 19.90 £ 1.36 <0.05
GGT 51.83+1.45  32.78 +1.48 >0.05
hsCRP 3.50+0.12 1.58 £ 0.45 <0.05
AP 76.59£3.67  48.40 £3.28 <0.05
HOMA-IR 3.56 £ 0.89 1.70 £ 0.35 <0.05

Table 6. TLR4 levels in NAFLD patients before
and after combined therapy (n = 95), ng/ml

Before Atter
Value treatment treatment P-value
TLR4 2.67 £2.05 1.89+1.12 <0.05
77 62

W Before treatment
[0 After treatment

61
5
4
34
2
1-

1.09 112 1,03

LDL-C

Total Trigly- VLDL-C  HDL-C

cholesterol  cerides

Figure 3. Dynamics of lipid profile changes
after combined therapy in patients with NAFLD

60
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50 [ After treatment
40.6
40

30

20
13.34 10.2 12.88 13.1

107 502 59

Actino- Others F/B index
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Thus, the gut microbiota composition in NAFLD pa-
tients differed significantly from that of individuals without
liver fat infiltration.

Patients in the main group were prescribed microbiome-
targeted therapy aimed at treating SIBO, correcting gut mi-
crobiota composition, and improving biochemical parame-
ters associated with NAFLD. Patients who did not adhere
to the prescribed medication regimen, or were unable to
continue treatment due to unforeseen circumstances or new-
ly developed comorbidities, were excluded from the study.
Consequently, the final number of patients who completed
the course of treatment was 95.

Combined therapy led to significant increasing of tri-
glycerides, LDL-C, total cholesterol, simultaneously in-
creased the HDL-C (p < 0.05) reflecting enhanced metabolic
control (Fig. 3).

After combined therapy NAFLD patients showed signifi-
cant improvements in key parameters, including reductions
in ALT, AST, hsCRP, AP and HOMA-IR index, reflecting
better metabolic control and reduced inflammation. What
was interesting, there was no significant difference between
BMI value before and after treatment (Table 5).

Table 6 compares TLR4 levels in NAFLD patients before
and after combined therapy. The results indicate a significant
reduction in TLR4 levels on patients with NAFLD after treat-
ment (p < 0.05). This decrease suggests that the combined
therapy effectively reduces TLR4 activation, potentially miti-
gating gut-derived endotoxin-induced inflammation and con-
tributing to improved outcomes in NAFLD management.

A key focus was to examine the changes in gut microbiota
composition before and after treatment in the main patient
group (Fig. 4).

Due to the Fig. 4, in patients undergoing treatment for
SIBO and microbiome correction, a significant reduction
in the proportion of Firmicutes (p < 0.05) and Actinobacteria
(p < 0.05) was observed, along with significant changes in the
Firmicutes/ Bacteroidetes index (p < 0.05).

Considering the high prevalence of SIBO (51 %) among
NAFLD patients, it was crucial to assess the presence of bac-
terial overgrowth following the complete course of therapy.

Following microbiome-targeted therapy, the prevalence
of SIBO in NAFLD patients decreased from 51 to 20 %,
demonstrating the treatment efficacy in reducing bacterial
overgrowth (Fig. 5).

The obtained results highlight the positive role of gut
microbiota correction in the management of NAFLD, par-
ticularly concerning factors contributing to its development

60 A
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19

NAFLD

Control group

Figure 4. Gut microbiota composition in NAFLD
patients before and after combined therapy (n = 95)

Figure 5. Prevalence of SIBO in NAFLD patients
before and after combined therapy (n = 95)
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and progression. Therefore, it was crucial to investigate the
correlations between gut microbiota composition and bio-
chemical markers as a potential mechanism underlying the
impact of microbiota correction on NAFLD.

Fig. 6 illustrates correlations of varying strength among
the parameters included in the study. Specifically, Bacteroi-
detes showed a negative correlation with triglycerides, while
the F/B index positively correlated with TG (r = 0.47). ALT
and AST (r = 0.51 and r = 0.47, respectively), indicating the
influence of the F/B index on the elevation of triglycerides
and liver function tests in the blood. Firmicutes were posi-
tively correlated with TLR4 (r = 0.67) and high-sensitivity
C-reactive protein (r = 0.45). A significant moderate positive
correlation was also observed between the presence of SIBO
and Actinobacteria (r = 0.57).

Discussion

This study investigated the relationship between gut mi-
crobiota dysregulation. TLR4 activation and biochemical
markers in NAFLD patients, along with the effects of mi-
crobiome-targeted therapy [15]. The findings provide new
insights into the pathogenesis of NAFLD and highlight
the therapeutic potential of addressing gut microbiota and
TLR4-mediated pathways.

The results demonstrated significant differences in gut
microbiota composition between NAFLD patients and the
control group, with NAFLD patients showing higher levels
of Firmicutes, Actinobacteria, and an elevated Firmicutes/
Bacteroidetes index. These alterations are consistent with
previous findings that link gut dysbiosis to increased intesti-

nal permeability and systemic endotoxemia, both of which
contribute to hepatic fat accumulation and inflammation.
The observed reduction in Bacteroidetes and increase in Fir-
micutes in NAFLD patients underscore the role of microbial
imbalance in disease progression [16, 17].

TLR4 levels were significantly higher in NAFLD patients
compared to the control group, reflecting the activation of
inflammatory pathways triggered by lipopolysaccharides
from gram-negative bacteria. This finding aligns with the
role of TLR4 as a mediator of hepatic inflammation and
fibrosis in NAFLD. Importantly, the significant reduction
in TLR4 levels following microbiome-targeted therapy sug-
gests that addressing gut dysbiosis can mitigate gut-liver axis
dysfunction and systemic inflammation.

The combined therapy, including rifaximin, probiotics,
and essential phospholipids, was effective in reducing the
prevalence of SIBO from 51 to 20 %, improving gut micro-
biota composition and decreasing inflammation. Nota-
bly, the therapy led to significant reductions in ALT, AST,
hsCRP, and HOMA-IR, indicating enhanced metabolic
control and reduced hepatic inflammation. Improvements
in the Firmicutes/Bacteroidetes index and Actinobacteria pro-
portions further support the therapy’s efficacy in restoring
microbial balance [18, 19].

The study revealed strong correlations between gut mi-
crobiota parameters and biochemical markers. The Fir-
micutes/Bacteroidetes index was positively associated with
triglycerides. ALT, and AST, highlighting its potential role
in exacerbating metabolic and hepatic dysfunction. Additio-
nally, Firmicutes positively correlated with TLR4 and hsCRP,
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Direct bilirubin
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GGT
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Figure 6. Correlation between biochemical markers and microbiome compounds
in patients with NAFLD
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suggesting that microbial dysbiosis may drive inflammation
through TLR4 activation. The moderate correlation between
SIBO and Actinobacteria emphasizes the need to address
bacterial overgrowth as part of NAFLD management [20].

These findings underscore the importance of incorpo-
rating microbiota-targeted interventions into NAFLD treat-
ment strategies. By modulating gut microbiota and reducing
TLR4-mediated inflammation, this approach offers a promi-
sing avenue for improving metabolic and hepatic outcomes
in NAFLD patients.

Future research should explore the long-term effects of
microbiome-targeted therapies and their integration with
existing treatment modalities.

Conclusions

NAFLD patients exhibited substantial alterations in gut
microbiota composition, including an elevated Firmicutes/
Bacteroidetes index, increased levels of Actinobacteria, and
reduced Bacteroidetes, which were linked to systemic endo-
toxemia and liver inflammation.

Elevated levels of TLR4 in NAFLD patients indicate its
involvement in linking gut-derived endotoxins to hepatic in-
flammation and metabolic disturbances. Modulating TLR4
pathways holds potential for reducing disease progression.

Combined therapy incorporating rifaximin, probiotics,
and essential phospholipids significantly reduced the preva-
lence of SIBO, improved gut microbiota composition, and
led to notable decreases in ALT, AST, HOMA-IR, hsCRP,
and TLR4 levels, reflecting enhanced metabolic control and
reduced liver inflammation.

Positive correlations between the Firmicutes/Bacteroidetes
index and triglycerides, ALT, and AST, as well as between
Firmicutes and TLR4, highlight the potential for microbiota-
focused interventions to influence key metabolic and inflam-
matory pathways in NAFLD.
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/\bBIBCbK HALIOHQABHU MEANYHUN YHIBEPCUTET iMeHi AQHUAQ [QAMLIbKOTO, M. /\bBIB, YKpQaiHa

Peryasuig Toll-noai6Horo peuentopd 4 Ta MiKpo6ioTu:
HOBi MOXXAMBOCTI B AiKYBOHHi HEAAKOTOABHOT YXMPOBOT XBOPO6GM NEYiHKU

Pesiome. Axmyaavnicms. HeankoronbHa XupoBa XBopo0a Ned4iHKu
(HAXKXIT) — mnoimpeHe XpoHidyHe 3aXBOPIOBAHHSI TIEYiHKU, SKE
BpaXkae Maiixe UBepTb HaceJeHHs cBiTy. BOHO oxoruioe Bennkuii
CIEKTP MOPYIIeHb, Bill MPOCTOTO CTEaTO3y 10 HEaIKOTOJIbHOTO
cTeaTorenatuty, (Giopo3y, LIMPOo3y i1 HaBiTh remaToLEeIONSIPHOL
KapUMHOMMU, i YaCTO acCOIIOETbCS 3 META0OJIYHUM CUHAPOMOM
Ta iHCYJJiHOpe3UCTeHTHicTIO. OCTaHHI HOCIIIKEHHS TTiIKpPeCIIo-
IOTh KJTIOYOBY pOJIb AMCOi03y MIKpOOiOTH KUIIIEYHNKA I aKTUBAIlil
Toll-mogionoro penentopa 4 (TLR4) y maToreHesi Ta mporpecy-
BaHHi HAKXII. Jlinonoaicaxapuau, siKi yTBOPIOIOTbCSI TPaMHe -
raTUBHOIO MiKpoGIOpOIo KUIlIeYHUKA, aKTUBYIOTh TLR4, iHiuiio-
104U 3amajibHi KaCKaau, 110 MOTiPIIYIOTh YINKOMIKEHHS MeYiHKH.
Mema docaidxncennsa: OLIHUTY B3aEMO3B 130K MixK CKJIaJIOM MiKpO-
6ioTu kuieyHuka, piBHsIsMu TLR4 i GioxiMiyHMMU MapKepamu
npu HAZKXTI, a takox edeKTUBHICTb Teparii, CripsSIMOBaHOI Ha
KOpexKilito Mikpobiotu. Mamepiaiu ma memodu. Y nOCTiIXKEeHHS
oyso0 BktoueHo 152 nmamientu 3 HAXKXII ta 47 ocib KOHTpOJIbHOIL
rpynu 6e3 creato3y neviHku. diarno3 HAXKXII nmiaTeepmaxyBaiu
3a JOTIOMOTOIO YJIbTPa3BYKOBOTO JOCTIIKEHHSI, CTeaTOMETPii Ta
IpU HasIBHOCTI KapaioMeTaboaiyHUX (hakTopiB pu3uky. CKiamg
MiKpoO0ioTH aHali3yBajJlyd METOAOM KiJbKiCHOI IoJliMepa3Hoi
JIAHLIFOTOBOI peakilii, TakoxX Bu3Havanu piBHi TLR4 B cupoBa-
Tui Kposi. [Nauientam i3 HAXKXII npusnavanu tepariio, cripsi-
MOBaHY Ha KOPEKIIil0 MiKpobioMy, sika BKJIIo4Yajaa prudakCcUMiH,
npoOiOTUKHU Ta eceHILianbHi hochominian, TpoTsarom 12 TUKHIB.
BioxiMiuHi, MikpoOioJioriuHi i1 3amajbHi MapKepu OLIiHIOBAJIU 10

i micas nikyBaHHs. CTaTMCTUYHMI aHalli3 BKJIIOYAB t-TECTU Ta
KOpEeJISILIMHUI aHaTi3 1 BUBYEHHST 3B S13KiB MiX MiKpo0ioTOI0,
TLR4 i GioxiMiyHMMU TTIOKa3HUKaMU. Pesyabmamu. TlanieHTn 3
HAXXII manu 3MiHU MiKpo0OioMy KUILIEYHUKA, SIKi XapaKTepu3y-
BaJIMCS TiABUIIIEHUM CIiBBifHOILIEeHHSIM Firmicutes/Bacteroidetes
Ta 30iJIbIIEHO0 YaCTKOI Actinobacteria TIOPiBHSIHO 3 KOHTPOJIb-
Hoto rpynoto. PiBui TLR4 y rpyni HAKXII 6ynu 3HauHO BuILi,
110 MTO3UTHBHO KOPETIOBAJIO 3 MOKa3HMKAMM (DYHKIIiT MEUiHKU i1
MapKepaMM cucTeMHoro 3ananeHHs. [Ticis Teparii, cmpsiMoBaHO1
Ha KOpeKIlilo MiKpoOioMy, y MalLli€HTIB CIIOCTEPIrajaucs CyTTeEBe
3HMKeHHs piBHiB TLR4, mokpauieHHs ne4iHKoBUX (hepMEeHTIB
(amaninaminotpaHcdepasa, acrapratamiHoTpaHchepasa), 3MeH-
meHHs iHnekcy HOMA-IR ta HopMmarizanis ckiamy MiKpo6ioTu
kuieyHuka. [IpuMiTHO, 110 MOIIKUPEHICTh CUHAPOMY HAaAMipHOTO
GakTepianbHOro pocTy 3HM3Macs 3 51 10 20 %. Bucnoexu. Y nocii-
IKEHHI MAKPECTIOEThCS 3HAYYIIA POJIb TUCOi03y MiKpOOIiOTH K1~
mevyHuka it akrusailii TLR4 y nporpecyBanni HAXKXII. Teparis,
cIpsiIMOBaHAa Ha KOPEKIIil0o MiKpoOioMy, e(peKTMBHO 3MEHIIIyBaja
TLR4-omnocepenkoBaHe 3arajieHHs, TOKpallyBaja MeTaboIigHi Ta
MEeYiHKOBI ITapaMeTpH i MopylIeHHsT Mikpooiotn. OTpuMaHi naHi
MMATBEPIKYIOTh JOLIIBHICTD iHTEeTpallii MiKpo0OiOM-0Opi€HTOBAaHMUX
MmiaxoaiB y KoMruieKcHe JikyBaHHss HAXKXIT.

Ki11040Bi c/10Ba: HeaskoroibHa XUpoBa XBOpoOa MeYiHKM; JANC-
6i03 MiKpo6ioTn Kuieuynuka; Toll-rogioHuit peuenrtop 4; CUH-
TIPOM HaAMipHOTO 0aKTepiaIbHOIO POCTY; META0OIIYHUI CUHIPOM;
cTearo3
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Studying red cell distribution width in Iraqi persons
with type 2 diabetes mellitus in Najaf City:
a case-control study

Abstract. Background. Red cell distribution width (RDW) is a parameter measured routinely in standard blood
cell counts, reflecting the variability in red cell size and volume. Numerous studies have identified a significant
correlation between RDW and various health disorders, including cardiovascular diseases, malignancies,
obesity, and chronic kidney diseases. Purpose: to study red cell distribution width in Iraqi persons with type 2
diabetes and assess its role in providing clinical information about glycemic control. Materials and methods.
This case-control study included 300 participants, 150 Iraqi persons with type 2 diabetes (77 female and
73 male) in Najaf City, and 150 healthy controls (79 female and 71 male). Age, weight, systolic blood pressure,
diastolic blood pressure, complete blood count, glycated hemoglobin (HbA1c), and C-reactive protein levels were
assessed. In patients with diabetes, disease duration, medications, and complications were recorded. People
with a history of anemia, renal failure, heart disease, hypertension, thyroid disorder, pregnancy, and conditions
leading to chronic inflammation, such as rheumatoid arthritis, diabetic neuropathy, diabetic retinopathy, and
diabetic nephropathy, were excluded from the study. Results. RDW was significantly higher in people with
diabetes (14.77 + 3.56) than in healthy controls (12.19 + 1.10), p < 0.0001. In the diabetes group, no statistically
significant correlation was noted between RDW and disease duration (p = 0.143). RDW was strongly and directly
associated with HbA1c and C-reactive protein levels (p < 0.0001 and p = 0.002, respectively). Conclusions.
RDW was higher in people with type 2 diabetes than in healthy controls. RDW levels are affected by glycemic
control because a higher HbA1c level is associated with a higher RDW. Thus, RDW can be considered a marker
of glycemic control in clinical practice.

Keywords: type 2 diabetes; red cell distribution width; inflammation; C-reactive protein

Introduction

Type 2 diabetes mellitus (T2DM) is a common metabolic
disorder characterized by impaired glucose tolerance and
hyperglycemia due to insulin resistance [1].

Chronic hyperglycemia in patients with diabetes leads
to long-term effects and dysfunction of different organs,
including the retina, renal system, nervous system, heart,
and blood vessels, resulting in several complications.
These complications not only increase the risk of mor-
bidity and mortality but also affect the patient’s quality
of life [2].

Chronic hyperglycemia effects include erythrocytes, the
most glucose-consuming cells. Owing to long-lasting hyper-
glycemia, erythrocytes are subjected to changes that affect
their metabolism, morphology, and function [3].

The normal morphology of the red blood cells (RBC) is
important for their survival and oxygen-carrying capacity.
Babu showed that with hyperglycemia, the perimeter of RBC
increases, and the area of erythrocytes decreases with in-
creasing erythrocyte membrane irregularity [4]. Additionally,
in another study, people with diabetes had more acantho-
cytes, “cup forms” (i.e., stomatocytes), and distorted forms

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

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

For correspondence: Shamim Riadh Mohammed Hussein, Department of Obstetrics and Gynecology, Faculty of Medicine, Jaber ibn Hayan Medical University, Najaf, Iraq; e-mail:

shameem.r.mohammad@jmu.edu.iq
Full list of authors’ information is available at the end of the article.

Tom 20, N2 8, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua 55



OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

than controls, and their morphology was restored to normal
after effective treatment [5].

Uncontrolled hyperglycemia leads to increased levels
of glycated hemoglobin (HbAlc), which is associated with
functional and structural changes in the hemoglobin mole-
cules. These changes not only affect blood viscosity but also
lead to osmotic disturbances within each RBC [6].

All these hyperglycemic changes have an impact on RBC
indices, and one of the most important ones is red blood
cell distribution width (RDW), which is the measurement of
variation in mean corpuscular volume (MCV). High RDW
was associated with heterogeneity in MCV. Red cell distri-
bution width is a parameter measured routinely in the stan-
dard blood cell count (complete blood count), reflecting the
variability in red cell size and volume [7]. High RDW is an
indicator of nutritional deficiencies, such as iron, folate, and
vitamin B, [8]. In addition to its level as a test to evaluate the
cause of anemia, high RDW can indicate the presence of an
underlying inflammatory process [9]. This dual value makes
it an essential measure for clinical evaluations.

There is a strong association between RDW and cardio-
vascular disorders, including heart failure and acute coronary
syndrome [10]. Although the exact mechanism is not com-
pletely understood, oxidative stress and inflammation may
play a role [11]. There is also an association between RDW
and many other conditions, such as malignancies, obesity,
and chronic kidney diseases [12].

About 1.4 million Iraqi people have type 2 diabetes mel-
litus [13]; most of them are followed by glycated hemoglobin
to assess diabetic control, which is a relatively expensive for
some patients and is tested over two-three months. There-
fore, finding alternative parameters of glycemic control is
an interesting idea; in particular, this indicator is part of a
routine, inexpensive blood test.

In this study, we aimed to study RDW in Iraqgi persons
with type 2 diabetes and assess its role in providing clinical
information about glycemic control.

Materials and methods
Study design

This case-control study involving 300 participants, 150
with type 2 diabetes (77 female and 73 male), and 150 healthy
controls (79 female and 71 male), was conducted at the Dia-
betes and Endocrinology Center in Najaf City, Iraq, from
November 22, 2022, to May 25, 2023.

Ethical approval

The objective of the study was explained to all par-
ticipants, and informed consent was obtained. The study
adhered to the Declaration of Helsinki (revised in 2013).
In addition, the ethics committee of the medical college/
Kufa University approved this study (registration number
MEC-2/07/1/2024).

Inclusion criteria

All subjects with the following criteria are included in
the study: presence of T2DM, age > 18 years and less than
70 years, disease duration > 5 years and less than 10 years,
HbAlc > 7 %, and normal initial screening test for micro-
vascular complications (retinopathy and microalbuminuria).

Exclusion criteria

Patients with a history of anemia, renal failure, heart
diseases, hypertension, thyroid disorders, pregnancy, and
conditions leading to chronic inflammation, such as rheuma-
toid arthritis, diabetic neuropathy, diabetic retinopathy, and
diabetic nephropathy, were excluded from the study.

Participants and procedure

All the patients attended the endocrine and diabetes
center for regular follow-up. After a medical history col-
lection and physical examination, including an ophthalmic
examination to exclude diabetic retinopathy, all patients were
investigated for albumin to creatinine ratio to exclude albu-
minuria and diabetic nephropathy. Diabetic neuropathy was
excluded by neurological examination and nerve conduction
study. The participants were questioned about their age, and
duration of diabetes in years, which was calculated from the
time of T2DM diagnosis. Weight and height were measured
early in the morning on an empty stomach. Body mass index
(BMI) was calculated as follows: weight (kg)/height (m?).
Systolic (SBP) and diastolic blood pressure (DBP) of all
participants were measured after resting for 30 min, each par-
ticipant had two measurements 5 min apart, and the blood
pressure was recorded by taking the average value.

Data collection

A sample of whole blood was collected in an ethylene-
diaminetetraacetic acid (EDTA) tube containing the EDTA
potassium salt for complete blood count using an automatic
blood counter within 2 h of sample collection. Complete
blood count instrument from SPINREACT manufacturer
function as three differentials and module Spincell 3.

HbAIc levels were measured by high-performance li-
quid chromatography with the instrument from Boditech
manufacturer. Sample for the C-reactive protein (CRP) was
collected in serum separator tube and quantified by the in-
strument from Boditech manufacturer.

Blood urea and serum creatinine levels were measured on
an automatic dry chemistry analyzer Fujifilm DRI-CHEM
NX600.

Serum levels were evaluated in all participants to ex-
clude B, deficiency as a potential cause of macrocytosis in
patients with diabetes due to metformin therapy.

An instrument working in an automatic chemilumines-
cence immunoassay analyzer (Nipigon Health) measured B,
levels. The operational module was an NP-CL 8.

Statistical analysis

The collected data were tested before recording compu-
terized data. The Statistical Package for the Social Sciences
was used for the statistical analysis of the data. Descriptive
statistics (means and standard deviations) were also calcula-
ted. Pearson’s correlation coefficient and tests of significance
(e.g., unpaired t-test) were applied. Statistical significance
was set at p < 0.05.

Results
Demographic data

Baseline characteristics of patients and healthy con-
trol are listed in Table 1; the mean age of the control
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Table 1. Criteria of patients with diabetes and healthy controls

Variable Controls (n = 150) Patier(1rt1s=v§i;IB)T ol P-value
Duration of T2DM, years - 6.98 + 6.92 -
Age, years 54.35 + 13.26 55.70 = 12.95 0.526
BMI, kg/m? 30.76 = 6.51 31.23+3.14 0.497
SBP, mmHg 123.18 £ 6.37 131.10 £ 15.33 0.0005
DBP, mmHg 75.10 £ 8.30 82.38 + 8.24 < 0.0001

group was 54.35 £ 13.26 years, of patients with diabetes —
55.70 £ 12.95 years. The BMI of the control group was
30.76 *+ 6.51 kg/m?, and the BMI of the patients’ group
was 31.23 & 3.14 kg/m?. There was no significant difference
in both systolic and diastolic blood pressures between the
groups.

Outcome data

There was no significant difference in blood urea in the
patient group (12.64 £ 8.26) compared to the control group
(12.34 £ 6.33), p = 0.724. No significant difference was no-
ticed in serum creatinine levels between the T2DM patients
(0.91 £ 1.62) and the controls (0.84 * 3.36), p = 0.829.
Comparing serum B,, in people with T2DM and the con-
trol group resulted in no significant difference, the mean of
serum B, was 340.40 £ 1.21 and 340.6 * 1.4, respectively
(p = 0.186). HbAlc was significantly higher in study pa-

tients (9.32 + 8.31) than in the control group (4.23 + 3.26),
p <0.0001, as shown in Table 2.

The main outcome

MCYV was significantly higher in patients with T2DM
(87.11 £ 5.46) than in the control group (80.29 * 4.33),
p < 0.0001. CRP level was significantly higher in the group
of T2DM (4.23 %+ 2.32) than in the controls (2.37 £ 5.36),
p < 0.0001. Hemoglobin levels were not significantly different
between the two groups (p = 0.580). RDW was significantly
higher in study patients (14.77 + 3.56) than in healthy con-
trols (12.19 £ 1.10), p < 0.0001 (Table 3).

In the patient group, no statistically significant cor-
relation was noted between RDW and T2DM duration
(p = 0.143). RDW was strongly and directly associated with
HbAIlc and CRP levels (p < 0.0001 and p = 0.002, respec-
tively) (Table 4).

Table 2. Biochemical tests of both groups

Variable Reference values Controls (n = 150) Patier(1;s::i;l(1))‘l‘ ZbLh P-value

Blood urea, mg/dL 10-20 12.34 + 6.33 12.64 + 8.26 0.724
- 0.7-1.3 (men)
Serum creatinine, mg/dL 0.6-1.1 (women) 0.84 + 3.36 0.91 + 1.62 0.829
Serum B,,, pg/mL 160-950 3406 +1.4 340.40 = 1.21 0.186
HbA1c, % 4-5.6 423 +3.26 9.32 + 8.31 < 0.0001
Table 3. RBC parameters in both groups

Variable Reference values Controls (n = 150) Patiez:s::i;la)‘l’ 2DM P-value
MCV, fL 80-95 80.29 +4.33 87.11 +5.46 < 0.0001
CRP, mg/L <10 2.37 £+ 5.36 423 +232 < 0.0001
Hemoglobin, g/dL 12-15 13.54 + 4.36 13.27 £ 1.55 0.580
RDW, % 11.6-14.6 12.19+£1.10 14.77 £ 3.56 < 0.0001

Table 4. Correlation of RDW with different variables
RDW
Variable
R P

Duration of T2DM, years 0.12 0.143
HbA1c, % 0.43 < 0.0001
CRP, mg/L 0.25 0.002
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Discussion

MCYV is the average volume of red blood cells and was
calculated indirectly. RDW is the coefficient of variation of
MCYV; a higher RDW indicates greater heterogeneity in MCV,
which generally results from disturbances in erythrocyte
maturation or degradation [14]. High MCV and RDW indi-
cate variations in erythrocyte size [ 14]. In this study, there was
a significant difference in the MCV value, which was higher
in T2DM patients than in healthy controls. This finding is
consistent with those of other studies, which showed that
hyperglycemia increases MCV in people with T2DM [6, 15].

RDW was significantly higher in patients with T2DM
than in the control group in this study, A.M. Nada and
D. Zhang et al. have the same findings in their research [16,
17]. In contrast to the results of this study of higher RDW
in patients with T2DM, L. Cakir et al. did not find such a
difference [18].

Erythrocytes are unique cells that lose all their organel-
les during maturation. They preserve only a few metabolic
pathways to gain energy and reduce energy requirements,
making erythrocytes highly sensitive to any disorder. Hyper-
glycemia causes decreased erythrocyte deformability, altered
RBC mechanical properties, increased osmotic fragility, and
increased adhesion, leading to morphological and physio-
logical changes in the erythrocytes [19]. Hyperglycemia de-
creases the erythrocyte life span, causing high variability in
the volume of RBC [20].

HbAIc is the average blood glucose level over the last
three months, is free of short-term variations, and can be
monitored for long-term glycemic control [21].

In this study, RDW was strongly and directly associa-
ted with HbAlc, which is consistent with the findings of
C.M. Peterson et al., who showed a moderate but consistent
increase in RBC half-life after establishing tight glycemic
control compared to the same patients with poor control
[22]. Several other studies support our result [23—25]. Con-
versely, a few studies found no significant association bet-
ween RDW and HbAlc [16, 26, 27]. Due to controversial
research results, concluding the relationship between RDW
and HbAlc may not be easy.

In this study, there was no statistically significant correla-
tion between RDW and the duration of T2DM (p = 0.143).
In agreement with our results, A.M. Nada and H. Sherif et al.
did not detect significant correlations between RDW and the
duration of T2DM [16, 27].

CRP is an acute-phase protein produced by hepatic cells
in response to pro-inflammatory cytokines during inflam-
matory processes [28].

In this study, there was a significant difference in CRP
levels between the patients with T2DM and the con-
trol group. This finding was consistent with the results of
J.C. Pickup et al., who revealed a high serum C-reactive
protein in patients with diabetes compared to healthy sub-
jects [29], reflecting the inflammatory nature of the disease,
because glycation products stimulate macrophages to release
cytokines, which play an important role in insulin resistance
and acute-phase response [30].

In addition, the patient group showed a positive correla-
tion between CRP level and RDW. This finding is similar
to that obtained by L. Gu and S. Xue, who detect a positive

correlation between CRP and RDW [31]. This may support
the role of RDW as an inflammatory marker, as RBC with
high RDW usually have reduced deformability and antioxi-
dant levels, thereby affecting blood flow in microcirculation
and increasing the level of inflammatory response.

Strength and limitations

One of the limitations of this study is its cross-sectional
design, which restricts our ability to follow changes in RDW
over time. Therefore, other long-term research and clinical
trials are needed to evaluate the level of RDW when patients
develop complications and when treatment is applied.

Additionally, this single-center study focused exclusively
on Iraqi Arab patients in Najaf, limiting the generalizability of
our findings. Further studies are needed to evaluate the RDW
across different Iraqi cities and among different ethnic groups.

The strength of this study is its evaluation of different
RBC parameters, in addition to the inflammatory status
of patients with diabetes. This approach provides valuable
insights into improving patient care and treatment strategies.

Conclusions

A study of RDW in patients with T2DM revealed its hig-
her level than that of healthy controls. RDW is affected by
glycemic control because a higher HbAlc level is associated
with a higher RDW. Thus, RDW can be considered a marker
of glycemic control in clinical practice.

This study can be considered an initial one to define the
relationship between RDW and T2DM in Iraqi patients. Fur-
ther research is required to evaluate RDW values in different
diabetic complications and their prognostic value.

What this study adds

1. RDW is higher in type 2 diabetic patients.

2. RDW is affected by glycemic control.

3. RDW can be used in clinical practice to evaluate gly-
cemic status.
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AOCAIAXKEHHS LUMPUHU PO3MNOAIAY EPUTPOLUTIB B OCI6
i3 LyKpoBUM Aia6etom 2-ro tuny B MmicTi Haaxxad (Ipak):
AOCAIAXEHHS TUMY «BUNCOAOK — KOHTPOAb»

Pe3iome. Axmyaavnicmo. 1llvipuHa po3NoLiay epUTPOLIUTIB
(RDW) — napametp, sIKWii peryjsipHo BU3HAYA€ETHCS Tifl yac
CTaHZAPTHOTO aHaJi3y KPOBi i BimoOpaxkae BapiaOeIbHICTh PO3-
MipiB i 00’eMy epUTPOLIUTIB. Y YMCIEHHUX TOCTIIKEHHSIX BUSIB-
JIEHO BiporigHy kopessiiito Mixk RDW Ta pisHUMM MOpyIIeHHS -
MM 3[0POB’sl, BKITIOYAaIOUN CEepIIeBO-CYIMHHI XBOPOOU, 3JIOSKiCHI
MyXJIMHU, OXXWPIHHS 1 XpOHIYHI 3aXBOpIOBaHHS HUPOK. Mema
00caioxcenns: BUBUNTY LIUPUHY PO3IOALLY €PUTPOLIUTIB B 0CiO
i3 IyKpOBUM jiabeToM 2-ro TuIily B Ipaky Ta oLiHUTH ii posib y
HaJaHHi KJIiHIYHOI iH(OopMallii CTOCOBHO IIIKEMiYHOTO KOHTPO-
mo. Mamepiaau ma memoou. Lle nociimKeHHsT TUITY «BUITATOK —
KOHTpoJIb» BKIo4ano 300 yyacHukiB: 150 MemkaHIiB micta Ha-
mkad i3 yKpoBuM aiadetoM 2-1o tury (77 XKiHOK i 73 40JIOBiKM)
Ta 150 310poBUX 0CiO KOHTPOIBHOI IpynHu (79 XiHOK i 71 40OJIOBIK).
Byno owiHeHo BiK, Macy Tijla, CUCTOJIYHUI apTepiaIbHUN TUCK,
NiacTOMYHUI apTepialbHUI TUCK, 3arajbHUI aHali3 KpoBi, pi-
BEHb IJlikoBaHOTo TeMoriobiHy (HbAlc) i C-peakTuBHOrO Gijka
(CPDb). Y nauieHTiB i3 1lyKpoBUM JiabeToM (hikcyBasiv TpUBAJICTD
3aXBOPIOBAHHS, BUJI Ta CXeMY JIIKYBaHHsI, HasIBHICTb YCKJIaIHEHb.

Ocobu 3 aHeMi€l0, HUPKOBOIO HEIOCTATHICTIO, XBOPOOAMM CEPIIS,
apTepiaTbHOIO TiMepTeH3i€l0, 3aXBOPIOBAHHIMHU IITUTOIOMIOHOT
3aJI03M, BariTHICTIO i cTaHAMU, 1110 MPU3BOISATD 10 XPOHIYHOTO
3amnajeHHsl, IK-OT peBMaTOINHUI apTPUT, AiabeTUUHA HeMpoIaTis,
niabeTMYHa peTUHOMNATIs Ta AiabeTnyHa HedpornaTisi, OyJu BUKITIO-
YyeHi 3 nociimkeHHs1. Pezyasmamu. RDW 0yJ1a BiporinHo 6ibiot0
B MAlLIi€HTIB i3 IyKpoBUM aiadetoM (14,77 £ 3,56), HixX y 3MOPOBUX
oci6 (12,19 = 1,10), p < 0,0001. Y rpymi 1ykpoBoro aiadbety He BU-
SIBJIEHO CTAaTUCTUYHO 3Hauy1101 Kopesiii Mixk RDW i TpuBaictio
3axBoproBaHHs (p = 0,143). BomHoyac mmpuHa po3mnoiiy epuTpo-
WTIiB OyJia CWJIBHO i TIpsiMO TIOB’s13aHa 3 piBHaMu HbAlc i CPb
(p <0,0001 ip=0,002 BinnoBigHO). Bucroséxu. RDW Oya 6iibIio1o
B MAIIEHTIB i3 IlYyKPOBUM J1iabeTOM 2-TO THITY, HiXX Y 3MOPOBUX OCi0
KOHTPOJIbHOI Ipynu. BoHa 3a1eKUTh Bil TJIiIKeMiYHOTO KOHTPOJIIO,
OCKiTbKM BUIIMii piBeHb HbAlc moB’s13aHMii i3 Ginbiroro RDW.
TakuM 4YMHOM, IIIMPUHY PO3IOALTY EPUTPOIIMTIB MOKHA BBaXKaTU
MapKepoM IJTiKEMiYHOTO KOHTPOJIIO B KJIiHIYHIM MpaKTHILi.
KumouoBi cj1oBa: 1ykposuii 1iaGet 2-ro TUITY; IIMPUHA PO3TIOALTY
epUTPOLINTIB; 3ananeHHsT; C-peaKTUBHUIA OiTOK
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Crpareris HeMeANKOMEHTO3HOroO MeHe A)KMEHTY
MEeTAB60AIYHOrO CUHAPOMY,
KUN CYNPOBOAXYETbCS CTOHOM Mnpeaiaderty
TA APTEpPIAAbHOIO riNnepTeHsiElo

Pestome. AktyanbHicTb. CTaH npegiabety nepenéadqyae MOXMBICTb JOCAITA B JIOAUHU CTIIKUX HOPMAasTbHUX
MOKa3HWKIB T1ikeMmil, 3arnobirTi nofasbLLIoMy PO3BUTKY LIYKPOBOIro fiabety 6e3 3acToCyBaHHs MEANKAMEHTO3HOI
Teparnii. EqbeKTBHICTb | 6e3rneka 3acTocyBaHHsI POCIIMHHNX KapAiornpoTeKTopIB rpu MeTabosnniYyHOMy CUHAPOMI,
AIKWV CYNPOBOAXYETLCA MpegiabeToM, BCe6iYHO BUBYAETLCS B yCboMy cBITi. MeTta po6oTu. BusHa4ntu Ta BUBYATU
MOX/IMBOCTI BN/IVBY Ha MOKa3HWKM BYITIEBOJHOIO Ta NinigHOro 06MiHIB, a TaKoX Ha apTepiarnibHuil TUCK HaTypasib-
Horo kapgionpotektopa bepbepiHoH y nayieHTiB 3 MeTabonidHum cuHgpomom. MaTtepiann ta metogu. lNayicHTn
6ynu po3rnogineHi Ha 3 rpynu: y nepLuivi (rpyna KoOHTPorsio) 6yna npuaHadeHa gietotepanis Ta QisnyHa akTUBHICTb,
Y Apyrivi i TpeTivi — gieToTepanisi, isan4Ha akTUBHICTb | BEPOEPIHOH y pi3HuX Ao3yBaHHsX. [posBoauiocs BUMI-
ProBaHHs MOKa3HWKIB rIlOKO3U i riiikoBaHoro remorniobiHy (HbA1c) HaTLye, BUKOHyBam ninigorpamy i MOHITOPUHI
aprepiasibHoro TUCKY, a TaKoX OUIHIOBaIIN IHAEKC AKOCTI XUTTA [0 JIIKYBaHHS, Yepes 4 i 8 TMXHIB. IHAekc sAKocTi
XKUTTS oUiHIOBaN 3a CyMoro 6aiB, sKi nayieHTH caMOCTIVIHO MPOCTaB/isi/v B onnTyBanbHuKy EQ-5D-5L. Pe3aynb-
Taru. [poBefeHi KNiHi4YHI CrIOCTEPEXEHHS B TPbOX 00paHuX rpynax rnokasanav 34artHicTe npenapary bepbepiHoH
rapMOHI3yBaTu NMoKasHUKK JlirnigorpamMu 3 TeHAeHUIeo 4O JOCATHEHHS HOPMU Ta 3HWXYBATU [TIIOKO3Y KPOBi Ta
HbAT1c HaTwe. Y rpyni BocnigxeHHs 2, y K nayieHTy npuiiMany gironpenapar ro 2 karncynm 2 pa3u Ha AeHb,
HaMmITUBCSA BifibLL BUPAXKEHWV 3CyB Y 6iK HOPMU NMOKAa3HUKIB JTIMONPOTEeIHIB HN3bKOI | BUCOKOI LLiNIbHOCTI, 3arasibHoro
Xxonecteposy i Tpurniyepuais. Takox y Uivi rpyrni NopiBHAHO 3 rpyrnoto JOCigXeHHs 1 i rpyrnor KOHTPosio byna
3agbikcoBaHa OirbLL BUpaXkeHa TeHAEHLis1 0 HopMariisawii apTepianbHOro TUCKY i 6irlbLL 3HAYHWM FiMOriiKeMiYHU
eGheKT: 3HXKEHHS [TIIOKO3M HaTLe 3 6,22 + 0,13 mmorns/n 4o 5,22 + 0,08 mvorns/n (p < 0,05), Lo Jo3Bossie 06 pyH-
TOBaHO rpunycTUTU iCHyBaHHS MNEeBHOI J0303as1exHOI echeKTuBHOCTI bepbepiHoHy. BUCHOBKM. KapLiornpoTeKkTop
bepbepiHoH rnokasas eqheKTUBHICTb Y HEMEAUKAMEHTO3HIV KOPEKUIi nposiBiB MeTabosliYHOro CUHAPOMY, i epeRycim
npegiabety. 3aBAAKMN BUCOKOMY MPOinto 6e3rnexku HaTypabHUX akTUBHUX iHrpegdieHTiB bepbepiHOHy npakTuKyoYi
JliKapi MOXYyTb [MOBHOK MipO0 BUKOPUCTOBYBATH MOTEHLIan HeMeanKaMeHTO3HOI KopekLii nposiBiB rnpegiaberty.
KntoyvoBi cnoBa: mera6onidHmii cuHgpom; npegiabeT; apTepianbHa rinepTeHsis; kapgionpoTekwis, giToTepariis;
AKICTb XUTTS

BCTYH PE3UCTeHTHOCTi, BcecBiTHS opraHisallisi OXOpOHU 30POB’sI
Llykposuii niabet 2-ro tuny (LIJ12) € XpoHiYHUM 3a-  BU3HA4YMJIA SIK CEPHO3HY 3arpo3y 3710poB’10. MixHaponHa
XBOPIOBAHHSIM IJ100aJbHOTO MaciuTaly. 3a olliHKaMu, Y  miabeTudyHa deaepallis migpaxyBajia, 1o MOIIUPEHICTh dia-
2030 pouti 578 MibiIOHIB JIIOAEH MAaTUMYTh LIYKPOBUIA dia-  OeTy, sika ctaHoBmiaa 10,5 % y 2021 poui, 3pocte 1o 11,3 %
6eT, i e yucio 3pocte Ha 51 %, a mo 2045 poky 3axBo- 10 2030 poky imo 12,2 % no 2040 poky [2].
proBaHHS Bpa3uth noHax 700 minbitoHiB moneit [1]. L2, [MauienTu 3 IJ12 MaroTh BUCOKUIA pU3UK PO3BUTKY KO-
SIKMI XapaKTepU3y€EThCS TiMepriliKeMi€lo BHACHIIOK Mpo-  MOPOiIHOI MaToJOrii, 1110 MOXe MPU3BECTU 10 PO3BUTKY
Tpecyo4oro MopyuieHHsI CeKpellii iHCYJIiHy Ha TJIi iHCYJIIHO- ~ XPOHIYHOI XBOPOOU HUPOK, CJIIOTH, aMITyTallii KiHIliBOK
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i paHHBOI iHBaMimM3allii, 30iIbIIEHHS BUTPAT HA MEAUYIHE
00CIyroByBaHHS i 3HUKEHHS SIKOCTI XUTTsA. Kpim Toro,
0yJ10 BUSIBJICHO, 1110 mauieHTH i3 LIJ12 maroTh Ha 15 % min-
BUILIEHUN PU3UK TepeIyacHoi cMepTi Ta TpUOJIM3HO Ha
20 poKiB KOpOTIIY O4iKyBaHy TPUBAIICTb XKUTTA |3, 4].

OueBUIHUM € Te, 110 0COO0M 3 HAJIMIIKOBOIO Barow,
HE30pOBUMHU XapuOBUMU 3BUYKAMU, MAJIOPYXOMHUM CITO-
CcOOOM KUTTS i CiMETHMM aHaMHE30M IIyKPOBOTO miabeTy
MaloTh IMiIBUILIEHUN PU3UK PO3BUTKY 3aXBOPIOBaHHS [4,
5]. OckinbKu HE3MOPOBUIA CITOCIO KUTTSI MOXKE TTPUCKOPU -
TU MOSIBY LIYKPOBOTO [iabeTy, paHHE BTPYYaHHSI B XapyuoBi
3BUYKHM CTAE OTHUM i3 CTOBIMIB npodinakruku [6, 7].

3a ocTaHHi KiJIbKa POKiB KiJIbKICTb JIIOJEH, SIKi BXXMBa-
I0Th POCIUHHY 1XY, 3pociia. PaHIoOMi30BaHi AOCTiIKEHHS
oKa3aiu, 1o QyHKIlis 0eTa-KIIiTAH i YyTJAUBICTh A0 iHCY-
JIiIHY 3HAYHO MOKpAIIMJIMCS B MALliEHTIB 3 HAAMiIpHOIO Ba-
ro10, SIKi IepeHIIIN Ha POCIUHHY Ji€ETY 3 HU3bKUM BMiCTOM
kupiB [8, 9]. XpoHiuHe 3amajeHHs pa3oM 3 Pe3UCTEHTHICTIO
IO iHCYJIIHY BilirpaloTh KJIIOYOBY POJIb Y MaTOTeHe3i 0XKu1-
piHHS, i 00MABa BOHM ITOB’s13aHi 3 po3ButkoM L2 [10, 11].
PociaunHa mieta, sk nmpaBuiio, 6arata KJIiTKOBMHOIO, XJIO-
POT€HOBUMU KUCJIOTaMU, IEBHUMHU aMiHOKMCJIOTAMU, HE-
HACUYEHUMU XUPHUMM KHCIOTaMU i1 aHTMOKCUIAHTaMU,
SIKi MOXYTh 3HM3UTHU piBeHb MapKepiB 3anajeHHs [11, 12].

TToka3HUKM SIKOCTi XXUTTsI XBOPUX Ha IyKPOBUIi Aiader
€ HYDKYMMM MOPIBHSHO i3 3arajibHOIO MOITYJISILIIEI0 Yepe3
MOTaHuii KOHTPOJIb IiabeTy, 1oTo YCKIIaAHEHb, CTpax nepes
YMMOCh HEBITOMMM, CTpax CIMEMHUX i colliaJIbHUX HACTi-
KiB, a TaKOX CTpax MPOXOAUTH €TaIu JAiarTHOCTUKHU i MPo-
OyBaTy HOBi MeToau JiikyBaHHs [13]. OCHOBHUMU 3aBIaH-
Hsmu JikyBaHHs L1J12 € 3aro0iraHHsI TOCTPUM i XpOHIYHUM
YCKJIATHEHHSIM, TIOJIIMIIEHHS IKOCTi XUTTS i 30UIbIIIeHHS
itoro TpuBajnocTi [14].

OcTaHHIMHM pOKaMU JiKapsMHU BCiX cIeliaTbHOCTEeM
LIMPOKO BUKOPUCTOBYETHCS TEPMiH «Ipeniader». [Ipemnia-
0OeT XapaKTepU3yEThCS MiIBUILIEHUM PiBHEM INIIOKO3U KPOBIi
BUILE BiJil HOpMU, ajie HEe Ha TOCTiitHiil ocHOBI [15]. [1pu
npeniadbeti Mae Micle IMOPYIIEHHS TOJEPAHTHOCTI 10 IJII0-
KO3H Ta MOPYIIeHHSI TJIiKeMii HaTIle, TIPY IbOMY PiBeHb ITi-
KOBaHOTIO TeMOIJIODIHY repedyBae B Mexax 5,7—6,4 % [16].

Cran npemiabeTy mepeadadac MOKIMBICTD TOCATTH B JIIO-
IHU CTIMKUX HOPMaJIbHMX MOKA3HMKIB IIiKeMii, 3aro0irtu
MOAAJIBIIOMY PO3BUTKY LIyKPOBOT'O Jia0eTy 0e3 3aCTOCYBaHHSI
MeIMKaMeHTO3HOI Tepartii. Lle MoximBo uiie 3aBasiku KO-
PeKilii cmoco0y XUTTS: YIOPSIAKYBaHHIO Ti€TH Ta (i3UYHUX
HaBaHTaXEHb 3 METOIO 3HMKEHHSI Barv Ta BPETYJIOBAaHHIO
JIiMiaHOro 0OMiHY, 3am00iraHHIO CTPECOBUM BILIMBAM, HOP-
MaJti3allii CHy, BiTMOBI Bifl IIKiIJINBUX 3BUYOK.

Takox a1 rapMOHiIHHOTO HajlalITyBaHHSI METa00Ii3My
BYIJIEBOZIB i >KMpiB, HOpMaJi3allil apTepiaJbHOTO TUCKY
(AT) i, IK HacliAOK, 3HMXKEHHSI CepLIeBO-CYIUHHUX PU3U-
KiB y TOBCSIKIEHHIN KJIiHIYHIA MpaKTUIli 3aCTOCOBYIOTHCSI
diTompenapaty, 30KpeMa Ha OCHOBI OepOeprHY, OTpPUMAaHO-
ro 3 eKCTpakTy 6apbapucy (Berberis aristata), i hitokomI-
JIEKCH, 110 MIiCTSITh eKCTpakKT IuioniB 6epramory (Citrus
bergamia Risso) [17, 18].

Meta po00TH — BU3HAUMTHU Ta BUBYUTU MOXKJIMBOCTI
BIUIMBY Ha IMTOKa3HWKH BYTJIEBOHOTO I JIiMiMTHOTO OOMiHiIB, a
TaKOX Ha apTepiaJlbHUI TUCK HATypaJIbHOTO KapIioNpoTeK-
Topa bepbepiHOH y malieHTiB 3 MeTa0OIiYHUM CUHIPOMOM.

MarTtepiaAu Ta meToamn

Ha 6a3i kniHik kadeapu eHapokpuHoisorii HMY
iM. O.0. boromonbus (M. KuiB) i 1Y «IHcTutyT enigemio-
Jiorii Ta iHdekiiHux xBopoob im. JI.B. I'pomarnieBchkoro
HAMH VYxkpainu» (M. KuiB) Oyna HaGpaHa Koropra martli-
€HTIB 3 MeTa0OJIIYHUM CUHIPOMOM i apTepiajbHOIO Tirep-
tensi€eto (ct. 0—I) mast KiiHiuHOro MoHiTopuHry. IlanieHTn
Oy/I1 po3moIisieHi Ha 3 TpyIu:

— rpyna koHTpouo (n = 30), y sKiii maimieHtam 0ysio
MMpU3HAYEHO Hi€ETOTEpaIlilo 3 0OMeXeHHSIM TBapUHHUX
KMpPiB, TTOBHOIO BiIMOBOIO BiJl COJIONKOI i3Ki Ta XJIIOHUX
BUPOOiB, 30i7bIIIEHOI0 YaCTKOIO POCIMHHOI KJIIITKOBUHMU;
IMOMipHi (i3WYHI HaBaHTaXXeHHs y (POpMi ABOX IIPOTYISTHOK
y CMOKifHOMY TeMITi XOIbOU BpaHI1li Ta BB€UYEPi TPUBATICTIO
IO OIHi€I TONVHN;

— rpyna nociimkeHHs 1 (n = 30), y sKiii mamieHTam
OyJIO MPU3HAYEHO aHAIOTIYHY mieTy i ¢i3udyHi HaBaHTa-
JKeHHSI, a TaKOX (hiTOKOMILIEKC i3 nmosiikoHazojoM bep-
OepiHoH Mo 1 KamcyJi 2 pa3u Ha JAeHb YIIPOIOBX IBOX
MiCSIIIiB;

— rpyna pociimkeHHs 2 (n = 30), y gKiil manieHTam
OyJIO MPU3HAYEHO aHAIOTIYHY mieTy i ¢i3MdyHi HaBaHTa-
JKEeHHSI, a TaKOX (hiTOKOMILIEKC i3 nmosiikoHazojoM bep-
OepiHOH 1O 2 Kamcyau 2 pa3u Ha JeHb YIIPOIOBXK IBOX
MicCSI1IiB.

Ckuan onHi€l Karncyiau nieTudHoi nodaBku bepbepiHoH
Macoio HeTTo 400 mr: 6epOepurH rinpoxsIopun (3 eKCTpaKTy
KOpeHs iHailickkoro 6apoapucy [Berberis aristata]) (oc-
HoBHMIT) — 250 Mr, eKcTpakT uioniB 6epramoty (Citrus
bergamia Risso) (komriekc 3 mosticheHOJTbHUM €KCTPAKTOM
Gepramorty) (He MeHIie 3a 25 % duaBaHoHiB) — 130 wmr,
MoJIiKo3aHOoJ (cTaHgapTU30BaHUi 10 99% anidaTuyHOro
CIUPTY) — 5 M.

[ManieHTam BU3HAYaIM MOKAa3HUKY TJIFOKO3U i TITiKOBa-
Horo reMorno0iny (HbAlc) Hatie, BUKOHYBanu Jinigo-
rpamMy i MOHITOpUHT apTepiaabHoro Tucky (AT), a Takox
OLIIHIOBAJIM iHOEKC SIKOCTI XXUTTS IO JIIKyBaHHS, yepe3 4
i 8 TzkHiB (puc. 1).

IHmeKc SIKOCTi XKUTTS OLiHIOBAIM 3a CyMOIO OajiB, sIKi
MalieHTH CaMOCTiIiHO MPOCTABISIM B ONUTYBAJIbHUKY 3a
IT’sITbMa oOpaHuMHM KaTeropissMu (momeH EQ-5D-5L, 2023):
PYXJIMBICTb, 3MaTHICTh 1O CAMOOOCTYTrOBYBaHHSI, IIIOI€HHA
AKTUBHICTb, HASIBHICTb TMCKOM(OPTY 4M 00110, HasIBHICTh
TPUBOXKHOCTI abo menpecii [19].

[ToKazHuKK | | Biutn | | 1 | | 2 | | 3 |
XC 3aranbHuii @ @ O
XC NNHLL o @ @
XC NNBLY o ® ®
Tpurniuepuan @ @ @
mioko3a @ @ o
nikosaHui Hb @ @ ®
AT, MM pT.CT. @ @ @
EQ-5D-5L L L H

@ — «niHiuni CMOCTEPeXEHHSA [ - AHKETYBaHHSA NaLlieHTiB

PucyHok 1. 3aranbHuvi gu3aviH OCig)KeHHs
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Jtst TIepBMHHOI 00pOOKM TaHMX BUKOPUCTAHO MaKeT
npukiagHux porpam MS Excel 2010. ITepBuHHa 06poOKa
JaHUX BKJIIOYaja: BimOip maHUX IJIs IPOBEASHHS aHali-
3y, CTaHAAPTU3AlIiI0 TaHNX, aHaJIi3 OMHOPITHOCTI BUOIPOK,
BU3HAUEHHS TUITY po3Mnoainy. s cTaTUCTUYHOIO aHai3y
UOPOBUX TAHUX BUKOPUCTAHO MaKeT MPUKIATHUX TTPO-
rpaM Statistica 6.0 for Windows, Stat Soft Inc., USA. Cra-
TUCTUYHO BipOTiTHMMM BBaxXKanu gaHi mpu p < 0,05.

PesyAbTaTH

BuxinHi gaHi B TphOX JOCIIIKYBAaHUX TpyIlaxX Ipoae-
MOHCTpYBaJIU, 1110 PiBeHb IUIiKeMii HaTie OyB MiaBUIIEe-
HU i mepebyBaB y nianasoHi Bix 6,22 + 0,13 MMoub/11 10
6,63 £ 0,11 mmonb/a, HbAlc y cepenHbOMy CTaHOBUB
6,46 + 0,06 %.

Lle miaTBepaXKyBajao HasIBHICTh MpeaiadeTy B MallieHTIB
TOCTiIXKyBaHUX rpyIl. Takox BU3HAYaBCs IiABUILIEHUN pi-
BEHb 3aTaJIbHOTO XOJIECTEPOITy, TPUIIILIEPUIIB i X0IecTepo-
JIy JinomnpoTeiHiB Hu3bKoi miabHocTi (XC JITTHII) Ha Tii
3HIDKEHUX ITOKA3HUKIB XOJIECTEPOJIY JIITOIPOTEIHIB BUCOKOI
wiaebHocTi (XC JITBILL) (ta6a. 1).

Yepes 4 TrkHiI MU 3adikcyBalu TEHACHIIIIO 10 HOP-
MaJi3allii MOKa3HUKIiB y BCiX TPphOX Ipylax cliocTepe-
XKeHHs. Y rpymi koHTposto piseHb XC JITTHIIL ctanoBuB
3,91 &+ 0,06 mmonb/n, XC JITIBILL — 0,89 & 0,12 mmonb/1,
Tpuriinepunis — 3,14 = 0,09 MMoJb/J1, TIIOKO3U HaTIIE —
6,01 £ 0,13 mmoib/1, a HbAlc — 6,06 £ 0,06 %. Pisenn
3araJIbHOTO XOJIECTEPOJTY MPU LbOMY 3TUILUBCS 6€3 3MiH.

V Toii XKe yac y Trpymi mociimxeHHs 1 piBeHb 3a-
rajbHOTO XOJIECTEPOJY 3MEHIIMUBCS B CEPEIHbOMY
3 6,13 £ 0,08 mmonb/1 1o 4,94 £ 0,11 mmons/n; pi-
BeHb XC JIITHI cranosus 3,98 = 0,17 mMMonab/1,
XC JIBIL — 1,03 £ 0,19 MMoab/A, TpULIdiLEpU-
niB — 4,94 = 0,19 mMmoiab/n, TJIOKO3M HATIle —
5,97 £ 0,11 mmonb/m1, a HbAlc — 5,88 £ 0,08 %.

HatomMicTs y rpyni mociimkeHHs 2, y SKill mMali€eHTH
npuiiManu gitonpenapar 1o JBi Karncyau 2 pa3u Ha JeHb,
HaMiTUBCS OiIbII BUpaXKeHU 3CyB y OiK HOpMU ITOKa3HU-
ki XC JITTHUI i XC JITIBIL, 3aranbHOTO XOJ€ecTepoay i
TpuriiuepuaiB. Takox y Lill TpyIli MOPiBHSIHO 3 TPYIIOI0
IOCHiIKeHHs 1 i Tpymolo KOHTpoIo OyB 3adikcoBaHMIA
OiIbII 3HAYHMIA TMOTJTiKeMIYHUI eeKT: 3HUKEHHSI TJII0-
ko3u Harmie 3 6,22 + 0,13 mmomb/n o 5,22 + 0,08 MMosb/1
(p < 0,05), 1110 103BOJISIE OOTPYHTOBAHO TIPUITYCTUTH iCHY-
BaHHsI MIEBHOI 10303aJIeXKHO1 e(heKTUBHOCTI bepOepiHoHy.

O3HavyeHa TEHIEHIIIST 1O HOpMari3allii MOKa3HUKIB JIi-
nigorpaMu Ta piBHiB roko3u i HbAlc 36eperiacs i ue-
pe3 8 TuxXHIB JikyBaHH:. Tak, y TpyIli KOHTPOIIO BMIiCT
3arajbHOTO XoJiecTepoJy OyB 3adikcoBaHMII Ha piBHI
4,88 0,11 mmonb/n, XC JIIMHIIL — 2,91 £+ 0,09 mMoub/1,
XC JInBUL — 0,94 = 0,11 mmoab/n, Tpuriailepu-
niB — 2,94 + 0,19 mMMmoab/a, TIIOKO3M HaTile —
5,96 + 0,13 mmoinb/m, a HbAlc — 6,02 + 0,08 %.

OnHak ciif 3a3HAYMTH, 110 HAWOIIBII BUpaXeHe
3HMXKEHHs piBHS 3arajbHoro xoyectepony, XC JITTHIIL
(34,81 £ 0,16 mmonb/n 1o 2,49 £ 0,11 MMOJIb/7T), TPUTITi-
LEpUIiB IIpU ogHOYacHOoMY 3pocTaHHi Bmicty XC JITIBIILL
(30,88 £ 0,11 mmonb/n o 1,22 + 0,09 mmosnb/n) mipone-
MOHCTPYBaJIU MOKAa3HUKU camMe B IpYyTi AOCHiIKEHHS 2
(p <0,05).

3MiHa cmoco0y KUTT i MPUITOM KapaioIPOTEKTOPHOTO
¢ditonpenapaTy MpOrHO30BaHO MPUBEIU 10 3HMKeHHS AT
y nalieHTiB yciei koroptu. [Ipore BapTo 3ayBaXkuTu, 1110 B
TPYIIi KOHTPOJIIO Yepe3 8 TUXKHIB AieToTepartii i dizumuyHux
HaBaHTaXXeHb oKa3HUKU AT mauieHTiB Oy/Ir B cepeTHbOMY
Ha piBHi 138/84 MM pT.CT., y TOi1 Yac SIK y rpyrax JaocCii-
mkeHHs 112 — nHa piBHi 122/79 1 124/78 MM prt.CT. Bifmno-
BinHO (puc. 2—4).

OTpuMaHi pe3yJabTaTU MOXYTh CBiIUMTH IIPO Kpally
AHTUTITIEPTEeH3UBHY €(EKTUBHICTh CXEMU MEHEIKMEHTY
MalieHTIB 3 mpeaiabeToM, y Ky iHTerpoBaHuii bepoepiHoH,
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PucyHok 2. lNMoka3HUKu apTepiaribHOro TUCKY
nayieHTiB (MM pT.CT.) rpynu KOHTPOJIIO B AUHaMIL
lMpumitka: * — BigMIHHOCTI BiporigHi MopiBHAHO 3 Mo-

Ka3HuUKamu [o nikyBaHHs, p < 0,05.

Tabnnysa 1
KoHTponbHa rpyna I'pyna pocnigxenns 1 T'pyna pocnigxeHus 2
flokasHikin . Ro 4 TKHI* | 8 TMXHIB* | . Ro 4 THKHI®** |8 THXHIB***| . flo 4 THKHI®** |8 THXHIB* **
NiKyBaHHA NiKyBaHHA niKyBaHHs
XC 3aranbHuit, mmons/n | 5,03+0,08 | 508+0,11 | 488+0,11 | 6,13+0,08 | 494+0,11 | 466+0,14 | 6,06 +0,18 | 4,62+0,13 | 4,41 0,15
XC JINHLL, mmons/n 491+011 | 3,91+£0,06 | 291+0,09 | 4,77+0,11 | 398+0,17 | 298 +0,07 | 4,81+0,16 | 2,71 +0,09 | 2,49 +0,11
XC NMBLL, mmonb/n 084+012 | 0,89+0,12 | 0,94+0,11 | 0,88+0,19 | 1,03+0,19 | 1,19+0,16 | 0,88+0,11 | 0,91+0,13 | 1,22+ 0,09
Tpurniuepugn, mmons/n | 4,04 £0,15 | 3,14+0,09 | 294+0,19 | 434+0,15| 494+0,19 | 294+0,09 | 414+0,05| 2,44+0,15 | 1,46 +0,08
[nioKo3a, MMonb/n 6,42 +0,06 | 6,01 0,13 | 596+0,13 | 6,63+0,11 | 597+0,11 | 577+0,16 | 6,22+ 0,13 | 5,61+0,08 | 522 +0,08
HbA1c, % 6,51+0,09 | 6,06 0,06 | 6,02+0,08 | 6,71+0,09 | 588+0,08 | 566+0,08 | 646+0,06| 596+0,09 | 513+0,14

lMpumitka: * — BigMIHHOCTI BiporigHi NMOpiBHAAHO 3 NOKa3HUKaMu A0 JliKyBaHHs, p < 0,05; ** — BigMiHHOCTI BiporigHi

MOPIBHSIHO 3 KOHTPOJIbHOIO rpyroto, p < 0,05.
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PucyHok 3. lNokasHuku apTepiasibHOro TUCKY
nauyieHTis (MM pT.cT.) gocnigxysaHoi rpynu 1
y AnHamiyi
TMpumitkn: * — BigMIHHOCTI BiporigHi NOpiBHAHO 3 no-
Ka3Hukamu Ao nikysaHHsi, p < 0,05; ** — BigMiHHOCTI
BiporigHi NopiBHSIHO 3 KOHTPOJIbHOO rpynoto, p < 0,05.

aKe MOKa3HUKU cucToiyHoro AT y rpynax mociimKeHHSI
Oynu Ha 14—16 MM PT.CT. HUKYMMM 3a Taki B TPyIi KOHT-
postto.

3anoBHeHHs onuTtyBajibHUKa EQ-5D-5L npogeMoH-
CTpyBaJo, IO SIK y rpyIax JOCIiIKEeHHs, TaK i B IpyIii
KOHTPOJIIO OKA3HUK SIKOCTi XXKUTTS (B 0ajax) moKpalry-
BaBCs B IMHaMilli (puc. 5).

Cy0’exTUBHA OIliHKA IMalliEHTaMU CBOTO CTaHY IIPOTHO-
30BaHO CTaBaJjia OiJIbII MO3UTHBHOIO Y BiIMIOBIIb HA TTOYaTOK
BEIeHHSI 3M0POBOIO CIIOCOOY XKUTTSI B IPYIli KOHTPOJIIO i Ha
3aCTOCYBaHHSI KapIionpoTeKTOpHOTO (iTornpernaparty — B
TIOCJiIXKyBaHUX IrpyIiax.

He 3aiiBum Oyme 3ayBaxkuTH, 110 HAWBUII CYyMapHi 3Ha-
yeHHs1 EQ-5D-5L 6ynu 3adikcoBaHi B rpymi focaimKeHHsT 2
(13,6 £ 1,9 6ana), y sKiit maieHTH BXUBAJIW BABiYi OiTb-
1y KiIBKIiCTh (hiTonpenapaTy Ha JeHb. Y 1IbOMY KOHTEK-
CTi HaTypaJibHi cKJ1anoBi bepbepiHOHY 3aBOSIKM BUCOKOMY
npodinto 6e3rekn HaIarTh KIiHIIMCTaM MOXJIMBICTh BU-
KOPMCTOBYBAaTU B PYTMHHIM MpakTUIli MOTEHILial 10303a-
JIEXKHOTO e(PEKTYy.
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PucyHok 5. [NoKka3HUKW IKOCTi XXUTTS1 nayieHTiB (6asmn)
B gnHamiyi

TMpumitkn: * — BigMIHHOCTI BiporigHi NOpiBHAHO 3 no-

KasHukamu Ao nikysaHHs, p < 0,05; ** — BigMiHHOCTI

BiporigHi MOpPiBHSIHO 3 KOHTPOJILHOIO rpynoto, p < 0,05.

PucyHok 4. lMoka3HUKu apTepianibHOro TUCKY
nayieHTiB (MM pT.cT.) gocnigxysaHoi rpynu 2
y AMHamiLi
Tpumitkn: * — BigMIHHOCTI BiporigHi NOpiBHAHO 3 no-
Ka3HuUKamu Ao nikyBaHHs, p < 0,05; ** — BigMIiHHOCTI
BiporigHi NOpiBHSIHO 3 KOHTPOJIbHOIO rpyrnoto, p < 0,05.

O6roeopeHHs

3MiHa crioco0y KUTTS, siKa BKJIIOUAE JiETOTEpaIlilo Ta
¢i3nyHy aKTUBHICTh, BU3HAHA €(PEKTUBHOIO B HEMEIU -
KaMEHTO3HOMY MEHEIXXMEHTI METabOoJIiYHOTO CUHIPOMY
i mpeniadety sk itoro yactunu (20, 21]. EdexTuBHicTb i
Oesreka 3aCTOCYBaHHSI POCIMHHUX KaplioMPOTEKTOPiB BCe-
6iuHO BUBYAIOTHCS B yCbOMY cBiTi [20, 22].

YucaeHHI TOCTiIKEeHHS MiATBEPIXYIOTh, 11O 3aCTOCY-
BaHHS €KCTPaKTiB Oapbapucy i 6epramory Ja€ Mo3uTUBHI
e(eKTH B MMalli€HTIB 3 AUCIIiMiAeMi€l0, MeTabOTiYHUM CHUH-
IIPOMOM, TIpe1iabeToM, IyKPOBUM [1iabETOM i apTepialbHOIO
rineprensiero [17, 18, 20, 22].

bepbepuH cripusie migBUIIEHHIO YyTAUBOCTI KIIITUH 10
IHCYJIiHY, 3MEHILIEHHIO BUPOOJIEHHS TJTI0OKO3U B MEYiHIi Ta
301IbIIEHHIO BUKOPUCTAaHHS INTIOKO3U B M’s13aX. bepbepun
MiATPUMYE 3I0POB’sI Ceplisi: CIIPUSIE 3HUXKEHHIO PU3UKY
cepueBux momiii, 3MeHinyoun pisenb XC JITTHILI, a Ta-
KOX 3HUXXY€E iIHTEHCUBHICTb CYyIMHHOTO 3anasieHHs Ta AT
[17, 21]. bepramot Mae aHTiIONPOTEKTOPHI BIACTUBOCTI Ta
3HUKYE PiBEHb 3aTajbHOTO XOJECTePUHY B KPOBI, a TAKOX
31aTHUIT HopMastidyBatu nmoka3sHuku AT [23]. [TonikoHazo
MATBEPAUB CBOIO €(PEKTUBHICTh Y 3HMXKEHHI PiBHS XOJe-
CTepoJIy Ta HOpMaJi3allii MeTaboJ1i3My Iroko3u [24, 25].

BpaxoBytouu BullieHaBeAeHEe, MOXHA 3pOOUTHU OOIPYH-
TOBaHUI BUCHOBOK, 1110 TIOEIHAHHS B OMHOMY TIperapari
0epOepuHy, 6epraMoTy i MoJiKOHa30y pOOUTh MOXKJIMBUM
KOMILJIEKCHU BILJIUB HA KOMITOHEHTU METa0O0IiYHOTO CUH-
NIIPpOMY: MpeniabeT Ta apTepiaibHy TillepTeH3ilo.

[IpoBeneHi HaMu KJTiHIYHI CIIOCTEPEXEHHS B TPHOX 00-
paHuX TpyIiax MoKas3aju 31aTHICTh npernaparty bepdepiHoH
rapMOHi3yBaTH IMOKAa3HUKM JilligorpamMu 3 TEHIASHIIIE€0 10
IIOCSITHEHHST HOPMMU i 3HIKYBaTH TJTI0K03y KpoBi Ta HbAlc
Hatiie. Takox BepGepiHoH 6inbil eeKTUBHO HOpMaTi-
3yBaB AT TOpiBHSIHO 3 IPYIIOI0 KOHTPOJIIO, a B OiIbIIIOMY
IIO3yBaHHI — MOPiBHSIHO 3 TPYIIOIO AOCTiIKeHHs 1. 3aBasi-
KM BHCOKOMY Mpodiiio Oe3reKky HaTypaJdbHUX aKTUBHUX
iHrpenieHTiB bepOepiHOHY MpaKTUKYIOUi JiKapi MOXYTh
IMOBHOIO MipO10 BUKOPUCTOBYBATU MOTEHIliaJl HeMeauKa-
MEHTO3HOI KOPEKIIii IIposIBiB IIpemiadeTy.
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BucHoBkMU

KapmionporekTop bepbepiHoH noka3aB e(heKTUBHICTh
Y HEMeAMKAaMEHTO3Hill KOpeKIlii IposiBiB MeTa0O0IiYHOTO
CUHIIPOMY, i mepemyciM Tipeniadery.

TTopiBHSIHO 3 KOHTpOJIEM Mpenapar BipoTriaiHO 3HIKYBaB
MOKa3HUKM JIMiIorpaMu i HOpMali3yBaB piBeHb TJTIOKO3U
i IIiKOBaHOTO TeMOIJI00iHY B IrpyIax JOCTiIKeHHs. bep-
OepiHOH ITOCTYNOBO 3HIKYBaB y AUHAMIIlI CUCTOJIIYHI I
MiacTOJiYHi 3HaYeHHS apTepiaJbHOrO TUCKY, a MalliEHTU
BiI3HAYMIIU TIOJTIMIIIEHHS TTOKA3HUKIB SIKOCTI XKUTTS.

3acTtocyBaHHSI HaTypaJlbHUX (PITOKOMILUIEKCIB 3 TTOJi-
KOHA30JI0M MOXHa PO3IJIsIaTh Ik OOIPYHTOBAaHY CTpare-
Tit0 HEeMeIMKaMEHTO3HOTO MEHEIXKMEHTY METa0O0JIiuHOTO
CUHAPOMY, SIKMI1 CyNPOBOIKYETHCS CTAHOM Tpeniadery i
apTepiaJIbHOIO TillePTEH3I€I0.

Konduikr inTepeciB. ABTOpu 3asIBJISIIOTH IIPO BiZICYTHICTh
KOHQJIIKTY iHTepeciB i Bj1acHOI (piHaHCOBOI 3alliKaBJIEHOCTI
MpU MiArOTOBIIi 1aHOI CTaTTi.
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Strategy of non-drug management of metabolic syndrome,
which is accompanied by prediabetes and hypertension

Abstract. Background. The condition of pre-diabetes implies the
possibility to achieve stable normal glycemic indicators in order
to prevent the further development of diabetes without using
drug therapy. The effectiveness and safety of herbal cardioprotec-
tors in metabolic syndrome accompanied by prediabetes is being
comprehensively studied all over the world. The purpose was to
determine and study the possibilities of influence of Berberinon,
the natural cardioprotector, on indicators of carbohydrate and
lipid metabolism, as well as on blood pressure in patients with
metabolic syndrome. Materials and methods. Patients were divided
into 3 groups: in the first one (control group), diet therapy and
physical activity were prescribed, in the second and third — diet
therapy, physical activity and Berberinon in different dosages.
Fasting glucose and glycated hemoglobin (HbAlc), lipidogram
and blood pressure were monitored, the quality of life index was
assessed before treatment, after 4 and 8 weeks. The quality of life
index was estimated by the sum of points self-reported by patients
on the EQ-5D-5L questionnaire. Results. Conducted clinical
observations in three selected groups showed the ability of Berbe-

rinon to harmonize the indicators of lipidogram with a tendency
to reach the norm and to reduce fasting blood glucose and HbAlc.
In study group 2, in which patients took 2 capsules of herbal
medicine twice daily, there was a more pronounced shift towards
normalization of low- and high-density lipoproteins, total cho-
lesterol and triglycerides. Also, in this group compared to study
group | and control group, a more pronounced tendency to blood
pressure normalization and a more significant hypoglycemic ef-
fect were recorded: a decrease in fasting glucose from 6.22 + 0.13
to 5.22 + 0.08 mmol/I (p < 0.05), which allows us to reasonably
assume the existence of a certain dose-dependent effectiveness of
Berberinon. Conclusions. Berberinon cardioprotector has shown
effectiveness in the non-medicinal correction of metabolic syn-
drome manifestations and, first of all, pre-diabetes. Due to the
high safety profile of the natural active ingredients of Berberinon,
practitioners can fully use the potential of non-pharmacological
correction of prediabetes.

Keywords: metabolic syndrome; prediabetes; hypertension; cardio-
protection; phytotherapy; quality of life
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bowviko B.B."2, Kpiuak B.B.?°3, Co4yHesa A.N\.%, Tka4yeHko B.B.?3
" XQpKIBCbKY HOLIOHQABHU MEAVYHY yHIBEpCUTET, M. XapKiB, YKPQiHO
2 AY «HCTUTYT 3aranbHOI T HEBIAKAGAHOI xipyprii imeHi B.T. Saviuesa HAMH Ykpainun», m. Xapkis, YkpaiHa
3 HaBYQABHO-HQYKOBU MEANYHNA IHCTUTYT, HALIIOHQABHA TEXHIHYHNK YHIBEPCUTET
«XQPKIBCHKMV MOAITEXHIYHWM IHCTUTYT», M. XQPKIB, YKpQiHO

MeToAM OUIHKK NPOosiBiB AUXAABHOT HE AOCTATHOCTI
Yy NALUIEHTIB i3 KOMNPEeCiuHUM CUHAPOMOM
rOpTaHi TA TPpaxei, 3yMOBA€HUM
30XBOPIOBAHHSIMM LLUTOMOAIOHOT 30A03MU
TO pyoOLeBMMU CTEHO3OMM Tpaxei

Pe3tome. AkTyanbHicTb. KoMpeciviHui CUHAPOM Tpaxei € 0AHUM 3 HaVBINbLL TSXKKMX YCKagHEeHb 3aXBOpoBaHb
LymTonomibHoi 3ano3u Ta pyéuesux cteHosis Tpaxei (PCT), Lo CyrnpoBOAXYETLCS PO3BUTKOM AnXasbHOI HegocTar-
HocrTi. [lr1si OLiHKM cTaHy yHKUIT 30BHILLHLOro AUXaHHS BUKOPUCTOBYIOTLCS Taki CTaHAaPTHI MeToau AOCTIIXEHHS:
criiporpacbisi, THEBMOTaxoMeTpisl, a Takox 6oginneTnamorpacis. O6’eKTUBHUMU KPUTEPISMU AnxasibHOI HegocTar-
HOCTI € MOKa3HWKN 3MIiH ra30BOro T1a KUCIIOTHO-JTYXXHOIro cknagy kposi. OfHak Ui MeToam MOXYTb po3rfisgaTucs
JMLIe SIK JOMOMIKHI y BiarHOCTULi CTeHO3yBaHHS Tpaxei. MeToam oyiHoBaHHS CTYNeHs AuxasbHOI HeJoCcTaTHOCTi
3a yiei TSXKKOI natosnorii BUB4eHO HegocTaTtHb0. MeTor [JOoChigKeHHS1 € BUBHEHHSI METOLIB OLjiHIOBAHHSI MposiBiB
AvxarnbHOI He4OCTaTHOCTI Y NaLiEHTIB i3 KOMIPECIVIHUM CUHAPOMOM ropTaHi Ta Tpaxei, 3yMOBJIEHUM 3aXBOPHOBaH-
HsaMun WmTonogioHoi 3anosun tTa PCT. Matepianu ta metoaun. [Jo [OCNIAKEHHS BKIIIOYEHO 272 nayieHTy i3 KoM-
MPECIviHuMM CTeHo3amMu ropTaHi Ta Tpaxei, 3yMoBrieHnMn pybLesumn cTeHo3amm Tpaxei, — 105 nauieHtis 3 PCT
Ta 167 nayieHTiB i3 3aXBOPOBaHHAMM LUATOMNOLIOHOI 3a5103U. YCi nayieHTy HagiviLLiv 4O KITIHIKU eKCTpeHo 1a b6yrv
rpoonepoBaHi 3a HEBIAKI8AHUMU Ta TEPMIHOBUMM NOKa3aHHIMU 3 MPUBOLAY KOMIMPECIHOro cuHapomy tpaxei'y Y
«IHcTuTYT 3aranbHoi Ta HesigknagHoi Xipyprii im. B.T. Saviyesa HAMH Ykpainv». JocnigxeHHs1 6ys10 nposegeHe
3a nepion 2018-2024 pp. Pe3ynbtratn. CTeHO3 roptaHi Ta Tpaxei BUKIIMKae 3MiH1 ra30Boro 1a KUCI0THO-/TYXKHOIo
CKfagy KpoBi Pi3HOI IHTEHCUBHOCTI. SHKEHHS1 Hacu4eHocTi kposi O,, 0C06/IMBO MPOTAroOM TPUBAJIOro Yacy, He
MOXe He Mo3Ha4YnNTUCsI Ha POBOTI OpraHiB 3 NigBULLEHUM CrIOXXMBaHHSIM eHeprii. Lje pobuTb o4eBUaHUM KOMIIEK-
CHWU nigxig Ao JiKyBaHHsA Lumx xBopuXx. JlikyBaHHS Mae 6y Ty cripsMoBaHe He Tillbki Ha BifJHOBJIEHHS MPOXigHOCTI
AnXxanbHuX LUMSXIB, @ M Ha MiATPUMKY BCbOro opraHiamy. BucHoBkw. [lis nigBULLIEHHS e(beKTUBHOCTI XipypridHoi
Ta MeanKaMeHTO3HOI peabinitayii XBopux 3i CTEHO30M ropTaHi Ta LUMVHOIO BIgAINy Tpaxei HeoOXigHWY BUKITa[eHn
KOMIIIEKC JOCIIAKEHb, SIKMV [JO3BOJINTL OBIPYHTYBATU NMaToreHeTUYHe JliKyBaHHs Takmx XBOpUX.

Knto4voBi cnoBa: guxasbHa HegocTaTHICTb; KOMAPECIKiHWK CMHAPOM ropTaHi Ta Tpaxei; py6Lesi cTeHo3u Tpaxei;
3aXBOPIOBAHHS LATOMORIOHOI 3a51034.

BCTYI'I Crpunop nipu pyouesomy cteHosi Tpaxei (PCT) He-

Kowmmpeciithuii cMHIpOM ropTaHi Ta Tpaxei JiarHOCTy-  OOXimHO mudepeHIioBaTy 3 HallagoM OpOHXiaJbHOIL acT-
IOTh Ha TiJACTaBi aHaMHEe3y, CKapr Mali€eHTa, XapakKTepHOI ~ MU, iHCIipaTOPHUM CTPUIOPOM IPU MapaJiTUIHOMY Ta
KJIiHIYHOI KapTUHU, JTaHUX IIPOMEHEBUX Ta €HAOCKOMiu-  pyOIeBO-TaApAiTUIHOMY CTE€HO3i TOpTaHi.

HUX METOMIB 00cTexXeHHs. [1aTorHOMOHIYHUM CUMITTOMOM, st onliHKM cTaHy (hyHKIIiT 30BHILTHBOTO TUXaHHS BUKO-
1110 JO3BOJISIE CYIUTH MPO 3BYKEHHST IUXATbHUX LIJISIXiB, €  PUCTOBYIOThCS TaKi CTAHIAPTHI METOIM OOCiIKEHHSI: CITi-
IIyMHE, YTpYAHeHe nuXaHHd [1]. porpadisi, THEBMOTAXOMETpisl, a TAKOX OOMIIIIeTU3MOIpa-
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¢ist. O0’eKTUBHUMU KPUTEPiIMU TUXATbHOI HEAOCTaTHOCTI
€ MOKa3HUKHU 3MiH ra30BOro Ta KUCJIOTHO-JTYKHOT'O CKJIaay
KpoBi. OmHAaK LIi METOAU MOXKYTh PO3IJISIAATUCS JIUIIIE SIK
IOTTOMIXKHI Y IiarHOCTHIIi CTeHO3yBaHHs Tpaxei [2, 3].

MerTo0 nociIKeHHs] € BUBUCHHSI METO/IiB OLliHIOBaH-
H$I IPOSIBIB TMXaJIbHOI HEOCTATHOCTI Y TAIiEHTIB i3 KOM-
NpeciiHUM CUHAPOMOM TOpTaHi Ta Tpaxei, 3yMOBJIIEHUM
3aXBOPIOBAHHSIMU IIUTOMOAIOHOI 3aJ1031 Ta PyOLIEBUMU
CTEHO3aMM Tpaxel.

Marepiaam Ta meToamn

Jo mocnimkeHHs BKJIIOYeHO 272 Malli€eHTH i3 KOMIIpe-
CiifHUMU CTEHO3aMU TOPTaHi Ta Tpaxei, 3yMOBJIEHUMU pyO-
LIEBUMHU cTeHo3aMu Tpaxei, — 105 manienTiB 3 PCT ta 167
MALIi€HTIB i3 3aXBOPIOBAaHHIMM IIUTONOMIOHOI 321031, Ce-
pen HuX Oysio 88 XBopHX Ha IMOJIIHOZO3HUI €yTUPEOITHIIA
mmitHo-3arpyauHHuii 300 (ITEI33) ta 79 naiieHTiB 3 nu-
depeHLiiioBaHUMHU (PopMaMM paKy IIATONOMIOHOI 3a1031
(PII3). Yci namieHTH HagiMIIUIM 10 KJIiHIKM €KCTPEHO Ta
OyJIM IIpOOIIepOBaHi 3a HEBIAKJIaTHUMHM Ta TEPMiHOBHU-
MM NOKa3aHHSIMU 3 NIPUBOLY KOMIIPECIHHOTO CUHAPOMY
Tpaxei y 1Y «lHcTUTYT 3araiabHOI Ta HEBiIKIIagHOL Xipyprii
im. B.T. 3aiineBa HAMH Yxkpainn». JocrimkeHHs 0yino
nposeaeHe 3a nepiox 2018—2024 pp.

JocnimKeHHs BiIOBi1aJlo MiXKHapOJHUM BHUMOTaM
CONSORT i mano BinnoBinHU 1U3aiiH — PETPOCIIEKTUB-
He I IPOCTIIEKTUBHE PaHAOMi30BaHe KIIiHIYHE JOCITIIKEHHS,
B SIKOMY ITPOBOIMJIOCS MOPiBHSIHHS Pe3yJIbTaTiB JiKyBaHHS
KOMIIPECiiTHOTO CUHIPOMY Tpaxei.

ETWuHi npyuHUOMNU JOCTiIXKEHHS 1oTpuMaHi. J103Bia Ha
JOCJIIKEHHS JaHO eTUYHOIO KoMmiciero 1Y «IHcTuTyT 3aranb-
Hoi Ta HeBinkanHoi Xipyprii im. B.T. 3aiiuesa HAMH Ykpa-
iHM» (mportokoJ 3acimanHs Ne 3 Big 22.01.2024 p.). B ycix
MAIIE€HTIB OyJI0 OTPUMAHO MMMCHMOBY iH(OOPMOBaHY 3Tromy
Ha BUKOPYICTaHHS Pe3yJIbTATiB JIIKyBaHHSI TSI TOCTiIKEHHS.

Cepen xBopux Ha PCT 6yno 69 vosoBikiB (66 %) Ta
36 xiHok (34 %) BikoM Binm 14 mo 67 pokiB, cepenHill Bik
ctaHoBUB 34,3 poky. Halibinpl yrciaeHHoIo Oyja rpyma
XBopuX BikoM Bif 20 1o 29 pokiB (25 %). 3anexxHo Bif eTio-
JIOTiYHOTO YMHHUKA po3pizHsuin 5 BuniB PCT — mocTiH-
TyOaliifHUiA, TOCTTPAXEOCTOMIYHIIMA, ITOCTTPaBMAaTUYHUIA,
MHicasIONiKOBUH Ta imionmatuyHuii. Hatyactimmumu 0yau
nocTiHTy6auiiiHi (48,6 %) Ta moctTpaxeoctomiuHi (29,5 %)
PCT, BusHaHi sirporeHHUMMU. BinmosigHo 10 Kiacudikarii
y Bcix xBopux 0yB III-1V ct. PCT. [lo BUKOHAHHSI €HI0-
CKOIiYHOTO Ta XipypriuHoro JjiikyBaHHsi PCT npoBoauiocs
KOMILJIEKCHE KJIiHiKO-PEHTTeHOJIOTiYHe Ta OpOHXOJI0TiuHe
TOCITiIKEHHS.

[TpyuynHOIO KOMIIPECIiHHOTrO CUHIPOMY Tpaxei cepen
MAali€HTIB i3 3aXBOPIOBAaHHSIMU IIIUTOIIOAIOHOI 371031 OYB Y
88 (52,7 %) mauientis [TEII33, y 79 (47,3 %) naiieHTiB —
nudepeHiiiioBani ¢opmu PIIL3.

Bik onepoBaHux xBopux 0yB Big 24 no 86 pokiB, y ce-
peaHboMy — 68,20 £ 1,32 poky. [Tpuyomy 151 (90,4 %)
xBopuii 6yB BikoMm Bif 50 1o 86 pokiB. Haituacriiie xBopinun
KiHKM — 154 (90,2 %) crioctepexxkenHst. Cepell XBOpUX OYII0
aume 13 (9,8 %) yonosikiB. CriBBiZHOIIEHHS XiHOK Ta
YOJIOBIKiB BUpaxajocs sik 13 : 1. binblicTs naiieHTiB Mana
CYIIyTHi 3axBOpioBaHHs. TpUBaiCTh XBOpOOU CTaHOBUJIA
Bim 5 mo 40 pokis, y cepeqabomy 20,30 £ 1,24 poky.

VYciMm XBopuM 3 KOMITPECiHHIM CMHIPOMOM Tpaxei i
yac HAJIXOMXEHHS 10 CTallioHapy MPOBOAMBCS 000B’SI3KO-
BUI KJIIHIYHUI MiHIMaJIbHUI KOMIUIEKC JOCIIIKEHb, 1110
BKJTIOYAB KJIiHIYHMIT Ta OiOXiMiYHWIT aHAaJTi3 KPOBi, 3arajb-
HUIi aHaJIi3 cevi, BU3HAYEHHS PiBHS KaJIbLIil0 B KPOBI, €JIeK-
Tpokapmiorpadiro. Ilim gac o6cTeskeHHS Tali€HTIB OLIiHIO-
BaJIMCs CKapru, aHaMHe3 3aXBOPIOBAHHSI, IOTO TPUBAJTICTb,
MIPUIIOM MIpeIapaTiB, HAsSIBHICTD CYIIyTHBOI ITaTOJIOTI.

KpiM cTaHgapTHUX iHCTpYMEHTaJIbHUX METO/IB 00CTe-
JKEHHS y MalliEHTIB 3 KOMIIPECi€l0 Tpaxei, HaMu BU3HAYaB-
csl CTYMiHb 3BYKEHHsI Tpaxei 3a TOMoMorolo criporpadii.
BuBuagcst o6¢sir hopcoBaHoro BUaMxy 3a cekyHay (ODB)
Ha criporpadi MAC-1. lanuit MmeTon BUKopucTanuii y 135
(80,84 %) criocTepexXeHHSIX.

OO0’€XTUBHUMHU KPUTEPIIMHU IUXATbHOI HEIOCTATHO-
CTi OyJIM TTOKa3HUKM 3MiH ra30BOT0 Ta KUCIOTHO-TY>KHOTO
ckyany KpoBi. Takox B naHiii poOOTi mpeacTaBIeHO 3MiHH,
BUSIBJICHI 3 OOKY CeplieBO-CyIMHHOI Ta HEPBOBOI CUCTEMU.

JI71s1 TOpiBHSIHHS CepeaHiX aOCOMIOTHUX 3HaYeHb BUKO-
pucrtoByBaBcs t-Kpurepiii CtbioneHTa. [1pu mopiBHSIIBHOMY
aHaJi3i BITHOCHUX MOKAa3HUKIB 3aCTOCOBYBABCS KPUTEPii
criBBimHOIIEHHS ¥2. JloBipui iHTepBaau OyIM po3paxoBaHi
3a noroMorot mMetony @imepa. Kpurepiem ctaTucTUIHOT
BipOTiTHOCTI Ofep>KaHUX Pe3yJIbTaTiB BBaXKajaacsl BeIMIMHA
p < 0,05. CratuctuuHa 06pobka martepiasry OyJia mpoBeieHa
Ha KoM '1otepi IBMPC 3a noromororo nporpaMHoi CUCTEMU
Statistica V 10.0. Po3paxyHku BIKMBaHHS XBOPUX BUKOHY-
BaJIMCh 3a TaOAMLISIMU TOXMBaHH 3a Karutan — Meliepom.

PesyAbTaTH

OCHOBHOIO CKaprorw 00CTeXKEHUX HAMU XBOPHUX 3 XPO-
HiYHUM CTEHO30M TOpTaHi Ta Tpaxei OyJa 3aauika. [HTeH-
CHUBHICTb 1 XapakTep 3aduIlIK/ BU3HAYaBCS JIoKali3allielo
Ta XapaKTEepPOM CTEHO3Y, CTYIIeHEM 3BYKEHHS TUXAIbHOTO
LLJISIXY, TPUBAJIICTIO 3aXBOPIOBAHHS.

V XBopHX 3 XpOHIYHUM PYOLIEBUM IOCTIHTYOAiTHUM
CTEHO30M ropTaHi Ta Tpaxei Bxe npu creHosi Il ctynens
3aaMIIIKa OyJia BUpaxkeHOoIo Ta TypOyBaJia XBOPOIo 3a He3Hay-
HOTrO (Pi3MYHOT0 HaBaHTAXKEHHSI, iHOI Y CITOKOI Bi3HAYaBCS
iHCIipaTOpHUA Ta 3Milanuii ctpunop. [1pu nekomneHcartii
MpoI1IeCy AUXajbHa HEJOCTATHICTh KJIIHIYHO BUSIBJISLIACS
Iy>Ke pi3Ko. XBOpi BUSIBJISIIA 3aHEMIOKOEHHSI, iHO/I Bil3HA-
yajiocsi ICUXOMOTOPHE 30Y/IKEHHSI, HapOoCcTaJla BereTaTuBHa
CUMMTOMATHKA, 3’ SIBJISIBCSI BUPaXKEeHUI 11iaHO3 MIKipHUX
MOKPHBIiB, BKJIIOYaJacs JOMOMiXKHA AuxajbHa MyCKyJaTypa.

[1pu TprBasioMy 3aXBOPIOBaHHI, KOJIM 3aAUIIKa TypOye
XBOPOTO IPOTATOM 0araTb0oX POKiB, MOCUJIEHHS TUXaJbHOI
HEJIOCTATHOCTI BUSIBJISIETHCS 32 3HAYHUM IOTipIIEHHSIM
MOKa3HUKIB radis y kposi. Hapocraroui rimokcemis Ta Ti-
MepKarnHisi MOXYTb 3aTYIIOBYBaTU CIIPUMHSITTS 3aUILIKU
Ta CTBOpPIOBATH eiipopiitHuii cTaH.

KniniyHuit mposiB rinokcemii — audy3Huii 1iaHO3 —
BUHMKAE MPU 3HUXKEHHI HACUYEHHST KPOBi KUCHEM /10 85—
80 %, omHaK MmapaelizMy Mix CTyIIeHeM HeIOCTaTHOCTI Ta
MpOsIBaMMU 11iaHO3y HEMAE.

O0’eKTUBHUM KPUTEPIEM AMXaTbHOI HETOCTATHOCTI €
IMOKAa3HMKM Ta30BOro Ckjany KpoBi. 3ab0ip apTepiaibHOL
Ta BEHO3HOI KPOBi Y XBOPOTO IMPOBOIUIIU IO TTOYATKY Ji-
KyBaHH$, Y paHHbOMY ITicJsioniepalliiiHOMY niepiofi Ta y
BiImajeHOMY Iepiomi.
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AHani3 pe3yiabTaTiB JO3BOJMB HaM iHTepIIpeTyBa-
TU OTPHMMaHIi MOKa3HUKU y XBOPUX HA CTEHO3 rOpTaHi Ta
Tpaxei TaKM YMHOM: KOMIIEHCOBaHa (a00 BeHTWISLIiiHA)
NMUXaJlbHa HEOCTATHICTh — HOPMaJIbHi MOKA3HUKU OKCH-
reMoryio0iHy, Hampyra KMCHIO Ta BYTJIEKHUCIOTU B KPOBi
HopMasibHa (80—100 MM pr.cT., 35—45 MM pT.CT.); CyOKOM-
MeHCcoBaHa — JIerke MOPYILIEHHS ra30BOro CKJiaay KpOBi.
PaO, 61u3pko 70 mm pt.cT., PaCO, 35—45 MM pT.CT. yn
HIDXYe, TOOTO HOpMO- abo TiMoKaIHisl, piBeHb OKCUTEMO-
100iHY HOPMaJIbHUI a00 TPOXM 3HMXKYETHCS; TEKOMIIEH-
CcoBaHa — pPiBeHb OKCUTEMOMIOOiHY HIKYe 3a 93 %.

CrymiHb rinokcemii MM OLIiHIOBAJIU 3a IMTOKAa3HUKOM
HACMYEHOCTi KPOBi KMCHEM: TIOMipHMIA CTYIIiHb — piBeHb
OKCHUTEeMOTJIOOIHY CTaHOBUTh 92—86 %; BUpaXeHMIA CTy-
miHb — 85—75 %; pizkuit — meHtre 75 %.

Takox MU olliHIOBaJU piBeHb Hacu4yeHHs1 KpoBi CO,.
Bupinsanu taki cranu: HopMmoxkarnHis (PaCO, 35—45 mm
pT.CT.), TrinokarnHisi (MeH1e 35 MM pT.CT.) a00 rinepKarHist
(6inpie 45 MM pT.cT.). OcTaHHIll BUMAaI0K PO3LIiHIOBAIHU SIK
TOTaJIbHY IuxanbHy HegocTaTHIicTh (JIH). Kpurepii ominkm
CTYTEHS IMXaJbHOI HEIOCTaTHOCTI MpencTaBieHi B TabI. 1.

Tabnmys 1. Kputepii oyiHku cTyneHs anxanbHoi
HepgocTtaTtHOCTIi (MM pT.CT.)

CraH pCO, pO,
Hopma 35-45 80-100
KomneHcosaHa OH 46-55 79-65
CybkomneHcoBaHa 56-65 64-55
[ekomMmneHcoBaHa 70-80 54-45
lnepkanHiyHa koma 90-130 44-35

CryniHb rinepkanHii Mu po3LiHOBaIX IK TOMipHUNA
(PaCO, menue 50 mm pr.ct.), Bupaxenuit (PaCO, 50—
70 MM pr.cT.) Ta pizkuit (PaCO, 6inbiie 70 MM pT.CT.).

SK muxajbHi, TakK i MeTaboJIiYHi MOPYIIEHHS KPOBi OIli-
HIOBaJIM 110110 3MiH pH, mapuiaabHOro TUCKY BYTJIEKMCIOTO
rasdy Ta KoHuIeHTpauii Hanauiuky ocHoB (BE).

OTpuMaHi pe3yibTaT OLiHIOBAJIMCS TAKUM YUHOM. Me-
TabOJIiUHI MOPYIIEHHs: KOMIIEHCOBaHUIA MeTaboIiYHU’
anua03 — BeMYuHu pH y HOpMi, 3MeHIlIeHHSsI MoKa3HUKa
BE; nexoMneHcoBaHU1 MeTabOJiYHUN allMa03 — 3MEH-
meHHsa pH i mokasnuka BE; komnencoBaHuii metabo-
JIIYHUT ankano3 — BeandyuHa pH y HopMi, 30iablIeHHS
noka3Huka BE; nekomneHcoBaHMiI MeTaOOJiUHUIA anKa-
J103 — 30isblIeHHs BenuunHy pH Ta mokasHuka BE.

JuxanbHi NOpYLIEHHS: KOMIIEHCOBAHUMN NUXaJbHUK
aunno3 — pCO, 6inblIe 32 HopMy, BeanuruHa pH y HopwMi;
NEKOMITEHCOBaHUI TUXaJbHUI auuno3 — pH 3HukeHuiA,
pCO, Bulle 32 HOPMY; KOMIIEHCOBAHUM IUXATbHUM anKa-
703 — BeauurHa pH y Hopwmi, pCO, H1Kue HOPMU; TEKOM-
MEeHCOBaHMII TMXaJbHUI alKaio3 — BeauyrnHa pH Buiie 3a
HopMmy, pCO, HUXYE 32 HOPMY.

KinpkicHi TOKa3HUKY, SIKi MU BUKOPUCTOBYEMO [IJIsI
TpaKTyBaHHsI OTPMMAaHUX Pe3yJIbTaTiB KUCIOTHO-TYXXHOTO
CKJIady KpOBi, IIpeacTaBlIeHi y Ta0I. 2.

3minu eazoeoeo cknady ma KJIP kpogi y xeopux 3i cmeHo-
30m eopmani ma mpaxei. Pesyiromamu o6cmediceHHs X60pux 3
XpoHiunum pyoyesum cmerozom mpaxei. CteHo3s I ctynens 0ys
BUsIBIIEHUI ¥ 5 xBopux, II ctynienst — y 26, 111 ctynenst — y
15 xBopux, y acikcii rmepedyBaio 2 XBOpUX. XBOPi OCHOBHOI
Ipyny AOCTIIXKEeHHS 3a cTyneHeM posBiB JAH 3anexHo Bix
IMOKA3HUKIB Ta30BOr0 CKJIamy KPOBi PO3MOMUISIIMCS TaKUM
YyrHOM: KomrieHcoBaHa J1H Gyna npucyTHs y 5 XBopux, cyo-
KOMIleHcoBaHa — y 18, mekomrieHcoBaHa — y 12 XBOpHUX.
JH Oyna BincytHs y 13 xBopux. KucinorHo-1y>kHa piBHOBa-
ra (KJIP) y xBopux 3 MOCTiHTYOAIliiiHUM CTEHO30M TOpTaHi
Ta Tpaxei 3MiHIOBajacs TAKUM YMHOM: J€KOMIIEHCOBaHUM
IMXaJIbHUM auuao3 OyB y 7 Mali€HTIB, IEKOMITIEHCOBAaHUIA
JIUXATbHUI allkajio3 — y 6, KOMIIEHCOBAaHMIA META0OIIYHII
anuao3 — y 7, KOMIIEHCOBaHUI METa0OJIIYHUI ajlKajio3 — y
14, nexoMIieHCOBaHUI MeTaOOMIYHMIA ajikaio3 — y 1 matii-
enTa. 3minu KJIP 6ymm BimcyTHi y 13 mamieHTiB.

VY 12 XxBopUX KPOB Ha AOCIiIXKEHHSs ra30BOTO CKJIaay
Ta KMCJIOTHO-JIY>KHOI piBHOBaru OyJI0 B3SITO Ha OIlepailiii-
HoMy ctoJi. Lli XBopi HaaXoaWIN y cTaail JeKOMITeH callil
XPOHIYHOIO PyOLIEBOTO CTEHO3Y ropTaHi Ta Tpaxei. XBopum
MPOBOIMJIACS] TEPMiHOBA TPAXEOCTOMisl UM PETPAXEOCTOMisl.
Oco0JIMBICTIO KIIIHIYHOTO MepeOiry y Lili rpyIii XBopux 0yj10
Te, 110 JeKOMIIeH Callisl HacTaBajia pi3Ko. 3a KIIIHIYHUMU
JTaHUMMU OyJ10 Big3zHaueHo BUpaxeHuil ctyminb AH. Kiiniu-
Hi TposiBY OyJIM TaKUMU: 3aIUIIIKA 3MillIaHOTO XapaKTepy,
YAP noxonuna no 28 3a XBUJIMHY, CUHIOIIHICTh IIKiPHUX
IMOKPUBIB (aKpolliaHO3, TOTAJbHMI 11iaHO3), BereTaTuBHi
nposiBu — cepieoutrs, pizHuusg mixk YCC ta YA P cra-
HOBMJIA OibII HiX 1 : 4, migBMIIEHA BOJIOTICTh IIKipHUX
TMOKPUBIB, BUMYIIIEHE TTOJOXEHHS XBOporo (iHomi Tpaxe-
OCTOMiI0 XBOPOMY JIOBOJAMIIOCSI TTIPOBOJUTH Y CUASTIYOMY T10-
JIOKEHHI), BUpaXXeHe IICUXOMOTOPHE 30yIKeHHsI. Y KpOBi
BiI3Hauan0cs MiABUILEHHS MapuiaibHoro Tucky O, (iHomai
3HAYHEe), Y YaCTMHU XBOPUX BiI3Havajacs TrirnepKariHis, y
YacTMHU OyJja TinoKarHisi yepe3 ajJbBeOosIpHY TillOBEHTH -
Jsiiro. Taka nucomnialiist MixkK KIiHIYHMMU TIPOsSIBaMM Ta MO-
Ka3HUKaMU Ta30BOT0 Ta KMCJIOTHO-JIY>KHOTO CKJIaay KpPOBi
XapakTepHa ISl IeKOMITeHCcallil CTEHOTUYHOTIO TIPOLIECy.

JnHaMika MOKa3HUKiB ra30BOTO Ta KUCIOTHO-TYXKHOTO
CTaHy apTepiajlbHOI Ta BEHO3HOI KPOBi Y XBOPUX 3 XPOHiU-
HUM pYOLIEBUM ITOCTiHTYOalliiiHUM CTEHO30M TOpTaHi Ta
Tpaxei y cTajil JeKoMIIeHcallii 1o orepaii (aHasi3 Opaiu Ha
orepaliiiHoOMy CTOJIi), Ha MepIIy 100y micjs onepaltii (Bi-
HOBJICHHSI IIPOXiMHOCTI TUXaJIbHUX IIUISIXIB), Y BilIaJCHOMY
nepiofi nmpeacTaBieHa y Taou. 3.

A BUIHO 3 Ta0MLIi, 10 orepallii y XBOpUX OYJI0 BUSIBJIEHO
rifepoKciro Ta rinepkarHiro. Harpyra ByriekuciaoTu y apte-
piabHill Ta BEHO3HOI KpOBi OyJia TpaKTUYHO OJHAKOBA, Bil-
3HAYAJIMCS TAKOXK KUCIOTHO-JTY>KHi 3pYIIIEHHSI, YacTillie y 0ik

Ta6bnuys 2. KinbKicHi 3MiHW KUCJIOTHO-OCHOBHOIO CTaHy KpOBi

PecnipatopHuii | Meta6oniuHui | PecnipaTtopHui | MeTta6oniuHui
MokasHuk Hopwa L o S aing0s § nicanes AKanos
pH 7,35-7,45 <7,35 <7,35 > 7,450 > 7,450
BE, monb 0,0+2,3 0,0+2,3 <-2,3 +23 >2,3
paCO,, Mm pT.CT. 35-45 > 45 35-45 <35 35-45
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Tabnuys 3. YcepeaHeHi NOKa3HUKN ra30BoOro 1a KUCJIOTHO-JTYXXHOIO CKJ1aay KpoBi y XBOpUx
3 MOCTIHTY6aLiiHUM CTeHO30M ropTaHi Ta Tpaxei (M = t)

JocnigXxyBaHi MOKa3HUKU Jo onepadii 4 pa"""ﬁxgi ;';'g""o"ep' BippaneHun nepiop
oH a 7,405 + 0,03 7,447 + 0,03 7,454 + 0,03
B 7,381 + 0,03 7,333 + 0,03 7,365 + 0,03
pCO,. MMOB/N a 52,0 +5,2 35,6 +2,0 31,8 +4,0
’ B 54,4 + 4,8 53,3 +4,7 45,5+ 4,8
00, MMOmB/A a 159,9 + 12,0 71,5+7,5 84,3+ 7,1
z B 475+ 5.2 16,2 £ 5,0 26,2+5,0
BE. MMOnb/A a +6,9+13 +1,6+0,8 0,1+21
’ B +6,6 +4,1 +2,4+3,0 0,9+5,0
Sat % a 99,4 + 8,5 94,9 +7,2 97,0+ 7,1
’ B 81,2+47 190 + 4,6 45,6 + 2,1

MeTabOoIiYHOro auuao3y. Y micisonepariitHomy repiomi Oyia
TEHCHIIisI 10 3MEHIIIEHHST TTOKa3HUKIB HIDKYE HOPMATbHUX.
V BinnasieHoMy Tepiofi MOKa3HUKK HAOIVKAIUCS 10 HOPMU.

V XBopuX 3 MOCTIHTYOALIITHMM CTEHO30M TOpTaHi Ta
Tpaxei MOKa3HUKKU HACUYEHHS KPOBi KUCHEM OyJIv 3HU-
JKeHi, 0COOIMBO CTpaxkaajaa OKCUTeHallisl BEHO3HOI KPOBI.
Lle TMosSICHIOETBCS POOOTOI0 KOMIIEHCATOPHOIO MEXaHi3My
IIYHTA IJIs MiATPUMKU HOpMaJbHUX HUMP OKCUTeHallil
apTepiaJibHOT KPOBi.

®DyHk1ito 30BHiIHbOro nuxaHHsa (O3/1) mocaimxyBa-
My 22 XBOPUX i3 XpOHIYHUM KOMIIEHCOBAaHUM CT€HO30M
ropraHi Ta Tpaxei (3By>KeHHsI IMXaJIbHOTO IIJISIXY BiAIOBI-
nano 1—III crynmento) y noonepaliiiHoMy mepiomi Ta ImicJist
MPOBEAEHOTO JIIKyBaHHSI.

V XBopuX 3 N1eKOMIIEHCOBAaHMM CT€HO30M rOpTaHi Ta
Tpaxei nociimkyBatu M3/ 10 omnepaliii 6yJ10 HEMOXIUBO
BHACJIIIOK HAapOCTaHHS OIUXaJbHOI HEIOCTaTHOCTI. Takum
XBOPUM TPOBOAMIACH TEPMiHOBA Y1 €KCTPEHA TPAXeOCTO-
mist. Tlim yac mociimKeHHs! MOKa3HUKIB (PYHKIiT 30BHilII-
HBOTO JAUXAHHS BUSIBJIEHO OOCTPYKIIiIO TUXaTbHUX LIJISIXiB.

[1pu ctenosi | ctyneHst, ko 6yy10 3By>KEHHS TPOCBITY
Tpaxei 10 1/3 niameTpa aGo po3Mip roJiocoBOI IIIJIMHU CTa-
HOBMB He MeHIe 6—7 MM, mokasHuku M3]1, gx mpasuIio,
BiMOBigaa HOPMi.

Y XBOpUX /10 MOYATKY TIPOBEACHOTO JIIKyBaHHS BUSIBU -
JIV TIOpYLIEeHHS BEHTUWJISILIL JIereHb 3a TUMOM CTa0iIbHOL
0OCTPYKIIil AMXaJIbHUX LIJISIXiB IIOMipHOI 400 3HAYHOI TSDK-
kocti. OTpuMaHi 1aHi 06poOJIsIIN 3a TOIMTOMOTOI0 TabIUIIh
rpaaauiii HopMu Ta rpafalliii BigXuJeHHsI MOKa3HUKIB 30-
BHILTHBOTO AUXaHHS Bil HOPMU.

AHaizyroun KomIuieke nokasHukis M3/ y o6crexyBa-
HUX XBOPUX, MU BUSIBUJIM 3HUXKEHHS SIK A0COJIIOTHUX, TaK i
BiZTHOCHUMX BeJIMYMH. HaliuacTile 1ie CBiZT4uTh Mpo MoraHy

KOOIIepallilo XBOPOIo Ta CUCTEM arnapaTa BEeHTWISALIi1, KON
BiIOYBa€ThCS BUTIK MOBITPS I1i] Yac (hOPCOBAHOTO BUIMXY.
Lle rmosiCHIOETHCS HAsIBHICTIO TPAX€OCTOMU Y HAIIIX XBOPUX
Ta HEMOXJIMBICTIO 11 MOBHOTO FepMETUYHOTO 3aKPUTTS i
yac obcrexxeHHs1. [ToBropHe nochimkeHHss @3] npoBoauin
yepes 6 MiCSILIB ITicIsT YIIMBAHHS TPaxeaabHOro AeeKTy y
XBOPUX, SIKi TIEPEHEC/IN eTallHe XipypriyHe JiKyBaHHs, Ta
yepes3 3 MicsIli Micas eKaHyJIsLil Mali€eHTiB, SKUM 0y10
MPOBEICHO KOMILUIEKCHY CUMIITOMATUYHY Teparito. [1pu
1IbOMY Y BCiX XBOPUX BiIMiu€HO IMOKpAIlleHHS TTOKa3HUKIB
®3]1. Ycepenneni nokazHuku O3]1 y XBOPUX i3 KOMIIEH-
COBaHMM CTEHO30M IrOpTaHi Ta Tpaxei A0 Ta Mic/si MpoBe/ie-
HOTO JIiKyBaHHS (ITiCJISI BITHOBIEHHS IIPOCBITY IMXaIbHOTO
LJISIXY) TIpeCTaBIIeHi y TaoJI. 4.

Sx BumHO i3 Ta6. 4, y XBopux Oy/10 3HUXKEHHS MpaK-
TUYHO BCiX JOCIIIKYBaHMX ITOKa3HUKIB. Hait0ibII 3Ha4HO
OyJIM 3HMXKEHi 00’eMHO-1IBUAKICHI TokasHuku FEV1 ta
PEF. Ianexc TidHo 3anumraBcs abo HOpMaJIbHUM, a00 BU-
SIBJISITIOCS] IOTO MOMipHE 3HUXKEHHSI.

[Ipu creHo3i TMXaabHUX IUISIXiB Ha 3MiHY 30BHIIITHBO-
ro IMXaHHS HEraiHoO pearye cepleBO-CyJIMHHA CUCTEMA,
ubomy crpusie 3miHa pCO, kposi. Crabinizauis oominy O,
ta CO, 31iiiCHIOETBCS TBOMA MEeXaHi3MaMU: MiABULLYETbCS
cepeHiii apTepiaabHUii TUCK (1ie Binobpaxae nepdy3iiiHuii
THCK) Ta 30iIbIIYETHCS YaCTOTa CeplLeBUX CKopoueHb. Lli
nBa (haKTOPU 3yMOBJTIOIOTH MiIBUILIEHY POOOTY CEeplisl Ta, SIK
HACJIiI0K, 30i/IbIIEHHSI CepLIEBOT0 iHAEKCY, 1110 IIPU3BOAUTH
IO PO3BUTKY rinepTtpodii miokapaa.

IIpu anani3i enekTpokapaiorpam 00CTeKEHUX HaMU XBO-
pYIX BUSIBJIEHO Taki 3MiHM. [1pakTHYHO y BCiX XBOpUX Bin3Ha-
yayiocsl MOpyLIEHHs pUTMY — Taxikapjis abo Opaaukapmis.
V rpy1ii 3 XpoHIYHUM pyOLIEBUM ITOCTIHTYOALIITHIM CTEHO30M
roptaHi Ta Tpaxei Ha EKI" Oynu BUsIBiIeHi Taki 3MiHW: CUHYCO-

Ta6bnuys 4. MNokasHuku ®3/[ y xBOpUX i3 XPOHI4HUM KOMNEHCOBaHUM CTEHO30M ropTaHi Ta Tpaxei

Ao ta nicns nikysaHHs (M = t)

lMoka3HuKu HopmanbHi 3Ha4YeHHs C:gi?:‘;::::: ’1,2" gﬁﬁ:ﬁ?&;:::::ﬁ;
VC (XUTTEBA EMHICTb NereHb) > 90 72,0+ 13,0 90,0+7,0
FEV1 (06’em chopcoBaHOro Buanxy) > 85 65,3+ 11,2 98,5+ 8,4
FEV1/VC (iHgekc TudHO) >70 88,2+ 11,0 99,3+8,0
i oSS | 003
PEF (nikoBa 06’eMHa LUBMIKICTb) >70 38,8 = 10,2 77,9 +5,0
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Ba TaxiKapmis, CHHycOBa OpamuKapIisi, ITOPYIIeHHsI IIPOBiI-
HocrTi, rineptpodisi Miokap/a JIiBOro 1IIyHOUKa, 3MiHa IMo-
JIOXKEHHSI eJIeKTPUIHOI OCi Ceplisl, 3MiHa Ta ITepeBaHTaXKeHHS
MiOoKap/ia JIiBOTo IITyHOUYKa. Y 7 XBOPUX MOJIOJIOTO BiKY (Bif
17 o 26 pokiB), siki mepenecau Tpusany LIIBJI 3 momanbiimm
PO3BUTKOM ITOCTiHTYOALIIITHOTO CTEHO3Y, IIPU AeKOMITeHCAIIil
crany (EKT 3Himanu min yac HaaxoIKeHHS ) 3a3Ha4aIrcst 1o-
pyLIeHHS puT™MY (0JI0KaIM), KOHCTATYBaBCs CUHAPOM PAHHBOL
penoaspur3alii nutyHoukiB. I1ig yac KOHTPOJIBHOIO NOCTi-
IKEHHSI OPYIIEHHS TTPOBITHOCTI HE 3a3HAYaJIOCS.

IMopymieHHsT puTMY Bin3Havanocs y 24 XBopux Ii€i
rpynu (Opagvkap/is, Taxikapist), MOpyIIeHHs MPOBiAHO-
cti —y 10 xBopux (6;10Kana HixkOK myuka ['ica, mopyieHHs
PaHHBOI pernossipu3allii), rinepTpodist Ta 03HaKM TepeBaH-
TaXKeHHSI CeplLIeBOro M’s13a — y 12 XBopux.

linepTpodis niBUX BinmisiB ceplis Mpy CTeHO3i ropra-
Hi Ta Tpaxei 3yMOBJIeHa 3BY:K€HHSIM IIPOCBITY IUXaJIbHOTO
LIJISIXY, 1110 TIPU3BOIUTH /10 30UTbIIEHHS YaCTOTH AUXAJIBHUX
PYXiB (3aIMIIKK), B Pe3yJIbTaTi YO0 30i/IbIITYETHCS IIIBUII-
KiCTb JIETEHEBOTO KPOBOTOKY Ta 3MEHIIYEThCS YaC KOHTAKTY
KpOBI i3 asibBeoIsIpHOI0 MeMOpaHo1o. Lli 3MiHM TpU3BOAATH
IIO TOTO, IO 30LIBIIYETHCS 0OCST BUTHAHOL KPOBI 3 JIeTeHe-
BOTO KPOBOTOKY Y CUCTEMHUI i, OTXKe, 301IbIIYETHCS 00’ €M
KpOBi y cucTeMHill uupKy/sauii. [lpy iboMy 30i1bIIYyETH-
csl HaBaHTaXXKEHHS Ha JIiBi BiIAiIM cepliisl 3 HACTYITHOIO X
rineptpodieto. [TopylieHHs MPOBIAHOCTI MOSICHIOIOTHCS
TaKOX MiIBUIICHHSIM HaBAaHTAaXXEHHSI Ha CEPLIEBUI M’SI3 Ta
PO3BUTKOM JIOKAJIBHOI illIeMil.

Binmiueno 3miHM Ha ejeKTpoeHIedaIorpami y XBOpUx
Ha CTeHO03 ropraHi Ta Tpaxei. SIK yXe ropopuaocs Bulle,
EEI nHe € cneundivHuM METOIOM AiarHOCTUKU. Mu 1po-
BOJIMJIM JOCJTIIKEHHSI XBOPUM YCiX JOCIHIIKEHUX TPYIT 3a
3araJibHOMPUITHITOI METOIMKOI. YChOro 00CTeKeHO 58
xBopux. OTpuMaHi pe3yabTaTé OyIu imeHTUIHUMH. bynu
BUSIBJICHI TaKi 3MiHU: 3araJIbHOMO3KOBi 3MiHU — Bif BUpa-
JKeHUX JI0 TTIOMipHUX, 3aJIy4eHiCTh Me3eHIe(aIbHIX CTPYK-
Typ Ha TIi PYHKILIOHATBHUX MTPOO, 3aJTy4eHiCTh CTOBOYPO-
BUX CTPYKTYP Ha TJi TirnepBeHTUISLIIL.

Takoxx BUSIBIISLIOCS] 3HUKEHHST TTOpOTa CyJIOMHOI aKTHB-
HOCTi KOpY T0JIOBHOTO MO3KY. L1i 3MiHuM Oynu Bin3HaveHi y 4
XBOPUX 3 CyOKOMITIEHCOBAHUM CTE€HO30M TOPTaHi Ta Tpaxei.
ITig yac KOHTPOJIBLHOIO JOCTiIKEHHS yepe3 3—6 MicdLiB
3HUKEHHS ITIOPOTa CyaIOMHOI aKTUBHOCTI BxKe He 0YJ10.

Mu nopiBHioBasin nokasHuku EET y Hammx xBopux ta
y XBOpHUX 0€3 CTEHO3Y IUXaJIbHUX IIJISIXiB, SIKi TTepe0yBatoTh
Ha caMOCTiitHOMY nuxaHHi. Pe3ynbraTtu nociimkeHb Oyau
CXOXXMMMU. 3HUKEHHS TTOpora CyIOMHOI aKTUBHOCTI KOpU
TOJIOBHOTO MO3KY BUSIBJISITTUCS Y XBOPHUX 3 TOCTPOIO Ueper-
HO-MO3KOBOIO TPaBMOIO Ta erijerncielo. binbiil netanbHO
3MiHM MTOKA3HUKIB IIpeACTaBJIeHi y Ta0I. 5.

Taxkum ynHoM, mokasHuku EEI" He MokHa BinHeCTH 10
crneunpiyHUX 03HAK CTEHO3Y ropTaHi Ta Tpaxei. BusiBieHHs
3HIKEHHSI TTIOpora CYyZIOMHOI TOTOBHOCTi MOXHA PO3LIHUTH
SIK BIUIMB TOCTPOI TiMOKCii, KOJIU 11Ie He YBIMKHYJIUCSI KOM-
MeHCAaTOPHI MEeXaHi3MM.

O6roBopeHHs

XBopi npen’SIBJIsUIM CKapTy Ha TIOSIBY 3aIMILIKK Pi3HOTO
CTYIEHST BUPAaKEHOCTI, 3aXPUILITiCTh, MOKPOTHUHHSI, 1110 BaX-
KO eBakyloeThcs. CTpuIop npu pyoLieBOMY CTEHO31 Tpaxed,

Ta6bnuys 5. lNoka3Huku EEI" y xBopux 3i cTeHO30M
roptaHi Ta Tpaxei (n = 60)

Kinbkictb
lMoka3HuKu crnocTepexeHb,
n (%)

3aranbHOMO3KOBI 3MiHW Pi3HOro
CTyneHs 58 (96.7)
3any4eHicTb Me3eHuedanbHMX 40 (66,7)
CTPYKTYpP Ha TNi (PyHKLiOHASIbHUX NPO6 ’
3anyyeHicTb CTOBOYPOBUX CTPYKTYP
Ha OoHi rinepBeHTUNALT 20 (33:4)
3HWXeHHs1 nopora CyAOMHOi akTuB- 5 (8,3)
HOCTi KOpW FONOBHOIO MO3KY ’

SIK TIpaBUJIo, OyB 3MillaHUM. BupaxeHicTh KJIiHIYHOI Kap-
THHM 3ajiexXaia Bil CTyIeHs 3By>KeHHs Tpaxei. Tak, 3a [—11
CTYIIEHSI 3BY>KCHHSI YTPYIHEHHS IMXaHHSI BAHUKAJIU TLTbKHU
npu (iznyHOMY HaBaHTaXXeHHi, a 3a [11-1V manientn manu
CTPUIOPO3HE TUXaHHS HaBITh Y CIIOKOI.

V pasi Jlokajizallii maToJ0riYyHOro Npoiecy y HUiHOMY
Bimmini Tpaxei nmepeBaxkae iHCIIipaTOPHUIT KOMITOHEHT, TOI1
SIK TIPY CTE€HO3i IPyIHOrO Binaily Tpaxei abo 3a HassBHOCTI
TpaxeoMaJisilii — ekcripatopHuii (4, 5].

[Ipu 06’€KTUBHOMY OTJIsIIi CTaH XBOPOTO HaBIiTh 3a
KOMIIEHCallil CTeHO3y Tpaxei OYB HeCTaOiIbHMI, OCKITbKI
acikcist MoXKe HacTaBaTH IIpy 00Typallii 30epexkeHOro po-
CBiTy OpOHXiaJIbHUM ceKpeToM. JluxaHHsI 3nilicHIOBaIOCS 3a
YUaCTIO IOTIOMIXXHUX M S13iB, TIOJIOXKEHHST XBOPOTO 3a3BUYait
OyJsio BUMYLIEHUM. TakoxX 3a3Hayanocs BTATYBaHHS MOAT-
JIMBUX M’sI3iB Wi Ta TPYIHOI KIIITKY Ta IIPUBEPTaB yBary Ka-
eI 3 METAJIEBMM BiITIHKOM i yTpyJAHEHE BilKaIILTIOBAHHS
MOKPOTHHHSI. MU crniocTepiraiu iHCIipaTOpHY 3aaUIlIKYy,
CTPUIOPO3HE TTOBEPXHEBE AMXaHHS, 1iaHO3 i TOPYIIEHHS
CeplIeBOi MisITIbHOCTI.

HaitgacTimmM cMMOTOMOM TpaxeoMaJsiii OyB eKCITi-
paTOpHUI CTPUIOP, 11O CYITPOBOJXKYBABCS pecripaTop-
HUMM HamagaMu Ta 1iaHO30M, SIKi MOCWIIOIOTHCS Mill yac
HaBaHTaXeHb. Taki CUMIITOMU HailyacTille BUHUKATIN
MpoTaroM 1—6 THXHIB MicIs ekcTybalii, OCKIIbKY 3a Leit
yac BigOyBa€eThCsd GOpMyBaHHS pyOLIeBOi TKAHUHU Y CTiHIT
Tpaxei 3 MOAAJIbIIMM 3BYXKEHHSIM 1i IIPOCBITY.

3menmenHsa 2KEJI Ta MBUAKICHIX ITOKAa3HUKIB (pOpco-
BaHOTO JIMXaHHSI TO3BOJISIE IIarHOCTYBATH 3BYXKEHHS Tpaxel
I cTyneHs1, a TakoX OpiEHTOBHO BU3HAUYMTH PiBEHb CTEHO3Y
Tpaxei [6, 7].

OpnHak 4yepe3 CyTTEBY 3MiHY OpOHXiaJIbHOTO OIOpY Bi-
POTiIHMIA 3B’S1I30K MiX LIMMM MMOKa3HUKaMU Ta CTyIEeHEM
3BY>KE€HHS Tpaxel BUSIBUTU HeMOXKIuBO [8—10].

Bkpait He3pyIHNM BUIOAETHCSA HOCITIIKEHHS Y Malli€H-
TiB i3 (PYHKIIIOHYIOYOIO TPaXeOCTOMOIO, TOMY TTOKa3HUKU
(¢ yHKIIi1 30BHIIIIHBOTO AMXaHHS Kpallle TOCIiIKyBaThu y
XBOpHUX, SIKi MepeOyBaroTh Ha peabitiTallii micyst BimHOBJIEH-
H$I IPOCBITY Tpaxei [11, 12].

OTpuMaHi pe3y/bTaTh IIPOBEAEHOTO JOCiIKEHHST KOH-
CTaTYIOTh HasIBHICTb MOCTCTEHOTUYHUX 3MiH MPAKTUYHO Y
BCiX 00CTexkeHNX HaMu XBopux. HaiGinbpin BupaxkeHUMN
OyJi1 3MiHU B Ta30BOMY Ta KUCJIOTHO-JIY>KHOMY CKJIafdi Kpo-
Bi. [imepoxcist Ta rinepkariHis B apTepiaibHiii KpOBi ITOE -
HyBaJjacsl 3 BUpaKeHUMU KJIiHIYHUMU nposiBaMu [13—15].
JIJ1s1 i€l rpynu XapakTepHa KJliHiKo-J1abopaTopHa TMCOLIi-
amist. Y paHHbOMY ITicJISIoIIepalliiiHOMY IIepiofi TilmepoKcis
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3MiHIOBajacs TiOKCEMI€l0, iHOII JOCUTh BUpaxeHo1o [16].
I[1im yac KOHTPOJIIO y BilTaJIeHOMY MepPioi BUSIBIEHO, 11O
MOKAa3HUKN HOpMali3yBaJIKCsI, X04a iHOMi BOHM 3aIUIIAIN-
Csl IO 3HUKEHUMU.

DyHKIiOHaTbHA AiarHOCTUKA 30BHIIIHBOIO TUXaHHS
(P3]1) BriTIOUa€ HaGip TECTiB, 11O TO3BOJISIOTH BUSBUTH I
OLIIHUTH CTaH MEXaHIYHMX BJIACTUBOCTEN CUCTEMU 30BHIllI -
HBOTO TVMXaHHS, CTYIiHb MOPYIIEHb OCHOBHUX MEXaHi3MiB
razo00MiHy — BeHTWJISLIT, nudy3ii, mepdysii, y3romkeHo-
CTi BEHTWJISILIII 3 KPOBOTOKOM, a TAKOK ra3000MiH 3arajiomMm
[17, 18].

1li TecTu 3acTOCOBYBaJIM y NiarHOCTUIII 3aXBOPIOBAaHb,
MUXAJIbHOI HEIOCTATHOCTI, TIPU KOHTPOJIi 32 TIPOBEACHUM
JIIKYBaHHSAM, JUISI OLLIHKU PU3UKY MOXJIUBUX JIET€HEBUX
YCKJIaTHEHb TIPU XipypriyHux yrpyyanHsx [19]. locnimkeH-
HsI (pYHKILIiT 30BHIIIHBOIO IUXaHHS HEOOXiIHE y TMAalli€EHTIB
i3 cTeHO3aMM Tpaxei Ta ropTaHi, 30KpeMa i MeMOpaHO3HUMU
YU MyXJTMHHUMM. Y YaCTUHM TALEHTIB i3 11i€10 MaTOJIOTIE0
JMXaJIbHA HETOCTATHICTh MOXE MaTW MPUXOBAHUIA XapakK-
Tep, a ii BUSIBJICHHS BU3HAYA€ TaKTUKY JIiKyBaHH [20].

3a ponomoroto M3]1 6yio BindHAYEHO 3HUKEHHSI IpaK-
TUYHO BCiX JOCIIIKYBAaHMX ITOKA3HUKIB 32 OOCTPYKTUBHUM
tunoM. Ha ¢oHi JlikyBaHHsI BizHavaacst TO3UTUBHA TUHA-
MiKa, Xo4a 0 LIMX MOKAa3HUKIB CJIil CTABUTUCSI KPUTUYHO,
000B’SI3KOBO MOPIBHIOIOUH iX i3 KJIIHIYHOK KapTUHOIO.

AHaJizylouy oTpyMMaHi pe3ybTaTu, BaxJIMBO 3a3HAUYM -
TH, 11O B OLIHIIi CTYIIEHS TSZKKOCTI IMTOPYIIeHHST AUXAIbHOL
(yHKIIii y XBOPYX Ha CTEHO3 FOPTaHi Ta Tpaxel 10 JiKyBaHHS
pe3yabTaty gocaimkeHHss O3] € 1oCUTh-TaKU CYMHIBHUMMU.
[To-nepiue, onepKyBaHa KprBa «IOTiK — 00CsIr» nmependa-
yyBaHa, OCKiJIbKY ii (popMa HaATO XapakKTepHa IJIs1 JaHO1
natoJiorii. [To-npyre, y XBOpux 3 TpaxeocTOMOIO HEMOX-
JIMBO JOCSITTU TTIOBHOI FEPMETUYHOCTI B CUCTEMI «XBOPUI —
armapaT BEHTWISIil», a OTXKe, YHUKHYTU BUTOKY MOBITpSI,
TOMY CTYITiHb TSDKKOCTi IUXaJTbHOI HEAOCTAaTHOCTI BUXOIUTD
3apuiieHuUM. [lo-TpeTe, mist MOoaiOHOrO Poay XBOPUX IO-
caimxenHs O3] € Gi3syHO BaKKKUM BUIIPOOYBAHHSIM, 110
TaKOXX BIUIMBA€E Ha pe3yJbTaTU IOCHimKeHHs. BomHouac
nociimkenus M3/ y nuHamilli ayske IiHHE i 9ac OIiHKN
€(eKTUBHOCTI POBEIEHOTO JIIKyBaHHSI.

Taxox Oyno BusiBiieHo 3minu noka3HukiB EKI ta EET.
EnexTpokapniorpadiuyHo Oijbll BUpaXeHi 3MiHU Oyiu y
XBOpHUX 0e3 0COOJMBOI TEHAEHIIil 10 HOpMaJli3allii. ¥ XBo-
pUX 3 TTOCTIHTYOAIIIITHUM CTEHO30M TOPTaHi Ta Tpaxei npu
JIeKOMIIeHcallii Bii3Havyaaucsl TAMYACOBI MOPYILIEHHS IIPO-
BimHOCTI. ApuTMist OyJia Bin3HaueHa MPakKTUYHO B YCiX XBO-
pux. Ha EEI BusiBisuincs 3aralbHOMO3KOBi 3MiHU, 3a1ydye-
HICTPh Pi3HMX MO3KOBMX CTPYKTYp, 3MiHa IIOPOTY CYIOMHOI
TOTOBHOCTI.

BMCHOBKMU

CTeHo3 ropTaHi Ta Tpaxel CIPpUYMHSIE 3MiHM Ta30BOTO
Ta KMCJIOTHO-JTY>KHOTO CKJIa[ly KpPOBi pi3HOT iIHTEHCUBHOCTI.
3HUXKEeHHs HacuuyeHOoCTi KpoBi O,, 0COOIMBO MPOTITOM
TPUBAJIOTO Yacy, HE MOXe He TTO3HAUYUTUCS Ha poOOTi opra-
HiB 3 MiJBUILEHUM CITOXXMBaHHSIM eHeprii. Lle poOuTs oue-
BUIHUM KOMIUIEKCHUI TIAXiA A0 JiKyBaHHS LIMX XBOPHUX.
JlikyBaHHST Ma€e OyTU CIpsSIMOBaHE He TiIbKW Ha BiTHOB-
JICHHSI TPOXiTHOCTI AUXaJbHUX LIUISIXIB, a il Ha MiATPUMKY
BCbOTO OpTaHi3My.

Jtst migBuIeHHsI e(eKTUBHOCTI XipypTiyHOI Ta MeOu-
KaMEHTO3HOI peabiyiTaliii XBOpUX 3i CTEHO30M ropTaHi Ta
IIMAHOIO BiIAiTy Tpaxei HEOOXiZHMM BUKJIAACHUN KOMII-
JIEKC HOCHIIKeHb, SKUI JO03BOJIUTH OOTPYHTYBATH MaToOre-
HETUYHE JIIKYBaHHS TaKHUX XBOPUX.

KonduaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHIIIKTY iHTepeciB Ta BIacHOI (hiHAHCOBOI 3alliKaBJIeHO-
CTi IpY MiArOTOBLI JaHOI CTATTi.

Buecok aBropiB. boiiko B.B. — po3pobka nu3zaiiHy gocii-
JDKEHHSI, OCTaTOuHe pe3toMyBaHHs ctaTTi; Kpitlak B.B. — po3-
pobka nu3aiiHy JoCimKeHHs, 30ip Ta 00poOKa JaHUX TMalli€H-
TiB, HarcaHHs ctatTi; Counena A.J1., Tkauenko B.B. — 30ip
Ta 00poOKa TaHMX IMAalLliEHTIB, HAITMCAHHSI CTATTi.
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Methods for assessing manifestations of respiratory failure in patients
with laryngeal and tracheal compression syndrome caused by thyroid diseases
and cicatricial tracheal stenosis

Abstract. Background. Tracheal compression syndrome is one of
the most severe complications of thyroid diseases and cicatricial
tracheal stenosis, which is accompanied by respiratory failure. To
assess the state of external respiratory function, standard research
methods are used such as spirography, pneumotachometry, and
body plethysmography. Objective criteria for respiratory failure
are indicators of changes in blood gas composition and acid-base
balance. However, these methods can only be considered as auxi-
liary in the diagnosis of tracheal stenosis. Methods for assessing the
degree of respiratory failure in this severe pathology have not been
studied sufficiently. The purpose is to study methods for assessing
the manifestations of respiratory failure in patients with laryngeal
and tracheal compression syndrome caused by thyroid diseases
and cicatricial tracheal stenosis. Materials and methods. The study
included 272 patients with laryngeal and tracheal compression
stenosis caused by cicatricial tracheal stenosis: 105 with cicatricial
tracheal stenosis and 167 with thyroid diseases. All participants

were admitted to the clinic as emergencies and operated for urgent
indications for tracheal compression syndrome at the V.T. Zayt-
sev Institute of General and Urgent Surgery of the NAMSU. The
study was conducted in 2018—2024. Results. Laryngeal and tracheal
stenosis primarily causes changes in the blood gas composition
and acid-base balance of varying intensity. A decrease in blood O,
saturation, especially over an extended period, inevitably affects the
functioning of organs with high energy consumption. This makes a
comprehensive approach to the treatment of such patients obvious.
Therapy should be aimed not only at restoring airway patency, but
also at supporting the entire body. Conclusions. To increase the
effectiveness of surgical and medical rehabilitation of patients with
laryngeal and cervical tracheal stenosis, the outlined set of studies
is necessary, which will allow substantiating the pathogenetic treat-
ment of such patients.

Keywords: respiratory failure; laryngeal and tracheal compression
syndrome; cicatricial tracheal stenosis; thyroid disease
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Pathophysiology of tumor progression
and possibilities of using polarization
biomedical optics methods in the diagnosis
of papillary thyroid cancer

Abstract. Background. Clinical diagnosis of papillary thyroid cancer usually occurs at the stage of tumor
progression accompanied by intensive processes of growth, invasion, formation of blood vessels to provide
blood supply to the tumor, the structure and quantitative changes of which can be more informatively accurately
assessed by polarization biomedical optics. The purpose of the study was to substantiate the possibility of using
polarization biomedical optics methods in the diagnosis of papillary thyroid cancer based on the principles of
comprehensiveness and integrated pathophysiology. Materials and methods. Two groups of patients were
studied: the control group — healthy donors (n = 51), the experimental group — patients with papillary thyroid
cancer (n = 51) who underwent a puncture biopsy of the thyroid gland for diagnostic purposes using the fun-
damental idea of polarization biomedical optics with two analytical approaches — statistical and topographic
(multifractal). Instrumental laser methods were used: polarization, interference, digital holographic. The statis-
tical parameters of polarization azimuth maps, polarization azimuth of phase and multifractal spectra of digital
microscopic images of native histological sections of thyroid biopsy from patients with papillary cancer were
quantitatively evaluated with the determination of average, dispersion, asymmetry and excess. The significance
of differences compared to the control, taken as 100 % was assessed using the Student’s parametric test
(p < 0.05). Results. A significant increase in the asymmetry and excess of the polarization azimuth, a significant
inhibition of the average polarization azimuth of phase digital microscopic images of native histological sections
of thyroid biopsy from patients with papillary cancer, a significant increase in the asymmetry and excess of phase
digital microscopic images of native histological sections of thyroid biopsy from patients with papillary cancer
were revealed. A significant increase in dispersion and a probable decrease in the asymmetry and excess of
multifractal spectra of polarization azimuth maps of digital microscopic images of native histological sections of
thyroid biopsy in patients with papillary cancer were shown. Conclusions. A significant increase in the biophysi-
cal optical parameters of digital microscopic images of native histological sections of thyroid biopsy of patients
with papillary cancer was found due to increased growth of connective tissue around transformed T thyrocytes
and blood vessels to provide their nutrition. A probable inhibition of the average azimuth of polarization of phase
digital microscopic images of native histological sections of thyroid biopsy of patients with papillary cancer and
a probable decrease in the asymmetry and excess of multifractal spectra of polarization azimuth maps of digital
microscopic images of native histological sections of thyroid biopsy of patients with papillary cancer are caused
by papillary proliferation of transformed T thyrocytes as an amorphous component in patients with papillary
cancer as a result of activation of tumor progression with intensive processes of growth, invasion, and formation
of blood vessels to provide blood supply to the tumor.

Keywords: tumor progression; papillary cancer; thyroid gland; polarization optics; integrative comprehensive
pathophysiological analysis
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Introduction

It is known that a tumor, as a typical pathological
process, is characterized by unlimited, unregulated tissue
growth, unrelated to the overall structure of the affected
organ and its functions, avoiding apoptosis, independence
from growth factors, insensitivity to anti-growth signals, tis-
sue invasion and metastases, lack of a Hayflick division limit,
and enhanced angiogenesis [1].

There are three stages in carcinogenesis: initiation (cell
transformation), promotion (the transformed cell receives a
stimulus to multiply, the tumor begins to grow) and tumor pro-
gression. Tumor progression is a qualitative change in the pro-
perties of a tumor, which becomes more and more malignant.
There are two periods of tumor development. The first is the
period from the appearance of a single tumor cell to the forma-
tion of a tumor containing 10° cells. This requires 30 doublings,
i.e. 90 days. The weight of such a tumor is approximately 1 g.
This is the smallest tumor that can be detected in the body using
modern research methods [2]. The second period is the period
during which the number of cells in the tumor increases from 10°
to 10", This requires only 10 doublings, i.e. 30 days. The tumor
weight at the end of the second period can be about 1 kg — this
is the largest possible malignant tumor that is still compatible
with life. The maximum distance of tumor cells from the lumen
of blood vessels cannot be more than 1—2 mm, if the distance
exceeds this value, the tumor cells die [3, 4]. Therefore, as a rule,
blood vessels intensively grow into a malignant tumor. This is
due to the fact that tumor cells release the so-called angiogenetic
factor (angiogenin), which stimulates the growth of capillaries
and the proliferation of endothelial cells [5].

Tumor progression is actually a transition from the first
to the second period, which is manifested clinically and al-
lows to assess the diagnostic value of biophysical methods.
The biophysical model analysis of the optical properties of
native histological sections of the thyroid gland is based on
the results of laser polarimetric studies of the morphological
structure of thyroid tissue, which is a two-component amor-
phous-anisotropic matrix [6, 7].

The amorphous component (parenchyma formed by epi-
thelial tissue — thyrocytes) is polarization inactive and does

not change the polarization state of the laser irradiating beam
[8]. The anisotropic or crystalline component (optically ac-
tive globulin protein complexes — follicles filled with a col-
loid of thyroglobulin proteins) forms coordinately distributed
rotations of the polarization plane or polarization azimuth
map [9]. The polycrystalline component of connective tissue
in the parenchyma — fibrillar protein networks of connective
tissue — has structural optical anisotropy or birefringence,
which is determined by the concentration and spatial-angular
organization of supramolecular protein fibrillar networks and
depends on their coordinate distribution in the volume of the
thyroid tissue sample.

The aim of this study is to substantiate the possibility of
using polarization biomedical optics methods in the diag-
nosis of papillary thyroid cancer based on the use of an inte-
grative complex pathophysiological analysis of the period of
intensive growth — tumor progression.

Materials and methods

Two groups of patients were studied: the control group —
healthy donors (51 patients), the experimental group — pa-
tients with papillary thyroid cancer (51 patients) who un-
derwent thyroid fine needle aspiration biopsy for diagnostic
purposes.

To implement the fundamental idea of polarization bio-
medical optics, two analytical approaches were used: sta-
tistical and topographic (fractal). The statistical approach
made it possible to objectively evaluate the distribution of
random values of the polarization azimuth of digital micro-
scopic images of thyroid tissue preparations without taking
into account their coordinate (topographic) structure. The
multifractal approach made it possible to objectively evaluate
the coordinate (topographic) structure of the distribution of
random values of the polarization azimuth of digital micro-
scopic images of thyroid tissue preparations.

Instrumental laser methods were used: polarization, in-
terference, and digital holographic. To summarize polariza-
tion interferometry, we used the scheme of stacked polari-
metric mapping based on the Mach-Zehnder interferometer
[10, 11], which is shown in Fig. 1.

Figure 1. Optical scheme of polarization-interference mapping of Stokes vector parameters: 1 — He-Ne laser; 2 —
collimator (O); 3, 11— beam splitters (BS); 4,5— mirrors (M); 6, 9— quarter wave plates (QP); 7, 10, 13— polarizers (P);
8 — object of study; 12 — polarizing lens (O); 14 — digital camera (CCD); 15 — personal computer (PC) [10]
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The purpose of the polarization method was to experi-
mentally detect the coordinate (m, n) distributions (maps)
of the azimuth a(m, n) of polarization from the classical
light digital microscopic image I(m, n) of a native histo-
logical section of thyroid tissue biopsy. The methodology
of the polarization method consisted in irradiating samples
of native histological sections of thyroid biopsy with laser
radiation. Due to the different absorption in the plane of
thyroid gland preparations, a coordinate (m, n) distribution
of the intensity value I(m, n) of the transmitted radiation
or a classical light image was formed. This image was mag-
nified with a microscopic lens and projected into the plane
of the photosensitive pixels of a digital CCD camera, which
recorded it as a set of coordinate digital intensity distribu-
tion values.

In order to extract polarization maps of the azimuth
a(m, n) polarization from the obtained digital microsco-
pic image, a linear polarizer-analyzer was placed in front of
the CCD camera. The transmission axis of the polarizer-
analyzer was rotated by an angle 0 in the range from 0 to
qt. Within each individual pixel of the digital CCD camera,
zero intensity values and the corresponding angles of rota-
tion of the transmission axis of the polarizer-analyzer were
recorded by computer. The resulting coordinate distribution
1(6, m, n) = 0 was fed into the computer interface and algo-
rithmically processed to determine the maps of polarization
azimuths a(m, n) [12, 13].

The purpose of the interference method was to experi-
mentally obtain the coordinate phase distribution §(m, n)
from the classical light digital microscopic image I(m, n) of
a native histological section of thyroid tissue biopsy. The me-
thodology of the interference method was to use an optical
laser interferometer platform. With the help of a 50% light
splitter, the laser beam was divided into two beams — irradia-
ting and reference. A rotating mirror was used to direct the
irradiating beam to the thyroid specimen under study. The
image of the preparation was projected by a micro-lens into
the plane of the photosensitive pixels of the digital camera.
The second rotating mirror directed the reference coherent
wave into the plane of the microscopic image of the test
sample. Thus, an interference pattern of the microscopic
image was formed, which was recorded by a set of pixels
of a digital CCD camera. The resulting digital interference
distribution was algorithmically processed and on this basis
the coordinate distribution of phase shifts d(m, n) of laser
oscillations at the points of the microscopic image of the
thyroid preparation was reproduced [14, 15].

To objectively evaluate the coordinate distributions of
random values of the polarization azimuth, we synthesize
the scale-selective wavelet and scale-self-similar fractal
analysis. The wavelet analysis is an analog of a “mathemati-
cal microscope” that allowed us to estimate the coordi-
nate distributions of different scale domains of polariza-
tion maps. This goal was achieved by computer scanning
with a certain specialized wavelet function with a variable
scale along the lines of coordinate distributions of azimuth
a(m, n), a(9_k, m, n) of the polarization of a digital micro-
scopic image. As a result, the distributions of wavelet coef-
ficients were determined, the amplitude of which charac-
terized the degree of correlation between the half-width of

the wavelet function and the size of the polarization domain
[16, 17]. The statistical parameters of polarization azimuth
maps, polarization azimuth of phase and multifractal spec-
tra of polarization azimuth maps of digital microscopic
images of native histological sections of thyroid biopsy of
patients with papillary cancer were quantitatively deter-
mined and evaluated: average, dispersion, asymmetry and
excess [10, 11]. The significance of differences compared
to the control, taken as 100 %, was determined using the
Student’s parametric test (p < 0.05).

Results

Papillary thyroid cancer was diagnosed during a routine
medical examination and manifested as an asymptomatic
thyroid nodule. In some cases, this nodular mass caused
localized symptoms, such as some discomfort in the neck
and swallowing, and a foreign body sensation in the throat.
The patients underwent an ultrasound examination of the
neck, which identified nodules ranging in size from 3—5 mm,
which is an early manifestation of papillary cancer.

The characteristic of papillary cancer was the presence
of nucleated inclusions (the cell nucleus, when stained with
hematoxylin-eosin, contained empty areas) and psammoid
bodies under light microscopy, and cells (transformed thyro-
cytes) formed characteristic papillary structures that provided
the tumor with an effective blood supply. The papillaec had
a central vascular core that supplied the tumor cells with
oxygen and nutrients necessary for their rapid growth and
proliferation.

Papillary thyroid cancer was sometimes characterized by
high invasive activity, which was manifested by metastasis
mainly by lymphatic route. At the same time, an increase
in the volume of the amorphous component — papillary
structures of transformed thyrocytes with a decrease in op-
tically active globulin protein complexes — follicles filled
with a colloid of thyroglobulin proteins and an increase in
the polycrystalline component of connective tissue in the
parenchyma — fibrillar protein strands of connective tissue
in the middle of transformed papillary structures was likely
[18, 19].

In particular, Fig. 2 shows a polarization map (frag-
ment 1) and a histogram (fragment 2) of the distribution of
the polarization azimuth value of a digital microscopic image
of a native histological section of a thyroid biopsy of a patient
from the control group (healthy donors). Fig. 3 demon-
strates the polarization map (fragment 1) and histogram
(fragment 2) of the distribution of the polarization azimuth
value of a digital microscopic image of a native histological
section of a thyroid biopsy of a patient from the experimental
group (patients with papillary cancer).

Fig. 4 shows the phase polarization map (fragment 1) and
histogram (fragment 2) of the distribution of the polariza-
tion azimuth value of a digital microscopic image of a native
histological section of a thyroid biopsy of a patient from
the control group (healthy donors). Fig. 5 demonstrates the
phase polarization map (fragment 1) and histogram (frag-
ment 2) of the distribution of the polarization azimuth value
of a digital microscopic image of a native histological section
of a thyroid biopsy of a patient from the experimental group
(patients with papillary cancer).
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Fig. 6 shows a skeleton of wavelet coefficients amplitudes
(fragment 1) and a multifractal spectrum of the distribution
of the polarization azimuth value of a digital microscopic
image of a native histological section of a thyroid biopsy of a
patient from the control group (healthy donors). Fig. 7 shows
a skeleton of wavelet coefficients amplitudes (fragment 1) and
a multifractal spectrum of the distribution of the polariza-
tion azimuth value of a digital microscopic image of a native
histological section of a thyroid biopsy of a patient from the
experimental group (with papillary cancer).

Fig. 8 shows the statistical parameters of polarization
azimuth maps (2—5), phase polarization azimuth maps (6—
9) and multifractal spectra of polarization azimuth maps
(10—13) of digital microscopic images of native histological
sections of thyroid biopsy of patients with papillary cancer
compared to control 1 — healthy donors (100 %). A signifi-
cant increase in the asymmetry and excess of the polarization
azimuth, a significant inhibition of the average polarization
azimuth of phase digital microscopic images of native histo-
logical sections of thyroid biopsy of patients with papillary
cancer, a significant increase in the asymmetry and excess of
phase digital microscopic images of native histological sec-

tions of thyroid biopsy of patients with papillary cancer were
revealed. A significant increase in dispersion and a proba-
ble decrease in the asymmetry and kurtosis of multifractal
spectra of polarization azimuth maps of digital microscopic
images of native histological sections of thyroid biopsy of
patients with papillary cancer were shown.

Discussion

The optical model of the morphological structure of thy-
roid tissue is a two-component amorphous anisotropic ma-
trix [20]. The amorphous component (parenchyma formed
by epithelial tissue — thyrocytes) is polarization inactive and
does not change the polarization state of the laser irradiating
beam. The anisotropic component (optically active globulin
protein complexes — follicles filled with a colloid of thyro-
globulin proteins) forms coordinately distributed (m X n — a
set of pixels of a digital camera) rotations of the polarization
plane o or the polarization azimuth map a(m, n).

The statistical structure of the polarization azimuth maps
a(m, n) is determined by the concentration of optically active
thyroglobulin protein chiral molecules of the follicle colloid
and does not depend on their coordinate distribution in the
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Figure 2. Polarization map (fragment 1) and histogram
(fragment 2) of the distribution of the polarization azi-
muth value — a (angle from 0 to m between the plane of
oscillation of the electric voltage vector and the plane
of reference of laser radiation incidence on the object
of study) of a digital microscopic image of a native his-
tological section of a thyroid biopsy of a patient from
the control group (healthy donors)

Figure 3. Polarization map (fragment 1) and histogram
(fragment 2) of the distribution of the polarization azi-
muth value a (angle from 0 to m between the plane of
oscillation of the electric voltage vector and the refe-
rence plane of laser radiation incidence on the object
of study) of a digital microscopic image of a native his-
tological section of a thyroid biopsy of a patient from
the experimental group (with papillary cancer)
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Figure 4. Phase polarization map (fragment 1) and his-
togram (fragment 2) of the distribution of the polariza-
tion azimuth a (angle from 0 to m between the plane of
oscillation of the electric voltage vector and the plane
of reference of laser radiation incidence on the object
of study) of a digital microscopic image of a native his-
tological section of a thyroid biopsy of a patient from
the control group (healthy donors)

Figure 5. Phase polarization map (fragment 1) and his-
togram (fragment 2) of the distribution of the polariza-
tion azimuth a (angle from 0 to m between the plane of
oscillation of the electric voltage vector and the plane
of reference of laser radiation incidence on the object
of study) of a digital microscopic image of a native his-
tological section of a thyroid biopsy of a patient from
the experimental group (with papillary cancer)
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Figure 6. Skeleton of wavelet coefficients amplitudes

(fragment 1) and multifractal spectrum of polarization

azimuth distribution of digital microscopic image of na-

tive histological section of thyroid biopsy of a patient
from the control group (healthy donors)

Figure 7. Skeleton of wavelet coefficients amplitudes
(fragment 1) and multifractal spectrum of polarization azi-
muth distribution of digital microscopic image of native
histological section of thyroid biopsy of a patient from
the experimental group (patients with papillary cancer)

Notes: b is the coordinate displacement of the wavelet function that longitudinally scans the map of wavelet
coefficients; h is the size of the “window” (half-width) or scale of the wavelet function; W — the amplitude values
of the wavelet coefficients for each scale h and the offset coordinate b.
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Figure 8. Statistical parameters of polarization azimuth maps (2-5), phase polarization azimuth maps (6-9) and

multifractal spectra of polarization azimuth maps (10-13) of digital microscopic images of native histological

sections of thyroid biopsy of patients with papillary cancer: 1 — control — healthy donors (100 %); 2, 6, 10 — ave-

rage; 3, 7, 11 — dispersion; 4, 8, 12 — asymmetry; 5, 9, 13 — excess; p — significance of differences compared
to controls (Student’s parametric test)

volume of the parenchyma of the thyroid tissue sample. The
polycrystalline component (layers of the connective tissue
network in the parenchyma — supramolecular fibrillar pro-
tein networks of connective tissue) has structural optical
anisotropy or birefringence. The topographic structure of the
polycrystalline network of the healthy thyroid tissue layer is
scale-self-similar and close to fractal. The coordinate dis-
tributions of random values of the polarization azimuth are
fractal. Pathological changes in the thyroid gland lead to the
transformation of the fractal structure of the parenchyma due
to: follicle shrinkage with a decrease in polycrystalline struc-
tural birefringence due to papillary proliferation of trans-
formed thyrocytes, which leads to papillary thyroid cancer.
The methodology of statistical analysis is not sufficient for
an objective assessment of the complex topographic, coordinate
heterogeneous structure of polarization maps of digital micro-
scopic images of thyroid biological specimens due to its coor-
dinate insensitivity. The synthesis of scale-selective wavelet and
scale-self-similar fractal analysis is a complement to statistical
analysis for estimating the coordinate distributions of random
values of the polarization azimuth. The wavelet analysis makes
it possible to estimate the coordinate distributions of different
scale domains of polarization maps. This goal is achieved by

computer scanning with a certain specialized wavelet function
with a variable scale along the lines of coordinate distributions
of azimuth a(m, n), a(9_k, m, n) of polarization of a digital
microscopic image. As a result, the distributions of wavelet co-
efficients are determined, the amplitude of which characterizes
the degree of correlation between the half-width of the wavelet
function and the size of the polarization domain [21, 22].

Conclusions

A significant increase in the asymmetry and excess of the
polarization azimuth was detected, a significant increase in the
asymmetry and kurtosis of phase digital microscopic images
of native histological sections of thyroid biopsy of patients
with papillary cancer and a significant increase in the disper-
sion of multifractal spectra of azimuth maps polarizations of
digital microscopic images of native histological sections of
thyroid biopsy of patients with papillary cancer are caused by
the growth of connective tissue around papillary structures and
angiogenesis to provide tumor nutrition. A probable inhibition
of the average azimuth of polarization of phase digital micro-
scopic images of native histological sections of thyroid biopsy
of patients with papillary cancer and a probable decrease in
asymmetry and kurtosis of multifractal spectra of polarization
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azimuth maps of digital microscopic images of native histolo-
gical sections of thyroid biopsy of patients with papillary cancer
are caused by papillary proliferation of transformed thyrocytes,
as an amorphous component, and a decrease in the volume of
colloidal follicles as a crystalline component in patients with
papillary cancer as a result of increased tumor progression.
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" BYKOBUHCBKN ASPXKABHUA MEANYHU YHIBEOCUTET, M. YepHiBLi, YKkpQiHa
2 YepHiBeLibkivi HALIOHAAbHUI YHIBEpCUTET iMeHI IOpist DeabkoBmYa, M. YepHisLy, YkpaiHa

MNarodgisioAorisi Ny XAMHHOIO NPOrpeCcyBAHHS TA MOXXAUBOCTI BUKOPUCTAHHS
METOAIB NOASIPUIALIMHOT GiOMEeAUYHOT ONTUKU
B AIQrHOCTUL NANIASPHOro PAKy LWUTONOAIGHOT 30A03U

Pesiome. Axmyaavnicms. Kiiniuna qiarHOCTHKa ManiisspHOro
paKy IMUTOMOMIOHOT 321031 3MIMCHIOETHCS IEPEBAXKHO Ha CTafii
MyXJIMHHOTO TNporpecyBaHHs. Lleii npoiiec cynpoBOIXKYy€eThCS iH-
TEHCHBHUMHU POCTOM, iHBA3i€10, yTBOPSHHSM CYIUH 1151 3a0e311e-
YeHHSI KPOBOIIOCTaUYaHHSI MyXJIMHU, CTPYKTYPY Ta KiJIbKiCHi 3MiH1
SIKOI MOXHa Oi1b1I iHPOPMATUBHO TOYHO OLIHUTH 32 TOTIOMOTOI0
METO/IiB MoJIsIpu3aliitHoi 6ioMeanyHOi onTuKU. Mema docaioxncen-
Hs: OOTPYHTYBATU MOXJIMBOCTI 3aCTOCYBAaHHSI METOJIIiB TOJISIPY-
3alliiiHOl 6iOMEeIMYHOI ONTUKHU B AiarHOCTUILII MAMiISIPHOTO paKy
IIMTOMNOMIOHOT 3271031 Ha OCHOBI MPUHIIMIIB iHTETPaTUBHOCTI Ta
KOMITJIEKCHOTO marodiziosiorivHoro minxony. Mamepiaiu ma me-
moou. BuBuaau IBi rpynu XBOpUX: KOHTPOJIBbHY (300POBi JOHOPU;
n = 51) Ta nocnigHy (Maui€HTH 3 MAMISPHUM PAKOM IIUTOMOAI0-
HOI 3aJ103U, SIKUM 3 1iarHOCTUYHOIO METOIO IMTPOBOWIIN IMTyHKILIITHY
6ionciio; n = 51). BukopuctoByBaiu hyHAaMEHTAIbHY i€l OIS -
pu3aLiitHoi 6ioMeIMYHOI ONTUKM 3 IBOMA aHAITUIHUMU TIiIX0-
JIaMU — CTaTUCTUYHUM i TormorpadiuHuM (MyabTU(pPAKTATbHUM).
Y nocnigKeHHi 3aCTOCOBYBaIM iHCTPYMEHTAIbHI JIa3€pHi METOIN:
nossipusauiitHuit, intepdepenuiitnuii, undposuii rosorpadiv-
Huii. KiTbKiCHO OLIIHIOBAaIM CTATUCTUYHI MapaMeTpH MaIl a3uMyTa
noJisipu3allii, a3uMyTa noJsipu3allii (ha3oBUX i MyJIbTU(PaKTaIb-
HUX CIIeKTPiB HMU(MPOBUX MiKPOCKOITIYHUX 300paXkeHb HATUBHUX
TICTOJIOTIYHUX 3pi3iB GioMCil MMUTONONIOHOI 3aJI031 Y XBOPUX Ha
MamiIIPHUI paK i3 BUBHAYEHHSIM CepeIHbOI, TUCIIepCii, acuMeTpii
Ta ekciiecy. BiporinHicTpb BinMiHHOCTe! OPiBHSIHO 3 KOHTPOJIEM,
npuitHsaTiM 3a 100 %, oliHIOBaIM 3a JOIMTOMOIOI0 TTapaMeTpHy -
Horo kputepito CteroneHTa (p < 0,05). Pesyasmamu. BusiBneHo
BiporigHe 301IbIIEHHS aCUMETPil Ta eKCIIeCy a3uMyTa IoJIsIpu3allii,
BipOTi/IHe raJIbMyBaHHS CepeIHbOI a3UMyTa MoJsipu3allii hazoBux

1MGbPOBUX MIKPOCKOIMIYHUX 300pakeHb HATUBHUX TiCTOJOTIYHUX
3pi3iB OiOMCii LIMTONMOMIOHOI 31031 Y XBOPUX Ha MANUISIPHUI pak,
BiporimHe 30iIbIIIeHHs] acuMeTpii Ta ekciiecy $ha3oBux 1ucpo-
BUX MiKPOCKOITIYHUX 300pakeHb HATUBHMX TiCTOJIOTIYHMX 3Di3iB
Giorcii muTonoaioHOI 3aJ103u B 0cCi0 i3 mamijsspHuM pakom. ITo-
Ka3aHo BiporigHe 3poCTaHHs AUCHEpPCii Ta BipoTiaHe 3HUXEHHS
acuMeTpii i ekciiecy MyIbTU(dpPaKTaIbHUX CIIEKTPIB Mar a3umyTa
rmoJisipu3anii TppPOBUX MiKPOCKOIIYHUX 300pakeHb HATUBHUX
TiCTOJIOTIYHMX 3pi3iB Oi0MCii IMMTONMOMIOHOT 321031 B MALIIEHTIB i3
ManiIsipHUM pakoM. Bucroexu. BctaHoBjieHe BiporiaHe 3pocTaHHs
0i0(i3MYHUX ONTUYHUX MTOKA3HUKIB LIM(PPOBUX MIKPOCKOTIIYHUX
300paXkeHb HATUBHUX TiCTOJOTIYHUX 3Pi3iB Oiomcii muTonomio-
HOI 321031 XBOPUX Ha MAIJISIPHUI paKk 3yMOBJEHO MiABUILIEHUM
PO3POCTAaHHSIM CIOJYYHOI TKAHMHU HABKOJO TpaHchopmoBa-
HUX TUPEOIIUTIB Ta CYIWH JUISI 3a0e3MeYeHHSsI IXHBOTO XXUBJICHHSI.
BusiBneHi BiporinHe raJbMyBaHHSI CepeIHbBOI a3MMyTa OIS pr3allii
¢a3oBux HUGPOBUX MIKPOCKOIIYHUX 300paxkeHb HATUBHUX Ti-
CTOJIOTIYHHUX 3Pi3iB IIMTONOAIOHOT 3271031 U BiporinHe 3HUKEHHS
acuMeTpii Ta ekclecy MyJbTU(GpaKTaIbHUX CIIEKTPiB Mall a3uMyTa
rmoJisipu3anii TppPOBUX MiKPOCKOIIYHUX 300pakeHb HATUBHUX
TiCTOJIOTIYHMX 3pi3iB OioMCii IMMUTONMOAIOHOI 3371031 Y XBOPUX Ha
MarniJsipHUid pak 3yMOBJICHI NANIIPHUM PO3POCTaHHSIM TPaHC-
(opMOBaHMX TUPEOUTIB SIK aMOP(HOTO KOMITOHEHTA B TaKUX
MALEHTIB y pe3yabTaTi aKTUBAIlil ITyXJIMHHOTO IIPOTPEeCYBaHHS
3 iIHTEHCUBHUMU TIpOlieCaMM POCTY, iHBa3ii, YTBOPEHHSIM CYIUH
JUTSI 3a0e3TeYeHHsT KpOBOTIOCTAYaHHSI ITYXJIMHMU.

KirouoBi ciioBa: nyximHHe NporpecyBaHHs; NaMiISPHUN pakK;
IIMTOITOAIOHA 3aJ1032a; MOoJIsIpU3alliiiHa ONTHKA; iIHTerpaTUBHUM
KOMILUIEKCHUM maTo(i3ionorivHui aHasi3
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The role of endogenous insulin in patients
with acute pancredadtitis

Abstract. Background. Acute pancreatitis is an inflammatory disease of the exocrine part of the pancreas,
accompanied by various complications and further development of necrosis of the gland and parapancreatic
tissue with possible secondary infection. The study of experimental models shows that the acinar cells surrounding
the islets of Langerhans remain relatively intact, indicating that endogenous insulin is a protective factor for the
pancreatic parenchyma. The purpose of the study was to determine the dependence of endogenous insulin levels
on the extent of pancreatic parenchymal damage. Materials and methods. Prospective analysis of endogenous
insulin levels in 51 patients with acute pancreatitis. Results. Comparison of the mean values of endogenous
insulin revealed that in patients with necrotizing pancreatitis, the median value was statistically significantly lower
than in patients without pancreatic necrosis (p < 0.001). Moreover, in pancreatic necrosis, the determined level
of endogenous insulin did not exceed 9 mclU/ml and in 7 (13.7 %) patients, insulin was below the reference
values. ROC analysis showed that low endogenous insulin is a risk factor for pancreatic necrosis. The threshold
value of endogenous insulin, at which pancreatic necrosis was most often diagnosed, was determined, cut-off
value of 5.3 melU/ml, AUC of 0.96 (95% CI 0.92-1.00) (sensitivity 91.89 % (95% CI 78.09-98.3 %), specificity
71.43 % (95% Cl 41.9-91.61 %), PPV 89.47 % (95% Cl 78.69-95.14 %), NPV 76.92 % (95% CI| 51.74-91.2 %)).
Conclusions. There was a statistically significant difference between the mean insulin values depending on the
volume and location of pancreatic parenchymal damage (p < 0.001). In patients without pancreatic necrosis,
endogenous insulin was statistically significantly higher than in those with pancreatic necrosis (p < 0.001). Binomial
logistic regression analysis showed that the development of pancreatic necrosis in patients with acute pancreatitis
significantly depended on the values of endogenous insulin at hospitalization. The level of endogenous insulin may
be an additional indicator of the acute pancreatitis severity and the formation of necrotic changes in the pancreatic
tissue, which will allow for correct initiation of treatment.

Keywords: acute pancreatitis; necrosis; endogenous insulin; severity

Introduction

Acute pancreatitis is an acute aseptic inflammation of
the pancreas of a demarcation nature, which is based on the
processes of cytotoxic Ca®* overload, pancreatic necrosis
and fermental autoaggression with further development of
necrosis of the gland and parapancreatic tissue, degeneration
of the gland and parapancreatic space and possible addition
of secondary infection.

According to the review of global epidemiology, the
cumulative incidence of acute pancreatitis is 34 cases per
100,000 people in the general population per year with 1.16

deaths [1]. Mortality among patients with persistent organ
failure and pancreatic necrosis can reach 30—40 % [2].

A substantial number of biochemical markers that can
be predictors of complications of acute severe necrotising
pancreatitis are still being studied. More specifically, they are
IL-6, IL-8, polymorphonuclear elastase, TNF-alpha, tryp-
sin-alpha-1 protease complex, hepsidin, copeptin, ISAM-1,
resistin, presipsin, and others. However, most of them are
expensive and their indicators are elevated only in the first
24—48 hours after the onset of the disease, so they are not
used in daily clinical practice.

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

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

[Ina kopecnozeHuii: 1BaHeub Tetana l0piiBHa, acnipaHT, acucTeHT, cTapluuii nabopaHT, kadespa 3aranbHoi xipyprii N2 1, HauioHansHuit meguunmii yrisepcuteT imeni 0.0. boromonbug, 6ynbe. Tapaca
LlleByeHka, 13, m. Kuig, 01601, YkpaiHa; e-mail: tanivanets@gmail.com; Ten.: +-380 (63) 746-53-03

For correspondence: Tetiana Yu. Ivanets, PhD Student, Assistant, Senior Laboratory Assistant, Department of General Surgery 1, Bogomolets National Medical University, Taras Shevchenko boulevard, 13,
Kyiv, 01601, Ukraine; e-mail: tanivanets@gmail.com; phone: +380 (63) 746-53-03

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

Tom 20, N2 8, 2024 www.mif-ua.com, https://iej.zaslavsky.com.ua 83



OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

One of the most promising biochemical markers of ne-
crosis development and its volume is endogenous insulin.
The study of experimental models shows that the acinar
cells surrounding the islets of Langerhans remain relatively
intact [3], which indicates that endogenous insulin is a pro-
tective factor for the pancreatic parenchyma.

The purpose of the study was to determine the depen-
dence of endogenous insulin levels on the extent of pancrea-
tic parenchymal damage.

Materials and methods

Prospective analysis of endogenous insulin levels in 51
patients with acute pancreatitis in comparison with the volu-
me of pancreatic parenchymal damage.

The given study was conducted within the research work
“Development and improvement of diagnostic methods,
prognosis and surgical treatment of complications of hepa-
topancreatoduodenal region diseases”, 2023—2025 (state
registration number 0123U100953). Permission to conduct
the study was approved by the expert decision of the bioethi-
cal commission dated June 20, 2022, protocol No. 159. All
study procedures were carried out following the current legi-
slation of Ukraine on ethics, the principles of Good Clini-
cal Practice (ICH 6CP), and the recommendations of the
Declaration of Helsinki (2013).

The prospective sample included 51 patients, 30 (58.8 %)
men and 21 (41.2 %) women. The mean age of the patients
was 45.0 (34.0; 56.0) years. The average body mass index
(BMI) was 28.340 + 4.256 (Table 1).

Acute mild pancreatitis was diagnosed in 14 (27.4 %) pa-
tients, and 37 (72.6 %) patients were diagnosed with moderate
and severe acute pancreatitis. The Revised Atlanta Classifi-
cation for Acute Pancreatitis 2012 was used to determine the
severity of pancreatitis [4]. The presence of pancreatic tissue
necrosis was assessed by computed tomography with intra-
venous contrast (CTSI Baltazar), intraoperatively, and by
autopsy. The clinical and morphologic classification of acute
severe pancreatitis was used to evaluate intraoperative and
autopsy materials [5, 6]. Pancreatic tissue necrosis of varying
extent was diagnosed in 37 (72.5 %) patients. Among them
were 2 (3.9 %) patients with total transmural necrosis and 34
(66.6 %) with superficial subtotal and focal forms of necrosis.

Blood sampling was performed 24—72 hours after hos-
pitalization on an empty stomach with the evaluation of the
obtained serum for the presence of lipemia.

Inclusion criteria: patients with acute pancreatitis with
or without pancreatic necrosis, no general, medical or social
contraindications, patients over 18 years, patient’s consent
to participate in the study and subsequent outpatient moni-
toring.

Non-inclusion criteria: patients with COVID-19 (severe
course), chronic fibrotic degenerative pancreatitis in the acute
stage (presence of pancreatic pseudocysts, virsungoectasia and
virsungolithiasis), pancreatic surgery; presence of oncological
pathology; long-term use of high doses of anticoagulants and
antiplatelet agents before the onset of the disease.

Exclusion criteria: patient refusal of diagnosis and treat-
ment at any stage of the study, patient death not related to the
underlying disease, and patients with hypertriglyceridemic
acute pancreatitis.

Table 1. Characteristics of the patients (n = 51)

Characteristic Value
Age, years 45.0 (34.0; 56.0)
Men, n (%) 30 (58.8)
Women, n (%) 21 (41.2)
BMI, kg/m? 28.340 + 4.256

Endpoint of the study: to determine the presence or ab-
sence of a relationship between endogenous insulin levels and
the volume of pancreatic parenchymal damage.

Statistical software used in this study included IBM
SPSS Statistics. The Shapiro-Wilk test was used to assess
the normality of continuous variables. Categorical data
were presented as numbers (percentages). All continuous
variables were presented as median (interquartile range
(Q1; Q3)) and standard deviation. Pearson’s Chi-square
and Fisher’s exact test were used to compare frequencies.
To compare continuous variables in the two groups, the
Mann-Whitney U test and the Kruskal-Wallis test were
performed. For a posteriori comparisons, the Dunn’s test
with Bonferroni correction was chosen, and the z-test was
used to compare proportions. Binomial and multinomial
logistic regression analyses werre used to determine the
factor attributes that significantly influenced the risk of the
case. P < 0.05 were considered statistically significant. The
ROC curve was constructed and the optimal cut-off values
of endogenous insulin were selected, and the corresponding
sensitivity and specificity values were obtained. P < 0.05 was
considered statistically significant.

Results

The age of the patients included in the study ranged from
19 to 80 years (mean 45.0 (34.0; 56.0)). The minimum hos-
pital stay was 3 days, the maximum was 131 days.

In this cohort patients with acute necrotizing pancreatitis
prevailed (p = 0.002). Moreover, there was no statistically
significant difference in the volume of necrotic lesions of the
pancreatic parenchyma (p = 0.97).

Among patients with acute pancreatitis, severe course was
more often diagnosed (p = 0.001).

At the time of hospitalization, all patients had their endo-
genous insulin levels measured, which averaged 4.3 mcIU/ml
(2.0; 8.0). The minimum value was 1.07 mcIU/ml, the maxi-
mum value was 15 mclU/ml.

A summary of the characteristics of the patients included
in the study and the features of the underlying disease is given
in Table 2.

There was no statistically significant difference bet-
ween patients with and without pancreatic necrosis by age
(p =0.295).

It was found that patients with pancreatic necrosis
had a statistically significantly longer hospital stay com-
pared to patients without necrotic changes in the pancreas
(p <0.001).

When comparing the mean values of endogenous insulin,
it was found that in patients with necrotic changes of the
pancreas, the median of this laboratory indicator was statis-
tically significantly lower than in patients without necrosis
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Table 2. Generalized characteristics of patients
(n = 51) and underlying disease

Characteristic Value
Age, years* 45.0 (34.0; 56.0)
Days of hospitalisation* 38.0 (20.0; 65.0)
Insulin level, mclU/ml* 4.3 (2.0; 8.0)
Pancreatic tissue necrosis, n (%):
— present; 37 (72.5)
— absent 14 (27.5)
Parenchymal damage, n (%)**:
— less than 30 %; 12 (23.5)
— 30-50 %; 12 (23.5)
— more than 50 % 13 (25.4)
Severity, n (%)***:
— mild; 14 (27.5)
— moderate and severe 37 (72.5)

Notes: * — mean values in the form of Me (Q1; Q3);
** — according to the CTSI classification in patients
with pancreatic necrosis (n = 37); *** — according to
the Revised Atlanta Classification (2012).

(p <0.001). Moreover, in pancreatic necrosis, the determined
level of endogenous insulin did not exceed 9 mcIU/ml and
in 7 (13.7 %) patients, insulin was below the reference values.

In the group of patients with mild acute pancreatitis, the
level of endogenous insulin was not lower than 5 ulU/mL,
which corresponds to the reference values.

The data are presented in Table 3.

Further statistical analysis revealed a statistically signifi-
cant difference between the mean insulin values depending
on the volume of pancreatic parenchymal damage (p < 0.001,

Kruskal-Wallis test). 4 posteriori comparisons (Dunn’s test
with Bonferroni correction) showed that the mean values of
endogenous insulin in pancreatic necrosis of more than 50 %
were statistically significantly lower compared with 30—50 %
necrosis of the pancreatic tissue (p = 0.012) and did not differ
from insulin levels in patients with necrosis of less than 30 %
of the pancreatic parenchyma (p = 0.06). In patients without
pancreatic necrosis, endogenous insulin values were statis-
tically significantly higher than in patients with pancreatic
necrosis: 0 vs. less than 30 % (p = 0.006); 0 vs. 30—50 %
(p =0.035); 0 vs. over 50 % (p < 0.001) (Table 4).

Moreover, in case of pancreatic necrosis of more than
50 %, the frequency of endogenous insulin levels up to
2 mclU/ml was statistically significantly higher compared
to the group of patients with less than 30 % of necrosis, and
the frequency of levels from 2 to 5 mcIU/ml, on the contrary,
was statistically significantly lower than in the pancreatic tis-
sue necrosis of less than 30 and 30—50 % (p < 0.05, z-criteria
for comparison of proportions with Bonferroni correction).
The latter levels of endogenous insulin were mainly diag-
nosed in necrosis of up to 30 and 30—50 % of pancreatic pa-
renchyma. Endogenous insulin levels more than 9 mcIU/ml
were noted only in patients without pancreatic tissue necro-
sis — with mild acute pancreatitis (Table 4).

Analyzing the levels of endogenous insulin within the
normal range and below the normal range, it was found that
in patients without and with pancreatic necrosis less than
50 % of the pancreas, the frequency of endogenous insulin
levels within the normal range was statistically significant-
ly higher compared to more than 50 % necrosis (p < 0.05,
z-criteria for comparison of proportions with Bonferroni
correction).

Table 3. Comparison of patients with acute pancreatitis depending on the presence
of pancreatic necrosis

Moderate and severe acute Mild acute pancreatitis
Indicator pancreatitis (with necrosis (without necrosis P-value
of the pancreas), n = 37 of the pancreas), n = 14
Characteristic of patients and underlying disease
Age, years 48.0 (36.5; 60.0) 41.5 (34.0; 49.8) 0.295
Hospital stay, days 56.0 (28.5; 7) 13.0 (7.3; 26.3) < 0.001
Severity, n (%):
— mild; 0 (0) 14 (100) < 0.001
— moderate and severe 37 (100) 0 (0)
Extent of necrosis, n (%):
— 0 %; 0 (0) 14 (100)
— less than 30 %; 12 (32.4) 0 (0) -
— 30-50 %; 12 (32.4) 0(0)
— more than 50 % 13 (35.1) 0 (0)
Characteristic of endogenous insulin levels

Insulin, meclU/ml 2.8 (1.61; 5.0) 9.7 (7.2; 12.3) < 0.001
Level of insulin, n (%):
— below 2 mclU/ml; 10 (27.0) 0 (0)
— 2-5 mclU/ml; 18 (48.6) 0 (0) < 0.001
— 5-9 mclU/ml; 9 (24.3) 6 (42.9)
— over 9 mclU/ml 0 (0) 8 (57.1)
Below the normal range, n (%) 7 (18.9) 0 (0) 0.169
Within the normal range, n (%) 30 (81.1) 14 (100) )

Notes: Mann-Whitney U test was used to compare mean values. Pearson’s Chi-square and Fisher’'s exact test
were used to compare frequencies. Statistically significant difference at p < 0.05.
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Table 4. Comparison of insulin values in the groups

Pancreatic tissue necrosis Without pancreatic
Indicator : : P-value
Less than 30 % 30-50 % Over 50 % tissue necrosis

Insulin, mclU/mlI* 2.9 (2.2;7.0) 4.7 (3.3; 5.9) 1.4 (1.2; 2.0) 9.7 (7.2;12.3) < 0.001
Insulin level, n (%):
— up to 2 mclU/ml; 1(8.3) 0 (0) 9 (69.2) 0 (0)
— 2-5 mclU/ml; 7 (58.3) 7 (58.3) 4 (30.8) 0 (0) < 0.001
— 5-9 mclU/ml; 4 (33.3) 5(41.7) 0 (0) 6 (42.9)
— over 9 mclU/ml 0(0) 0 (0) 0 (0) 8 (57.1)
Insulin compared
to the normal range, n (%): 0.001
— below the normal range; 1(8.3) 0 (0) 6 (46.2) 0(0) )
— within the normal range 11 (91.7) 12 (100) 7 (53.8) 14 (100)

Notes: * — average values are presented as Me (Q1; Q3). The comparison was performed using the Kruskal-Wallis
test. Statistically significant difference at p < 0.05. The Cramér’s V correlation coefficient was used to compare

frequencies. Statistically significant difference at p < 0.05.

During hospitalization, the mean endogenous insulin
values were statistically significantly higher in patients with
acute mild pancreatitis compared to patients with acute se-
vere and moderate pancreatitis (p < 0.001, Mann-Whitney
test) (Fig. 1).

Binomial logistic regression analysis showed that the de-
velopment of necrosis in the pancreatic tissue in patients
with acute pancreatitis significantly depended on the values
of endogenous insulin at hospitalization and did not depend
on the patient’s age (Nagelkerke’s R2 = 0.75, p = 0.002).
Multinomial logistic regression analysis did not show a sta-
tistically significant relationship between the percentage of
pancreatic tissue damage, endogenous insulin levels, and the
severity of acute pancreatitis at hospitalization (McFadden
Pseudo R2 =0.953, p > 0.05)

Binary logistic regression analysis showed a causal re-
lationship between the occurrence of pancreatic necrosis
and endogenous insulin levels at the time of hospitalization
(Nagelkerke’s R2 =10.752, p =0.002). Low levels of endoge-
nous insulin may be a prognostic factor for the development
of pancreatic necrosis.

ROC analysis showed that low endogenous insulin
level is a risk factor for pancreatic necrosis. The threshold
value of endogenous insulin, at which pancreatic necro-
sis was most often diagnosed, was determined, cut-off va-
lue = 5.3 mcIU/ml, AUC = 0.96 (95% CI 0.92—1.00) (sen-
sitivity 91.89 % (95% CI 78.09—98.3 %), specificity 71.43 %
(95% CI 41.9-91.61 %), PPV 89.47 % (95% CI 78.69—
95.14 %), NPV 76.92 % (95% CI 51.74-91.2 %)) (Fig. 2).

Discussion

The pathophysiologic mechanism of acute pancreatitis
is complex and not yet fully understood. For many years,
an important role has been played by primary factors of ag-
gression — trypsin, chymotrypsin, which cause coagulation
necrosis, proteolysis, vasodilation, shock, coagulopathy,
hemorrhage, anemia, kinin release, increase vascular perme-
ability; phospholipase A2, which destroys cell membranes,
causes the formation of lysophosphates, increases vascular
permeability, and causes shock lungs; lipase, which hydro-
lyzes intracellular triglycerides to fatty acids and, when com-
bined with calcium, leads to lipolytic necrosis of the pancre-
as, retroperitoneal tissue, mesentery of the small and large
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Figure 1. Endogenous insulin levels depending
on the severity of acute pancreatitis
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Figure 2. ROC curve of the test for predicting
the risk of necrosis depending on the level
of endogenous insulin

Notes: ° — under the nonparametric assumption; * —
null hypothesis: true area = 0.5.
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intestine, causes local acidosis, hypocalcemia; and elastase,
which destroys the vascular wall and interstitial connective
tissue, leading to hemorrhagic necrosis [7]. In recent years,
the role of a universal trigger has been played by an increase
in the cytoplasm of acinar cells in the content of free Ca** ions
due to the cessation of the ATP-dependent calcium pump
(PMCA), as a result of well-known etiologic factors. Further
activation of the kallikrein-kinin system, cytokines, and the
sympatho-adrenal system leads to dysfunction of target organs
and the development of multiple organ failure [8, 9].

Current researches are aimed at studying the possibili-
ties of influencing a particular molecular component in the
development of acute pancreatitis in order to alleviate the
course of acute pancreatitis, because currently, acute pan-
creatitis treatment protocols are mainly aimed at sufficient
resuscitation and treatment of multiple organ failure [10, 11].

The theory of insulin usage to restore the function of the
acinar cell PMCA and release cytotoxic calcium ions into the
extracellular space may be quite promising in understanding
the management of acute pancreatitis [3, 12].

According to the results of an experimental study by
J.ILE. Bruce et al. [13], which aimed to determine whether
insulin has a protective effect on the pancreatic parenchyma,
it was determined that endogenous insulin directly protects
pancreatic acinar cells from damage in two mechanistically
distinct experimental models of acute pancreatitis (ceru-
loplasmin and POA/ethanol-induced). Impaired insulin
secretion (which occurs in mice with type 1 diabetes) and
deletion of insulin receptors in pancreatic acinar cells (which
occurs in PACIRKO mice) leads to worsening of pancreatitis.
In addition, this study also provides the first evidence that
exogenous insulin administration reduces ceruloplasmin-
induced elevation of plasma amylase and thus acute pan-
creatic injury. These findings suggest that exogenous insulin
infusion with tight euglycemic control may reduce early pan-
creatic injury associated with acute pancreatitis.

At present, there are handful of scientific studies con-
firming the protective effect of endogenous insulin on pan-
creatic acinar cells and, especially, the study of the patho-
physiological mechanisms of the latter, but the idea of using
insulin as a treatment for acute pancreatitis is, in our opinion,
quite promising [14, 15].

According to the results of the study, it was found that in
19.6 % of patients the level of endogenous insulin was low,
but in 4 (7.8 %) patients with pancreatic lesions of more
than 50 %, the activity of endogenous insulin remained quite
high, within the reference values of the normal range —
2—23 mclU/ml, which can be explained by the anatomical
features of the location of the Langerhans islets mainly in the
pancreatic tail. Accordingly, in the localization of pancreatic
necrosis with predominant damage to the head and body of
the pancreas, the islets of Langerhans in the projection of the
preserved parenchyma of the tail remain intact.

From another point of view, using the example of a poste-
riori comparisons, it can be seen that the level of endogenous
insulin in patients with parenchymal necrosis of more than
50 % did not differ statistically from the group of patients with
necrosis of less than 30 %, since this group of patients inclu-
ded those who were diagnosed with a predominant lesion of
the pancreatic tail according to computed tomography.

Based on the study, it was found that in most patients
with acute pancreatitis, although the level of endogenous in-
sulin was within the reference values, it was quite low, which,
in our opinion, may be due to the idea of the protective func-
tion of endogenous insulin on acinar cells of the pancreas
and depends on the localization of the site of necrosis of the
pancreatic tissue (head, body, tail).

Conclusions

There was a statistically significant difference between the
mean insulin values depending on the volume and location
of pancreatic parenchymal damage (p < 0.001). In patients
without pancreatic necrosis, endogenous insulin values were
statistically significantly higher than in patients with pan-
creatic necrosis (p < 0.001). Binomial logistic regression
analysis revealed that the development of pancreatic necrosis
in patients with acute pancreatitis significantly depended
on the values of endogenous insulin at hospitalization. The
level of endogenous insulin may be an additional indicator
of the acute pancreatitis severity and formation of necrotic
changes in the pancreatic tissue, which will allow well-timed
initiation of treatment.
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POAb @HAOreHHOrO iIHCYAiIHY Y XBOpPUX
HO rOCTPUN NAHKPEeaTUT

Pe3ome. Axmyaavnicms. TocTpuii maHKpeaTUT — 3amajbHe
3aXBOPIOBAHHS €K30KPUHHOI YaCTUHM IMiIILTYHKOBOI 3aJ1031,
IO CYTIPOBOMIKYETHCS PI3HUMHU YCKIATHEHHSIMU i TTOJATBIITUM
PO3BUTKOM HEKPO3Y 3aJI03U Ta MaparnaHKpeaTuuyHOl KJIiTKOBH-
HU 3 MOXJIMBUM IPUETHAHHSIM BTOPUHHOI iH(MeKIIii. BuBueHHs
eKCIepUMEHTATbHUX MOJIeIeli TIoKa3ye, 1110 allMHAPHI KJIITUHMU,
sIKi OTOUYIOTh OCTpiBli JlaHrepraHca, 3aIMIIAITLCS BiTHOCHO
iHTaKTHUMM. Lle cBimunTh IIpo Te, 110 eHAOTeHHUI iIHCYJIiH € 3a-
XUCHUM (paKTOpOM MJIs MapeHXiMU MiALLIyHKOBOI 3a103u. Mema:
BU3HAUYUTHU 3QJIEXKHICTh PiBHSI €HIOT€HHOTO iHCYJIiHY Bill CTyIe-
HSI YpaKeHHs MapeHXiMM MiIUUTyHKOBOI 3ay103U. Mamepiaiu ma
memodu. [IpocieKTUBHUI aHaIi3 PiBHS €HOIOTCHHOTO i1HCYIiHY
npoBeAeHuil y 51 XBoporo Ha rocTpuil maHkpeatut. Pesyasmamu.
[TopiBHSIHHS cepeHiX 3HaYeHb EHIOTEHHOTO iHCYJIiHY BUSIBUIIO,
IO B MAIli€EHTIB i3 HEKPOTUYHUM TTAaHKPEATUTOM MeliaHa Oyira
CTAaTUCTUYHO BipOTiZHO HMKYOIO, HixK B 0ci0 6e3 ImaHKpeoHe-
Kpo3y (p < 0,001). Kpim Toro, mpu naHKpeoOHeKpOo3i BU3HAUCHU I
piBeHb EHIOTEHHOTO iHCYITiHY He nepeBuiyBaB 9 MKOJl/mi, a B 7
(13,7 %) xBopux OyB HIKue pedepeHTHUX 3HaYeHb. ROC-aHai3
MOKa3aB, 110 HU3bKUIl piBeHb €HIOTeHHOTO iHCYIiHY € (haKTO-

POM PU3MKY MaHKPEOHEeKpo3y. BusHaueHo moporose 3HAYEHHS
€HJI0OTeHHOTO iHCYJiHY, IPU SIKOMY HaiyacTillle AiarHoCTyBaJlu
nmaHkpeoHekpos, — 5,3 MxOJ1/mi, AUC 0,96 (95% 111 0,92—1,00)
(aytnusicts 91,89 % (95% 111 78,09—98,3 %), crieuudivyHicTb
71,43 % (95% A1 41,9-91,61 %), PPV 89,47 % (95% 11 78,69—
95,14 %), NPV 76,92 % (95% 11 51,74—91,2 %)). Bucnoexu. Bu-
SIBJIEHO CTAaTUCTUYHO 3HAYYILY Pi3HUIIIO CEPEHIX 3HAUEHb iHCY-
JIiHY 3aJIeXKHO Bim 00’eMy Ta JIOKaJi3allii YIIKOMIKeHb MapeHXiMu
mianuryHkoBoi 3a103u (p < 0,001). B oci6 6e3 maHKpeoHeKpo3y
piBEHb €HJIOT€HHOIO iHCYJIiHY OyB CTATUCTUYHO BipOTiTHO BHU-
LIUM, HiX Y MaLieHTiB i3 maHkpeoHekpo3oM (p < 0,001). binom-
HUI JIOTICTUYHUI perpeciiiHuii aHali3 moKa3as, 110 PO3BUTOK
MaHKPEOHEKPO3y Y XBOPUX Ha TOCTPUIl MAaHKPEaTUT 3HAYHOIO
MipOI0 3aJIEXXUTh BiJl BMiCTy €EHIOT€HHOTO iHCYJIiHY TP TOCITiTa-
Ji3auii. PiBeHb €HIOTeHHOTO iHCYJIiHY MOXe OyTH H0JaTKOBUM
MOKAa3HUKOM TSIXKKOCTi TOCTPOTO MaHKpeaTuTy i (hopMyBaHHS
HEKPOTUYHMX 3MiH y TKAaHUHI MiALLIYHKOBOI 321031, 1110 T03BO-
JIUTh MPABUJIBHO PO3IOYATH JiKyBaHHSI.

Kir04oBi ¢j10Ba: roctpuii naHKpeaTuT; HEKPO3; EHIOTEHHUI iH-
CYJIiH; CTYTIiHb TSDKKOCTI
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" KNiBCbKQA MICbKQ KAIHIYHQ OGTAABMOAOMYHQ AIKQPHST «LleHTP Mikpoxipyprii oka», M. Kunis, YkpaiHa
2 HQUIOHQABHUI YHIBECUTET OXOPOHU 3A0POB S YKo aiHu imeHi .. LLyrivka, m. Kuis, YkpaiHa

AIGQrHOCTUYHI MAOPKepU TAXKKOro AiabeTnyHoro
MOKYASPHOro HOGPSKY Y NALIEHTIB
3 LYKpOBUM Aiab6eTom 2-ro tTuny

Pe3stome. AktyanbHicTs. [iabetndHuii MakymnspHui Hapsk (JMH) € roLupeHor Npu4nMHOK 3axXBOPIOBAHHST 04,
Lo 3arpoXye 30py, y NalieHTiB i3 yykposum giabetom (L) 2-ro tury. B natoreHesi AMH ronosHy poss Bigirpae pyviHy-
BaHHs1 reMaTopeTuHasibHOro 6ap’epa B pe3yrnbTari nigBuLLEHHS ¢hakTopa pocTy eHgortenito cyamH (VEGF) Ta ekcripecii
rpo3anasibHUX UUTOKIHIB. Lle pyviHyBaHHs Mpu3BOAUTE [0 iNepripOHUKHOCTI CyauH i3 nofasbLumnmmM gpopmysaHHsm JMH.
3 nosiBoto MeToaiB onTnyHoI kKorepeHTHOI Tomorpadbii (OKT) po3LLMpPorOTLCS MOXIIMBOCTI OCTAXKEHHS] MapKepiB
PaHHBOro BUSIBNIEHHSI Ta rnporHodyBarHs AMH, Lo € akTyanbH1M 3aBaaHHsaM cy4acHoi ogbtanbmororii. Meta: gocni-
[NTN JiarHOCTUYHI MapKepu TSXKKOro fiabeTu4HOro MakyJsisipHoOro Habpsiky y nauieHTis 3 LU 2-ro tuny. Matepianv ta
metopan. [ig crioctepexxeHHsIM 3Haxoaumnocsi 680 navieHTiB (1296 o4ewt) ykpaiHCbKOI nornysisuii 3 HerponichepaTMBHOK
fAiabetnyHoro petuHonarietro (HIMAP) ta LA 2-ro tuny. Y ymx nayieHTis JOCIMKYBaIM XapaKkTep i 4acToTy po3BUTKY
[MH. 203 nauieHtam (360 oqewt) 3 [IMH riikyBaHHs1 He poBOAMIIOCS Yepes ix BiAMOBY, i3 Ljiei rpynv 6yr1o BULIIEeHO o4i
3 TSXKKUM JiabeTudHUM MakyrspHuM Habpsikom (AMH 3), came s rpyna nayieHTiB 6yria METOK HALLIOO [OCIIIKEHHS.
Metoan oghranibMonoriyHx [OCigKeHb BKoHYam 36ip aHaMHe3y, BISOMETPI0, pebpakToMeTpito, GIOMIKPOCKONIO
3aHbOro Bigpi3ka oka, MHEBMOTOHOMETPIO, choTorpacpysaHHs o4Horo gHa, OKT, OKT-aHriorpacito, MikporiepumeTpito.
lpoBoaunace cratnctnyHa 06pobka gaHnx. TepMiH crioctepexeHHs — 3 micsui. Pesynbrarn. [Npy 3sepHenrHi MH 3
6yr10 3aghikcoBaHo Ha 50 o4ax (13,89 %). HekopurosaHa roctpota 3opy (HKI'3) B cepeaHbomy ctaHoBuna 0,15 + 0,01.
MakcnmarnbHo kopurosaHa roctpota 3opy (MKI3) B cepeaHbomy craHosuna 0,32 + 0,01. 3a gaHumn onTu4HoI
korepeHTHOI ToMorpadhii (OKT), Area thickness ctaHoBuna 355,68 + 1,80 mkm, Min in fovea — 358,54 + 2,40 MKM,
Central sector — 401,06 + 2,09 mkm, Volume — 10,42 + 0,10 mvm?, NFL + GCL + IPL average — 138,3 + 0,7 MKM,
NFL + GCL + IPL min — 122,78 + 0,60 mkm, GCL — 97,2 + 1,0 mkm, NFL — 42,12 + 0,20 mkm. 3a gaHuvy OKT-aHrio-
rpacii (OKTA), nnoLya rnoBepxHi noBepXHEBOI ghoBeasibHOI aBacKy sipHoOI 3o0HU (superficial FAZ) B cepeaHbOMy cTaHo-
Buna 0,780 + 0,002 MM, rrioLLa noBepXHI MMGOKoI ¢hoBeasibHOI aBacKyrspHoi 30Hu (deep FAZ) — 0,720 + 0,002 MMP.
CepenHsi LYinbHICTb CYOUHHOIO PUCYHKA NOBEPXHEBOIO CriyieTeHHs — 45,68 + 0,2 %, B mnbokoMy — 46,46 + 0,2 %.
YHepes 3 micsaui AMH 3 6yrno 3agikcosaHo Ha 50 o4ax (13,89 %) y nauientis 3 HIAP ta LA 2-ro tuny. HekopurosaHa
rocTpota 30py y umx nayieHTiB B cepegHbomy ctaHosura 0,14 + 0,01. MakcumaribHO KopuroBaHa rocTpota 30py B
cepegHbomy ctaHosuna 0,32 + 0,01. 3a gaHmmm OKT, Area thickness ctaHosuna 357,62 + 1,80 mkm, Min in fovea —
360,04 + 2,40 mkm, Central sector — 403,52 + 2,10 mkm, Volume — 10,67 + 0,10 mm°, NFL + GCL + IPL average —
139,26 + 0,40 mkm, NFL + GCL + IPL min — 124,38 + 0,30 mkm, GCL — 98,94 + 0,30 Mkm, NFL — 42,42 + 0,20 MKM.
3a parmmn OKTA, superficial FAZ — 0,780 + 0,002 MV, deep FAZ — 0,720 + 0,002 MMP, cepenHst LLiNbHICTb CYAUHHOMO
PUCYHKa NMOBEPXHEBOIO CrinieTeHHs — 45,17 + 0,2 %, cepenHs LUYINbHICTb CYAUHHOO PUCYHKA ITIMGOKOro Cri/ieTeHHS —
46,22 + 0,2 %. BucHoBKW. Y nauieHTiB ykpaiHcekoi nonynayii 3 L[] 2-ro vy Yactora MH 3 B cepegHboMy ctaHoBuna
13,89 %. BcraHosneHo BiporigHui 38’30k HKIF3 ta MKI3 npy AMH 3 y nauientis 3 L[] 2-ro vy 3 nokasHukamm
OKT, a came: Area thickness, Min in fovea, Central sector, NFL + GCL + IPL average, NFL + GCL + IPL min, GCL Ta
NFL (p < 0,01). BctaHoreHo BiporigHy 3anexHicte HKI3 Ta MKI3 npu IMH 3 y nauientis 3 L[] 2-ro Tuny Big ctaHy
MIKpOLMPKYTIALIT Maky IsipHOI BinsHky 3a gaHumu riokasHmkis OKTA, a came: Bif superficial FAZ, deep FAZ, cepenHboi
LUYiNIbHOCTI CYANHHOIO PUCYHKA MOBEPXHEBOro Ta rMMbOKOoro crisieteHHs (p < 0,01).

Knwo4oBi cnoBa: uykposuii giabet 2-ro Tuny; AiabeTuHHui MaKymspHUi HabPsIK; ONTUYHA KOrepeHTHa TOMO-
rpacpisi; aHriorpacgis
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Bctyn

HMiabetnuHuii MakyJsipauii Haopsik (JIMH) € ocHoBHOO
MIPUYIMHOIO BTPaTU 30py Y Ipale3daTHOI KaTeropii XBOpux
Ha LIJI 2-ro Turty Ta BUHMKAE YacTillle, HiX rpostihepaTus-
Ha niabetuyHa peruHonatis (IP) [1, 2]. 3a nporHo3amu,
nowmupeHicTs y cBiti IMH 3pocte Ha 51,9 % no 2045 poky
[2]. MakynspHuit HAOpsIK € ouHUM yckiaangHeHHsM LI, sike
BUHUKAE BHACIIOK AucOalaHCy MiX HAKOMMMYEHHSIM Ta
BUBEICHHSIM PiIMHU B CITKiBKY Ta 3 Hel, 110 € HACIiIKOM
0araToakTOpHOTrO IIPOIIeCy, SIKMIi Tependadyae OKMCHIO-
BaJIbHUI CTpec, 3amayieHHsI Ta IMOopyILIeHHs 6ap’epHOi (hyHK-
11ii y KpoBOOOIry CiTKiBkH [3].

MaxkynsgpHuii HabpsIK MOXe pO3BUHYTHUCS Ha OyIb-
SIKi# cTanii niabeTnuHoi petuHonarii (JIP), He3anexHo Bia
TskKkocTi JIP [4]. OgHuM i3 Tpurepis, 110, SIK BBAXKAETHCS,
BiATIOBiAa€ 32 HAKOIMYEHHS PiIMHU B MaKyJISIpHii 30Hi, €
ileMist SIK OMHe 3 YaCTUX Ta TSKKMX yckiaagHeHb P [5].
HaxonuueHHs pigvHM B yMOBaXx ilemii, SIK BBaXaloTb,
MOB’si3aHe 3 MOUIKOIKEHHSAM €HIO0TediaJlbHUX KJIITUH,
MOPYIIEHHSM IIUIBHUX 3’€MHAHb, IKi (DOPMYIOTh TeMaTo-
peTUHaIbHUI 6ap’ep, HACIIIKOM YOTO CTA€ MiIBUILEHHS
daxropa pocrty ennoreiito cyaud (VEGF), rinepripoHuk-
HICTb CYIMH Ta €KCIpecis Mpo3amnaibHUX IUTOKIHIB [5, 6].

3aBnsgku rporpecy B TexHoorissx OKT ciTkiBKu, IK-0T
nonepeyHa Mop@doIoriyHa OILliHKa Ta 00’€KTUBHE Kilb-
KiCHe BUMipIOBaHHS TOBIIMHU, OYJ0 3alIPOIIOHOBAHO Je-
Kinbka pizHux xiacudikauiii JIMH. Boxn 3amexarts Bif
KJacudikalliii, 3aCHOBaHUX Ha KiIbKiCHUX BUMipIOBaHHSIX,
SIK-OT TOBILIMHA 200 00’€M MaKyJiu, TOBLUIMHA LIEHTPaJIb-
HOTro cy0110J1 200 hoBeajibHa TOBIIMHA, 3aCHOBaHMX Ha
SIKICHHX O3HakKax (SIK-OT BiTpeoMaKyJIsIpHUI iHTepdelic,
MOpOJIOTisi CITKIBKM, A€30praHi3allisi BHYTPIllTHbOTO Ta 30-
BHILIIHBOTO 111apiB CiTKiBKU, HAsIBHICTD rireppedaeKTUBHUX
BOTHMII), BUSIBJICHNX B aHATOMiI ITATOJIOTIYHOI CiITKIBKH [7].

3 MosIBOI0 OMTUYHOI KOrepeHTHO1 ToMorpadii-aHrio-
rpadii (OKTA) sk HeiHBa3MBHOTO METOMLY HOCIIIKEHHS
PETUHAJIBHOI Ta XOPiOiAAIbHOI LIUPKYJISILil BUHUKAE MOX-
JIUBICTh KiIbKiCHOI OLIIHKY MiKPOCYIMHHUX MTapaMeTpiB IS
BU3HAYEHHSI CTYIIeHsT MaKyJsipHoi ieMii mpu JIMH y xBo-
pux Ha L1]1 2-ro Tumy, 1110 MOXKe BifirpaBaTu KJIIOYOBY POJIb
IIIOJ0 TeParleBTUYHUX PillleHb Ta IIPOrHO3iB JIIKyBaHHS [§].

Xoua 0yJI0 TTOKa3aHo, 110 IesIKi MapKepu Ta BUMIipIO-
BaHHS MalOTh KJIiHiYHe 3HAYeHHs, OpaKye KOHCEHCYCy Ta
BKa3iBOK I10JI0 TOTO, SIKi MapaMeTpy MOKHa BUKOPHCTOBY-
BaTH I HAAiAHOTO TMPOTHO3YBAaHHSI Pe3y/IbTaTiB JiKyBaHHS
MakyJisipHoro Haopsky nipu L1 2-ro tuny. B mitepary-
pi HasIBHI aHi, 1110, He3BaXkalouy Ha MPOrpec TeXHOJIOrii
OKT Tta antu-VEGF tepanii, npuHaiimui 40 % mnaiieHTiB
3 JIMH BusiBMIM HeIOCTaTHIO peakililo Ha JIiKyBaHHS [7].
3Baxkaloun Ha (hiHAaHCOBUU TsATap IJIS IMAlli€HTIB B YKpai-
Hi, TOB’sI3aHMI i3 MOBHOMACIITAOHUM BiiiCbKOBUM BTOp-
THEHHSIM, npo0bJsieMa JiKyBaHHs nauieHTiB i3 LIl 2-ro tuny
Ta paHHboro BusiBiaeHHs JIMH B kpaiHi Ma€ ayxe BEIUKY
aKTyaJbHICTh BHAC/IIOK TOTO, 110 MAalliEHTU CTUKAIOTHCS 3
nedilMToM MeIMKaMeHTIB, YaCTO He MalOTh MOXJIUBOCTI
BYACHO OTPUMATH AOCTYI 10 KBaslihikoBaHOI opTanibmMO-
JIOTiYHOI JOTIOMOTH Ta JIiKyBaHHSI BHAC/IiIOK OOMOBUX Hild.
ITpu TakoMy CKJIaTHOMY CTAHOBUIILI TP JIIKyBaHHi, TTOB’sI-
3aHoMy i3 aHTU- VEGF-Tepamieto, BaxXJMBO ineHTU(DIKY-
Batu OKT- ta OKTA-mapkepu, sIKi MalOTh IPOTHOCTUYHI

BJIACTUBOCTI, III0 MOXE JOIIOMOITH CKepyBaTHU Bimbip ma-
LIEHTIB 111 moKpaleHHs JikyBanHs JIMH. ocaimkeHHs
oiomapkepiB OKT ta OKTA 3 mporHoCTUYHOIO 3HAYYIIICTIO
€ Ha/I3BUYAHO BaXJIMBUM JIJIs1 TTPOTHO3YBAHHS KJIiHIYHOTO
nepebiry Ta nogansluoro JikysanHs JIMH [9, 10].

Mu paHilie HaBOIAWJIM aHi MO0 3MiH CTaHY MiKpOLIU-
PKYJISILIT LEHTPaJIbHOT AUISIHKM CiTKiBKM Ha ocHOBI OKTA
npu pizHux cragiax AMH npu LI/ 2-ro Tumy Ha MeHIIii
IPYITi TTAlli€EHTIB JIMILIE ITPU 3B€pHEHHI, HE BPaXOBYIOUHM Ja-
HUX 3 B3aEMO3B’13KOM rocTpotu 30py Ta nanumu OKT [11].

Mera: 1OCTiIUTH 1iarHOCTUYHI MapKepH TSDKKOTO Jiabe-
TUYHOIO MaKyJISIPHOTO HAOPsIKY y maiieHTiB 3 LI/1 2-ro Tumy.

Marepiaau Ta meToamn

Ilig criocrepexxeHHAM 3Haxoaunaocsd 680 malieHTiB
(1296 oueit) yKpaiHCHKOI MOMYJIsALIi 3 HEMPoJIihepaTUBHOIO
niabetnyHolo peruHomnartiero (HITAP) ta LI 2-ro tumy.
Y 1MX MaiieHTiB TOCTINMIA XapaKTep i 4acTOTY PO3BUTKY
JMH. IMH 0 6yno giarnocroBado Ha 720 ouax (55,56 %),
JAMH 1 — na 194 ovax (14,97 %), AMH 2 — Ha 196 ouax
(15,12 %), AMH 3 — Ha 186 ouax (14,35 %). I3 wiei rpynu
nauieHTiB 477 nauieHtam (936 oueit) mpoBOAMIOCS Pi3-
HoMaHiTHe JiKyBaHHs JJMH 3rigHo 3 mpoTokojgamu st
okpeMmoi cranii HabpsaKy. 203 nmanientam (360 oueir) 3 IMH
JIIKyBaHHSI He TIPOBOJIAJIOCS Yepe3 iX BiIMOBY, i3 1€l rpymnu
OyJI0 BUMIJIEHO OYi 3 TSDKKMM Jia0eTUYHUM MaKyJISIpHUM
HaopsikoM (JIMH 3). Came o0cTexXeHHS XBOPHUX LIET TPYITN
0yJIO METOI0 HALLIOTO JOCITiXKEHHS.

Kniniuni gocmimke HHSI BUKOHYBAJIM BiIIIOBiIHO 10 0i0-
eTUYHUX BUMOT ['eIbciHChKOI AeKIapallii, mpuiiHsTo1 ['eHe-
pasibHOIO acaMbJiieero BcecBiTHROI MeIMUYHOI acoliallii Ta
Konsenuieio Pagn €Bporu mpo mpasa JIIOAUHU Ta OioMe-
nuuuHy (1977 p.), BiInMoBigHUX MoJoxeHb BeecBiTHROT Op-
raHi3allii OXopoHU 300poB’s1, MixxHapOoIHOI pagy MEITIHIX
HAYKOBHX TOBapUCTB, MiXXHAapOIHOTO KOAEKCY MEIUYHOL
etuku (1983 p.), 3aKoHiB YKpaiHu Ta HaKa3y BITYUM3HSIHOTO
MiHnictepcTBa oxoponu 3m0poB’s Bim 23.09.2009 p. Ne 690 ta
3 I03BOJTY KOMicii 3 6ioeTrku HallioHaabHOro yHiBEpCUTETY
0XxopoHU 310poB’st Ykpainu iMeHi [1.JI. ynuka.

Bci manienTu, siki Oyau 3aydeHi y 1OCTiIKeHHsI, 1aBa-
71 iH(OPMOBaHY 3rOfy.

OO6cTexxeHHs Ta JikyBaHHS XBopux 3 LI 2-ro tumy i
JMH mnposBoaunucs BignoBigHo mo ['enbCiHCHKOI OeKiIa-
pauii BcecBiTHbOi MenuuHoi1 acomiarii (Ceyi, 2008 p.),
HakaziB MO3 Ykpainu (Ne 281 Bim 01.11.2000 p., Ne 355
Bim 25.09.2002 p., Ne 356 Bin 22.05.2009 p. B penaxiiii Ha-
kazy MO3 Ykpainu Ne 574 Bin 05.08.2009 p., Ne 1118 Bix
21.12.2012 p.).

Kpwutepii BkmioueHHd nanieHTis: 3 LI/l 2-ro Tumny; 3 He-
poihepaTMBHOIO AiaOeTUIHOIO PETUHOIATIEIO; YOJIOBIUO1
Ta XiHOYOI cTaTi; BikOM cTrapiie Bin 35 pokiB; 3 yKpaiH-
CbKOI TTOMYJISLT, SIKi HApOAUIMCH Ta ITOCTIMHO MPOXKUBAIU
B YKpaiHi.

Kputepii BukitoueHHs nauieHTiB: xBopi Ha LIJ] 1-ro
TUITY; 3 IpenpoaidepaTUBHOIO Ta IIpoJlihepaTUBHOIO Mi-
a0eTMYHOIO peTMHOMNATIEI0; MOJIOAIII 35 POKiB; 31 3piJioi0
KaTapakTolo; 3 MEPBUHHOIO IJTAYyKOMOIO; 3 BTOPMHHOIO IJ1a-
YKOMOI0; sIKi B aHaMHe31 MaJiu TiepeHeceHy paHillle TpaBMy
OKa; sKi MaJli B aHaMHe3i BiTpeopeTHHaJbHi ONepaTUBHi
BTpYYaHHSI Ha OLIi; SIKi paHillle IepeHeC/I CyIUHHI 3aXBO-
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PIOBAaHHSI CiTKIBKM; sIKi paHiIlle IIepeHecIn TOCTPi YU Xpo-
HiYHi 3amaJibHi 3aXBOPIOBAHHS OKa; 3 MaTOJIOTIEI0 BiTpeo-
MakyJsIpHOTO iHTepdeiicy; 3 IHIMMMMU 3aXBOPIOBAHHSIM
citkiBku, okpim JIMH Ta HITJIPIT; 3 adakieto; 3 roctpuMu
Ta XpOHIYHUMHU iH(PEKIIMHUMU XBOpoOaMU; 3 IepeHece-
HuM KopoHasipycom; 3 BIJI ta CHIowm; 3 oHKOJIOTiYHUMM
3aXBOPIOBAHHSIMU; i3 CYIIyTHHOIO 3aMajibHOIO Ta iH(peK-
nitHoio JIOP-maTosori€io; 3 3aXxBOproBaHHSIMU KPOBI; 3
TSDKKMMM COMAaTUYHUMU 3aXBOPIOBAHHSMMU; i3 CUCTEMHUMU
3aXBOPIOBAHHSIMU; i3 3aMajbHUMU 3aXBOPIOBAHHSIMU 3y-
00-111eJICITHOT TUISTHKY; SIKi TPUMarOTh CUCTEMHIi CTEpOInHi
npenapaTu; i3 cuHapomoM KyluHra; 3 IUCIiTyiTapu3MOM;
i3 CHHIPOMOM IOJIiKiCTO3HMX SIEYHUKIB; i3 CIaAKOBUMU
€HIIOKPUHOMATISIMU; 3 IEKOMITEHCalli€el0 KOMOPOiAHOT na-
TOJIOTI1; 3 TICUXiYHUMM pO3JagaMM; SIKi IPUIMAIOTh Hell-
POJIENITUKY; SIKi TIPUITMAlOTh aHTUAETIPECAHTH; 3 HasIBHIC-
TIO HelipoaereHepatTuBHMX 3axBopioBaHb LIHC (xBopoba
AublreiiMepa, po3cisiHUIA CKJIEpO3 TOLIO); 3 POTEIHYPIETO.

VciMm naiieHTaM BUMipIOBaJIM B KPOBi PiBeHb IJTIOKO3U
(TTIOKO300KCUAAHTHUI METO/T) HATIIIE Ta TIIIKOBAHOTO Ie-
morno6iHy (HbAlc). Takoxk BUKOHYBaJIM 3arajibHUi aHali3
KpOBi, Koaryiorpamy, 6ioximiunuii aHamiz kposi, [1L[P no
KOpOHAaBIipyCy, 3araJIbHUI aHaJi3 ceyi, eJeKTpoKapaiorpa-
diro, pmooporpadiio, peHTreHorpadiro MpUIATKOBUX Ma3yx
Hoca. [lalieHTn ornsimanucs i mpu HEOOXiMHOCTI caHyBa-
JIUCh CTOMATOJIOTOM i OTOPUHOJIAPUHTOJIOTOM.

Llykpo3HumkyBaabHa Tepailis OyJia IIpornucaHa 3a Mic-
1IeM TTPOXUBAHHS JIiIKapeM-EHAOKPUHOJIOTOM 3 ypaxyBaH-
HSIM CyJaCHUX iCHYIOUMX MPOTOKOJIIB JikyBaHHs LI 2-ro
TUITY Ta CKJIajayiacs 3 Ji€ETU, IpUiioMy MeThOPMiHY Ta Ie-
POpaIbHUX IIYKPO3HIKYIOUMX IIperapariB ado Mpu3HaYeH-
HsI iHCyJIiHOTepaltii.

Metonu o¢pTaabMOJIOTIYHUX IOCTIIXKEHb BKIIOYaIU
HacTymHe: 30ip aHaMHe3y, Bi3oMeTpiio, peppaKToOMETpilo,
0i0OMiKPOCKOITiI0 3aIHBOTO Bipi3Ka OKa, MTHEBMOTOHOME-
Tpito, (poTorpacdyBaHHSI OYHOTO JIHA, ONITUYHY KOT€PEHTHY
toMorpadito, OKTA, mikponiepumerpito. JlocimkeHHs Ta
BU3HAYEHHS TOCTPOTHU 30pY (BizioMeTpisi) MPOBOAMINCS 3a
JIOTTIOMOTO0 TTPOEKTOPA 3HAKIB Ta (poporirepa.

Busnauenns kainiunoi peghpaxyii. O6’eKTUBHY pedpak-
IiI0 Y Malli€HTIiB BU3HAYAJIU 3a JOTIOMOI0I0 aBTOpe(paKTO-
metpa RK600 Reichert Inc.

BioMikpockorItiio mpoBoaAMIN 32 JOIIOMOTIOIO IIUTMHHOI
nammu ta acepuyanoi giasu 90 ITTT (OCULAR MaxField®)
B YMOBax MeIMKaMEHTO3HOI'0 Mifipia3y 3a 3araJlbHONpPUIAHSI-
TO MeToauKow. OUiHIOBAIM CTaH AMCKa 30pOBOTO HEpBa
(A3H), MakynsipHOI OISTHKY, CYIMH Ta niepudepii CiTKiBKu.

BumMiproBaHHSI BHYTPIIITHBOOYHOTO TUCKY IIPOBOIMIIOCH
0E3KOHTAKTHUM ONTUYHUM METOJOM 3a JOMOMOTOI0 aB-
TomatuuHoro ToHometrpa AT555 Reichert Inc. (CILIA) 3a
CTaHIIAPTHOIO METOAMKOM0. SIKIIO cepenHiil pe3yabTaT BU-
MipIOBaHHsI BHYTPillTHBOYHOI'O TUCKY MEPEBUIIYBaB 23 MM
PT.CT., MALIIEHTY BUWIyYAJIMCh i3 JOCIiIKEHHSI.

®otorpacdyBaHHSI OYHOTO THA MPOBOAUIIOCS 3a CTaH-
JApTHOIO METOIMKOIO Ha peTuHaIbHii Kamepi TRC-NW7SF
(Topcon, SImoHist) B yMOBax MeIMKaMEHTO3HOTO Miapia3y
MicJIst iIHCTUIISILIT B JOCHIIKYBaHe OKO 1% Tponikamimy miciis
MOMepeHbOT0 BUMipIOBaHHSI BHYTPITHHOOYHOTO THUCKY.

Onmuuna koeepeumua momoepais (OKT, optical cohe-
rence tomography, OCT) cimxiexu. OKT citkiBku — 1€ cy-

YaCHUI HeiHBa3MBHUI Oe3KOHTAKTHUI Ta iHPOpMATUBHUIA
METO[, /TSI 1iarHOCTUKU TaTOJIOTi1 CITKiBKU, TTepeBaXKHO i1
HeHTpaabHoI AiutstHKY (Makynmun). OKT mo3BoJise 3a mormomMo-
TOI0 CKaHYIOYOTO JIa3epHOTO TIPOMEHST OTpUMYBaTH 300pa-
JKEHHsI ONITUYHUX 3Pi3iB CITKiBKU, BUSBISITA PaHHi 3MiHU
aHaTOMO-(hYHKIIIOHAJIBHOTO CTaHy CiTKiBKM Ta OLIiHIOBAaTH
CTYIiHb LIUX MOpYIIeHb. JloCinKeHHsI MaKyIsIpHOI TUTSTHKI
CITKiBKM TIPOBOAWIOCH 32 MiX)KHAPOJIHUMU CTaHIAPTHUMU
MPOTOKOJIaMU Ha CMIEKTPAIbHOMY ONTUYHOMY KOT€PEHTHO-
My Tomorpagdi SOCT REVO NX (Optopol Technology S.A.,
[Monbiia). laHnii HeiHBa3MBHUI METOJI TO3BOJISIE OTPUMATH
in vivo 300pakeHHsI ITOIePEYHUX 3Pi3iB 0i0NOr YHUX TKAHMH.
MakysipHi KapTH SBJISIIOTh COO0I0 IIPSAMI TTOXiTHI TaHUX STK
TPUBUMIPHUX, TaK i pagiaJbHUX CKaHiB.

JocmimkyBanucs Taki mapamerpu: Area thickness — ce-
pemHsI TOBIIMHA LIEHTPAIbHOI TUISTHKM CITKiBKY B KBaIpaHTI
6 X 6 (y Mkm); Min in fovea — MiHiMa/ibHa TOBIIMHA CiT-
KiBKM B 1IeHTpi Makynu (dosea) (y Mkm); Central sector —
cepenHs TOBIIMHA CITKiBKU Y LIEHTPi Makyiu (y MKM); Volu-
me — cepeHiit 00’e€M CITKIBKM B KBaApaHTi 6 X 6 (y MM®);
NFL — cepenHsi TOBIIMHA IIapy HEPBOBUX BOJOKOH
(y Mmxm); GCL — cepenHs TOBIIMHA IIapy TAHTIIOHAPHUX
kiitiH (y MkM); NFC + GCL + IPL average — cyma cepen-
HbOI TOBIIVHY 111apy HEPBOBUX BOJIOKOH, 111apy FaHTJIiOHap-
HUX KJIITUH i BHYTPITHBOTO MOTPAaHUYHOTO 11apy (Y MKM);
NFC + GCL + IPL min — cyma MiHiMaJibHOI TOBILIMHU
11apy HepBOBHUX BOJIOKOH, IIapy FaHTIiOHAPHUX KJIITUH i
BHYTPIilITHBOTO MOTPAaHUYHOTO 1IApy (Y MKM).

Bukopucranna OKT mo3Bossiio y KOXXHOTO malieHTa
MPOBOJIVTH BU3HAYEHHST HASIBHOCTI 200 BiICYyTHOCTI ITOTOB-
IIEHHsI CITKiBKM BHACIIIIOK 1ia0eTUYHOIO MaKyJISIPHOIO Ha-
OpsIKY, MOTOBIIIEHHSI/CTOHIIIEHHS] OKPEMMUX I1apiB CiTKiBKH,
Iapy raHrIiOHapHUX KJIITUH Ta IIapy HEPBOBUX BOJOKOH.

OKTA (Optical coherence tomography angiography,
OCTA) — 11e HOBMI1 Cy4yacHUI HEiHBAa3UBHUI METOJ 10-
CJIIDKeHHSI CTaHy CYIMHHUX CTPYKTYP CITKiBKHU Ta Xopioinei
0e3 BUKOPUCTAHHSI KOHTPACTHUX i (DIIIOOPECIIEHTHUX Peuo-
BHUH. 3a paxyHOK aJITOPUTMY AEKOPEeJISILiiHOI aMILTiTyIHO1
aHriorpadii 3 posrnozaineHHsm crektpy (SSADA) Mmu oTpu-
MaJIi TIOIIApOBY Bidyasli3allilo TOBEPXHEBOIO KaIliJIIpPHOTO
CIUIETEHHS CITKiBKM, IIMOOKOTO KaMiJISIPHOTO CILJIETEHHS
CiTKiBKH, 30BHIIIIHBOI CITKiBKM Ta XOPiOKaIiJISIpiB.

B po6oti mu BukonyBanu takoxk OKTA Ha mpunanmi
SOCT REVO NX (Optopol Technology S.A., [Tonbia) 3a
JIoroMororo rnmporpamu Retina Angio wide 6 X 6. Jlocii-
TKEHHSI TIPOBOJIMJIN 10 TOCSTHEHHSI CUJIM CUTHaJy signal
strength (SS) 9—10, mpu HeNOCSTHEHHI TAaHOTO PiBHS SIKOCTI
CUTHAJTY JIOCTiIXKEeHHS MOBTOPIOBaIU. [l o0umcieHHs Ka-
MiISIPHOT IIJTBHOCTI Ta TUIoli (hOBEOJISIPHOT aBaCKyJISIpHOT
301U (PA3) 3acTOoCOBYBaBCsI MeTO OiHapU3aLlii — mpoliec,
SIKAH TIepEeTBOPIOE BUXiTHE 300paxkeHHs Y Tpafallisix cipo-
ro Ha YOpHO-0iJie Ha OCHOBI MOPOroBoro 3HaueHHs. I1im
KaIliJIIPHOIO HIUTHHICTIO MaJlach Ha yBa3i 3arajibHa TjIo1a
nepdy3oBaHUX KPOBOHOCHMX CYAWH Ha OJAVHMUILIO TUIONI
IinsTHKY BuMipioBaHHs. [licias 6iHapu3aiiii 300paxkeHHS
Ta MiApaxyHKY KiJbKOCTi O1JIMX i YOpHMX ITiKce1iB Oyia BU-
paxyBaHa KaIliJiipHa IiIbHICTb (Y %) Y MOBEpXHEBOMY Ta
IIMOOKOMY KaITiIIpPHOMY CTUIETEHHI MaKyJISIpHOT AiISTHKH.
Jaii no 6iHapr30BaHOro 3HIMKY OYB 3aCTOCOBaHUIA ajro-
PUTM BUAIEHHSI CYMiIKHUX 32 KOJIbOPOM ITiKCeJIei Ta ITiCIIst
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MiIpaxyHKy CipyX MiKceleil BCTAaHOBIEHO (POBEOISIPHY aBa-
CKYJISIDHY 30HY 3 IUIOLIEIO B TIOBEPXHEBOMY Ta TJIMOOKOMY
KamiIsIpHOMY CIUIETE€HHI MaKyJISIpHOIL TiUISTHKU.

VY nocnimxeHHi Oyna BukopucTtaHa kiacudikaris IMH
AMeprKaHChKOI akageMii opranbpmosorii 2014 poky [6].
TepMiH criocTepexkeHHsT — 3 MicsIIli.

7151 mogaHHs KiJIbKiCHUX IMOKA3HUKIB pO3paxoByBaloCs
cepenHe 3HaYeHHs 3MiHHOI (M), cTaHgapTHE BiIXWICHHS
(£ m).

I1pu mpoBenaeHHI aHaAMi3y IS TIEPEeBipKU 3aKOHY PO3-
MOy KiTbKICHUX O3HAaK Ha HOPMaJIbHICTh BUKOPHUCTAHO
kputepiit Illlanipo — Vinka. CTaTuCTUYHI XapaKTepUCTU-
KU KiJIbKICHMX O3HaK MpeICTaBJIeHi y BUTJISIII MeIiaHHOTO
3HaueHHs (Me), 3HaueHHs1 niepioro (QI) ta TpeThoro KBap-
Tromio (QIII), MiHiMaTbHOTO Ta MAKCUMAJIBHOTO 3HAYEHHSI.
[1pu nopiBHsIHHI 3 i GijbIlIe TPy IJ1s1 BUSIBJIEHHS BiIMiHHO-
CTi Yy BUITAIKy KiIbKiCHUX O3HAK BUKOPHUCTOBYBAIM OTHO-
dakTOopHUIi AUCTIepciitHMi aHani3 (kpuTepiit Kpyckana —
VYonica, Ko 0yau BiIMiHHOCTI 3aKOHY PO3IOILTY Bif
HopMajbHOro). HyboBy rirmore3y mpo BiICyTHICTb e(heKTy
BIIKMJAJIU i BIAMIHHOCTI MiXX MOKa3HUKAMU BBaXaJly CTa-
TUCTUYHO 3HAYYIIMMU IIPU PiBHI 3HAUymocTi p < 0,05.

PesyAbTatH

ITpu 3BepHenHi JIMH 3 6yso 3adikcoBano Ha 50 ouax
(13,89 %). HekopuroBaHa rocTpoTa 30py y LIMX MALiEHTIB
B cepenHboMy ctaHoBuia 0,15 + 0,01, MakcuMaIbHO KOpH-
roaHa — 0,32 £ 0,01.

3a TaHUMU ONTUYHOI KOrepeHTHOI ToMorpadii cepemHs
TOBIIMHA LIEHTPAJbHOI MiSIHKU CiTKiBKUA B KBaJpaHTIi
6 X 6 (Area thickness) ctanoBuna 355,68 = 1,80 MM, Mi-
HiMaJIbHa TOBIIMHA CiTKiBKM B (poBea (Min in fovea) —
358,54 + 2,40 MKM, cepeiHsI TOBILIMHA CiTKiBKM y LIEHTPi Ma-
kymu (Central sector) — 401,06+2,09 MKM, cepeaHiit 06’ em
ciTKiBKM B KBampaHTi 6 X 6 (Volume) — 10,42 + 0,10 MM,
cyMa cepeIHbOI TOBIIMHU I11apy HEPBOBUX BOJIOKOH, IIIApy
TaHTJiOHAPHUX KJIITUH i BHYTPIIHBOTO MOTPAHUYHOTO
mapy (NFL + GCL + IPL average) — 138,3 £ 0,7 MKM,
cyMa MiHIMaJIbHOI TOBIIMHM IIapy HEPBOBUX BOJOKOH,
11apy raHrJIioHapHUX KJIITUH i BHYTPIIlTHHOTO MOTpaHuy -
Horo mapy (NFL + GCL + IPL min) — 122,78 £ 0,60 MM,
cepeliHsl TOBIIMHA 1Iapy ranrjaioHapHux kiituH (GCL) —
97,2 + 1,0 MKM, cepe/iHs TOBILIMHA 111apy HEPBOBUX BOJIO-
koH (NFL) — 42,12 £ 0,20 MxMm.

IIpu npoBenenHi OKTA 1uio111a moBepxHi MOBepXHEBOI
¢oBeanbHOI aBackyJsipHoi 30HU (superficial FAZ) B ce-
pennbomy ctaHoBuia 0,780 £ 0,002 mm?, mIoIa MOBEPXHi
rmbokoi poBeanmbHOI aBacKysipHOI 30HU (deep FAZ) —

0,720 £ 0,002 MM?, cepedHsI IIIBHICTh CyTIUHHOTO PUCYH-
Ka IOBEPXHEBOro cruiereHHs: — 45,68 £ 0,2 %, cepenHs
LIUIBHICTD CYIMHHOTO PUCYHKA IIMOOKOTO CIJIETEHHS —
46,46 £ 0,2 %.

Yepes 3 micaui IMH 3 Oyno 3agikcoBaHo Ha 50 ouax
(13,89 %) y mauientis 3 HITJIP ta LI/ 2-ro Tuny. Hekopu-
roBaHa rocTpoTa 30py y LIMX IMalli€EHTIB B CEPETHLOMY CTaHO-
Bwia 0,14 + 0,01, makcumanbHO Kopurosada — 0,32 = 0,01.

3a ganumu OKT, Area thickness cranosuia 357,62 +
+ 1,80 mxm, Min in fovea — 360,04 + 2,40 mxMm, Central
sector — 403,52 + 2,10 mxm, Volume — 10,67 £ 0,10 mm?,
NFL + GCL + IPL average — 139,26 * 0,40 MkwMm,
NFL + GCL + IPL min — 124,38 + 0,30 mxm, GCL —
98,94 + 0,30 mxm, NFL — 42,42 + 0,20 MxM.

IIpu mposenenni OKTA superficial FAZ B cepen-
HboMmy ctaHoBmia 0,780 £ 0,002 mm?, deep FAZ —
0,720 £ 0,002 MM?, cepeaHsI IIIBHICTh CyTIUHHOTO PUCYH-
Ka MoBepxHeBoro crieteHHsT — 45,17 £ 0,2 %, cepenHs
IIUIBHICT CYIMHHOTO PUCYHKA IIMOOKOIrO CIJIETeHHST —
46,22 0,4 %.

Y Tab6. 1 HaBeneHO 3ajIeXXHICTb TOCTPOTU 30pY Bif ce-
peIHbOI TOBIMMHU LIEHTPAJIbHOI JUISTHKM CiTKiBKU B KBa-
npanTi 6 X 6 mpu JIMH 3 y mauienTis 3 L1 2-ro tumy.

Sk BumHO 3 Ta0J1. 1, BCTAHOBJIEHO BipOTiIHUIA 3B’SI30K IO-
CTPOTH 30Dy i3 CEPEIHBOIO TOBIIMHOIO LIEHTPATLHOT TIISTHKHA
ciTkiBku B KBaapaHTi 6 X 6 ipu IMH 3 (p < 0,01) y maitieHTiB
3 HITP ta LI/] 2-ro Ty 1pu BCiX TepMiHAaX CITOCTePEXKEHHSI.

VY 1abi. 2 HaBeneHO 3aJIeXXHICTb TOCTPOTH 30Dy Bill Mi-
HiMaJIbHOI TOBIIMHU CiTKiBKM B poBea rmpu JIMH 3 y marii-
eHTiB 3 LIJ1 2-ro Tury.

S BumHO 3 TaOJ1. 2, BUSIBIEHO CTAaTUCTUYHO 3HAYYIIY
3aJIeXKHICTh TOCTPOTH 30Dy BiJl MiHiMaJIbHOI TOBIIMHU CiT-
KiBku B ¢oBea npu JIMH 3 y nauienTis 3 L] 2-ro Tumy
npoTiaroM 3 MicamiB crioctepexxeHsb (p < 0,01).

VY T1ab7. 3 HaBeAEHO 3aJIEKHICTh TOCTPOTH 30pPY Bif ce-
PeIHbOI TOBLIMHM CITKiBKM y LIeHTpi Makyau ripu JIMH 3y
naitieHTiB 3 LIJI 2-ro Tumy.

Sx BumHO 3 TabO. 3, BUSIBIEHO CTAaTUCTUYHO 3HAYYIILY
3aJIEXKHICTh TOCTPOTH 30pY Bill CEPETHBOI TOBILIMHU CITKiBKU
y ueHTpi makyau npu AMH 3 y nauienTis 3 LIJI 2-ro tuny
(p<0,01).

VY Tabi. 4 HaBeneHO 3aJIEKHICTh TOCTPOTH 30pY Bif ce-
PEIHBOro 00’eMy CITKIBKM B KBaapaHTi 6 X 6 mpu IMH 3y
nauieHTiB 3 L1 2-ro Tury.

Sk BugHO 3 Ta01. 4, HE BUSIBJIEHO CTATUCTUYHO 3HAYY-
IIUX KOJTMBaHb TOCTPOTH 30PY B 3aJIEXKHOCTI Bill CEPETHBOTO
00’eMy CiTKiBKM B KBagpaHTi 6 X 6 mpu JIMH 3 y natientis
3 L1 2-ro Tumy (p = 1,0).

Tabnuys 1. 3anexHicTe rocTpoTH 30pPYy Bif cepefHbOI TOBLYNHUN LIeHTPAasIbHOI QiNsIHKU CiTKIBKN
B KBagpaHTi 6 x 6 npu JMH 3 y nauieHTis 3 U 2-ro tuny

Area thickness, MKM HKIr3 H-kpuTepiit; p MKr3 H-kpuTepii; p
Mpu 3BepHeHHi (n = 50)

354,0[346,0;3680] | 01[01;02] | 4537,<001 | 03[03083 | 3893 <001
Yepes 3 micadi (n = 50)

356,5(346,0;368,0] | 01[0,1;02] | 4594,<001 | 030308 | 386 <001

TMpumitkn: chopmar sigobpaxerHs aaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis
(MHOXMHHI MiXTpynoBi nopiBHAHHS). [pynyo4a 3miHHa — noka3Huk Area thickness; p — BiporigHicTb BigMiHHOC-
Ted (npuvimaeTtbcs npu p < 0,05).
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Tabnuys 2. 3anexHicTe rocTpoTH 30pPYy Bif MiHIManbHOI TOBLYMHA CiTKiBKM B hoBea
npu AIMH 3 y nayientis 3 U/ 2-ro tuny

Min in fovea, Mkm HKIr3 H-kpuTepin; p MKI3 H-kpuTtepin; p
Mpwu 3BepHeHHi (n = 50)

362,0(344,0;3770] | 01[01;02] | 4833%<001 | 030303 |  49,0;<001
Yepes 3 micaui (n = 50)

365,0[344,0;377,0] | 01[01;02] | 4628,<001 | 03[03083 | 42,71;<0,01

Mpumitku: chopmar BigobpaxxeHHs gaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis

(MHOXMHHI MiXKrpynoBi nopiBHsAHHSA). [pynyto4a 3miHHa — noka3Huk Min in fovea; p — BiporigHicTb BigmiHHOCTEN
(npwvimaeTtbcs npu p < 0,05).

Ta6nuys 3. 3anexHicTb rocTpoT 30py Bif cepefiHbOI TOBLUWUHU CITKIBKM Y LIeHTPi MaKynu
npu AIMH 3 y nayientis 3 U/ 2-ro tuny

Central sector, Mkm HKIr3 H-kpuTtepin; p MKI3 H-kpuTtepin; p
Mpwu 3BepHeHHi (n = 50)

399,0[388,0;4130] | 01[01;02] | 4833%<001 | 03[0303 |  49,0;<0,01
Yepes 3 micaui (n = 50)

402,0[388,0;4150] | 01[0,1;02] | 4628<001 | 03[0303 | 4341,<001

TMpumitku: chopmar sigobpaxeHHs agaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis
(MHOXMHHI MiXTpynoBi nopiBHsHHSI). [pynyoYa 3MiHHa — noka3Huk Central sector, MKM; p — BiporigHicTb Big-
MiHHOCTe (NnpumaeTbes npu p < 0,05).

Tabnuys 4. 3anexHicTb rocTpPoTH 30pPYy Bifj cEPERHLOro 06’eMy CiTKIBKU B KBagpaHTi 6 x 6
npu AMH 3 y nauienTis 3 L|[] 2-ro tuny

Volume, mm?® HKI3 H-kpuTepii; p MKI3 H-kpuTepin; p
Mpwu 3BepHeHHi (n = 50)

99[98114 | 01[01,02 | 0;1,0 | 030303 | 0;1,0
Yepes 3 micaui (n = 50)

102098114 | 01[0102 | 0;1,0 | 0300303 | 0;1,0

TMpumitkn: chopmar BigobpaxeHHs agaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis

(MHOXXWHHI MiXKrpynoBi nopiBHsiHHS). pynyroYya 3amiHHa — nokasHuk Volume, MM?; p — BiporigHicTb BigMIHHOCTEW
(npuvimaetbcs npu p < 0,05).

Tabnuys 5. 3anexHicTb rocTPoOTU 30pPYy Bifi CyMU cepeAHbOI TOBLUNHU LLUapy HEPBOBUX BOJIOKOH,
wapy raHriioHapHUX KNiTUH i BHYTPILLHBbOro norpadnyHoro wapy npv AMH 3 y nayiextis 3 L 2-ro tuny

NFL + GCL + IPL average,

MKM HKI3 H-kpuTepii; p MKI3 H-kpuTepiit; p
Mpwu 3BepHeHHi (n = 50)
139,0(138,0;141,00 | 01[01;02] | 396<001 | 03[03,03 | 44,22 <001
Yepes 3 micaui (n = 50)
140,0[139,0;141,00 | 01[01;02] | 3981;<001 | 030303 | 4621;<0,01

Mpumitku: chopmar BigobpaxxeHHs gaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHoCTI 3a kputepiem Kruskal-Wallis
(MHOXMHHI MiXXrpyrnoBi nopiBHsAHHS). [pynyro4da 3miHHa — noka3Huk NFL + GCL + IPL average; p — BiporigHicTb
BigMmiHHOCTeV (NpurimaeTbes npy p < 0,05).

Tabnuys 6. 3anexHicTe rocTPOTU 30pPYy Bifj CYMU MiHiManbHOI TOBLYNUHM LIapy HEPBOBUX BOJIOKOH,
wiapy raHriioHapH1UX KJiTUH i BHYTPiLLHbOro norpaHnyHoro wapy npv AMH 3 y nadieHTis 3 L] 2-ro tnny

NFL + GCL + IPL min, Mmkm HKI3 H-kpuTepiit; p MKI3 H-kpuTepiit; p
Mpu 3BepHeHHi (n = 50)
123,0[1230;1250] | 01[01;02] | 31,98<001 | 03[03;,03 | 27,98 <001
Yepes 3 micadi (n = 50)
124,0[123,0;1260] | 01[01;02] | 4517;<001 | 03[0303 | 26,84;<0,01

TMpumitkn: chopmar BigobpaxerHs aaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis
(MHOXMHHI MiXXrpynoBi nopiBHsAHHS). pynyro4a 3amiHHa — noka3Huk NFL + GCL + IPL min; p — BiporigHicTts Big-
MiHHOCTe (NnpuimaeTbes npu p < 0,05).
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V 1ab:n. 5 HaBemeHO 3aIeXKHICTh TOCTPOTH 30pY Bill CyMU
cepeIHbOI TOBIIMHMU 11apy HEPBOBUX BOJIOKOH, IlIapy raH-
DIOHAPHUX KJIITUH i BHYTPIiIlIHLOTO ITIOTPAHUYHOTO IIapy
npu JIMH 3 y nauientis 3 LI1 2-ro Tury.

A BumHo 3 Tab1. 5, 3a(hiKCOBaHO CTATUCTUYHO 3HAYYIILY
3aJIeXKHICTh TOCTPOTU 30pY BiJl CyMU CepeaHbO1 TOBIIUHU
11apy HepBOBUX BOJIOKOH, IIapy TaHTJiOHAPHUX KJITUH i
BHYTPIIIHBOTO IMOoTrpaHngHoro mapy npu JMH 3 y maii-
enTiB 3 L1 2-ro tuny (p < 0,01).

V¥ 1abi1. 6 HaBeIEHO 3aJIEXHICTb TOCTPOTH 30PY Bil CYMU
MiHiMaJIbHOI TOBIIMHHU IlIapy HEPBOBUX BOJIOKOH, IIapy
TaHTJiOHAPHUX KJIITUH i BHYTPIillIHHOTO MOTPAaHUYHOIO
mrapy npu JAMH 3 y manienTis 3 LI1 2-ro Tuy.

S BUIHO 3 TabJ1. 6, iCHYE CTATUCTUYHO 3HAYYILA 3aJ1€K-
HICTh TOCTPOTH 30Dy Bill MiHIMaIbHOI TOBIIMHU IIIapy HEPBO-
BUX BOJIOKOH, IIIapy TaHTJIIOHAPHMUX KJIITUH i BHYTPITHHOTO
norpannyHoro mapy npu JAMH 3 y manienris 3 HITJIP Ta
LI 2-ro Tumy rpu Bcix TepmiHax crioctepeskeHHs (p < 0,01).

V Tab;a. 7 HaBeAeHO 3aJIeXKHICTh TOCTPOTU 30pY Bil ce-
pPeOHbOI TOBIIMHY IIapy TaHIIIOHapHUX Ki1iTiH ripu JIMH 3
y nauieHTis 3 L1 2-ro tumy.

Sk BUAHO 3 TabJ1. 7, BCTAHOBJIEHO CTATUCTUYHO 3HAYY-
1Ii KOJIMBAaHHSI TOCTPOTH 30pY B 3aJIEXKHOCTI Bill cepeHbOT
TOBIIMHY IIapy raHraioHapHux KiituH rnpu JIMH 3 y ma-
1ieHTiB 3 LI/ 2-ro Tumy mpu BCix TepMiHaX CIIOCTEPEKEHHS
(p<0,01).

Y Tabs1. 8§ HaBelEeHO 3aJIeXKHICTh TOCTPOTH 30pY Bif ce-
PeaHbOI TOBIIMHU 1Iapy HEPBOBUX BOJIOKOH npu JIMH 3y
mauieHTiB 3 LI/ 2-ro tumy.

SIK BUIHO 3 Tab:1. 8, BCTAHOBJIEHO CTATUCTUYHO 3HAYYIII
KOJIMBaHHSI TOCTPOTH 30pPY B 3aJIEXKHOCTI Bill CEpeIHbOI TOB-
IIWHY apy HepBoBUX BosIoKoH nipu JIMH 3 y narieHTiB 3
LI 2-ro Tumy mpu Bcix TepMiHax crioctepexxeHHs (p < 0,01).

Y Tab1. 9 HaBeneHO 3aJIeXKHICTh TOCTPOTH 30DPY Bill CTaHY
MiKpPOUUPKYJIALIT MaKyJISIPHOI NIITHKY 32 JAaHUMU MOKa3-
HukiB OKTA nipu JIMH 3 y mauientiB 3 LI/ 2-ro tumy.

A BUIHO 3 TabJ. 9, BCTAHOBJIEHO CTATUCTUYHO 3HA-
YyIIy 3aJeXHICTb TOCTPOTHU 30PY Bil IUIOIII IMTOBEPXHi MO-
BEepXHEBOI i MMO0Koi hoBeaTbHOI aBaCKYJISIPHOI 30HU Ta
IIJIBHOCTI CyIMHHOTO PUCYHKA MOBEPXHEBOTO i INIMOOKOro
crteteHHs pu JIMH 3 y manienTiB 3 LIJI 2-ro tuiry mipu
BCiX TepMiHax crioctepexeHHs (p < 0,01).

Tabnuys 7. 3anexHicTb rocTPOTH 30pPY Bif cepefHbOI TOBLYNHM LIAPY raHrNiOHapHUX KITiTUH
npu AMH 3 y nauientis 3 L|[] 2-ro tuny

GCL, MKm HKI3 H-kpuTepiit; p MKI3 H-kpuTepiit; p
Mpwu 3BepHeHHi (n = 50)
99,0 [97,0; 100,0] | o1[01;02] | 410<001 | 03[0303 | 3825<001
Yepes 3 micaui (n = 50)
99,0[97,0;100,00 | 01[01;02] | 456<001 | 03[0303 | 3261;<001

TMpumitkn: chopmar BigobpaxerHs aaHnx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a kputepiem Kruskal-Wallis
(MHOXWHHI MiXKrpynoBi nopiBHsiHHS). pynyroYa 3amiHHa — nokasHuk GCL; p — BiporigHicTb BigmiHHOCTe (npu-

vimaeTbcs npu p < 0,05).

Tabnuys 8. 3anexHicTb rocTPoTU 30pPYy Bif cepefHbOI TOBLYUNHN HEPBOBUX BOJIOKOH
npu AIMH 3 y nayientis 3 U/ 2-ro tuny

NFL, Mkm HKI3 H-kpuTtepin; p MKIr3 H-kpuTtepin; p
Mpwu 3BepHeHHi (n = 50)
420[41,0;430] | 01[01;02] | 4239<001 | 03[0303 | 19,69 <001
Yepes 3 micadi (n = 50)
42,0 [41,0; 44,0] | 0101021 | 428%<001 | 03[0303 | 2402 <001

Mpumitku: chopmar sBigobpaxeHHs gaHunx: Me [Q1-Q3]; H — mixrpynosi BigmiHHOCTI 3a Kputepiem Kruskal-Wallis
(MHOXMHHI MiXrpynoBi nopiBHsAHHSI). [pynyoya 3miHHa — noka3Huk NFL; p — BiporigHicTe BigmiHHocTewi (rnpu-

vimaetbcs npu p < 0,05).

Tabnuys 9. 3anexHicTb rocTPoOTU 30pPYy Bifj CTaHy MIKPOLMPKYNSALii MaKynsipHOI BinsiHKu
3a gaHumu nokasHukis OKTA npu MH 3 y nauieHtis 3 | 2-ro tuny

CepepHs wWinb- CepeHa Winb-
L HKT3 mers | SPTERITAZ | peep Faz e | o e | putynka oo
(kinbKicTb 04en) HEBOro CrJIETEHHS 0 CMJIETEHHSA
1 2 3 4 5 6
Mpw 3BepHeEHHi 0100102 | 03[03;03] |078[0,77;0,79]|0,72[0,71;0,73] | 45,4 [44,5;47,0] | 46,0 [45,23: 48,0]
(n=50) D= 0,02 p,, <0,01; p,s < 0,01; p, < 0,01; p,, = 0,02; p,, < 0,01; p, s < 0,01: p,., < 0,01
Yepes 3 micLi 010,102 | 03[0303] |0790,77;08] |0,72[0,71;073]| 450[44,0;46,0] | 46,0[45,0; 48,0]
(n=50) D, =0,02:p,, <0,01: p,, <0,01: p,.<0,01:p,, = 0,02 p,. <0,01; p,. < 0,01: p,, < 0,01

Mpumitkn: ¢hopmar BigobpaxkeHHs1 aaHux: Me [Q1-Q3]; p — BiporigHicTe BigMIHHOCTEVN (MPUAMAaETLCS NPU
p < 0,05) pospaxosaHa 3a gonomoroto H-kputepito Kruskal-Wallis (MHOXWHHI MiXXrpynoBi nopiBHsAHHS).
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O6roBopeHHs

3a poroMoror aHriorpadii MoXXHa BUBYATH MIiKpOCY-
IWHHI naTodi3ioMoriydi 3MiHM, 1110 BiZOYBaIOThCS M0 KJTi-
HiYHUX MposiBiB AiabeTnuHoi pernHomnatii. OKTA — 1e
HOBa HeiHBa3MBHA TEXHOJIOTis, sIKa JO3BOJISIE OTPUMATU
iHdopMalliio 111010 KPOBOOOITY i CTPYKTYPU PETUHAIBHUX
Ta XOpioinaJbHUX CYAUH. 3a JTaHUMMU JIiTepaTypu, OlliHKa
napameTpiB OKTA y rimmbokoMy Ta ITOBEpXHEBOMY Kalli-
JISPHOMY CIUIETEHHSIX IMOKa3ye OOHAMiINBI pe3yJIbTaTh y
BusBIeHHI po3BuTtky JAMH [12, 13]. 3a naHuMU IesIKUX
IOCIIITHUKIB, iCHYE KOPEJISIlis MixX ITOTAHOIO TOCTPOTOIO
30py Ta HEPETYJSIPHOIO BEJIMKOIO aBACKYJISIPHOIO 30HOIO Y
nauieHTiB i3 JIMH [14].

OtpumaHi HamMu naHi 3i 306inbmeHHsM o ®A3 B
MOBEPXHEBOMY Ta IIMOOKOMY KalliIIpPHOMY CIUJIETEHHI
npu IMH 3 Ta 3HUXXEHHSIM TOCTPOTU 30pY IMiATBEPIXKY-
IOTHCS PSIIOM iHO3EeMHUX TOCHiIKeHb. TakK, MOCIiIKeHHS
MoKasayju 3Ha4Ho Oinbiny Tutomy MA3 Ha piBHi ToBepx-
HEBOTO KaIiJIsipHOro cruieTeHHs B ouyax 3 JIMH mopiBHsiHO
3 ouamu 6e3 IMH Ta y 3mopoBux oci6. Huzkua roctpora
3opy y naiieHTiB 3 [IMH 6yna nos’s3aHa 3 6iabuioro A3
SIK B IIOBEPXHEBOMY, TaK i B TIIMOOKOMY KaITiJIIpHOMY
crieteHHi [15]. B iHmmomy mpociimkeHHi 0yJjio ToKa3aHo,
mo oui 3 JIMH, ski morano pearyiots Ha aHTU- VEGF-Te-
partito, Maiu 6iabiny 1oy MA3 y TinbokoMy Karmisp-
HOMY CIUIET€HHi, TOMAi SIK He OyJIO CYTTEBUX BiIMiHHOC-
Tell MixX IBOMa IpyramMu B MOBEPXHEBOMY KariJsIpHOMY
crueteHHi [16]. Takum ynHoM, BuMipioBanHs MA3 gk
iHmukaTtopa imewmii makynu nipu IMH moxe HagaBaTu
BaXKJIMBY iH(opMallito, 0cCOOJIMBO Yy MiArpyIIi MalieHTIB, y
SIKMX HeIOCTAaTHsI aHaTOMiyHa abo yHKIioOHaJIbHa BidIo-
BiIb Ha JIIKyBaHHSI.

3a nanumu Balaratnasingam et al. [17], 30iablIeHui
po3mip MA3 MoxHA BUKOPUCTOBYBATH SIK IHAMKATOP TSLK-
kocti IMH, sikuii Mo3UTUBHO KOPEJTIOE i3 3araibHOIO TSIXK-
KicTio Ta nporpecyBanHsam JIPIT [18].

KamninsipHa minbHICTh, SIK MOKa3HUK BiIHOIIEHHS 3a-
rajpHoi miolli nepgy3oBaHUX KPOBOHOCHUX CYOIMH Ha
OJIMHUIIIO TIJIONIi MiITHKY BUMipIOBaHHSI, 32 TaHUMMU JIiTe-
paTypu, TaKOX BigoMa SIK IIUIbHICTh Tepdy3ii adbo IIiab-
HICTh IUIOLII CYAMH, BUKOPUCTOBYETHCS IJIsI KiJIbKiCHOT
ouinku JIMH 3a nonomoroto OKTA Ta BpaxoBye oOunBa
MOKAa3HUKW — JTOBXUHY Ta JiaMeTp CYIWH JJIsl aHali3y
[19]. ITpu mopiBHSIHHI KiIBKiICHUX MapaMeTpiB MixX ounMa
3 onHakoBolo TskkicTio HITAP B ouax 3 JIMH Oyna mo-
Ka3aHa 3HaYHO HMXXYa LIIJIbHICTb CYIUH Y MOBEPXHEBUX i
MIMOOKMX 1Iapax CiTKiBKY IMOPiBHSIHO 3 TUMU, SIKi HE MaJIu
JAMH [20].

ILlo cTocyeThest KOpesnslii Mixk TOCTPOTOIO 30Py Ta KiJlb-
KiCHUMM MMapaMeTpaMu MiKpocyanHHMX moka3sHuKiB OKTA
npu JIMH, HusbKa minsHicTs nepdysii B 'KC kopentona-
Ja 3 ripmoo MKI'3, 1110 cBimuuTh mpo Te, 110 MaKyjasipHa
ilreMist Bimirpae BaxkJiMBY pOJib y 3HUKEHHI TOCTPOTH 30Dy,
noB’sa3aHomy 3 JIMH.

Binpuricts gocaimXeHb IMOTOMKYIOTHCSI 3 TUM (pak-
TOM, 1110, He3BaXKaloun Ha BUSIBJIEHHS aHOMaJiil y mo-
BepXHEBOMY KarliisipHomy ciuieteHHi, JIMH 3ae6inbpiioro
MOB’sI3aHU I 3i 3HUKEHHSIM a00 BiJICYTHICTIO KPOBOTOKY B
MIMOOKMX CYIMHHUX CIJIETEHHSIX, a TAKOX 0araTo q0cCJi-
JKeHb DIMIIIA BUCHOBKY, IIIO Ha PiBHI IITMOOKOIO Kari-

JIIpHOTO cIuieTeHHs y xBopux Ha JIMH cmocrtepiramocs
3HAYHE 3HUXKEHHSI MapaMeTpiB, 1110 BUKOPUCTOBYIOThHCS
IJISI OLIHKM MaKYyJISIpHOI ileMmii, sSIK-0T IIiJIbHICTh CYAUH
Ta nepdy3sii, a Takox 30inbiieHHs PA3. IcHye KinbKka
Teopiii, sIKi TTOSICHIOIOT 1110 3aIIporoHoBaHy. byo 3a3Ha-
YEeHO, 110 32 HOPMaJIbHNUX 00CTaBUH piliHAa BUPOOJISIETHCS
Ha piBHi ITOBEPXHEBOIrO 1Iapy CyIUH i MOTJMHAETHCS 3a
IIOTIOMOTOI0 KJIiTUH MIojiiepa B ITMOOKOMY KaIliJIIPHOMY
cruieTeHHi. MakyJisipHuii HAOpsSIK TOYMHA€E PO3BUBATUCS,
KOJIM BUHUKAE NUcOaaHC MiXX HAKOTIMYEHHSIM PiAUHU
B CiTKiBIIi Ta ii BuxomoM 3 Hei. Hu3bkuit abo BimcyTHit
KPOBOOOIr y rMuOOKOMY KalliIIpHOMY CILIETEHHi MOXe
CIPUYMHUTU MOTO HE3MATHICTh BUAAIATU PiAUHY 3 CiT-
KiBKH, 1110 TIPU3BOAUTH 10 NIEPEBAXXHOTO PO3BUTKY Ta pe-
LIUAMBY KiCTO3HUX MPOCTOPIB Y NUISTHKAX 3 MOPYIIEHHSIM
CyIMHHOro KpoBoToKy [20]. Binbir Toro, mopiBHSIHO 3
IMOBEPXHEBUM KaMiJIPHUM LIAPOM Y TJIUOOKOMY € TyXKe
OaraTo ApiOHMX CYIMH, 11O MiABUIILYE HOTO CIIPUNHSTIN -
BiCcTh 10 JeiikocTasy [21, 22] Ta Bpa3auBicTh 10 e(heKTiB
VEGF [22].

Otxe, npu BuBYeHHI nmoka3HukiB OKTA nipu IMH 3
y nauieHTiB 3 LI/l 2-ro TuIly M1 BCTAaHOBWJIM BipOTiTHUIA
3B’SI30K LIMX MOKa3HUKIiB 3 HEKOPUTOBAHOI Ta MaKCH-
MaJIbHO KOPUTOBAHOIO TOCTPOTOIO 30pY, a caMe 3 IJIOLIEI0
MOBEPXHi MOBEPXHEBOI i INTMO0KOT (hoBeaTbHOI aBACKYJISIP-
HOI 30HM Ta IIIJIBHOCTI CYIMHHOIO PUCYHKA TOBEPXHEBOTO
i TIMOOKOTO CIJIETeHHSI Ha BCiX eTarax CIOCTEePeXXeHHS
(p <0,01).

[Tpu BuBueHHi nmoxka3zHukiB OKTA pu JIMH 3 y mami-
eHTiB 3 LIJ] 2-ro Ty My BCTAHOBUJIW BipOTiTHUI1 3B SI30K
LIMX MTOKA3HUKIB 3 HEKOPUTOBAHOIO Ta MaKCUMaJIbHO KO-
PUTOBAHOIO TOCTPOTOIO 30Dy, a CaMe i3 CEPeAHbOI0 TOB-
LIMHOO LIEHTPAIBHOI AUISTHKM CITKIBKY B KBaZpaHTi 6 X 6,
MiHiMaJbHOIO TOBIIMHOIO CiTKiBKHU y (poBea, cepeaHbOIO
TOBILIMHOIO CITKiBKM y LEHTPi MaKyJu, CYMOIO CEpPEIHbOT
TOBUIMHMU 1Iapy HEPBOBUX BOJIOKOH, 111apOM IaHTTIOHAPHUX
KJIITUH i BHYTPIllIHBOTO MOTPAHWYHOTO I1apy, MiHIMaJIbHOIO
TOBUIMHOIO 111apy HEPBOBUX BOJIOKOH, 1LIAPY FAHTIIOHAPHUX
KJIITUH 1 BHYTPIillIHBOTO MOTPAHUYHOTO 1Iapy, CEPEeIHBOIO
TOBIIMHOIO 1IIapy FAHIJIIOHAPHUX KJIITUH, CEPEIHbOIO TOB-
IIAHOIO IIapy HEPBOBUX BOJIOKOH TIPY BCiX TePMiHaX CITO-
crepexkeHHs (p < 0,01).

BucHoBku

V nalieHTiB 3 yKpaiHcbKoi norysiiii 3 L1 2-ro tumy
gactota JIMH 3 B cepennboMy cranoBuia 13,89 %.

IMokazuuku OKT ta OKTA MoXHa po3riisinatu siK di-
arHOCTMYHI MapKepu mmporHo3yBanHs JIMH 3 y manienTiB
3 LI/I 2-ro Tumy.

BcranosieHo craructuyHo 3HauuMuit 38’5130k HKI'3
ta MKI'3 npu JIMH 3 y nauientis 3 LIJI 2-ro tuny 3 mo-
kasHukamu Area thickness, Min in fovea, Central sector,
NFL + GCL + IPL average, NFL + GCL + IPL min, GCL
ta NFL 3a nanumu OKT (p < 0,01).

BcranosneHo cratuctuuHo 3Haunmmuii 38’5130k HKI'3 ta
MKT3 npu IMH 3 y nauienTis 3 LIJ] 2-ro Tumny 3i craHoMm
Mikpoumpkysuii 3a nanumu OKTA, a came 3 molero
DA3 y moBepXHEeBOMY Ta INTMOOKOMY KaITiJIIPHOMY CILIe-
TEHHi, CepeNHbOIO IIIBHICTIO CYTMHHOIO PUCYHKA ITOBEPX-
HeBOro Ta riubokoro cruieTeHHs (p < 0,01).
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KonduikT inTepeciB. ABTOpU 3as1BJISIIOTh PO BiZICYTHICTD
KOHJIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi ITpY MiATOTOBL JAHOI CTATTi.

Indopmauis npo dinancysanns. 3oBHilHi axepena di-
HaHCYBaHHS BiICYTHi.
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TepialiB, aHaIi3 OTPUMaHMUX JaHUX, HAITMCAHHSI TEKCTY;
Morinescpkuii C.HO. — KoH1emIid i A3aitH JOCTiKEeHHS,
HaIMCcaHHS BUCHOBKIB.
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Diagnostic markers of severe diabetic macular edema
in patients with type 2 diabetes

Abstract. Background. Diabetic macular edema (DME) is one
of the common causes of vision loss in patients with type 2 diabe-
tes mellitus (DM). In the pathogenesis of DME, the main role is
played by the breakdown of the blood-retinal barrier as a result of
an increase in vascular endothelial growth factor and the expression
of pro-inflammatory cytokines. This breakdown leads to hyperper-
meability of the vessels with subsequent formation of DME. With
the emergence of the optical coherence tomography (OCT), the
possibilities of studying markers for early detection and prediction
of DME are expanding, which is an urgent task of modern oph-
thalmology. The purpose of the study was to investigate diagnostic
markers of severe diabetic macular edema in patients with type 2 dia-
betes. Materials and methods. Six hundred and eighty patients (1296
eyes) of the Ukrainian population with nonproliferative diabetic
retinopathy and type 2 DM were under observation. The nature and
frequency of DME development were studied in them. Two hundred
and three patients (360 eyes) with DME were not treated due to
refusal. Eyes with severe diabetic macular edema (DMN3) were
selected from this group, and these patients was the target of our
study. Ophthalmic examination methods included: history taking,
visometry, refractometry, posterior ocular biomicroscopy, pneumo-
tonometry, fundus photography, OCT, OCT angiography, micrope-
rimetry. Statistical data processing was carried out. The observation
period was 3 months. Results. During referral of the patients, DME3
was detected in 50 eyes (13.89 %). The average uncorrected visual
acuity (UCVA) was 0.15 + 0.01. Maximum corrected visual acuity
(MCVA) averaged 0.32 + 0.01. According to OCT, area thickness
was 355.68 = 1.80 um, min in fovea — 358.54 + 2.40 um, central
sector — 401.06 = 2.09 um, volume — 10.42 = 0.10 mm?, nerve
fiber layer (NFL) + ganglion cell layer (GCL) + inner plexiform
layer (IPL) average — 138.3 + 0.7 um, NFL + GCL + IPL min —

122.78 £ 0.60 um, GCL — 97.2 £ 1.0 wm, NFL — 42.12 £ 0.20 um.
According to OCT angiography, the surface area of the superficial
foveal avascular zone (FAZ) was on average 0.780 + 0.002 mm?,
the surface area of the deep FAZ was 0.720 & 0.002 mm?. The ave-
rage density of the vascular pattern of the superficial plexus was
45.68 = 0.20 %, deep plexus — 46.46 = 0.20 %. After 3 months,
DME3 was recorded in 50 eyes (13.89 %) in patients with non-
proliferative diabetic retinopathy and type 2 DM. UCVA in them
averaged 0.14 £ 0.01, MCVA averaged 0.32 £+ 0.01. According
to OCT data, area thickness was 357.62 £ 1.80 um, min in fo-
vea — 360.04 £ 2.40 um, central sector — 403.52 £+ 2.10 um,
volume — 10.67 = 0.10 mm?®, NFL + GCL + IPL average —
139.26 £+ 0.40 um, NFL + GCL + IPL min — 124.38 £ 0.30 um,
GCL — 98.94 + 0.30 um, NFL — 42.42 + 0.20 um. According to
the OCT angiography, superficial FAZ was 0.780 £ 0.002 mm?, deep
FAZ was 0.720 + 0.002 mm?, the average density of the vascular
pattern of the superficial plexus was 45.17 + 0.20 %, the average den-
sity of the vascular pattern of the deep plexus was 46.22 + 0.20 %.
Conclusions. In patients of the Ukrainian population with type 2
DM, the average frequency of DME 3 was 13.89 %. There was a
reliable relationship between UCVA and MCVA in DME 3 in pa-
tients with type 2 diabetes and OCT indicators, namely area thick-
ness, min in fovea, central sector, NFL + GCL + IPL average,
NFL + GCL + IPL min, GCL and NFL (p < 0.01). A significant
relationship was found between UCVA and MCVA in DME 3 in
patients with type 2 diabetes and the state of microcirculation of
macular zone according to the OCT angiography indicators such as
superficial FAZ, deep FAZ, average density of the vascular pattern
of the superficial and deep plexus (p < 0.01).

Keywords: type 2 diabetes mellitus; diabetic macular edema; optical
coherence tomography; angiography
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NMepCOHAAIZOBAHUMU MiAXIA Y B A€HHI XXIHOK
3 CepueBolo HeAOCTATHICTIO
3i 36epexxeHoro GpPaKLIEIO BUKUAY
TA NOPYLUEHHSAM BYTA€BOAHOIro OOMiHy

Pe3tome. AktyanbHictb. OgHuM i3 6aratbox ghatasibHuX yCKIagHeHb cepes KOMOPGIgHUX CTaHIB Crlif BBaXa-
TV nporpecyBaHHs cepyeBoi HegoctaTtHocTi (CH) B 0ci6 i3 nopyLLeHHSIM BYyr/ieBOAHOro ooMiHy. BctaHoBrieHo,
o pusnk po3sutky CH y XiHok i3 yykpoBum giabetom (LUM) y m'sate pasiB BuLymid, Hix 6€3 Hboro. BHacnigok
reTeporeHHoOCTi Ta CUHTPOMII eTionaTtoreHeTUYHNX MEXaHI3MIB BUHUKHEHHS y CBITOBIV nonynsyii 3poctae ro-
LumpeHicTb 3axBoproBaHocTi Ha LY Ta CH, a BigcyTHiCcTb BYacHOI Tepanii moTeHLitoe HeCrpUATIIMBUI MPOrHO3.
be3cyMHIBHO, OCHOBHUM 3aBAaHHSIM MEAMYHOI CrifIbHOTU € paHHs giarHocTnka CH 3i 36epexeHoro ghpakujieto
Bukugy (CH36®B) Ta npuaHa4eHHs NaToreHeTu4Ho 06rpyHTOBaHOI MeaukamMeHTO3HOI Tepanii, 0co6mBo ocobam
i3 npegiabetom/LU 2-ro Tuny. OTxe, rofloBHOK CTpaTerieto /liKyBaHHS KOMOPOIAHOI naTonorii € BUKOpUCTaHHS
rnayieHT-opieHTOBaHnX rigxo4iB i3 BpaxyBaHHAM reHAepHVX 0COb6IMBOCTEN Ta MOLLYK allbTePHATUBHUX LUISIXIB
6e3r1e4Horo JOCArHeHHs rnikemidHux uinevi B oci6 i3 CH36®B Ta 3 nopyLueHHsmM ByriesogHoro obmiHy. Mera:
OLiHNTY pe3yrnbTaT 12-TUXKHEBOIro Kypcy JliKyBaHHs METGOPMIHOM y BUITISAI MOHOTepanii abo koMmbiHaLieto MeT-
popMiHy 3 Aanarsnigprio3MHOM i3 aKLIEHTOM Ha KOPeKLito (oyHKLiIOHaIbHOro aeiunty 3aniaa y xiHok i CH36 @B
1a npegiabetom/L/] 2-ro Tuny. Matepianu ta metoan. O6¢ctexeHo 60 XIHOK, SIKi Bigrosigann Kputepisam [OcCri-
[>KeHHs1 Ta 6ynu poanogineHi Ha asi rpynv: | rpyna (n = 30) — nauieHTku i3 CH36®B T1a npegiabetom; Il rpyna
(n = 30) — nauieHTku i3 CH36®B Ta LY/ 2-ro tuny. 3anexHo Big naTtoreHeTn4yHoi Tepanii nayieHTok o60x rpyn
[ocrnigkeHHs paHgomizosaHo go nigrpymm A (IA: n = 15; lIA: n = 15), y AKivi nayieHTKu oTpuMyBasin MOHOTeparnito
meTghopmiHom (y 4o6osivi gosi 500—-2000 mr), Ta nigrpynm B (IB: n = 15; IIB: n = 15), y Kivi nikyBaHHs npoBoau-
nocsi metgpopmiHom (500-2000 mr/goby) y kombiHawii i3 ganarmnighnosmHom (10 mr/go6y). 3rigHo 3 ausaiHom
HayKoBOro [OC/IXXEeHHS yCiM nayieHTKkam Ha no4atky 1a Yepesd 12 TvXHIB Tepariii npoBe[eHO OLiHKY OCHOBHUX
aHTPONMOMETPUYHUX [aHUX, KOMI/IEKC /1ab0opaTopHuX 06CTEXEHb Ta KIIIHIKO-IHCTPYMEHTaslbHy [iarHOCTUKY.
Pesynbratn. Y nauieHTok IB rpynv rnigTBepaxeHo BUCOKY ePeKTUBHICTb 12-TUXHEBOIro Kypcy rnaTtoreHeTmyHor
Tepanii BigrnosigHo [0 NoKas3HWUKIB BYriieBOJHOro 06MiHy (riikosaHuii remornobiH (HbA1c): A—10,67 %, p < 0,001)
i3 BiporigHum 3pocTaHHAM ppakuii Bukugy nisoro wnyHodka (@B JILl) (A+7,73 %, p < 0,001) nopiBHAHO i3
rpyrnor XIHOK, sIKi oTpuMyBasnn MoHoTepanio meTgopmiHom (A—1,53 %, p > 0,5). Iig 4ac BukopucTaHHs [O-
cNigXyBaHUX KOMIIEKCIB NiKyBaHHS B oci6 i3 CH36®B T1a npegiabeTom rigTBepaXXeHo BiporigHy Hopmanisauito
r1ikeMi4HoOro KoHTposio Ta Bucokuii wwade (OR 0,12, 95% [l [0,011—-1,339]) 3anobiraHHsi po3sutky L 2-ro tury.
EcbekTuBHICTb [OAATKOBOIO NMpu3Ha4eHHs ganarsnigpio3uHy pa3oMm i3 METEHOPMIHOM y navieHTok i3 CH36®B T1a
ropyLLUEHHSIM BYriieBOAHOro 0O6MiHy nigTBEpAXYe 6€3neyYHy KOPeKLUito (hyHKLIOHaIbHOro geiynTty 3asnisa 3 ictoT-
HUM 3POCTaHHSIM MOKa3HMKa Hacu4eHHs TpaHcgpepmHy 3anizom (IB/IIB rpymv: A+38,51 %, p < 0,001/A+29,59 %,
p < 0,001), BmicTy cupoBatkoBoro 3anida (IB/IIB rpynn: A+14,93 %, p < 0,001/A+10,07 %, p < 0,5), a Takox
TEeHAEHLi0 O KOMIMEHCaTopHOI rinogheputuHeMii. Y xiHok IIB rpynv Ha ¢ooHI 12-TuXXHEBOro Kypcy KOM6IiHOBaHoOI
Teparnii (go6osa fosa metTgopmiHy craHosuna 2000 mr, ganarnigpnosmHy — 10 Mr) giarHOCTOBaHO 3icTaBHe
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3HWXEHHS NMokasHuKiB ByrnesogHoro obmiHy (IIA/IIB rpynn: HbA1c nicns nikyBaHHs: A—1,75 %/A—10,67 %,
p < 0,001 BignosigHo) ¥i noninLeHHs1 1abopaTopHO-IHCTPYMeHTannbHUX napametpis CH36®B (IIA/IIB rpynv nicnsa
nikyBaHHs: BMicT NT-pro-BNP: A—-5,96 %, p < 0,05/A—13,65 %, p < 0,001; ®B JILLI: A+1,38 %/A+9,00 %, p < 0,001
BignoBigHo). BUCHOBKK. 3anpornoHoBaHi nepcoHani3oBaHi nigxoau y BeAeHHi XiHok i3 CH36®B 1a npegiabeTom
MaroTb MpPorHo3mMoanikyoYni eghekT Ha rposisu CH Ta eqbeKTUBHUY KOHTPOSIb rilikeMii. B4acHe npusHa4eHHs
AanarnichrnoanHy pasom i3 MEeTEhopMIiHOM XiHkam i3 CH36®B Tta nopyLLeHHSM BYriieBoOHOro 0OMiHy cripusie
6e3rneyHivi Kopekuii pyHKLIOHaIbHOro AegiunTty 3aniza. BHacnigok npuiomy KoM6iHoBaHOI natoreHeTu4HoI Te-
parnii 'y nayieHtok i3 CH36®B ta L[ 2-ro tuny [iarHOCTOBaHO 3icTaBHy KOMMeHcauito MoKa3HuKIB BYriieBo4HOro
O6MIHY Vi MOKpaLLeHHS 1a60paToOpPHO-IHCTPYMeHTaslbHUX 03Hak CH. i BACHOBKM CripysitOTb KpaLlomMy po3yMiHHIO
TepaneBTUYHOIro MoTeHyiany ganarnichio3nHy Ta 3arnobiraHHs nosinparmasii npy KoMopoigHOCTI.

Knto4oBi cnoBa: cepueBa HegocTaTHICTb 3i 36epexxeHor0 hpaKLieto BUKUZY; npeaiabeT; LyKpoBuii JiabeTt 2-ro
]ny; aegiynT 3anisa; iHribiTopy HaTpiN3anexHoro KoTpaHcrnopTepa rioKo3u 2-ro Tury; ganarsichio3vH

Bctyn

VY 1moneHHi KAiHiYHIN TpaKTUIL BCE YaCTillle Tparuisi-
IOThCS TALIIEHTU 3 MYJIBTUMOPOITHUMHU 3aXBOPIOBAHHSIMMU.
CUHHTpOITiSl TATOJOTIYHUX CTaHIB 3HAYHO OOTSIXKYE mnepedir
KOXHO1 XBOpOOM 11 MoTpedye yIOCKOHAJIEHHS aJITOPUT-
MiB JIiKyBaHHS 3 aKIIEHTOM Ha MEePCOHaIi30BaHWI ITiIXi
Y BEIEHHI LIMX TPYIT XBOPHUX i3 3ATy4YEHHSIM MYJIbTUIUCLU-
IUTiHapHOI KOMaHAu crieniaiictiB [1]. OmHuMm i3 6aratbox
datajbHUX YCKIIAIHEHb cepell KOMOPOiMHUX CTaHIB CIIil
BBaxkaTu nporpecyBatHs CH B oci0 i3 mopylieHHsSIM ByTJie-
BOJHOTO 00MiHY [2, 3]. BcTaHOBI/IEHO, 1110 PU3MK PO3BUTKY
CH y xiHok i3 LI/l y ’aTh pa3iB BUILUIA, HiXK 0€3 HHOTO.
V CBITOBIl MOIYJISILIiT 3pOCTa€E MOIIMPEHICTh 3aXBOPIOBA-
Hocri Ha L1J] Ta CH, a BincyTHICTh BUaCHOI 1iarHOCTUKHU Ta
KOMIUIEKCHOI Teparlil IOTeHIIiI0€ HECTIPUSTIAUBUIA IIPOTHO3
[4, 5].

BcraHoBeHO HEraTUBHUM BIUIMB MOPYILIEHb BYTJIEBOI-
HOTO 00MiHY, Ha/UTMIIIKOBOI MacH Tijia/0XUPiHHS, nediuuTy
3aJli3a, apTepiajibHOI rinepTeHsii (Al') Ta iHIIMX CYITyTHIX 3a-
XBOpIoBaHb Ha nporpecyBanHsg CH36MB, Tomy min uac mo-
LIYKY aJIbTePHATUBHUX MiIXO/iB 10 Teparlii CJIiJi BpaXoByBa-
TH TeHIEPHI 0COOIMBOCTI, O€3IMeKy JOCITHEHHS IJIIKEMIYHIX
11iJ1eit i3 TO3UTHBHUMU Kap1iopeHOMeTabOoIiYHUMMU BIaCTH-
BOCTSIMU Ta BOJAHOYAC YHMKATH moJinparmasii [6]. Came
TOMY CJIill HaJlaBaTH MepeBary MeIMKaMeHTO3HUM 3aco0am
i3 BUCOKMM piBHEM J10Ka30BOi 0a3u 11010 Oe3neku, epek-
TUBHOCTI, Kapmaio-, Hedpo-, rermaTo-, HelpoIpoTeKIlii Ta
IHIITMX TO3UTUBHUX METa0OIIYHMX BJIACTUBOCTE. 30Kpema,
Taki e(peKTH Ma€ iIHHOBALIMHUII KJ1aC IIyKPO3HILKYBaJIbHIX
MperapaTiB — iHTi0ITOpY HATPili3aIesKHOTO KOTPaHCIIOPTe-
pa rimoko3u 2-ro tuny (iH3KTI2) [7, 8].

Y nporeci MaciITabHUX JOCTIIKEHb OTPUMAHO BEJIU-
KMii MacuB iH(opMalliil 111010 aJbTepHATUBHUX BJIACTH -
BOCTel manariipao3uHy, SIKi MPOIOBXKYIOTh aHaJIi3yBaTU
HayKOBIIi, EKCIEPTU YIOCKOHAIIOIOTh KJIiHiYHI HACTAaHOBM,
a MeJIMYHa CIiJIbHOTAa Ma€ 3MOTY aKTUBHO BITPOBAIXKYBAaTU
iX y IIOJAEHHY KJIiHIYHY MPaKTUKY. BaxiuBo Bin3HaunTH,
1110 Y HMU31li HAYKOBUX Mpallb TAaKOX BUBUYEHO BIUIMB Aara-
idh03uHY Ha 0OOMiH 3aitiza y nmaiieHTiB i3 CH 3i 3H1Xe-
Holo DB, Toxi gk HagBHI JIMIIIE TTOOAMHOKI JOCiIXKEHHS B
oci6 i3 CH36®B. 3a pesynbraramu posthoc-ananizy DAPA-
HF (Dapagliflozin and Prevention of Adverse-Outcomes in
Heart Failure) 3’sicoBano, 1110 B 43,7 % y4acHMKIB IiarHOC-
TOBaHO NedilluT 3aj1i3a, OTpUMaHi JaHi y3rolXymThCs i3
BUCHOBKAaMM iHIIIMX HAYKOBMX po0iT. 30KpemMa, y HelllodaB-
HBOMY IIBEICHKOMY JOCIIIIKEHHI BUSBJICHO AeilnT 3aji3a

y 46,3 % aMOynaTopHUX MalieHTiB 3 XxpoHiuHoO CH, Tomi
SIK Y BEJIMKOMY aBCTPalilicbKOMY TOCITIIKEHHI 1isI TOIIpe-
HicTb cTraHOBUTH 39,7 % oci6 i3 CH [10].

AKTyaJIbHICTh pOOOTH 3yMOBJIEHA 3pOCTAaHHSIM MOTPEOU
y nepcoHi(ikoBaHOMY MiAXOMi 10 BeA€HHS MalliEHTOK 3
CH36®B Ta nipeniabetom/LIJ1 2-To THITY 3 BUaCHOIO KO-
PEKIIiel0 BYTJIEBOMIHOTO OOMiHY, (DyHKIiOHABbHOTO Aedi-
LIUTY 3ajliza Ta MpOorHo3MoandikyounmMu edexrtaMmu Ha
CTPYKTYPHO-(PYHKIIIOHAIbHI TTapaMeTpu Ceplisl, a TAKOX 3i
BCTaHOBJICHHSIM iHIMBIAyaJIbHOTIO PU3MKY Ta 3aII00iraHHSIM
MaKpOBacKYyJISIpHUM KaTtacTpodam.

MerTa: oLliHUTHY pe3yabTaTy 12-TUKHEBOIO KypCy JIiKy-
BaHHS MeT(hOPMIHOM Yy BUTJISIAI MOHOTeparii abo KomOi-
Halli€o MeTGOopMiHy 3 manariihJo3MHOM i3 aKIIEHTOM Ha
KOpeKIlilo (GyHKIIOHAILHOTO OeillnTy 3ajli3a y XiHOK i3
CH306®B Ta npeniadetom/LIL 2-ro Tury.

MarTtepiaAu Ta meToamn

JlocnimKxeHHsT TPOBOAUIOCS Ha KIiHiYHUX O0a3ax IBa-
Ho-®paHKiBChKOTO HAIliOHATLHOTO MEIUYHOTO YHiBep-
cutety 3a y4yactio 60 xiHok i3 CH36®B ta nopyireHHIMHI
BYIVIEBOIHOTO OOMiHY, 30KpeMa IallieHTOK i3 mpemiade-
toM (I rpyna, n = 30) ta LIJL 2-ro Tumny (Il rpymna, n = 30).
VYyacHuli nignucyBaiu iHQopMoOBaHy 3rofdy i3 10TpUMaH-
HSIM MOpPaJIbHO-ETUYHUX HOPM Oi0€TUKM BiAIOBITHO 10
OCHOBHUX NMpUHLIMITIB ['eJIbCiHCHKOT neKapallii Ta YNHHOTO
3aKOHOJABCTBAa YKpaiHU, 1O MiATBEPIKEHO BUCHOBKOM
KOMicii 3 mutaHb eTuku IBaHo-PpaHKiBCHKOI0 HAlliOHAb-
HOTO MEeIMYHOTO YHiBepcuteTy (mpoTtokon Ne 139/23 Bin
16.11.2023 p.), i mpoxoaMIN KOMILUIEKC KITiHiKO-TabopaTop-
HUX Ta iHCTPYMEHTAJIbHUX OOCTEXXEHb.

Kpurepii BKIIOUeHHST Y JOCHTIIKEHHS: 0COOU KiHOYOI
crari Bikom Big 18 no 80 pokis i3 CH36®B 3 nopyuieH-
HSIM BYIJIEBOTHOTO OOMiHY — IIpemiabeToM Ta Bepudiko-
BaHUM miarHo3oM LIJI 2-ro Tumy it piBHEM r1iKoBaHOTO
remornobiny (HbAlc) no 10 %, sixi mpoTsirom monepeaHix
TPHOX MiCSIIiB IepedyBaji Ha MOHOTeparlii MeT(opMiHOM
y cTabinpHii 103i 2000 Mr/mo0y.

Kputepii BUKITIOUeHHS i3 JOCTiIKeHHST:

— 0CcOo0MU YOJIOBIYOI CTAaTi;

— XiHKU Bikom noHaz 80 pokKiB;

— mnauientku 3 LIJI 1-ro tumy;

— BariTHICTb UM JIaKTallisl;

— ibpwsLisl/TpinoTiHHS TIepeacepab (uepe3 Bapia-
OEJIbHICTD TOTUIePiBCHKUX MTapaMeTpiB HaBaHTAXKEHHS, 1110
YCKJIAMHIOE OLIIHKY IUHAMIKH IiaCTOJIIYHOI (PyHKIIiT);
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[ d ]

— HEeBIIKJIAAHI CTaHU TMPU CEePLIEBO-CYIMHHUX 3aXBO-
PIOBaHHSIX;

— TOCTpe MOPYILIEHHSI MO3KOBOI'O KPOBOOOITY;

— KOHCTPUKTUBHUI MepUKapAUT a00 3HAYHUI MepU-
KapJiaJbHUM BUIMIT;

— HHUPKOBA HEIOCTATHICTh (IIBUAKICTh KJTyOOUKOBOI
dinprpanii < 30 mir/x8/1,73 M? 3a hopmysioro CKD-EPI);

— TIeYiHKOBA HEIOCTATHICTh;

— TsKKa aHeMist (reMoryio6iH < 90 r/i1 i reMaTokpuT
<33 %);

— TSDXKi MeTaboJiuHi Ta TOpMOHAJIbHI TTIOPYIICHHS;

— TMapaHeorUIaCTUYHUIA CUHIPOM;

— TSDKKi iHGeKii (ITHEBMOHIsI, CeTICUC);

— HasBHICTh B aHaMHe31 MPOBeAeHHS OapiaTpU4YHOI
Xipyprii;

— BiZIoMi HassBHi OOMEXEHHSI YM MPOTUITOKA3aHHS 10
BXUMBaHHS JOCiIKyBaHUX IIperapariB.

3rigHo 3 TM3aiiHOM AOCIIiIKEHHS Ha IOYaTKy Ta Jyepes
12 TUKHIB crioCcTepeXXeHHSI YYaCHULISIM TTPOBEICHO OLLiH-
Ky IapaMeTpiB (pi3UKaJIbHOTO OTJISIAY (BUMipIOBaHHS aH-
TPOMOMETPUYHUX MOKA3HUKIB — Baru, 3pocTy, iHAEKCY
macu tina (IMT), okpyxuocTi tamii (OT), MoHiTOpYBaH-
HSI apTepiaJibHOro TUCKY); BU3HaYeHO 10-piyHUii pU3MK
CeplLeBO-CYIMHHUX MOili i3 BUKOPUCTAHHSAM ODilliiiHUX
nofaTKiB €BporieiicbKoi acoliallii KapaiooriB, 30KkpeMa
onnaliH-KaabKyasaTopiB SCORE?2 mis xkiHOK i3 IpeniadbeTomM
Ta y xBopux Ha LI/l 2-ro Tuny — mkanu SCORE2-Diabetes
[11]; BuBYeHO 1abopaTopHi Mapkepu CH (N-tepmiHabHMi
MO3KOBuUl HaTpiitypetnunuii mponentun (NT-pro-BNP)),
MOKa3HUKM BYTJIEBOIHOIO Ta JIiligHoro (JIinigorpama) o0-
MiHiB, MPOsIBU ne(illuTy 3aji3a (reMorio0iH, reMaToOKpUT,
CUPOBATKOBE 3aJ1i30, (pepUTUH, HACUYEHHS TpaHCchepu -
Hy 3ajnizoM (HT3)); BUKOHaHO iHCTpyMEHTaJIbHI METOAU
obctexxenns (EKI B 12 BinBemeHHSIX, TpaHCTOpaKaJIbHY
exokapaiorpadiio (ExoKT)).

JocnimxyBaHi Tpynu OyJIM IMOPIBHSHI 3a OUIBIIICTIO
npoaHajizoBaHux napametpis (p > 0,05). [TinTBepmkeHO
BipOTigHY Pi3HUIIIO OeSIKUX JJaOOpaTOPHO-iHCTPYMEHTAb-
Hux nokasHukis (HbAlc; KIAP JIII; ®B JILI Tomio), 1o
€ OYiKyBaHUM, OCKIiJIbKU 3TiIHO 3 TU3aifHOM MOCiIKEHHS
IO TPy MOPIiBHSAHHS BKJII0YeHO XiHOK i3 CH306MB ta mpe-
niabetom/LLJ 2-ro Tumny (tada. 1).

TlanieHTOK 000X Py TOCTIMKEeHHS 3aJIeXKHO Bill IIaTore-
HeTWYHOI Tepartii paHmoMizoBaHo 10 miarpynu A (IA: n = 15;
1IA: n = 15), y gKiit XiHKJ1 OTpUMYyBaJIM MOHOTEPAIIilo MeT-
dopminom (y mo6ogiit 103i 500—2000 mr), Ta migrpynu B (IB:
n = 15; II1B: n = 15), y sKiif npu3Havanocs JiKyBaHHSI MEeT-
dopminom (500—2000 mr/mo0y) y KoMOiHalIii i3 manariidio-
3uHOM (10 Mr/mo0y), OCKiJIbKM OHUM 3 KJTFOUOBUX MOMEHTIB
TIOCTiIKEHHST OYyJI0 BCTAHOBJIEHHSI 3AaTHOCTI MpeaCcTaBHUKA
rpymv iH3KTI2 B komGiHallii 3 MeThopMiHOM BILTMBATH Ha
00OMiH 3aJli3a MOPiBHSHO 3 MOHOTEpaMi€lo MET(POPMiHOM.

YciM 3amydyeHnM y TOCTiIKeHHSI TTalliEHTKaM ITicst rep-
BUHHOTO CKPUHIHTY 3a MOTPeOO0I0 MPOBEACHO METUKAMEH -
TO3HY KOPEKIIlil0 aHTUTIMePTEeH3UBHOI Ta TiITOJIiITiAeMiTHOL
Tepartii.

Hiarno3 CH36®B 6yyio migTBepaXXeHo 3rigHo 3 pe-
KoMeHaanissMu BceykpaiHChbKOI acoliamii KapaioJoriB
VYKpainu 3 1iarHOCTUKU, JTiKyBaHHS Ta MPOMiTaKTUKU XPO-
HigyHoi CH (2024): Ha mepiIoMy erarti IIpOBeIeHO OLIIHKY

rimoBipHocTi CH306®DB (> 50 %) 3a cymolo 6ajiB 1mkamu
(= 5 6aniB — KJI10YOBA AiarHOCTHKA); TOMI SIK HA APYroMy
eTalli 32 CyMOI0 0aJliB IonepeaHbol IKau < 4 3a HassBHOCTI
IIOHaMeHIIIe TBOX 00’€KTUBHUX J0Ka3iB CTPYKTYPHUX,
¢yHKIIIOHAIBHUX Ta JabOpaTOPHUX BiaxujaeHb (iHIeKC
Macu Mmiokapna jiBoro nutyHouka (IMM JILI) y xiHok
> 95 r/M?, IpU CUHYCOBOMY PUTMI iHIEKC 00’ €My JIiBOTO
nepencepas (IJIIT) > 34 mu/M?; MpU CUHYCOBOMY PUTMi
NT-proBNP > 125 nir/mi; y cTaHi COKOO HIBUIKICTh TPU-
KycninanpHoi perypritawii (LLITP) > 2,8 m/c) [12].

J{iarHOCTUYHUMU XapaKTepUCTUKAMU TTOPYIIICHHS BYT-
JIEeBOIHOro 00MiHy BBaxkanu [13]:

— Tpeniaber, k1o piBeHb HbAlc mepebyBaB y Me-
xax 5,7—6,4 %, y TOMy YHMCIIi TTOPYIICHHS TJIiKeMii Ha-
tire (ITT'H) mpu BMicTi MIoKo3u miaasMu HaTtiie 5,6—
6,9 MMOJTb/JT Ta TTOPYILIEHHST TOJIEPAHTHOCTI 10 BYTJIEBO/IIiB
(I1TB) npwu piBHI TII0KO3M IUIa3MU Yepe3 2 TOOMHM ITiCs
[JII0KO030-ToJiepaHTHOTO TecTy 7,8—11,0 MMoJib/It;

— U 2-ro Tuny niaTBepaxkyBanu npu Bmicti HbAlc
> 6,5 % Ta 3rigHo i3 3anMcaMy y MeIUYHIN MTOKyMEeHTallii 3
iHTepBaJIOM MPUHAKMHI MMOHAJ MiB POKY, 1€ ABa 3HAYEHHS
rmokos3u Kposi Hatie ('KH) 6ynu > 7,0 MMmosb/n abo dik-
CYBaBCsI PETYJISIPHUI TTPUHAOM LIYKPO3HMKYBaJIbHUX 3aCO0iB
yu OyB BcTaHOBIeHMI giarHo3 LI/ 2-ro tury.

JlabopaTopHUMU KpUTEpiaMHU 3a1i30aePiInTHOI aHeMil
y XiHOK BBakaju KOHIIEHTpallito reMornobiny < 120 r/i,
BMICT CMPOBATKOBOTO 3aji3a < 13 MKMOJIb/J Ta (hepUTUHY
< 100 Hr/mn, Toni K B oci6 i3 CH30MPB ¢yHKIioHaIbHUIT
nediunT 3aii3a JiarHoCTYBaIM IIPY KOHLIEHTpALlil hepuTuHy
< 100 Hr/™mn a6o nipu piBHi pheputrHy Bin 100 10 299 Hr/mi
Ta HacM4YeHHi TpaHchepuny 3amizoM < 20 % [14].

Hnsa BuszHayeHHsi NT-proBNP BukopucroByBanu
¢yopeclieHTHUI aHasi3aTop A iMyHoaHasi3zy Novatrend,
monenb Tecty FL-NBNP-402. Hmxust Mexka BUSBICHHS
NT-proBNP craHoBuia 5 iir/mit.

Po3spaxyHok cTaTeBo-criendiyHOro mokasHuKa iHaekcy
BicuiepajibHoro oxupinHs (IBO) BUKoHaHO i3 BpaxyBaH-
HSIM eMITipUYHUX KOe(illiEHTIB, aHTPOIIOMETPUYHUX KPH-
tepiiB (IMT, OT), MeraboiuHUX MMapaMeTpiB (TpUriiue-
punu (TT), xonecTepuH JIMONPOTEiNiB BUCOKOI IIITbHOCTI
(XC JIIIBIL)). IBO y xxiHOK o0uncioBaiu 3a ¢GopMyJIoio:

o
36,58+(1,89xIMT)) "\ 0,81/ "\ xcanBii)’

ne OT — okpyxHictb Tajii (cMm); IMT — iHgekc macu Tina
(xr/m?); TT' — tpurminepunu (Mmoib/m); XC JITIBOI —
XOJIECTEPUH JIIMOMPOTETHIB BUCOKOI IIIJIBHOCTI (MMOJIb/JT).
3aiexxHo Bim BiKy pedepenTHi Hopmu IBO cTaHOBIATE: ¥
>KiHOK BikoM 110 30 pokiB moka3HUK < 2,52; y Biti 31—42
poku — < 2,23; y BikoBiii rpymi 43—52 poku — < 1,90; y
Billi 53—66 pokiB — < 1,93; B oci6 cTapiux 3a 67 pokiB
BigmosizHo IBO < 2,00 [16].

ExoKT 3niticHioBasin Ha anapati Siemens NX3 Elite
(HiMeuuynHa) BiAMOBiZHO 10 MPAKTUUYHUX PEKOMEHIAIii
Acolria1lii ceplieBo-CyIMHHUX XipypriB YKpaiHu Ta YKpaiH-
cbkoro ToBapucTBa KapaioJoris (2020). [TpoBeneHO OLIiHKY
CTPYKTYPHO-(YHKIIIOHAJBbHUX ITapaMeTpiB ceplis 3 TOU-
HICTIO BUMipIOBaHb CepelHiX 3HaUYeHb TPbOX IOCIIiTOB-
HUX KapaioUMKJIiB, BU3HAYEHO OOILIEPiBChKi MapaMeTpu
miacromiynoi ¢pyukuii JILL. Tinmeprpodito JIII miarHoc-

IBO=(
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tyBasm, ko IMM JIII nepeBuntyBas 95 r/m?. OLIHKY
niacronivyHoi ¢yHkuii JILL BUKOHaHO 3a IOMOMOIOI0 aHa-
JIi3y TKAHUHHOTO JOILIEPiBCHKOIO MiaCTOJIYHOIO IiaioMy
BuxigHoi JiHii JIII Ta iMmy1bCHOTO MOTJIEPiBCHKOTO aHa-
JIi3y TpaHCMITpaJIbHOIO KPOBOTOKY. BuMipioBaiu makcu-
MaJIbHi IIBUIKOCTI paHHBOTO AiaCTOJIIYHOTO HAIIOBHEHHS
(E), HanmoBHeHHs min yac cucTou nepeacepab (A) Ta ixHe
cniBBigHomeHHs (E/A), a TakOX MakCUMaJIbHY IIBUIKICTh
niacTojiiyHoro migiiomy BuximHoi Jinii JILL y panHiit oia-
crodi (e’) i crniBBinHoweHHs1 E/e’. JIs )KiHOK BEpXHBOIO
MexKero peepeHTHUX HOPM BBaxKaroTh 61 Mi1/M? (KiHLIeBHit
niactosiunuii 06’em JIII) ta 24 mi/m? (KiHLIEBUI CUCTOJTIY-
Huit 06’em JILI) [15—17].

CTaTUCTUYHUI aHali3 MaHUX AOCHiIXEHHS MPOBO-
IUBCS 3a JOIIOMOTOIO IporpaMHOro 3abe3nedeHHs IBM
SPSS Statistics Bepcii 26.0. Pe3ynbratut 1oCimKeHHs OyIu

pO3miJIeHi Ha IBi TPy — SIKiCHI Ta KiJIbKiCHI ITOKA3HUKMH.
Jle Oy10 1OpevyHo, AKiCHI MOKAa3HUKM OyJIM HaBeleHi y BU-
[JISIA 9acTOT, BiICOTKIB i MOPiBHIOBAIMCS MixX TpyImaMHu 3a
JIOTTOMOTOIO0 X>-KpUTEPilo Ta TouHOTo Kputepito MDirmrepa.
KinbkicHi mokasHUKY OyJI1 BUpaXKeHi K MeiaHa 3 25—75%
iHTepkBapTUIBHUM po3MaxoM (IQR 25—75 %). ns omiHku
Pi3HMIII MOKA3HUKIB MiXX IpyllaMM 3aCTOCOBYBaJI KpUTepiit
ManHna — YiTHi, CTaTUCTAYHY 3HAYYIIICTh IO Ta IIiCIIS JIiKY-
BaHHSI Y KOXKHIli TpyIi BU3HAYAJIU 3a JIOTIOMOT'0I0 PAaHTOBOTO
Tecty BinkokcoHa. 3ajiexXHO Bim 3HaYeHHs ITOKAa3HUKIB 3a
JIOTIOMOTOO JIOTICTUYHOT'O PErpeciiiHOro aHajizy BUKOHAHO
OLIIHKM MMOBipHOCTI 1maHciB. KopensiiiliHi B3aeM03B’ 13-
KU MiX HaJIeXHICTIO IO TPYITU Ta 3HAYEHHSIM ITOKa3HUKIB
BU3HaYyaju 3a JTOMOMOTOK0 HemapaMeTpUYHOTO KPUTEPito
[Tipcona. BimMiHHOCTI BBaXKajau CTATUCTUYHO 3HATYIIUMU
Ipu 3Ha4eHHsX p < 0,05.

Ta6nnuysi 1. OCHOBHI KNiHIYHi XapaKTepPUCTUKN 06CTEXEHUX XIHOK i3 CH36 DB
Ta NOpYyLUEHHSIM BYrJ1IeBOZHOIro O6MiHy

MapameTpu I rpyna (n = 30) Il rpyna (n = 30) 3HayeHHs p

Bik, pokis 58,45 [56,30; 59,80] 58,55 [56,92; 60,20] 0,647
Tpueanictb npegiabety/LI 2-ro Tuny, pokis 1,05 [0,70; 1,50] 5,60 [4,03; 7,22] < 0,001
Ban SCORE2/SCORE2-Diabetes 18,85 [14,62; 22,15] 60,45 [55,37; 69,84] < 0,001
IMT, kr/m? 36,58 [35,25; 38,26] 36,63 [34,26; 37,50] 0,706
OT, cm 104,00 [91,62; 113,38] 99,25 [95,25; 105,00] 0,304
IBO 3,86 [2,77; 4,89] 5,17 [4,36; 5,50] 0,004
CAT, MM pT.CT. 135,00 [128,00;142,00] 138,00 [130,50; 143,50] 0,481

OAT, MM pT.CT. 82,00 [78,00; 89,00] 83,00 [80,00; 89,00] 0,472

OcHoBHi nabopaTopHi NokasHUKu

'KH, mmonb/n 6,53 [6,11; 6,86] 7,36 [7,10; 7,54] < 0,001
Mrr, mvones/n 9,68[9,41; 10,32] 10,22 [9,93; 10,48] 0,005
HbA1c, % 6,23 [5,96; 6,40] 7,83[7,51; 7,91] < 0,001
NT-pro-BNP, nr/mn 171,25 [149,57; 188,45] 199,15 [187,75; 216,62] < 0,001
feMorno6iH, r/n 122,00 [120,53; 123,30] 121,00 [120,00; 123,00] 0,422

lemaTokpuT 37,90 [36,32; 42,67] 38,50 [36,48; 42,98] 0,701

CupoBatkoBe 3ani3o, MKMOJSIb/N 23,20 [20,97; 27,43] 22,65 [20,05; 27,35] 0,636
DepuUTUH, Hr/mMn 150,94 [114,70; 158,93] 111,58 [106,58; 117,43] < 0,001
HT3, % 16,11 [14,14; 18,50] 14,52 [12,74; 17,07] 0,137

OcHoBHi exokappgiorpagpi4ri napametpn CH36®B

111, mn/m? 39,74 [38,51; 41,99] 41,13 [39,11; 43,16] 0,261

IMM L, r/m? 100,60 [94,86; 105,52] 105,25 [99,18; 109,59] 0,052

KOP J1W, mm 48,10 [46,70; 50,12] 121,00 [114,25; 124,00] < 0,001
V cTaHi cnokoto LLTP, m/c 3,01 [2,86; 3,17] 3,84 [3,65; 4,09] < 0,001
DT, mc 193,82 [183,41; 205,04] 206,72 [194,71; 223,64] 0,005
E/e’, cm/c 11,25 [10,48; 11,87] 13,12 [12,17; 13,38] < 0,001
OB JILW, % 57,57 [55,90; 58,51] 52,91 [51,30; 53,92] < 0,001

TMpumitkn: FTKH — rnoko3a kposi HaTwe; JAT — giactoniynumi aprepianbHui tuck; IMT — iHgekc macwm Tina;
IBO — iHgekc BicyepanbHoro oxwupidHs; IJII1 — iHgekc o6’emy niBoro nepencepas; IMM JILU — iHgekc macu
miokapaa niBoro wnyHoyka; KAP JILL — kiHyeBo-giacToniyHmni po3mip nisoro winyHo4ka; HT3 — Hacn4eHHs
TpaHcgpepuHy 3anizom; MMM — noctnpaHgianbHa rnikemisi; CAT — cuctonivdHuii aptepianbHmi Tuck; ®B JILL —
chpakuyiss BUkngy niporo wnyHo4ka; LLITP — wBuAakicTe TpukycniganbHoi perypritayii; DT — 4ac geuenepauii;
E/e’ — tuck HanosHeHHs JILU; HbA1c — rnikoBaHui remorsnio6iH; NT-proBNP — N-tepmiHanbHui MO3KOBUI Ha-
TPilypeTudHuii nponenTug.
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PesyAbTaTH

3a mkanowo SCORE2-Diabetes nporHo3oBaHo ayxe
BUCOKMI NeCATUPIYHUN IHAMBIAyaTIbHO-CIIeHU(pIYHUN pr-
3UK CeplEeBO-CYIMHHUX MoAii y xiHok i3 CH36®MB ta LI]]
2-To TUMY, SIKWI € BipOTriTHO BUIIMM, HiXX Y MaLiEHTOK i3
npeniaderom (SCORE2) (Tabu. 1).

BHCHOBKM 6-pidHOTO AOCITIIXEHHS IIOAO0 MPOTHO3Y-
BaHHS yCiX MPUYUH CMePTHOCTI y nauieHTiB i3 CH36M®B
cBimyaTh, 1110 B 50,9 % oci6 ninTBepakeHo AediluT 3a1i3a,
Tomi sk y 38,2 % mocaimKyBaHMX BUSIBJICHO aHeMio. Bera-
HOBJIEHO, 1110 AediuuT 3aii3a B oci6 i3 LI 2-ro Tury 3Ha4HO
00TsKy€e mepebir KiliHiko-¢yHKIlioHaabHuX o3HakK CH,
noteH1iroe 3HkeHHss DB JILI Ta cyTTeBO 36iIbIIIyE PU3UK
cepleBO-CYAMHHOI CMEPTHOCTI i1 Bin ycix mpuuuH [18, 19].

Cepen obcrexxeHnx Hamu XiHok i3 CH36®DB ¢yHkiio-
HaJIbHUI AediluT 3a1i3a niareepaxeHo y 79,99 % nariieH-

tok I rpynu ta B 73,32 % nocaimkyBanux I1 rpymm, Tomi sik
3atizonediluTHY aHeMilo TiarHocToBaHO TiTbKU y 20,01 %
XBOPHX i3 IipemiadbeToM iy 26,68 % mocIimKyBaHUX XKiHOK 3
LIJI 2-ro Triiry. Ha MOMeEHT 3amy4eHHS Malli€HTOK 10 TOCJTi-
IKeHHsT Y XiHoK i3 CH36®B Tta L1/ 2-ro Tumy 6y/iu Oiabin
BUpaXeHi JIJAbopaTOpHi 03HaKM rinodepuTUHEMIl TOPiBHSI-
HO 3 IOCTiKyBaHUMU 3 nipeaiadeToM (p < 0,001). 38’130k
nmediumnTy 3amiza i3 mporpecyBanHsaM CH i moripireHHIM
CTaHy KOMIMeHcallii ByIJIeBOAHOIO OOMiHY MiATBEPIKEHO Y
HU3Li HayKoBUX poOiT [20, 21], ocKilbK1 HU3bKUI piBeHb
(bepuTHHY 3MEHIIIye HAKOTTMUEHHS Ta IePeHECEHHsI KUCHIO,
CIOPUYMHSIE MiTOXOHIpiaIbHY IUC(MYHKIIIIO CEPLIEBOrO Ta
CKEJIETHUX M’SI3iB.

VY 1a671. 2 HaBeIeHO pe3yJIbTaTh MO3UTUBHOI TMHAMIKK
OLTBIIOCTI 00CTEXYBAaHMX MapaMeTPiB IIPU BUKOPUCTAH-
Hi 3alIpOITOHOBAHMX AJITOPUTMIB JIiIKyBaHHSI TAlliEHTOK i3

Tabnnys 2. [lnHamika oKpeMux s1abopaTtopHUX NMOoKa3HUKIB y nauieHToK i3 CH36®B ta npepgiabetom

Moka3HWKK, oanNHULI BUMiPY pyna IA (n = 15) I'pyna IB (n = 15) p
o 6,20 [5,85; 6,43] 6,26 [6,04; 6,40] 0,724
HbA1c, % Yepes 12 TUXHIB 6,06 [5,73; 6,27] 5,60 [5,48; 5,62] < 0,001
A (%), p -1,75 %, p < 0,001 —-10,67 %, p < 0,001
o 6,60 [6,03; 6,83] 6,48 [6,18; 6,88] 0,407
FKH, mmone/n Yepes 12 TuxHiB 6,11 [5,75; 6,21] 5,23 [5,19; 5,29] < 0,001
A (%), p —7,00 %, p < 0,001 -19,34 %, p < 0,001
o 10,01 [9,41; 10,19] 9,52 [9,18; 10,38] 0,548
Mrr, mmons/n Yepes 12 TUXHIB 8,90 [8,65; 9,35] 8,10 [7,91; 8,35] < 0,001
A (%), p —-8,44 %, p < 0,001 -15,72 %, p < 0,001
Ho 84,00 [81,00; 85,00] 84,00 [82,00; 85,00] 0,688
pLLUK®, mn/xe/1,73 m? Yepes 12 TUXHIB 83,00 [80,00; 84,00] 89,00 [88,50; 89,50] < 0,001
A (%), p -1,86 %, p = 0,003 +10,58 %, p < 0,001
o 155,50 [137,15; 179,80] 173,70 [163,15; 192,40] 0,115
NP-proBNP, nr/mn Yepes 12 TuxHIB 155,00 [135,75; 179,10] 143,90 [128,15; 165,20] 0,158
A (%), p —-0,63 %, p < 0,001 —17,00 %, p < 0,001
o 122,00 [120,55; 123,30] 122,00 [120,75; 123,15] 0,917
lemorno6iH, r/n Yepes 12 TnxHIB 122,00 [121,00; 123,45] 124,80 [124,15; 125,70] < 0,001
A (%), p +0,42 %, p =0,128 +2,68 %, p < 0,001
o 37,00 [35,90; 41,95] 38,60 [36,55; 42,50] 0,548
MemaTokput Yepes 12 TUXHIB 37,80 [36,15; 41,80] 40,80 [39,00; 44,00] 0,056
A (%), p +0,09 %, p = 0,880 +4,47 %, p < 0,001
o 155,10 [144,69; 161,75] 146,73 [144,97; 155,86] 0,158
DepuUTUH, Hr/Mn Yepes 12 TuxxHIB 165,45 [146,94; 169,28] 144,26 [133,22; 150,38] 0,001
A (%), p +3,06 %, p = 0,242 —4,81 %, p = 0,065
o 21,80 [19,85; 26,55] 23,50 [21,40; 27,45] 0,418
&Taﬁi}n"“e 3aniso, Yepea 12 TUXHIB 22,90 [20,70; 28,25] 28,60 [27,30; 29,50] 0,024
A (%), p +4,41 %, p < 0,001 +14,93 %, p < 0,001
o 16,99 [14,48; 19,00] 14,73 [14,06; 17,25] 0,340
HT3, % Yepes 12 TUXHIB 14,75 [13,51; 15,86] 21,24 [20,26; 23,38] < 0,001
A (%), p -8,12 %, p = 0,231 +38,51 %, p < 0,001
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CH36®B ta npeniadberom. IMopisusBim rpynu IA Ta 1B,
MM BCTAHOBWJIU, IO Y MALIEHTOK, SIKi OTPUMYBaJIX MOHO-
Tepariio MeT(pOpMiHOM, CIIOCTepirajaacs TLIbKY ITO3UTUBHA
TeHaeHis 1o 3umwkeHHst IMT (3,74 %), OT (+1,84 %) 6e3
TMOCSITHEHHS CTAaTUCTUYHOI 3HAYYIIIOCTi, ajie MiATBePIKEHO
Biporinte 3meHmeHHs IBO (—1,34 %); y rpyrti Kom6iHOBa-
HOTO TIpuiioMy MeT(hOPMiHY Ta Janartihao3uHy JOCATHY-
TO 3HAYYIIOTO TTO3UTUBHOTO PE3yJbTaTy LIMX MTOKA3HUKIB
(IMT: A-8,65 %; OT: A—7,31 %; IBO: A—12,53 %).
IIpocTexxumo CTyIiHb ITiKO3WII0BAaHHS TeMOIJI00iHY Ha
(oHi 3aTpOMOHOBAHMX AJITOPUTMIB JIIKyBaHHS. Y Talli€eH-
TOK rpynu IA miaTBepakeHo 3MEeHILIeHHS piBHS BiTHOCHOTO
Bmicty HbAlc tinbku Ha 1,75 %. BogHouac y XXiHOK rpymnu
1B BusiBnieHo BiporinHe 3HKeHHs (A—10,67 %, p < 0,001),
110 BKa3y€ Ha BUIIY e(DEKTUBHICTH JiKyBaJIbHOTO KOMII-
nekcy Metdopminy (500—2000 mr/mo0y) 3 mogaBaHHSIM

nanartidnosuny (10 Mr/mo0y) mopiBHSHO i3 MOHOTEpa-
nieo MeTopMiHOM. AHaJIOTIYHI JaHi OTpUMaHO 3a IMo-
kasHukamu ['KH ta IIIIT. Otxe, y nauienrok 3 CH36®B
Ta npeniabeTom depe3 12 THXKHIB KOMOIHOBaHOI Teparrii
MeT¢hOpMIHOM Ta AanariihJIO3MHOM HOpMaJji3oBaHO yci
MOKA3HUKM TJIiKeMiYHOTO KOHTPOJIIO, 1110 CBITYUTH MPO
rnepeBaru NporHo3mMoandikyroyoi Teparii y 3amobdiraHHi
po3Butky LI 2-ro tTumy. [1pu mbomy y XKiHOK, SIKi TIpaitMa-
JIM MOHOTEpario MeThOopMiHOM, OYJI0 JOCSITHYTO TiIbKHU
BipOTiZTHOrO MO3UTUBHOIO PE3YJIbTaTy.

Hanpukinii 12-ro TukHS Teparii OibIIicTh nalieH-
ToK rpynu IB, siKi oTpuMyBaiu ogHOYacHO MeTMOPMiH
Ta manariidiao3uH, JOCITIM Kpalloi Kopekilii (hyHKILio-
HaJILHOTO Ae(illnTy 3aj1i3a MOPIiBHAHO 3 XiHKaMU Tpynu
IA. ¥V xinok rpynu IB i3 CH36®B Tta npeniabetom Imimn-
TBEPIKEHO BipOTiIHE MiABUILEHHS BMICTY T€MOTJ00iHY

Ta6bnuys 3. [JuHamika okpemMux 1abopaTopHMUX napameTpis y nayieHTok i3 CH36®B ta U/ 2-ro tuny

lNMoka3Huku, oguHULLi BUMipY Fpyna llA (n = 15) FpynallB (n = 15) p
o 7,75 [7,45; 7,85] 7,88 [7,72; 8,02] 0,089
HbA1c, % Yepes 12 TnxHIB 7,30 [7,12; 7,52] 7,00 [6,90; 7,30] 0,038
A (%), p —-3,77 %, p < 0,001 —-8,70 %, p < 0,001
Oo 7,30 [7,04; 7,47] 7,50 [7,13; 7,56] 0,262
'KH, mmonb/n Yepes 12 TUXHIB 6,90 [6,60; 7,10] 6,00 [5,85; 6,12] < 0,001
A (%), p —6,39 %, p < 0,001 —-18,30 %, p < 0,001
o 10,33 [9,93; 10,52] 10,22 [9,91; 10,46] 0,724
Mrr, mmons/n Yepes 12 TUXHIB 9,48 [9,07; 9,92] 8,88 [8,45; 9,15] 0,002
A (%), p 7,73 %, p < 0,001 —13,65 %, p < 0,001
o 85,00 [79,50; 88,50] 85,00 [82,00; 90,50] 0,662
pLUK®, mn/xB/1,73 m? Yepes 12 TnxHIB 88,00 [83,50; 92,50] 96,00 [94,50; 101,50] < 0,001
A (%), p +4,01 %, p < 0,001 +12,46 %, p < 0,001
o 195,20 [187,45; 217,75] 200,04 [187,983; 212,25] 0,836
NP-proBNP, nr/mn Yepes 12 TnxHiB 189,68 [181,40; 201,08] 158,18 [133,20; 183,04] 0,004
A (%), p 5,96 %, p = 0,002 —24,43 %, p < 0,001
Oo 121,00 [120,25; 123,00] 121,00 [120,00; 122,50] 0,557
feMorno6iH, r/n Yepes 12 TUXHIB 122,00 [121,90; 122,65] 124,40 [123,40; 124,95] 0,002
A (%), p 40,21 %, p = 0,556 +2,38 %, p < 0,001
o 37,70 [36,35; 42,15] 38,80 [36,90; 42,95] 0,384
lemaTokpuT Yepes 12 TuxHIB 36,90 [35,90; 40,85] 41,60 [39,10; 45,15] 0,008
A (%), p -1,23 %, p = 0,034 +5,49 %, p < 0,001
o 110,06 [108,45; 115,97] 112,21 [103,58; 118,06] 1,000
DepUTnH, Hr/mn Yepes 12 TUXHIB 120,41 [115,44; 130,11] 100,97 [100,44; 105,57] 0,002
A (%), p 49,08 %, p = 0,076 —6,16 %, p = 0,074
o 21,40 [19,20; 24,00] 25,50 [21,25; 27,85] 0,130
ﬁmgﬁi%‘“e 3anis0, | Ygpes 12 TuxHie 22,00 [19,80; 24,85] 26,96 [24,01: 30,14] 0,051
A (%), p +3,69 %, p < 0,001 +10,07 %, p = 0,010
Oo 13,76 [12,29; 15,86] 15,33 [14,16; 17,75] 0,130
HT3, % Yepes 12 TnxHIB 13,16 [12,17; 14,32] 20,15 [19,15; 21,99] < 0,001
A (%), p -3,59 %, p = 0,597 +29,59 %, p < 0,001
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(+2,68 %), rematokputy (+4,47 %), cupoBaTKOBOTO 3aJli3a
(+14,93 %), HT3 (+38,51 %) Ha T/1i HeraTUBHOI TEHIEH-
1ii 0o mocuieHHs rinodeputuHemii (A—4,81 %, p > 0,05).
¥ nanienTok rpynu IA Ha oHi MoHOTepartii MeTdhopMiHOM
3pocrae piBeHb heputuny (A+3,06 %, p > 0,05), cupoBat-
KoBoro 3aiiza (A+4,41 %, p < 0,001), 6e3 BiporigHUX 3MiH
3aJIMIIAIOTHCS TTOKA3HUKU IeMOII00iHy, TeMaTOKPUTY i3
XapaKTepHOIO TeHAeHIIi€ 10 3HmkeHHss HT3 (A—8,12 %,
p > 0,05). OtpuMmaHi 1aHi y3roJKytThcsl 3 pe3yJbTaTaMK1
paHilie ormy0J1iKoBaHMX HAyKOBUX JOCIIXKEeHb 1010 BILIM-
By MeTdhopMiHYy Ha MeTaboJi3M 3aiiza [22, 23] ta edexry
nanarjicJio3uHy Ha MOCUJIEHHS IIPOLIECiB epUTPONoe3y,
KOMITEHCATOPHE 3HVKeHHS (PepUTHHY Ta IMiABUIIEHHS KOH-
LIeHTpalii TpaHcdeprHy B Tu1a3mi KpoBsi [24, 25].

V munHamini yepe3 3 Micsi JIiIKyBaHHS CIIOCTepiraau
3Hauylle 3HuKeHHs BMicTy NP-proBNP (A—17,00 %,
p < 0,001) Ta 3pocTaHHs exokapaiorpadiyHoro mapame-
tpa ®B JILI (A+7,73 %, p < 0,001) y xiHok 3 CH30®dB Ta
npeniaderom rpynu IB mopiBHsSHO 3 malieHTKaMu Tpymnu
IA (BinnosigHo piBeHb NP-proBNP: A—0,63 %, p < 0,001;
OB JII: A—1,53 %, p > 0,05).

TlopiBHSBIIM ITiCTIsT JTIKYBaHHS 32 Pi3HULICIO a0COTIOTHIX
3HAYeHb JIiarHOCTUYHI mapaMmeTpu rpy1 IA Ta IB, 3adikcy-
BaJIM TTO3UTHBHI BipOTilHi BiIMiHHOCTI AESIKMX ITapaMeTpiB
y TMali€HTOK, SIKi OTPUMYBaJIM OJTHOYACHO METMOPMiH Ta
nanariiao3uH. IneTbest mpo Taki BITMiHHOCTI: 3MEHILIEHHS
OT; HopMaUTi3allis IMoKa3HMKIB apTepianbHOTo TUCKY (CAT,
JAT) Ta ByrieBoaHoro oominy (HbAlc, TKH, II1T); miasu-
wieHHs1 pIIIK® i piBHS reMOMIO0iHY, CMPOBATKOBOIO 3aJTi3a
ta HT3, 3H1XeHHs BMicTy eputrHy; 30iabineHHs OB JILLI.

VY 1abi. 3 y3araJbHEeHO IMHAMIKY IesSIKUX MOKa3HUKIB Ha
TJTi 3aCTOCYBaHHS KOMITIEKCHOI Tepartii y XiHok i3 CH36MB
ta LI 2-ro Tumy.

Yepes 12 tuxHiB Tepamii y 1IB rpynm mamieH-
ToK 3 CH36®B T1a /I 2-ro Tumy nopiBHSIHO 3 ocoba-
mu IIA rpynu BUSIBIIEHO MO3UTHUBHI BipOrimHi BigMiH-
HocTi y mokasHukax IMT (IIB/IIA rpymu: A—12,39 %,
p < 0,05/A+1,51 %, p > 0,05); OT (IIB/IIA rpynu:
A—10,47 %, p < 0,05/A—1,96 %, p > 0,05), Toxi sIK B 060X
rpynax JoCJiJKeHHs BiacyTHii edext Ha IBO, a y marii-
enTok 3 CH36®B 1a npeniabeToM miATBEPIKEHO BUCOKY
e(eKTUBHICTh 3aITPOMOHOBAHMX JTiKyBaJIbHUX KOMILJICKCIB.
Lle cBimuuTh IIpO MOTPEeOy paHHBOI AiarHOCTUKY Ipeaiade-

Ty Ta CH36®B y XiHOK 3 METOI0 paHHLOI'O IMPU3HAYECHHS
MaToreHeTUYHOI KOMOIHOBaHOI Tepartii MeTOopMiHOM Y IO-
€IHaHHI 3 Janarii(JIo3MHOM, SIKy MOXHAa BBaXKaTU KOMII-
JIEKCOM TIPEBEHTUBHUX 3ax0/1iB po3BUTKY LIJ1 2-ro Tury ta
110r0 MiKpO- Ta MaKpOBACKYJISIPHUX YCKIAIHEHb.

OuikyBaHo y maiieHToK IIB rpynu mocnigkeHHs
nopiBHsIHO 3 IIA rpymoto HOCSITHYTO yaBidi Kpallloi Iu-
HaMiKM TOKa3HUKIB BYIJIEeBOTHOTO OOMiHYy (Bimmo-
BimHo IIA/IIB rpynu: HbAlc: A-3,77 %/A—8,70 %,
p < 0,001; TKH: A—6,39 %/A—18,30 %, p < 0,001; TITIT:
A—7,73 %/A—13,65 %, p < 0,001).

Ha ¢oni 12-TrxxHeBOTO KypCy JiKyBaHHS BUSIBIEHO
Oinblll BUpaXkeHe, 3Hauylle 3pocTaHHs nmokadHuka HT3
(429,59 %), BmicTy cupoBatkoBoro 3amiza (+10,07 %) y xi-
Hok rpynu 1IB, sxi oTpuMyBanu omHO9acHO MeT(GOPMiH Ta
nanariaiao3uH i JOCSITIN Kpalioi Kopekliii (pyHKIlioHaIb-
Horo aediuuTy 3aji3a HOPIiBHSHO 3 MalliEHTKAMU TPy
ITA (HT3: A+3,59, p > 0,5; cupoBatkoBe 3aJ1izo: A+3,69 %,
p < 0,001). 3 orsgmy Ha MexaHi3M il ganariiga03uHy Ha
0OMiH 3aJ1i3a i ITOCUJICHHS IIPOLIECIB €PUTPOITOE3Y Y KiHOK
rpynu 1IB minTBepaxeHo BiporinHe IMiABUINEHHS BMiCTy
remoro6iny (+2,38 %), rematokputy (+5,49 %) i ipo-
rpecyBaHHs rimodeputnHeMii (—6,16 %). Y manieHToK 3
CH36®B Ta 111 2-ro Ty, 1110 OTPMMYBaJIK MOHOTEPAIIilo
MeT(HOPMIHOM, MiATBEPIKEHO BipOTiIHE MiIBUILIEHHS BMiC-
TY CMpPOBaTKOBOTO 3aiiza (A+3,69 %, p < 0,001) i3 TeHOCH-
LIi€10 10 3pocTaHHs BMicTy peputuny (A+9,03 %, p > 0,05)
0e3 BiporifHuX 3MiH piBHS TeMOIJIOOiHY Ta 3MEHILIEHHS
HT3 (A-3,59 %, p > 0,05).

[To3UTUBHUM MTPOTHOCTUYHUM MapKEepOM 100 TPO-
saBiB CH € BiporigHe 3HmxkeHHs piBHSI NT-proBNP y xi-
HOK 060x rpyn gochimkeHnst (ITA/I1B rpynu: A—5,96 %,
p < 0,05/A—13,65 %, p < 0,001), mpote Kpauioro epexry
TMOCATHYTO Y TPYITi MAIli€EHTOK, SIKi TPUAMaI OTHOYACHO
MeTdopMiH i3 nananmidaoszunom. [TinTBepaxkeHo BiporinHy
BiIMiHHICTh 1IbOTO TToKa3HuKa (p < 0,05) mpu mopiBHSIHHI
rpyn IIB Ta I1A micns nikyBaHHS.

Takox BUSIBJIEHO BipOriIHO 3HAYyIlle 3pPOCTAaHHS €XO-
Kapaiorpadiunoro mapametrpa ®B JILI (ITA/IIB rpymnu:
A+1,38 % /A+9,00 %) y nBox rpymnax mociimkeHHs. ITin yac
MMOPIiBHSIHHS a0COJIOTHUX 3HAaYeHb MOKAa3HUKIB rpym 1IA
ta [1B 3a pi3HuLEe0 10 Ta mic/s JiKyBaHHS BipOTiaHi Bim-
MiHHOCTI 3adikcoBaHo Tibku mig @B JIII. ¥ nauieHTok

PerpecinHuin aHani3 4ocniaxKyBaHUX NokasHUKIB
OR 95% ClI
( 0.098) 1.284 (0.955, 1.726)
| i , MA/M2 i = 0. 1

HJEeKC NiBoro nepeacepas, Ma/M2 Ao NikyBaHHS (p ) ——— 0.357 (0.17, 0.749)

| i , 2ni i = 0.006
HAEKC NiBoro nepeacepas, Ma/M2 nicns nikysaHHs (p —— 1.012 (0.953, 1.074)

Deceleration time, Mmc po nikysaHHs (p = 0.702) 0
0.904 (0.839, 0.973)
Deceleration time, mc nicnhs nikysaHHs (p = 0.007) 0

. 1.683 (0.854, 3.319)

E/e’, cm/i i =0.133
e’, CM/C no NikyBaHHA Ep o ; 0.186 (0.055, 0.629)

E/e’, cm/c ni i =0.007) 44—
e’, cM/C nicns nikyBaHHS (p ) 1.265 (0.899, 1.779)
OB N1 i =0.178 %—H
Ao mysarnaip 1.904 (1.096, 3.307)
®B JIW nicns nikysaHHA (p = 0.022) X 2

( PN 0.078 (0.004, 1.694)

L i i )i i ii i = 0.104
BUAKICTb TPMKYCNiAanbHOI perypriTauii 4o nikysaHHs (p 0.015 (0.001, 0.417)

LBMAKICTb TPUKYCMiaanbHOi perypritauii nicns nikysaHHs (p = 0.013) p——
04(';01 1 3f5

PucyHok 1. Liarpama perpeciviHoro aHani3y guHaMikyu OCHOBHUX exokapgiorpahiyHux napameTpiB y XiHOK
i3 CH36®B T1a npepgiabetom
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PerpeciiHuin aHani3 4ocniaxXyBaHUX NokasHUKIB
OR 95% ClI

( : e 1.349 (0.995, 1.829)

| i , Mn/M2 i = 0.054
HAEKC NiBOro nepeacepas, MnA/M2 Ao NiKyBaHHS (p e 0.392 (0.197, 0.779)

IHaekc nisoro nepeacepas, MA/M2 nic ikyBa =0.007
AEKC NIBOro nepeacepan, Ma/m2 nicnsa NikysaHHA (p 1006 (097[ 1044)

Deceleration time, mc no nikysaHHs (p = 0.731)
I 0.928 (0.863, 0.997)

Deceleration time, mc nicns nikyBaHHs (p = 0.042)
( ) 1.755 (0.912, 3.379)

E/e’, cm/ i = 0.092 —0—

& e Ao Alcysanna (p e 0.424 (0.227, 0.794)

E/e’, cm/c nicns nikysa =0.007
MB u; 7 Alysan (p o120 0.723 (0.478, 1.093)

®B N1 0 NiKyBa =0.
Ao mirysarA i 2.721 (1.284, 5.766)
®B JIW nicns nikyBaHHs (p = 0.009) —
( : - 1.433 (0.169, 12.117
w . . . - . —0.741) —
BUAKICTb TPUKYCNiAanbHoi perypritauii 40 NikyBaHHA (p 0.0 (0.0, 0.056)
LWBMAKICTL TPUKYyCNiAanbHoi perypriTauii nicna nikysaHHa (p = 0.006) p
0.001 1 125

PucyHok 2. fliarpama perpeciiiHoro aHanisy auHamiku OCHOBHUX exoKapaiorpagiyHux napameTpiB y XiHOK
3 CH36®B ta UA 2-ro tuny

i3 CH36®B Ta mopyiieHHSIM BYTJIeBOIHOTO OOMiHY, SIKi
OTpUMYBaJIM KOMOiHOBaHY Teparlilo MeThOpMiHOM i3 na-
nariiIo3nHOM, TOCITHYTO Kpaioro egekry. 3o0KpeMa, Ha
9,00 % 3pocra @B JII y xinok 1B rpymu ta Ha 7,73 % — y
nawieHTox IB rpymm, Tomi Ik Ha MOHOTeparii MeTopmi-
HOM BiIMoBiAHO Yy XiHOK [IA rpynu el moka3HUK 3pic Ha
1,38 %, a B maiieHTOK IA rpymnu crioctepirauacst TCHICHILS
no 3amwkeHHs @B JII (A—1,53 %, p > 0,5).

Ha puc. 1 ta 2 HaBeneHoO pe3yiabTaTU perpeciiiHoro
aHaJIi3y Ta BimoOpaXkeHO IMHAMiKy OCHOBHUX €XOKapi-
orpadiyHuX napaMeTpiB yepe3 12 TUKHIB BUKOPUCTAHHS
MepCcoOHai30BaHUX aJIFOPUTMIB Tepartii )iHokK 3 CH36MB
Ta MOPYILICHHSIMU BYTJIEBOJHOTO OOMiHY.

3rimHO 3 TEOpi€l0 CTyIEeHS BiMHOIIEHHS IIaHCIiB 3a-
MPOTIOHOBAHO TaKi aJTOPUTMU aHTUIia0eTUYHOI Tepartil
nauieHTkam 3 CH36dB Ta nipeniabeTom 3a (hakToOM IMO3U-
TUBHOI IMHAMIKM eXoKapmiorpadiuHux mokasHukis: IJII1
(OR0,357,95% A1[0,170—0,749]); DT (OR 0,904, 95% 11
[0,839—0,973]); E/e’ (OR 0,186, 95% A1 [0,055—0,629]);
HITP (OR 0,015, 95% A1 [0,001—-0,417]) Ta @B JILL (OR
1,904, 95% A1 [1,096—3,307]), sIKi BKa3ylOTh Ha BipoTimHi
BiIMiHHOCTI.

Ha Ti1i manieHT-0opieHTOBAaHMX AJITOPUTMIB JiKyBaHHS
nonioHi BiporigHi 3Miau (p < 0,05) i3 MO3UTUBHOIO TUHA-
MiKo0 exokapaiorpadiyHUX MOKa3HUKIB MiATBEPIKEHO Y
XkiHoK i3 CH36®B ta LI 2-ro tuny, 3okpema: IJIIT (OR
0,392, 95% A1 [0,197—-0,779]); DT (OR 0,928, 95% A1
[0,863—0,997]); E/e’ (OR 0,424, 95% 11 [0,227—0,794]);
TP (OR 0,0, 95% M1 [0,00—0,056]) Ta ®B JIII (OR
2,721, 95% 11 [1,284—5,766]).

OTpuMaHi pe3yJIbTaT! TOCIiIKeHHS TO3BOJISIOTh CTBEP-
JKYBaTH, 1110 noaaBaHHs 10 Mr/mo0y ganariidhao3uHy 10
2000 Mr/mo6y MeTdopMiHy cripusie e(peKTUBHOMY MOJIiM-
IIEHHIO BYIJIEBOAHOIO OOMiHYy Ta JlaboOpaTOpPHO-iHCTPY-
MeHTalbHUX 03HaK CH30®MB 3 oqHOYaCHOI KOpEKIIi€
dyHKIioHaNBHOTO AedilluTy 3aji3a, a penapatu Kjiacy
iH3KTT?2 (nanarnicdao3un/emmnariidio3nH) Ha CbOTOIHI €
€IMHUM 3aTBEPDKEHUM aJITOPUTMOM BeICHHST TIAIliEHTIB i3
CH36®B (xnac I, piBeHb 10Ka30BOCTi A) 3 METOIO 3HUXKEH -
HSI pM3MKY Tocritamizaiii 3 mpuBony CH Tta ceprieBo-cynmH-
Hoi cMepTHOCTi. OTXe, KOMOiHOBaHY Teparito MeThopMi-
HOM 3 Aanariii¢031MHOM CJIil BBaXKaTH IIperapaToM BUOOpY
IIJIS TALIEHTIB 3 MYJBTUMOPOiTHOIO ITaTOJIOTIEO.

O6roeopeHHs

[Tornpu HaIBHICTh BEJIMKOI KiIbKOCTi KJIIHIYHUX T0CITIi-
mkeHb [7, 10, 26], TpuBae po3pobKa eKCIIepUMEHTAIbHUX
Mozesei 1010 BUBYEHHSI MOPGhOIOTiYHUX XapaKTePUCTUK
i MAaTOreHeTUYHUX MEXaHi3MiB PO3BUTKY Ta MPOTrPECyBaH-
HsI CeplLeBO-CYIMHHUX 3aXBOPIOBaHb MPU KOMOPOiTHil
MaTOJIOril BHACIIZOK NUCHYHKIII €eHIOKPUHHOI CUCTeMU
[27]. TIpuBabAMBI anbTepHATUBHI MOJIEKYJISIDHI MeXaHi3-
MU Ma€ fganarjiiio3uH, SKUii BUOIpKOBO 3HMXKYE iHTEP-
CTULIAIbHUI 00’€M, CITOBLILHIOE ITOTIiK KPOBi 10 HUPOK i
MpOrpecyBaHHs MEIyJISIPHOI TiMOKCii, sIka CIpusi€ 30i1b-
LIEHHIO TTPOJYKIIii epUTPOIIOETUHY Ta MaCU EPUTPOLIUTIB,
110 MOXe TTOJIIMIITUTH JOCTaBKY KUCHIO JI0 Ceplisl 3a paxy-
HOK ITiIBUILIEHHS PiBHS IeMOIrI00iHy. 3aBAsSKU CTUMYJISLIIT
€pUTPOIIOe3y aKTUBYIOThCSI KOMIIEHCATOPHI MEXaHi3MU 3
IIPOTpecyBaHHSIM TilodepuTUHEeMIl Ta MiABUILIEHHSIM 3a-
JIi303B’513y10901 3MaTHOCTI KpoBi. 3’sicoBanHo, mo iH3KTI2
MaIOTh KapIioMPOTEKTOPHI BIACTUBOCTI HABITh HE3AJIEXKHO
Bill 3pOCTaHHS PiBHiB TeMOTJIO0iHY/TeMaTOKPUTY, OCKITbKU
BHacinoK iHrioyBanHst H3KTI2 B miokap/i 30i1b11yeThest
KOHILIEHTpallisl LIMTO30JIbHOTO 3aj1i3a i MOCUJIIOETHCS MPO-
NIyKIist aneHO3UHTPpUDOCHOpPHOI KUCITOTH, 1110 CBITUYUTH
po 6e3IocepeHI0 MO3UTUBHY it0 TIiI03UHIB Ha cep-
ueBy ¢dyHkuio [28, 29]. BpaxatoTb pe3yabraTi MeTaaHa-
Ji3y 14 miane60-KOHTPOJIbOBAaHUX AOCIIIKEHb 3a Y4acCTIO
5325 mauieHTiB, Ae OyJI0 MiATBepIKEeHO, 1110 Hanariidio3uH
e(eKTUBHO BIUIMBAE Ha KOPEKIIito Ta MpodiTaKTUKY aHeMil
B 0ci0 3 LIJI 2-ro tumy [30, 31].

Cti 3a3HaYUTH, 1110 HAYKOBIIi 3a pe3yJbTaTaMM 6-piu-
HOTO criocTepexeHHs 3a ocobamu i3 CH30®MB Ta aHemi-
€10/nedilluTOM 3aJli3a OTpUMAIIH LIiHHY iH(opMallito 111010
MPOTHO3YBaHHS PU3MKY CEPUO3HUX HECTIPUSITIMBUX MOJiA:
IIPOTSITOM CEePEeIHbOr0 MEPIOAY CIIOCTEPEKEHHS 5,5 POKY
y rpyni CH36®MB netanbHicTh cTaHoBUIa 28,3 %, Tomi sIK
OyB y II’SIThb pa3iB BUILMIA BITHOCHUIA pU3UK CMEPTHOCTI B
namienTiB 3 CH36MB Tta anemieto i 6;113bK0 3,5 paza mpu
nediuuTi 3amiza, HixX B ocib 6e3 aHemii [20].

OtpumMaHi pe3yIbTaTy HAIIOTO JOCTIIKEHHS Y3TOIKYy-
JOThCS 3 BUCHOBKAaMM OiJIBIIIOCTI HAYKOBUX pOOIT. 30Kpe-
Ma, y kiHok i3 CH36®B Ta nopyliieHHsIM BYTJIEBOIHOIO
00MiHYy, SIKi OTHOYACHO TIpuiiManu MeT(GopMiH 3 JanarJi-
(103MHOM, HiATBEPIXKEHO e(PEKTUBHY KOPEKIil0 (DYHKILi-
OHaJIbHOTO AedillnTy 3aii3a, MOKa3HUKIB BYTJIEBOIHOTO,
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JIIIiTHOTO OOMIHIB i ITOKpalleHHs JIabopaTOPHO-iHCTPY-
meHTanbHux o3Hak CH. [lepcoHanizoBaHuii miaxia y Be-
neHHi nanieHTok i3 CH36MB ta npeniabeTom cripuss Bin-
HOBJIEHHIO cepiieBoi (pyHKIi: memaiana @B JILI — 59,73
[58,41; 60,83] %, Toxi sk y matieHToK 3 LIJ1 2-ro Ty BoHa
craHoBuia 55,13 [53,84; 56,48] %, MiXTpyrnoBe 3HAYeH-
Hst — p < 0,001, 1110 BKOTpE 3acBimuye BUCOKY e(PEeKTUBHICTh
iH3KTI2 mpu CH36®DB.

OTXe, paHHIO TiarHOCTUKY 3 KOMILJIEKCHOI KOPEKITIED
nediuuty 3aniza 3a nornomorow iH3KTI?2 B oci6 i3 CH Ta
MOPYIIEHHSIM BYIJIEBOXHOI'O OOMIHY CJIill BBaXKaTH Hi€BUM
LUISIXOM IpodinakTuKu aTaabHUX YCKJIAIHEHb IIPU KO-
MopOinHiit marosorii. s po3poOKU i yIOCKOHAJIEHHS
TepaneBTUYHMX CTpaTeriil MOTPiOHI MomaIbINi TOCTiIKEeH-
HsI II0A0 3’sCyBaHHS OaraTorpaHHUX MEXaHi3MiB BILIM-
BY Hamnarjiao3uHy Ha MeTaboJ1i3M 3aJi3a B 0cib i3 iioro
¢yHkuioHanbHUM Aedinurom Ta CH36MB 3anexHo Bif
TeHIEpHUX 0CcO0JMBOCTEM, TpUuBaiocTi mpuiiomy iH3KTI2
Ta MIIKEMiYHOTO KOHTPOJIIO.

BucHoBKkM

Taxi 3amporioHOBaHi MepcoHalIi30BaHi MMiAX0ou y Be-
neHHi xiHok i3 CH36®MB Ta npexiabeToM, IK MOHOTEpa-
mist MeTpopMiHOM (m0O0Ba mo3a ctaHoBmaa 500—2000 mr)
i KomOiHalist MmeTdopmiHy i3 panariaichpao3uHoOM (1060Ba
no3a ctaHoBuja 10 Mr), MalTh IPOTrHO3MOAUGiKyIOUi
BIacTUBOCTI momo nposiBiB CH Ta cipustioTh e(eKTUBHIM
HOpMaJti3allii MOKa3HUKIB BYIJIEeBOIHOIO 00OMiHy. 30KpeMa,
IaHc 3amobiraHHsa po3BUTKy LI/l 2-ro TUIy CTAaHOBUTS:
ORO0,12,95% A1[0,011—1,339].

12-TuXHEBUM KypCc KOMOiHOBAHOI'O IPU3HAYEHHS
MetdopMiHy Ta gmanartidaosuny nauieHtkam i3 CH36MDB
Ta MpeniadeToM CIpUsiE€ iCTOTHiN KOpeKIlii BYIJIEBOIHOTO
o0MiHy (B 6,1 pa3a epekTHUBHiIIa KOMOIiHOBaHAa Tepartis,
BmicT HbAlc micns nikyBaHHs ctaHoBuB st I1A/IB rpyn:
A—1,75%/A—10,67 %, p < 0,001 BinmoBinHO) i3 BiporimzHuM
3poctanHsm ®B JII (IB rpyna: A+7,73 %, p < 0,001) mo-
PiBHSIHO i3 TPYMOIO XKiHOK, SIKi OTPMMYBaJIM MOHOTEpaIIiio
Merdopminom (A—1,53 %, p > 0,5).

BuacHe nomaBaHHs mamariio3uHy 10 Teparii MeT-
¢dopminoM nauieHtkam i3 CH36MB ta nmopyiieHHsIM ByT-
JIEBOJHOTO OOMiHY cripusie e()eKTUBHIil KOpeKilii (hyHK-
HioHaJabHOTO Aediuuty 3amiza. [linTBepakeHO iCTOTHE
3poctanHs mokasuuka HT3 (IB/IIB rpynu: A+38,51 %,
p<0,001/A+29,59 %, p < 0,001) Ta BMicTY CHPOBaTKOBOTO
3amiza (IB/IIB rpymu: A+14,93 %, p < 0,001/A+10,07 %,
p =0,010) i3 TeHIEHIIi€IO 1O KOMIIEHCATOPHOI rinoGepuT-
HEeMii TOPIBHSIHO i3 JOCIIIKYBAaHUMM TpyIaMU XKiHOK, SKi
OTPUMYBAJIM MOHOTEpaIito MeT(hopMiHOM.

VY xinok i3 CH306®B rta L1J] 2-ro Tuny y nuHamiui ye-
pe3 12 TXHIB IpuitoMy KoMOiHOBaHOI Teparrii (1o6oBa
no3a MeTdopminy craHoBuia 2000 mr; nanariaidao3u-
Hy — 10 Mr) miarHOCTOBaHO 3iCTaBHE 3HMXKEHHS ITOKa3-
HUKIB BYIrJieBogHOro ooMiHy (piBeHb HbAlc micas miky-
BanHs [TA/IIB rpynax cranoBus: A—1,75 %/A—10,67 %,
p < 0,001 BinmoBigHO) i1 MOKpalieHHs 1JabopaTOPHO-iH-
crpymeHTanbHux o3Hak CH36MB (BmicTt NT-proBNP
st ITA/IIB rpyn tmiciis JikyBaHHsI cTaHOBUB: A—5,96 %,
p < 0,05/A—13,65 %, p < 0,001; ®B JIIII: A+1,38 %/
A+9,00 %, p < 0,001 BigmoBimgHO).

KonduikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta BlIacHOI (piHaHCOBOI 3allikKaBJIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.

Indopmanis npo dinancysanns. Poborta € ckianoBoto
yactuHoto HJIP IBaHo-®paHKiBCbKOro HalliOHAJIbHO-
ro MeIUYHOTO YHIBEPCUTETY; HOMEp JepXKpeecTpalii
0120U105103.

Buecok aBropis. [lerposcbka JI.P. — xoHuenist i nu-
3aliH TOCHiAKeHHs, 30ip Ta aHasi3 JaHUX, CTATUCTUYHUIA
aHaji3, HanucaHHs crarTi; Kocripka 1.0. — penaryBaH-
HSI, KPUTUYHUM OTJISI, OCTaTOYHE 3aTBEPIXKEHHS CTaTTi;
IleTpoBchkuit T.P. — aHani3z naHuUX, CTATUCTUYHUI aHAi3;
IMeTpoBcbkuit P.B. — minroroska JlitepaTypHUX Ixxepe,
KOPEKILisl TEKCTY.
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Personalized approach in the management of women
with heart failure with preserved ejection fraction
and carbohydrate metabolism disorders

Abstract. Background. The progression of heart failure (HF) in
individuals with carbohydrate metabolism disorders is one of the
many fatal complications among comorbid conditions. It is found
that the risk of developing HF in women with diabetes mellitus
(DM) is five times higher than in those without it. Due to both
heterogeneity and syntropy of etiopathogenetic mechanisms of oc-
currence, the prevalence of DM and HF is increasing in the world
population, and delayed treatment potentiates a poor prognosis.
The main task of the medical community is undoubtedly the early
diagnosis of heart failure with preserved ejection fraction (HFpEF)
and the prescription of justified pathogenetic treatment, especially
for individuals with prediabetes/type 2 diabetes mellitus (T2DM).
Therefore, the main strategy for the treatment of comorbid patho-
logy is the use of patient-oriented approaches taking into account
gender characteristics and the search for alternative ways to achieve
glycemic goals safely in individuals with HFpEF and carbohydrate
metabolism disorders. The purpose of the study was to examine the
results of a 12-week course of treatment with metformin alone or a
combination of metformin and dapagliflozin with an emphasis on
the correction of functional iron deficiency in women with HFpEF
and prediabetes/T2DM. Materials and methods. Sixty female indi-
viduals who met the study criteria were examined and divided into
two groups: group I (n = 30) — HFpEF and prediabetes; group 11
(n = 30) — HFpEF and T2DM. Depending on the pathogenetic
therapy, patients in both study groups were randomized to sub-
group A (IA: n = 15; IIA: n = 15), who received metformin alone
(at a daily dose of 500—2000 mg) and subgroup B (IB: n = 15;
11B: n = 15) — metformin (500—2000 mg/day) in combination
with dapagliflozin (10 mg/day). According to the design of the
scientific study, all patients at the beginning and after 12 weeks of
therapy underwent assessment of basic anthropometric data, a set
of laboratory examinations, clinical and instrumental diagnosis.
Results. In the 1B group, the high effectiveness of a 12-week course
of pathogenetic therapy was confirmed according to the carbo-
hydrate metabolism indicators (glycated hemoglobin (HbA,C):
A—10.67 %, p < 0.001) with a significant increase in left ventricular

ejection fraction (A+7.73 %, p < 0.001) compared to the women
receiving metformin alone (A—1.53 %, p > 0.5). When using the
studied treatments in individuals with HFpEF and prediabetes, it
was confirmed a reliable normalization of glycemic control and a
high chance (odds ratio 0.12, 95% confidence interval 0.011—1.339)
of preventing the risk of T2DM. The effectiveness of additional
prescription of dapagliflozin together with metformin in patients
with HFpEF and carbohydrate metabolism disorders confirms
the safe correction of functional iron deficiency with a signifi-
cant increase of transferrin saturation (IB/IIB groups: A+38.51 %,
p < 0.001/A+ 29.59 %, p < 0.001); content of serum iron (IB/11B
groups: A+14.93 %, p < 0.001/A+ 10.07 %, p < 0.5) and a tendency
towards compensatory hypoferritinemia. On the background of a
12-week course of combination therapy (daily dose of metformin
is 2000 mg, dapagliflozin is 10 mg), there was a comparable de-
crease in carbohydrate metabolism indicators in the II1B group
(ITA/11B groups: HbA,C after treatment: A—1.75 %/A—10.67 %,
p < 0.001, respectively) and an improvement of laboratory and in-
strumental parameters of HFpEF (I1A/I1B groups after treatment:
NT-pro-BNP content: A—5.96 %, p < 0.05/A—13.65 %, p < 0.001;
left ventricular ejection fraction: A+1.38 %/A+9.00 %, p < 0.001,
respectively). Conclusions. The proposed personalized approaches
to the treatment of women with HFpEF and prediabetes have prog-
nosis-modifying effect on HF manifestations and effective glycemic
control. Timely prescription of dapagliflozin together with met-
formin to women with HFpEF and carbohydrate metabolism disor-
ders contributes to the safe correction of functional iron deficiency.
As a result of receiving combined pathogenetic therapy, there was a
comparable compensation of carbohydrate metabolism indicators
and improvement of laboratory and instrumental signs of HF in
patients with HFpEF and T2DM. These conclusions contribute to
a better understanding of the therapeutic potential of dapagliflozin
and the prevention of polypharmacy in comorbidity.

Keywords: heart failure with preserved ejection fraction; pre-
diabetes; type 2 diabetes mellitus; iron deficiency; sodium-glucose
cotransporter 2 inhibitors; dapagliflozin

108 MKHOPOAHUIA EHAOKPUHOAOTIHHIIA XKYPHAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 8, 2024



() ® . . .
D @ Opl/lrlHCU\le AOCAIAXKEHHSA
International Journal of Endocrinology

Original Researches

UDC 616.12-008.46-036.12

T.A. Voroshylova, V.I. Shepitko, Ye.V. Stetsuk, N.V. Boruta, O.V. Vilkhova, M.V. Rud,
G.S. Puzyryov, O.V. Sych, A.A. Miahkokhlib
Poltava State Medical University, Poltava, Ukraine

DOI: https://doi.org/10.22141/2224-0721.20.8.2024.1471

The impact of prolonged blockade
of the releasing hormone on alterations
in cardiac macrophage polarisation subsequent
to quercetin administration in rats

Abstract. Background. Cardiomyocytes represent the contractile units of the myocardium, while the mainte-
nance and renewal of the extracellular matrix is a function of fibroblasts. The extracellular matrix provides structural
support and mechanical signals for resident cells, and stores biologically active signaling molecules. All cells are
subject to changes under the influence of various factors, some of which are induced by macrophages containing
CD68 and CD163. The heart is unique in its structure and function, yet it is subject to changes under the influence
of various factors. Testosterone plays an important role in the intracellular homeostasis of the heart. Quercetin is
an organic substance belonging to the flavonoid family with a wide range of medicinal properties. The purpose of
our study was to ascertain the impact of testosterone suppression on immunocompetent heart cells in male rats.
The study employed a series of experimental periods, with the introduction of triptorelin and quercetin at varying
stages. Materials and methods. The study was conducted on 60 sexually mature male rats. The animals were
divided into two groups: control (n = 10) and experimental (n = 50). Animals in the experimental group were injected
with a solution of triptorelin at a dose of 0.3 mg of active substance per 1 kg of animal weight to modulate central
deprivation of luteinising hormone synthesis. We used primary antibodies against CD163 and CD68. Results. The
analysis of the count of monocyte-macrophage cells with CD68 receptors after triptorelin administration showed a
sharp increase in their number at 1 month of observation. At 3 months, a significant decrease in this indicator was
noted in comparison with the previous study period and with the control group. At month 6, a sharp increase in the
number of cells with CD68 receptors was detected. At the 9" month of observation, a decrease in the number of
monocyte-macrophage cells was noted compared to the control group. At 12 months, the index was significantly
lower than in the previous period. Conclusions. The administration of triptorelin causes quantitative and qualitative
changes in the population of macrophages in the interstitial space of the heart. The addition of quercetin changes
the ratio in macrophage subpopulations, which may serve to develop effective treatments.

Keywords: heart; macrophages; triptorelin; CD68; CD163; luteinising hormone; testosterone; quercetin

Introduction

The heart is the primary organ of the circulatory system,
exhibiting a complex structure, the capability of automatism,
and the ability to function outside the human body for a limi-
ted duration. Although cardiomyocytes serve as the electrical
and contractile units of the myocardium, fibroblasts are pri-
marily responsible for maintaining and renewing the extra-
cellular matrix of the heart. The extracellular matrix provides
structural support and mechanical signals for resident cells,
and also serves as a depository for biologically active signaling

molecules [1]. These cells are subject to alteration as a con-
sequence of various stimuli; in some cases, this is initiated by
specific types of macrophages, specifically those with CD68
and CD163 receptors [2, 3]. CD68 is a transmembrane gly-
coprotein that is highly expressed by human monocytes and
tissue macrophages. The protein is predominantly localized
within lysosomes and endosomes, with a smaller proportion
present on the cell surface. This protein belongs to the sca-
venger receptor family, which is responsible for the clearance
of cellular debris, promotion of phagocytosis, and recruit-
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ment and activation of macrophages [4]. CD163 is a protein
that belongs to the scavenger receptor cysteine-rich (SRCR)
superfamily and is expressed exclusively in monocytes and
macrophages. It functions as an acute-phase receptor involved
in the clearance and endocytosis of hemoglobin/haptoglobin
complexes by macrophages, and thus can protect tissues from
oxidative damage mediated by free hemoglobin [5]. The ac-
tivation of both types of macrophages can lead to the forma-
tion of a long-term fibrotic process by stimulating fibroblast
proliferation and accumulation of intercellular matrix [3, 6].

Although the human heart is distinctive in both structure
and function, it is subject to alteration under the influence of a
variety of factors, including hormonal influences. Testosterone
is one such hormone. It is the primary male sex hormone,
secreted predominantly by the testes. Cardiomyocytes express
receptors for all major sex steroid hormones, including testo-
sterone, and thus are subject to the modulating effects of these
hormones on myocardial cell physiology. Through the andro-
gen receptor, testosterone activates L-type calcium channels,
which increase intracellular calcium levels and thus regulate
myocardial contractility [7, 8]. Via genomic and non-genomic
mechanisms, testosterone regulates apoptosis and migration of
leukocytes. Testosterone can also affect macrophages, which
is an important factor in the development of fibrosis in various
tissues through the activation of CD163 markers. Triptorelin,
a synthetic analogue of gonadotropin-releasing hormone, is
widely used as an androgen deprivation therapy. Studies in
humans and animals have shown that after initial stimulation,
prolonged use of triptorelin prevents gonadotropin secretion
with subsequent suppression of testicular function [9, 10], i.e.,
leads to a decrease in testosterone secretion.

Quercetin is an organic substance belonging to the flavo-
noid family with a wide range of medicinal properties. These
include anti-allergic, anti-inflammatory [11] and antiviral
properties, as well as protection of the cardiovascular system
with an effect on the haemomicrocirculatory system [1]. In
vitro experiments have demonstrated that quercetin exerts an-
ti-tumour effects against a range of cancers, including pros-
tate, liver, breast, pancreatic and melanoma. Additionally,
quercetin exerts regulatory effects on macrophages, influenc-
ing their activation and polarization. This phenomenon may
contribute to an antifibrotic effect in the body. In particular,
animal studies have demonstrated that quercetin can reduce
inflammation and fibrosis by affecting macrophages through
signaling pathways such as TLR4. In experimental models
of liver damage, it has been demonstrated that quercetin can
reduce the inflammatory infiltration of macrophages and
the subsequent fibrosis by regulating the activation of mac-
rophages through the CD68 and CD163 pathways [12, 13].

Despite extensive research on the effects of triptorelin
and quercetin in the context of increasing and decreasing
testosterone secretion and macrophage activation, there still
remains a lack of clarity surrounding the long-term effects
of these drugs on humans, particularly in relation to their
impact on the cardiovascular system. Additionally, the topic
of cardiac connective tissue reactivity remains understudied,
particularly in regard to the mechanisms of activation of spe-
cific macrophage types and the subsequent effects on healthy
heart tissue during the use of aforementioned drugs. This was
a focal point of our investigation.

The aim of our study was to ascertain the impact of testo-
sterone suppression on immunocompetent heart cells in male
rats. The study employed a series of experimental periods, with
the introduction of triptorelin and quercetin at varying stages.

Materials and methods

The study was conducted on 60 sexually mature male rats.
The animals were randomly allocated to two groups: the con-
trol group (n = 10) and the experimental group (n = 50). The
animals in the experimental group were administered a solu-
tion of triptorelin at a dosage of 0.3 mg of active ingredient
per kg of animal weight, with the aim of modulating the central
deprivation of luteinizing hormone synthesis and quercetin
100 mg per 1 kg of body weight 3 times a week [14, 15]. The
control group was administered a saline injection. On days 30,
90, 180, 270, and 365, animals from the experimental group
were euthanised via an overdose of ether anaesthesia.

Permission to conduct biomedical and experimental re-
search was granted at the meeting of the Biomedical Ethics
Committee of Poltava State Medical University No. 201 of
January 27, 2022. The animals were maintained in accordance
with the standard vivarium conditions of the Poltava State
Medical University. The sacrifice of experimental animals was
conducted in accordance with the European Convention for
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986) and the
General Ethical Principles of Animal Experiments adopted by
the First National Congress on Bioethics (Kyiv, 2001).

Immunohistochemistry (IHC). Dehydrated sections were
subjected to thermal antigen unmasking in 0.1 M citrate buf-
fer (pH 6.0) at 95—98 °C (Thermo Scientific, USA). We used
UltraVision Quanto Detection System HRP and the DAB
Quanto Detection System (Thermo Scientific, USA) for
immunostaining and visualization. We used active (tissues
with previously estimated positive and negative reactions)
and passive (internal) control of IHC. We used primary anti-
bodies against CD163 (clone EP 324, Master Diagnostica,
ready to use), and CD68 (clone Ab-3, Thermo Fisher Scien-
tific, at a dilution of 1 : 200) [6]. At least six different fields of
view (FOV) with a diameter of 1 mm were analysed for each
sample. The IHC results were presented as a mean number of
positive cells per FOV. The material was embedded in paraf-
fin blocks, sectioned at a thickness of 4 um, and stained with
haematoxylin and eosin using standard histological tech-
niques. The histological preparations were examined using
a Biorex 3 light microscope with a digital microfilter and
software adapted for these studies (serial No. 5604).

A statistical analysis of the data set was conducted using
Microsoft Office Excel and the Real Statistics 2019 add-in
software. The non-parametric Mann-Whitney test was used
to determine the statistical significance of differences be-
tween the groups. The difference was considered statistically
significant at p < 0.05.

Results

When we studied semi-thin sections of heart tissue from
both experimental groups, we found that cells of the mono-
cyte-macrophage lineage and fibroblasts of the ventricular
myocardial interstitium react differently to the administra-
tion of triptorelin and triptorelin with quercetin. This fact
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is confirmed by histochemical examination using CD68+
and CD163+ markers. We counted the cells that bind to the
corresponding markers. The results of the statistical analysis
are shown in Fig. 1.

Following the administration of triptorelin, the analysis
of the monocyte-macrophage counts with CD68 receptor
expression demonstrated a zigzag process, characterized
by a notable peak in cell numbers at the 1-month observa-
tional period, which was found to be statistically significant
(p < 0.05). At the three-month mark, a notable decline was
observed in this indicator, not only when compared to the
preceding study period but also in comparison to the control
group (p < 0.05). At the midpoint of the observation period
(6 months), a sharp, significant increase in the number of
cells expressing CD68+ receptors was detected. This in-
crease was significant when compared with the control group
at p < 0.05. At 9 months of observation, a decrease in the
number of monocyte-macrophage cells was also noted when
compared with the control group at p < 0.05. And at the last
term of follow-up (12 months), this indicator was significant-
ly lower than the previous term, as well as when compared
with the control group (p < 0.05).

Upon administration of triptorelin, monocyte-macro-
phage cells expressing the CD163 receptor showed a general
tendency to increase their number, but this growth was dif-
ferent when compared with CD68+ cells. As can be seen in
Fig. 1, the dynamics of a significant (p < 0.05) increase was
detected during the 1% and 3™ months of observation. At 6
months of monitoring, the quantitative index significantly
decreased compared with the previous period (p < 0.05).
At 9 months, the number of cells expressing the CD163 re-
ceptor increased compared to the previous period (p < 0.05).
At 12 months of observation, a significant decrease in the
number of cells was detected compared to the previous peri-
od, but comparison with the control indicator showed that it
was still quite high (p < 0.05).

The study of the number of cells, CD68+ and CD163+
after the administration of triptorelin and quercetin showed
that the general tendency was maintained. The results of
statistical analysis are shown in Fig. 2.

As can be seen in Fig. 2, a significant increase in the
quantitative index was observed at 1—3 months of observa-
tion, and for CD163+ an increase was also noted at 6 months
(p < 0.05). And from the middle of the experiment, a de-

crease in these indicators was detected. The difference was
not significant at p < 0.05.

Discussion

In this article, we examine the impact of long-term
(12 months) blockade of the synthesis of releasing hor-
mone with the substance triptorelin [16] through the
hypothalamus-pituitary-testis-heart system on the expres-
sion of CD68+ and CD163+ macrophage cells in male rats.
This system involves the interaction of testosterone, cardio-
myocytes and macrophages. Testosterone deficiency in men
is increasingly being recognised in clinical settings, and its
pathological comorbidities are attracting growing research
interest worldwide. Both basic and clinical studies have pro-
vided evidence that testosterone acts on various organs both
in a healthy state and in pathology that may cause fibrosis.

Cardiac fibrosis is a broadly defined pathological process
involving persistent cardiac damage of various etiologies and
subsequent inflammatory reactions that occur in chronic
heart disease. Although the pathophysiology of cardiac fibro-
sis is multifactorial and involves the activation of cardiac con-
nective tissue cells, which are known to drive fibrogenesis,
cardiac macrophages have been shown to be central players
in the development of fibrosis and its regression. While ex-
perimental and epidemiological studies have pointed to sex
differences in cardiac physiology and pathology, fundamental
differences in cell diversity and number in the hearts of wo-
men and men have not been previously described. A number
of studies have demonstrated that the cellular diversity of
the myocardium of female and male mice is distinct. Fur-
thermore, it was demonstrated that gonadal hormones serve
as pivotal regulators, influencing the discrepancies in the
cellular composition of the heart. A number of sex-depen-
dent cardiac characteristics have been previously described
in both human subjects and in experimental models [17, 18].
The role of sex hormones, such as estrogens and testosterone,
in the regulation of cell proliferation, differentiation and be-
haviour has been previously investigated: both ovariectomy
and castration uniquely alter the relative number of cardiac
non-myocytes [19]. Hormone-dependent patterns have been
observed for various cell populations, such as granulocytes,
MHCII macrophages, and T cells. These data demonstrate
that sex hormones are critical determinants of cardiac cel-
lular composition, acting in a cell type-specific manner.
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Figure 1. Dynamics of the quantitative index
of monocyte-macrophage cells binding to CD68+
and CD163+ receptors after triptorelin administration

Figure 2. Dynamics of the quantitative index
of monocyte-macrophage lineage CD68+ and CD163+
cells upon administration of triptorelin and quercetin
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Figure 3. CD68 and CD163 expression in the experimental group (T + Q) of animals: A, F— on 30" day; B, G —
90" day; C, H— 180" day; D, | — 270" day; E, J — 365" day of experiment, respectively; magnification x400
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In both women and men, gonadectomy shifts the proportions
of macrophages to the MHCII+ phenotype, although the
number of macrophages does not change significantly [20,
21]. This observation indicates that circulating sex hormones
are necessary for the maintenance of phenotypic heterogene-
ity in macrophages within the heart. Given the evidence that
macrophages are involved in tissue remodelling in a num-
ber of contexts [13, 18], it seems reasonable to suggest that
hormonal transformation of cardiac cellular heterogeneity
depends on macrophage activity [8]. However, the impact
of these differences on cardiac biology and stress responses
remains unclear. In addition, the exact mechanisms by which
sex hormones and possibly other endocrine mediators alter
the diversity and proportions of cardiac cells remain to be
investigated. Different cell types, such as macrophages [20],
fibroblasts [2] and cardiomyocytes [8, 19], express estrogen
and androgen receptors. Thus, gonadal hormones can affect
cardiac cells both directly and indirectly through their effects
on non-cardiac tissues, including the bone marrow [14] and
stomach [22]. These tissues may then influence the cellular
environment of the heart by releasing secondary endocrine
molecules or directly [8].

The results of our experimental studies, which examined
the effects of hormonal status on cellular composition in the
heart, indicate that the cellular signature of the heart can be
modified to achieve therapeutic outcomes. Our findings align
with those of other experimental and clinical studies that
have demonstrated the influence of experimental timing on
the expression of macrophage receptors, which is a key factor
in M1/M2 polarization [24, 25]. Endocrine signals are not
only powerful regulators of the cardiac cellular ecosystem,
but significantly, they can be manipulated in the future to
therapeutically alter the cardiac cellular environment [26,
27].

Our results provide a theoretical basis for the develop-
ment of methods for correcting cardiac tissue disorders in the
pathological effects of central dyshormonal conditions on the
body: hypothalamus-pituitary-testicle-diaphysis-heart. The
data on the functional morphology of cardiac macrophages
at the stages of adaptation to changes in the endocrine sys-
tem broaden the existing concepts of the causes of cardiac
homeostasis disorders.

Conclusions

The administration of triptorelin causes quantitative and
qualitative changes in the macrophage population of the in-
terstitial space of the heart. The addition of quercetin changes
the ratio of antigen-presenting cells, in particular, the sub-
populations of M1 and M2 macrophages. This is important
not only for understanding the functioning of these cells,
but also for the development of effective treatments based on
modelling their polarisation status.
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[TOATABCHKNN AESPXKABHUN MEANYHWU YHIBEPCUTET, M. [TOATABA, YKpAiHO

BnAnB AOBroTPUBAAOIrO GAOKYBAHHS PUAISUHI-TOPMOHY HA 3MiHU
B NOAspu3aLii Makpodaris cepus HO TAi BBEAEHHS KBePLEeTUHY B LLypiB

Pestome. Axmyaavnicmo. KapaiomionnTn — CKOpOTIMBI OOMHULL
MioKap/a, a MmiaTpuMKa Ta OHOBJIEHHSI TTO3aKJIiITHHHOTO MaTPUKCY
€ (pynxkuieto ¢piopobaacTiB. [To3aKTITUHHMIT MAaTPUKC 3a0e3TIeUy€E
CTPYKTYPHY MIATPUMKY i MEXaHiUHi CUTHAIU IJISI Pe3UICHTHUX
KJIITUH, a TaKOX 30epirae 0ioJIoriYHO aKTWBHI CUTHAJbHI MoJIe-
KyJd. YCi KINITUHU CXWJIbHI 10 3MiH IMiJl BIUIMBOM Pi3HOMaHITHUX
ynHHUKIB. [1py 11boMy IesiKi 3 HUX iHOYKYIOThCSI MaKpodaramu,
1110 MatoTh B cBoeMy ckiafai CD68 ta CD163. YHikaibHe 3a CBOEIO
CTPYKTYPOIO i (PyHKIISIMK ceplle TaKOX CXMJIbHE A0 3MiH il
BIUIMBOM pi3HUX (hakTopiB. TecTocTepoH Bifirpae BaxJMBY poJib
Y BHYTPIIIHBOKIIITHHHOMY roMeocTas3i cepisi. KBeplieTnH € opra-
HIYHOIO PEYOBUHOIO, 110 HAJIEKUTh 10 CiMeiicTBa (hjIlaBOHOIMIB,
Mag€ MIMPOKUIA CITEKTP JIiKyBaJbHUX BIAaCTUBOCTeM. Mema: 3’sicy-
BaTH BIUIMB MPUTHIYEHHS TECTOCTEPOHY HA iMyHOKOMITETEHTHi
KJIITMHY ceplld B caMIIiB IIypiB. Y ITOCITIIKEHHI 3aCTOCOBYBaIN
cepilo eKcriepuMeHTaIbHUX MEePiofliB i3 BBEAESHHSIM TPUNTOPE-
JIIHY Ta KBEPUETUHY Ha Pi3HUX cTamisx. Mamepiaiu ma memoou.
JlocimKeHHs TpoBeneHo Ha 60 cTaTeBO3PLINX LIypax-caMIIsXx,
SIKAX PO3IMOIUIVIIN Ha ABi Tpynu: KOHTpoJdbHY (n = 10) Ta ekc-
nepuMeHTanbHY (n = 50). TBaprHaM eKCIIepUMEHTAIbHOI TPYIU

BBOIWJIM PO3UYMH TPUIITOPEIiHY B 1031 0,3 MTI aKTUBHOI PEYOBUHU
Ha | KT Macu Tijla 3 METOI0 MOAYJISLIi LIEHTPaIbHOI JenpuBaLii
CHHTe3y JIIOTEIHi3yI040oT0 ropMoHy. BUKOprcTaHo IepBUHHI aH-
tutina nporu CD163 ta CD68. Pesyabmamu. AHaii3 KiTbKOCTI
MOHOIIMTapHO-MaKpodaraIbHUX KIiTHH i3 petentopamu CD68
TTiCJIsl BBEIEHHSI TPUIITOPEJIiHY ITOKa3aB ii pi3ke 301blIeHHS yepe3
1 micsb crtocTepeskeHHS. Ha TpeTiit Micsiib Bim3HavYamocst CyTTeBe
3HUKEHHS 1IbOTO IMOKa3HUKA MOPIBHSHO 3 MOMEPEAHIM TepMiHOM
MOCITIIKEHHS Ta KOHTPOJIBHOIO rpymoo. Yepes 6 Mics1iB BUSIB-
JIEHO pi3Ke 301IbIIeHHS KiIbKOCTI KJIITHH i3 perientopamu CD68.
Ha neB’saTuii Micsub criocTepeXeHHs BiIMidaaoch 3MEHILIEHHS
KiJIbKOCTi MOHOIIUTapHO-MaKpodaraibHUX KJIITUH IMOPIiBHSIHO 3
IPYIIOI0 KOHTPOIII0. Yepes pik MOKa3HUK OyB CYTTEBO MEHIITUM
Bill MonepenHbOro TepMiHy. Bucnoexu. BBeneHHsI TpUIITOpESIiHY
BUKJIMKAE KiTbKICHI Ta SIKiCHI 3MiHM B TIOITYJIsIIi MaKpodaris iH-
TEPCTULIIITHOTO MpocTopy ceplis. JlogaBaHHs KBEPLIETUHY 3MiHIOE
CITiBBITHOIIICHHSI CYOTIOMYJISLIi MaKpodariB, 110 MOXKe CIyTyBaTH
U151 pO3pOOKU €(DeKTUBHUX METOIB JIiKYBaHHSI.

KmrouoBi ciaoBa: cepue; makpodaru; tpunropeiin; CD6S;
CD163; moTeiHi3younii TOpMOH; TECTOCTEPOH; KBEPLIETHH
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Relationships between diabetes distress
and biomarkers in people
with type 1 diabetes mellitus

Abstract. Background. Patients with a diagnosis of type 1 diabetes mellitus (T1DM) experience high levels of
stress (stressful events and perceived stress) and psychological distress (symptoms of depression and anxiety)
compared to people without diabetes. High levels of chronic and perceived stress in people with T1DM are as-
sociated with poor glycemic control. The relationship between perceived stress and glycemic control appears to
be most pronounced in adults who are likely to experience disproportionate amounts of stress. The purpose of
this study was to consider factors that may negatively impact glycemic levels in people with a diagnosis of type 1
diabetes mellitus. Materials and methods. Perceived stress, diabetes distress, morning salivary cortisol, inflam-
matory biomarkers, and hemoglobin A1c (HbA1c) were measured in this quantitative, cross-sectional phase of a
larger, mixed methods research. People with T1DM completed self-report surveys, provided blood and salivary
samples to examine effect sizes of relationships among variables of interest. Results. Most people with T1DM did
not adhere to recommendations for HbA1c. Reports of diabetes distress were strongly associated with reports of
perceived stress and demonstrated a large and potentially clinically meaningful relationship (r = 0.78, p < 0.001).
Medium-to-large effects were noted between perceived stress and HbA1c. Cortisol and IL-8 may mediate the rela-
tionship between perceived stress and HbA1c in people with T1DM. Patients who provided salivary samples had
lower average HbAT1c levels (M = 8.55, SD = 1.54) than those who did not (M = 10.96, SD = 2.53). Of the inflam-
matory biomarkers, only IL-8 was associated with HbA1c levels with a moderate effect size (r = 0.351). Exploratory
analysis also revealed that IL-8 may mediate the relationship between perceived stress and HbA1c. Conclusions.
Understanding the causes of elevated glycemic levels in T1DM patients may help tailor diabetes management
interventions to improve health outcomes.

Keywords: type 1 diabetes mellitus; biomarkers, glycemic control; diabetes distress

Introduction

People with a diagnosis of type 1 diabetes mellitus
(T1DM) experience high levels of stress (stressful events
and perceived stress) and psychological distress (symptoms
of depression and anxiety) compared to people without dia-
betes [1].

Evidence suggests that psychological and physical stress
are relevant triggering factors for the onset of TIDM. The
underlying mechanisms involve a complex neuroendocrine
structure, involving the central nervous system and the pe-
riphery. Psychological stress leads to an increase of serum

glucocorticoid concentrations and catecholamines release
increasing the insulin need and the insulin resistance. Ac-
cording to the B-cell stress hypothesis, also causes of in-
creased insulin demand, such as rapid growth, overweight,
puberty, low physical activity, trauma, infections, and glu-
cose overload, are potentially relevant factors in develop-
ment of TIDM [2].

High levels of chronic and perceived stress in persons
experiencing T1DM are associated with poor glycemic con-
trol [3, 4]. The relationship between perceived stress and
glycemic control appears to be most pronounced in adults
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who are likely to experience disproportionate amounts of
stress [5]. Similarly, stressful events and perceived stress
in T1DM individuals have been linked to inflammatory
responses [6].

To comprehensively examine the variables of interest,
a mixed methods research design was chosen to gain a
comprehensive understanding and generate data on factors
that may negatively impact glycemic levels in persons with
TIDM.

The use of this mixed methods design allowed the inves-
tigators to gain a more complete understanding of unique
stressors in persons with TIDM, with the goal of improving
glycemic levels and disease management.

The purpose of this study was to determine the relative
strength of associations among perceived stress, diabetes
distress, biomarkers of stress and inflammation, and glyce-
mic levels in persons with TIDM, to explore if cortisol or
inflammatory biomarkers were potential mediators between
perceived stress and glycemic levels. The quantitative findings
will be used to identify persons with high and low perceived
stress scores among individuals with a diagnosis of TIDM
and further explore unique sources of stress through struc-
tured interviews.

Materials and methods

We used a cross-sectional design with quantitative me-
thods to determine the relative strength of associations
among perceived stress, diabetes distress, cortisol, inflam-
mation (IL-2, IL-6, IL-8, TNF-a, CRP), and glycemic
level as measured by hemoglobin Alc (HbAlc). To be eligible
for the study, people had to be 19—55 years old, diagnosed
with TIDM for at least 6 months, and treated with insulin.
People were excluded if they had comorbidities that could
affect cortisol levels such as thyroid autoimmune diseases or
chronic use of corticosteroids.

The focus of data analysis in the present study was to
describe the sample and determine the strength of relation-
ships among variables of interest to inform future hypothesis
testing. As such, analyses included descriptive analyses and
correlational analyses, and tests of group differences to de-
termine effect sizes. We also sought to evaluate magnitude of
effect sizes among variables of interest using Cohen’s defi-
nitions of small (r = 0.10), medium (r = 0.30), and large
(r = 0.50) effects for association statistics, and very small
(d=0-0.19), small (d = 0.2—0.49), medium (r = 0.5-0.79),
and large (r = 0.8+) effects for group differences to interpret
effect sizes.

Further, given the relatively small sample size, explora-
tory models were used to examine relationships between per-
ceived stress and glycemic levels with cortisol and inflamma-
tory biomarkers as mediators.

Results

Sixty-five people were enrolled in the study. Kru-
skal-Wallis tests were conducted to test for differences in
glycemic levels, perceived stress scores, or diabetes distress
scores between these groups.

HbAlc levels ranged from 6.9 to 14 % and 49 people
(75.4 %) did not meet recommendations for HbAlc of 7.5 %
or less. Higher HbAlc levels were associated with child re-

Table 1. Biomarker data and estimated effect sizes

with HbA1c
Biomarker Range (X) Pearson’s r

HbATc (%) (9.2669; 114.'83) -
e | g | o
Cortisol (ug/dl) (09&305583;0(5?27410) -0.234
IL-2 (09'504037;26.672110) 0.267
IL-6 (09500265;46?81470) 0.134
L8 (16725 % 10030) | 035"
TNF-a (o(?é1 1418;06516022) —0.187

ports of greater perceived stress and revealed a potentially
meaningful relationship with a medium to large effect size
(r=0.403, p = 0.02). People’s reports of diabetes distress
were strongly associated with reports of perceived stress and
demonstrated a large and potentially clinically meaningful
relationship (r = 0.78, p < 0.001). Magnitudes of effects be-
tween these variables of interest with HbAlc are included in
Table 1.

People who provided salivary samples had lower average
HbAIlc levels (M = 8.55, SD = 1.54) than those who did not
(M =10.96, SD = 2.53).

Of the inflammatory biomarkers, only IL-8 was associa-
ted with HbAlc levels with a moderate effect size (r =0.351)
(Table 1).

Exploratory analysis also revealed that IL-8 may mediate
the relationship between perceived stress and HbAlc.

Discussion

Prevalence of TIDM continues to grow globally [7, §].
Global numbers of incident and prevalent cases of type 1
diabetes were estimated to be 234,710 and 9,004,610, re-
spectively, in 2017. High-income countries, with 17 % of the
global population, accounted for 49 % of global incident
cases and 52 % of prevalent cases. Asia, which has the largest
proportion of the world’s population (60 %), had the largest
number of incident (32 %) and prevalent (31 %) cases of
T1DM. Globally, 6, 35, 43 and 16 % of prevalent cases were
in the age groups 0—14, 15—39, 40—64 and 65+ years, re-
spectively. Based on sensitivity analyses, the estimates could
deviate by + 15 % [9, 10].

These trends in increased prevalence of TIDM have
similarly been seen in children in the U.S. [11] with some
researchers predicting a 65% increase in children younger
than 20 having TIDM in 2060 [12].

In addition to perceived stress and diabetes distress, it is
also important to consider the implications that physiological
stress and inflammation may have on glycemic levels. The
relationship between cortisol and glycemic levels is impor-
tant to acknowledge considering the small-to-medium and
medium effect sizes noted in the current study and by others
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[13]. Similarly, the relationship between I1L-8 and HbAlc
should be further explored.

The biomarker IL-8 is a proinflammatory chemokine and
angiogenic factor with increased levels found in individuals
with TIDM [14]. Further exploration of these relationships
is especially important considering that effect sizes and ex-
ploratory analysis indicated cortisol and I1L-8 as mediators
between a person’s perceived stress and HbAlc levels [15].

Sleep interventions may be used to normalize the diur-
nal pattern of cortisol and thus may indirectly help lower
glycemic levels [16]. Similarly, other researchers found that
administering probiotics to people with T1DM lowered cir-
culating levels of inflammatory cytokines and HbAlc le-
vels [17].

Conclusions

These findings may help health professionals identify and
mitigate stressors in people with a diagnosis of T1DM to help
maintain optimal glycemic levels.

Understanding perceived stressors that are unique to this
population may help explain and highlight disparities in care.
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B3aemMo3B’3k1 MiXK Aia6eTMYHnM AUCTpecom i Giomapkepamu
B OCi6 i3 LyKpoBuM aAia6eTtom 1-ro Tuny

Pesiome. Axmyaavnicmo. TlanieHTu 3 1iarHO030M LYKPOBOTO ia-
6ety 1-ro Tumy (LI/11) 3a3Hat10Th BUCOKOTO PiBHS cTpecy (CTpecoBi
Mojii Ta ySIBHUIA cTpec) i TICUXOJOTIYHOTO AUCTpecy (CUMIITOMU
JeTIpecii Ta TPUBOTH) TTOPIiBHSIHO 3 JIIObMU O€3 ITyKPOBOTO /1iabeTy.
Bucokuii piBeHb XpOHIUHOTO i YSIBHOTO CTpecy B 0ci0, sIKi cTpakia-
1o1h Ha LIJ11, moB’13aHMi1 i3 HE3aI0BITLHUM KOHTPOJIEM TJIiKeMii.
B3aeM03B’430K MixX OTpUMaHUM CTPECOM Ta IJIKEMiYHUM KOHTPO-
JIeM HalOLIbIII BUpaXKeHUI B 0Ci0 i3 HeAOCTaTHHO KOMITEHCOBAaHUM
3aXBOPIOBAHHSIM Ha TJIi cTpecy. Mema: BCTAaHOBUTHU (haKTOpH, SIKi
MOXYTb HETaTMBHO BILIMBATU Ha PiBeHb IJIiKeMil B Malli€HTIB i3
LYKpOoBUM fiabetom 1-ro tuny. Mamepiaiu ma memoou. PiBeHb
cTpecy, 1iabeTUYHOTO TUCTPECY, MOKa3HUKKU PAHKOBOTO KOPTU30-
JIy B CJIMHI, 3aMaJibHUX OioMapKepiB Ta IIiKOBAaHOTO FeMOIJIO0iHY
(HbAc) omiHtoBanu B mpoiieci nocmimkeHHst. Ocoou 3 IyKpOBUM
niabeTom 1-ro TUITY 3aIOBHIOBAIM AaHKETH, HalaBaJIk 3pa3Ku Kpo-
Bi I cTUHU, 100 TEPEeBipUTH BEIUUNHY e(PEKTy B3a€MO3B’I3KiB

MiX 3MiHHUMU TOKa3HUuKaMu. Pesyiomamu. Binbluicts noaeit
i3 LI/11 He noTpuMyBaIMCS peKOMEHAlliil CTOCOBHO 11iJIbOBOTO
piBHs HbAlc. [ToBinomsieHHs npo nmpoGsieMu, CIPUYMHEH] nia-
6eToM, OyJIM TICHO OB’ sI3aHi 3 TTOBITOMJICHHSIMM TIPO OTPUMAaHUIA
CTpec, IEMOHCTPYIOUYM BEJTUKU i MOTEHIIIITHO KITIHIYHO 3HAUYIIUI
3B’s130K (r= 0,78, p < 0,001). Bynu BinzHa4yeHi cepenHi abo BeIMKi
edekrn Mixk orpuManuM crtpecoM i HbAlc. Kopruzon ta IL-8 Mo-
XKYTh OITOCEPENKOBYBATHU 3B I30K MiX BiTuyTTsM cTpecy Ta HbAlc
y mozaeit i3 LI11. 3 6iomapkepiB 3ananeHHs auiie I1L-8 acoirito-
BaBcs 3 piBHsIMU HbAlc (r = 0,351). AHaii3 TakoX IToKa3aB, 1110
IL-8 Moxke omocepenkoByBaTH 3B’ 130K Mi>K OTPUMAaHUM CTPECOM
ta HbAlc. Bucnoéxu. Po3yMiHHS TPUYMH MiABUILEHOTO PiBHS
rikeMii B oci6 i3 LIJI1 Moxke TOTTOMOITH amanTyBaTy HagaHHS
JIOTIOMOTH JUIsI TOKPAILEHHsI Pe3yJIbTaTiB JIiKyBaHHSI.

KorouoBi c10Ba: 1ykposuii giabet 1-ro Trty; 6ioMapkepu; riike-
MiUYHUI KOHTPOJIb; TiaOe TUIHUI TUCTPEC
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CKOPOYEHA IHCTPYKUIA I

0 3acTOCy nikapcokux sacobis ]
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L-TUPOKCHH 50 BEPNIH-XEMI/L-TUPOKCHWH 100 BEPJIIH-XEMI
{L-THYROXIN 50 BERLIN-CHEMIE/L-THYROXIN 100 BERLIN-CHEMIE),

L-THPOKCHH 75 BEP/TIH-XEMI (L-THYROXIN 75 BERLIN-CHEMIE),
L-THPOKCHWH 125 BEPNIH-XEMI (L-THYROXIN 125 BERLIN-CHEMIE),

L-THPOKCHH 150 BEP/IIH-XEMI (L-THYROXIN 150 BERLIN-CHEMIE).

Cunag:

nirma peyoanHE: levothyroxing sodium; 1 TaBnetea MicTHTE REEOTUROKCHMHY HaTtpio 50 mer abBo 100 skr; 1
TafineTka 75 MEr MICTWTE NEBOTUPOKCUHY HaTPlio 75 Mer; 1 TaBneTsa 125 Mer MICTUTL NEBOTHROKCHHY HaTRlio
125 skr; 1 tabnetka 150 mMer MiCTWTE NEBOTUROKCUHY HATRIO 150 MKF; ADAOMINXHI PEMOBMHWA KANLURD Tiopo-
dochaT OUNGPaT, UeMonosa MIKPOKPUCTANIuHa, AEKCTPWH, HaTpiio KpoxmansrmikonaT (Twn A), raiuepman
ADEFONEHLION0EI NapUiEansHI,

NMigkapcexa ropma. Tabinatem,

rpyna. i ropsoHn, Kog ATX HD3A AD1T

Moxasanns.

L-TMPOKCHH 50 EEPNIH-XEMI, L-THPOKCWH 75 BEPNIH-XEMI, L-TWPOKCWH 100 BEPNIH-XEMI,
L-THPOKCWH 125 BEPNIH-XEMI, L-TUPOKCWH 150 BEPNIH-XEMI: aobponkicHni 300 3 eyTHREoinHUM CTa-
HomM dryriull wmTosnanol 3anoaw; npodinaxTiea peuwansy ao0a nicad pesekul soba 3 eyTupeolonnm cranom
hyHKLIT WMTOBMOHDT 3800311; 3AMICHE TERANIR NPW rinoTvpecsi piadol eTionorii; gonomixHui 3acib ana Tupeo-
cTaridHol Tepanil rinepTMpecay McnA NOCATHEHHA eyTUpeolnHOro (YHKLWIDHANLHOMD CTany, CYNPECcMBHa Ta
ABMICHA TEPENIA PAKY WHWTOBWOHOT 380031, TONOEHIM HMHOM NicnA THpeoinekTomMil. Ons L-THPOKCHH 1007150
BEPNIH-XEMI: Ak plarHocTiyHui 3acil npu nposenenHi Tecty THpeoiaHol cynpecil,

Mporunoxasanna.

Migeiwea wyrnveicTs Ao gliodol peyoaney abo 4o Gyae-Akel 3 gonombHne pedosrd. Hanlkosasui rinepru-
peoa OyAb-AKCTO NOXOAKEHHSA, Henikosawa HeNoCTATHICTL KOPW HAAHWPKOBKX 3anod, Henlkosara rinodisapya
HEROCTATHICTE (U8 NPHSBOANTE A0 HEAOCTETHOCT KOPM HARHUPKOaKX 38003, WO NoTpebye NikyaanHa). FocTpri
iHthapeT miokapoa. FTocTpui Miokapowt. TocTpwid naskapoMT. Mo Yac BariTHOCTI OAHOMACHE 33CTOCYBAHHA
NEBOTUPOKCHHY | By 0s-AKOrD TMREOCTATHHHOrD 3acofy npoTinoxasade (Binesw pertansa iHgopMaLin woao
33CTOCYBAHHA Y NEPIOA BariTHOCTI 00 roYBAHHA MEY/AL0 HABEEHE B PO3AINI =38CTOCYBAHHA Y nepiod sariT-
HOCTI 880 FOfYBaHHA FRYAo:).

MoGiuni pearyir.

Ko Ao3y NAWEHT He NepeHoOoWTs, Wo GyBas gyse pioxo, abo y BUNaaky NEpeaosyBaHHs, ocolnueo npu
JAHAATO LWBKMAKOMY NIABMULEHHT Q03 K3 NOYATKY Niky . MOXNHBee TANOBKX CAMNTOMIB
rinepTupenay. MW finepyyTIKE0CTI A0 NEROTHPOKCHHY 260 o Gyas-AK0i 3 OONDMIXHWK DEYDBMH Npenapary
soxnnel aneprivkl peaxuii 3 Boxy WKIPHWX NOKPWBIE [HaNPMKNAD, WEIPHAA BUCKHN, KPONWE AHKA) | AWXENEHAK

-TUPOKCUH

J1eBOTUPOKCUHY HATPIIO
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L-Tupokcun 125

bepnin-Xemi | bepnin-Xemi

L-Tupokcun 50
bepnin-Xemi

t
1

50 TadmeTon

wnAxia. € oxpemMi NOBIAOMIEHHA NPD POZBWTOK BHAGINBKTHYHOND WoKY. ¥ ULOMY BHNANKY 3acTOCYBIHHA Npe-
napary Tpeda alomivami. Nosyai nepenic moxnemx NoBiukue peakuii 3assaserii 8 iheTpyedll AnA MeguLsHore
3ACTOCYBAHHA Nikapoekux 3acobie L-TMPOKCHH 50/75/ 1007125/ 150 BEPNIH-XEMI

Kareropia signycky. 3a peusnrom,
Bupotmuk. BEPNIH-XEMI AT

Ta foro sgpeca MicYR NPOBAANEHHA QIRNEHOCTI.
Mninikep Ber 125, 12489 Bepnin, Himeuumna

OG0B A3KOB0 YBAKHO DIHAROMTECH 3 NOBHOK IHCTRYKWED ANA MEAMHHOTD SACTOCYBAHHA NIKAPCLKMK 3Ac0GiB
L-TWPOKCHH 50 EEFMIH-XEMI/L-TUPOKCHH 100 BEPAIH-XEMI, PN N2 UA/8133/01/01 | N? UA/B133/01,/02
Bin 12.10.2020 p,, N2 2313, L-TUPOKCKHH 75 BEPNIH-XEMI, PN N& UA/B133/01/03, L-THPOKCHH 125 BEPNIH-
XEMI, PN No UA/8133/01/04, L-THPOKCHH 150 BEPNIH-XEMI, PN N2 UA/B133/01/05 sig 12.10.2020 p.,
NE 2313, a came 3 NCBHMM NEPENiKoM NPOTHNOKa3aH6, NoGIMHWE peakLii Ta occoBnuBoCTEN 3aCTOCYBAHHA.

1. [HCTPYRUIR ONR MEOWNHOND 33CTOCYBaHHR nikapooxkx 3acobis L-TMPOKCHH 50/100 BEPNIH-XEM| sig
12.10:2020 p. No. 2313, PN N2 UA/B133/01/02 va N2 B133/01/01

2. IHCTRYKWIA  ONA MERMMHOrD  3ACTOCYBAHHA NiKapcbkoro 3aco-
By L-TUPOKCHH 75 BEPMNIH-XEMI slg 12.10.2020 p. No. 2313,
P N2 LIA/B133/01/03

3. IHCTPYKUIR  ANA  MEAW4HOTD  3acTOCYBAWHS NIKapCeKOro  Jacos
Gy L-TMPOKCWH 125 BEPNIH-XEMI sig 12,10.2020 p. No, 2313,
P NE UA/E133/01/04.

4, [HCTRYKWIR  ONA  MEQWYHOTD 3BCTOCYBAHHA NIKBPCBKOrD 38co-
By L-THPOKCWH 150 BEPAIH-XEMI ein 12.10.2020 p. Noi 2313,

P N2 LIA/B133/01/05

- Patel H, Stalcup A&, Dansereau B, Sakr A. The affect of exciplants on the
stability of levothyroxine sodium pentahydrate tablets.
IntJ Pharm. 2003 Oct 2;264{ 1-2):35-43. doi: 10.1018/50378-
5173{03)00387- 9, PMID; 12072334,
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